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Preface 

This Thesis has been developed at the Fundació Institut 

Universitari per a la recerca a l'Atenció Primària de Salut Jordi 

Gol i Gurina (IDIAPJGol) in Barcelona, Spain, and at the Centre 

for Statistics in Medicine (CSM), Nuffield Department of 

Orthopaedics, Rheumatology and Musculoskeletal Sciences 

(NDORMS), University of Oxford, in Oxford, United Kingdom; 

under the co-supervision of Dr Talita Duarte Salles (IDIAPJGol) 

and Dr Daniel Prieto Alhambra (University of Oxford). This Thesis 

started three months after the start of the coronavirus disease 

2019 (COVID-19) pandemic and was written between June 2020 

and January 2023. It consists of a compilation of five original 

published studies and complies with the procedures and 

regulations of the Doctoral program in Methodology of 

Biomedical Research and Public Health from the Department of 

Paediatrics, Obstetrics, Gynaecology, and Preventive Medicine 

and Public Health from Universitat Autònoma de Barcelona, 

Spain. During the conduction of this Thesis, Elena Roel was 

supported by Instituto de Salud Carlos III (ISCIII; Río Hortega 

2020, CM20/00174). 

This Thesis aimed to provide timely answers to some of the 

research questions that arose during the COVID-19 pandemic 

using real-world data. Briefly, we aimed to describe the baseline 

characteristics and the occurrence of outcomes among people 

with underlying conditions of interest with COVID-19 and to 

investigate factors associated with COVID-19 infection and 

COVID-19 vaccine uptake and safety. The Thesis begins with an 

introductory chapter that contextualises the studies carried out, 

followed by an overview of the objectives and methods of the 

studies included. Then, the five articles of the thesis are enclosed.  

Studies I and II were multinational cohort studies, whereas 

Studies III, IV, and V were population-based cohort studies 

underpinned by electronic health records from Catalonia, Spain. 

In Study I, we described the characteristics and adverse 
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outcomes among individuals diagnosed and hospitalised with 

COVID-19 living with and without obesity. In Study II, we 

characterised the features and health outcomes observed 

amongst patients with a history of cancer diagnosed and 

hospitalised with COVID-19 and compared the latter to patients 

with a history of cancer hospitalised with seasonal influenza in 

2017-2018. In Study III, we analysed the associations between 

cancer and COVID-19-related outcomes using a multi-state 

framework design. In Study IV, we studied the relation between 

socioeconomic deprivation and COVID-19 vaccination and 

infection. In Study V, we estimated incidence rates of 

thromboembolic events following COVID-19 infection and 

vaccination and compared these to background population rates. 

Finally, the Thesis provides a general discussion of the study 

results, including a summary of the main findings and 

contributions to the literature, methodological considerations, 

recommendations for future research, and implications for public 

health. 
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Abstract 

Three years after its emergence, the coronavirus disease 2019 

(COVID-19) continues to be a major cause of morbidity and 

mortality worldwide. Throughout the pandemic, real-world data 

(RWD) have been extensively used to fill evidence gaps in the 

field of COVID-19. The aim of this Thesis was to characterise 

individuals with underlying conditions and COVID-19 infection 

and to investigate factors associated with COVID-19 infection and 

severity as well as with COVID-19 vaccine uptake and safety using 

RWD.  

First, we provided a multi-national description of the baseline 

characteristics and outcomes of interest of individuals with 

COVID-19 infection living with obesity and with cancer history. 

Then, we investigated the associations between cancer and 

socioeconomic deprivation with COVID-19 infection and severity, 

as well as the associations between socioeconomic deprivation 

and COVID-19 vaccine uptake in Catalonia, Spain. Finally, we 

analysed the risks of thromboembolic events following COVID-19 

infection and vaccination. 

