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1. INTRODUCTION 
 

1.1 A general overview of the SARS-CoV-2 Pandemic 

The Coronavirus Disease (COVID-19) is a viral respiratory disease caused by the Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), a kind of Sarbecovirus belonging to the 

Betacoronavirus genus of the coronavirus family (1). In particular, SARS-CoV-2, initially named 2019-

novel coronavirus (2019-nCoV), is a single-stranded RNA virus with a genome of approximately 30,000 

nucleotides. Its genome encodes 4 structural (spike, membrane, envelope, and nucleocapsid) and 16 non-

structural (nsp1-16) proteins, other than 9 accessory proteins (3a, 3b, 6, 7a, 7b, 8b, 9a, 9b, and orf10) (2–

4). Among such proteins, two have great significance: the spike protein, because it is responsible for the 

viral entry into host cells, and the nsp12, also known as RNA-dependent RNA polymerase (RdRp), 

because it is crucial for viral replication (5,6). 

The origins of COVID-19 can be traced back to Wuhan, China, where the first cases were officially 

reported to the World Health Organization (WHO) on December 31, 2019 (7). In particular, the first cases 

were linked to the Huanan market, a seafood wholesale market in Wuhan, Hubei Province, China, where 

live wild animals were also sold, raising early hypotheses about a zoonotic origin (4). The virus quickly 

spread within Wuhan and, subsequently, to other parts of China. Beyond China, the virus made its way to 

other countries, marking the beginning of the global pandemic. The first case outside of China was 

reported in Thailand on January 13, 2020, involving an individual who had traveled from Wuhan (7). 

Soon after, cases were identified in various countries worldwide, prompting concerted efforts to control 

the spread of the virus and understand its characteristics. In Europe, the first cases of COVID-19 were 

detected starting from January 24, 2020. The initial case was reported in France, followed by Germany 

on January 27, and then Italy and Spain on January 31 (7,8). 

Since the first case was detected, the severity of this disease has been evident. According to a study 

conducted by Liu et al. (9), in the first quarter of 2020, 580,819 deaths were observed in the Wuhan region, 

indicating substantial excess mortality compared to the expected for all causes (1147.2 vs 734.7 per 

100,000; Rate Ratio (RR): 1.56; 95% Confidence Interval (CI): 1.33-1.87) and specific causes, especially 

pneumonia (275.2 vs 33.1 per 100,000; RR: 8.32; 95% CI: 5.19-17.02). Similar results were also observed 

worldwide, including in Europe and the United States (9–12). Notably, the peak of excess mortality 

occurred locally in Bergamo, Italy, in the north of the country, where the excess mortality rate exceeded 

800% (13). However, COVID-19 has not only affected mortality, but also national healthcare systems. 

The impact of the SARS-CoV-2 on hospitals and other healthcare structures was profound, with many 

healthcare systems worldwide facing unprecedented challenges. In the initial stages of the outbreak, 

hospitals, particularly in hotspot regions, experienced significant strain as they grappled with a surge in 

patients requiring intensive medical care (14). Overwhelmed emergency rooms, shortages of critical 

medical supplies, and strained healthcare personnel became common concerns, having several huge 
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consequences, including poorer patient outcomes and the inability of staff to adhere to guideline-

recommended treatment (15). The need for increased hospital capacity, ventilators, and personal 

protective equipment highlighted the urgency of the situation. This scenario prompted rapid adaptations 

in hospital protocols, with some facilities converting non-traditional spaces into makeshift treatment areas 

to accommodate the escalating number of COVID-19 cases.  

Given the severity and effects of the COVID-19 outbreak, on March 11, 2020, the WHO declared COVID-

19 a global pandemic (16). This pandemic lasted about 3 years: in fact, WHO declared the end of the 

pandemic on May 5, 2023 (17). To date, globally, WHO has identified 772,138,818 confirmed cases of 

COVID-19, and 6,985,964 deaths have been recorded. The geographical area where the largest number 

of cases have been identified is Europe (277,210,883 confirmed cases), while the 10 countries with the 

highest number of infections, in order, are the United States, China, India, France, Germany, Brazil, South 

Korea, Japan, Italy, and the United Kingdom. Regarding the deaths, instead, they occurred most in the 

Americas (2,975,163 confirmed deaths), while the countries with the highest number of deaths are the 

United States, Brazil, and India (18). 

In response to the challenges posed by the COVID-19 pandemic, governments worldwide implemented 

different policies to mitigate the spread of the SARS-CoV-2. One of the earliest and widely adopted 

measures was the imposition of lockdowns or stay-at-home orders, restricting non-essential movement 

and gatherings (19,20). For example, educational institutions and some non-essential businesses adopted 

remote work and online learning solutions to minimize in-person interactions. In addition, social 

distancing guidelines were introduced, encouraging individuals to maintain a physical distance from 

others, and the widespread use of face masks became a rule not only for symptomatic individuals but also 

as a preventive measure in different public contexts. Quarantine measures were enforced for those exposed 

to the virus, and isolation protocols were established for confirmed cases. Also, testing and contact tracing 

played pivotal roles in identifying and isolating cases promptly. Finally, travel restrictions and border 

controls were implemented to limit the international spread of the virus. 

Due to the severity of the disease and the government responses to the pandemic, COVID-19 has had a 

great impact on people's lives and habits, especially in economic, social, psychological, and clinical 

aspects. 

From an economic point of view, SARS-CoV-2 had a great negative impact. The pandemic had severe 

adverse effects on employees, customers, supply chains, the insurance industry, and financial markets, 

especially in sectors such as travel, hospitality, and entertainment that experienced severe contractions 

(21–23). Lockdowns and social distancing measures led to business closures, layoffs, and disruptions in 

supply chains, resulting in economic contractions and rising unemployment rates (24). Governments tried 

to implement fiscal measures to mitigate the economic fallout, including stimulus packages and financial 

support for businesses and individuals. However, notwithstanding, small businesses faced heightened 

vulnerabilities, and disparities in economic impact became evident, disproportionately affecting 
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marginalized and vulnerable communities (24,25).  

In addition to its economic implications, the effects of COVID-19 have also impacted social dynamics. 

Measures such as increased isolation, prolonged periods spent at home, disruptions in traditional social 

activities, and heightened mental health concerns have played a significant role in influencing 

relationships among people and altering how individuals perceive empathy towards others (26). 

Furthermore, this period has been characterized by a higher prevalence of psychological issues. Several 

studies and reviews highlighted the effects on mental health of COVID-19 pandemic, revealing a 

significant increase in the prevalence of depression, anxiety, and stress symptoms across the general 

population, adolescents, as well as among the most vulnerable populations (27–29).  

Finally, different clinical consequences were observed during the COVID-19 pandemic. In fact, beyond 

the excess mortality and hospital overload above discussed, many medical services have been drastically 

reduced due to the pandemic. Essential treatments such as biopsy, mastectomy, chemotherapy, 

physiotherapy, and other specialistic visits or medical care have experienced significant reduction (30–

34). Additionally, the fear of SARS-CoV-2 infection has led to several subjects, being apprehensive about 

entering hospitals, developing worse clinical conditions, or dying from different comorbidities, such as 

cardiovascular disease, as they delayed or attempted to avoid hospitalization (35,36).  

In addition, several preventive health measures have also experienced changes. For example, especially 

during the first phase of the pandemic, traditional screening programs faced disruptions due to the strain 

on healthcare resources and the need to prioritize COVID-19-related services. Therefore, screenings for 

conditions such as cancer, diabetes, and cardiovascular diseases experienced delays and reductions (37–

39). According to a study conducted in the United States, statistically significant reductions in screening 

for breast, colon, prostate, and lung cancers were observed in 2020 compared to the previous year. In 

particular, the most significant decrease was observed in April for mammograms (−85%), lung (−75%), 

colon (−74%), and prostate (−56%) screenings (30). 

 

1.2 The evolution of SARS-CoV-2 over time 

Similar to other viruses that have caused pandemics in the past, the evolution of SARS-CoV-2 over time 

has been marked by the emergence of various variants (40), presenting an ongoing challenge in the battle 

against COVID-19. In fact, as the virus replicated, genetic mutations occurred, giving rise to distinct 

strains. Although the majority of alterations have minimal impact on the virus's characteristics, certain 

changes can influence its properties, including transmission ease, disease severity, and the effectiveness 

of vaccines, therapeutic drugs, diagnostic tools, and other public health or social interventions. Overall, 

scientists have identified several variants and mutations, with five specific variants having a more 

significant impact on populations. 

The first major variant detected was the Alpha variant (lineage B.1.1.7), identified in October 2020 for 

the first in the United Kingdom. The main peculiarity of this lineage was a significantly increased 
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transmissibility: according to some studies, transmissibility was higher and peaked at up to 90% compared 

with previous lineages (41). On the contrary, it is unclear whether this variant led to more severe 

outcomes: some authors found no substantial differences in severity and lethality (42), while others 

identified an increased risk of a worse prognosis (43).  

Another important variant was Beta (lineage B.1.351). It was first detected in December 2020, in South 

Africa, almost a year after the first cases of COVID-19 occurred in Wuhan. Several research identified an 

increased risk of infection and a more severe prognosis, including hospitalization and death, among 

individuals infected with the Beta lineage, compared to both the Alpha variants and earlier mutations 

(44,45). In addition, it emerged that the Beta variant exhibited the ability to reduce the effects of vaccines 

(46). 

During the same period, two different significant lineages emerged. The first was the Gamma variant 

(lineage P.1), initially identified in Manaus, the largest city in the Amazonas State, Brazil (47). This 

variant exhibited high transmissibility, severity, and lethality. However, its most notable characteristic 

was its remarkable ability to evade up to 60% of immunity from previous SARS-CoV-2 lineages present 

in the territory, increasing the risk of reinfection even after recovery (47). The second variant was the 

Delta variant (lineage B.1.617.2), initially identified in the state of Maharashtra, India, in late 2020 (48). 

However, the first cases of this lineage outside India were detected in February 2021 in Europe and the 

United States. Numerous studies have indicated that the Delta variant exhibits higher transmissibility 

(between 40% and 60% compared to the Alpha variant (49)), and a greater severity (50). Additionally, 

findings suggest that various protective measures, including treatments and vaccines, might be less 

effective against infections by this lineage (49). Nevertheless, these interventions continued to 

demonstrate efficacy in preventing severe hospitalization and death. According to Lopez Bernal et al., 

two doses of the vaccine had an effectiveness of 88.0% (95% Confidence Interval (CI): 85.3%-90.1%) 

against the Delta variant, lower when compared to the efficacy against previous variants, such as Alpha 

(Effectiveness: 93.7%; 95% CI: 91.6%-95.3%) (51). Over time, Delta became a dominant variant globally, 

leading to a surge of cases in various regions of the world. To date, it is considered the most severe variant. 

The most recent variant that significantly impacted global healthcare systems is Omicron (lineage 

B.1.1.529). Initially detected in South Africa and Botswana in November 2021, Omicron quickly spread 

worldwide, reaching almost every country by December 2021. In fact, the major peculiarity of this lineage 

was the very high transmissibility and diffusion, having the ability to spread much faster and infect more 

people than previous variants (52). Studies indicated that Omicron could infect three to six times more 

individuals compared to the Delta variant (53). However, although it was observed a higher probability 

of reinfection, Omicron appeared to be comparable to earlier coronavirus strains or potentially less severe 

than the Delta variant (52,54). A summary of the first time SARS-CoV-2 variants were detected is shown 

in Figure 1. 
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Figure 1. Summary of when SARS-CoV-2 variants were first detected 

 

 

 

1.3 Factors associated with COVID-19-related outcomes 

Since the first cases of COVID-19 were identified, researchers worldwide have started investigating all 

possible potential risk factors of SARS-CoV-2-related outcomes, including positivity, hospitalization, and 

mortality. Several demographics, socioeconomic, and clinical characteristics other than lifestyle behaviors 

were identified. 

From a demographic point of view, age and gender were the first two factors found associated with 

COVID-19-related outcomes.  

Regarding age, researchers found that older subjects faced a higher risk of severe illness, hospitalization, 

and mortality. According to a systematic review and meta-analysis published in 2021, an increased age-

related risk of SARS-CoV-2 mortality (in-hospital and general) and hospitalization of 5.7%, 7.4%, and 

3.4% per age year, respectively, was estimated (55). However, the risk was found particularly high for 

subjects over 60-65 years old, likely due to a diminished efficiency in their immune system (56). 

Another important factor was gender. Although both males and females could develop COVID-19, some 

studies indicate that males might face a slightly higher risk of severe outcomes (57). However, other 

researchers have identified that there is no gender difference in outcomes related to COVID-19 (58). 

Therefore, even today, the direction of these associations remains unclear. 

In addition to these two factors, ethnicity also played a significant role. Many authors observed that ethnic 

minorities had a higher likelihood of contracting SARS-CoV-2 and developing more severe illness (59). 

This could be due to several interconnected factors: worse job positions that exposed ethnic minorities to 

higher risks of infection, lower average socioeconomic condition, health disparities and unequal access to 

healthcare services, and cultural practices and behavioral patterns, such as communal living arrangements 

and close-knit social interactions (60). Moreover, as delineated in a report disseminated by the English 

National Health Service (NHS) (61), subjects belonging to ethnic minorities, particularly those of Black 
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and Asian ethnic groups, also experienced a higher mortality rate compared to the White population. This 

observation assumes paramount importance, given the antithetical trajectory witnessed in antecedent 

years. The pre-existing inequalities across a wide array of sectors, including healthcare, employment, 

access to universal credit, housing, and the policy of non-recourse to public funds, have rendered the 

impact of the pandemic significantly more severe compared to their white counterparts (62). 

Socioeconomic characteristics also had a strong impact on SARS-CoV-2-related outcomes, whether 

analyzed individually or collectively.  

From an individual point of view, the main socioeconomic factors were educational level, occupational 

status, and income. Usually, in the epidemiology field, these factors were used as a proxy to measure the 

Socioeconomic Position (SEP), an important indicator of the social and economic condition and well-

being of the subjects.  

In the literature, all these three factors were analyzed in relation to the infection due to SARS-CoV-2 and 

its severity.  

Regarding educational level, many studies showed that a higher educational qualification or educational 

attainment, which measures the number of years of schooling, decreased the risk of developing worse 

disease outcomes or death (63,64). In fact, subjects with higher educational levels exhibited greater 

adherence to imposed rules, including mask usage or avoiding crowded spaces, and demonstrated a 

heightened interest and/or engagement in science communication, thereby reducing their risk through 

correct behaviors.  

Related to the occupational condition, it was observed during the COVID-19 pandemic that individuals 

with high public contact, such as essential workers in transportation or healthcare, faced a higher risk of 

infection (65,66) and mortality (61). In fact, in according to the data, the three occupations with the highest 

increase in mortality rates during the early stages of the pandemic were caring personal services, 

elementary security occupations, and road transport drivers. However, when comparing non-essential 

workers, it emerged that white-collar workers had a lower risk than their non-white counterparts (66). 

Regarding income, few studies investigated the association between individual income and outcomes 

related to SARS-CoV-2 infection. However, more studies explored the household income. From the 

literature, it emerged that families with higher household income levels tend to experience a reduced risk 

of severe outcomes associated with COVID-19 (67). Higher household income, in fact, might afford 

families with greater resources to navigate the challenges posed by the pandemic, including better access 

to healthcare services, the ability to implement effective preventive measures, and the flexibility to adapt 

to changing circumstances. 

Focusing on socioeconomic factors at the aggregate level, some researchers identified that municipalities 

with higher average incomes had a lower risk of infection, hospitalizations, and deaths due to COVID-19 

(68). Similar results emerged when analyzing the deprivation index, a statistical tool used to measure and 

quantify socioeconomic deprivation in a specific geographic area. According to several reports and 
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studies, more deprived areas were at a higher risk of contracting SARS-CoV-2 infection (61,69) and 

developing worse outcomes (70,71). The reasons for these results are clear: On one hand, individuals 

residing in more deprived areas often work in occupations with higher exposure to infection and have 

closer proximity to areas where the infection is prevalent; on the other hand, areas marked by higher 

deprivation often exhibit significant socioeconomic disparities, leading to unequal access to healthcare, 

education, and employment opportunities. Such disparities could pose significant challenges for residents 

in accessing timely healthcare services. 

Therefore, these findings suggest a complex interplay between socioeconomic factors and health 

outcomes. 

Although demographic and socioeconomic characteristics were important risk factors for greater 

susceptibility to virus infection and adverse disease outcomes, it was evident that pre-existing clinical 

conditions played an even greater impact. For this reason, from the outbreak of the pandemic, the 

association between specific pathologies and COVID-19 outcomes and how pre-existing health conditions 

influenced the course of the disease became a central focus of research, as it allowed health professionals 

to focus more on certain categories of patients. Subjects with underlying health conditions, such as 

cardiovascular and cerebrovascular diseases, diabetes, respiratory disorders, kidney diseases, and cancers 

often face an increased risk of experiencing more severe outcomes. 

Several studies and meta-analyses showed the significant role of cerebrovascular or cardiovascular 

diseases, including hypertension, heart failure, myocardial infarction, cardiomyopathy, and coronary 

artery disease, as substantial contributors to severe COVID-19 outcomes. These conditions were 

associated with increased risks of hospitalization, ICU admissions, prolonged hospital stays, or mortality, 

with some authors reporting a doubling or even tripling of the risk in certain cases (72,73). Furthermore, 

despite potential confounding factors such as age or gender, cardiovascular disease emerged as an 

independent risk factor for adverse COVID-19 outcomes (74). Similar results were identified by 

investigating cerebrovascular diseases (75).  

Likewise, patients with diabetes faced elevated risks: in diabetic patients, the presence of diabetes-related 

complications might worsen the prognosis. In addition, hyperglycemia was found to be a strong risk factor 

for a severe course of COVID-19 (76). 

Other important health conditions were respiratory diseases, such as chronic obstructive pulmonary 

disease (COPD) or interstitial lung disease. From the literature, it emerged that pre-existing respiratory 

conditions amplified the vulnerability to respiratory infections, including SARS-CoV-2 (77). The virus' 

impact on the respiratory system could be particularly detrimental in patients with these pre-existing lung 

conditions. 

Oncological diseases emerged as another significant risk factor in the context of COVID-19. Patients with 

cancer, often in an immunocompromised state due to either the underlying health conditions or medical 

treatments, encounter challenges in mounting a robust immune response against the virus (78). This 
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compromised immunity increased the risk of prolonged illness and severe COVID-19 outcomes. 

In addition to oncological concerns, kidney pathologies were a focus of investigation. Several studies 

indicated that chronic kidney conditions not only increased susceptibility to SARS-CoV-2 infection but 

also amplified the risks of a critical course of COVID-19 or mortality (79). 

While these heightened risks were observed across both younger and older populations, specific studies 

have delved into the association within different age groups. According to McConnell et al. (80), it was 

found that underlying health conditions had a more pronounced impact on patients aged between 40 and 

64 years old compared to those in the younger (18-39) and older (65+) age groups. Therefore, age could 

be considered an effect modifier in the association between clinical conditions and COVID-19-related 

outcomes. 

However, while several single diseases appeared to increase the risk of developing COVID-19 more 

severely, the presence of multimorbidity had an even more significant impact.  

Multimorbidity was defined in various ways, lacking a single universally accepted definition beyond the 

presence of one or more concurrent, often chronic, pathologies. Consequently, numerous indices have 

been developed over the years to assess the burden of multimorbidity in patients based on the clinical 

conditions they are experiencing. Some notable indices used in the epidemiological or medical field 

include: the Cumulative Illness Rating Scale (81), created in 1968 by Bernard S. Linn, an index ranges 

between 0 and 56 that rates the severity of comorbid diseases across different organ systems, offering a 

comprehensive assessment; the Chronic Disease Score (82), developed in 1992 by Meschede Von Korff, 

a system based on pharmacy data which measures the burden of chronic diseases based on prescribed 

medications; the Elixhauser Comorbidity Index (83), created in 1998 by Anne Elixhauser, which assesses 

comorbidity considering thirty different diseases; the Functional Comorbidity Index (84), developed in 

2005 by Dianne L Groll, which consists of 18-item list of diagnoses that may impact physical function. 

Another very important way to assess the patient’s comorbidity burden is the Charlson Comorbidity Index 

(CCI), maybe the most important indicator of multimorbidity used in epidemiology. The Charlson 

Comorbidity Index, created by Mary E. Charlson in 1987, is an index that assigns a score to different 

comorbidities. Each condition is assigned a weight, based on the likelihood of 10-year survival, and the 

total score is calculated by summing the weights of individual comorbidities present in a patient. The 

higher the score, the greater the burden of multimorbidity (85). 

The CCI is commonly used in clinical research, epidemiology, and healthcare settings to stratify patients 

based on their overall health status. In fact, it could help clinicians and researchers account for the impact 

of comorbidities when analyzing outcomes, making it a valuable tool for risk adjustment in various 

medical studies. For this reason, during the COVID-19 pandemic, CCI was widely investigated by several 

researchers to assess how it influenced the risk of infection or worse prognosis of COVID-19 for different 

values of this index. Many studies showed that as the CCI increased, the risk of being hospitalized, being 

admitted to ICU, or dying significantly increased (86,87). According to a meta-analysis that investigated 
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the association between CCI and COVID-19-related outcomes, it emerged that individuals with a CCI 

score of 1 or 2 experienced a 90% increase in the risk of poor outcomes (OR: 1.90; 95% CI: 1.61-2.24), 

while for those with a CCI score of ≥ 3, the risk tripled (OR: 2.95; 95% CI: 2.39-3.65) (87). 

Similar to multimorbidity, the severity of the clinical condition at the time of access to the Emergency 

Department (ED) was a strong factor associated with COVID-19 outcomes. Among the various methods 

available to assess the severity of the clinical condition, the National Early Warning Score (NEWS) and 

its modified version, NEWS2, are two of the most widely used and appropriate tools (88). NEWS2 is a 

system that evaluates several physiological measurements (respiration rate, oxygen saturation, systolic 

blood pressure, pulse rate, level of consciousness, and temperature), generating a score between 0 and 23 

and resulting in a standardized assessment of acute illness severity (88). 

NEWS2 was widely used during the pandemic by healthcare professionals to identify patients at a higher 

risk of deterioration and guide appropriate interventions (89). Studies showed that higher NEWS score 

upon admission to the Emergency Department was associated with worse outcomes in COVID-19 

patients. Particularly, patients with elevated scores (often NEWS2 score ≥ 5) were more likely to 

experience severe respiratory distress, require intensive care, and face an increased risk of mortality 

(90,91). 

Finally, also some unhealthy lifestyle behaviors, such as smoking, substance use, and alcohol 

consumption, were found to be factors associated with COVID-19-related outcomes. Many studies and 

reviews showed that smoking habit and substance use, such as opioids, increased the risk of severe 

COVID-19 and mortality (92–94). However, in investigating cannabis consumption, studies identified a 

protective role, probably due to the anti-inflammatory and anti-oxidative properties of some chemical 

elements, such as cannabidiol (94,95).  

Regarding alcohol consumption, instead, the association is still not completely clear. In fact, although 

many studies found that higher alcohol consumption was associated with a greater risk of worse COVID-

19-related outcomes (96,97), some authors found the opposite effect (94,98). 

 

1.4 The effect of SARS-CoV-2 pandemic on addictions 

As discussed in paragraph 1.1, COVID-19 had an enormous impact on subjects’ habits and mental health, 

leading to a significant increase in anxiety, depression, and stress levels (27–29). Therefore, these 

challenging circumstances brought about by the pandemic created an environment that fostered the 

development and adoption of several unhealthy behaviors and various addictions, including substance use, 

alcohol consumption, and gambling. 

Many studies present in the literature showed that, during the COVID-19 pandemic, there was a large 

increase in alcohol consumption and substance use, such as opioids or illicit drugs (99–101). This 

increment could be also attributed to the heightened challenges in accessing support systems, 

rehabilitation programs, and treatment facilities. Additionally, disruptions to regular attendance at support 
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group meetings and the limited access to in-person counseling sessions, which are crucial components of 

addiction support programs, fostered difficulties for subjects with addictions. 

Another notable addiction that underwent significant changes during the COVID-19 pandemic was 

gambling. The policies implemented to limit the spread of the virus led to two important consequences: 

firstly, numerous sporting events globally, including prestigious leagues and tournaments, including the 

Premier League and the Italian male soccer leagues, EURO soccer 2020, the ice hockey season in Sweden, 

the 2020 Summer Olympics scheduled in Tokyo, the major tennis tournaments, the volleyball 

championships, and the basketball leagues (102,103); secondly, the physical closure of certain business 

activities like land-based casinos and betting stores (104). These factors, combined with more time spent 

at home, prompted more subjects to engage in gambling or betting, particularly online (105–107). Studies 

also indicated a significant shift in the gambling landscape, with sports bettors and casino gamblers 

migrating to online platforms (108). This notable change in the gambling environment during COVID-19 

was characterized by a transition from traditional and land-based venues to online platforms, allowing 

individuals to gamble at home using smartphones and tablet apps (109). 

 

1.5 The SARS-CoV-2 pandemic in Italy 

The COVID-19 pandemic had a profound impact on Italy, with the country experiencing a significant and 

challenging trajectory. At least initially, Italy was the country most affected by the virus outside China. 

The first case of SARS-CoV-2 in Italy was officially confirmed on January 31, 2020, in Rome. However, 

the first real outbreak started on February 20, 2020, when subjects tested positive for the virus in a small 

town in the Lombardy region (Codogno), in the North of Italy (7). The situation quickly escalated, leading 

to a surge in cases throughout the northern regions and the densely populated area around the Po River by 

the end of March.  

The first deaths were recorded on 22 February 2020, in two small municipalities in the North of Italy: Vo’ 

and Casalpusterlengo. They were only the first in a long series of deaths. Some studies showed that during 

the first wave of COVID-19, excess mortality was recorded, especially in northern regions, where few 

provinces experienced increments up to 800% in March (110,111). 

Recognizing the severity of the crisis, the Italian government, under Prime Minister Giuseppe Conte, 

implemented its first set of restrictive measures. On March 9, 2020, the government issued the first Decree 

of the President of the Council of Ministers (DPCM), imposing a nationwide lockdown to contain the 

spread of the virus (112). This DPCM marked the beginning of a stringent lockdown that included 

restrictions on movement, closure of non-essential businesses, and the suspension of public gatherings. 

The healthcare system faced unprecedented challenges as hospitals became overwhelmed, particularly in 

Lombardy and Piedmont, leading to a tragic surge in COVID-19-related deaths. Italy's response evolved 

with subsequent DPCMs, adjusting measures based on the dynamics of the pandemic.  

The state of emergency, in Italy, lasted until March 31, 2022. To date, Italy is the ninth country by number 
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of confirmed cases (26,318,717 confirmed cases), and the eighth country by number of deaths (192,909 

deaths) (18). 

Similar to the experience in other European and worldwide countries, the course of the SARS-CoV-2 

pandemic in Italy evolved across distinct waves, each with its unique characteristics. These waves 

occurred during the periods of March-May 2020, October-December 2020, March-May 2021, and 

January-March 2022. It is important to note that the trajectory and duration of these waves exhibited 

variations from region to region. 

During the first wave, Italy faced an overwhelming surge in hospital demands, combined with a scarcity 

of healthcare resources and professionals, resulting in a staggering death toll and a significant excess of 

mortality. The limited knowledge about the virus and the most effective treatments, combined with a high 

number of severe symptomatic cases, placed an immense strain on the national healthcare system. 

Additionally, the restricted availability of tests (Polymerase Chain Reaction (PCR) Tests and Serological 

tests) for detecting the virus, characterized by prolonged processing times and limited laboratory capacity, 

meant that not all subjects with COVID-19 were identified, exacerbating the challenges faced by the 

national healthcare system. 

In subsequent waves, although the situation remained critical, small improvements were observed.  

During the second wave, the number of subjects who tested positive for SARS-CoV-2 detected was 

significantly higher. This increment could be attributed in part to the wider availability of molecular or 

serological tests and the integration of rapid antigenic tests for virus detection into the hospitals, and in 

part could be explained by the presence of the highly transmissible Alpha variant during the second (and 

later third) wave. However, many Italian researchers observed a reduction in mortality and severity, 

identifying a significant decrease in the percentage of infected subjects who were hospitalized or admitted 

to ICU (113,114). The factors contributing to this improvement included an enhanced understanding of 

the virus, albeit evolving, an increase in healthcare workers, hospital facilities, and ICU beds, and the 

establishment of Special Units for Continuing Care at Home, specialized local medical services providing 

home care to infected patients. 

A similar trend emerged during the third wave, where an even more noticeable improvement was observed 

in terms of severity and lethality (115,116). In addition to ongoing enhancements in the national healthcare 

system, two new features were introduced in this period: the availability of rapid antigen tests outside the 

hospital and the beginning of the Italian vaccination campaign against SARS-CoV-2 infection, which 

started in the early months of 2021.  

In Italy, due to the scarcity of vaccines during the initial period, to start the vaccination program certain 

priority categories for vaccination were identified. The first groups who received the vaccine were 

healthcare professionals, teachers, university staff, military personnel, and patients who were clinically 

more vulnerable. Subsequently, vaccines were extended to older individuals (60+ years), with a focus on 

those with comorbidities. Finally, younger subjects with comorbidities and the rest of the population were 
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vaccinated (117).  

Several studies assessed the effect of vaccination campaigns on COVID-19-related outcomes in Italy, 

identifying a strong positive impact (118,119). According to Sacco et al. (118), the vaccination prevented 

a huge number of severe COVID-19 outcomes, including hospitalizations, ICU admissions, and deaths, 

especially among high-risk and vulnerable categories.  

Finally, the fourth wave was indeed less intense in terms of severity and lethality, even though the number 

of infections reached a peak during this period (120). In fact, although the Omicron variant, which recently 

emerged, was highly contagious, the vaccination cycle that was completed by the majority of the 

population played a significant protective role. This had an important consequence: notable differences in 

adverse COVID-19 outcomes emerged when comparing vaccinated and non-vaccinated subjects. In 

particular, those who did not adhere to the vaccination program faced a higher risk of severe outcomes or 

death due to the infection (121). 

Although Italy was one of the most affected countries in Europe and globally by the COVID-19 pandemic, 

an aspect that must also be considered is the fact that the impact of the pandemic may have been 

accentuated by the peculiar age distribution of the Italian population. According to some research that 

estimated mortality rates adjusted for age and sex, it emerged that some countries, including Italy, were 

comparatively less impacted than others such as the United Kingdom or Belgium (122,123). Therefore, 

the demographic age structure in Italy contributed significantly to the effect that the SARS-CoV-2 had in 

Italy, especially during the early phases of the pandemic.
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2 AIMS 

 

The main purpose of this doctoral project was to evaluate and investigate deeply and innovatively the 

association between multimorbidity and several COVID-19-related-outcomes. This was achieved by 

setting several primary aims. 

The first primary objective was to assess the association between health conditions, susceptibility, and the 

severity of SARS-CoV-2. To achieve this aim, using data from the Piedmont Longitudinal Study, an 

administrative-health cohort containing clinical and sociodemographic information on subjects assisted 

by practitioners in the Piedmont region, the association between some clinical conditions or 

multimorbidity and several COVID-19-related outcomes was evaluated. In particular, four different 

groups of disease (cardiovascular, cerebrovascular, respiratory, and oncological) and three specific 

clinical conditions (myocardial infarction, heart failure, and diabetes) were assessed, while the Charlson 

Comorbidity Index was used as a proxy of multimorbidity. About the SARS-CoV-2 outcomes, five 

different endpoints were analyzed: access to the COVID-19 swab on the entire Piedmont population, 

positivity to SARS-CoV-2 among those who performed at least a swab, and hospitalization, ICU 

admissions, and death within thirty days from the first infection, among those who resulted positive to the 

virus. In addition, the last four outcomes were assessed also on the entire Piedmont population. The 

analyses were conducted by focusing exclusively on the first wave (February-May 2020), and separately 

by sex and by two different age groups: patients with 45-59 years old and 60-74 years old.  

Moreover, the second objective of the same sample was to investigate the probability of transition into 

various states based on the CCI. The transitions that were considered involved three different possible 

states: from positivity for SARS-CoV-2 to hospitalization, from positivity to death within thirty days from 

the first infection, and from hospitalization to 30-day mortality.  

The second main aim of this project was to evaluate the association between multimorbidity and various 

COVID-19-related outcomes, thoroughly exploring the potential mediating role played by the severity of 

the clinical condition of the patients at the time of access to the ED. Once again, CCI was utilized as a 

proxy of multimorbidity. Concerning the severity of clinical conditions, instead, the National Early 

Warning Score 2 (NEWS2), introduced in section 1.3, was used. Four distinct outcomes were examined: 

non-discharge from the Emergency Department on the entire sample, death within thirty days from the 

first positive swab on the entire sample, ICU admission or death among those who were hospitalized, and 

the length of hospitalization among those who were hospitalized and not deceased in the follow-up period. 

To achieve this objective, data from EPIDEMIOLOGIA CLINICA (EPICLIN) (124), a web platform 

containing clinical and demographic information from the EDs and medical records of patients admitted 

to 439 different hospitals, were used. Specifically, patients who tested positive for SARS-CoV-2 after 

accessing the Emergency Department of San Luigi Gonzaga Hospital in Orbassano (TO) and Molinette 

Hospital in Turin during the period from 1 March to 30 June 2020 were included in this project. Similar 
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to the previous case, two age groups were considered to evaluate potential age-related differences: patients 

under 65 years old and patients with 65+ years old. 

The third primary objective was to identify similarities and differences in the SARS-CoV-2 epidemic’s 

timeline during the first three waves of the pandemic, evaluating clinical conditions, sociodemographic 

characteristics, and COVID-19 endpoints. This was done in four different Piedmont populations: infected 

subjects, hospitalized patients, patients who were admitted to the ICU, and subjects who died within 30 

days from the first positive swab. The characteristics that were assessed were: age, gender, socioeconomic 

position, CCI, and several previous clinical conditions, including chronic obstructive pulmonary disease, 

cardiovascular disease, heart failure, coronary artery disease, cardiomyopathy, diabetes, kidney disease, 

cerebrovascular disease, dementia, neoplasia, hematologic disease, and immunodeficiency. About the 

COVID-19 outcomes, hospitalization, ICU admission, and death within thirty days from the first infection 

were analyzed. Moreover, this project aimed also to evaluate the severity of cases and the burden on 

Piedmont Hospital resources, assessing possible differences, among the waves, in the need for an Intensive 

Care Unit (ICU) and some respiratory supports (oxygen, continuous positive airway pressure (CPAP), 

non-invasive ventilation (NIV), intubation, invasive ventilation, and tracheotomy), and the length of 

hospitalization. Finally, the impact of the specific waves on the severity of COVID-19 was assessed, after 

eliminating all possible confounding. As for the first primary aim, data were obtained from the Piedmont 

Longitudinal Study. 

Another main purpose of this doctoral project was to explore the impact of the COVID-19 pandemic and 

the related restrictive measures imposed by local governments on subjects’ certain addictions and habits. 

In fact, this research identified the profound disruption inflicted by the pandemic on different aspects of 

individuals' lives, encompassing their habits, daily routines, and behaviors, irrespective of their 

demographic characteristics such as age, occupation, or health status. These disruptions transcended mere 

physical health repercussions, significantly affecting mental well-being, interpersonal relationships, and 

occupational landscapes. From abrupt transitions to remote work and virtual learning to heightened levels 

of stress and hurdles in accessing healthcare services, the pandemic fundamentally altered the day-to-day 

existence of millions worldwide, accentuating the intricate interplay between health outcomes and broader 

societal dynamics. For this reason, in this thesis the effect of the SARS-CoV-2 pandemic on gambling 

habits, one of the major addictions affecting many individuals, was investigated. Two different 

populations and three different outcomes were assessed: the general population, which involved both 

people who used to gamble before the pandemic and people who had never gambled in the pre-pandemic 

period, and the population consisted of gamblers or bettors who had gambling habits before the outbreak 

of pandemic. Regarding the outcomes, gambling frequency, gambling expenditure, and transitions among 

different types of gambling were investigated. To achieve this aim, a systematic review including 408 

reports at the initial stage was conducted. 
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3 RESULTS 

 

This section included PDFs of published or submitted articles that are the subject of this doctoral thesis. 

They are: 

 

Article n° 1: Catalano A, Dansero L, Gilcrease W, Macciotta A, Saugo C, Manfredi L, Gnavi R, Strippoli 

E, Zengarini N, Caramello V, Costa G, Sacerdote C, Ricceri F. (2022) Multimorbidity and SARS-CoV-

2- Related Outcomes: Analysis of a Cohort of Italian Patients. JMIR Public Health and Surveillance. Feb 

9;9:e41404. doi: 10.2196/41404. PMID: 36626821; PMCID: PMC9951075. (IF: 8.5; n° citations: 4) 

 

Article n° 2: Catalano A, Sacerdote C, Alvich M, Macciotta A, ..., Giraudo MT, Ciccone G, Pagano E, 

Boccuzzi A, Caramello V, Ricceri F. (2024). Multimorbidity and COVID-19 outcomes in Emergency 

Department: is the association mediated by the severity condition at admission? Western Journal of 

Emergency Medicine. (In review) (IF: 3.988) 

 

Article n° 3: Caramello V, Catalano A*, Macciotta A, Dansero L, Sacerdote C, Costa G, Aprà F, Tua A, 

Boccuzzi A, Ricceri F. (2023). Improvements throughout the Three Waves of COVID-19 Pandemic: 

Results from 4 Million Inhabitants of North-West Italy. Journal of Clinical Medicine. Jul 25;11(15):4304. 

doi: 10.3390/jcm11154304. PMID: 35893395; PMCID: PMC9332615. (IF: 4.964; n° citations: 10) 

*co-first author 

 

Article n° 4: Catalano A, Milani L, Franco M, Buscema F, Giommarini I, Gilcrease W, Mondo L, Marra 

M, Di Girolamo C, Bena A, Ricceri F. (2024). The impact of COVID-19 pandemic on gambling: A 

systematic review. Addictive Behaviors Journal. (Under Second Review) (IF: 4.4) 

 

In the first part of this section, I present the results concerning the association between specific diseases 

or multimorbidity, as measured by the Charlson Comorbidity Index, and five distinct outcomes related to 

COVID-19: access to swab, SARS-CoV-2 positivity, hospitalization, admission to the ICU, and death 

within 30 days from the first infection. These outcomes, pertaining to the first wave of the pandemic, were 

derived from data collected in the Piedmont Longitudinal Study. 

In the second part, also referring to the first wave of the COVID-19 pandemic, the results related to the 

association between the Charlson Comorbidity Index and four different COVID-19 outcomes (non-

discharge from the emergency department, death within 30 days, ICU admission or death, and length of 

hospital stay) are shown, by assessing whether the NEWS2 Score, serving as a proxy for the severity of 

clinical conditions upon emergency department admission, acted as a mediator in these associations. Data 
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from San Luigi Gonzaga (Orbassano - TO) and Molinette (Turin) hospitals, available through the 

EPICLIN platform, were utilized for these analyses. 

The third part comprises an investigation of the similarities and differences observed across the first three 

waves of COVID-19 in Piedmont. We focused on sociodemographic and clinical characteristics, as well 

as various COVID-19 outcomes including hospitalization, ICU admission, and death within 30 days. The 

analyses focused on four distinct Piedmont populations: individuals testing positive for SARS-CoV-2, 

hospitalized patients, patients who were admitted to the ICU, and subjects who succumbed within 30 days 

from the first infection. Again, the data were sourced from the Piedmont Longitudinal Study. 

Lastly, the concluding segment of this section presents the findings of a systematic review that 

concentrated on the impact of COVID-19 and the ensuing restrictive measures on gambling habits. This 

review focused on two distinct populations (the general population and subjects with a history of gambling 

prior to the SARS-CoV-2 pandemic) and evaluated three endpoints: gambling frequency, expenditure on 

gambling activities, and transitions among different types of gambling. 
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   Abstract 

Background: Since the outbreak of the COVID-19 pandemic, identifying the main risk factors has been imperative to properly 

manage the public health challenges that the pandemic exposes, such as organizing effective vaccination campaigns. In addition 

to gender and age, multimorbidity seems to be 1 of the predisposing factors coming out of many studies investigating the possible 

causes of increased susceptibility to SARS-CoV-2 infection and adverse outcomes. However, only a few studies conducted have 

used large samples. 

Objective: The objective is to evaluate the association between multimorbidity, the probability to be tested, susceptibility, and 

the severity of SARS-CoV-2 infection in the Piedmont population (Northern Italy, about 4 million inhabitants). For this purpose, 

we considered 5 main outcomes: access to the swab, positivity to SARS-CoV-2, hospitalization, intensive care unit (ICU) 

admission, and death within 30 days from the first positive swab. 

Methods: Data were obtained from different Piedmont health administrative databases. Subjects aged from 45 to 74 years and 

infections diagnosed from February to May 2020 were considered. Multimorbidity was defined both with the Charlson Comorbidity 

Index (CCI) and by identifying patients with previous comorbidities, such as diabetes and oncological, cardiovascular, and 

respiratory diseases. Multivariable logistic regression models (adjusted for age and month of infection and stratified by gender) 

were performed for each outcome. Analyses were also conducted by separating 2 age groups (45-59 and 60-74 years). 

Results:  Of 1,918,549 subjects, 85,348 (4.4%) performed at least 1 swab, of whom 12,793 (14.9%) tested positive for 

SARS-CoV-2. Of these 12,793 subjects, 4644 (36.3%) were hospitalized, 1508 (11.8%) were admitted to the ICU, and 749 (5.9%) 

died within 30 days from the first positive swab. Individuals with a higher CCI had a higher probability of being swabbed but a 

lower probability of testing positive. We observed the same results when analyzing subjects with previous oncological and 

cardiovascular diseases. Moreover, especially in the youngest group, we identified a greater risk of being hospitalized and dying. 

Among comorbidities considered in the study, respiratory diseases seemed to be the most likely to increase the risk of having a 

positive swab and worse disease outcomes. 

Conclusions: Our study shows that patients with multimorbidity, although swabbed more frequently, are less likely to get 

infected with SARS-CoV-2, probably due to greater attention on protective methods. Moreover, a history of respiratory diseases 

is a risk factor for a worse prognosis of COVID-19. Nonetheless, whatever comorbidities affect the patients, a strong dose-response 
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effect was observed between an increased CCI score and COVID-19 hospitalization, ICU admission, and death. These results 

are important in terms of public health because they help in identifying a group of subjects who are more prone to worse SARS-

CoV-2 outcomes. This information is important for promoting targeted prevention and developing policies for the prioritization 

of public health interventions. 

 

(JMIR Public Health Surveill 2023;9:e41404) doi: 10.2196/41404 
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Introduction In an initial phase, the correlation between the presence and the 

   number of comorbidities with a more unfavorable outcome was 

Background 

Since the outbreak of the COVID-19 pandemic in Italy and the 

world, identifying the risk factors for the development of a 

severe prognosis in patients with SARS-CoV-2 infection has 

been imperative to properly manage public health challenges 

that the pandemic exposes. For instance, organizing effective 

vaccination campaigns when just a limited number of vaccines 

were available was essential, and it is still important at the 

moment to decide on the prioritization of new campaigns for 

subsequent vaccine doses [1,2]. Moreover, the availability of 

accurate information about the possible evolution of the disease 

in the presence of risk factors can support the population in the 

choice of prudent behaviors aimed at preventing the spread of 

the contagion chain, with particular regard to the most 

vulnerable individuals. 

Many studies in the literature have focused on the 

sociodemographic and clinical characteristics that are most 

associated with the development of a severe prognosis. Age and 

gender play an important role in determining the prognosis of 

patients with SARS-CoV-2. The elderly are especially at higher 

risk of becoming severely ill [3-5], and males are also a greater 

risk of a severe prognosis [5,6]. Among the several mechanisms 

proposed to explain the severity of COVID-19 in older adults, 

the increased burden of multimorbidity is 1 of the most relevant 

[7]. Moreover, several studies also have shown that 

multimorbidity affects COVID-19 severity in a way that is age 

independent, underscoring the need for an extensive study of 

the relationship between multimorbidity and SARS-CoV-2 

outcomes [7]. 

Available evidence related to the identification of comorbidities 

that can negatively impact the prognosis in patients with 

SARS-CoV-2 refers essentially to observational, cross-sectional, 

pointed out to evaluate the prognosis of patients with SARS-

CoV-2 [9]. This tool has been nevertheless effective and useful 

in individuating the key feature of the population at risk, which 

was crucial during the first phase of the pandemic. 

It was in fact observed that subjects with some comorbidities 

(measured as a Charlson Comorbidity Index [CCI] [11]) equal 

to or greater than 1 are at higher risk of severe COVID-19 

outcomes compared to subjects with no comorbidity [12,13]. 

Moreover, an innovative approach to the SARS-CoV-2 

pandemic (the so-called “syndemic approach”) suggests that 

both bio-bio and biosocial interactions can act as complex 

drivers that increase subjects’ susceptibility to worsen COVID-

19 outcomes [14-17]. 

Consequently, it is crucial to identify multifactorial profiles, 

including social determinants of health, and multimorbidity 

patterns associated with COVID-19 outcomes in order to 

recognize a broader syndemic health burden in specific 

subgroups of subjects with those characteristics [18,19]. 

Study Design and Aim 

This large population-based region-wide study based on 

administrative health databases aims to evaluate the association 

between multimorbidity and the susceptibility and severity of 

SARS-CoV-2 infection in the Piedmont population (Northern 

Italy, about 4 million inhabitants) aged from 45 to 74 years, 

considering COVID-19 infections diagnosed from February to 

May 2020. 

Specifically, 5 different main outcomes were considered: access 

to the swab, positivity to SARS-CoV-2, hospitalization, 

admission to the intensive care unit (ICU), and death within 30 

days from the first positive swab. 

Methods 

retrospective cohort studies or case-control studies. There is   

general agreement on the role of hypertension, cardiovascular 

disease, and diabetes in increasing the risk of severe disease 

[5,6,8-10]. Therefore, comorbidities that affect the vascular 

system may play a key role in the worsening of clinical 

conditions in people affected by COVID-19. Moreover, there 

is some consensus on the role that obesity, cancer, chronic 

obstructive pulmonary disease (COPD), chronic kidney disease, 

and immunodepression could play in aggravating the prognosis 

[4-6,9]. However, these associations have been highlighted in 

a more sporadic and less uniform way. 

Study Population 
For the analyses, data were obtained from the Piedmont 

Longitudinal Study (PLS), an administrative cohort based on 

the anonymous record linkage at the individual level of different 

social, health, and administrative databases. This study includes 

2011 census data, hospital discharges, a mortality register, an 

outpatients register, an exemption register (in Italy, subjects 

with at least 1 chronic disease are exempt from paying for 

examinations related to their disease), and a drug prescriptions 

database. In addition, starting from February 2020, this study 

was enriched by the regional platform about COVID-19, in 
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which infection data about subjects who had at least 1 contact 

with the regional health system related to SARS-CoV-2 are 

collected. 

The study population comprised all assisted and domiciled 

subjects in Piedmont aged from 45 to 74 years. These 2 age 

classes were chosen in order to exclude young and elderly 

subjects, as they could have influenced the results. Furthermore, 

this choice made it possible to exclude the majority of patients 

residing in nursing homes in order to avoid any bias. With regard 

to SARS-CoV-2 infection, we considered those patients who 

developed the infection in Piedmont from February 22, 2020 

(when the first case of SARS-CoV-2 was recorded in Italy), to 

May 31, 2020. 

Variables’ Definitions 

Multimorbidity was defined using the CCI [11] retrieved by the 

record linkage with data of the hospital discharges and the drug 

prescription register between 2015 and 2019. In Multimedia 

Appendix 1, Table S1a, we present the algorithm’s definition. 

The presence of prevalent oncological, cardiovascular, and 

respiratory diseases was also retrieved, as well as prevalent 

previous myocardial infarctions, heart failures, cerebrovascular 

diseases, and diabetes (algorithms presented in Multimedia 

Appendix 1, Table S1b). 

Five different outcomes were considered: access to a SARS-

CoV-2 test (nasal swab in almost all cases), positivity to the 

test, hospitalization, admission to the ICU, and mortality within 

30 days after testing positive for SARS-CoV-2 infection. The 4 

latter outcomes were compared to both the general population 

and to the total tested subjects or the subjects positive for SARS-

CoV-2, as appropriate. 

Statistical Analysis 

All the variables were described using absolute frequencies and 

percentages. For each outcome and exposure, we fitted a 

multivariable logistic regression model, in which the odds ratio 

(OR) estimates, together with their 95% Cls, were adjusted for 

age (used as a continuous variable) and for the month of 

infection or the first negative swab, where appropriate. 

Moreover, to assess the probability of transition into various 

states on the basis of the CCI, multistate models were 

implemented. The possible transitions that were considered in 

the study involved 3 different states: from positivity to 

COVID-19 to hospitalization, from positivity to death within 

30 days of the initial positive swab, and from hospitalization to 

30-day mortality (Multimedia Appendix 1, Figure S1). In 1 

case, the multistate models were stratified by the CCI score and 

adjusted for age and the month of infection; in the second case, 

the multistate models were adjusted for age, the month of 

infection, and the CCI. 

All analyses were stratified by gender and 2 different age groups, 

45-59 and 60-74 years, because we observed the differences 

between gender and age as effect modifiers. 

Analyses were performed using SAS (V9.4) and R (V4.2.1). 

Ethical Considerations 

All analyses were conducted according to the World Medical 

Association’s Declaration of Helsinki. In fact, the study is 

included in the National Statistical Plan and did not need 

approvals or permits from the ethics committee. For privacy 

purposes, the data used for analysis were anonymized. 

Results 
 

 

Study Population 

Of 1,918,549 assisted and domiciled subjects in Piedmont aged 

from 45 to 74 years, 85,348 (4.4%) performed at least 1 swab 

during the observation period, of whom 12,793 (14.9%) tested 

positive for SARS-CoV-2. Of these 12,793 patients, 4644 

(36.3%) were hospitalized due to COVID-19, 1508 (11.8%) 

were admitted to the ICU, and 749 (5.9%) died within 30 days 

from the first positive swab. 

The descriptive statistics related to the exposures and variables 

used in the study are shown in Table 1. Among other results, 

the most interesting was related to gender. Overall, despite more 

women testing positive for SARS-CoV-2 (n=6832, 53.4%), 

higher percentages of men were hospitalized (3074/4644, 

66.2%), were admitted to the ICU (1118/1508, 74.1%), and 

died (558/749, 74.5%). The same trend was observed when 

considering age: although more subjects aged 45-59 years tested 

positive for SARS-CoV-2 (n=7324, 57.2%), more individuals 

aged 60-74 years were hospitalized (2927/4644, 63%), were 

admitted to the ICU (1005/1508, 66.6%), and died (629/749, 

84%). 

Descriptive analyses also showed that multimorbidity (measured 

as CCI>1) increased the probability of being swabbed, 

hospitalized, admitted to the ICU, and dying from COVID-19. 

Table 2 shows the OR estimates, together with their 95% Cls, 

related to accessing swabs for the entire population. The results 

showed that as the CCI increased, the likelihood of undergoing 

swab testing increased for both the male and the female 

population. In addition, other estimates indicated that being 

affected by 1 of the diseases considered in the study increased 

the likelihood of undergoing at least 1 swab test, especially in 

the case of heart failure, respiratory diseases, and 

cerebrovascular diseases (males aged 45-59 years: OR 2.60, 

95% CI 2.30-2.94; males aged 60-74 years: OR 2.71, 95% CI 

2.53-2.90; females aged 45-59 years: OR 1.63, 95% CI 

1.45-1.85; females aged 60-74 years: OR 3.31, 95% CI 

3.04-3.60). 

The relationship between multimorbidity and SARS-CoV-2 

positivity among those who performed at least 1 swab is shown 

in Table 3. The OR estimates indicated an inverse trend: the 

likelihood of testing positive for SARS-CoV-2 infection 

decreased as the CCI value increased. Moreover, those who 

were affected by oncological diseases had a significantly lower 

likelihood of testing positive for SARS-CoV-2, especially men 

(45-59 years old: OR 0.72, 95% CI 0.55-0.95; 60-74 years old: 

OR 0.63, 95% CI 0.53-0.73). Other specific diseases were less 

associated with the results of the SARS-CoV-2 infection test. 

On the contrary, when compared to the general population, 
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multimorbid patients had an increased likelihood of testing 

positive (Multimedia Appendix 1, Table S2). 

Table 4 shows the results related to the subjects who were 

admitted to the hospital from among those who tested positive 

for SARS-CoV-2. The results indicated that particularly for 

men from the ages of 45 to 59 years, the probability of hospital 

admission rose significantly as the CCI score increased (CCI=1: 

OR 1.50, 95% CI 1.20-1.88; CCI=2-3: OR 2.14, 95% CI 

1.51-3.01; CCI=4+: OR 4.77, 95% CI 2.28-9.99). This also 

included females aged 60-74 years (CCI=1: OR 1.22, 95% CI 

0.98-1,52; CCI=2-3: OR 2.28, 95% CI 1.74-2.99; CCI=4+: OR 

4.22, 95% CI 2.56-6.97). Regarding the specific diseases 

considered in the study, the estimates suggested that except in 

the case of cerebrovascular diseases, patients affected by 

comorbidities had a significantly higher risk of being 

hospitalized. The results were similar when considering the 

entire population (Multimedia Appendix 1, Table S3). 

The results related to admission to the ICU among those who 

tested positive with at least 1 swab are shown in Table 5. 

Unexpectedly, the association with multimorbidity was weak 

except for older women, while only a few associations were 

found with the specific diseases investigated. In contrast, 

compared to the general population, it emerged that patients 

with comorbidities and a higher CCI value had a higher risk of 

being admitted to intensive care for SARS-CoV-2 infection, 

especially in the case of respiratory diseases (Multimedia 

Appendix 1, Table S4). 

Table 6 shows the OR estimates related to death within 30 days 

from the first positive swab among those who tested positive 

for SARS-CoV-2. Results suggested that as the CCI value 

increased, the risk of dying from COVID-19 significantly 

increased. When analyzing specific comorbidities, the estimates 

showed that the risk is significantly higher, especially among 

the younger population (eg, oncological diseases: OR 6.03, 95% 

CI 3.00-12.12 for males and OR 11.03, 95% CI 3.93-30.96 for 

females). Results were confirmed, considering the comparison 

with the general population (Multimedia Appendix 1, Table 

S5). 

Table 7 and Multimedia Appendix 1, Figure S2, illustrate the 

outcomes of the multistate models. The probability of being 

hospitalized after testing positive for SARS-CoV-2 increased 

as the CCI increased, notably in the younger population, 

according to the hazard ratio (HR) estimates shown in the table. 

Furthermore, it appears that multimorbidity increased the risk 

of dying within 30 days of the first infection both without being 

hospitalized and after being hospitalized, with the exception of 

a small number of cases where some estimates were not 

statistically significant due to the low number of cases transiting 

among states. 

Finally, stratifying the multistate models for the CCI revealed 

that both in the younger and the older population, the likelihood 

of COVID-19 severe outcomes considerably increased as the 

CCI score increased. 
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Table 1. Descriptive statistics related to the demographic and clinical characteristics of patients. 

Variable and category 

 

 

Gender 

Entire population 

(N=1,918,549), n (%) 

Access to the 

swab (n=85,348), 

n (%) 

Positivity to 

SARS-Cov-2 

(n=12,793), n (%) 

Hospitalization 

(n=4644), n (%) 
Admitted to the ICU

a 

(n=1508), n (%) 

Death within 30 

days (n=749), n 

(%) 

 

Male 938,610 (48.9) 32,129 (37.6) 5961 (46.6) 3075 (66.2) 1118 (74.1) 558 (74.5) 

Female 979,939 (51.1) 53,219 (62.4) 6832 (53.4) 1569 (33.8) 390 (25.9) 191 (25.5) 

Age (years)       

45-59 1,062,861 (55.4) 54,672 (64.1) 7324 (57.2) 1717 (37.0) 503 (33.4) 120 (16.0) 

60-74 855,688 (44.6) 30,676 (35.9) 5469 (42.8) 2927 (63.0) 1005 (66.6) 629 (84.0) 

Month of first swab 
 

February-March N/A
b
 14,134 (16.6) 5364 (41.9) 3088 (66.5) 1079 (71.5) 502 (67.0) 

 

April-May N/A 71,214 (83.4) 7429 (58.1) 1556 (33.5) 429 (28.5) 247 (33.0) 

CCI
c
 

      

0 1,442,666 (75.2) 58,775 (68.8) 8,620 (67.4) 2,599 (56.0) 837 (55.5) 280 (37.4) 

1 335,685 (17.5) 16,180 (19.0) 2540 (19.8) 1091 (23.5) 361 (23.9) 175 (23.3) 

2-3 121,723 (6.3) 8099 (9.5) 1277 (10.0) 710 (15.3) 233 (15.5) 199 (26.6) 

4+ 18,475 (1.0) 2294 (2.7) 356 (2.8) 244 (5.2) 77 (5.1) 95 (12.7) 

Oncological disease 58,742 (3.1) 3993 (4.7) 525 (4.1) 303 (6.5) 83 (5.5) 82 (11.0) 

Cardiovascular disease 136,335 (7.1) 9239 (10.8) 1480 (11.6) 797 (17.2) 252 (16.7) 217 (29.0) 

Respiratory disease 50,328 (2.6) 4792 (5.6) 751 (5.9) 426 (9.2) 124 (8.2) 129 (17.2) 

Myocardial infarction 40,288 (2.1) 2416 (2.8) 420 (3.3) 278 (6.0) 99 (6.6) 78 (10.4) 

Heart failure 7,817 (0.4) 762 (0.9) 117 (0.9) 79 (1.7) 22 (1.5) 28 (3.7) 

Cerebrovascular disease 23,753 (1.2) 2197 (2.6) 378 (2.9) 186 (4.0) 53 (3.5) 72 (9.6) 

Diabetes 157,214 (8.2) 8335 (9.8) 1547 (12.1) 896 (19.3) 352 (23.3) 239 (31.9) 

a
ICU: intensive care unit. 

b
N/A: not applicable. 

c
CCI: Charlson Comorbidity Index. 
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Table 2. OR
a 

estimates related to access to the swab for the entire population (N=85,348), stratified by gender and age group (1 model for each variable). 
 

Variable and category Male  Female  

 Age 45-59 years (n=16,978, 

19.9%), OR (95% CI)
b
 

Age 60-74 years (n=15,151, 

17.8%), OR (95% CI)
b
 

Age 45-59 years (n=37,694, 

44.2%), OR (95% CI)
b
 

Age 60-74 years (n=15,525, 

18.1%), OR (95% CI)
b
 

CCI
c
 

    

0 Reference Reference Reference Reference 

1 1.37 (1.32-1.43) 1.31 (1.26-1.37) 1.22 (1.19-1.26) 1.39 (1.34-1.45) 

2-3 2.41 (2.26-2.56) 2.31 (2.21-2.42) 1.37 (1.31-1.45) 2.19 (2.09-2.30) 

4+ 4.41 (3.93-4.95) 4.93 (4.62-5.26) 2.22 (1.91-2.57) 5.18 (4.73-5.68) 

Oncological disease 2.31 (2.10-2.53) 2.04 (1.93-2.15) 1.18 (1.10-1.27) 1.80 (1.69-1.92) 

Cardiovascular disease 1.94 (1.84-2.05) 2.11 (2.03-2.19) 1.45 (1.37-1.52) 2.19 (2.09-2.29) 

Respiratory disease 2.41 (2.24-2.59) 3.20 (3.03-3.37) 1.68 (1.57-1.79) 3.34 (3.13-3.55) 

Myocardial infarction 1.57 (1.42-1.74) 1.71 (1.62-1.81) 1.53 (1.32-1.77) 1.94 (1.76-2.14) 

Heart failure 2.45 (2.00-3.00) 3.07 (2.78-3.40) 1.71 (1.27-2.29) 3.28 (2.81-3.83) 

Cerebrovascular disease 2.60 (2.30-2.94) 2.71 (2.53-2.90) 1.63 (1.45-1.85) 3.31 (3.04-3.60) 

Diabetes 1.46 (1.37-1.55) 1.46 (1.40-1.52) 1.21 (1.15-1.27) 1.60 (1.52-1.67) 

a
OR: odds ratio. 

b
Estimates adjusted for age. All estimates (95% confidence level) were significant. 

c
CCI: Charlson Comorbidity Index. 

 

Table 3. OR
a 

estimates related to positivity to SARS-CoV-2 among those who performed at least 1 swab (N=12,793), stratified by gender and age 

group (1 model for each variable). 
 

Variable and category Male  Female  

 Age 45-59 years (n=2847, 

22.3%), OR (95% CI)
b
 

Age 60-74 years (n=3114, 

24.3%), OR (95% CI)
b
 

Age 45-59 years (n=4477, 

35.0%), OR (95% CI)
b
 

Age 60-74 years (n=2355, 

18.4%), OR (95% CI)
b
 

CCI
c
 

    

0 Reference Reference Reference Reference 

1 0.97 (0.87-1.10) 1.07 (0.96-1.19) 1.01 (0.93-1.10) 1.05 (0.94-1.17) 

2-3 0.79 (0.66-0.95)
d
 0.86 (0.77-0.97)

d
 0.98 (0.84-1.14) 0.93 (0.81-1.07) 

4+ 0.60 (0.42-0.86)
d
 0.79 (0.67-0.95)

d
 0.67 (0.41-1.09) 0.91 (0.71-1.17) 

Oncological disease 0.72 (0.55-0.95)
d
 0.63 (0.53-0.73)

d
 0.82 (0.66-1.02) 0.70 (0.57-0.87)

d
 

Cardiovascular disease 0.80 (0.68-0.94)
d
 0.91 (0.82-1.01) 0.89 (0.77-1.04) 1.02 (0.89-1.16) 

Respiratory disease 0.89 (0.73-1.09) 0.88 (0.76-1.01) 0.82 (0.67-1.02) 1.05 (0.89-1.25) 

Myocardial infarction 0.83 (0.62-1.12) 0.84 (0.72-0.98) 0.58 (0.34-0.99)
d
 1.10 (0.84-1.43) 

Heart failure 0.46 (0.22-0.98)
d
 0.78 (0.59-1.04) 0.84 (0.33-2.14) 1.10 (0.74-1.65) 

Cerebrovascular disease 0.95 (0.67-1.35) 1.18 (0.99-1.41) 0.83 (0.56-1.22) 1.12 (0.90-1.41) 

Diabetes 1.02 (0.86-1.20) 1.25 (1.13-1.39)
d
 1.16 (1.01-1.34)

d
 1.11 (0.98-1.27) 

a
OR: odds ratio. 

b
Estimates adjusted for age and the month of the first swab. 

c
CCI: Charlson Comorbidity Index. 

d
Significant estimates (95% confidence level).
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Table 4. OR
a 

estimates related to admission to the hospital among those who tested positive for SARS-CoV-2 (N=4644), stratified by gender and age group (1 

model for each variable). 
 

Variable and category Male  Female  

 Age 45-59 years (n=1101, 

23.7%), OR (95% CI)
b
 

Age 60-74 years (n=1974, 

42.5%), OR (95% CI)
b
 

Age 45-59 years (n=616, 

13.3%), OR (95% CI)
b
 

Age 60-74 years (n=953, 

20.5%), OR (95% CI)
b
 

CCI
c
 

    

0 Reference Reference Reference Reference 

1 1.50 (1.20-1.88)
d
 1.51 (1.23-1.84)

d
 1.50 (1.20-1.88)

d
 1.22 (0.98-1.52) 

2-3 2.14 (1.51-3.01)
d
 1.40 (1.12-1.75)

d
 2.49 (1.77-3.50)

d
 2.28 (1.74-2.99)

d
 

4+ 4.77 (2.28-9.99)
d
 1.98 (1.41-2.78)

d
 2.45 (0.86-6.94) 4.22 (2.56-6.97)

d
 

Oncological disease 2.62 (1.52-4.51)
d
 1.27 (0.93-1.73) 2.26 (1.39-3.68)

d
 1.97 (1.34-2.92)

d
 

Cardiovascular disease 1.53 (1.13-2.08)
d
 1.30 (1.01-1.49)

d
 1.69 (1.17-2.44)

d
 1.52 (1.19-1.95)

d
 

Respiratory disease 2.17 (1.48-3.19)
d
 1.47 (1.12-1.92)

d
 2.13 (1.31-3.45)

d
 2.16 (1.57-2.96)

d
 

Myocardial infarction 1.84 (1.03-3.30)
d
 1.47 (1.09-1.97)

d
 2.05 (0.61-6.94) 2.36 (1.44-3.89)

d
 

Heart failure 7.90 (1.53-40.70)
d
 2.18 (1.23-3.86)

d
 1.25 (0.12-12.56) 1.88 (0.90-3.93) 

Cerebrovascular disease 1.39 (0.69-2.81) 0.92 (0.68-1.26) 1.30 (0.47-3.63) 1.11 (0.73-1.71) 

Diabetes 1.65 (1.20-2.28)
d
 1.61 (1.31-1.96)

d
 1.89 (1.35-2.63)

d
 2.10 (1.64-2.69)

d
 

a
OR: odds ratio. 

b
Estimates adjusted for age and the month of the first swab. 

c
CCI: Charlson Comorbidity Index. 

d
Significant estimates (95% confidence level). 
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Table 5. ORa estimates related to admission to the ICUb among those who tested positive for SARS-CoV-2 (N=1508), stratified by gender and age 

group (1 model for each variable). 
 

Variable and category Male  Female  

 Age 45-59 years (n=370, 

24.5%), OR (95% CI)
c
 

Age 60-74 years (n=748, 

49.6%), OR (95% CI)
c
 

Age 45-59 years (n=133, 

8.8%), OR (95% CI)
c
 

Age 60-74 years (n=257, 

17.1%), OR (95% CI)
c
 

CCI
d

 
    

0 Reference Reference Reference Reference 

1 1.39 (1.04-1.86)
e
 1.15 (0.94-1.42) 1.06 (0.66-1.70) 1.25 (0.91-1.73) 

2-3 1.32 (0.85-2.05) 1.04 (0.82-1.32) 2.46 (1.39-4.36)
e
 1.89 (1.32-2.71)

e
 

4+ 1.91 (0.83-4.39) 1.09 (0.77-1.54) 1.33 (0.17-10.35) 2.35 (1.32-4.19)
e
 

Oncological disease 1.44 (0.74-2.80) 0.86 (0.62-1.20) 0.91 (0.28-2.94) 0.97 (0.55-1.71) 

Cardiovascular disease 1.58 (1.09-2.30)
e
 0.84 (0.68-1.03) 2.02 (1.08-3.76)

e
 1.23 (0.87-1.75) 

Respiratory disease 1.53 (0.96-2.45) 0.84 (0.63-1.14) 1.92 (0.81-4.51) 1.53 (1.01-2.32)
e
 

Myocardial infarction 2.05 (1.08-3.86)e 1.04 (0.77-1.40) 2.00 (0.25-15.85) 1.75 (0.95-3.22) 

Heart failure N/Af 1.16 (0.66-2.06) N/A 1.39 (0.52-3.69) 

Cerebrovascular disease 1.39 (0.55-3.50) 0.74 (0.50-1.08) 1.08 (0.14-8.21) 0.94 (0.49-1.80) 

Diabetes 1.43 (0.98-2.11) 1.58 (1.31-1.92)e 2.58 (1.51-4.42)
e
 2.14 (1.57-2.92)

e
 

a
OR: odds ratio. 

b
ICU: intensive care unit. 

c
Estimates adjusted for age and the month of the first swab. 

d
CCI: Charlson Comorbidity Index. 

e
Significant estimates (95% confidence level). 

f
N/A: not applicable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



JMIR PUBLIC HEALTH AND SURVEILLANCE Catalano et al 
 

27  

 

Table 6. OR
a 

estimates related to death within 30 days from the first positive swab among those who tested positive to SARS-CoV-2 (N=749), stratified 

by gender and age group (1 model for each variable). 
 

Variable and category Male  Female  

 Age 45-59 years (n=370, 

24.5%), OR (95% CI)
b
 

Age 60-74 years (n=748, 

49.6%), OR (95% CI)
b
 

Age 45-59 years (n=133, 

8.8%), OR (95% CI)
b
 

Age 60-74 years (n=257, 

17.1%), OR (95% CI)
b
 

CCI
c
 

    

0 Reference Reference Reference Reference 

1 1.56 (0.89-2.75) 1.33 (1.02-1.74)
d
 2.26 (0.68-7.56) 1.50 (0.99-2.27) 

2-3 5.33 (3.06-9.27)
d
 2.24 (1.72-2.91)

d
 16.80 (6.35-44.45)

d
 2.43 (1.58-3.73)

d
 

4+ 17.32 (7.91-37.90)
d
 3.26 (2.29-4.64)

d
 31.88 (5.96-170.43)

d
 5.90 (3.31-10.52)

d
 

Oncological disease 6.03 (3.00-12.12)
d
 1.46 (1.04-2.05)

d
 11.03 (3.93-30.96)

d
 1.38 (0.77-2.47) 

Cardiovascular disease 3.52 (2.12-5.86)
d
 1.56 (1.24-1.95)

d
 2.81 (0.82-9.62) 2.04(1.41-2.94)

d
 

Respiratory disease 3.89 (2.16-7.02)
d
 2.07 (1.54-2.78)

d
 5.88 (1.70-20.39)

d
 2.92 (1.91-4.45)

d
 

Myocardial infarction 2.80 (1.15-6.81)
d
 1.50 (1.09-2.06)

d
 N/A

e
 2.16 (1.41-2.94)

d
 

Heart failure 8.42 (1.66-42.77)
d
 1.79 (0.99-3.23) N/A 6.04 (2.70-13.53)

d
 

Cerebrovascular disease 5.68 (2.24-14.36)
d
 1.96 (1.38-2.79)

d
 N/A 2.06 (1.17-3.65)

d
 

Diabetes 2.36 (1.34-4.15)
d
 1.79 (1.43-2.23)

d
 5.72 (2.21-14.79)

d
 2.35 (1.64-3.35)

d
 

a
OR: odds ratio. 

b
Estimates adjusted for age and the month of the first swab. 

c
CCI: Charlson Comorbidity Index. 

d
Significant estimates (95% confidence level). 

e
N/A: not applicable.
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Table 7. HR
a 

estimates related to multistate models for each possible transition, stratified by gender and age group. 
 

CCIb Male (age 45-59 years), Male (age 60-74 years), Female (age 45-59 Female (age 60-74 

 HR (95% CI)
c
 HR (95% CI)

c
 years), HR (95% CI)

c
 years), HR (95% CI)

c
 

Positive --> hospitalization     

0 Reference Reference Reference Reference 

1 1.34 (1.15-1.56) 1.19 (1.06-1.33) 1.43 (1.17-1.75) 1.19 (1.01-1.39) 

2-3 1.48 (1.18-1.86) 1.09 (0.96-1.23) 2.49 (1.90-3.26) 1.61 (1.34-1.93) 

4+ 2.71 (1.85-3.97) 1.25 (1.04-1.49) 2.42 (1.09.5.33) 2.39 (1.81-3.16) 

Positive --> death within 30 days from first infection 

0 Reference Reference Reference Reference 
 

1 3.87 (0.01-infinity) 0.73 (0.29-1.87) N/A
d
 2.67 (1.05-6.80) 

 

2-3 1.20 (0.01-infinity) 2.10 (1.03-4.28) 22.57 (2.32-219.69) 4.13 (1.53-11.12) 

4+ 220750.22 (0.01-infini- 
ty) 

3.33 (1.37-8.11) N/A 7.69 (2.00-29.52) 

Hospitalization --> death within 30 days from first infection 

0 Reference Reference Reference Reference 

1 1.42 (0.30-6.61) 1.22 (0.94-1.59) 8.29 (2.81-24.38) 1.40 (0.89-2.21) 

2-3 5.10 (1.34-19.44) 1.92 (1.49-2.49) 0.03 (0.01-37674.39) 1.61 (0.99-2.61) 

4+ 728.13 (355.06- 2.38 (1.71-3.31) 0.41 (0.01-93403.78) 3.46 (1.98-6.04) 

 1493.24)    
 

a
HR: hazard ratio. 

b
CCI: Charlson Comorbidity Index. 

c
Estimated adjusted for age and the month of the first swab. 

d
N/A: not applicable. 

Discussion 

 
 
 

 
 

 

Focusing on positivity to SARS-CoV-2, when considering the
   entire population, it emerged that the risk of infection is higher

Principal Findings 

In this study, we analyzed the association between 

multimorbidity and SARS-CoV-2 outcomes in the population 

of the large Italian region of Piedmont. It emerged that 

multimorbidity is a strong risk factor for a worse prognosis of 

COVID-19, especially in the younger population. In addition, 

results highlighted that although subjects with previous diseases 

were more likely to be swabbed, they had a general lower risk 

of being infected. 

Regarding access to the swab during the first wave of the 

COVID-19 pandemic, the estimates showed that the likelihood 

of being swabbed was greater for patients with previous 

diseases, regardless of the kind of disease, and this risk increased 

with the increase in multimorbidity (measured as the CCI). This 

is consistent with what was observed during the outbreak of the 

COVID-19 pandemic in early 2020, when only few laboratories 

were equipped for performing the SARS-CoV-2 test from nasal 

swabs and the Italian government published strict clinical and 

epidemiological criteria for accessing the tests (among those, 

subjects with a chronic disease are considered at higher risk), 

which were also limited in availability [20]. In addition, from 

April 2020, patients with chronic diseases were swabbed to 

access outpatient services, such as dialysis or cancer treatments. 

for subjects with previous comorbidities, in line with other 

studies [21,22]. This occurs because subjects affected by 

comorbidities, due to poor clinical conditions, generally perform 

more swabs compared to healthy subjects; thus, their probability 

of testing positive for COVID-19 is higher. In contrast, when 

investigating the likelihood of testing positive only among those 

who performed at least 1 swab, we identified that patients with 

comorbidities are less likely to test positive for SARS-CoV-2. 

This result could be due to the fact that subjects with poorer 

clinical conditions pay more attention to protective methods, 

such as social distancing, wearing masks, handwashing, and 

avoiding overcrowded places, which significantly reduce the 

risk of SARS-CoV-2 infection [23].  

In our investigation of hospitalization, we also found that 

multimorbidity, which in our study was measured through the 

CCI, is a strong risk factor for a worse prognosis of COVID-19. 

This is consistent with a number of studies conducted on the 

topic [12,13,24]. Among all possible comorbidities, 

Chudasama et al [24] identified in their study that pre-existing 

hypertension is the most prevalent condition in subjects 

affected by severe SARS-CoV-2 infection, and it mainly 

coexists with other previous comorbidities: stroke, diabetes, 

and chronic kidney disease. However, the risk of severe 

COVID-19 is highest in patients affected by both previous 

diabetes and pre-existing chronic kidney disease.
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One of the possible reasons patients with multiple comorbidities 

have an increased risk of developing severe SARS-CoV-2 is that 

they generally use inhibitors of the renin-angiotensin system 

(RAS) to limit the effect of their comorbidities. These 

inhibitors cause the overexpression of angiotensin-converting 

enzyme 2 (ACE2), which in turn facilitates the entry of SARS-

CoV-2 into human target cells. In addition, high levels of some 

biomarkers, such as C-reactive protein, D-dimer, procalcitonin, 

and ferritin, in individuals with multiple comorbidities may lead 

or contribute to a worse prognosis of COVID-19 [13]. In fact, 

it has been found that these biomarkers are often elevated in 

subjects who contract severe infection. 

In our study, we also identified that the risk of being admitted 

to the ICU among those who tested positive to the virus was 

not significantly higher for subjects affected by multimorbidity, 

except in a few cases, such as cardiovascular diseases and 

diabetes. Given the findings that emerged from our research in 

relation to hospital admissions and death, this result would seem 

to be counterintuitive. This finding may be attributable to the 

decisions made by health care professionals during the first 

pandemic wave about which patients to admit to intensive care 

and which not to admit. In fact, health care professionals had 

to choose which subjects to admit to the ICU on the basis of 

their clinical conditions, the number and severity of 

comorbidities, age, and possible benefits of admission, also due 

in the peak weeks of the pandemic to the limited number of 

beds available. Only subjects with the highest clinical outcomes 

and potential benefits were therefore admitted to the ICU. The 

mortality data support this explanation; in fact, as expected, the 

probability of dying from COVID-19 increased dramatically as 

the CCI value increased. 