Consistent with prior research, we found that individuals living 

with obesity and with cancer were more susceptible to COVID-19 

infection and to develop severe COVID-10. Patients with a recent 

cancer diagnosis and with haematological cancers were 

particularly vulnerable to poor COVID-19 outcomes. People 

living in socioeconomically deprived urban areas were also more 

likely to be infected and hospitalised with COVID-19 prior to the 

advent of COVID-19 vaccines in Catalonia. However, despite 

socioeconomic inequalities in COVID-19 vaccine uptake, 

inequalities in COVID-19 infection decreased six months after the 

vaccine rollout. Lastly, we found that the risks of thromboembolic 

events were much higher following COVID-19 infection than 

following COVID-19 vaccination. 
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The findings of this Thesis underscore the value of RWD to 

conduct epidemiological research and inform public health 

policies, particularly during emergencies. Our findings also 

highlight the need to address non communicable diseases and 

socioeconomic inequalities to reduce the burden of COVID-19 

and improve the population’s health.  
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Resum 

Tres anys després de la seva aparició, la malaltia del coronavirus 

2019 (COVID-19) continua sent una causa destacada de 

morbiditat i mortalitat en el món. Durant la pandèmia,  les dades 

del món real (en angles, real-world data) han estat extensament 

utilitzades per omplir mancances de coneixement en el camp de 

la COVID-19. L'objectiu d'aquesta tesi va ser caracteritzar les 

persones amb malalties preexistents i COVID-19 i investigar 

factors associats amb la infecció per COVID-19 i les seves 

complicacions, així com amb la cobertura vacunal i la seguretat 

de les vacunes contra la COVID-19 fent servir dades del món real. 

En primer lloc, vam descriure les característiques de les persones 

amb COVID-19 que pateixen obesitat o que tenen un antecedent 

de càncer. Després, vam investigar la relació entre el càncer i la 

privació socioeconòmica amb el risc d’infecció i complicacions 

per COVID-19, així com la relació entre la privació 

socioeconòmica i la cobertura vacunal a Catalunya. Finalment, 

vam investigar els riscos d'esdeveniments tromboembòlics 

després de la infecció i la vacunació contra la COVID-19. 

En línia amb altres estudis, hem observat que les persones amb 

obesitat i càncer són més susceptibles a patir la COVID-19 i les 

seves complicacions. Els pacients amb un diagnòstic recent de 

càncer i amb càncers hematològics van ser especialment 

vulnerables a la COVID-19. Abans de l’inici de la vacunació 

massiva a Catalunya, les persones que viuen en zones urbanes 

socialment desfavorides tenien també més riscos d’infecció i 

hospitalització per COVID-19. No obstant això, malgrat 

desigualtats socioeconòmiques en la cobertura vacunal, les 

desigualtats en la infecció per COVID-19 van disminuir sis mesos 

després de l’inici de la vacunació. Finalment, els riscos de patir 

esdeveniments tromboembòlics després de la infecció van ser 

molt més alts que després de la vacunació contra la COVID-19. 
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Els resultats d’aquesta tesi subratllen el valor de les dades del 

món real en l’àmbit de l’epidemiologia així com el seu paper per 

recolzar la presa de decisions en salut pública, especialment en 

moments d'emergència. Els nostres resultats també destaquen la 

importància d'abordar les malalties no transmissibles i les 

desigualtats socioeconòmiques per reduir la càrrega de la 

COVID-19 i millorar la salut de la població. 
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Resumen 

Tres años después de su aparición, la enfermedad por 

coronavirus 2019 (COVID-19) sigue siendo una causa destacada 

de morbilidad y mortalidad en el mundo. A lo largo de la 

pandemia, los datos del mundo real (en inglés, real-world data 

han sido una importante fuente de información para generar 

evidencia sobre la COVID-19. El objetivo de esta tesis fue 

caracterizar a las personas con COVID-19 con enfermedades 

subyacentes e investigar factores asociados con padecer COVID-

19 y sus complicaciones, así como con la cobertura vacunal y la 

seguridad de las vacunas contra la COVID-19 usando datos del 

mundo real.  

En primer lugar, describimos las características de personas con 

COVID-19 con antecedente de obesidad, así como las 

características de las personas con COVID-19 y antecedente de 

cáncer. Después, investigamos la relación entre el cáncer y la 

privación socioeconómica con el riesgo de infección y 

complicaciones por COVID-19, así como la relación entre la 

privación socioeconómica y la cobertura vacunal en Cataluña. 