Considering specific comorbidities, we found that subjects with 

almost all previous comorbidities have a greater risk of 

developing a worse prognosis of COVID-19, considering both 

the general population and only patients with SARS-CoV-2. 

This is in line with other studies that have highlighted this topic. 

According to some research that investigated the relationship 

between oncological diseases and SARS-CoV-2–related 

outcomes [25-27], people with cancer have a greater risk of 

developing a worse prognosis of COVID-19. This finding could 

be due to the fact that patients with cancer are particularly 

susceptible to the immunosuppressive state caused by antitumor 

therapies received, such as radiotherapy and chemotherapy [26]. 

In addition, the risk of COVID-19 severity has been found to 

be higher for individuals who received their last chemotherapy 

within 14 days of admission [28]. 

Further studies that have investigated the association between 

cardiovascular or cerebrovascular diseases and COVID-19 

outcomes found that the risk of severe SARS-CoV-2 is 

significantly higher for subjects affected by these comorbidities 

[8,29]. Furthermore, according to a meta-analysis conducted 

on 56 studies [30], it was shown that the risk of developing 

severe COVID-19 is greater, considering patients with SARS-

CoV-2 and any pre-existing cardiovascular diseases and also 

when considering specific cardiovascular comorbidities 

separately, such as acute cardiac injury or heart failure, as shown 

in our study. This association could be due to the fact that drugs 

used to limit cardiovascular and cerebrovascular risk, such as 

ACE inhibitors and angiotensin II receptor blockers (ARBs), 

have numerous effects that could influence the susceptibility to 

or the severity of COVID-19. In fact, it was demonstrated that 

ACE inhibitors and ARBs increase the expression of ACE2, 

which is the viral receptor for SARS-COV-2 and facilitates the 

virus entry into pneumocytes [29,31]. 

In relation to diabetes, several studies have also shown that it 

is a risk factor for the mortality and severity of COVID-19. In 

fact, according to different studies and meta-analyses [32-35], 

the risk of contracting severe SARS-CoV-2 or dying from the 

virus infection has been found to be significantly higher for 

patients with diabetes. One possible reason for this is that 

subjects with diabetes have a higher risk of uncontrolled 

inflammatory response, higher levels of tissue injury–related 

enzymes, a higher hypercoagulable state, and higher serum 

levels of inflammatory biomarkers, such as C-reactive protein, 

D-dimer, interleukin-6 (IL-6), serum ferritin, and coagulation 

index. This greater susceptibility to an inflammatory status 

could lead to a worse prognosis of COVID-19, especially in 

patients with poor glycemic control, since hyperglycemia is a 

powerful antagonist of the immune response [32,36]. In addition, 

these subjects also have an immune system downregulated by 

impairing the function of innate immunity, such as chemotaxis 

and the activity of neutrophils and macrophages, that could lead 

to severe COVID-19 outcomes or mortality [35]. 

Other studies have instead found a relationship between pre-

existing respiratory comorbidities and the risk of developing a 

worse prognosis of COVID-19, especially in the case of 

COPD, asthma, and obstructive sleep apnea (OSA) [37-39]. 

This association, on the one hand, is due to the fact that previous 

respiratory diseases could worsen lung function, could make 

the airways hypersensitive, and could cause immune alteration 

in the patients, possibly leading to subjects contracting more 

severe SARS-CoV-2 [38]. On the other hand, especially in the 

case of pre-existing OSA, hypercapnia and hypoxemia, surges 

of sympathetic activation, and increased inflammatory markers 

may contribute to contracting more severe SARS-CoV-2 [39]. 

Although in our study, we only investigated diabetes and 

oncological, cardiovascular, cerebrovascular, and respiratory 

diseases, previous research has shown that other comorbidities, 

such as chronic liver and chronic kidney diseases, are also 

associated with a more severe prognosis of COVID-19 [40,41]. 

Strengths and Limitations 

This study represents an advance on what is already present in 

the literature. In fact, compared to what has been investigated 

on this topic to date, in this research, (1) a population study was 

conducted instead of a clinical study, which made it possible 

both to have a much larger number of people available and to 

investigate what happened in an entire region and not only in 

hospitals or health care institutions, whose studies are generally 

conducted in more advanced facilities (eg, university hospitals); 

(2) the period analyzed in the study (ie, the first wave of the 

COVID-19 pandemic) made it possible to obtain results that 

are not influenced by the various organized 

prevention/vaccination strategies implemented subsequently; 
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and (3) the assessment of the probability to be tested could be 

a bias in susceptibility evaluation. 

The main limitation of this study is that data derived from record 

linkage of health administrative databases, where information 

bias (although not differential) is present, and depth of 

information were limited. A further limitation is that data were 

based only on the first wave of the pandemic. Moreover, the 

administrative nature of the sample was not able to capture the 

social elements that could be used to fully conceive a syndemic 

approach; however, the obtained results identified a disease-

disease interaction that could be the basis for further research 

in this framework. 

Conclusion 

In a sample of nearly 2 million subjects, our study is 1 of the 

first to assess the association between multimorbidity and all 

SARS-CoV-2–related outcomes. Our findings show that during 

the first wave of the pandemic, patients with multimorbidity 

were closely monitored, as proven by a high frequency of tests 

for SARS-CoV-2. However, although swabbed more frequently, 

they appeared to be less likely to become infected with 

SARS-CoV-2, probably due to greater attention paid to 

protective methods. However, a history of respiratory diseases 

is a risk factor for a worse prognosis of COVID-19. Nonetheless, 

whatever comorbidities affect the patients, a strong dose-

response effect was observed between an increased CCI score 

and COVID-19 hospitalization, ICU admission, and death. 

These results are critical to public health policy and planning 

as they help in identifying a group of subjects who are more 

prone to worse SARS-CoV-2 outcomes. This information is 

particularly important for the current pandemic scenario, where 

the emergency has given way to the SARS-CoV-2 pandemic's 

embeddedness into daily life. In fact, these results suggest that 

future clinical and public health interventions (eg, vaccination 

prioritization, early monoclonal antibody treatment, prevention 

measurement and campaigns) should be centered on the 

multimorbid patient category because they are more likely to 

need to be protected from COVID-19 severe outcomes. 

Furthermore, the early response to the COVID-19 pandemic 

provided a framework for our observations that might be 

applicable to future health challenges. It will be crucial for future 

research to investigate the biosocial relationship in this context. 
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OSA: obstructive sleep apnea 
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Table S1. 

 

a) Algorithm related to the Charlson Comorbidity Index (CCI) definition 

 

Disease Weight Hospital Discharges 

Codesa 

Drug prescriptions 

Codesb 

Disease exemptions 

Codes 

Charlson Comorbidity Index (CCI) 

Diabetes 1 250 A10 013 

Myocardial infarction 1 410-414 - - 

Peripheral hearth disease 1 440-448 - - 

Congestive heart failure 1 398.91c, 402c, 404.01c, - - 
  404.03c, 404.11c, 404.13c,   

  404.91c, 404.93c,   

  425.4-425.5c, 425.9c, 428c,   

  785.50-785.51c   

Cerebrovascular disease 1 430-434, 436-438 - 0B02 

Dementia 1 046, 290-292, 

294, 331 

- N06D 

Mild liver disease 1 070 - 016 

Hemiplegia 2 342, 436 - - 

Oncological disease 2 140-208 - - 

Ulcer 1 531-534 - - 

Severe liver disease 3 571 - 008 

Connective tissue disease 1 696.0, 710.0, - 006, 028, 

  714.0, 720.0  030, 045, 054, 

Moderate or severe kidney 2 250.4, 403-404, B03XA01, B03XA02, 023 

disease  582-583, 585-588, B03XA03, V03AE01,  

  590.0, 753.1, V42.0, V03AE02, V03AE03,  

  V56; V03AE05  

  38.95d, 39.27d, 39.42d,   

  39.43d, 39.95d, 54.93d,   

  54.98d, 55.23d, 55.6d   

 
Chronic pulmonary disease 

 
1 

 
518.81c, 518.84c, 786.0c, 

 
R03A, R03CC02, 

 
024 

  786.2c, 786.4c; R03CC03, R03CC04,  

  490-494, 496 R03CK, R03BB01,  

   R03BB02, R03BB04,  

   R03DA01, R03DA04,  

   R03DA05, R03DA08,  

   RO3DA11, R03DA49  

a International Classification of Diseases – IX 
b Anatomical Therapeutic Chemical 7 Classification 
c Only main diagnosis 
d Intervention procedures 
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b) Algorithm related to the definition of the specific diseases considered in the study 

 

Disease Hospital Discharges 

Codesa 

Drug prescriptions 

Codesb 

Disease exemptions 

Codes 

Specific Disease 

Oncological disease 140-208 - - 

Cardiovascular disease 390-459 - - 

Respiratory disease 460-519 - - 

Cerebrovascular disease 430-434, 436-438 - 0B02 

Diabetes 250 A10 013 

Myocardial infarction 410-414 - - 

Congestive heart failure 398.91c, 402c, 404.01c, 404.03c, 

404.11c, 404.13c, 404.91c, 404.93c, 

425.4-425.5c, 425.9c, 428c, 

785.50-785.51c 

- - 

a International Classification of Diseases – IX 
b Anatomical Therapeutic Chemical 7 Classification 
c Only main diagnosis 
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Table S2. Odds ratio (OR) estimates related to positivity to SARS-CoV-2 on entire population, stratified by 

gender and age group (one model for each variable) 

 

Male Female 

 

Variable 

 

Category 

(N=2,847) 

45-59 

 
 

OR (95% CI)a 

(N=3,114) 

60-74 

 
 

OR (95% CI)a 

(N=4,477) 

45-59 

 
 

OR (95% CI)a 

(N=2,355) 

60-74 

 
 

OR (95% CI)a 

Charlson 

Comorbidity 

Index 

0 Ref Ref Ref Ref 

1 1.28 (1.16-1.42) 1.32 (1.21-1.44) 1.21 (1.11-1.30) 1.43 (1.30-1.58) 

2-3 1.93 (1.64-2.25) 1.95 (1.77-2.15) 1.32 (1.15-1.52) 2.09 (1.85-2.36) 

 4+ 2.56 (1.85-3.53) 3.68 (3.18-4.26) 1.48 (0.93-2.36) 4.63 (3.72-5.77) 

Oncological 

disease 

- 1.80 (1.41-2.29) 1.39 (1.22-1.59) 0.97 (0.79-1.20) 1.36 (1.14-1.63) 

Cardiovascular 

disease 

- 1.53 (1.33-1.76) 1.83 (1.68-1.99) 1.30 (1.13-1.50) 2.15 (1.92-2.41) 

Respiratory 

disease 

- 2.12 (1.79-2.53) 2.56 (2.27-2.87) 1.37 (1.12-1.68) 3.38 (2.92-3.91) 

Myocardial 

infarction 

 

- 

 

1.26 (0.97-1.64) 

 

1.56 (1.38-1.77) 

 

0.90 (0.54-1.50) 

 

2.14 (1.71-2.69) 

Heart failure - 1.20 (0.62-2.32) 2.23 (1.75-2.83) 1.35 (0.56-3.27) 3.46 (2.45-4.90) 

Cerebrovascular 

disease 

 

- 

 

1.99 (1.45-2.74) 

 

2.53 (2.19-2.92) 

 

1.31 (0.91-1.90) 

 

3.23 (2.66-3.94) 

Diabetes - 1.43 (1.23-1.65) 1.63 (1.50-1.77) 1.36 (1.19-1.55) 1.70 (1.52-1.90) 

a Estimates adjusted for age 

Significant estimates (95% confidence level) are shown in bold type 
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Table S3. Odds ratio (OR) estimates related to admission to hospital on entire population, stratified by gender 

and age group (one model for each variable) 

 

Male Female 

 

Variable 

 

Category 

(N=1,101) 

45-59 

 
 

OR (95% CI)a 

(N=1,974) 

60-74 

 
 

OR (95% CI)a 

(N=616) 

45-59 

 
 

OR (95% CI)a 

(N=953) 

60-74 

 
 

OR (95% CI)a 

Charlson 

Comorbidity 

Index 

0 Ref Ref Ref Ref 

1 1.58 (1.36-1.84) 1.50 (1.34-1.67) 1.68 (1.38-2.05) 1.64 (1.40-1.92) 

2-3 2.71 (2.18-3.38) 2.11 (1.87-2.39) 2.75 (2.08-3.63) 3.20 (2.70-3.80) 

 4+ 4.55 (3.07-6.75) 4.25 (3.57-5.06) 3.73 (1.66-8.37) 8.35 (6.36-10.95) 

Oncological 

disease 

- 2.55 (1.85-3.51) 1.48 (1.26-1.74) 1.94 (1.31-2.87) 1.91 (1.51-2.42) 

Cardiovascular 

disease 

- 1.84 (1.50-2.25) 1.86 (1.68-2.07) 2.04 (1.50-2.79) 2.60 (2.21-3.06) 

Respiratory 

disease 

- 3.03 (2.39-3.83) 2.64 (2.28-3.05) 2.61 (1.76-3.87) 4.70 (3.86-5.71) 

Myocardial 

infarction 

 

- 

 

1.69 (1.19-2.41) 

 

1.74 (1.50-2.03) 

 

1.57 (0.59-4.21) 

 

3.03 (2.26-4.05) 

Heart failure - 2.27 (1.07-4.78) 2.54 (1.92-3.35) 1.77 (0.25-12.59) 4.37 (2.76-6.89) 

Cerebrovascular 

disease 

 

- 

 

1.97 (1.20-3.23) 

 

2.20 (1.82-2.65) 

 

1.54 (0.64-3.72) 

 

3.22 (2.39-4.32) 

Diabetes - 1.87 (1.53-2.29) 1.85 (1.67-2.05) 2.32 (1.75-3.07) 2.35 (2.01-2.74) 

a Estimates adjusted for age 

Significant estimates (95% confidence level) are shown in bold type 



JMIR PUBLIC HEALTH AND SURVEILLANCE Catalano et al 
  

38 
 

Table S4. Odds ratio (OR) estimates related to admission to intensive care unit (ICU) on entire population, 

stratified by gender and age group (one model for each variable) 

 

Male Female 

 

Variable 

 

Category 

(N=370) 

45-59 

 
 

OR (95% CI)a 

(N=748) 

60-74 

 
 

OR (95% CI)a 

(N=133) 

45-59 

 
 

OR (95% CI)a 

(N=257) 

60-74 

 
 

OR (95% CI)a 

Charlson 

Comorbidity 

Index 

0 Ref Ref Ref Ref 

1 1.69 (1.31-2.18) 1.45 (1.22-1.73) 1.29 (0.81-2.05) 1.80 (1.33-2.43) 

2-3 2.35 (1.58-3.47) 1.92 (1.58-2.35) 3.24 (1.88-5.60) 3.73 (2.70-5.15) 

 4+ 3.95 (1.95-8.01) 3.58 (2.66-4.81) 2.71 (0.38-19.47) 9.36 (5.61-15.61) 

Oncological 

disease 

- 2.20 (1.24-3.92) 1.25 (0.94-1.65) 1.00 (0.32-3.13) 1.39 (0.82-2.34) 

Cardiovascular 

disease 

- 2.15 (1.56-2.97) 1.50 (1.25-1.80) 2.66 (1.47-4.83) 2.53 (1.84-3.47) 

Respiratory 

disease 

- 3.00 (2.00-4.50) 1.97 (1.52-2.56) 2.77 (1.22-6.30) 4.69 (3.22-6.83) 

Myocardial 

infarction 

 

- 

 

2.25 (1.34-3.78) 

 

1.62 (1.26-2.08) 

 

1.76 (0.25-12.63) 

 

3.30 (1.92-5.67) 

Heart failure - - 2.16 (1.33-3.50) - 4.28 (1.76-10.39) 

Cerebrovascular 

disease 

 

- 

 

2.09 (0.93-4.70) 

 

1.68 (1.20-2.36) 

 

1.40 (0.19-10.01) 

 

2.78 (1.52-5.10) 

Diabetes - 1.99 (1.42-2.78) 2.19 (1.87-2.56) 3.51 (2.11-5.84) 3.19 (2.42-4.21) 

a Estimates adjusted for age 

Significant estimates (95% confidence level) are shown in bold type 
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Table S5. Odds ratio (OR) estimates related to death within 30 days from the first positive swab on entire 

population, stratified by gender and age group (one model for each variable) 

 
  Male  Female 

 

Variable 

 

Category 

(N=97) 

45-59 

 
 

OR (95% CI)a 

(N=461) 

60-74 

 
 

OR (95% CI)a 

(N=23) 

45-59 

 
 

OR (95% CI)a 

(N=168) 

60-74 

 
 

OR (95% CI)a 

Charlson 

Comorbidity 

Index 

0 Ref Ref Ref Ref 

1 2.00 (1.15-3.47) 1.67 (1.31-2.13) 2.72 (0.82-9.05) 2.23 (1.51-3.29) 

2-3 8.92 (5.27-15.11) 3.59 (2.84-4.54) 22.01 (8.45-57.33) 5.12 (3.44-7.61) 

 4+ 28.98 (14.96-65.14) 8.19 (6.07-11.15) 59.56 (12.54 -272.78) 20.09 (12.25-32.96) 

Oncological 

disease 

- 8.32 (4.42-15.66) 1.83 (1.36-2.45) 11.41 (4.22-30.81) 2.02 (1.19-3.43) 

Cardiovascular 

disease 

- 4.89 (3.03-7.89) 2.45 (2.00-2.99) 3.79 (1.12-12.80) 4.00 (2.87-5.59) 

Respiratory 

disease 

- 7.53 (4.34-13.06) 3.95 (3.08-5.06) 8.53 (2.53-28.75) 8.42 (5.81-12.19) 

Myocardial 

infarction 

 

- 

 

3.43 (1.50-7.88) 

 

2.16 (1.64-2.84) 

 

- 

 

4.07 (2.31-7.18) 

Heart failure - 6.98 (1.71-28.37) 3.03 (1.83-4.99) - 11.06 (5.81-21.04) 

Cerebrovascular 

disease 

 

- 

 

8.25 (3.60-18.92) 

 

3.67 (2.72-4.94) 

 

- 

 

5.93 (3.58-9.82) 

Diabetes - 3.28 (1.91-5.64) 2.50 (2.06-3.04) 8.12 (3.20-20.65) 3.58 (2.59-4.94) 

a Estimates adjusted for age 

Significant estimates (95% confidence level) are shown in bold type 

 

 

 

Supplementary Figure 1. Diagram of possible transitions among states 
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Supplementary Figure 2. Probability of transitions among states related to multistate models adjusted for 

age and month of infection, stratifying by Charlson Comorbidity Index (CCI), gender, and age group 

a) Males, 45-59 years old 
 

 

 

 

 
b) Males, 60-74 years old 
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c) Females, 45-59 years old 
 

 

 

 
d) Females, 60-74 years old 
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ABSTRACT 

 

Introduction 

Since the COVID-19 pandemic broke out, several studies explored what caused a worse prognosis of the 

virus. Charlson Comorbidity Index (CCI) was recognized as one of the most risk factors for COVID-19-

related outcomes. At the same time, the patient’s clinical condition was found to be associated with SARS-

CoV-2 outcomes. This study aimed to analyze the association between multimorbidity and COVID-19-

related outcomes, and to evaluate whether the National Early Warning Score 2 (NEWS2), which is a proxy 

for clinical severity at hospital access, played a mediating role in this association. 

Methods 

Data were obtained through the platform EPICLIN and the Piedmont Longitudinal Study. We considered 

all patients who tested positive for COVID-19 after accessing the Emergency Department (ED) of San 

Luigi Gonzaga and Molinette hospitals from 1 March to 30 June 2020. Four different outcomes were 

assessed: non-discharge from ED, death within 30 days from infection, ICU admission/death among 

hospitalized patients, and length of hospitalization among hospitalized and surviving patients. Two 

distinct subgroups of patients, those <65 years old and 65+ years old, were considered when multivariable 

logistic regression, Cox models, and mediation analyses were conducted. 

Results 

Among those who were younger and had a CCI score ≥ 2, there was a greater risk of not being discharged 

(OR: 3.14; 95% CI: 1.49-6.59) or dying (OR: 4.45; 95% CI: 1.01-19.71). Moreover, the higher the CCI 

score, the longer the length of hospitalization. Considering older subjects, a greater comorbidity burden 

was associated with a higher risk of death. Regarding the mediation analyses, multimorbidity in the 

younger population had a considerable direct impact on duration of hospitalization and not being 

discharged. Moreover, in the older population, the NEWS2 Score played a mediation role both in the 

association between CCI and not being discharged as well as ICU admissions and death. 

Conclusion 

This research showed that multimorbidity is a strong risk factor for a worse prognosis of COVID-19. 

Moreover, there was a strong direct effect of CCI on not being discharged, and the NEWS2 Score was 

found to act as a mediator in the association between multimorbidity and COVID-19-related outcomes. 

 

Keywords 

 

COVID-19; Charlson Comorbidity Index; multimorbidity; Intensive Care Unit; National Early Warning 

Score 
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INTRODUCTION 

On March 11, 2020, the World Health Organization (WHO) declared that Coronavirus Disease (COVID-

19), a viral respiratory disease caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-

2), also known as the novel coronavirus, could be characterized as a pandemic1. Up until the WHO 

declared the end of the COVID-19 pandemic, COVID-19 has now resulted in over 765 million cases and 

around 6.9 million deaths2,3. 

In literature, numerous authors have thoroughly explored the correlation between COVID-19 and multiple 

comorbidities. Strong associations between severe and fatal SARS-CoV-2 disease with chronic 

comorbidities such as kidney injury, diabetes, hypertension, cardiovascular diseases, cancer, chronic 

obstructive pulmonary disease (COPD), and obesity were found in studies, meta-analyses, and systematic 

reviews4,5. 

In the epidemiological field, comorbidity is defined in a variety of ways, but there isn't a single, accepted 

definition beyond the presence of one or more concurrent, often chronic, pathologies. One useful way to 

establish the weight of multiple comorbidities is through the use of the Charlson Comorbidity Index 

(CCI)6. The CCI is an assessment tool designed specifically to predict long-term mortality. It provides a 

valid description of the patient’s clinical situation, and can also demarcate major diagnostic and prognostic 

differences among subgroups of patients sharing the same medical diagnosis7. The CCI has been proven 

useful in risk stratifications of hospitalized COVID-19 patients, as it is a reliable indicator of the clinical 

impact of multiple associated comorbidities. It has been observed that the per-point increase of the CCI 

matched an increment in mortality risk and was associated with disease severity8–10. Prognostic 

stratification of COVID-19 patients is not only associated with predisposing risk factors of the affected 

patient but also related to the severity of the disease itself, depending on the viral characteristics (e.g., 

strain-specific virulence)11, the viral load (e.g., quantification of viral replication)12, and the organ 

involvement (e.g., the presence of pneumonia, myocarditis, encephalitis, etc). 

In addition to these elements, it is important to consider the severity of the clinical conditions at the time 

of access at the Emergency Department (ED) and whether or not it may influence the effect of 

multimorbidity on COVID-19 outcomes, given the impact of the presence of comorbidities on the 

patient's clinical condition13. One of the most common ways used is the National Early Warning Score 

(NEWS) and its modified version NEWS2, which evaluates changes in physiological measurements 

(respiration rate, oxygen saturation, systolic blood pressure, pulse rate, level of consciousness, 

temperature) and results in a standardized assessment of acute illness severity14. This is commonly adopted 

to stratify the risk of clinical deterioration. 

During the SARS-CoV-2 pandemic, the NEWS was widely used for assessing the severity and monitoring 

of COVID-19 patients in healthcare settings. It was applied to patient care due to its effectiveness in 

identifying patients at risk of deterioration, for both accessing the healthcare facilities15 and being 
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hospitalized16. 

A combination of multimorbidity and severity was worth investigating, even if it may be debatable which 

factor has the most impact on the patient. 

Our study's clinical cohort of patients admitted to the ED included the following objectives: 1) analyzing 

the relationship between the CCI, used as a proxy of multimorbidity, and SARS-CoV-2- related outcomes; 

2) assessing the mediation role of the NEWS2 Score for this association, to disentangle the effect of the 

multimorbidity on COVID-19-related outcomes into two different effects: the direct effect of CCI on the 

SARS-CoV-2 related outcomes and the effect of CCI mediated by the NEWS2 Score on the same 

outcomes. Since some studies have shown that the association between clinical conditions and COVID-

19 outcomes varies depending on age groups17, the analyses were conducted in two different populations: 

patients <65 years old and 65+ years old. 

 

METHODS 

 

Study population 

 

To investigate the association between multimorbidity and COVID-19-related outcomes and to assess the 

mediation role of the NEWS2 Score, we collected data from all patients who tested positive for SARS-

CoV-2 through nasal and/or pharyngeal PCR molecular swab or bronchoalveolar lavage after accessing 

the ED of San Luigi Gonzaga Hospital in Orbassano or Molinette Hospital in Turin (Northwest Italy) 

during the period from 1 March to 30 June 2020. A description of the data collection was presented 

elsewhere 18–20. 

 

Variables 

 

Using ED and medical records, we collected clinical and demographic information on the study 

population. Specifically, in addition to gender and age, we obtained information on COVID-19 disease 

progression (including the presence of symptoms and whether the patients were admitted to the intensive 

care unit or died due to the disease), obesity, hypertension, smoking habit, NEWS2 Score, and Charlson 

Comorbidity Index (CCI)6, which was used as a proxy of multimorbidity. 

For the purpose of the analyses, we considered four different outcomes: 

1) Non-discharge from ED (i.e., hospitalized, transferred to other hospitals, or died) on the entire 

sample; 

2) Death within 30 days from the first positive swab on the entire sample; 

3) ICU admission and/or death among patients who were hospitalized; 

4) Length of hospitalization among patients who did not die while in the hospital. This choice was 

because deaths among hospitalized individuals would have greatly influenced estimates of this 
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association. 

 

Statistical Analyses 

 
After checking the normality distribution of quantitative variables through the Kolmogorov-Smirnov test, 

the sample was described through frequencies and percentages or medians and Interquartile Ranges 

(IQRs), for qualitative and quantitative data, respectively. 

We employed Cox Proportional Hazards and multivariable logistic regression models, when applicable, 

to investigate the relationship between multimorbidity and COVID-19-related outcomes. The estimates 

were adjusted for gender, age, smoking, obesity, hypertension, and hospital stay to control for any possible 

confounding. 

For the two outcomes on the entire population (non-discharge from ED and death within 30 days from the 

first positive swab) estimates were also adjusted for SARS-CoV-2 symptomatology as binary variables 

(yes vs no). The symptoms considered included fever, cough, and dyspnea. This was not possible for 

hospitalized patients, as all are symptomatic for COVID-19. 

Later, to assess the mediation role played by the NEWS2 Score in the association between multimorbidity 

and COVID-19-related outcomes, mediation analyses were conducted. The mediation analysis is a 

statistical technique that is useful to explore the underlying mechanisms or pathways by which the 

exposure affects the outcome. Assessing whether the effect of the exposure on the outcome is partially or 

fully explained by one or more intervening variables, known as mediators, is the main purpose of the 

mediation analysis. 

Among the different possible approaches, we implemented the counterfactual technique of VanderWeele 

for the first three binary outcomes21. For the last outcome, instead, an innovative approach based on the 

counterfactual technique of VanderWeele was applied22. These highly advanced statistical methods 

allowed us to disentangle the Total Effect (TE) of the multimorbidity on COVID-19 related outcomes 

into two different effects: the Pure Direct Effect (PDE), which represents the effect of the exposure on the 

outcome that is not mediated by the mediator(s), and the Total Indirect Effect (TIE), which expresses the 

effect of exposure on the same outcome that operates through the mediator(s) and quantifies the portion of 

the total effect that is transmitted through the mediator(s) in the causal pathway. Confidence Intervals (CIs) 

were obtained as 95% bootstrap CIs by using the percentile method. 

Before applying this technique, the assumptions underlying the method were verified. In particular, using 

multivariable logistic, multinomial, and Cox Proportional Hazards regression models, preliminary 

analyses were conducted to evaluate the associations between exposure-mediator and mediator-outcomes. 

The analyses were conducted on two different subgroups: subjects aged <65 years and 65+ years old. 

Subjects with missing values for the variables of interest were not considered for analysis.  

The study was performed using SAS (V 9.4) and R (V 4.2.1). 
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RESULTS 

Out of 844 subjects who accessed the ED of San Luigi or Molinette hospitals in Turin, 458 (54.2%) were 

<65 years old and 386 (45.8%) were ≥ 65 years old. Of these, 564 (66.8%) were not immediately discharged 

from the ED, 144 (17.1%) died within 30 days from the diagnosis, and 499 (59.1%) were admitted to one 

of the hospital's wards, of which 222 (44.4%) died or were admitted to the ICU. In particular, 91 

hospitalized patients (41.0%) died, 86 (38.7%) were admitted to the ICU, and 45 (20.3%) were admitted 

to the ICU and died. The clinical and demographic characteristics of the sample are shown in Table 1, 

Supplementary Table 1, and Supplementary Table 2. 

Subjects with missing values for the variables of interests who were not considered were 233 patients. 
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Table 1. Demographic and clinical characteristics related to the entire sample, stratified by age 

Variable <65 

(N= 458) 

Na(%) 

65+ 

(N = 386) 

N (%) 

Age   

Median (IQRa) 50.0 (41.0-56.8) 78.0 (73.0-85.0) 

Gender   

Male 258 (56.3%) 212 (54.9%) 

Female 200 (43.7%) 174 (45.1%) 

Smoking   

No 382 (83.4%) 311 (80.6%) 

Yes 76 (16.6%) 75 (19.4%) 

Hospital   

San Luigi 144 (31.4%) 135 (35.0%) 

Molinette 314 (68.6%) 251 (65.0%) 

Obesity   

No 429 (93.7%) 360 (93.3%) 

Yes 29 (6.3%) 26 (6.7%) 

Hypertension   

No 297 (64.8%) 97 (25.1%) 

Yes 161 (35.2%) 289 (74.9%) 

COVID-19 symptoms   

No 16 (3.5%) 8 (2.1%) 

Yes 442 (96.5%) 378 (97.9%) 

Charlson Comorbidity Index   

0 353 (77.0%) 116 (30.0%) 

1 58 (12.7%) 98 (25.4%) 

2-3b 47 (10.3%) 94 (24.4%) 

4+ - 78 (20.2%) 

National Early Warning Score 2   

0 382 (83.4%) 173 (44.8%) 

1 29 (6.3%) 52 (13.5%) 

2+ 47 (10.3%) 161 (41.7%) 

Discharge   

Yes 254 (55.5%) 26 (6.7%) 

No 204 (44.5%) 360 (93.3%) 

Death within 30 days   

No 446 (97.4%) 254 (65.8%) 

Si 12 (2.6%) 132 (34.2%) 
a IQR: Interquartile Range; 

b In the case of subjects under 65, the category refers to the value "2+". 

 

 

 

Regarding the association between CCI and SARS-CoV-2-related outcomes detected through classical 

models, the OR and HR estimates are shown in Table 2. From the results, it emerged that among those 
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who were younger (<65 years old) and had a CCI score ≥ 2, there was a greater risk of not being discharged 

from the ED (OR: 3.14; 95% CI: 1.49-6.59) or dying within 30 days (OR: 4.45; 95% CI: 1.01-19.71). In 

addition, we found that the higher the CCI score, the longer the length of hospitalization. 

When considering the subgroup of older subjects (65+ years old), estimates showed that those with a 

greater comorbidity burden had a higher risk of death within 30 days from the first diagnosis of COVID-

19. 

 
Table 2. Odds ratio (OR) and Hazard Ratio (HR) estimates related to each outcome, stratifying by age 

 

Charlson 

Comorbidity 

Index 

Non-discharge 

 

 

 
ORa (95% CIb) 

Intensive Care 

Unit admission 

or death 

ORa (95% CIb) 

Death within 30 

days 

 
ORa (95% CIb) 

Length of 

hospitalization 

 
HRc (95% CIb) 

<65 

0 Ref Ref Ref Ref 

1 1.27 (0.66-2.43) 1.81 (0.68-4.76) 2.83 (0.58-13.77) 0.55 (0.33-0.91) 

2+ 3.14 (1.49-6.59) 1.43 (0.58-3.55) 4.45 (1.01-19.71) 0.49 (0.32-0.76) 

 
65+ 

0 Ref Ref Ref Ref 

1 1.49 (0.48-4.54) 1.31 (0.70-2.45) 1.97 (1.02-3.82) 0.77 (0.52-1.15) 

2-3d 2.52 (0.72-7.69) 1.55 (0.81-2.95) 2.14 (1.11-4.11) 0.66 (0.44-1.00) 

4+ - 1.38 (0.69-2.75) 2.16 (1.06-4.39) 0.83 (0.54-1.28) 
a OR: Odds Ratio; b CI: Confidence Interval; c HR: Hazard Ratio; 

 
d In the case of non-discharge, the category refers to the value "2+". 

 

 

 

 

Finally, the results related to the mediation analyses are summarized in Table 3, Figure 1, and Figure 

2. The analysis of the association necessary to perform appropriate mediation analyses are presented in 

Supplementary Table 3. Based on the PDE estimates, we found a strong direct effect of multimorbidity 

on not being discharged from the ED in the younger population (CCI = 1: PDE: 1.17, 95% CI: 0.66-2.14; 

CCI = 2+: PDE: 2.13, 95% CI: 1.13-4.59). Therefore, there seems to be a direct association between 

multimorbidity and non-discharge. Furthermore, it emerged from TIE estimations that among older 

patients that the NEWS2 Score played a key mediation role both in the association between CCI and not 

being discharged from the ED (CCI = 1: TIE: 1.27, 95% CI: 0.84- 1.89; CCI = 2+: TIE: 1.51, 95% CI: 

1.04-2.37) and in the relationship between CCI and the combined outcome “ICU admissions and/or death” 

(CCI = 1: TIE: 1.28, 95% CI: 1.02-1.70; CCI = 2-3: TIE: 1.27, 95% CI: 1.01-1.67; CCI = 4+: TIE: 1.15, 

95% CI: 0.88-1.54). As we expected, the total effects show that in almost all cases the results are very 

similar to those estimated through the classical methods. Hence, the choice of mediation analysis for this 

study is justified by the identification of a statistically significant direct and indirect effect. 
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Table 3. Results related to mediation analyses for each outcome, stratifying by age 

 

Charlson 

Comorbidity 

Index 

Effect Non-discharge 

 

 

 
ORa (95% CIb) 

Intensive Care 

Unit admission 

or death 

 
ORa (95% CIb) 

Death within 

30 days 

 

 
ORa (95% CIb) 

Length of 

hospitalization 

 

 
HRc (95% CIb) 

 
<65 

0 Pure Direct 

Effect 

Ref Ref Ref Ref 

1 1.17 (0.66-2.14) 1.62 (0.49-4.31) 1.90 (0.01-13.12) 0.66 (0.41-0.99) 

2+ 2.13 (1.13-4.59) 1.15 (0.42-2.52) 2.14 (0.22-11.05) 0.62 (0.43-0.83) 

0 Total Indirect 

Effect 

Ref Ref Ref Ref 

1 1.13 (0.88-1.63) 1.08 (0.58-1.77) 1.48 (0.31-3.72) 0.90 (0.67-1.32) 

2+ 1.54 (0.89-3.19) 1.17 (0.63-1.13) 2.65 (0.67-7.29) 1.05 (0.82-1.45) 

0 Total 

Effect 

Ref Ref Ref Ref 

1 1.32 (0.69-2.73) 1.75 (0.51-4.96) 2.80 (0.01-15.42) 0.59 (0.36-1.07) 

2+ 3.27 (1.48-8.22) 1.35 (0.38-3.75) 5.67 (0.57-26.82) 0.67 (0.41-1.06) 

 
65+ 

0  

Pure Direct 

Effect 

Ref Ref Ref Ref 

1 1.23 (0.47-4.60) 1.08 (0.58-2.07) 1.48 (0.86-2.73) 0.81 (0.52-1.25) 

2-3* 1.67 (0.56-7.94) 1.29 (0.67-2.51) 1.59 (0.90-3.00) 0.70 (0.46-1.02) 

4+ - 1.25 (0.60-2.53) 1.68 (0.94-3.17) 0.85 (0.56-1.30) 

0  

Total Indirect 

Effect 

Ref Ref Ref Ref 

1 1.27 (0.84-1.89) 1.28 (1.02-1.70) 1.23 (0.97-1.56) 0.96 (0.84-1.07) 

2-3* 1.51 (1.04-2.37) 1.27 (1.01-1.67) 1.17 (0.90-1.52) 1.00 (0.88-1.14) 

4+ - 1.15 (0.88-1.54) 1.15 (0.83-1.52) 1.00 (0.80-1.20) 

0  

Total 

Effect 

Ref Ref Ref Ref 

1 1.56 (0.56-6.36) 1.38 (0.72-2.67) 1.82 (1.06-3.39) 0.77 (0.51-1.19) 

2-3* 2.52 (0.82-11.34) 1.64 (0.84-3.21) 1.87 (0.99-3.59) 0.70 (0.45-1.05) 

4+ - 1.43 (0.67-2.94) 1.93 (0.99-3.82) 0.85 (0.53-1.34) 
a OR: Odds Ratio; b CI: Confidence Interval; c HR: Hazard Ratio; 

d In the case of non-discharge, the category refers to the value "2+". 
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Figure 1. Pure Direct Effect (PDE), Total Indirect Effect (TIE), and Total Effect (TE) over time 

related to the length of hospitalization for the younger population (<65 years), stratified by Charlson 

Comorbidity index. 

a) Pure Direct Effect (PDE) 

 

 

b) Total Indirect Effect (TIE) 

 

 

c) Total Effect (TE) 
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         Figure 2. Pure Direct Effect (PDE), Total Indirect Effect (TIE), and Total Effect (TE) over time 

related to the length of hospitalization for the elderly population (65+ years), stratified by Charlson  

Comorbidity index. 

a) Pure Direct Effect (PDE) 

 

b) Total Indirect Effect (TIE) 

 

 

c) Total Effect (TE) 
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DISCUSSION 

Through the use of the mediation analysis, this study aimed to better acknowledge the importance of 

COVID-19 severity at arrival in the ED, as measured by the National Early Warning Score2 (NEWS2), 

compared with the effect of multimorbidity, weighted with the CCI, in determining hospital outcomes. In 

particular, the objective of the mediation analysis was to gain a deeper understanding of the correlation 

between COVID-19, multimorbidity, and various outcomes. Additionally, this study aimed to determine 

any potential impact or influence that the NEWS2 may have on this relationship. Determining which factor 

has the most influence on the outcome may result in the improvement of early prediction of hospitalization 

necessity and resource management. Furthermore, a better stratification of the patients considering the 

combination of CCI and NEWS2 is useful in determining the best course of action for patient care. 

Age was identified as the first prognostic determinant for COVID-19 since it has been proven that being 

older than 65 is a major risk factor for a more severe development of SARS-CoV-2 and worse outcome23,24. 

A similar trend was shown in our study, where patients older than 65 showed significant lower rates of 

discharge from the ED, and higher mortality in the first 30 days and checked into the ED with more severe 

conditions (Table 1). 

It has been reported that a high CCI is associated with a higher risk of hospitalization, ICU admission, and 

death in both age subgroups. However, the NEWS has been observed as playing a key mediation role 

regarding the older population, strongly influencing the relationship between CCI and the outcomes of 

needing hospitalization and/or being admitted to the intensive care unit, whether or not a death occurs. 

Also, in regard to the young group of patients, we found that a high CCI is associated with a higher risk of 

long hospitalization while we didn’t find a correlation between the NEWS2 and the length of hospital stay. 

In the younger subgroup, individuals with a high CCI also exhibited a higher risk of being hospitalized. 

This is observed as a strong direct effect, as demonstrated by the mediation test of multimorbidity on this 

specific outcome. It suggests that the presence of a comorbid condition may be a primary factor 

influencing the decision of ED physicians to admit the patient to the hospital. Taking into account the 

resources used during a hospital stay, this component may be rather relevant. According to the mediation 

effect study, it has been observed that the NEWS2 has a stronger impact on the relationship between CCI 

and outcomes for the older subgroup, potentially leading to a much more accurate prediction of the 

patient’s progress. 

The NEWS2 does not have the same weight on the younger subgroup. One reason among many to 

determine this may belong specifically to the higher homeostatic reserve of the younger patients.  

The homeostatic reserve can be defined as the measure of the ability to function and the preservation of a 

specific body district, as well as the entire organism, specifically in relation to conditions that alter and 

lower the physiological functions. It has been described in recent literature how much the severe loss of 

reserve can impact the overall health of a person, specifically on frailty, which is a multidimensional 

geriatric syndrome25. Furthermore, homeostatic reserve can indeed be defined as a state of vulnerability 
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to poor resolution of homeostasis following a stress, and is a consequence of cumulative decline in 

multiple physiological systems over a lifespan26. It is also described as an extreme vulnerability of the 

organism to endogenous and exogenous stressors, a syndrome that exposes the individual at higher risk of 

negative health-related outcomes as well as a transition phase between successful aging and disability27. 

Given that aging is widely recognized as one of the primary factors for the decline in organ reserve, 

research has shown that this reserve is sustained by excess in metabolic capacity, which, once impaired 

or exhausted, reduces the ability of the cell to cope with stress28. Therefore, a hypothesis can be made to 

explain why the course of the SARS-CoV-2 in the younger group has, in the worst cases, been found to 

abruptly worsen when the patient circumstances were relatively stable. 

In this scenario, the NEWS2 has little impact on the outcome prediction in the younger group as the 

physiological reserve limits the organ disfunction during the first stages of the disease, causing NEWS2 

to deteriorate only in the later phases of COVID-19 illness. In contrast, the elderly population’s low 

physiological reserve is reduced earlier, thus the NEWS2 is predictive at arrival through the mediation 

test. 

The process of loss of reserve that may culminate in the frailty syndrome is characterized by aging and 

multiple factors associated with it that alone are responsible for a worse condition of the elderly and a 

much more difficult recovery of stable physiological functions. In particular, the development of a mild 

pro-inflammatory state29, commonly known as inflammageing, and the dysregulation it produces in the 

organism30, are impactful in combination with multimorbidity. This is well- documented in literature31–34, 

and can explain how the severity of the conditions at the time of access at the ED, hence the NEWS2, hold 

a key role in the association between CCI and the negative outcomes evaluated in our study. 

 

STRENGTHS AND LIMITATIONS 

This study presents several strengths. Firstly, the analyses are based on clinical data extracted from 

individual medical records, ensuring high quality, reliability, and accuracy of the data investigated. 

Secondly, beyond achieving high estimate accuracy, the use of advanced statistical methods, 

particularly mediation analyses, enabled a consistent examination of the roles played by the variables under 

investigation. 

This study, however, also has some limitations. Firstly, the data comes from only two hospitals in Turin 

instead of from the entire Piedmont region, therefore, the results could not be representative of the entire 

region. Moreover, the study focused only on the first wave of the pandemic, limiting the generalizability 

of the results to the entire COVID-19 pandemic, especially given the different characteristics of the 

subsequent waves. Another limitation is the assessment of the patient's clinical condition upon arrival at 

the ED, which is based on the NEWS2 and serves as a proxy for clinical severity but may deviate from 

the actual patient's clinical condition in some cases. 
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CONCLUSION 

This study showed that multimorbidity is a strong risk factor for a worse prognosis of COVID-19 in both 

in the younger and older populations. Additionally, the results of the mediation analyses found that the 

Charlson Comorbidity Index had a strong direct effect on not being discharged from the emergency 

department (ED) and the length of hospitalization. Furthermore, the NEWS2 Score, used as a proxy for 

the severity of the patient's clinical condition on arrival in the ED, was found to play the role of mediator 

in the association between multimorbidity and COVID-19-related outcomes, especially non-discharge and 

the combined outcome ICU admission and death. As a result, healthcare professionals must consider not 

only the comorbidity burden of the patients but also their clinical condition upon arrival at the ED. This 

consideration is crucial as it can significantly influence the outcomes of SARS-CoV-2 infection and help 

determine the most appropriate path for patient care. 
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Supplementary Table 1. Demographic and clinical characteristics related to hospitalized patients, 

stratifying by age 

 

Variable <65 

(N= 180) 

 
N (%) 

65+ 

(N = 319) 

 
N (%) 

Age   

Median (IQRa) 53.0 (47.0-58.0) 79.0 (73.0-85.0) 

Gender   

Male 123 (68.3%) 173 (54.2%) 

Female 57 (31.7%) 146 (45.8%) 

Smoking   

No 144 (80.0%) 254 (79.6%) 

Yes 36 (20.0%) 65 (20.4%) 

Hospital   

San Luigi 68 (36.7%) 125 (39.2%) 

Molinette 114 (63.3%) 194 (60.8%) 

Obesity   

No 159 (88.3%) 297 (93.1%) 

Yes 21 (11.7%) 22 (7.9%) 

Hypertension   

No 96 (53.3%) 74 (23.2%) 

Yes 84 (46.7%) 245 (76.8%) 

Charlson Comorbidity Index   

0 119 (66.1%) 87 (27.3) 

1 29 (16.1%) 89 (27.9%) 

2-3b 32 (17.8%) 76 (23.8%) 

4+ - 67 (21.0%) 

National Early Warning Score 2   

0 118 (65.5%) 140 (43.9%) 

1 21 (11.7%) 46 (14.4%) 

2+ 41 (22.8%) 133 (41.7%) 

Intensive Care Unit admission or 

death 

  

No 119 (66.1%) 158 (49.5%) 

Yes 61 (33.9%) 161 (50.5%) 
a IQR: Interquartile Range; 

 
bIn the case of subjects under 65, the category refers to the value "2+".
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Supplementary Table 2. Demographic and clinical characteristics related to hospitalized patients who 

didn’t die in the follow-up period 

 

Variable <65 

(N= 164) 

N (%) 

65+ 

(N = 191) 

N (%) 

Age   

Median (IQRa) 53.0 (47.0-58.0) 76.0 (71.0-84.0) 

Gender   

Male 112 (68.3%) 101 (52.9%) 

Female 52 (31.7%) 90 (47.1%) 

Smoking   

No 132 (80.5%) 153 (80.1%) 

Yes 32 (19.5%) 38 (19.9%) 

Hospital   

San Luigi 56 (34.1%) 71 (37.2%) 

Molinette 108 (65.9%) 120 (62.8%) 

Obesity   

No 147 (89.6%) 176 (92.1%) 

Yes 17 (10.4%) 15 (7.9%) 

Hypertension   

No 91 (55.5%) 41 (21.5%) 

Yes 73 (44.5%) 150 (78.5%) 

Charlson Comorbidity Index   

0 113 (68.9%) 59 (30.9%) 

1 24 (14.6%) 54 (28.3%) 

2-3b 27 (16.5%) 41 (21.4%) 

4+ - 37 (19.4%) 

National Early Warning Score 2   

0 115 (70.1%) 100 (52.4%) 

1 19 (11.6%) 38 (19.9%) 

2+ 30 (18.3%) 53 (27.7%) 

Length of hospitalization   

Median (IQRa) 9.0 (6.0-18.0) 16.0 (9.0-25.0) 
a IQR: Interquartile Range; 

 
b In the case of subjects under 65, the category refers to the value "2+" 
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Supplementary Table 3. Association between mediator-exposure and outcome-mediator, conducted 

through multivariable logistic regression, multinomial regression, and Cox Proportional Hazards Models 

 

Outcome Dependent variable Independent 

variable 

<65 

 
ORa (95% CIb) 

65+ 

 
ORa (95% CIb) 

Mediator-Exposure 

Non-discharge 

NEWS2 Score = 1 CCIc = 1 1.43 (0.48-4.29) 0.74 (0.31-1.81) 

CCIc = 2+ 1.48 (0.47-4.68) 1.12 (0.53-2.36) 

NEWS2 Score = 2+ CCIc = 1 1.29 (0.50-3.30) 1.79 (0.96-3.36) 

CCIc = 2+ 2.60 (1.10-6.14) 2.13 (1.21-3.76) 

 

Intensive Care 

Unit admission 

or death 

NEWS2 Score = 1 CCIc = 1 1.58 (0.39-6.34) 0.69 (0.27-1.81) 

CCIc = 2-3 1.65 (0.45-6.01) 0.83 (0.32-2.15) 

CCIc = 4+ - 1.30 (0.50-3.35) 

NEWS2 Score = 

2+ 

CCIc = 1 1.28 (0.43-3.82) 1.79 (0.90-3.57) 

CCIc = 2-3 2.09 (0.80-5.46) 1.77 (0.88-3.59) 

CCIc = 4+ - 1.54 (0.72-3.31) 

 

Death within 

30 days 

NEWS2 Score = 1 CCIc = 1 1.43 (0.48-4.29) 0.75 (0.31-1.83) 

CCIc = 2-3 1.48 (0.47-4.68) 0.98 (0.41-2.34) 

CCIc = 4+ - 1.33 (0.53-3.35) 

NEWS2 Score = 2+ CCIc = 1 1.29 (0.50-3.30) 1.79 (0.96-3.36) 

CCIc = 2-3 2.60 (1.10-6.14) 2.10 (1.11-3.94) 

CCIc = 4+ - 2.18 (1.08-4.41) 

 

Length of 

hospitalization 

NEWS2 Score = 1 CCIc = 1 2.22 (0.53-9.23) 0.98 (0.34-2.82) 

CCIc = 2-3 1.22 (0.29-5.06) 0.85 (0.28-2.58) 

CCIc = 4+ - 1.61 (0.53-4.89) 

NEWS2 Score = 2+ CCIc = 1 0.70 (0.17-2.85) 1.94 (0.75-5.01) 

CCIc = 2-3 1.27 (0.41-4.00) 1.22 (0.44-3.39) 

CCIc = 4+ - 1.57 (0.52-4.69) 

Outcome-Mediator 

Non-discharge 

NEWS2 Score = 0 Ref Ref 

NEWS2 Score = 1 4.50 (1.70-11.87) 2.31 (0.61-8.68) 

NEWS2 Score = 2+ 29.71 (6.94-127.30) 17.39 (2.25-134.48) 

Intensive Care Unit admission 

or death 

NEWS2 Score = 0 Ref Ref 

NEWS2 Score = 1 1.89 (0.63-5.58) 1.00 (0.49-2.01) 

NEWS2 Score = 2+ 4.98 (2.15-11.55) 3.88 (2.26-6.64) 

Death within 

30 days 

NEWS2 Score = 0 Ref Ref 

NEWS2 Score = 1 12.01 (0.67-216.53) 0.50 (0.20-1.25) 

NEWS2 Score = 2+ 117.86 (13.34-1041.47) 3.90 (2.30-6.58) 

Length of 

hospitalization 

NEWS2 Score = 0 Ref Ref 

NEWS2 Score = 1 0.77 (0.46-1.29) 0.96 (0.65-1.44) 

NEWS2 Score = 2+ 0.68 (0.44-1.04) 0.82 (0.58-1.17) 
a OR: Odds Ratio; b CI: Confidence Interval; c CCI: Charlson Comorbidity Index 
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Abstract: At the very beginning of the European spread of SARS-CoV-2, Piedmont was one of the 

most affected regions in Italy, with a strong impact on healthcare organizations. In this study, we 

evaluated the characteristics and outcomes of the COVID-19 patients in an entire region during the 

first three pandemic waves, identifying similarities and differences in the SARS-CoV-2 epidemic’s 

timeline. We collected the health-administrative data of all the Piedmont COVID-19 patients 

infected during the first three pandemic waves (1 March 2020–15 April 2020; 15 October 2020–15 

December 2020; 1 March 2021–15 April 2021, respectively). We compared differences among the 

waves in subjects positive for SARS-CoV-2 and in patients admitted to ICU. Overall, 18.621 subjects 

tested positive during the first wave (405 patients/day), 144.350 (2366.4 patients/day) in the second, 

and 81.823 (1778.8 patients/day) in the third. In the second and third waves, we observed a reduction 

in median age, comorbidity burden, mortality in outpatients, inpatients, and patients admitted to 

ICU, in intubation, invasive ventilation and tracheostomy, and a parallel increase in the use of 

CPAP. Our study confirmed a trend towards younger and healthier patients over time but also 

showed an independent effect of the period on mortality and ICU admission. The appearance of 

new viral variants, the starting of vaccination, and organizational improvements in tracking, 

outpatients and inpatients management could have influenced these trends. 
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1. Introduction 

Since the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was 

declared a pandemic in March 2020 [1], Italy was the first country outside China and the 

first European country to be strongly impacted by the COVID-19 pandemic, which 

resulted in a significant health burden. Since the first case was reported in Lombardy on 

the 20th of February, the infection spread very quickly in the Northern regions and the 

densely populated area around the Po River by the end of March, with an observed 

increase in 29.5% from the expected mortality. In Italy, Piedmont (Figure S1) was the 

second affected region during the first wave and suffered from hospital overload, shortage 

of healthcare resources and professionals, as well as a massive death toll [1]. A structural 

reorganization and improvements in resource allocation were needed to cope with the 

emergency, both at the hospital level and in primary care, managed by the regional Crisis 

Unit. The emergency lasted many months, with three following waves in the first 16 

months. These waves (1 March 2020–15 April 2020; 15 October 2020–15 December 2020; 1 

March 2021–15 April 2021) were defined by a rising number of cases (405 cases/day; 2366.4 

cases/day; 1778.8 cases/day, respectively) [1] with a corresponding increase in 

hospitalizations and deaths related to Coronavirus disease (COVID-19) and by the parallel 

restriction policies issued by the government [2] (Figure 1 and Figure S2). A summary of 

the main interventions is presented in Figure 1. As time passed, a better knowledge of 

COVID-19 physiopathology, clinical staging, and therapeutic possibilities was achieved, 

followed by an attenuation in the excess mortality [1,3,4] European Countries and, 

especially, Italy recorded an extremely high fatality rate (with a case fatality ratio up to 

11%) [5,6] compared to China (Hubei region case fatality ratio of 4.7%) [7], which was the 

country where the pandemic started [3,4,8]. This is likely due to an underestimation of 

infection rates, the overload of ICUs, and the older age of infected patients during the first 

wave [4,8–10]. Many Italian authors observed a reduction in mortality, hospitalization, 

and ICU admission in the following second and third waves [9,10]. Others do not agree, 

especially when evaluating regions that were relatively spared or lightly affected during 

the first waves [8]. 
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Figure 1. Number of swabs performed, number of new SARS-CoV-2 positive cases registered in 
Piedmont during the COVID-19 pandemic, and main interventions issued by the Italian 

Government and the health care system. (Data source: GitHub—pcm-dpc/COVID-19: COVID-19 

Italia—Monitoraggio situazione). a Spread of Delta variant. 
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To the best of our knowledge, despite the worldwide spread of the disease, only a 

few studies have thoroughly compared the disease severity and the demographic and 

clinical characteristics of infected patients in subsequent waves [11–13]: these studies are 

monocentric [11,14,15] or on a regional [9,10,15–17] or national level [12,13,18] or concern 

specific populations [19]. 

Currently, the role of demographic and lifestyle factors and comorbid conditions on 

the risk of progression to severe COVID-19 is well defined; however, it is still controversial 

how different patient characteristics and the improvements in treatment and health care 

organization could contribute to morbidity and mortality. Moreover, public health 

institutions worldwide imposed different lockdown restrictions, tracing and control 

measures aiming, on one side, to reduce the number of cases and to protect the health 

system from overload or, on the other side, to achieve herd immunity. The systematic 

interpretation at a global level is challenging because of the enormous heterogeneity in 

sampling and methodology: many reports are based on mathematical modeling only [20], 

others are derived from different healthcare systems or are limited to a single medical 

center [9,10,14,15,19]. 

Study Design and Aims 

The aim of this large population-based region-wide study based on health 

administrative databases is to evaluate the characteristics and outcomes of the COVID-19 

patients of the Piedmont Region during the three pandemic waves in an attempt to 

identify similarities and differences in the SARS-CoV-2 epidemic’s timeline during the 

first year of the Pandemic. 

Secondarily, in the subgroup of COVID-19 inpatients, we aimed to evaluate the 

differences in the need for respiratory support, for Intensive Care Unit (ICU), and the 

hospital length of stay to assess the severity of cases and the burden on Piedmont 

Hospitals resources. 

2. Materials and Methods 

2.1. Study Population 

To assess the characteristics of patients affected by COVID-19 for the first time during 

the three COVID-19 pandemic waves, data were obtained through record-linkage of 

regional health administrative data, as explained in Figure 2. 
 

Figure 2. Flow chart on data collection process by record linkage of three different regional-health 

administrative archives. 
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The sources included were: 

The regional platform “COVID-19”, in which data on subjects who had contact with 

the Piedmont health system related to SARS-CoV-2 (tested, quarantined, infected, sick, 

hospital admitted, dead or recovered) are collected; 

The regional archive of Hospital Discharge Forms, which contains information on 

each patient from Piedmont discharged from public and private hospitalization 

institutions; 

The Regional Unitary Archive of Assisted, which provides information on all those 

who applied for a general practitioner in the region and information on deaths. 

The three COVID-19 pandemic waves were defined based on the number of cases 

(Figure 1) and on the restrictions implemented by the Italian Government, as follows: 

First wave: 1 March 2020–15 April 2020; 

Second wave: 15 October 2020–15 December 2020; 

Third wave: 1 March 2021–15 April 2021. 

2.2. Variables 

Using data from the regional Archive of Hospital Discharge Forms related to a five- 

year period of 2015–2019, patients with previous neoplasia, diabetes, dementia, 

immunodeficiency, cardiomyopathy, heart failure and cardiovascular, coronary artery, 

cerebrovascular, haematologic, kidney, and chronic obstructive pulmonary diseases 

(COPD) have been identified. Moreover, for each subject, the value of the Charlson 

Comorbidity Index (CCI) [21] was calculated, and, only for hospitalized subjects, other 

information, such as the duration of hospitalization due to SARS-CoV-2 infection and the 

intervention procedures implemented were retrieved (oxygen, continuous positive 

airway pressure (CPAP), non-invasive ventilation (NIV), intubation, invasive ventilation, 

and tracheotomy). 

The outcome variables were defined as: hospitalization, hospitalization in ICU (both 

data were retrieved from the archives of hospital discharge forms), and mortality 

(retrieved by the combination of all the sources available). 

2.3. Statistical Analysis 

The data were described using the median, mean, interquartile range, and standard 

deviation or standardized frequencies, expressed as the average number of cases per day 

(due to the difference in length of the different waves) and percentages for quantitative 

and qualitative data, respectively. Moreover, for each clinical and sociodemographic 

variable, we tested possible significant differences between the three waves by using the 

Chi-square or Fisher test and ANOVA or Kruskal–Wallis test, both by considering all 

infected individuals and only the subjects admitted to the hospital for COVID-19, 

admitted to an intensive care unit (ICU) and who died within 30 days from the first 

positive swab. 

To control for possible confounding factors, we evaluated the impact of the waves on 

the severity of COVID-19 using a logistic regression model for the combined outcome of 

ICU admission or mortality adjusted by age, gender, and comorbidity index. 

Analyses were performed using SAS (V9.4), SAS Institute Inc., Cary, NC, USA, and R 
(V4.1.2), R foundation for statistical computing, Vienna, Austria. 

3. Results 

Among a population of about 4.3 million inhabitants, 357.436 tested positive for 

SARS-CoV-2 during the observed pandemic period (from 22 February 2020 to 31 May 

2021). In the first wave, 18.621 subjects tested positive, which corresponds to a daily 

number of cases of about 405. During the second wave, the number of positive subjects 

increased to 144.350, corresponding to a daily number of 2366.4 cases. In the third wave, 
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the number of positive decreased to 81.823, corresponding to a daily number of cases 
of 1778.8. 

The descriptive data about the positive patients are presented in Table 1 and in Figure 3. 

In the first wave, the positive patients were older (I: 48.4% more than 65 years old; II: 
24.1%; 21.5%, respectively), with more comorbidities (I: 41.0% with at least one 

comorbidity; II: 27.1%; III: 24.5%), and with more severe disease compared to the two 

following waves (higher percentage of hospitalizations, ICU admissions, and deaths). 

As expected, the daily number of cases of all categories considerably increased in the 
second waves and slightly decreased in the third waves; this is likely due to patients 

with no or mild symptoms, who were probably under-tested during the first wave. 

Indeed, outpatients in the second and third waves were, respectively, about 9 times and 

6.5 times higher than in the first wave, and the increase in hospitalized patients was 
notably lower, being 1.3 and 1.1 times for the second and third waves. Interestingly, in 

the third wave, it was possible to observe a substantial decrease both in number and in 

the percentage of positive older subjects (>85 years old) (I: 15.8%; II: 6.3%; III: 2.9%), 

subjects with dementia (I: 3.8%; II: 1.1%; III: 0.3%), and dead patients (I: 17.9%; II: 3.9%; 
III: 2.6%), even if we compare the data with the first wave. 

Table 1. Demographic characteristics, comorbid conditions, hospitalization, intensive care unit 

(ICU) admission, and death from COVID-19 of subjects tested positive for SARS-CoV-2, stratifying 

by waves. 
 

 

First Wave 

(1 March–15 April 2020) 

N/Day a (%) 

Second Wave 

(15 October–15 December 2020) 

N/Day a (%) 

Third Wave 

(1 March–15 April 2021) 

N/Day a (%) 

p-Value b 

Age group     

≤65 209.0 (51.6%) 1797.3 (75.9%) 1397.0 (78.5%) <0.001 

66–75 55.3 13.7%) 216.4 (9.2%) 196.4 (11.1%)  

76–85 76.6 (18.9%) 204.1 (8.6%) 133.2 (7.5%)  

86+ 63.8 (15.8%) 148.5 (6.3%) 52.2 (2.9%)  

Gender     

F 221.6 (54.7%) 1275.8 (53.9%) 900.3 (50.6%) <0.001 

M 183.2 (45.3%) 1090.6 (46.1%) 878.5 (49.4%)  

Charlson Comorbidity 

Index 
    

0 238.7 (59.0%) 1725.8 (72.9%) 1343.5 (75.5%) <0.001 

1 89.5 (22.1%) 436.1 (18.4%) 317.3 (17.8%)  

2–3 57.8 (14.3%) 165.3 (7.0%) 98.8 (5.6%)  

4+ 18.7 (4.6%) 39.2 (1.7%) 19.2 (1.1%)  

Chronic Obstructive 

Pulmonary Disease 

(COPD) 

    

No 328.4 (81.1%) 2019.2 (85.3%) 1529.7 (86.0%) <0.001 

Yes 76.4 (18.9%) 347.1 (14.7%) 249.1 (14.0%)  

Cardiovascular disease     

No 327.9 (81.0%) 2151.7 (90.9%) 1655.8 (93.1%) <0.001 

Yes 76.9 (19.0%) 214.7 (9.1%) 123.0 (6.9%)  

Heart failure     

No 393.9 (97.3%) 2344.1 (99.1%) 1768.9 (99.5%) <0.001 

Yes 10.9 (2.7%) 22.3 (0.9%) 9.8 (0.5%)  

Coronary artery disease     

No 385.5 (95.2%) 2314.8 (97.8%) 1747.1 (98.2%) <0.001 

Yes 19.3 (4.8%) 51.6 (2.2%) 31.6 (1.8%)  

Cardiomyopathy     

No 385.9 (95.3%) 2328.7 (98.4%) 1761.8 (99.0%) <0.001 

Yes 18.9 (4.7%) 37.7 (1.6%) 17.0 (1.0%)  

Diabetes     

No 340.4 (84.1%) 2161.8 (91.3%) 1647.6 (92.6%) <0.001 



J. Clin. Med. 2022, 11, 4304 

 

68 
 

Yes 64.4 (15.9%) 294.6 (8.7%) 131.1 (7.4%)  

Kidney disease     

No 388.5 (96.0%) 2330.7 (98.5%) 1761.0 (99.0%) <0.001 

Yes 16.3 (4.0%) 35.7 (1.5%) 17.8 (1.0%)  

Cerebrovascular disease     

No 379.8 (93.8%) 2311.3 (97.7%) 1755.5 (98.7%) <0.001 

Yes 25.0 (6.2%) 55.1 (2.3%) 23.3 (1.3%)  

Dementia     

No 378.3 (96.2%) 2340.1 (98.9%) 1773.1 (99.7%) <0.001 

Yes 15.5 (3.8%) 26.3 (1.1%) 5.7 (0.3%)  

Neoplasia     

No 384.2 (94.9%) 2303.1 (97.3%) 1735.5 (97.6%) <0.001 

Yes 20.6 (5.1%) 63.3 (2.7%) 43.3 (2.4%)  

Haematologic disease     

No 402.3 (99.4%) 2359.7 (99.7%) 1774.8 (99.8%) <0.001 

Yes 2.5 (0.6%) 6.7 (0.3%) 3.9 (0.2%)  

Immunodeficiency     

No 404.6 (99.9%) 2365.7 (99.9%) 1778.3 (99.9%) 0.55 

Yes 0.2 (0.1%) 0.7 (0.1%) 0.5 (0.1%)  

Hospitalization     

No 240.1 (59.3%) 2147.8 (90.8%) 1596.8 (89.8%) <0.001 

Yes 164.7 (40.7%) 218.6 (9.2%) 182.0 (10.2%)  

Intensive care unit 

(ICU) admission 
    

No 359.9 (88.9%) 2312.7 (97.7%) 1734.7 (97.5%) <0.001 

Yes 44.9 (11.1%) 53.7 (2.3%) 44.1 (2.5%)  

Death     

No 332.3 (82.1%) 2275.1 (96.1%) 1732.1 (97.4%) <0.001 

Yes 72.5 (17.9%) 91.3 (3.9%) 46.6 (2.6%)  

a N/day average number of cases per day; b Comparisons among the three waves tested by Chi-square or 

Fisher test. 

 

 

Figure 3. Mortality within 30 days from the first positive swab in hospitalized patients and in the 

subgroup of patients admitted to intensive care unit (ICU) in the three waves. 
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Patients who needed hospitalization (Table 2 and Table S1) in all the three waves 

were significantly older (I: patients admitted 65 + 64.4% vs. patients not admitted 65 + 

37.4%; II: 70.0% vs. 19.4%; III: 64.1% vs. 16.6%)., of male gender (I: admitted 59.9% vs. not 

admitted 35.2%; II: 59.1% vs. 44.8%; III: 58.0% vs. 48.4%), and with more comorbidities (I: 

admitted with at least one comorbidity 51.6% vs. not admitted with at least one 

comorbidity 33.8%; II: 53.4% vs. 24.4%; III: 47.3% vs. 21.9%), but fewer differences could 

have been identified in hospitalized patients among the waves. 

Table 2. Demographic characteristics, comorbid conditions, intensive care unit (ICU) admission, 

and death from COVID-19 of subjects tested positive for SARS-CoV-2, stratifying by hospitalization 
and waves. 

 

 
First Wave 

(1 March–15 April 2020) 

Second Wave 

(15 October–15 December 2020) 

Third Wave 

(1 March–15 April 2021) 
 

 
No Admission 

N/Day a (%) 

Admission 

N/Day a (%) 

No Admission 

N/Day a (%) 

Admission 

N/Day a (%) 

No Admission 

N/Day a (%) 

Admission 

N/Day a (%) 

p-Value 
b 

Age group        
≤65 150.4 (62.6%) 58.7 (35.6%) ***,c 1731.8 (80.6%) 65.6 (30.0%) ***,d 1331.7 (83.4%) 65.3 (35.9%) ***,e <0.001 

66–75 19.5 (8.1%) 35.8 (21.8%) 168.4 (7.9%) 48.0 (22.0%) 148.7 (9.3%) 47.7 (26.2%)  

76–85 30.8 (12.9%) 45.8 (27.8%) 137.2 (6.4%) 66.9 (30.6%) 85.4 (5.3%) 47.8 (26.3%)  

86+ 39.4 (16.4%) 24.4 (14.8%) 110.4 (5.1%) 38.1 (17.4%) 31.0 (2.0%) 21.1 (11.6%)  
Gender        

F 155.5 (64.8%) 66.0 (40.1%) ***,c 1196.5 (55.2%) 89.3 (40.9%) ***,d 823.8 (51.6%) 76.5 (42.0%) ***,e 0.04 

M 84.6 (35.2%) 98.7 (59.9%) 961.4 (44.8%) 128.2 (59.1%) 773.0 (48.4%) 105.5 (58.0%)  

Charlson 

Comorbidity 

Index 

       

0 159.0 (66.2%) 79.6 (48.4%) ***,c 1624.0 (75.6%) 
101.8 (46.6%) 

***,d 
1247.6 (78.1%) 96.9 (52.7%) ***,e <0.001 

1 45.4 (18.9%) 44.1 (25.8%) 374.5 (17.4%) 61.6 (28.2%) 268.6 (16.8%) 48.7 (26.7%)  

2–3 27.5 (11.5%) 30.3 (18.4%) 123.9 (5.8%) 41.3 (18.9%) 69.4 (4.4%) 29.4 (16.2%)  

4+ 8.1 (3.4%) 10.6 (6.4%) 25.4 (1.2%) 13.8 (6.3%) 11.2 (0.7%) 8.0 (4.4%)  

ICU admission        

No .. 
119.8(72.8%) 

***,c 
.. 

164.9 (75.5%) 

***,d 
.. 

137.9 (75.8%) 

***,e <0.001 

Yes .. 44.9 (27.2%) .. 53.7 (24.6%) .. 44.1 (24.2%)  

Death        

No 216.3 (90.1%) 
116.0 (70.5%) 

***,c 
2111.1 (98.3%) 

164.0 (75.0%) 

***,d 1585.1 (99.3%) 
147.0 (80.8%) 

***,e <0.001 

Yes 23.8 (9.9%) 48.7 (29.5%) 36.7 (1.7%) 54.6 (25.0%) 11.7 (0.7%) 35.0 (19.2%)  
 

a N/day average number of cases per day; b Comparisons of hospital admitted patients among the 
three waves tested by Chi-square or Fisher test; c Comparison between hospitalized and not 

hospitalized subjects during the first wave tested by Chi-square or Fisher test; d Comparison 

between hospitalized and not hospitalized subjects during the second wave tested by Chi-square or 
Fisher test; e Comparison between hospitalized and not hospitalized subjects during the third wave 

tested by Chi-square or Fisher test; *** p < 0.001. 

 

Differences among the three waves were less evident, both in absolute numbers and 

in percentages, considering patients hospitalized in ICU (Table 3 and Table S2). However, 

it is interesting to notice that in the third wave, a reduction in deaths was recorded both 

in the ICU and in the other wards. 
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Table 3. Demographic characteristics, comorbid conditions, and death from COVID-19 of patients 

hospitalized for SARS-CoV-2, stratifying by admission to intensive care unit (ICU) and waves. 

 

 
First Wave  

(1 March–15 April 2020) 

Second Wave  

(15 October–15 December 2020) 

Third Wave  

(1 March–15 April 2021) 
 

 
No ICU 

N/Day a (%) 

ICU 

N/Day a (%) 

No ICU 

N/Day a (%) 

ICU 

N/Day a (%) 

No ICU 

N/Day a (%) 

ICU 

N/Day a (%) 
p-Value b 

Age group        

≤65 38.3 (32.8%) 19.4 (43.2%) ***,c 47.8 (29.0%) 
17.8 (33.2%) 

***,d 
47.2 (34.2%) 

18.2 (41.2%) 

***,e 
<0.001 

66–75 22.5 (18.8%) 13.3 (29.7%) 31.2 (18.9%) 16.8 (31.2%) 32.5 (23.6%) 15.2 (34.5%)  

76–85 36.0 (30.0%) 9.8 (21.9%) 51.9 (31.5%) 15.0 (27.9%) 39.0 (28.3%) 8.8 (20.0%)  
86+ 22.1 (18.4%) 2.3 (5.2%) 33.9 (20.6%) 4.1 (7.7%) 19.2 (13.9%) 1.9 (4.3%)  

Gender        

F 52.9 (44.1%) 13.2 (29.4%) ***,c 72.4 (43.9%) 
17.0 (31.6%) 

***,d 
60.7 (44.0%) 

15.8 (35.9%) 

***,e 
<0.001 

M 67.0 (55.9%) 31.7 (70.6%) 92.5 (56.1%) 36.7 (68.4%) 77.2 (56.0%) 28.3 (64.1%)  

Charlson 

Comorbidity 

Index 

       

0 56.6 (47.2%) 23.1 (51.4%) **,c 76.9 (46.6%) 25.0 (46.5%) *,d 71.9 (52.1%) 24.0 (54.5%) **,e <0.001 

1 32.1 (26.8%) 12.0 (26.7%) 45.7 (27.7%) 16.0 (29.8%) 36.5 (26.5%) 12.2 (27.6%)  

2–3 23.0 (19.2%) 7.4 (16.4%) 31.6 (19.2%) 9.7 (18.1%) 23.1 (16.8%) 6.3 (14.2%)  

4+ 8.2 (6.8%) 2.5 (2.5%) 10.7 (6.5%) 3.0 (5.6%) 6.4 (4.6%) 1.6 (3.7%)  
Death        

No 87.3 (72.8%) 28.7 (64.0%) ***,c 128.0 (77.6%) 
36.0 (67.0%) 

***,d 
115.2 (83.5%) 

31.8 (72.2%) 

***,e <0.001 

Yes 32.5 (27.2%) 16.1 (36.0%) 36.9 (22.4%) 17.7 (33.0%) 22.7 (16.5%) 12.3 (27.8%)  
 

a N/day average number of cases per day; b Comparisons of patients admitted to ICU among the 

three waves tested by Chi-square or Fisher test; c Comparison between patients admitted in ICU 

and in other wards (No ICU) during the first wave tested by Chi-square or Fisher test; d Comparison 
between patients admitted in ICU and in other wards (No ICU) during the second wave tested by 

Chi-square or Fisher test; e Comparison between patients admitted in ICU and in other wards (No 

ICU) during the third wave tested by Chi-square or Fisher test; *** p < 0.001; ** p < 0.01; * p < 0.05. 

Table 4 presents data regarding the therapeutic interventions received by patients 

once they were hospitalized, both in ICU and not in ICU. As expected, the length of 

hospitalization was longer in patients who were admitted to ICU, even if it seems that in 

the second wave, the length of hospitalization was shorter for those patients. About two 

out of three patients needed oxygen support during their hospitalization, provided both 

in ICU and in other wards. The need for CPAP significantly increased during the three 

waves (21.8%, in the first wave, 22.8% in the second wave, and 32.7% in the third wave), 

also because of a large increase in patients admitted out of the ICU. In the second and 

third waves, patients in ICUs underwent less intubation, invasive ventilation, and 

tracheostomy. 
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Table 4. Length of hospital stay and therapeutic interventions performed in patients hospitalized 

for SARS-CoV-2, in intensive care unit (ICU), and other wards (No ICU), stratifying by waves. 
 