Finalmente, analizamos los riesgos de eventos tromboembólicos 

después de la infección y la vacunación contra la COVID-19. 

En línea con otros estudios, observamos que las personas con 

obesidad y cáncer fueron más susceptibles a la infección y a 

desarrollar complicaciones. Los pacientes con un diagnóstico 

reciente de cáncer y con cánceres hematológicos fueron 

especialmente vulnerables a la COVID-19. Antes del inicio de la 

vacunación masiva en Cataluña, las personas que vivían en zonas 

urbanas socialmente desfavorecidas tuvieron también más riesgo 

de infección y hospitalización por COVID-19. Sin embargo, a 

pesar de desigualdades socioeconómicas en la cobertura 

vacunal, las desigualdades en la infección por COVID-19 

disminuyeron seis meses después del inicio de la vacunación. Por 

último, los riesgos de sufrir acontecimientos tromboembólicos 
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después de la infección fueron mucho mayores que después de 

la vacunación. 

Los hallazgos de esta tesis subrayan el valor de los datos del 

mundo real en el campo de la epidemiología, así como su 

relevancia para apoyar la toma de decisiones en salud pública, 

especialmente en momentos de emergencia. Nuestros 

resultados también destacan la necesidad de abordar las 

enfermedades no transmisibles, así como las desigualdades 

sociales para reducir la carga de la COVID-19 y mejorar la salud 

de la población.  
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Emerging infectious diseases are a worldwide public health 

concern.1 Emerging infectious diseases are new infections (i.e., 

not previously described in humans) or infectious diseases whose 

incidence has increased rapidly over the past year.2 In late 

December 2020, a new infectious disease named coronavirus 

disease 2019 (COVID-19) emerged in China and soon evolved 

into a pandemic.3–5 A pandemic can be defined as “an epidemic 

occurring over a very wide area, crossing international 

boundaries, and usually affecting a large number of people”.6 As 

of early 2023, more than 650 million COVID-19 cases and 6.7 

million deaths have been reported globally.7 To date, the COVID-

19 pandemic is still ongoing, although the advent of vaccines 

against COVID-19 have transformed the threat posed by COVID-

19. This introduction includes a summary of the epidemiology of 

COVID-19, including a timeline of the COVID-19 pandemic from 

late 2019 to early 2022 with a particular focus on Spain, since the 

studies of this Thesis were mostly underpinned by data from 

Catalonia, Spain. It also highlights the knowledge gaps that 

justified the aims of this Thesis and introduces the role of real-

world data (RWD, also known as routinely collected health data) 

in epidemiological studies. 

 

1.1. Epidemiology of COVID-19  

1.1.1. Timeline of the COVID-19 pandemic: 2019-2022 

i. The emergence of COVID-19 

In late December 2019, cases of atypical pneumonia of unknown 

origin were detected in Wuhan, Hubei province, China.3,8 On 9 

January 2020, a novel coronavirus was isolated and sequenced in 

bronchoalveolar-lavage samples of some of these cases.3,4 The 

virus, initially called 2019-nCoV, was finally named Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS‑CoV‑2).9 On the 

same day, the World Health Organisation (WHO) named the 

disease caused by SARS-CoV-2 as COVID-19.10 By late January 
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2020, there were already 7,834 confirmed cases, 98 outside 