 
First Wave  

(1 March–15 April 2020) 

Second Wave  

(15 October–15 December 2020) 

Third Wave  

(1 March–15 April 2021) 
 

 
Admitted 

(%) 

No ICU 

N/Day a (%) 

ICU 

N/Day a (%) 

Admitted 

(%) 

No ICU 

N/Day a (%) 

ICU 

N/Day a (%) 

Admitted 

(%) 

No ICU 

N/Day a (%) 

ICU 

N/Day a (%) 
p-Value b 

Length of 

hospital stay 
          

Mean (SD) 21.3 (23.9) 18.8 (19.5) 
28.0 (32.0) 

***,c 
18.5 (19.8) 17.0 (17.5) 

23.0 (25.1) 

***,d 
18.4 (17.4) 16.4 (15.0) 24.8 (22.4) ***,e <0.001 

Median 

(IQR) 

14.0 (7.0–

28.0) 
12.0 (6.0–25.0) 

19.0 (9.0–

35.0) ***,c 13.0 (7.0–22.0) 12.0 (7.0–21.0) 
16.0 (9.0–26.0) 

***,d 

14.0 (8.0–

23.0) 

12.0 (7.0–

21.0) 

18.0 (11.0–30.0) 

***,e <0.001 

Oxygen           

No 57.9 (35.2%) 35.9 (30.0%) 
22.0 (49.0%) 

***,c 78.0 (35.7%) 55.5 (33.7%) 
22.5 (41.9%) 

***,d 67.8 (37.3%) 46.4 (33.7%) 
21.4 (48.5%) 

***,e <0.001 

Yes 106.8 (64.8%) 83.9 (70.0%) 22.9 (51.0%) 140.5 (64.3%) 109.3 (66.3%) 31.2 (58.1%) 114.2 (62.7%) 91.5 (66.3%) 22.7 (51.5%)  

CPAP           

No 128.8 (78.2%) 106.2 (88.6%) 
22.6 (50.3%) 

***,c 168.6 (77.2%) 140.9 (85.5%) 
27.7 (51.6%) 

***,d 122.5 (67.3%) 
103.8 

(75.3%) 

18.7 (42.4%) 

***,e <0.001 

Yes 35.9 (21.8%) 13.7 (11.4%) 22.3 (49.7%) 49.9 (22.8%) 24.0 (14.5%) 26.0 (48.4%) 59.4 (32.7%) 34.1 (24.7%) 25.4 (57.6%)  

NIV           

No 162.5 (98.7%) 119.3 (99.5%) 
43.2 (96.4%) 

***,c 
214.7 (98.2%) 163.3 (99.0%) 

51.4 (95.8%) 

***,d 177.2 (97.4%) 
135.6 

(98.3%) 

41.7 (94.5%) 

***,e 0.01 

Yes 2.2 (1.3%) 0.5 (0.5%) 1.6 (3.6%) 3.8 (1.8%) 1.6 (1.0%) 2.2 (4.2%) 4.8 (2.6%) 2.3 (1.7%) 2.4 (5.5%)  

Intubation           

No 155.9 (94.6%) .. 
36.2 (80.7%) 

***,c 212.8 (97.3%) .. 
48.0 (89.5%) 

***,d 175.3 (96.3%) .. 
37.6 (85.4%) 

***,e <0.001 

Yes 8.8 (5.4%) .. 8.7 (19.3%) 5.8 (2.7%) .. 5.6 (10.5%) 6.7 (3.7%) .. 6.4 (14.6%)  

Invasive 

ventilation 
          

No 146.4 (88.9%) 118.8 (99.2%) 
27.6 (61.5%) 

***,c 203.9 (93.3%) 164.3 (99.6%) 
39.6 (73.8%) 

***,d 167.5 (92.0%) 
137.3 

(99.6%) 

30.2 (68.5%) 

***,e <0.001 

Yes 18.3 (11.1%) 1.0 (0.8%) 17.3 (38.5%) 14.7 (6.7%) 0.6 (0.4%) 14.1 (26.2%) 14.5 (8.0%) 0.6 (0.4%) 13.9 (31.5%)  

Tracheotom

y 
          

No 158.7 (96.3%) .. 
38.9 (86.6%) 

***,c 
214.3 (98.0%) .. 

49.4 (92.1%) 

***,d 177.8 (97.7%) .. 
40.0 (90.7%) 

***,e <0.001 

Yes 6.0 (3.7%) .. 6.0 (13.4%) 4.3 (2.0%) .. 4.2 (7.9%) 4.2 (2.3%) .. 4.1 (9.3%)  

 
a N/day average number of patients who underwent an intervention per day; b Comparisons of 

patients admitted to ICU among the three waves tested by Chi-square or Fisher test and Kruskal– 

Wallis or t-test; c Comparison between patients admitted in ICU and in other wards (No ICU) during 

the first wave tested by Chi-square or Fisher test and Kruskal–Wallis or t-test; d Comparison 
between patients admitted in ICU and in other wards (No ICU) during the second wave tested by 

Chi-square or Fisher test and Kruskal–Wallis or t-test; e Comparison between patients admitted in 

ICU and in other wards (No ICU) during the third wave tested by Chi-square or Fisher test and 
Kruskal–Wallis or t-test; *** p < 0.001. 

As expected, the patients who died were significantly older and with more 

comorbidities in all three waves (Tables 5 and S3–S5). Considering the confounding by age, 

gender, and comorbidity, patients in the second and third waves showed a reduction in severe 

outcomes (ICU hospitalization or death) compared with patients in the first wave (OR: 0.75, 

95% CI: 0.71–0.79; OR: 0.67, 95% CI: 0.63–0.72, respectively) (Figure 4). 
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Table 5. Demographic characteristics, comorbid conditions, and intensive care unit (ICU) admission 

of hospitalized for SARS-CoV-2, stratifying by death within 30 days from the first positive swab and 
waves. 

 

 
First Wave  

(1 March–15 April 2020) 

Second Wave  

(15 October–15 December 2020) 

Third Wave  

(1 March–15 April 2021) 
 

 
No Death 

N/Day a (%) 

Death 

N/Day a (%) 

No Death 

N/Day a (%) 

Death 

N/Day a (%) 

No Death 

N/Day a (%) 

Death 

N/Day a (%) 
p-Value b 

Age group        

≤65 54.2 (46.7%) 4.4 (9.1%) ***,c 61.3 (37.4%) 4.2 (7.8%) ***,d 61.5 (41.9%) 3.8 (10.8%) ***,e <0.001 
66–75 26.6 (22.9%) 9.3 (19.1%) 39.2 (23.9%) 8.8 (16.2%) 39.6 (26.9%) 8.1 (23.2%)  

76–85 25.3 (21.9%) 20.5 (42.0%) 44.2 (26.9%) 22.8 (41.7%) 34.2 (23.3%) 13.6 (38.8%)  

86+ 9.9 (8.5%) 14.5 (29.8%) 19.3 (11.8%) 18.8 (34.3%) 11.6 (7.9%) 9.5 (27.2%)  
Gender        

F 47.8 (41.2%) 18.3 (37.6%) **,c 68.1 (41.5%) 21.2 (38.8%) **,d 62.7 (42.7%) 13.8 (39.3%) *,e 0.49 

M 68.3 (58.8%) 30.4 (62.4%) 95.8 (58.5%) 33.4 (61.2%) 84.3 (57.3%) 21.2 (60.7%)  

Charlson 

Comorbidity 

Index 

       

0 63.2 (54.5%) 16.4 (33.7%) ***,c 82.9 (50.5%) 
19.0 (34.7%) 

***,d 82.1 (55.8%) 13.8 (39.4%) ***,e 0.006 

1 29.6 (25.5%) 14.5 (29.8%) 45.9 (28.0%) 15.7 (28.8%) 38.6 (26.3%) 10.0 (28.7%)  

2–3 17.9 (15.4%) 12.4 (25.6%) 27.3 (16.7%) 14.0 (25.7%) 21.4 (14.6%) 8.0 (22.9%)  

4+ 5.3 (4.6%) 5.3 (10.9%) 7.9 (4.8%) 5.9 (10.8%) 4.9 (3.3%) 3.1 (8.9%)  

ICU admission        

No 87.3 (75.2%) 32.5 (66.9%) ***,c 128.0 (78.0%) 
36.9 (67.6%) 

***,d 115.2 (78.4%) 22.7 (65.0%) ***,e 0.18 

Yes 28.7 (24.8%) 16.1 (33.1%) 36.0 (22.0%) 17.7 (32.4%) 31.8 (21.6%) 12.3 (35.0%)  
 

a N/day average number of cases per day; b Comparisons of dead patients among the three waves 

tested by Chi-square or Fisher test; c Comparison between alive and dead patients during the first 

wave tested by Chi-square or Fisher test; d Comparison between alive and dead patients during the 
second wave tested by Chi-square or Fisher test; e Comparison between alive and dead patients 

during the third wave tested by Chi-square or Fisher test; *** p < 0.001; ** p < 0.01; * p < 0.05. 

 

 

Figure 4. Odds ratio (OR) and 95% confidence interval (CI) estimates showing the effect of being 

infected in different waves on the combined outcome mortality and ICU admission, adjusting by 

age, gender, and comorbidity burden. 
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3. Discussion 

Many authors described the pandemic trends in editorials or opinion papers 

[18,22,23], and registries have collected data from different COVID-19 waves in 2020 

[12,13,24,25], but this is the first observational study that collected clinical data on a region-

wide cohort in Italy, evaluating about 245,000 SARS-CoV-2 infected subjects in the first 

three waves since the beginning of the pandemic. While in Italy, the first wave 

overwhelmed an unprepared health care system until strict restrictions were imposed at 

the national level [2], organizational improvement was achieved over time, and policies 

were targeted at the regional level throughout the following waves [26]. Moreover, as 

depicted in Figure 1, in the third wave, vaccination started to be implemented, and new 

therapies (e.g.,: monoclonal antibodies and antiviral drugs) were used. 

Our study’s first evidence is the higher number of cases in the second wave, which 

outnumbered by a five-factor the first one and was double that of the third one [8– 

10,26,27]. The first wave in Italy was affected by an underestimation of cases, which could 

have been six times lower than the true prevalence, as described by De Natale et al. [28]. 

The improvement in testing capacity was achieved by increasing the number of 

laboratories performing RT-PCR and the approval of the use of rapid antigenic testing in 

January 2021. Nevertheless, the strict lockdown strategy during the first wave could have 

played a role in reducing the prevalence and shortening the “peak period”, as 

demonstrated by other authors [18,27], while in the second one, restrictive measures were 

milder. 

Patients with COVID-19 were significantly younger in the second and third waves, 

reflecting a diffusion of the illness in the active working population, whereas cases in 

nursing-home residents prevailed at the end of the first wave. After several COVID-19 

outbreaks in nursing homes, in April 2020, access for visitors was forbidden, and isolation 

and tracking protocols for staff and patients were implemented to reduce SARS-CoV-2 

transmission. 

The decrease in the median age of affected patients over time was described in 

France, Spain, and the USA [11,15,17] in contrast to Germany [29]. Nevertheless, over time 

we observed a similar need for hospitalization in people aged over 70 and a higher rates 

of comorbid conditions in admitted patients compared with outpatients, both associated 

with a poor prognosis [11–13,15,17,26]. 

Despite the absolute number of cases (RT-PCR positive patients) and the massive 

reorganization of the Piedmont hospitals [4,8,26], in the second and third waves, we 

observed only a slight increase in hospital admissions that, due to the dramatic increase 

in asymptomatic patients, resulted in a reduction in the percentage of admitted patients. 

A higher awareness of Emergency Department Physicians in diagnosing and staging 

COVID-19 disease and a better organization for out-of-hospital COVID care (with the 

creation of special units to treat COVID patients at home) are possible explanations [26]. 

We observed that the admission of patients with a Charlson index of more than 2 

reduced over time because of the related observed reduction in comorbid burden in the 

whole cohort [11,15,17]. Nevertheless, in the third wave, we observed a reduced 

hospitalization of patients with many comorbid conditions in accordance with recent 

evidence that older patients could be treated safely at home or in nursing homes [30] but 

also for the possible effect of prioritizing vaccination to frail patients. Moreover, this latter 

effect is likely the cause of the strong reduction in SARS-CoV-2 infections observed in 

subjects more than 85 years old and in patients with dementia. 

Similar to other authors [11,12,15], in the second and third waves, we observed a 

slight reduction in the percentage of patients hospitalized in ICUs in comparison with the 

first wave, with a parallel reduction in invasive mechanical ventilation and tracheostomy. 

On the contrary, the group of patients treated with CPAP and non-invasive 

ventilation increased over time, both in ICUs and in high dependency units and low- 

intensity-of-care wards, in line with other observations [11,15]. This trend toward the  
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increased use of CPAP out of the ICU described the massive implementation in resource 

availability, staff education, and better knowledge about ventilation and its weaning [31]. 

During the third wave, we observed a trend toward the greater use of CPAP in and out of 

the ICU setting and a moderate increase in intubation and invasive ventilation. Little data 

exist about the third wave, as many studies end in the year 2020 [11–13], in January 2021 

[15,17,29], and others consider the second and third waves as a continuum [11–13,15,29]. 

The differences we observed in the third wave suggest that patients with COVID-19 

diagnosed in the spring of 2021 were younger, severely ill, and treated for a more severe 

respiratory failure, possibly because they were infected by the delta variant or because of 

  age-related differences in the immune response. 
The length of hospital stay and in-hospital mortality, both in the ICU and in other 

hospital wards, reduced over time in our cohort as well as being observed elsewhere 

[11,12,15,17,29]. We hypothesize that this reduction is related to the effect of therapeutic 

improvements in-between these epidemic waves [11,15,27,31] and the effect of resource 

optimization due to a better understanding of COVID-19 illness. Organizational 

improvements (the availability of a higher number of hospital high dependency unit beds 

and the availability of low-intensity beds in external facilities) reduced the overload of 

ICUs and hospitals, patients were admitted at the right time during COVID-19’s natural 

history, and in the right place, both clinical decisions and resource allocation were more 

efficient. The reduction in overall mortality in outpatients and inpatients reflects this 

process, which was also described in other countries [11,12,15]. Interestingly, we also 

observed a reduction in mortality also in more severe cases, such as those admitted to 

ICUs, whereas in other studies, ICU mortality was persistently higher [11] or not 

separately described [12,15,17]. 

Examining the subgroup of patients with a poor outcome (death), we observed an 

increase in mortality that occurs every ten years, with the median age for death always 

around 80 and a threefold higher risk of death for those over 85. In the third wave, patients 

who died tended to be younger and concurrently have fewer comorbidities. 

Male gender and the presence of comorbid conditions are associated with death; 

nevertheless, patients infected in the second and third waves showed an independent 

reduction in the risk of death. Moreover, in the spring of 2021, the proportion of deceased 

patients with cardiovascular, renal, cerebrovascular diseases, and dementia significantly 

decreased, both in the inpatient group and in the overall population. This pattern could 

be the effect of the Italian government vaccination policy that chose to prioritize 

vaccination of elderly and frail patients and health care workers. 

Our study has the strength of collecting a broad sample including all of the COVID- 

19 positive patients of the Piedmont region, allowing some considerations on the effect of 

organizational improvements that were decided at the regional level. 

Moreover, we tried to observe trends in different subgroups (admitted patients vs. 

outpatients, admitted in ICU vs. regular wards) to understand differences in resource 

allocation and mortality in different intensities of care settings and patients with different 

illness severity. 

Our study has limitations. Firstly, the first wave was affected by an underestimation 

of positive cases due to the novelty of the emergency, an overwhelmed health care system, 

and the challenge of tracking. The diagnosis happened more often in patients with severe 

disease, whereas mild cases with reduced symptoms were underdiagnosed. The analysis 

of the subgroup of hospitalized patients solved this bias. 

Another limitation is the retrospective nature of this study, which resulted in a 

possible under-recording of therapeutic procedures on the chart collection system, 

especially in times of emergency. Nevertheless, this bias is probably equally distributed 

in the entire sample; we searched for many different codes to avoid missing or 

misclassifying a procedure. We chose to restrict our analysis to the strongest outcomes 

and to the procedures with the less possible misinterpretations, taking into account how 

our health care system of hospital retribution per patient (the ICD-9/DRG system) works 

[32]. 
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4. Conclusions 

Our study, the first that evaluated using a broad sample, the clinical characteristics 

of patients affected by COVID-19, confirmed a trend toward younger and healthier 

patients over time but also showed an independent effect of the period on mortality and 

ICU admission. The natural course of the pandemic, the appearance of new viral variants, 

the starting of vaccination, and the improvements in the tracking of new cases and patient 

management have influenced these trends. Our analysis of the interventions performed 

on inpatients allowed us to suggest a role also for organizational improvements (resource 

availability and more effective patient care) in reducing poor outcomes. 
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Figure S1. Map showing Italy and Piedmont Region 

 

 
 

 

Figure S2. Number of deaths from SARS-CoV-2 registered in Piedmont during the COVID-19 pandemic. (Data source: GitHub - 

pcm- dpc/COVID-19: COVID-19 Italia - Monitoraggio situazione) 
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Table S1. Comorbid conditions of subjects tested positive for SARS-CoV-2, stratifying by hospital admission and waves 
 

 1° Wave 

(01/03-15/04/20) 

No Admission Admission 
N/daysa (%) N/daysa (%) 

2° Wave 

(15/10-15/12/20) 

No Admission Admission 

N/daysa (%)  N/daysa (%) 

3° Wave 

(01/03-15/04/21) 

No Admission Admission 

N/daysa (%)  N/daysa (%) 

 

 

P-valueb 

COPD        

No 201.3 (83.8%) 127.2 
(77.2%)***c 

1853.7 
(86.3%) 

165.6 
(75.8%)***d 

1387.4 
(86.9%) 

142.3 
(78.2%)***e 

<0.001 

Yes 38.8 (16.2%) 37.5 (22.8%) 294.2 (13.7%) 53.0 (24.2%) 209.4 (13.1%) 39.7 (21.8%)  

Cardiovascular 

disease 

       

No 202.6 (84.4%) 125.4 
(76.1%)***c 

1985.7 
(92.4%) 

165.9 
(75.9%)***d 

1509.6 
(94.5%) 

146.2 
(80.3%)***e 

<0.001 

Yes 37.5 (15.6%) 39.3 (23.9%) 162.1 (7.6%) 52.6 (24.1%) 87.2 (5.5%) 35.8 (19.7%)  

Heart failure        

No 234.7 (97.7%) 159.2 
(96.6%)***c 

2133.4 
(99.3%) 

210.7 
(96.4%)***d 

1591.3 
(99.7%) 

177.6 
(97.6%)***e 

<0.001 

Yes 5.4 (2.3%) 5.5 (3.4%) 14.4 (0.7%) 7.9 (3.6%) 5.5 (0.3%) 4.3 (2.4%)  

Coronary artery 

disease 

       

No 232.4 (96.8%) 153.1 
(92.9%)***c 

2111.7 
(98.3%) 

203.0 
(92.9%)***d 

1575.1 
(98.6%) 

172.0 
(94.5%)***e 

<0.001 

Yes 7.7 (3.2%) 11.6 (7.1%) 36.1 (1.7%) 15.5 (7.1%) 21.7 (1.4%) 10.0 (5.5%)  

Cardiomyopathy        

No 230.7 (96.1%) 155.1 
(94.2%)***c 

2122.8 
(98.8%) 

205.9 
(94.2%)***d 

1587.1 
(99.4%) 

174.7 
(96.0%)***e 

<0.001 

Yes 9.4 (3.9%) 9.6 (5.8%) 25.0 (1.2%) 12.7 (5.8%) 9.7 (0.6%) 7.3 (4.0%)  

Diabetes        

No 211.9 (88.3%) 128.5 
(78.0%)***c 

1995.0 
(92.9%) 

166.8 
(76.3%)***d 

1503.0 
(94.1%) 

144.6 
(79.5%)***e 

<0.001 

Yes 28.2 (11.7%) 36.2 (22.0%) 152.8 (7.1%) 51.8 (23.7%) 93.8 (5.9%) 37.3 (20.5%)  

Kidney disease        

No 233.2 (97.1%) 155.3 
(94.3%)***c 

2124.4 
(98.9%) 

206.2 
(94.4%)***d 

1586.8 
(99.4%) 

173.2 
(95.7%)***e 

<0.001 

Yes 6.9 (2.9%) 9.4 (5.7%) 23.4 (1.1%) 12.3 (5.6%) 10.0 (0.6%) 7.8 (4.3%)  

Cerebrovascular 

disease 

       

No 227.0 (94.6%) 152.8 
(92.8%)***c 

2106.6 
(98.1%) 

204.7 
(93.7%)***d 

1581.6 
(99.0%) 

173.9 
(95.6%)***e 

<0.001 

Yes 13.1 (5.4%) 11.9 (7.2%) 41.2 (1.9%) 13.8 (6.3%) 15.2 (1.0%) 8.1 (4.4%)  

Dementia        

No 230.1 (95.8%) 159.2 (96.6%)**c 2127.2 
(99.0%) 

212.9 
(97.4%)***d 

1593.2 
(99.8%) 

179.9 
(98.8%)***e 

<0.001 

Yes 10.0 (4.2%) 5.5 (3.4%) 20.7 (1.0%) 5.6 (2.6%) 3.6 (0.2%) 2.1 (1.2%)  

Neoplasia        

No 231.2 (96.3%) 153.0 
(92.9%)***c 

2100.1 
(97.8%) 

203.0 
(92.9%)***d 

1565.5 
(98.0%) 

170.0 
(93.4%)***e 

0.31 

Yes 8.9 (3.7%) 11.7 (7.1%) 47.8 (2.2%) 15.5 (7.1%) 31.2 (2.0%) 12.0 (6.6%)  

Haematologic 

disease 

       

No 239.3 (99.7%) 163.0 
(99.0%)***c 

2143.3 
(99.8%) 

216.3 
(99.0%)***d 

1594.3 
(99.8%) 

180.5 
(99.2%)***e 

0.18 

Yes 0.8 (0.3%) 1.7 (1.0%) 4.5 (0.2%) 2.2 (1.0%) 2.5 (0.2%) 1.4 (0.8%)  

Immunodeficiency        

No 240.1 (99.9%) 164.6 (99.9%)°c 2147.3 
(99.9%) 

218.4 (99.9%)**d 1596.4 
(99.9%) 

181.9 (99.9%)°e 0.88 

Yes 0.1 (0.1%) 0.1 (0.1%) 0.5 (0.1%) 0.2 (0.1%) 0.4 (0.1%) 0.1 (0.1%)  

a N/days average number of cases per day 
b Comparisons of hospitalized patients among the three waves tested by Chi-square or Fisher test 
c Comparison between hospitalized and not hospitalized subjects during the first wave tested by Chi-square or Fisher test 
d Comparison between hospitalized and not hospitalized subjects during the second wave tested by Chi-square or Fisher test 
e Comparison between hospitalized and not hospitalized subjects during the third wave tested by Chi-square or Fisher test 

*** p < 0.001; ** p < 0.01; * p < 0.05; ° p ≥0.05 
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Table S2. Comorbid conditions of patients hospitalized for SARS-CoV-2, stratifying by admission to intensive care unit 

(ICU) and waves 

 
 1° Wave 

(01/03-15/04/20) 

No ICU ICU 

N/daysa (%) N/daysa (%) 

2° Wave 

(15/10-15/12/20) 

No ICU ICU 

N/daysa (%) N/daysa (%) 

3° Wave 

(01/03-15/04/21) 

No ICU ICU 

N/daysa (%) N/daysa (%) 

 

 

P-valueb 

COPD        

No 91.3 (76.2%) 35.9 
(80.0%)***c 

124.4 (75.4%) 41.2 (76.7%°)d 108.1 (78.4%) 34.2 (77.6%)e 0.02 

Yes 28.6 (23.8%) 9.0 (20.0%) 40.5 (24.6%) 12.5 (23.3%) 29.8 (21.6%) 9.8 (22.4%)  

Cardiovascular disease        

No 90.0 (75.1%) 35.3 (78.8%)**c 123.5 (74.9%) 42.4 
(79.1%)***d 

109.5 (79.4%) 36.7 
(83.2%)***e 

<0.001 

Yes 29.8 (24.9%) 9.5 (21.2%) 41.4 (25.1%) 11.2 (20.9%) 28.4 (20.6%) 7.4 (16.8%)  

Heart failure        

No 115.4 
(96.3%) 

43.8 (97.6%)**c 158.4 (96.0%) 52.3 
(97.5%)***d 

134.5 (97.5%) 43.2 (98.0%)°e 0.51 

Yes 4.5 (3.7%) 1.1 (2.4%) 6.5 (4.0%) 1.3 (2.5%) 3.4 (2.5%) 0.9 (2.0%)  

Coronary artery 

disease 

       

No 111.7 
(93.2%) 

41.4 (92.2%)°c 153.4 (93.0%) 49.7 (92.6%)°d 130.2 (94.4%) 41.8 (94.9%)°e 0.001 

Yes 8.1 (6.8%) 3.5 (7.8%) 11.5 (7.0%) 4.0 (7.4%) 7.7 (5.6%) 2.3 (5.1%)  

Cardiomyopathy        

No 112.1 
(93.6%) 

43.0 
(95.8%)***c 

154.7 (93.8%) 41.2 (95.4%)**d 132.2 (95.9%) 42.5 (96.4%)°e 0.18 

Yes 7.7 (6.4%) 1.9 (4.2%) 10.2 (6.2%) 2.5 (4.6%) 5.7 (4.1%) 1.6 (3.6%)  

Diabetes        

No 94.0 (78.5%) 34.4 (76.7%)°c 126.5 (76.7%) 40.2 (75.0%)*d 109.5 (79.4%) 35.1 (79.7%)°e <0.001 

Yes 25.8 (21.5%) 10.5 (23.3%) 38.4 (23.3%) 13.4 (25.0%) 28.4 (20.6%) 9.0 (20.3%)  

Kidney disease        

No 112.5 
(93.9%) 

42.8 (95.4%)**c 155.6 (94.4%) 50.6 (94.3%)°d 131.7 (95.5%) 42.5 (96.4%)°e 0.003 

Yes 7.3 (6.1%) 2.0 (4.6%) 9.3 (5.6%) 3.0 (5.7%) 6.2 (4.5%) 1.6 (3.6%)  

Cerebrovascular 

disease 

       

No 110.1 
(91.9%) 

42.6 
(95.1%)***c 

153.4 (93.0%) 51.3 
(95.6%)***d 

131.2 (95.2%) 42.6 (96.8%)**e 0.02 

Yes 9.7 (8.1%) 2.2 (4.9%) 11.5 (7.0%) 2.4 (4.4%) 6.7 (4.8%) 1.4 (3.2%)  

Dementia        

No 114.8 
(95.8%) 

44.3 
(98.8%)***c 

159.6 (96.8%) 53.3 
(99.3%)***d 

136.0 (98.6%) 43.9 (99.6%)**e 0.03 

Yes 5.0 (4.2%) 0.5 (1.2%) 5.2 (3.2%) 0.4 (0.7%) 1.9 (1.4%) 0.2 (0.4%)  

Neoplasia        

No 110.9 
(92.6%) 

42.1 (93.7%)°c 153.4 (93.0%) 49.6 (92.4%)°d 127.9 (92.8%) 42.0 
(95.4%)***e 

<0.001 

Yes 8.9 (7.4%) 2.8 (6.3%) 11.5 (7.0%) 4.1 (7.6%) 10.0 (7.2%) 2.0 (4.6%)  

Haematologic disease        

No 118.7 
(99.1%) 

44.3 (98.7%)°c 163.4 (99.1%) 52.9 (98.6%)*d 136.6 (99.1%) 43.9 (99.6%)*e 0.001 

Yes 1.1 (0.9%) 0.6 (1.3%) 1.5 (0.9%) 0.8 (1.4%) 1.3 (0.9%) 0.2 (0.4%)  

Immunodeficiency        

No 119.7 
(99.9%) 

44.8 (99.9%)°c 164.7 (99.9%) 53.6 (99.9%)°d 137.8 (99.9%) 44.0 (99.9%)°e 0.86 

Yes 0.1 (0.1%) 0.1 (0.1%) 0.1 (0.1%) 0.1 (0.1%) 0.1 (0.1%) 0.1 (0.1%)  

a N/days average number of cases per day 
b Comparisons of patients admitted to ICU among the three waves tested by Chi-square or Fisher test 
c Comparison between patients admitted in ICU and in other wards (No ICU) during the first wave tested by Chi-square or Fisher test 
d Comparison between patients admitted in ICU and in other wards (No ICU) during the second wave tested by Chi-square or Fisher test 
e Comparison between patients admitted in ICU and in other wards (No ICU) during the third wave tested by Chi-square or Fisher test 

*** p < 0.001; ** p < 0.01; * p < 0.05; ° p ≥0.05 
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Table S3. Comorbid conditions of patients hospitalized for SARS-CoV-2, stratifying by death within 30 days from the first 

positive swab and waves 
 

 1° Wave 

(01/03-15/04/20) 

No Death  Death 

N/daysa (%) N/daysa (%) 

2° Wave 

(15/10-15/12/20) 

No Death  Death 

N/daysa (%) N/daysa (%) 

3° Wave 

(01/03-15/04/21) 

No Death Death 
N/daysa (%) N/daysa (%) 

 

 

P-valueb 

COPD        

No 92.3 (79.5%) 34.9 
(71.6%)***c 

127.0 
(77.5%) 

38.5 
(70.6%)***d 

117.2 
(79.7%) 

25.1 
(71.7%)***e 

0.62 

Yes 23.7 (20.5%) 13.8 (28.4%) 36.9 (22.5%) 16.0 (29.4%) 29.8 (20.3%) 9.9 (28.3%)  

Cardiovascular disease        

No 93.3 (80.4%) 32.0 
(65.8%)***c 

129.9 
(79.2%) 

36.0 
(66.0%)***d 

121.6 
(82.7%) 

24.6 
(70.3%)***e 

0.005 

Yes 22.7 (19.6%) 16.6 (34.2%) 34.0 (20.8%) 18.6 (34.0%) 25.3 (17.3%) 10.4 (29.7%)  

Heart failure        

No 113.4 
(97.8%) 

45.7 
(93.9%)***c 

159.4 
(97.2%) 

51.3 
(94.0%)***d 

144.5 
(98.3%) 

33.2 
(94.7%)***e 

0.55 

Yes 2.6 (2.2%) 3.0 (6.1%) 4.6 (2.8%) 3.2 (6.0%) 2.5 (1.7%) 1.8 (5.3%)  

Coronary artery 

disease 

       

No 109.5 
(94.4%) 

43.6 
(89.6%)***c 

153.9 
(93.8%) 

49.2 
(90.1%)***d 

140.1 
(95.3%) 

31.9 
(91.1%)***e 

0.29 

Yes 6.5 (5.6%) 5.1 (10.4%) 10.1 (6.2%) 5.4 (9.9%) 6.9 (4.7%) 3.1 (8.9%)  

Cardiomyopathy        

No 111.6 
(96.2%) 

43.5 
(89.5%)***c 

156.9 
(95.7%) 

49.0 
(89.8%)***d 

142.7 
(97.1%) 

32.0 
(91.3%)***e 

0.14 

Yes 4.4 (3.8%) 5.1 (10.5%) 7.1 (4.3%) 5.6 (10.2%) 4.3 (2.9%) 3.0 (8.7%)  

Diabetes        

No 94.1 (81.1%) 34.4 
(70.6%)***c 

128.0 
(78.1%) 

38.7 
(70.9%)***d 

119.3 
(81.1%) 

25.4 
(72.5%)***e 

0.40 

Yes 21.9 (18.9%) 14.3 (29.4%) 35.9 (21.9%) 15.9 (29.1%) 27.7 (18.9%) 9.6 (27.5%)  

Kidney disease        

No 111.1 
(95.8%) 

44.2 
(90.8%)***c 

157.2 
(95.9%) 

49.0 
(89.8%)***d 

142.3 
(96.8%) 

31.9 
(91.2%)***e 

0.21 

Yes 4.9 (4.2%) 4.5 (9.2%) 6.7 (4.1%) 5.6 (10.2%) 4.7 (3.2%) 3.1 (8.8%)  

Cerebrovascular 

disease 

       

No 109.9 
(94.7%) 

42.9 
(88.2%)***c 

155.9 
(95.1%) 

48.8 
(89.4%)***d 

141.4 
(96.2%) 

32.5 
(92.7%)***e 

<0.001 

Yes 6.2 (5.3%) 5.7 (11.8%) 8.1 (4.9%) 5.8 (10.6%) 5.5 (3.8%) 2.5 (7.3%)  

Dementia        

No 113.6 
(97.9%) 

45.6 
(93.7%)***c 

161.4 
(98.4%) 

51.6 
(94.5%)***d 

145.6 
(99.1%) 

34.3 
(97.9%)***e 

<0.001 

Yes 2.5 (2.1%) 3.1 (6.3%) 2.6 (1.6%) 3.0 (5.5%) 1.4 (0.9%) 0.7 (2.1%)  

Neoplasia        

No 109.2 
(94.1%) 

43.8 
(90.0%)***c 

153.6 
(93.7%) 

49.4 
(90.5%)***d 

138.0 
(93.9%) 

31.9 
(91.2%)***e 

0.49 

Yes 6.8 (5.9%) 4.8 (10.0%) 10.3 (6.3%) 5.2 (9.5%) 8.9 (6.1%) 3.1 (8.8%)  

Haematologic disease        

No 115.1 
(99.2%) 

47.9 (98.5%)**c 162.5 
(99.1%) 

53.9 (98.7%)°d 146.0 
(99.3%) 

34.5 (98.7%)**e 0.75 

Yes 1.0 (0.8%) 0.7 (1.5%) 1.5 (0.9%) 0.7 (1.3%) 1.0 (0.7%) 0.5 (1.3%)  

Immunodeficiency        

No 115.9 
(99.9%) 

48.7 (99.9%)°c 163.9 
(99.9%) 

54.5 (99.8%)°d 146.9 
(99.9%) 

35.0 (100%)°e 0.28 

Yes 0.1 (0.1%) 0.1 (0.1%) 0.1 (0.1%) 0.1 (0.2%) 0.1 (0.1%) 0 (0%)  

a N/days average number of cases per day 
b Comparisons of dead patients among the three waves tested by Chi-square or Fisher test 
c Comparison between alive and dead patients during the first wave tested by Chi-square or Fisher test 
d Comparison between alive and dead patients during the second wave tested by Chi-square or Fisher test 
e Comparison between alive and dead patients during the third wave tested by Chi-square or Fisher test 

*** p < 0.001; ** p < 0.01; * p < 0.05; ° p ≥0.05 
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Table S4. Demographic characteristics, comorbid conditions, hospitalization, and intensive care unit (ICU) admission of 

subjects tested positive for SARS-CoV-2, stratifying by death within 30 days from the first positive swab and waves 
 

 1° Wave 

(01/03-15/04/20) 

No Death  Death 

N/daysa (%) N/daysa (%) 

2° Wave 

(15/10-15/12/20) 

No Death  Death 

N/daysa (%) N/daysa (%) 

3° Wave 

(01/03-15/04/21) 

No Death  Death 

N/daysa (%) N/daysa (%) 

 

 

P-valueb 

Age group        

≤ 65 203.1 
(61.1%) 

5.9 (8.2%)***c 1791.7 
(78.7%) 

5.6 (6.2%)***d 1392.2 
(80.4%) 

4.7 
(10.2%)***e 

<0.001 

66-75 42.9 
(12.9%) 

12.4 (17.1%) 204.3 (9.0%) 12.2 (13.3%) 186.6 (10.8%) 9.8 (21.0%)  

76-85 48.1 
(14.5%) 

28.5 (39.3%) 169.6 (7.5%) 34.6 (37.8%) 115.5 (6.6%) 17.8 (38.1%)  

86+ 38.1 
(11.5%) 

25.6 (35.4%) 109.5 (4.8%) 39.0 (42.7%) 37.8 (2.2%) 14.3 (30.7%)  

Gender        

F 190.7 
(57.4%) 

39.8 
(42.6%)***c 

1232.7 
(54.2%) 

43.1 
(47.2%)***d 

881.6 (50.9%) 18.7 
(40.0%)***e 

<0.001 

M 141.6 
(42.6%) 

41.6 (57.4%) 1042.4 (45.8) 48.2 (52.8%) 850.5 (49.1%) 28.0 (60.0%)  

Charlson Comorbidity 

Index 

       

0 213.8 
(64.3%) 

24.9 
(34.3%)***c 

1693.3 
(74.4%) 

32.5 
(35.6%)***d 

1324.8 
(76.5%) 

18.7 
(40.0%)***e 

<0.001 

1 69.4 
(20.9%) 

20.2 (27.8%) 410.1 (18.0%) 26.0 (28.5%) 303.9 (17.5%) 13.4 (28.7%)  

2-3 38.6 
(11.6%) 

19.3 (26.6%) 142.2 (6.3%) 23.9 (25.2%) 88.3 (5.1%) 10.5 (22.5%)  

4+ 10.5 (3.2%) 8.2 (11.3%) 29.5 (1.3%) 9.7 (10.7%) 15.1 (0.9%) 4.1 (8.8%)  

COPD        

No 276.6 
(83.2%) 

51.8 
(71.5%)***c 

1953.8 
(85.9%) 

65.4 
(71.6%)***d 

1496.2 
(86.4%) 

33.5 
(71.7%)***e 

0.99 

Yes 55.7 
(16.8%) 

20.7 (28.5%) 321.2 (14.1%) 25.9 (28.4%) 235.9 (13.6%) 13.2 (28.3%)  

Cardiovascular disease        

No 280.9 
(84.5%) 

47.0 
(64.9%)***c 

2092.1 
(92.0%) 

59.5 
(65.2%)***d 

1623.1 
(93.7%) 

32.7 
(70.1%)***e 

<0.001 

Yes 51.4 
(15.5%) 

25.5 (35.1%) 182.9 (8.0%) 31.8 (34.8%) 109.0 (6.3%) 13.9 (29.9%)  

Heart failure        

No 326.2 
(98.2%) 

67.7 
(93.3%)***c 

2258.5 
(99.3%) 

85.7 
(93.8%)***d 

1724.7 
(99.6%) 

44.2 
(94.8%)***e 

0.079 

Yes 6.1 (1.8%) 4.8 (6.7%) 16.6 (0.7%) 5.7 (6.2%) 7.4 (0.4%) 2.4 (5.2%)  

Coronary artery disease        

No 320.2 
(96.4%) 

65.3 
(90.0%)***c 

2231.7 
(98.1%) 

83.1 
(91.0%)***d 

1704.5 
(98.4%) 

42.6 
(91.4%)***e 

0.19 

Yes 12.1 (3.6%) 7.2 (10.0%) 43.4 (1.9%) 8.2 (9.0%) 27.6 (1.6%) 4.0 (8.6%)  

Cardiomyopathy        

No 321.5 
(96.7%) 

64.4 
(88.8%)***c 

2247.0 
(98.8%) 

81.7 
(89.5%)***d 

1719.1 
(99.2%) 

42.7 
(91.4%)***e 

0.006 

Yes 10.8 (3.3%) 8.1 (11.2%) 28.1 (1.2%) 9.6 (10.5%) 13.0 (0.8%) 4.0 (8.6%)  

Diabetes        

No 288.6 
(86.8%) 

51.8 
(71.4%)***c 

2095.5 
(92.1%) 

66.3 
(72.6%)***d 

1613.5 
(93.1%) 

34.1 
(73.1%)***e 

0.34 

Yes 43.7 
(13.2%) 

20.7 (28.6%) 179.6 (7.9%) 25.0 (27.4%) 118.6 (6.9%) 12.6 (26.9%)  

Kidney disease        

No 323.1 
(97.2%) 

65.4 
(90.2%)***c 

2248.0 
(98.8%) 

82.7 
(90.5%)***d 

1718.0 
(99.2%) 

43.0 
(92.1%)***e 

0.039 

Yes 9.2 (2.8%) 7.1 (9.8%) 27.1 (1.2%) 8.7 (9.5%) 14.1 (0.8%) 3.7 (7.9%)  

Cerebrovascular disease        

No 316.5 
(95.2%) 