China.11 Despite the establishment of regional curfews and 

lockdowns in the country, the virus spread rapidly. As of 11 

March 2020, with >100,000 confirmed cases in 114 countries, the 

WHO declared COVID-19 a pandemic.5  

ii. The pandemic prior to the advent of COVID-19 vaccines 

In Europe, the first cases of COVID-19 were reported in January 

2020,12 although the first major COVID-19 outbreak started in 

Italy in late February 2020.13 In Spain, the first COVID-19 case was 

reported in the Canary Islands on 31 January 2020.14 By the end 

of February 2020, cases of community transmission were growing 

exponentially across the country. Figure 1 shows trends in the 

number of confirmed cases, hospitalisations, and deaths in Spain 

and Catalonia from late February to early December 2020.i On 14 

March, with a total of 7,658 and 285 confirmed cases and deaths, 

respectively, the Spanish government declared a state of 

emergency (in Spanish, estado de alarma).15 People’s movements 

were restricted to commuting and groceries or pharmacy 

shopping, and schools were closed. This was followed by a strict 

nationwide lockdown on 29 March, with the suspension of all 

non-essential activities. The number of daily cases peaked for the 

first time on 20 March (10,845 cases), whereas the subsequent 

peak of deaths followed on 2 April (950). Following this 

nationwide quarantine, the growth in the number of cases 

declined, and restrictions were gradually lifted from May until 21 

June 2020, with the end of the state of alarm.  

 

 

 

 

i Information on the total number of SARS-CoV-2 tests performed was unavailable prior 
to October 2020. 
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Figure 1: Daily COVID-19 cases confirmed, hospitalised, and 
deceased in Spain and Catalonia in 2020 

Notes: 7-day rolling average.  
Source: Own elaboration based on data from the Spanish National Centre of 

Epidemiology.16 

 

The period between February and late June 2020 has been 

referred to as the first epidemic wave of the COVID-19 pandemic 

in Spain.17 Although ill-defined, an epidemic wave denotes a 

pattern over time in which the incidence of disease increases, 

peaks, and then decreases, like a natural pattern of peaks and 

valleys.18,19 Similarly, other Western countries experienced during 

the first semester of 2020 the first wave of the pandemic, as seen 

in Figure 2. In Spain, the first wave overwhelmed healthcare 

services in the regions where COVID-19 rates were higher, 

including the most densely populated cities, like Madrid or 

Barcelona. Elective surgeries and procedures had to be 

postponed, and primary care services were also disrupted.20,21 In 

Madrid and Catalonia, the number of intensive care unit (ICU) 

beds almost tripled between March and June 2020.22 

Importantly, due to shortages in laboratory supplies, SARS-CoV-2 

testing was restricted to severe COVID-19 cases and/or 

healthcare workers during the first wave (see section 1.1.4.,  
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Figure 2: Daily COVID-19 cases confirmed per million people in 
2020, by country 

Notes: 7-day rolling average. 

Source: own elaboration based on data from Our World in Data.23 

 

Diagnosis).24,25 Thus, official figures underestimate the total 

number of people infected with SARS-CoV-2 during that period. 

As of 11 May 2020, a total of 230,000 COVID-19 cases had been 

confirmed, with 120,000 hospitalisations (53% of the cases) and 

26,700 deaths (12% of the cases). However, a population-based 

seroprevalence study estimated that 5% of the Spanish 

population had been exposed to SARS-CoV-2 as of 11 May 

2020.26 Since Spain had 47 million inhabitants in 2020, this is 

equivalent to 2.3 million people infected, which is 10 times 

higher than the number of confirmed cases by that date.27 

Serological studies from the United Kingdom (UK), the United 

States (US), and Switzerland have also estimated rates of infection 

10 times higher than official figures during the first wave.28–30  

The second wave of the pandemic spanned from July to early 

December 2020.17 During the summer months of 2020, SARS-

CoV-2 incidence rates remained low, as seen in Figure 1. 

However, rates started to gradually increase in mid-September 

2020, peaked in early November, and then progressively 
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declined until December. A similar pattern was seen in other 

Western countries, as seen in Figure 2. In Spain, more cases were 

confirmed during the second wave when compared to the first 

one, but the number of hospitalisations and deaths were lower. 