63.3 
(87.4%)***c 

2231.2 
(98.1%) 

80.2 
(87.8%)***d 

1712.4 
(98.9%) 

43.1 
(92.4%)***e 

<0.001 

Yes 15.8 (4.8%) 9.2 (12.6%) 43.9 (1.9%) 11.2 (12.2%) 19.7 (1.1%) 3.6 (7.6%)  

Dementia        

No 322.5 
(97.0%) 

66.8 
(92.1%)***c 

2255.6 
(99.1%) 

84.5 
(92.5%)***d 

1727.7 
(99.7%) 

45.4 
(97.3%)***e 

<0.001 
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Yes 9.8 (3.0%) 5.7 (7.9%) 19.4 (0.9%) 6.9 (7.5%) 4.4 (0.3%) 1.2 (2.7%)  

Neoplasia        

No 318.9 
(96.0%) 

65.3 
(90.1%)***c 

2219.9 
(97.6%) 

83.2 
(91.1%)***d 

1693.0 
(97.7%) 

42.5 
(91.2%)***e 

0.22 

Yes 13.4 (4.0%) 7.2 (9.9%) 55.2 (2.4%) 8.1 (8.9%) 39.2 (2.3%) 4.1 (8.8%)  

Haematologic disease        

No 330.8 
(99.5%) 

71.5 
(98.6%)***c 

2269.3 
(99.7%) 

90.4 
(99.0%)***d 

1728.8 
(99.8%) 

46.1 
(98.8%)***e 

0.37 

Yes 1.5 (0.5%) 1.0 (1.4%) 5.8 (0.3%) 0.9 (1.0%) 3.3 (0.2%) 0.6 (1.2%)  

Immunodeficiency        

No 332.2 
(99.9%) 

72.5 (99.9%)°c 2274.5 
(99.9%) 

91.3 

(99.9%)**d 

1731.6 
(99.9%) 

46.7 (100%)°e 0.20 

Yes 0.2 (0.1%) 0.1 (0.1%) 0.6 (0.1%) 0.1 (0.1%) 0.5 (0.1%) 0 (0%)  

Hospitalization        

No 216.3 
(65.1%) 

23.8 
(32.9%)***c 

2111.1 
(92.8%) 

36.7 
(40.2%)***d 

1585.1 
(91.5%) 

11.7 
(25.0%)***e 

<0.001 

Yes 116.0 
(34.9%) 

48.7 (67.1%) 164.0 (7.2%) 54.6 (59.8%) 147.0 (8.5%) 35.0 (75.0%)  

Admission to ICU        

No 303.6 
(91.3%) 

56.4 
(77.7%)***c 

2239.1 
(98.4%) 

73.6 
(80.6%)***d 

1700.3 
(98.2%) 

34.4 
(73.7%)***e 

<0.001 

Yes 28.7 (8.7%) 16.1 (22.3%) 36.0 (1.6%) 17.7 (19.4%) 31.8 (1.8%) 12.3 (26.3%)  

a N/days average number of cases per day 
b Comparisons of dead subjects among the three waves tested by Chi-square or Fisher test 
c Comparison between alive and dead subjects during the first wave tested by Chi-square or Fisher test 
d Comparison between alive and dead subjects during the second wave tested by Chi-square or Fisher test 
e Comparison between alive and dead subjects during the third wave tested by Chi-square or Fisher test 

*** p < 0.001; ** p < 0.01; * p < 0.05; ° p ≥0.05 

 

 

 

Table S5. Demographic characteristics and comorbid conditions of subjects admitted to the intensive care unit (ICU), 

stratifying by death within 30 days from the first positive swab and waves 
 

 1° Wave 

(01/03-15/04/20) 

No Death  Death 

N/daysa (%) N/daysa (%) 

2° Wave 

(15/10-15/12/20) 

No Death  Death 

N/daysa (%) N/daysa (%) 

3° Wave 

(01/03-15/04/21) 

No Death  Death 

N/daysa (%) N/daysa (%) 

 

 

P-valueb 

Age group        

≤ 65 16.2 (56.5%) 3.1 (19.4%)***c 14.7 (40.9%) 3.1 (17.3%)***d 15.2 (47.6%) 3.0 (24.5%)***e <0.001 

66-75 7.8 (27.3%) 5.5 (34.0%) 11.3 (31.5%) 5.4 (30.7%) 9.8 (30.0%) 5.4 (43.8%)  

76-85 3.9 (13.5%) 6.0 (36.9%) 8.0 (22.1%) 7.0 (39.8%) 5.7 (17.8%) 3.2 (25.7%)  

86+ 0.8 (2.7%) 1.6 (9.7%) 2.0 (5.5%) 2.2 (12.2%) 1.2 (3.7%) 0.7 (6.0%)  

Gender        

F 8.8 (30.7%) 4.3 (27.0%)°c 11.4 (31.6%) 5.6 (31.5%)°d 11.9 (37.5%) 3.9 (31.6%)*e 0.079 

M 19.9 (69.3%) 11.8 (73.0%) 24.6 (68.4%) 12.1 (68.5%) 19.9 (62.5%) 8.4 (68.4%)  

Charlson Comorbidity 

Index 

       

0 16.7 (58.2%) 6.3 (39.4%)***c 18.6 (51.7%) 6.4 (36.0%)***d 18.7 (58.9%) 5.3 (43.1%)***e 0.040 

1 7.2 (25.0%) 4.8 (29.8%) 10.3 (28.5%) 5.7 (32.3%) 8.2 (25.7%) 4.0 (32.5%)  

2-3 3.7 (12.7%) 3.7 (23.0%) 5.6 (15.4%) 4.1 (23.5%) 4.1 (12.9%) 2.2 (17.5%)  

4+ 1.2 (4.1%) 1.3 (7.8%) 1.6 (4.4%) 1.5 (8.2%) 0.8 (2.5%) 0.8 (6.9%)  

COPD        

No 23.8 (82.9%) 12.1 (74.8%)***c 28.5 (79.2%) 12.7 (71.6%)***d 25.4 (80.0%) 8.8 (71.6%)***e 0.26 

Yes 4.9 (17.1%) 4.1 (25.2%) 7.5 (20.8%) 5.0 (28.4%) 6.4 (20.0%) 3.5 (28.4%)  

Cardiovascular disease        

No 24.0 (83.5%) 11.3 (70.3%)***c 29.6 (82.2%) 12.9 (72.7%)***d 27.0 (84.9%) 9.7 (78.9%)***e 0.002 

Yes 4.7 (16.5%) 4.8 (29.7%) 6.4 (17.8%) 4.8 (27.3%) 4.8 (15.1%) 2.6 (21.1%)  

Heart failure        

No 28.2 (98.1%) 15.6 (96.6%)*c 35.3 (98.0%) 17.0 (96.4%)**d 31.4 (98.6%) 11.8 (96.3%)**e 0.94 

Yes 0.5 (1.9%) 0.5 (3.4%) 0.7 (2.0%) 0.6 (3.6%) 0.4 (1.4%) 0.5 (3.7%)  

Coronary artery disease        

No 27.0 (94.1%) 14.3 (88.8%)***c 33.6 (93.4%) 16.1 (90.8%)**d 30.5 (96.0%) 11.3 (92.0%)***e 0.13 

Yes 1.7 (5.9%) 1.8 (11.2%) 2.4 (6.6%) 1.6 (9.2%) 1.3 (4.0%) 1.0 (8.0%)  

Cardiomyopathy        
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No 27.9 (97.1%) 15.1 (93.5%)***c 34.7 (96.5%) 16.5 (93.1%)***d 31.0 (97.3%) 11.5 (94.0%)***e 0.81 

Yes 0.8 (2.9%) 1.0 (6.5%) 1.3 (3.5%) 1.2 (6.9%) 0.8 (2.7%) 0.7 (6.0%)  

Diabetes        

No 23.0 (80.0%) 11.4 (70.7%)***c 27.7 (77.0%) 12.5 (70.9%)***d 26.1 (82.1%) 9.0 (73.4%)***e 0.50 

Yes 5.7 (20.0%) 4.7 (29.3%) 8.3 (23.0%) 5.1 (29.1%) 5.7 (17.9%) 3.3 (26.6%)  

Kidney disease        

No 27.9 (97.0%) 15.0 (92.7%)***c 34.5 (95.9%) 16.1 (91.3%)***d 31.0 (97.3%) 11.5 (94.0%)***e 0.14 

Yes 0.9 (3.0%) 1.2 (7.3%) 1.5 (4.1%) 1.5 (8.7%) 0.8 (2.7%) 0.7 (6.0%)  

Cerebrovascular disease        

No 27.5 (95.8%) 15.1 (93.8%)*c 34.6 (96.2%) 16.7 (94.2%)*d 30.8 (97.0%) 11.8 (96.3%)°e 0.12 

Yes 1.2 (4.2%) 1.1 (6.2%) 1.4 (3.8%) 1.0 (5.8%) 1.0 (3.0%) 0.5 (3.7%)  

Dementia        

No 28.5 (99.2%) 15.8 (98.1%)*c 35.8 (99.5%) 17.5 (99.0%)°d 31.7 (99.7%) 12.2 (99.1%)°e 0.17 

Yes 0.2 (0.8%) 0.3 (1.9%) 0.2 (0.5%) 0.2 (1.0%) 0.1 (0.3%) 0.1 (0.9%)  

Neoplasia        

No 27.3 (95.0%) 14.8 (91.5%)**c 33.7 (93.7%) 15.9 (89.8%)***d 30.4 (95.7%) 11.6 (94.7%)°e 0.004 

Yes 1.4 (5.0%) 1.4 (8.5%) 2.3 (6.3%) 1.8 (10.2%) 1.4 (4.3%) 0.7 (5.3%)  

Haematologic disease        

No 28.4 (98.9%) 15.8 (98.2%)°c 35.5 (98.7%) 17.4 (98.3%)°d 31.7 (99.7%) 12.2 (99.5%)°e 0.12 

Yes 0.3 (1.1%) 0.3 (1.8%) 0.5 (1.3%) 0.3 (1.7%) 0.1 (0.3%) 0.1 (0.5%)  

Immunodeficiency        

No 28.7 (99.8%) 16.1 (100%)°c 36.0 (100%) 17.7 (99.8%)°d 31.8 (99.9%) 12.3 (100%)°e 0.50 

Yes 0.1 (0.2%) 0 (0%) 0 (0%) 0.1 (0.2%) 0.1 (0.1%) 0 (0%)  

a N/days average number of cases per day 
b Comparisons of ICU admitted dead patients among the three waves tested by Chi-square or Fisher test 
c Comparison between ICU admitted alive and dead patients during the first wave tested by Chi-square or Fisher test 
d Comparison between ICU admitted alive and dead patients during the second wave tested by Chi-square or Fisher test 
e Comparison between ICU admitted alive and dead patients during the third wave tested by Chi-square or Fisher test 

*** p < 0.001; ** p < 0.01; * p < 0.05; ° p ≥0.0
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ABSTRACT 

Background and Aims 

Since the COVID-19 outbreak, people's habits changed radically. In fact, to limit the spread of SARS-

CoV-2, governments implemented restrictive measures that influenced the lives of individuals.  The aim 

of this systematic review is to analyze the impact of COVID-19 on gambling by examining three different 

outcomes: frequency, expenditure, and transitions among different types of gambling. 

 

Methods 

All studies assessing the impact of restrictive measures implemented to limit the spread of SARS-CoV-2 

on gambling were included. For the search, two different databases were used: Pubmed and CINAHL.  

Moreover, two different populations were analyzed: the general population, and subjects who used to 

gamble before SARS-CoV-2 pandemic. All qualitative studies, reports not based on peer-review, and 

papers in which the statistical unit was not the subject but the gambling or wagering operators were 

excluded. 

 

Results 

From the search, 408 reports were identified. Of these, 28 were included in the systematic review.  From 

the studies, a strong reduction in the frequency and expenditure of land-based gambling emerged, while 

the results about online gambling were different among the studies. However, a reduction was observed 

assessing sports betting, and an increase emerged considering online casino and skill games. Finally, a 

significant migration from land-based gambling to online platforms was identified. The main reasons for 

these findings were the physical closures of land-based gambling venues and the more time spent at home, 

the suspension or cancelation of sporting events on which subjects used to bet, and more mental health 

issues during this challenging period. 

 

Conclusions 

The COVID-19 pandemic greatly affected subjects' habits, including gambling, by reducing land-based 

gambling and sports betting, and increasing gambling on online platforms. This shift poses significant 

challenges, requiring a comprehensive approach to monitor and mitigate the negative consequences of 

this increase in online gambling caused by the pandemic. 

 

Keywords 

COVID-19; Restrictive measures; Gambling habits; Land-based gambling; Online gambling; 

Sports betting 



ADDICTIVE BEHAVIORS JOURNAL 
 

87 
 

1. INTRODUCTION 

On March 11, 2020, the World Health Organization (WHO) declared Coronavirus Disease (COVID-19) 

a global pandemic. The first cases of COVID-19 were detected in Wuhan, China, in December 2019, and 

subsequently in the rest of the world between January and February 2020 (World Health Organization, 

2020.). Since the first case occurred, the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-

2) has significantly altered the global landscape, with a huge number of deaths and an even higher number 

of hospitalizations or intensive care unit (ICU) admissions, leading even the most advanced national health 

care systems to collapse (Caramello et al., 2022). For this reason, in almost all countries, local 

governments implemented several policies to counteract the spread of COVID-19 and reduce its effects. 

Generally, such measures imposed a strict lockdown involving isolation, social and physical distancing, 

and taking preventive measures such as wearing mask and hand washing. Moreover, the restrictions 

imposed the closure of all non-essential activities, allowing only essential stores or services (e.g., food 

stores, supermarkets, pharmacies, hospitals, etc.) to remain open, and movement restrictions, including 

the prohibition of leaving the house without a necessary reason. In some countries such as Italy, which 

was the first country to face the emergency in Europe (Alessi et al., 2022; Saglietto et al., 2020), New 

Zealand (Rodda et al., 2022), Australia (Black et al., 2022), Denmark (Håkansson, 2021), Germany (Smith 

et al., 2023), Israel (Bonny-Noach & Gold, 2021),  and the United Kingdom (Emond et al., 2022) these 

restrictions were strictly implemented through the se-called lockdown. In other countries, instead, the 

measures implemented were less restrictive. For example, in Sweden, the government only recommended 

limiting social contacts and maintaining physical distancing, prohibiting public gatherings of more than 

500 people, and subsequently more than 50 people (Håkansson, 2020a; Månsson et al., 2021). In addition, 

the local authorities encouraged to work from home, without imposing it (Månsson et al., 2021). 

The restrictions implemented during the COVID-19 pandemic had a great impact on several aspects, 

including gambling (Quinn et al., 2022) and other addictions such as problematic internet use and 

problematic social media (Gjoneska et al., 2022; Casale et al., 2023). 

The word gambling concerns all types of games that involve wagering money on the outcome of a future 

event for which the outcome cannot be certain, with the primary intent of winning additional money or 

material goods. Common forms of gambling include casino games (such as slot machines, poker, 

blackjack, and roulette), sports betting, lottery games, scratch cards, and online gambling platforms. While 

some people engage in gambling for entertainment, others may develop problematic gambling behavior, 

leading to negative consequences such as financial losses, relationship issues, and psychological distress 

(Buchanan et al., 2020; Mathews & Volberg, 2013). 

For these reasons and others related to religion and culture, some local governments chose to regulate 

gambling. The extent of regulation varies significantly among countries. In some nations, such as Saudi 

Arabia (Alshammari & Goto, 2022), North Korea, and Qatar (Mattar, 2020), gambling is strictly 
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prohibited. In others, such as the United Kingdom (Atherton & Beynon, 2019; Thomas et al., 2023), 

Australia, Denmark, Sweden (Binde, 2013), and Italy (Bastiani et al., 2013), gambling is regulated under 

several legislation and regulations, to ensure transparency, consumer protection, and responsible gaming 

practices. Finally, there are some countries where gambling regulations are relatively lenient or non-

existent, allowing for a more permissive or open approach. The most important examples of such countries 

include Singapore (Winslow et al., 2015) and the state of Nevada in the United States, particularly in the 

renowned gambling destination of Las Vegas (Tucker et al., 2021). The diffusion of gambling varies 

significantly across countries in terms of size, prevalence, and type of gambling. These differences depend 

in part on the presence or absence of public health interventions aimed at preventing and combating abuse, 

as well as treating pathological dependence, although their effectiveness differs from intervention to 

intervention (Velasco et al., 2021).  

In addition to these factors, the complexity of restrictions due to the COVID-19 pandemic outbreak 

complicated the situation, because the differences among countries’ restrictions above discussed may have 

had different impacts on gambling consumption patterns.  

In general, the national lockdowns implemented in many countries not only imposed the physical closure 

of certain business activities such as land-based casinos and betting stores, allowing only the purchase of 

lottery tickets or scratch cards at essential stores (Fluharty et al., 2022), but they also led to the cancellation 

or suspension of most sporting events worldwide (Cataldo et al., 2022). Specifically, on March 9, 2020, 

Italian male soccer leagues were canceled, on 12 March United States Major League Baseball was 

suspended, on March 13 Premier League was halted, on March 15 there was the decision to suspend ice 

hockey season in Sweden, and on March 24 the 2020 Summer Olympics scheduled in Tokyo were 

postponed (Håkansson, 2020b). In addition, major tennis and the Six Nations rugby tournaments, 

volleyball championships, and basketball leagues were suspended or postponed due to the COVID-19 

pandemic.  

Therefore, it is possible that the imposed closures of many gambling venues, the cancellation of major 

sporting events many subjects traditionally bet on, the increased time spent at home, and the higher level 

of anxiety and depression experienced by gamblers, especially during a period in which anxiety and 

depression levels increased (Brodeur et al., 2021; Kessler et al., 2008; Rajkumar, 2020; Zhu et al., 2023), 

may have had a very strong impact on gambling habits. 

Several studies have investigated the impact of the COVID-19 pandemic on gambling. However, to date, 

no systematic work has specifically examined and summarized this effect. Therefore, this systematic 

review aims to summarize the results of the studies present in the literature that assessed the effect of the 

restrictive measures implemented due to the COVID-19 pandemic on gambling, both land-based and 

online. The focus of this systematic review is on the gambling frequency, gambling expenditure, and 

transitions among different types of gambling. 
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2. METHODS 

2.1 Design and Registration 

The current systematic review was conducted using the updated Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021). The PRISMA 2020 Checklist is 

shown in Supplementary Table 1. The protocol of this study was registered within the International 

Prospective Register of Systematic Reviews PROSPERO (registration number: CRD42023484007). In 

this systematic review, there is no deviation from the registered protocol. 

 

2.2 Search Strategy and eligibility criteria 

For the purpose of this systematic review, all studies assessing the impact that restrictive measures 

implemented to limit the spread of SARS-CoV-2 had on gambling were included, both considering land-

based and online gambling. Specifically, the types of gambling considered included betting (on sports, 

racing, and eSports), casinos, card games (Poker, Blackjack, baccarat, etc.), lottery, bingo, Keno, slot 

machines or Electronic Gambling Machines (EGMs), and scratch cards. 

Two different academic databases were used to search: PubMed and CINAHL. The search strings used in 

these databases are shown in Table 1. Only papers published 1 January 2020 and 9 October 2023 were 

checked.  

Qualitative studies (including commentaries, editorials, text mining or sentiment analyses, protocols, and 

different types of reviews), and reports not based on peer review were excluded. In addition, all papers in 

which the statistical unit was not the subject but the gambling or wagering operators were not included in 

this systematic review. No restrictions on geographical area and on the type of quantitative study were 

considered. 

 

  

Table 1. Search strategy implemented on PUBMED and CINAHL to conduct the systematic review. 
 

N° Step Search strategy 

 

 

 

PUBMED 

 

S1 "COVID-19"[Mesh] OR COVID-19*[Title/Abstract] OR 2019-nCoV[Title/Abstract] OR 

COV-19*[Title/Abstract] OR "SARS-CoV-2"[Mesh] OR SARS-CoV-

2*[Title/Abstract] 

 

S2 "Pandemics"[Mesh] OR pandemic*[Title/Abstract] 

 

S3 S1 OR S2 

S4 "Gambling"[Mesh] OR gambl*[ Title/Abstract] OR betting[Title/Abstract] OR "slot 

machine*"[Title/Abstract] OR slots[Title/Abstract] OR lotter*[Title/Abstract] OR 

roulette*[Title/Abstract] OR blackjack[Title/Abstract] OR baccarat[Title/Abstract] OR 
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bingo[Title/Abstract] OR poker[Title/Abstract] OR casino*[Title/Abstract] OR "gaming 

machine*"[Title/Abstract] OR craps[Title/Abstract] OR lotto[Title/Abstract] 

S5 S3 AND S4 

S6 Limits to 2020-2023 and English language 

 

CINAHL 

 

S1 MH "COVID-19+" OR TI "COVID-19*" OR AB "COVID-19*" OR TI "2019-nCoV" OR 

AB "2019-nCoV" OR TI "COV-19*" OR AB "COV-19*" OR MH "SARS-CoV-2" 

OR TI "SARS-CoV-2*" OR AB "SARS-CoV-2*" 

 

S2 MH "COVID-19 Pandemic" OR TI pandemic* OR AB pandemic* 

S3 S1 OR S2 

S4 MH "Gambling" OR TI gambl* OR AB gambl* OR TI betting OR AB betting OR TI "slot 

machine*" OR AB "slot machine*" OR TI slots OR AB slots OR TI lotter* OR AB 

lotter* OR TI roulette* OR AB roulette* OR TI blackjack OR AB blackjack OR TI 

baccarat OR AB baccarat OR TI bingo OR AB bingo OR TI poker OR AB poker 

OR TI casino* OR AB casino* OR TI "gaming machine*" OR AB "gaming 

machine*" OR TI craps OR AB craps OR TI lotto OR AB lotto 

 

S5 S3 AND S4 

S6 Limits to 2020-2023 and English language 

 

2.3 Outcomes 

In this systematic review, three different outcomes were assessed. The change in (1) frequency and (2) 

expenditure in gambling between before and after the outbreak of the COVID-19 pandemic was analyzed. 

The third outcome concerned the change in the type of gambling used by the subjects due to the restrictive 

measures implemented to limit the spread of COVID-19. This outcome was investigated only considering 

gamblers or bettors. 

Moreover, this review focused separately on two different populations: 

1) the general population, which included both people who used to gamble before the pandemic and people 

who had never gambled; 

2) the population composed of gamblers or bettors who had gambled at least once before the COVID-19 

pandemic. 

 

2.4 Study selection and data extraction 

Study selection was performed in two different stages. First, after removal of duplicate records, a selection 

by titles and abstracts of all studies derived from the search string according to the eligibility criteria was 

performed. Second, the full texts of the studies selected in the first stage were reviewed for final eligibility. 

In both stages, two reviewers operated independently. Moreover, in instances where the two reviewers 

did not agree, a third reviewer was involved. Reference management, duplicate elimination and item 

selection was conducted through Zotero software (V. 6.0.30). 

Data were extracted by both reviewers. The information retrieved from each study, reported in Table 1, 

include: the first author, year of publication, country, type of population, sample size, study design, types 
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of gambling analyzed, outcomes assessed, and different possible predictors of changing gambling habits 

analyzed in the studies. 

 

2.5 Risk of Bias 

To assess the risk of bias of the selected studies, the Newcastle Ottawa Scale (NOS) was used (Wells et 

al, 2000). This scale is generally used for observational studies. There are three different versions for the 

assessment of observational studies: a version for cross-sectional studies (7 items), one for case-control 

studies (8 items), and one for prospective cohorts (8 items). In all three versions, the highest attainable 

score is 9, and a score below 5 corresponds to a high risk of bias (Luchini et al., 2017). In this systematic 

review, studies with a high risk of bias were excluded. 

The risk of bias was assessed by two different co-authors, and in case of disagreement, the opinion of a 

third author was taken into consideration. 

 

3. RESULTS 

3.1 Selection Process 

The above-mentioned search strategy identified a total of 408 reports: 293 were found in PubMed, and 

115 in CINAHL. After excluding duplicate records (n = 77), in the first screening phase (for title and 

abstract), a total of 235 papers were excluded. Subsequently, out of the remaining 96 reports, 67 were 

removed after full texts‘ assessment. The primary reasons for exclusion were (1) assessing an outcome 

different from the one under investigation (n = 34) and (2) being qualitative studies or editorials (n = 26) 

(Supplementary Table 2). Of the final 29 studies, only a paper had a Newcastle-Ottawa Scale score below 

5 and was therefore excluded from the systematic review. Therefore, overall, 28 different papers were 

included in this systematic review. The PRISMA Flow Chart (Page et al., 2021) representing the entire 

selection process is summarized in Figure 1. 
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Figure 1. PRISMA flow diagram representing the entire selection process 
 

 

 

3.2 Characteristics of included studies 

Of the 28 studies included in this systematic review, six analyzed only the general population, 14 focused 

attention on gamblers or bettors before the COVID-19 pandemic, and eight studied both populations. In 

addition, eighteen were cross-sectional studies and ten were longitudinal studies.  The sample size ranged 

from a minimum of 70 to a maximum of 616,245 subjects. 

From a geographic point of view, most studies were conducted in Sweden (n = 7), the United Kingdom 

(n = 4), and Italy (n = 4). The other countries involved were Australia (n = 2), Canada (n = 2), Czech 

Republic, Denmark, Germany, Greece, Israel, New Zealand, Spain, and Switzerland. Only one paper 

involved subjects from multiple countries (Germany, Finland, Norway, and Sweden). Regarding the 

outcomes, the impact of the COVID-19 pandemic on gambling frequency was assessed by 26 studies, the 

effects on gambling expenditure were investigated by 7 reports, and the influence on the changes in 
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gambling types was analyzed in 6 papers. The characteristics of each study are summarized in Table 1. 

 

Table 1. Main information about the studies included in the systematic review 

First 

author and 

year of 

publication 

Country Population Sample 

size 

Study 

design 

Outcomes 

assessed 

in the 

study 

Type of 

gambling 

Variables 

assessed in 

the study 

Type of 

analysis 

conducted  

MC. Alessi,  

2022 (Alessi 
et al., 2022) 

Italy Gamblers 

before the 

pandemic 

period 

  

153 

gamblers 

Cross-

sectional 

Frequency Land-

based 

Gambling 

Online 

gambling 

None Frequency 

Percentage 

A. Amerio, 

2022 

(Amerio et 
al., 2022) 

Italy General 

population 

6,003 

subjects 

Cross-

sectional 

Frequency Overall 

gambling 

None 

  

Regression 

M. Auer, 

2022 (Auer 
& Griffiths, 
2022) 

Sweden Gamblers 

before the 

pandemic 

period 

 

133,286 

gamblers 

Longitudinal Expenditure Online 

gambling 

Intensity of 

gambling 

 

Percentage 

M. Auer, 

2023 (Auer 
et al., 2023) 

Germany, 

Sweden, 

Finland, 

Norway 

 

Gamblers 

before the 

pandemic 

period 

 

5,396 

gamblers 

Longitudinal Expenditure Online 

gambling 

None Percentage 

M. Balem, 

2023 (Balem 
et al., 2023) 

Sweden Gamblers 

before the 

pandemic 

period 

 

616,245 

gamblers 

Longitudinal Frequency 

Expenditure 

Online 

gambling 

Gender 

 

Regression 

ME. 

Bellringer, 

2021 

(Bellringer & 
Garrett, 
2021) 

New 

Zealand 

Gamblers 

before the 

pandemic 

period 

 

301 

gamblers 

Longitudinal Frequency Online 

gambling 

 

 

Gender 

Age 

Ethnicity 

Occupational 

status 

Education 

level 

Alcohol 

consumption 

Level of 

problematic 

gambling 

 

Regression 

N. Black, 

2022 (Black 
et al., 2022) 

Australia Gamblers 

before the 

pandemic 

period 

 

462 

gamblers 

Longitudinal Frequency Overall 

gambling 

Level of 

problematic 

gambling 

Regression 

H. Bonny-

Noach,  

2021 

(Bonny-
Noach & 
Gold, 2021) 
 

Isreal General 

population 

 

 

113 

subjects 

Cross-

sectional 

Frequency Online 

gambling 

Cannabis use 

Drugs use 

Regression 



ADDICTIVE BEHAVIORS JOURNAL 
 

94 
 

E. 

Claesdotter-

Knutsson, 

2021 

(Claesdotter-
Knutsson & 
Håkansson, 
2021) 
 

Sweden Gamblers 

before the 

pandemic 

period 

1,064 

gamblers 

Cross-

sectional 

Frequency Online 

gambling 

Gender 

Age 

Occupational 

status 

Education 

level 

Income 

Time at 

home 

Alcohol 

consumption 

Level of 

problematic 

gambling 

Distress 

level 

 

Regression 

A. Emond, 

2022 

(Emond et 
al., 2022) 
 

United 

Kingdom 

General 

population 

 

Gamblers 

before the 

pandemic 

period 

2,160 

subjects 

 

1,255 

gamblers 

 

Longitudinal Frequency Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

 

Intensity of 

gambling 

Regression 

M. 

Fluharty, 

2022 

(Fluharty et 
al., 2022) 
 

United 

Kingdom 

Gamblers 

before the 

pandemic 

period  

 

7,026 

gamblers 

Longitudinal Frequency Overall 

gambling 

Gender 

Age 

Ethnicity 

Education 

level 

Income 

Living with 

someone 

Alcohol 

consumption 

Smoking 

status 

Anxiety 

level 

Depression 

level 

Distress 

level 

 

Regression 

SM. 

Gainsbury, 

2021 

(Gainsbury 
et al., 2021) 
 

Australia Gamblers 

before the 

pandemic 

period  

 

 

769 

gamblers 

Cross-

sectional 

Frequency Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

 

Age 

Level of 

problematic 

gambling 

 

Regression 

A. 

Håkansson, 

2020 

(Håkansson, 
2020a) 

Sweden General 

population 

 

Gamblers 

before the 

pandemic 

period  

 

2,016 

subjects 

 

 

 

1,246 

gamblers 

Cross-

sectional 

Frequency 

Changes in 

type of 

gambling 

Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

Age 

Gender 

Occupational 

status 

Living with 

children 

Time at 

home 

Regression 
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Alcohol 

consumption 

Level of 

problematic 

gambling 

Distress 

level 

 

 

A. 

Håkansson 

2021 

(Håkansson, 
2021) 
 

Denmark General 

population  

 

Gamblers 

before the 

pandemic 

period  

1,971 

subjects 

 

1,098 

gamblers 

Cross-

sectional 

Frequency Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

Age 

Gender 

Occupational 

status 

Living with 

children 

Income 

Time at 

home 

Alcohol 

consumption 

Level of 

problematic 

gambling 

Distress 

level 

 

Regression 

A. 

Håkansson  

2020 

(Håkansson 
et al., 2020) 

Sweden General 

population 

 

Gamblers 

before the 

pandemic 

period 

 

327 

subjects 

 

277 

gamblers 

Cross-

sectional 

Frequency 

Changes in 

type of 

gambling 

Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

 

Age 

Gender 

Alcohol 

consumption 

Gambling 

intensity 

Depression 

level 

Anxiety 

level 

 

Frequency 

Percentage 

A. 

Håkansson  

2021 

(Håkansson 
& 
Widinghoff, 
2021) 
 

Sweden General 

population  

 

Gamblers 

before the 

pandemic 

period 

 

 

 

2,029 

subjects 

 

1,281 

gamblers 

Cross-

sectional 

Frequency Land-

based 

gambling 

Online 

gambling 

Age 

Occupational 

status 

Income 

Time at 

home 

Alcohol 

consumption 

Level of 

problematic 

gambling 

Distress 

level 

 

Regression 

J. Kalke, 

2022 (Kalke 
et al., 2022) 
 

Germany Gamblers 

before the 

pandemic 

period 

 

612 

gamblers 

Cross-

sectional 

Frequency 

Changes in 

type of 

gambling 

Land-

based 

gambling 

Online 

gambling 

Age 

Gender 

Migration 

background 

Gambling 

intensity 

Level of 

problematic 

gambling 

 

Regression 
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S. Lischer, 

2021 

(Lischer et 
al., 2021) 
 

Switzerland 

 

 

Gamblers 

before the 

pandemic 

period 

110 

gamblers 

Longitudinal Frequency Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

 

None Frequency 

Percentage 

A. Lugo, 

2021 (Lugo 
et al., 2021) 

Italy General 

population 

 

Gamblers 

before the 

pandemic 

period  

 

6,003 

subjects 

 

980 

gamblers 

Cross-

sectional 

Frequency Land-

based 

gambling 

Online 

gambling 

 

Age 

Gender 

Educational 

level 

Alcohol 

consumption 

Smoking 

status 

Cannabis use 

Anxiety 

level 

Depression 

level 

Quality of 

life 

Sleep quality 

Sleep 

quantity 

 

Regression 

V. Månsson, 
2021 
(Månsson et 
al., 2021) 

Sweden General 

population 

 

 

325 

subjects 

Longitudinal Frequency 

Expenditure 

Overall 

gambling 

Land-

based 

gambling 

Online 

gambling 

 

Age 

Gender 

Level of 

problematic 

gambling 

Mental 

health issues 

 

Regression 

V. Mravčík, 
2021 
(Mravčík & 
Chomynová, 
2021) 

Czech 

Republic 

General 

population 

 

 

3,000 

subjects 

Cross-

sectional 

Frequency Online 

gambling 

None Frequency  

E. Otis,  
2022 (Otis et 
al., 2022) 

Canada Gamblers 

before the 

pandemic 

period  

 

100 

subjects 

Cross-

sectional 

Frequency 

Expenditure 

Overall 

gambling 

Land-

based 

gambling 

None Regression 

A. Pérez-
Albéniz, 
2022 (Pérez-
Albéniz et 
al., 2022) 

Spain General 

population 

540 

subjects 

Cross-

sectional 

Frequency Overall 

gambling 

None Frequency 

Percentage 

K. Rantis, 
2022 (Rantis 
et al., 2022) 
 

Greece Gamblers 

before the 

pandemic 

period  

70 

gamblers 

Cross-

sectional 

Frequency 

Changes in 

type of 

gambling 

 

Overall 

gambling 

Land-

based 

gambling 

None Frequency 

Percentage 

L. Salerno, 

2021 

(Salerno & 
Pallanti, 
2021) 

Italy General 

population 

 

254 

subjects 

Cross-

sectional 

Frequency Overall 
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3.3 Risk of Bias assessment 

The results related to the risk of bias assessment are shown in Figure 2 and Figure 3 (McGuinness & 

Higgins, 2021). Item-specific ratings for each study are shown in Supplementary Table 3 and 

Supplementary Table 4. 

Of the 29 included studies, only one cross-sectional study was found to have a NOS score of less than 5, 

and therefore was excluded from the systematic review. 
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Figure 2. Risk of Bias for each longitudinal study which met inclusion and exclusion criteria, evaluated 

through Newcastle-Ottawa Scale 

 

 

 

*D1: High = 1, Low = 0; D2: High = 1, Low = 0; D3: High = 1, Low = 0; D4: High = 1, Low = 0; D5: 

High = 2, Unclear = 1, Low = 0; D6: High = 1, Low = 0; D7: High = 1, Low = 0; D8: High = 1, Low = 0; 

Overall: High = 6-9, Unclear = 5, Low = 0-4. 

** “Unclear” not present as there is no case among the assessed studies. 
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Figure 3. Risk of Bias for each cross-sectional study which met inclusion and exclusion criteria, evaluated 

through Newcastle-Ottawa Scale 

 

 

 

*D1: High = 1, Low = 0; D2: High = 1, Low = 0; D3: High = 1, Low = 0; D4: High = 2, Unclear = 1; Low 

= 0; D5: High = 1, Low = 0; D6: High = 2, Unclear = 1, Low = 0; D7: High = 1, Low = 0; Overall: High 

= 6-9, Unclear = 5, Low = 0-4. 

 

3.4 General Population 

3.4.1 Frequency 

Fourteen different studies assessed the impact of COVID-19 on gambling frequency.  

Regarding overall gambling, studies showed mixed effects on gambling habits. Authors reported a 
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decrease in overall gambling frequency (Amerio et al., 2022 (cross-sectional); Emond et al., 2022 

(longitudinal); Håkansson, 2020a, 2021 (cross-sectional); Håkansson et al., 2020 (cross-sectional); Pérez-

Albéniz et al., 2022 (cross-sectional); Sharman et al., 2022 (cross-sectional); Shaw et al., 2022 

(longitudinal)), and indicated that a subset of individuals started (Amerio et al., 2022 (cross-sectional); 

Håkansson & Widinghoff, 2021 (cross-sectional); Salerno & Pallanti, 2021 (cross-sectional); Shaw et al., 

2022 (longitudinal)) or increased their gambling habits (Amerio et al., 2022 (cross-sectional); Håkansson, 

2020a, 2021 (cross-sectional); Håkansson et al., 2020 (cross-sectional); Håkansson & Widinghoff, 2021 

(cross-sectional); Shaw et al., 2022 (longitudinal)). The percentage of those reporting more gambling 

varied across studies, ranging from about 4 to 16%.  

However, it emerges that most people did not change their gambling habits during the period when the 

restrictive measures aimed at counteracting the COVID-19 pandemic were implemented, keeping their 

gambling frequency unchanged or never gambling either before or after the pandemic (Amerio et al., 2022 

(cross-sectional); Håkansson, 2020a, 2021 (cross-sectional); Håkansson et al., 2020 (cross-sectional); 

Håkansson & Widinghoff, 2021 (cross-sectional); Salerno & Pallanti, 2021 (cross-sectional); Sharman et 

al., 2022 (cross-sectional); Shaw et al., 2022 (longitudinal)). Predictors of having increased overall 

gambling frequency identified by the authors were younger age (Håkansson, 2020a, 2021 (cross-

sectional); Håkansson & Widinghoff, 2021 (cross-sectional)), higher gambling problem severity level 

(Håkansson, 2020a, 2021 (cross-sectional); Håkansson et al., 2020 (cross-sectional); Shaw et al., 2022 

(longitudinal)), spending more time at home (Håkansson, 2020a, 2021 (cross-sectional); Håkansson & 

Widinghoff, 2021 (cross-sectional)), higher alcohol consumption (Håkansson, 2020a, 2021 (cross-

sectional); Håkansson & Widinghoff, 2021 (cross-sectional)), psychological distress (Håkansson, 2020a, 

2021 (cross-sectional); Håkansson & Widinghoff, 2021 (cross-sectional)), worry about mental health 

(Månsson et al., 2021 (longitudinal)), irregular occupation (Håkansson, 2021 (cross-sectional); Håkansson 

& Widinghoff, 2021 (cross-sectional)),  job loss or reduced working hours (Sharman et al., 2022 (cross-

sectional)), and playing in more types of gambling (Shaw et al., 2022 (longitudinal)). Starting gambling, 

instead, resulted positively and significantly associated with younger age and use of cannabis (Lugo et al., 

2021 (cross-sectional)). 

Focusing on land-based gambling, a strong decrease during the COVID-19 pandemic emerged, even 

considering different types (land-based casinos, poker, lotteries, EMGs, etc.) (Månsson et al., 2021 

(longitudinal)). However, one study reported a very low percentage of subjects who increased their land-

based gambling habits, although the decreases were larger (Håkansson, 2021 (cross-sectional)). Another 

study by the same author conducted in Sweden (where restrictive measures due to COVID-19 pandemic 

were more lenient) showed that a small percentage of people who started land-based gambling during the 

pandemic (1 to 3% considering different types of land-based gambling) (Håkansson & Widinghoff, 2021 

(cross-sectional)). 
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Concerning the frequency of online gambling, again studies show different directions. A study shows a 

strong reduction in online gambling frequency (Mravčík & Chomynová, 2021 (cross-sectional)), although 

less strong than land-based gambling. Others, however, show a significant increase (Bonny-Noach & 

Gold, 2021 (cross-sectional)). In addition, a study (Månsson et al., 2021 (longitudinal)) observed a 

reduction in specific types of online gambling (online casino (table games), online sports betting, land-

based horse betting, land-based bingo, online bingo, land-based scratch cards, and land-based number 

games), and an increase in other types (Online casino (slots), online horses betting, online scratch cards, 

and online number games). Finally, some studies reported also that a small minority of subjects started 

online gambling during COVID-19 pandemic (Håkansson, 2021 (cross-sectional); Håkansson & 

Widinghoff, 2021 (cross-sectional)). 

3.4.2 Expenditure 

Three studies investigated the impact of the COVID-19 pandemic on gambling expenditure in the general 

population. The majority of people reported either no changes or a reduction in the amount of money 

spent on gambling, while the percentage of those reporting an increase in gambling expenditure ranged 

between 16% and 32% (Månsson et al., 2021 (longitudinal); Shaw et al., 2022 (longitudinal)). Regarding 

different amounts of money gambled, subjects had a lower probability of weekly gambling in the range 

of 1-50£, while there were not significant differences when assessing larger amounts (51-200£) (Sharman 

et al., 2022 (cross-sectional)). 

Concerning different types of gambling, higher expenditures were observed for online casino games (slots 

and table games), electronic gambling machines, online bingo, and land-based scratch cards. Conversely, 

lower or no changes in the amount of money spent were reported for online poker, land-based gambling, 

online horse betting, online scratch cards, land-based number games, and sports betting (Månsson et al., 

2021 (longitudinal)). Predictors significantly associated with increasing gambling expenditures were 

greater frequency of overall gambling, online gambling, and lower Problem Gambling Severity Index 

scores (Shaw et al., 2022 (longitudinal)). 

 

3.5 Gamblers 

3.5.1 Frequency 

Eighteen different studies assessed the impact of COVID-19 on gambling or identified the main predictors 

of increasing/decreasing gambling habits among those who gambled at least once before the COVID-19 

pandemic. 

Regarding overall gambling, the studies indicate that most subjects either maintained their gambling 

habits or decreased them, while only a minority of gamblers increased their frequency during the SARS-

CoV-2 pandemic (Black et al., 2022 (longitudinal); Fluharty et al., 2022 (longitudinal); Gainsbury et al., 

2021 (cross-sectional); Lischer et al., 2021 (longitudinal); Otis et al., 2022 (cross-sectional); Rantis et al., 
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2022 (cross-sectional); Sharman et al., 2022 (cross-sectional)). The percentage of subjects reporting an 

increase ranged from 7 to 13.6%. 

The main predictors of increasing gambling habits identified by the authors were: younger age 

(Håkansson, 2020a, 2021 (cross-sectional); Lugo et al., 2021 (cross-sectional)),  female gender 

(Håkansson, 2021 (cross-sectional)), high alcohol consumption (Fluharty et al., 2022 (longitudinal); 

Håkansson, 2020a, 2021 (cross-sectional); Håkansson & Widinghoff, 2021 (cross-sectional); Lugo et al., 

2021 (cross-sectional)), cannabis use (Lugo et al., 2021 (cross-sectional)), higher gambling problem 

severity (Gainsbury et al., 2021 (cross-sectional); Håkansson, 2020a, 2021 (cross-sectional); Håkansson 

& Widinghoff, 2021 (cross-sectional)), psychological distress (Fluharty et al., 2022 (longitudinal); 

Håkansson, 2020a, 2021 (cross-sectional); Håkansson & Widinghoff, 2021 (cross-sectional)), anxiety and 

depression symptoms (Fluharty et al., 2022 (longitudinal); Lugo et al., 2021 (cross-sectional)), and more 

time spent at home (Håkansson, 2020a, 2021 (cross-sectional)). No clear relationship emerged, however, 

when considering smoking habit and occupation. Moreover, older age and being an EGM player were 

identified as predictors of stopping or decreasing gambling (Gainsbury et al., 2021 (cross-sectional); Lugo 

et al., 2021 (cross-sectional)). 

Also focusing on land-based gambling, it was found that the majority of subjects either decreased their 

frequency or maintained the same pre-pandemic habits. Only a very small percentage of subjects increased 

the frequency of land-based gambling; nevertheless, these increases ranged from 1% to 6%, which is far 

below those identified by assessing overall gambling (Alessi et al., 2022 (cross-sectional); Gainsbury et 

al., 2021 (cross-sectional); Håkansson, 2020a (cross-sectional); Kalke et al., 2022 (cross-sectional); 

Lischer et al., 2021 (longitudinal); Otis et al., 2022 (cross-sectional); Rantis et al., 2022 (cross-sectional); 

Wardle et al., 2021 (cross-sectional)).  

The characteristics associated with a significant increase in land-based gambling identified by the studies 

were higher problem severity and spending more time at home (Håkansson, 2020a (cross-sectional)). 

However, contrasting associations emerged considering younger age and female gender. In fact, according 

to (Håkansson, 2020a (cross-sectional)), younger age and female gender are predictors of increasing 

gambling, while for Kalke et al. (Kalke et al., 2022 (cross-sectional)), they are predictors of quitting land-

based gambling. 

Concerning online gambling, the results are not entirely consistent among the studies. According to some 

research, online gambling habits remained unchanged or decreased during the COVID-19 pandemic 

compared to pre-pandemic levels for the majority of subjects (Alessi et al., 2022 (cross-sectional); 

Bellringer & Garrett, 2021 (longitudinal); Claesdotter-Knutsson & Håkansson, 2021 (cross-sectional); 

Håkansson, 2020a (cross-sectional); Lischer et al., 2021 (longitudinal); Wardle et al., 2021 (cross-

sectional)). However, the reported increase in online gambling in these studies reached as high as 27% in 

some cases, much higher than that recorded in the case of land-based gambling. On the contrary, according 

to other studies, an overall increase in online gambling was reported (Balem et al., 2023 (longitudinal); 
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Emond et al., 2022 (longitudinal)). However, when considering the different types of online gambling, 

only online betting did not show a significant increase (Emond et al., 2022 (longitudinal)). 

The most important predictors of increasing online gambling were: higher level of education (Bellringer 

& Garrett, 2021 (longitudinal)), greater gambling severity problem (Claesdotter-Knutsson & Håkansson, 

2021 (cross-sectional); Håkansson, 2020a (cross-sectional)), high alcohol consumption (Bellringer & 

Garrett, 2021 (longitudinal)), and higher stress level (Claesdotter-Knutsson & Håkansson, 2021 (cross-

sectional)). No clear associations were found for age and gender. Finally, being a regular sports bettor 

seemed to decrease the risk of gambling online more (Gainsbury et al., 2021 (cross-sectional)). 

 

3.5.2 Expenditure 

Five different studies investigated the impact of COVID-19 on gambling expenditure among those who 

gambled in the pre-pandemic period.  

The results showed that overall and land-based gambling expenditure decreased significantly during the 

SARS-CoV-2 pandemic (Otis et al., 2022 (cross-sectional); Sharman et al., 2022 (cross-sectional)), 

especially when assessing sports betting (Auer et al., 2023 (longitudinal); Balem et al., 2023 

(longitudinal); Otis et al., 2022 (cross-sectional)). However, regarding online gambling expenditure, one 

study reported a significant increase, especially considering online casino, bingo, and poker (Balem et al., 

2023 (longitudinal)), while two studies found a decrease in money wagered (Auer et al., 2023 

(longitudinal); Auer & Griffiths, 2022 (longitudinal)). However, results changed considering gambling 

intensity: for low-intensity gamblers, the daily amount of money wagered was larger during the COVID-

19 pandemic, while for high-intensity gamblers, there emerged a significant decrease in the daily bet 

(Auer & Griffiths, 2022 (longitudinal)). 

Another characteristic for which gambling expenditure seemed to change was gender. According to Balem 

et al. (Balem et al., 2023 (longitudinal)), women wagered higher amounts of money in online casino and 

online bingo, while men wagered more in online poker. 

 

3.5.3 Transitions among different types of gambling. 

Six different studies assessed transitions among possible gambling types during the COVID-19 pandemic.  

Two authors focused on land-based-only gamblers. According to these studies (Kalke et al., 2022 (cross-

sectional); Shaw et al., 2022 (longitudinal)), only a minority of subjects migrated to online gambling 

during COVID-19 (8% and 17.6%, respectively). Instead, most subjects preferred to either stop gambling 

or remain consistent with their previous habits. Among the different types of gamblers, especially sports 

bettors or casino gamblers switched to online gambling. The variables that were found to be associated 

with the transition to online gambling services were younger age, high gambling frequency, a history of 

problem gambling during the pre-pandemic period, and cognitive distortions (Kalke et al., 2022 (cross-

sectional)). 
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Three studies, instead, assessed the transitions in gambling of sports bettors. The results showed that the 

majority of sports bettors either stopped participating or decreased their gambling habits due to the 

reduced sports betting market (Håkansson, 2020a (cross-sectional); Håkansson et al., 2020 (cross-

sectional); Wardle et al., 2021 (cross-sectional)). However, small percentages of people switched to other 

types of gambling, in particular lotteries, online betting on virtual sports, online casinos, and horse betting. 

Finally, the last study assessing this outcome revealed a significant change in the place of gambling during 

COVID-19. Specifically, there was a transition from land-based venues to online, with individuals 

gambling at home or using smartphone and tablet apps (Rantis et al., 2022 (cross-sectional)). 

 

4. DISCUSSION 

The spread of COVID-19 has led to significant changes in people's behaviors in social, occupational, and 

lifestyle aspects, including a shift in gambling habits. This systematic review aimed to evaluate the impact 

of the COVID-19 pandemic on the diffusion and evolution of gambling, focusing on three different 

outcomes: frequency, expenditure, and transitions among different types of gambling. 

The first important result of this systematic review was that a significant reduction in the frequency and 

expenditure of land-based gambling emerged ((Lischer et al., 2021; Lugo et al., 2021; Månsson et al., 

2021; Rantis et al., 2022; Wardle et al., 2021). The main reason for the strong decline observed in land-

based gambling is the physical closure of many land-based gambling business activities such as casinos 

and betting stores, and the resulting restrictions imposed on citizens, prohibiting them from leaving their 

homes except for strictly essential reasons (Ghaharian et al., 2021; Zhang et al., 2023). 

However, the evidence concerning online gambling is more complex, with some studies reporting an 

increase (Bonny-Noach & Gold, 2021; Shaw et al., 2022), and other a clear and significant decrease in 

sports betting but a notable increase in online casino activities and skill games (Balem et al., 2023; 

Månsson et al., 2021; Wardle et al., 2021). The possible reasons leading to an increase in online gambling 

include the increased time spent at home during the more challenging phases of the pandemic (McQuade 

& Gill, 2020; Savolainen et al., 2020) and the worsened mental state of individuals, characterized by 

higher levels of anxiety, depression, and stress during this challenging period (Rossi et al., 2020; 

Santomauro et al., 2021). In fact, the implementation of lockdown measures caused a sudden disruption 

of daily routines, economic uncertainty, fears about personal and loved ones' health, and social isolation, 

particularly for those living alone or separated from their support networks. This had a great impact on 

health mental well-being of individuals. These exacerbating mental health issues during the pandemic 

contributed to risky behaviors, such as alcohol consumption, tobacco smoking, and also gambling 

(Barrault et al., 2017; Huțul & Karner-Huțuleac, 2022; Zhao et al., 2023).  Focusing on sports betting, 

instead, the observed decline was mainly influenced by the massive cancellation or suspension of events 

during the first phase of the COVID-19 pandemic period (Lindner et al., 2020; Russell et al., 2023), which 

made it impossible to bet on major sporting events that individuals used to bet on before COVID-19, such 
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as football, baseball, basketball, tennis, and volleyball. 

Another important result is the apparent migration of people from land-based points to online platforms 

(Kalke et al., 2022; Rantis et al., 2022; Shaw et al., 2022). These migrated gamblers had no differences in 

gambling habits (i.e., those who were used to playing slot machines in land-based points moved to online 

slot machines, and those who were used to playing casino games in land-based points moved to online 

casino games), although a decrease in frequency and an increase in expenditure arose from studies 

(Månsson et al., 2021). One possible explanation for the failure to initiate new online gambling habits 

might be in the type of people: individuals who played video poker or sports betting tended to be younger, 

better educated, and more knowledgeable about the dynamics of these games (Gainsbury et al., 2014; 

Holmes, 2005). 

In general, the studies included in this systematic review suggested that the most vulnerable segments of 

the population, including the unemployed or precarious workers, individuals with mental health issues, 

and those prone to alcohol (or other substances) consumption problems, were the most affected by the 

restrictions. The increase in free time resulting from stay-at-home measures exacerbated addictions and 

mental health problems (Breslau et al., 2021; Rolland et al., 2020; Rossi et al., 2020; Santomauro et al., 

2021).  Consequently, these groups experienced a worsening of their conditions during the pandemic, and 

individuals with a pathological addiction faced an elevated risk of relapse to due to the limitations imposed 

by stay-at-home measures and the resulting greater desire (Alessi et al., 2022). Within this context, these 

vulnerable groups of people were more prone to an increase in their gambling frequency. 

Focusing on individuals accustomed to gambling before the outbreak, some studies of this review 

highlighted a surge in both the frequency and expenditure of online gambling activities, which is probably 

attributed to the increase in leisure time spent at home. Additionally, the review also emphasizes 

unchanged habits regarding the types of games played and an increase in the amount of money spent 

(Bonny-Noach & Gold, 2021).  

Another significant aspect concerns the impact of the COVID-19 pandemic on younger populations. 

During the most severe phase of the pandemic, restrictions are known to have significantly impacted the 

mental and physical well-being of younger segments of the population. The closure of schools and 

universities along with restrictions on social gathering resulted in a substantial increase in the time spent 

at home by young people, leading to heightened levels of anxiety, depression, and frustration (Lee et al., 

2021; Sundler et al., 2023; Volpe et al., 2022).  In this context, adolescents' technological proficiency 

played a key role in maintaining distant social relationships with friends, through the use of social media 

and online games. However, this proficiency also led to negative implications and internet addiction. 

Gambling is one of these possible implications: accessibility to online gaming platforms, coupled with 

available free time and the attractiveness of possible monetary winnings, has contributed to an increase in 

gambling among young people. Nevertheless, it is important to note that the results are not entirely 

consistent across the studies included in this review (Claesdotter-Knutsson & Håkansson, 2021; 
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Gainsbury et al., 2021; Håkansson, 2020a; Håkansson & Widinghoff, 2021; Kalke et al., 2022; Lugo et 

al., 2021). 

Finally, inconsistent results emerged considering gender: while some articles evidenced a decrease in 

gambling for both males and females, others evidenced an increase in expenditure for women. Otherwise, 

some differences in the type of games played arose: women seemed to be more prone to casino and bingo, 

while men spent more time on poker games. 

As we move forward, potential future directions could involve conducting systematic research into not 

only the effect of COVID-19 on gambling behavior but also exploring its impacts on other addictions or 

problematic habits prevalent among individuals. This broader scope of investigation could offer valuable 

insights into the multifaceted impacts of the pandemic on various aspects of human behavior and mental 

health, ultimately aiding in the development of comprehensive strategies for intervention and support, 

especially to the most vulnerable subjects. 

 

5. LIMITATIONS AND STRENGTHS 

This systematic review has some limitations. Firstly, it was conducted across all countries, without 

considering possible differences in the restrictive measures implemented by local governments to limit 

the spread of COVID-19 and how gambling was regulated, both of which may differ from country to 

country. Another aspect is that this review did not assess studies that assessed illegal gambling and its 

evolution in the pandemic period. in the literature, there is a lack of information about this topic, and due 

to this fact, this systematic review gives no information about it. An additional limitation regarding, in 

this case, the studies included in this systematic review, pertains to the fact that a substantial portion of 

them had an insufficient sample size and did not provide information on the response rates. Moreover, 

several papers included might be subject to bias due to questionnaire completion. First of all, responses 

regarding the amount of time and money spent on gambling in the pre-pandemic period may be affected 

by recall bias. Secondly, many studies provided a reward (monetary or in the form of points convertible 

into money), potentially leading respondents to provide wrong answers in pursuit of compensation 

(information bias). 

However, this systematic review has several strengths. The first lies in its systematic approach, following 

protocol registration, and adhering to all typical rules associated with such reviews. The second major 

strength is that it is the first comprehensive systematic review of the impact of the COVID-19 pandemic 

on gambling. It deepened various aspects, including frequency, expenditure, and the transition between 

different forms of gambling. 
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6. CONCLUSIONS 

During the COVID-19 pandemic period, a significant reduction in land-based gambling emerged, due to 

physical closures imposed by local governments and the cancelation of most important sports events. 

Furthermore, this period seemed to cause a troubling escalation in the risks associated with online 

gambling, with frequent transitions from land-based to online gambling especially among those who 

gambled before the pandemic period, due to a confluence of factors, including more time spent at home 

and an increase in anxiety, stress, and depression levels. With less stigma attached to digital gambling 

activities, individuals were more inclined to explore these platforms as a source of entertainment and 

escape during periods of isolation. The dangerousness of this instrument was amplified by the easy 

accessibility and the allure of potential financial gains, making online gambling a precarious endeavor. 

Moreover, the association between online gambling and mental health concerns was more pronounced, as 

the stress and uncertainties of the pandemic drove individuals toward these potentially harmful outlets. 

The increased habit of online gambling contributed to reduced personal relationships, as individuals might 

become engrossed in virtual pursuits at the expense of real-world connections. This shift toward negative 

lifestyles poses significant challenges, requiring a thoughtful and comprehensive approach to monitor and 

mitigate the negative consequences of this increase in online gambling caused by the pandemic. 

Therefore, this systematic review suggests the need for stricter regulation and enhanced monitoring of 

online gambling, especially during time of crisis like the COVID-19 pandemic. This is crucial to protect 

players and the most vulnerable subgroups and to mitigate issues associated with compulsive gambling. 
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Supplementary Table 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) 2020 Checklist 

Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item is 
reported  

TITLE   

Title  1 Identify the report as a systematic review. p. 1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. p. 2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. p. 3 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review 
addresses. 

pp. 3-4 

METHODS   

Eligibility 
criteria  

5 Specify the inclusion and exclusion criteria for the review and how studies were 
grouped for the syntheses. 

pp. 4-5 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and 
other sources searched or consulted to identify studies. Specify the date when 
each source was last searched or consulted. 

p. 4 

Search 
strategy 

7 Present the full search strategies for all databases, registers and websites, 
including any filters and limits used. 

p. 4 

Selection 
process 

8 Specify the methods used to decide whether a study met the inclusion criteria of 
the review, including how many reviewers screened each record and each report 
retrieved, whether they worked independently, and if applicable, details of 
automation tools used in the process. 

p. 5 

Data 
collection 
process  

9 Specify the methods used to collect data from reports, including how many 
reviewers collected data from each report, whether they worked independently, 
any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process. 

pp. 4-5 

Data items  10a List and define all outcomes for which data were sought. Specify whether all 
results that were compatible with each outcome domain in each study were 
sought (e.g. for all measures, time points, analyses), and if not, the methods 
used to decide which results to collect. 

p. 5 

10b List and define all other variables for which data were sought (e.g. participant 
and intervention characteristics, funding sources). Describe any assumptions 
made about any missing or unclear information. 

p. 5 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and 
whether they worked independently, and if applicable, details of automation tools 
used in the process. 

pp. 5 

Effect 
measures  

12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) 
used in the synthesis or presentation of results. 

- 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each 
synthesis (e.g. tabulating the study intervention characteristics and comparing 
against the planned groups for each synthesis (item #5)). 

pp. 5-6 

13b Describe any methods required to prepare the data for presentation or synthesis, 
such as handling of missing summary statistics, or data conversions. 

p. 5 

13c Describe any methods used to tabulate or visually display results of individual 
studies and syntheses. 

p. 5 

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to 
identify the presence and extent of statistical heterogeneity, and software 
package(s) used. 

p. 5 

13e Describe any methods used to explore possible causes of heterogeneity among 
study results (e.g. subgroup analysis, meta-regression). 

p. 5 

13f Describe any sensitivity analyses conducted to assess robustness of the 
synthesized results. 

p. 5 
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# 

Checklist item  
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where item is 
reported  

Reporting 
bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a 
synthesis (arising from reporting biases). 

p. 5 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of 
evidence for an outcome. 

- 

RESULTS   

Study 
selection  

16a Describe the results of the search and selection process, from the number of 
records identified in the search to the number of studies included in the review, 
ideally using a flow diagram. 

p. 6 

16b Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded. 

Supplementary 
Table 1 

Study 
characteristics  

17 Cite each included study and present its characteristics. pp. 7-11 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. pp. 11-13 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group 
(where appropriate) and (b) an effect estimate and its precision (e.g. 
confidence/credible interval), ideally using structured tables or plots. 

pp. 13-17 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies. 

pp. 7-17 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, 
present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If 
comparing groups, describe the direction of the effect. 

pp. 13-17 

20c Present results of all investigations of possible causes of heterogeneity among 
study results. 

pp. 13-17 

20d Present results of all sensitivity analyses conducted to assess the robustness of 
the synthesized results. 

pp. 13-17 

Reporting 
biases 

21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed. 

pp 13-17 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for 
each outcome assessed. 

- 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. pp. 17-19 

23b Discuss any limitations of the evidence included in the review. pp. 19-20 

23c Discuss any limitations of the review processes used. pp. 19-20 

23d Discuss implications of the results for practice, policy, and future research. pp. 19-20 

OTHER INFORMATION  

Registration 
and protocol 

24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered. 

p. 4 

24b Indicate where the review protocol can be accessed, or state that a protocol was 
not prepared. 

p. 4 

24c Describe and explain any amendments to information provided at registration or 
in the protocol. 

p. 4 

Support 25 Describe sources of financial or non-financial support for the review, and the role 
of the funders or sponsors in the review. 

p. 20 

Competing 
interests 

26 Declare any competing interests of review authors. p. 20 

Availability of 
data, code 
and other 
materials 

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used 
for all analyses; analytic code; any other materials used in the review. 

None 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
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Supplementary Table 2. Reasons for exclusion of reports excluded during text screening phase 

 

First author Title 

 

 

Year of 

Publication 

Reason 

for 

exclusion 
L. Albertella (Albertella et al., 2021) The 

Influence of 
Trait 
Compulsivit
y and 
Impulsivity 
on 
Addictive 
and 
Compulsive 
Behaviors 
During 
COVID-19. 

2021 Outcome 

Z. Alimoradi (Alimoradi et al., 2022) Estimation 
of 
Behavioral 
Addiction 
Prevalence 
During 
COVID-19 
Pandemic: 
A 
Systematic 
Review and 
Meta-
analysis. 

2022 Qualitative 
study 

MJ. Andersson (Andersson et al., 2022) An 
interrupted 
time series 
analysis of 
gambling 
behavior 
based on 
gambling 
operator 
revenue-
based 
taxation 
during the 
COVID-19 
pandemic in 
Sweden 

2022 The 
statistical 
units are 
not the 

individuals 

N. Avena (Avena et al., 2021)  Substance 
Use 
Disorders 
and 
Behavioral 

2021 Qualitative 
study 
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Addictions 
During the 
COVID-19 
Pandemic 
and COVID-
19-Related 
Restrictions
. 

N. Azevedo (Azevedo et al., 2023) Gambling 
Disorder 
among 
Porto's 
University 
Students. 

2023 Outcome 

E. Bouza (Bouza et al., 2023) Impact of 
the COVID-
19 
pandemic 
on the 
mental 
health of 
the general 
population 
and health 
care 
workers. 

2023 Qualitative 
study 

M. Brodeur (Brodeur et al., 2021b) Gambling 
and the 
COVID-19 
pandemic in 
the 
province of 
Quebec 
(Canada): 
protocol for 
a mixed-
methods 
study. 

2021 Qualitative 
study 

M. Brodeur (Brodeur et al., 2021a) Gambling 
and the 
COVID-19 
pandemic: 
A scoping 
review. 

2021 Qualitative 
study 

M. Brodeur (Brodeur et al., 2023) Experience 
of 
LGBTQIA2S
+ 
populations 
with 
gambling 
during the 
COVID-19 

2023 Qualitative 
study 
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pandemic: 
protocol for 
a mixed-
methods 
study. 

I. Cataldo (Cataldo et al., 2022) Gambling at 
the time of 
COVID-19: 
Results 
from 
interviews 
in an Italian 
sample of 
gamblers. 

2022 High risk of 
bias 

M. Chóliz (Chóliz, 2023a) Crisis, What 
Crisis? The 
Effect of 
Economic 
Crises on 
Spending 
on Online 
and Offline 
Gambling in 
Spain: 
Implications 
for 
Preventing 
Gambling 
Disorder. 

2023 Analyses in 
a period 

when 
restrictive 
measures 

due to 
pandemic 

were 
absent or 

limited 

M. Chóliz (Chóliz, 2023b) Is gambling 
like a 
virus?: A 
conceptual 
framework 
and 
proposals 
based on 
empirical 
data for the 
prevention 
of gambling 
addiction. 

2023 Analyses in 
a period 

when 
restrictive 
measures 

due to 
pandemic 

were 
absent or 

limited 

E. Claesdotter-Knutsson (Claesdotter-Knutsson et al., 
2022) 

Gaming 
Activity and 
Possible 
Changes in 
Gaming 
Behavior 
Among 
Young 
People 
During the 
COVID-19 

2022 Outcome 
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Pandemic: 
Cross-
sectional 
Online 
Survey 
Study. 

W. DeCamp (DeCamp & Daly, 2023) Loot box 
consumptio
n by 
adolescents 
pre- and 
post- 
pandemic 
lockdown. 

2023 Analyses in 
a period 

when 
restrictive 
measures 

due to 
pandemic 

were 
absent or 

limited 

MA. Donati (Donati et al., 2021) Being a 
Gambler 
during the 
COVID-19 
Pandemic: 
A Study 
with Italian 
Patients 
and the 
Effects of 
Reduced 
Exposition. 

2021 Outcome 

Y. Efrati (Efrati & Spada, 2022) Self-
perceived 
substance 
and 
behavioral 
addictions 
among 
Jewish 
Israeli 
adolescents 
during the 
COVID-19 
pandemic. 

2022 Outcome 

A. Englund (Englund et al., 2022) Could 
COVID 
expand the 
future of 
addiction 
research? 
Long-term 
implications 
in the 
pandemic 
era 

2021 Outcome 
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E. Fino (Fino et al., 2021) Exploring 
the public’s 
perception 
of gambling 
addiction 
on Twitter 
during the 
COVID-19 
pandemic: 
Topic 
modelling 
and 
sentiment 
analysis 

2021 Qualitative 
study 

D. Forsström (Forsström et al., 2022) Isolation 
and worry 
in relation 
to gambling 
and onset 
of gambling 
among 
psychiatry 
patients 
during the 
COVID-19 
pandemic: 
A mediation 
study. 

2022 Outcome 

S. George (George, 2020) Holidays in 
People Who 
Are 
Addicted to 
Lotteries: A 
Window of 
Treatment 
Opportunity 
Provided by 
the COVID-
19 
Lockdown. 

2020 Qualitative 
study 

B. Gjoneska (Gjoneska et al., 2022) Problematic 
use of the 
internet 
during the 
COVID-19 
pandemic: 
Good 
practices 
and mental 
health 
recommend
ations. 

2022 Qualitative 
study 
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S. Griffiths (Griffiths et al., 2020) Pandemics 
and 
epidemics: 
public 
health and 
gambling 
harms. 

2020 Qualitative 
study 

P. Haddad (Haddad et al., 2022) Gambling 
problems 
among 
Lebanese 
adults: 
Arabic-
Language 
version of 
the South 
Oaks 
Gambling 
Screen 
(SOGS) 
scale 
validation 
and 
correlates. 

2022 Outcome 

A. Håkansson (Håkansson et al., 2020) Gambling 
During the 
COVID-19 
Crisis -- A 
Cause for 
Concern. 

2020 Qualitative 
study 

A. Håkansson (Håkansson, 2020a) Effects on 
Gambling 
Activity 
From 
Coronavirus 
Disease 
2019-An 
Analysis of 
Revenue-
Based 
Taxation of 
Online- and 
Land-Based 
Gambling 
Operators 
During the  
Pandemic. 

2020 The 
statistical 
units are 
not the 

individuals 

A. Håkansson (Håkansson, 2020b) Impact of 
COVID-19 
on Online 
Gambling - 
A General 
Population 

2020 Outcome 
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Survey 
During the 
Pandemic. 

A. Håkansson (Håkansson, Fernández-Aranda, et al., 
2021) 

Gambling-
Like Day 
Trading 
During the 
COVID-19 
Pandemic - 
Need for 
Research on 
a Pandemic-
Related Risk 
of 
Indebtedne
ss and 
Mental 
Health 
Impact. 

2021 Outcome 

A. Håkansson (Håkansson, Widinghoff, et al., 2021) Self-
Exclusion 
from 
Gambling-A 
Measure of 
COVID-19 
Impact on 
Gambling in 
a Highly 
Online-
Based 
Gambling 
Market? 

2021 Outcome 

LC. Hall(Hall et al., 2021) Effects of 
self-
isolation 
and 
quarantine 
on loot box 
spending 
and 
excessive 
gaming-
results of a 
natural 
experiment. 

2021 Outcome 

D. Hodgins (Hodgins & Stevens, 2021) The impact 
of COVID-19 
on gambling 
and 
gambling 
disorder: 
emerging 
data. 

2021 Qualitative 
study 
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C. Incerti (Incerti et al., 2021) Covid-19 
and 
addiction: A 
comparison 
between 
Substance 
Use 
Disorder 
patients 
and 
gamblers. 

2021 Outcome 

MDS. Islam (Islam et al., 2020) Problematic 
internet use 
among 
young and 
adult 
population 
in 
Bangladesh: 
Correlates 
with 
lifestyle and 
online 
activities 
during the 
COVID-19 
pandemic. 

2020 Outcome 

S. Jiménez-Murcia (Jiménez-Murcia & Fernández-Aranda, 
2022) 

COVID-19 
and 
Behavioral 
Addictions: 
Worrying 
consequenc
es? 

2022 Qualitative 
study 

H. Jouhki (Jouhki et al., 2022) Escapism 
and 
Excessive 
Online 
Behaviors: 
A Three-
Wave 
Longitudina
l Study in 
Finland 
during the 
COVID-19 
Pandemic. 

2022 Outcome 

SY. Kim (Kim et al., 2022) Changes in 
the Mean of 
and 
Variance in 
Psychologic
al Disease 

2022 Outcome 
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Incidences 
before and 
during the 
COVID-19 
Pandemic in 
the Korean 
Adult 
Population. 

O. Király (Király et al., 2020) Preventing 
problematic 
internet use 
during the 
COVID-19 
pandemic: 
Consensus 
guidance. 

2020 Qualitative 
study 

M. Koós (Koós et al., 2022) No 
Significant 
Changes in 
Addictive 
and 
Problematic 
Behaviors 
During the 
COVID-19 
Pandemic 
and Related 
Lockdowns: 
A Three-
Wave 
Longitudina
l Study. 

2022 Outcome 

Z. Kovačić Petrović (Kovačić Petrović et al., 2022) Internet use 
and 
internet-
based 
addictive 
behaviours 
during 
coronavirus 
pandemic. 

2022 Qualitative 
study 

D. Li (Li et al., 2022) Coping 
efficacy is 
associated 
with the 
domain 
specificity 
in risk-
taking 
behaviors 
during the 
COVID-19 
pandemic. 

2022 Outcome 
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P. Lindner (Lindner et al., 2020) Transitionin
g Between 
Online 
Gambling 
Modalities 
and 
Decrease in 
Total 
Gambling 
Activity, but 
No 
Indication 
of Increase 
in 
Problematic 
Online 
Gambling 
Intensity  
During the 
First Phase 
of the 
COVID-19 
Outbreak in 
Sweden: A 
Time Series 
Forecast  
Study. 

2020 The 
statistical 
units are 
not the 

individuals 

A. Maraz (Maraz et al., 2021) Potentially 
addictive 
behaviours 
increase 
during the 
first six 
months of 
the Covid-
19 
pandemic. 

2021 Outcome 

V. Marionneau (Marionneau & Järvinen-Tassopoulos, 
2021) 

From Habit-
Forming to 
Habit-
Breaking 
Availability: 
Experiences 
on 
Electronic 
Gambling 
Machine 
Closures 
During 
COVID-19. 

2021 Qualitative 
study 

V. Marionneau (Marionneau & Järvinen-Tassopoulos, 
2022) 

Treatment 
and help 
services for 

2022 Outcome 



ADDICTIVE BEHAVIORS JOURNAL 
 

127 
 

gambling 
during 
COVID-19: 
Experiences 
of gamblers 
and their 
concerned 
significant 
others. 

Marsden J. (Marsden et al., 2020) Mitigating 
and 
learning 
from the 
impact of 
COVID‐19 
infection on 
addictive 
disorders. 

2020 Qualitative 
study 

J. Marsden (Marsden et al., 2022)  The impact 
of the 
COVID‐19 
pandemic 
on addictive 
disorders—
an update. 

2022 Qualitative 
study 

N. Masaeli (Masaeli & Farhadi, 2021) Prevalence 
of Internet-
based 
addictive 
behaviors 
during 
COVID-19 
pandemic: a 
systematic 
review. 

2021 Qualitative 
study 

MS. Mohamed (Mohamed et al., 2022) Worsened 
Anxiety and 
Loneliness 
Influenced 
Gaming and 
Gambling 
during the 
COVID-19 
Pandemic 

2022 Analyses in 
a period 

when 
restrictive 
measures 

due to 
pandemic 

were 
absent or 

limited 

N. Niba Rawlings (Niba Rawlings et al., 2022) Perceived 
risks of 
COVID-19, 
attitudes 
towards 
preventive 
guidelines 
and impact 

2022 Outcome 
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of the 
lockdown 
on students 
in Uganda: 
A cross-
sectional 
study. 

A. Price (Price, 2022a) Health 
Inequities 
Among East 
and South 
Asian 
Gamblers 
During 
COVID-19: 
Key Risk 
Factors and 
Comorbiditi
es. 

2022 Outcome 

A. Price (Price et al., 2022) Mental 
Health Over 
Time and 
Financial 
Concerns 
Predict 
Change in 
Online 
Gambling 
During 
COVID-19. 

2022 Outcome 

A. Price (Price, 2022b) Online 
Gambling in 
the Midst of 
COVID-19: 
A Nexus of 
Mental 
Health 
Concerns, 
Substance 
Use and 
Financial 
Stress. 

2022 Outcome 

C. Primi (Primi et al., 2022) Loot boxes 
use, video 
gaming, and 
gambling in 
adolescents
: Results 
from a path 
analysis 
before and 
during 
COVID-19-

2022 Outcome 
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pandemic-
related 
lockdown in 
Italy. 

A. Pritchard (Pritchard & Dymond, 2022) Gambling 
problems 
and 
associated 
harms in 
United 
Kingdom 
Royal Air 
Force 
personnel. 

2022 Outcome 

A. Quinn (Quinn et al., 2022) COVID-19 
and 
resultant 
restrictions 
on gambling 
behaviour. 

2022 Qualitative 
study 

M. Renard (Renard et al., 2022) Gamblers' 
Perceptions 
of the 
Impact of 
the COVID-
19 
Pandemic 
on Their 
Gambling 
Behaviours: 
Analysis of 
Free-Text 
Responses 
Collected 
through a 
Cross-
Sectional  
Online 
Survey. 

2022 Qualitative 
study 

M. Renard (Renard, 2022) Impacts of 
the COVID-
19 
pandemic 
on 
gamblers in 
Canada: 
qualitative 
analysis of 
responses 
to an open-
ended 
question. 

2022 Qualitative 
study 
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S. Rodda (Rodda et al., 2022) The impact 
of COVID-19 
on 
addiction 
treatment 
in New 
Zealand. 

2022 Outcome 

V. Sachdeva (Sachdeva et al., 2022) Gambling 
behaviors 
during 
COVID-19: a 
narrative 
review. 

2022 Qualitative 
study 

I. Savolainen (Savolainen et al., 2022) Gambling 
and gaming 
during 
COVID-19: 
The role of 
mental 
health and 
social 
motives in 
gambling 
and gaming 
problems. 

2022 Outcome 

F. Scafuto (Scafuto et al., 2023) COVID-19 
Pandemic 
and 
Internet 
Addiction in 
Young 
Adults: A 
Pilot Study 
on Positive 
and 
Negative 
Psychosocia
l Correlates. 

2023 Outcome 

S. Sharman (Sharman et al., 2021) Gambling in 
COVID-19 
Lockdown 
in the UK: 
Depression, 
Stress, and 
Anxiety. 

2021 Outcome 

A. Sirola (Sirola et al., 2023) Psychosocia
l 
Perspective 
on Problem 
Gambling: 
The role of 
Social 
Relationshi

2023 Outcome 
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ps, 
Resilience, 
and COVID-
19 Worry. 

E. Smith (E. Smith et al., 2023) Large-Scale 
Web 
Scraping for 
Problem 
Gambling 
Research: A 
Case Study 
of COVID-19 
Lockdown 
Effects in 
Germany. 