Curfews and other non-pharmacological interventions were 

established in various regions, including Catalonia. However, 

there was no rigorous lockdown during that period, and schools 

remained open. Unlike the first wave, SARS-CoV-2 testing was 

available for all individuals with suspected SARS-CoV-2 infection 

as well as for close contacts of cases. 

iii. The advent of vaccines against COVID-19 

Less than a year after the emergence of SARS-CoV-2, the first 

vaccines against COVID-19 were introduced into the market, an 

unprecedented milestone in the field of vaccine development.31 

In the European Union, the first COVID-19 vaccine authorised by 

the European Medicines Agency (EMA) was the BNT162b2 

mRNA vaccine (manufactured by Pfizer BioNTech), on 21 

December 2020.32 Three other vaccines were authorised by the 

EMA over the following weeks: mRNA-1273 (6 January 2021, 

manufactured by Moderna),33 ChAdOx1-S nCoV-19 (29 January 

2021, Oxford-AstraZeneca, referred to as ChAdOx1 from now 

onwards),34 and Ad.26.COV2.S (11 March 2021, Janssen).35 A 

year later, on 20 December 2021, the EMA approved the NVX-

CoV2373 vaccine (Novavax).36 However, when the studies of this 

Thesis were conducted, only the BNT162b2, mRNA-1273, 

ChAdOx1, and Ad26.COV2 vaccines were available. 

On 27 December 2020, Spain launched a nationwide COVID-19 

vaccination campaign.37 Spain’s vaccination strategy prioritised 

population subgroups according to their risk of disease severity 

and their occupation. The first population groups eligible for 

vaccination were people living or working in nursing homes 

and healthcare workers. Gradually, other groups became eligible 

for vaccination, considering age (prioritising older populations), 

comorbidities (prioritising people with risk factors for COVID-19 

severity), and occupation (prioritising people working in essential 
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services, such as police officers or teachers).38 A year later after 

the start of the campaign, Spain had one of the highest 

vaccination rates worldwide, with 92% of the population  

aged >12 years  (38 million people) vaccinated with at least one 

dose of a COVID-19 vaccine.39,40 During the year 2021, four 

epidemic waves were observed: from late December 2020 to 

mid-March 2021 (3rd wave), from mid-March to June 2021 (4th 

wave), from July to mid-October 2021 (5th wave) and from mid-

October 2021 to March 2022 (6th wave).17 As shown in Figure 3, 

in Catalonia, COVID-19 hospitalisations and deaths were lower 

during these waves than during the first wave. Conversely, the 

total number of confirmed cases was higher, especially in the 

sixth wave. This wave coincided with the emergence of the SARS-

CoV-2 variant Omicron (see section, 1.1.2. Virology).  

 

Figure 3: Daily COVID-19 cases confirmed, hospitalised, and 
deceased in Catalonia from March 2020 to March 2022 

 

Notes: 7-day rolling average.  

Source: Own elaboration based on data from the Spanish National Centre of 

Epidemiology.16 
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1.1.2. Virology 

SARS-CoV-2 is a ribonucleic acid (RNA) virus including ≈30,000 

nucleotides and 15 open reading frames (i.e., spans of 

deoxyribonucleic acid (DNA) or RNA sequence between the start 

and stop codons).3,4,41 It contains four structural proteins: the 

spike (S), the envelope (E), the membrane (M), and the 

nucleocapsid (N). Briefly, the spike, envelope, and membrane 

constitute the viral envelope (the outer layer of the virus), 

whereas the nucleocapsid packages the RNA genome. SARS-

CoV-2 invades host cells through the binding of a receptor-

binding domain located on the S protein with a cellular receptor. 

The main SARS-CoV-2 receptor is angiotensin converting enzyme 

2 (ACE2) (see Figure 4). 

 

Figure 4: SARS-CoV-2 virion binding to a human cell through the 
angiotensin converting enzyme 2 receptor 

 

Source: Davian Ho for the Innovative Genomics Institute, available at 

https://innovativegenomics.org/free-covid-19-illustrations/.  

 

https://innovativegenomics.org/free-covid-19-illustrations/
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ACE2 can be found in several human organs and systems, 

including the lungs (in type 2 alveolar epithelial cells), the heart, 

the kidneys, and the digestive and nervous central systems.42 The 

widespread distribution of ACE2 receptors in the body might 

explain the diversity of symptoms associated with SARS-CoV-2 

infection (see section 1.1.3. Clinical presentation). After binding, 

the genome of the virus is released into the host cell cytoplasm, 

initiating the replication of the viral genome inside the host cell.43  

Over time SARS-CoV-2 has evolved, acquiring certain changes 

due to mutation and selection that have given rise to new genetic 

variants of the virus across the globe. Some of these have been 

considered variants of concern (VOC), due to their increased 

transmissibility, increased virulence, or decreased effectiveness 

of diagnostics, vaccines, or treatments.44 Figure 5 shows the 

distribution of SARS-CoV-2 variants in Spain from June 2020 to 

December 2021.  