2023 Outcome 

N. Smith (N. D. L. Smith et al., 2022) Telehealth 
treatment 
for 
gambling 
disorder in 
the COVID-
19 era: 
seismic 
shifts and 
silver 
linings. 

2022 Qualitative 
study 

NL. Vike (Vike et al., 2023) The 
Relationshi
p Between 
a History of 
High-risk 
and 
Destructive 
Behaviors 
and COVID-
19 
Infection: 
Preliminary 
Study. 

2023 Outcome 

A. Virgolino (Virgolino et al., 2021) Addictive 
behaviours 
during the 
COVID-19 
pandemic: 
results from 
a 
nationwide 
study in 
Portugal 

2021 Qualitative 
study 

AS. Yahya (Yahya & Khawaja, 2020) Problem 
Gambling 
During the 

2020 Qualitative 
study 
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COVID-19 
Pandemic. 

T. Zhang (Zhang et al., 2023) Relieving 
the 
Gambling 
Itch 
Through 
Alcohol 
Consumptio
n: The 
Impact of 
COVID-19 
Restrictions 
on 
Australian 
Casino 
Patrons. 

2023 Outcome 
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4. DISCUSSION 

 

In this doctoral project, several topics related to COVID-19 were explored: the association between 

patient’s clinical conditions, including specific diseases and multimorbidity, and different COVID-19-

related outcomes; the role played by the severity of the clinical picture of the patients in the association 

between multimorbidity and some SARS-CoV-2 endpoints; the possible differences in the demographic, 

socioeconomic, and clinical characteristics of infected, hospitalized, admitted to ICU, and dead patients 

among the first three waves of COVID-19 pandemic; the evaluation of the impact of COVID-19 pandemic 

on gambling habits, focusing on frequency, expenditure, and transitions among different types of 

gambling. 

The first finding concerned the greater risk of performing at least a SARS-CoV-2 swab in patients with 

clinical conditions, including oncological, cardiovascular, cerebrovascular, and respiratory diseases, as 

well as multimorbidity, during the first wave of the pandemic in Piedmont Region. While limited research 

specifically examined the relationship between patient clinical conditions and the probability of 

performing swab testing in the early months of the pandemic in Italy, similar trends were identified also 

in another study (125). There are many possible explanations for this increased risk. Firstly, during the 

initial wave, the Italian Government directed COVID-19 testing toward patients with both worsened 

clinical conditions and specific epidemiological criteria, given the limited availability of tests (125). 

Secondly, patients with multimorbidity were more prone to experiencing severe symptoms if infected with 

the virus and had more frequent interactions with the healthcare system due to their complex clinical 

picture. This increased susceptibility to severe illness and higher frequency of healthcare interactions 

might lead them to seek COVID-19 testing more frequently. Additionally, starting in April 2020, patients 

with chronic diseases had to be swabbed to access outpatient services, such as dialysis, radiotherapy, or 

chemotherapy, further increasing their probability of being tested for SARS-CoV-2. 

The first part of this research also assessed the likelihood of testing positive for the COVID-19 swab. An 

important peculiarity is that these results completely changed based on the reference population used: the 

general Piedmont population or the population that performed at least one swab during the first wave. 

When considering the entire population, the results showed an increased risk of being tested positive for 

the virus among those who suffered from clinical conditions and have a higher comorbidity burden. This 

finding is in line with other studies (69,126).  The rationale behind this was that subjects with a greater 

comorbidity burden, reflecting a poorer clinical picture, generally performed more swabs compared to 

healthy subjects, thereby increasing their risk of testing positive. In addition, the compromised immune 

system or other physiological vulnerabilities of ill subjects made them more susceptible to viral infections, 

including COVID-19 (127). In contrast, the investigation of the risk of testing positive within the 

population that underwent a SARS-CoV-2 test revealed that patients with certain pre-existing pathologies, 

particularly oncological diseases, exhibited a lower probability of testing positive for the virus. Moreover, 
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the risk decreased as the comorbidity burden increased. The primary explanation for this finding lies in 

the fact that patients with more severe clinical profiles or compromised immune statuses, such as those 

undergoing cancer treatments, and individuals living with these vulnerable individuals, took greater 

precautions and were more attentive to adhering to recommended protective measures (128). These 

measures included social distancing, mask-wearing, hand hygiene, and avoidance of crowded places, the 

main protective strategies emphasized by local authorities to limit the spread of COVID-19 and prevent 

infection during the initial phases of the pandemic (129).  

Another important finding is that both specific previous health conditions and multimorbidity were 

identified as strong risk factors for hospitalization and death due to SARS-CoV-2 infection. These results 

emerged both considering only those who tested positive for the virus during the first wave and the entire 

Piedmont population, are consistent with other several studies involving other countries (130–132). The 

first possible explanation is that chronic conditions such as cardiovascular diseases, respiratory disorders, 

and diabetes could weaken the immune response, making it more challenging for the body to combat 

SARS-CoV-2 infection and leading to worse outcomes (133). Moreover, patients with underlying health 

conditions might have limited physiological reserves, making it challenging for their bodies to cope with 

the additional stress imposed by a severe viral infection like COVID-19 (134). Therefore, the 

compromised immune system functions and decreased reserves were likely significant contributors to the 

higher likelihood of hospitalization and death. On the contrary, when examining ICU admission, the 

results, while aligning with those observed for death and hospitalization in the general population, seem 

to be different when focusing exclusively on the subgroup of positive cases. In fact, this research showed 

that multimorbidity, except in a few cases, such as cardiovascular diseases and diabetes, was not a risk 

factor for ICU admission. The main reason for this counterintuitive finding lies in the severe scarcity of 

resources during the initial phase of the pandemic, particularly in ICU bed availability. Healthcare 

professionals had to make critical decisions on ICU admissions based on the patients’ health conditions 

and the potential effectiveness of treatments and care they could receive. Consequently, numerous 

symptomatic individuals with pre-existing diseases, facing a dramatic clinical picture, were not admitted 

to the ICU. This situation also explains the remarkably high estimates OR estimates associated with death 

among those who tested positive for COVID-19 with a CCI greater than 4 (males, 45-59 years old: OR: 

17.32, 95% CI: 7.91-37.90; males, 60-74 years old: OR: 3.26, 95% CI: 2.29-4.64; females, 45-59 years 

old: OR: 31.88, 95% CI: 5.96-170.43; females 60-74 years old: OR: 5.90, 95% CI: 3.31-10.52). 

Furthermore, the results of this first part of the research give another notable insight. Specifically, when 

assessing deaths in both populations, it emerged that the OR estimates were consistently higher for the 

younger population (45-59 years old) compared to the older population (60-74 years old). This aligns with 

findings reported by other researchers (80,135). This means that although pre-existing clinical conditions 

were risk factors for a worse prognosis of COVID-19 regardless of age, younger patients with underlying 

health conditions had an even greater risk compared to their healthy counterparts in the same age group, 
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as opposed to the older population, whose differences were less pronounced. Therefore, specific pre-

existing clinical health conditions and multimorbidity were significant risk factors, particularly in the 

younger population. 

Focusing specifically on the association between certain diseases and COVID-19 outcomes, each disease 

considered in this research is found to be a risk factor for worse disease.  

From the results of the first part of the projects, it emerged that oncological diseases were one of the 

strongest risk factors. This finding is in line with studies conducted in Italy and in other countries 

(136,137). The primary reason for this result is the immunosuppressive state generally caused by cancer 

treatments, such as chemotherapy and radiotherapy, which could lead to a greater susceptibility to the 

infection (138). Moreover, the more recent the antitumor therapies, the greater the risk of developing a 

more severe COVID-19 (139). While these findings apply to any cancer, regardless of the site, the 

literature suggests that certain types of cancer, such as lung cancer, had a more significant impact. In fact, 

according to a systematic review conducted in Italy and published in 2022 (140), patients with lung cancer 

had a 91 percent greater risk of dying than those with other malignancies. Certain cancers that directly 

affect the respiratory system could result in more severe complications related to COVID-19. 

Furthermore, also the other pre-existing respiratory diseases constituted significant risk factors. Several 

studies showed that specific pathologies affecting the respiratory tract and impairing lung function 

increased the risk of contracting more severe SARS-CoV-2 infection (77,141). These health respiratory 

conditions included chronic obstructive pulmonary disease, asthma, interstitial lung disease, 

bronchiectasis, and obstructive sleep apnea. The airways hypersensitive, immune alteration, hypercapnia, 

hypoxemia, surges of sympathetic activation, and increased inflammatory markers, resulting from 

respiratory injuries, were the main contributors to a worse COVID-19 prognosis (142). 

In this research, alongside oncological and respiratory pathologies, cardiovascular and cerebrovascular 

diseases were also identified to be strongly associated with COVID-19-related hospitalization, ICU 

admission, and death. This aligns with the findings of the literature, also considering specific cardio- and 

cerebrovascular pathologies such as hypertension, myocardial injury, heart failure, coronary artery 

disease, and stroke (143–145). The link between these diseases and worse COVID-19 outcomes could be 

attributed to the drugs used to manage cardiovascular and cerebrovascular risk, such as angiotensin-

converting enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs). These medications 

increase the expression of ACE2, the viral receptor for SARS-COV-2, facilitating the virus's entry into 

pneumocytes. The interplay of drugs, compromised vascular health, and endothelial dysfunction amplified 

the severity of COVID-19 outcomes in patients with pre-existing cardiovascular and cerebrovascular 

diseases (146,147). Furthermore, several studies identified a greater risk in patients with cardiovascular 

conditions affected also by diabetes (72,143). Therefore, in line with the results of this doctoral project 

and other studies (76,148), it seemed that diabetes was an additional very significant risk factor for a worse 

COVID-19 prognosis. Several factors contributed to this association. Firstly, as above discussed, diabetes 
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is often accompanied by other health conditions such as cardiovascular diseases and obesity (72,143,149), 

which independently pose risks for severe COVID-19 outcomes. Secondly, patients with diabetes have 

hyperglycemia, a higher risk of uncontrolled inflammatory response, greater levels of tissue injury–related 

enzymes, a hypercoagulable state, and higher serum levels of inflammatory biomarkers, such as C-reactive 

protein, D-dimer, interleukin-6 (IL-6), serum ferritin, and coagulation index, all of which contributed to a 

heightened susceptibility to SARS-CoV-2 infection (150,151). Finally, the presence of diabetes creates 

an environment conducive to a dysregulated immune system. This immune dysregulation in diabetic 

individuals manifests as dysfunction in phagocytic cells, ineffective clearance of microbes, impaired T-

cell-mediated immune responses, inhibition of neutrophil chemotaxis, and altered cytokine production. 

These impairments collectively hindered the body's ability to mount an effective defense against viral 

infections, including SARS-CoV-2 (150,152). 

Moreover, alongside the performance of at least one SARS-CoV-2 swab, positivity to COVID-19, 

hospitalization, ICU admission, and death, this doctoral research assessed two other outcomes related to 

COVID-19: non-discharge from the Emergency Department and the length of hospitalization. The results 

indicated that in the younger population (<65 years old), multimorbidity was a strong risk factor for these 

two outcomes.  

The results concerning hospital stays align with other studies present in the literature. According to a study 

conducted by Bähler et al. (153), the length of hospitalization doubled for patients with multimorbid 

conditions. Once again, a compromised immune system and reduced physiological reserves resulting from 

co-existing clinical conditions seem to play a key role in prolonging hospital stays for surviving patients. 

Furthermore, it was found that in the older population (65+ years old) the association between CCI and 

death within 30 days from the first infection was the only statistically significant relationship in the second 

sample analyzed in this project. However, descriptive statistics indicated that elderly patients had lower 

rates of discharge from the ED, higher percentages of ICU admission, higher mortality in the first 30 days, 

and longer hospital stays. Therefore, it appeared that older age was an independent and significant risk 

factor for more severe COVID-19 outcomes. This trend was also shown in other studies (55,154).  

Other important findings were identified through the mediation analyses. Focusing on the younger 

subgroup, direct significant effects were observed when evaluating the association between CCI and non-

discharge from ED and between multimorbidity and length of hospitalization. On the other hand, the 

NEWS2 Score, used as a proxy of the severity of the patient’s clinical conditions, did not appear to play 

a mediating role in these associations. Shifting the focus to the subgroup of the elderly, the results were 

found to be markedly different. According to the OR and HR estimates, no direct effect estimate was 

found to be statistically significant, while NEWS2 Score was identified as a mediator in the association 

between multimorbidity and non-discharge, as well as between CCI and the combined outcome consisting 

of ICU admission and death. Therefore, it appeared that in older patients, multimorbidity was associated 

with COVID-19 outcomes only when mediated by the NEWS2 Score, and that CCI was not directly 
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associated with a worse prognosis of COVID-19. These results confirm that multimorbidity directly 

affected the younger population in relation to more severe COVID-19 outcomes, but not the elderly. 

The main reason NEWS2 Score played the role of mediator exclusively in the older population and not in 

the younger group might be due to the different levels of homeostatic reserve present in the two subgroups. 

The homeostatic reserve refers to the body's ability to maintain stability and balance in its internal 

environment despite external challenges or stressors and reflects the capacity of physiological systems to 

adapt and respond to various demands, maintaining essential functions within a normal range. Some 

authors explained how much the severe loss of this reserve can impact the overall health of a person, 

specifically on frailty (155). 

Considering that aging is widely recognized as one of the primary factors in the decline of organ reserve, 

that is the ability of an organ to successfully return to its original physiological state following repeated 

episodes of stress, some studies showed that this reserve is supported by an excess of metabolic capacity 

which, once compromised or depleted, reduces the cell's ability to cope with added workload and stress 

(156). Therefore, a hypothesis can be made to explain why the course of SARS-CoV-2 in the younger 

subgroup, especially in severe cases, exhibited a sudden deterioration even when the patient's conditions 

were stable. In fact, the NEWS2 Score had a limited impact on outcome prediction in the younger 

population, as the high physiological reserve limited organ dysfunction during the first phases of the 

infection. This resulted in the NEWS2 deteriorating only in the later phases of COVID-19 illness, which 

in the meantime had caused a drastic reduction in the homeostatic reserve. On the contrary, the older 

population’s physiological reserve was already low in the early stages of SARS-CoV-2 infection, and 

therefore the NEWS2 Score resulted in predictive at arrival at the Emergency Department. The process of 

losing reserve, which may culminate in the frailty syndrome, is characterized by aging and several factors 

associated with it. These factors can contribute to a worse condition in the elderly and a more challenging 

recovery of stable physiological functions. Notably, the development of a mild pro-inflammatory state, 

commonly known as inflammageing (157), and the resulting dysregulation in the organism (158) have a 

significant impact, especially in conjunction with a pre-existing clinical condition or multimorbidity 

(159,160). This phenomenon could explain how the severity of patient’s conditions at the time of 

accessing the Emergency Department played a key role in the relationship between the Charlson Index 

and the negative COVID-19-related outcomes assessed in this doctoral project. 

In addition to focusing on certain COVID-19 outcomes related to the first wave, an additional aim of this 

doctoral thesis was to compare different COVID-19 endpoints among the first three pandemic waves (1st 

wave: 01/03/2020-15/04/2020, 2nd wave: 15/10/2020-15/12/2020, 3rd wave: 01/03/2021-15/04/2021). 

The first notable finding that emerged from the comparison among the first three waves of the COVID-

19 pandemic was that the number of cases detected during the second and third waves was significantly 

higher than in the first phase (1st wave: 405.0 cases per day; 2nd wave: 2366.4 cases per day; 3rd wave: 

1778.8 cases per day). This aligns with other studies (161,162). The possible explanations for this finding 
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were related to the policies implemented by the local government and the availability of tests, whose 

scarcity might lead to underestimation during the first wave. In fact, on one hand, the restrictive measures 

implemented during the first wave were much more stringent than in the second and third waves, and the 

strict national lockdown played a key role in reducing SARS-CoV-2 infections and shortening the peak 

period (163,164). On the other hand, the increased availability of tests, more laboratories performing RT-

PCR, and the introduction of rapid antigenic testing both within hospitals and in the community in the last 

two waves played a crucial role in the greater capacity and ability to detect positive SARS-CoV-2 cases. 

When assessing the demographic and clinical characteristics of infected patients across the first three 

waves, it was observed that positive patients were younger and with fewer comorbidities, both considering 

specific diseases and the Charlson Index. This finding, consistent with other research (165,166), reflects 

the higher diffusion of COVID-19 occurred in the active working population during the second and third 

wave, who meanwhile resumed work thanks to milder restrictive measures. Furthermore, during the initial 

wave, numerous residents in nursing homes were infected from the onset of the pandemic until April 2020, 

when visitor access was forbidden, and isolation and tracking protocols were implemented for staff and 

patients to reduce SARS-CoV-2 transmission. This contributed to the increase in the median age of 

infected patients during the first phase of the COVID-19 pandemic and a significant reduction from April 

2020. 

Even though the number of positive cases increased five to sixfold, only a slight rise in hospitalizations, 

ICU admissions, and deaths was observed in the latter two waves, although there was a significant 

decrease in percentage terms due to a strong increment in the number of asymptomatic infected subjects. 

Possible explanations include heightened awareness and knowledge of healthcare professionals in 

diagnosing and treating COVID-19 disease and a better organization for out-of-hospital COVID-19 care, 

such as Special Units for Continuing Care at Home (167). Another crucial factor is the most prevalent 

virus lineage present in Italy during this period. According to a report from the Italian National Institute 

of Health (168), the predominant variant circulating in Italy during the later phases was the B.1.1.7 lineage 

(Alpha variant), known for its high transmissibility. In contrast, other more lethal SARS-CoV-2 variants, 

such as the Delta variant (0.2% of cases in the period from December 28, 2020, to May 19, 2021), were 

less prevalent in the Italian territory. This would explain the high number of SARS-CoV-2-positive cases 

and the lower severity of the disease. 

Focusing on the infected patients who were hospitalized due to illness, from the results of the project 

emerged that between the first and second waves, the percentages and number of admissions to the hospital 

slightly increased over time, particularly among those aged 75 years and older and with pre-existing 

clinical conditions. However, during the third wave, a significant reduction was observed. In addition to 

the evidence that elderly patients could be safely treated at home or in nursing homes (169), another 

important factor that could explain this result was the impact of prioritizing vaccination of frail and older 

patients. In fact, as discussed in the "Introduction" section, the first categories of subjects to be vaccinated 
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in Italy included the older population and those with a higher burden of comorbidity. Therefore, the 

marked reduction in SARS-CoV-2 infections observed in elderly subjects and patients with certain clinical 

conditions, such as dementia (from 3.4% to 1.2%), could be largely attributed to the vaccination campaign. 

Moreover, in line with the results concerning infected subjects discussed above and with the literature 

(170,171), a reduction in the percentage of hospitalized subjects who were admitted to the ICU or who 

died was noted during the latter waves. Also in this case, the possible reasons were the increased 

knowledge of health professionals in treating patients with COVID-19, several improvements in care and 

treatment of the illness, and the predominant presence of a highly transmissible variant that, while more 

contagious, was not among the most lethal.  

Another indication of the improvement in the national healthcare system’s response to the COVID-19 

pandemic is reflected in the results concerning the health procedures implemented towards infected 

patients. The data revealed a trend comparing the first and the latter two waves, indicating a decrease in 

the use of invasive mechanical ventilation and tracheostomy, and a parallel increase in Continuous positive 

airway pressure (CPAP) and non-invasive ventilation, both in ICUs, in high dependency units, and low 

intensity-of-care wards. This trend, in line with other studies conducted in other countries (172,173), 

reflects enhanced resource availability within national health systems, better-trained health staff, and 

improved knowledge on treating SARS-CoV-2 patients, on ventilation, and on its weaning during 

subsequent waves (173,174). Comparing the second and third waves, instead, slight increases in the use 

of CPAP (both in and out of the ICU), intubation, tracheotomy, and invasive ventilation were observed. 

These differences might be attributed to the fact that, during the third wave, COVID-19 patients who were 

hospitalized were younger, more severely ill, and treated for more severe respiratory failures. The possible 

factors contributing to this shift were the presence of the Delta variant, albeit limited in the Italian territory 

until summer 2021 (175), and age-related differences in the immune response. 

Examining the length of hospital stay, this research observed a reduction over time both in ICU (from 

28.0 to 24.8 days) and in other hospital wards (from 18.8 to 16.4 days). Similar findings were also noted 

in-hospital mortality. These trends, consistent with the existing literature (165,176), could be attributed to 

the improvements in therapeutic approaches, resource optimization, and several organizational 

enhancements (164,172–174). These improvements encompassed a greater availability of beds in ICUs, 

other hospital wards, and external facilities, which contributed to the reduction of hospital overload, and 

a more efficient allocation of resources and timely admission of COVID-19 patients. 

Another significant finding that emerged from the comparison of the first three waves of COVID-19 was 

related to the subgroup of subjects who died from SARS-CoV-2. While those who died were 

predominantly over 76 throughout the analysis period, during the third wave there was an increase, in 

percentage terms, in mortality among younger individuals and those with fewer comorbidities. Even when 

analyzing specific diseases separately, a reduction in mortality was observed among those with pre-

existing clinical conditions during the third wave of the pandemic. This pattern, statistically significant in 
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assessing cerebrovascular diseases, cardiovascular diseases, kidney injuries, neoplasia, and dementia, 

could be attributed to the Italian government’s vaccination policy that chose to prioritize vaccination of 

elderly and frail patients. 

Furthermore, combining more adverse outcomes (ICU admission and death), OR estimates indicated that 

being male, older, and having one or more clinical conditions were independent risk factors for a worse 

prognosis of COVID-19. Nevertheless, after controlling for the possible confounding factors, the results 

demonstrated that patients infected in the second and third waves experienced a significant and 

independent reduction in the risk of developing severe outcomes. This insight is very important, as it 

reflects the fact that great improvement occurred over time. 

In addition to identifying multimorbidity or certain previous diseases as significant risk factors for a worse 

prognosis in COVID-19, this research showed how various aspects of individuals' lives, habits, routines, 

and behaviors, whether they were students or healthcare workers, young or elderly, with or without 

comorbidities, were profoundly disrupted by the pandemic. These disruptions extended far beyond the 

realm of physical health, impacting mental well-being, social interactions, and professional environments. 

From sudden shifts to remote work and online learning to heightened stress levels and challenges in 

accessing healthcare services, the pandemic reshaped daily life for millions worldwide, highlighting the 

interconnectedness of health outcomes with broader societal factors. For this reason, in the last part of this 

doctoral thesis, the impact of the SARS-CoV-2 pandemic on one of the most important addictions and 

habits was examined: gambling. 

According to gambling data in Italy, significant shifts in gambling expenditure from 2019 to 2021 were 

observed. In 2019, the total amount gambled was 110.54 billion euros, while in 2020 there was a 

significant 20% decrease, with a total expenditure of 88.38 billion euros (177,178). When distinguishing 

between land-based and online gambling, a sharp contrast emerged: land-based gambling experienced a 

notable 47.2% decline in 2020, while online gambling had a substantial increase of 35%. By 2021, data 

showed that gambling settled back to pre-pandemic values, with the total amount returning to pre-

pandemic levels at 111.17 billion euros. However, a significant change occurred between 2019 and 2021: 

in 2019, 67% of gambling was concentrated in land-based activities; in 2021, this percentage plummeted 

to just under 40%, signaling a remarkable shift as online gambling exceeded 60% (179). Similar results 

were also observed when analyzing data on gambling around the world (180). Therefore, from the data, it 

seemed that the COVID-19 pandemic had a great impact on gambling habits.  

These findings were confirmed by the systematic review conducted on this topic in this doctoral thesis. 

From the twenty-eight studies included in this review, the first important result was that a significant 

decrease in the frequency and expenditure of land-based gambling emerged (109,181–184). This 

significant decrease in land-based activities could be attributed primarily to the closure of several physical 

gambling activities, including casinos, bingo halls, poker rooms, and betting stores (185). This was 

coupled with stringent restrictions imposed on citizens, prohibiting them from leaving their homes except 
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for essential reasons. 

Focusing on online gambling, instead, the findings presented a more intricate picture. Specifically, while 

certain studies indicated a significant decline in sports betting, others demonstrated a notable increase in 

online casino activities and skill games (183,184,186). Moreover, in line with gambling-related data, some 

studies addressing overall online gambling noted an increase both in frequency and expenditure (106,187). 

The possible factors contributing to this rise in online gambling included the prolonged time spent at home 

due to restrictive measures that required people to stay at home, especially during the more challenging 

phases of the pandemic (182,188), and the worsened mental well-being of individuals, who experienced 

higher levels of anxiety, depression, and stress during this difficult period (189,190). As reported by 

different studies, these heightened mental health issues were linked to risky behaviors, including increased 

involvement in gambling activities (191–193). Regarding sports betting, instead, the main reason for this 

strong decline was the cancellation or suspension of major sporting events during the first months of the 

pandemic, rendering it essentially impossible for subjects to bet on sports events such as football, 

basketball, tennis, and volleyball, which they traditionally engaged in before the onset of SARS-CoV-2 

(102). 

A further outcome investigated in this systematic review was the transitions among different types of 

gambling. According to the studies, it emerged that there was a migration of subjects from land-based 

venues to online platforms (106,108,109). However, it was observed that subjects accustomed to specific 

types of gambling, such as land-based slot machines or casinos, mainly shifted to the online version of the 

same type of gambling without changing the game. Only a minority transitioned to other games. For this 

reason, especially among sports bettors, a lower gambling frequency was noted compared to pre-pandemic 

levels (184,194,195), due to the suspension of sports events on which the subjects used to bet. One possible 

explanation for the lack of initiation of new online gambling habits in most cases could lie in the 

demographic characteristics of individuals who engage in specific types of gambling. Those who play 

video poker or engage in sports betting tend to be younger, more educated, and better informed about the 

dynamics of these specific games (196). 

Although these results are generalizable to the entire population, certain most vulnerable subgroups 

experienced a more pronounced impact from the restrictions (106,182,183,194,195,197–199). These 

groups encompassed the unemployed, precarious workers, subjects with psychological conditions, and 

those struggling with addictions such as alcohol, drugs, and gambling. The increase in free time resulting 

from stay-at-home measures exacerbated addictive behaviors and mental health issues (189,200). For this 

reason, these subgroups faced a worsening of their conditions during the COVID-19 pandemic, and 

subjects with pathological addictions experienced a heightened risk of relapse due to the limitations 

imposed by stay-at-home policies and the resulting increased desire (201). In this scenario, these 

vulnerable subgroups were more susceptible to an escalation in their gambling habits. Also focusing on 

the subgroups of gamblers before the SARS-CoV-2 outbreak, the systematic review identified a 
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significant worsening in gambling habits in the most vulnerable populations (104,182,194,197,198,202). 

In addition to vulnerable populations, the pandemic also significantly impacted another subgroup: the 

younger population. The closure of schools, universities, and other places generally frequented by youths 

such as pubs, discos, cinemas, gyms, and sports centers, coupled with social distancing restrictions, led to 

a substantial increase in the time spent at home, resulting in elevated levels of anxiety, stress, and 

depression (203–205). In this context, the technological skills and abilities of the younger populations 

played a crucial role: while enabling them to maintain social connections remotely, such as through the 

use of social media and free online games, it also led to some negative behaviors, such as engaging in 

gambling on online platforms, which, unlike land-based gambling, continued to operate even during the 

most challenging phases of the pandemic. Nevertheless, it is important to observe that the findings were 

not totally consistent across the studies included in this systematic review 

(104,108,182,183,194,195,197,198,202,206,207). This heterogeneity was one of the reasons behind the 

decision to conduct a systematic review without a meta-analysis. Indeed, it is acknowledged that in the 

presence of high heterogeneity among studies, a systematic review is more suitable for describing and 

summarizing the literature on a particular topic. Another significant reason was the low number of studies 

that have analyzed the same type of gambling (online or land-based), with the same designs (longitudinal 

or case-control study), and estimating the same association or occurrence measures, making the 

implementation of a meta-analysis unfeasible. 

Another notable aspect emerged by conducting this systematic review is that all the included studies were 

conducted in the most developed countries, and particularly in the European continent. One plausible 

reason for this could be that gambling, especially in specific forms such as online gambling, may be more 

prevalent and subject to heightened attention from researchers and policymakers in most developed 

countries, including Europe. Moreover, these countries possess greater availability of data and resources 

for gambling research compared to other regions of the world, where data are often scarce and frequently 

unreliable. Furthermore, most developed countries might have more advanced regulatory systems and 

public policies aimed at addressing the issue of gambling, thereby increasing the likelihood of studies and 

research being conducted on this topic in such regions. 

This doctoral project has several strengths. The first lies in the type of data utilized in this project. The 

first and third studies were conducted using the Piedmont Longitudinal Study (PLS), which encompasses 

approximately 4 million subjects. The PLS databases contain a wealth of clinical, hospital-related, and 

sociodemographic information collected over time, enabling the identification of pre-existing clinical 

conditions, the therapies or procedures implemented in the hospital during the pandemic, and the 

calculation of the CCI at an individual level. Additionally, the second study was conducted using the 

EPICLIN platform, whose information was gathered by analyzing patients' medical records one by one, 

providing detailed and precise information. The second important strength lies in the very large sample 

size of subjects involved in both the first and third studies. To date, these are among the first studies 
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involving such a large cohort (the entire Piedmont population in this case) to investigate various COVID-

19-related outcomes, including swab access, positivity to SARS-CoV-2, hospitalization, ICU admission, 

and death. Another strength lies in the methods used throughout this doctoral project. The use of multistate 

models, mediation analyses, and systematic review allowed for the investigation of these topics in an 

advanced and innovative manner. Moreover, this project is the first to explore the role played by the 

severity of a patient’s clinical conditions upon arrival in the Emergency Department in the association 

between multimorbidity and different SARS-CoV-2 outcomes, revealing crucial findings. In addition, the 

systematic review conducted is the first systematic research, in the literature, to entirely focus on the 

impact of the COVID-19 pandemic and related restrictive measures on gambling. 

In addition to these strengths, another crucial aspect of this research lies in its profound utility. Indeed, by 

scrutinizing various dimensions of the SARS-CoV-2 pandemic, including the identification of major risk 

factors such as previous diseases or multimorbidity, tracking its evolution over time, and examining the 

adaptability and speed of response within our national healthcare system, we can establish a framework 

for proactive measures and enhance preparedness against potential future pandemics. Through a 

comprehensive exploration of the intricacies surrounding COVID-19, we acquire the essential knowledge 

necessary for refining public health policies, bolstering surveillance systems, and devising swift response 

mechanisms. This multifaceted understanding not only empowers us to mitigate the immediate impacts 

of the current crisis but also equips us with invaluable insights to navigate and mitigate the challenges 

posed by future global health emergencies. 

However, this doctoral project has some limitations. The first is related to the fact that the first three 

studies focus exclusively on the Piedmont population (or only some hospitals in Piedmont). Differences 

in the regional healthcare systems and the spread of SARS-CoV-2 among regions imply that the results 

are not totally generalizable to the entire country. However, Piedmont was one of the most affected 

populations, at least during the first phases of the pandemic. A second limitation concerns the use of some 

proxies, such as the NEWS2 Score and CCI, which could lead to a deviation from the real patient's clinical 

condition in some cases, although they are two indicators using validated algorithms. For this reason, these 

deviations should be minimized. 

Finally, about gambling, the limitation concerns the information present in the studies included in the 

systematic review. As most of the studies collected information about gambling from questionnaires, 

responses regarding gambling frequency and expenditure during the pre-pandemic period may be affected 

by recall bias. Moreover, some authors offered a reward in exchange for filling out the questionnaire, 

which could potentially lead respondents to provide inaccurate answers to obtain the reward (information 

bias).
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5. CONCLUSIONS 

This doctoral project presents several significant findings.  

Primarily, this thesis found that, during the first wave, patients with pre-existing clinical conditions or 

multimorbidity underwent more vigilant monitoring and COVID-19 testing, and as the Charlson Index 

increased, this risk was gradually higher. Despite the increased monitoring, these subjects had a lower 

risk of testing positive for the virus when compared with the overall swabbed population. This lower risk 

could be attributed to the heightened adherence of those with pre-existing clinical conditions to anti-

COVID measures, such as social distancing, mask usage, and frequent handwashing. However, this 

likelihood became significantly higher only when the overall Piedmont population was considered. 

Furthermore, among infected patients, pre-existing diseases and multimorbidity were found to increase 

the risk of hospitalization and death within 30 days of the first positive swab, while previous clinical 

conditions emerged as risk factors for increased ICU admission only when considering the entire 

population.  

When comparing the younger and older populations, from the OR estimates emerged that multimorbidity 

was a risk factor for a worse prognosis of COVID-19 especially in the younger population. Focusing on 

specific diseases, respiratory and oncological conditions were found to be the most crucial risk factors 

affecting the course of COVID-19. This finding could be attributed to the immunocompromised state of 

oncological patients due to cancer therapies and the various respiratory challenges faced by subjects with 

respiratory diseases, such as hypersensitive airways, hypercapnia, hypoxemia, and increased 

inflammatory markers, all contributing to the exacerbation of the disease.  

In the early stages of the pandemic, these results held significant importance for both healthcare 

professionals and policymakers. Healthcare professionals gained valuable insights into which categories 

were more prone to developing severe COVID-19 outcomes, while policymakers could use this 

information to organize and strategize vaccination campaigns, prioritizing specific subgroups to 

effectively reduce their risk. 

Two additional outcomes examined in this project were the non-discharge after accessing the ED and the 

length of hospitalization during the first wave. The results indicated that a higher CCI value increased the 

risk of not being discharged and significantly prolonged the length of hospitalization in the younger 

population. Conversely, these estimates were not significant when considering the subgroup of the elderly. 

Moreover, evaluating whether the NEWS2 Score, used as a proxy for the severity of the patient's clinical 

condition during ED access, played a mediating role in the association between multimorbidity and 

various COVID-19 outcomes, it was observed that in the younger subgroup, multimorbidity was directly 

associated with an increased risk of non-discharge and longer hospitalization. Instead, for the older 

population, it emerged that the NEWS2 Score played the role of mediator in the association between CCI 

and the combined outcome of ICU admission/death as well as between multimorbidity and non-discharge. 
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These findings are very important, emphasizing that when healthcare professionals decide on procedures 

and treatments, they should consider not only the comorbidity burden of patients but also their clinical 

condition upon arriving at the ED. The NEWS2 Score has proven to be a reliable indicator in this regard. 

Comparing the first three waves of the COVID-19 pandemic, a substantial increase in the number of cases 

was observed during the second and third waves compared to the first wave. Examining the clinical and 

demographic characteristics of infected subjects revealed that those who tested positive in the later waves 

were younger and with fewer comorbidities. This finding may be attributed to the fact that patients 

contracting the virus during these phases, during which lockdown measures were less stringent, were 

primarily active working subjects. However, despite this surge in the number of positive cases, there was 

only a small increase in absolute terms in hospitalization, ICU admission, and deaths, while the 

percentages were significantly lower. 

Analyzing the subgroup of infected subjects who were hospitalized, a slight increase in hospitalizations 

among the elderly was observed between the first and second waves, while a significant decrease was 

noted in the third wave, potentially attributable to the effectiveness of the vaccination campaign 

implemented by the Italian government. In addition, overall, the percentage of those who were admitted 

to the ICU or died decreased over time, indicating that healthcare professionals made more informed 

decisions regarding the care and treatment of COVID-19 patients. This was also evident when analyzing 

the therapies and procedures implemented during the first three waves: compared to the initial stages of 

the pandemic, less use of tracheotomy, intubation, and invasive ventilation occurred, while the use of 

CPAP and non-invasive ventilation increased. Simultaneously, the length of hospitalization in both ICUs 

and other hospital wards decreased over time. Further findings were found by investigating deceased 

subjects. While the majority of deaths were among individuals aged 76 and above, during the third wave 

an increase in mortality percentages among younger individuals and a reduction among those with pre-

existing conditions emerged. Again, therefore, it appears that vaccination had a significant effect. 

The last important finding observed comparing the first three waves concerns the risk of poorer outcomes 

of COVID-19 (ICU admission and death) over time, after removing possible confounding. The results 

showed a substantial and independent reduction in the risk of ICU admission or mortality during the 

second and third waves. This is very important because suggests remarkable improvements over time. 

The natural course of the pandemic, the appearance of new viral variants, the starting of vaccination, and 

the improvements in the tracking of new cases and patient management influenced these trends. 

Finally, when assessing the impact of the COVID-19 pandemic on gambling, a significant reduction in 

land-based gambling, and a parallel surge in the risks associated with online gambling, especially 

considering virtual casino and skill games, emerged. Additionally, migration from land-based venues to 

online platforms was observed, especially among individuals who engaged in gambling before the 

pandemic. This shift involved a change in the location of play, transitioning from land-based venues to 

the comfort of home through tablet and smartphone apps. Focusing on sports bettors, the systematic 
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review revealed a strong reduction in this type of activity.  

The main contributing factors to these findings were: the physical closure of gambling venues, including 

casinos, bingo halls, poker rooms, and betting stores, while, online platforms continued to operate; the 

cancelation or suspension of major sporting events such as male and female football, tennis, volleyball, 

and basketball championships, on which the subjects used to bet; the increased time spent at home due to 

restrictive measures that imposed to stay at home; the elevated levels of anxiety, frustration, depression, 

and distress experienced by the subjects during this challenging period. Notably, the impact of restrictions 

on gambling habits was more pronounced among the most vulnerable subgroups. The most vulnerable 

categories include the unemployed, precarious workers, those with psychological conditions, and those 

with specific addictions such as alcohol, drugs, and gambling before the pandemic outbreak. 

To date, despite four years having passed since the first cases of SARS-CoV-2 were detected, a 

comprehensive and ongoing study of the COVID-19 pandemic remains crucial, offering invaluable 

insights that can shape our preparedness and response strategies for potential future global health crises. 

Analyzing the multifaceted aspects of this pandemic, from its origins and transmission dynamics to the 

effectiveness of public health measures can lay the foundation for proactive measures against potential 

future pandemics. By delving into the complexities of COVID-19, we gain the knowledge needed to refine 

public health policies, enhance surveillance systems, and develop rapid response mechanisms.
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