In 2021, three SARS-CoV-2 lineages predominated in Spain: 

Alpha (B.1.1.7 lineage), Delta (B.1.617.2 lineage), and Omicron 

(B.1.1.529 lineage). Alpha was identified in September 2020 in 

the UK and by February 2021 became the dominant variant in 

Spain.44,45 Alpha has been reported to be more transmissible and 

severe than wild-type SARS-CoV-2.46,47 In October 2020, Delta 

was identified for the first time in India and replaced Alpha as the 

dominant variant in Spain by July 2021.44,45 Delta is more 

transmissible and severe than Alpha, with an estimated 

transmissibility increase of 97%.46 Omicron was identified in 

South Africa in November 2021 and rapidly became the 

dominant variable in Spain as of December 2021.44,45 Compared 

to Delta, Omicron has been found to be more transmissible but 

less virulent.48 However, Omicron has also been associated with 

decreased vaccine effectiveness (VE).49 
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Figure 5: Distribution of SARS-CoV-2 variants in Spain from 1 June 
2020 to 31 December 2021 

 

Source: own elaboration using data from the European Centre for Disease 

Prevention and Control.50 

 

Regarding transmission, SARS-CoV-2 is mainly transmitted from 

person to person through air, via close-range contact (within 2 

metres of distance).51 Virus particles are expelled when an 

infected person talks, coughs, sneezes, or breathes out, and can 

then infect a person by inhalation (short-range airborne 

transmission) or when contacting its mucous membranes (droplet 

transmission). Viral particles can also remain suspended in the air 

for long time periods and spread in overcrowded or 

inadequately ventilated indoor environments.51 Thus, it can be 

transmitted over longer distances (long-range airborne 

transmission).51,52 SARS-CoV-2 has also been detected in non-

respiratory specimens, such as blood or ocular secretions, as well 

as on surfaces.53 However, transmission through these routes 

remains unclear. Studies suggest that SARS-CoV-2 can be 

transmitted from approximately 2 days before to 7-10 days after 

symptom onset, with individuals being more contagious at early 
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stages of acute disease.54,55 Asymptomatic individuals can also 

transmit the disease.   

 

1.1.3. Clinical presentation 

i. Symptoms 

Among individuals non-immune to SARS-CoV-2 (i.e., people not 

previously infected or people not vaccinated), SARS-CoV-2 

infection clinical presentation is heterogeneous and ranges from 

asymptomatic to severe illness.56–58 Approximately 30-40% of 

cases are asymptomatic.59,60 Among symptomatic cases, 

symptoms usually start 4-5 days after exposure and last for 4-5 

days.57 The most common symptoms are cough, fatigue, and 

fever.56,57 However, COVID-19 can manifest with a broad 

spectrum of symptoms, including sore throat, nasal congestion, 

shortness of breath, myalgia, headaches, loss of smell or taste, 

nausea, vomiting, and diarrhoea. Symptoms might also differ 

depending on the SARS-CoV-2 variant, with some studies 

suggesting that people infected with Omicron have higher odds 

of presenting with sore throat but less odds of loss of smell when 

compared to those infected with Delta.61  

ii. Acute complications 

Approximately 15% of symptomatic patients infected with wild-

type SARS-CoV-2 suffered from a severe disease course. 

Typically, severe illness develops a week after the onset of 

symptoms.62 COVID-19 most common complication is bilateral 

pneumonia, which can evolve into acute respiratory failure and, 

ultimately, death.57 In a Chinese report from February 2020, 15% 

of 44,500 confirmed cases presented with severe disease 

(defined as shortness of breath, hypoxia, or lung infiltrates >50%) 

and 5% with critical disease (septic shock, respiratory and/or 

multiple organ failure).63 Reports from May 2020 from the US 

showed similar patterns, with 14% of 1.3 million confirmed cases 

hospitalised and 2% with intensive services requirements.64 In 
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Spain, as of May 2020, 53% of confirmed cases had been 

hospitalised, which is reflective of the testing restrictions in place 

during the first wave.27 Conversely, from mid-May to late 

December 2020, 6% of confirmed cases were hospitalised.65 In 

subsequent waves, hospitalisation rates changed also due to the 

emergence of new variants. For instance, the Omicron variant has 

been reported to be associated with less disease severity when 

compared to Delta.48  

Aside from respiratory complications, SARS-CoV-2 can also 

present with other acute complications. These include, among 

others, cardiovascular complications (e.g., acute myocardial 

infarction, arrhythmias, heart failure), thromboembolism events 

(e.g., deep vein thrombosis, pulmonary embolism), and 

neurologic complications (e.g., ataxia, encephalopathy, Guillain-

Barre syndrome, seizures, stroke).58 

iii. Mortality 

Different estimators can be used to measure the mortality of a 

disease, such as the Case Fatality Ratio (CFR) or the Infection 

Fatality Ratio (IFR).66,67 The CFR represents the proportion of 

deaths among confirmed cases. It is calculated as the number of 

deaths divided by the number of cases diagnosed. Therefore, the 

CFR depends on the likelihood of identifying cases, which in the 

case of COVID-19 differed across countries and over time, mostly 

due to different testing policies. In Spain, the CFR during the first 

wave was 12%,68 which is in line with estimates from European 

countries as of July 2020, with CFRs ranging from 14 to 19%.69 

Conversely, from mid-May to late December 2020, the CFR in 

Spain was 1.3%.65 

The IFR reflects the risk of dying when contracting the disease.66 It 

is calculated as the number of deaths divided by the number of 

people infected. However, estimating the IFR of COVID-19 is 

challenging, since a substantial proportion of COVID-19 cases 

remain asymptomatic or do not seek care when presenting mild 

symptoms. Studies estimating IFR rely generally on serological 
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studies that estimate the proportion of the population exposed to 

the virus. During the first wave of the pandemic in Spain, the 

estimated IFR was 0.8%.70 This is in line with studies from other 

countries, with IFRs ranging from 0.6 to 1%.28,30,67 

iv. Long-term complications 

After acute infection, 10 to 30% of survivors continue to 

experience symptoms and signs months after recovery.71–73 Long-

lasting symptoms following acute COVID-19 infection have been 

referred to as long COVID or post-COVID condition,74–76 although 

this condition remains poorly understood. Long COVID 

symptoms are diverse and generally unspecific, those most 

common are fatigue, dyspnoea, and cognitive dysfunction.73 

Additionally, SARS-CoV-2 infection has also been associated with 

increased risks of presenting a broad range of complications one 

year after the acute phase of the disease.77 This include 

cardiovascular (e.g., arrhythmias, cerebrovascular disorders, 

ischemic and non-heart ischemia disease, and 

thromboembolisms), renal (e.g., acute kidney injury, end-stage 

kidney disease, major adverse kidney events), and mental health 

(e.g., anxiety, depressive, stress, sleep, and substance use 

disorders) outcomes, although evidence on this matter is still 

scarce.78–80  

 

1.1.4. Diagnosis 

i. Clinical suspicion 

COVID-19 should be suspected in every person presenting with 

symptoms suggestive of a viral respiratory infection. However, as 

discussed before, COVID-19 symptoms and signs are rather 

unspecific, and symptoms and signs evaluation have a poor 

diagnostic performance.81 Thus, the presence or absence of any 

of the abovementioned symptoms is not sufficient to neither 

establish nor exclude a diagnosis of COVID-19.  
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ii. Reverse-transcription polymerase chain reaction (RT-

PCR) 

The gold standard test to diagnose an acute SARS-CoV-2 

infection is a nucleic acid amplification test, such as the reverse 

transcription polymerase chain reaction (RT-PCR) test.41 RT-PCR 

tests detect viral RNA through a two-step process in which RNA 

sequences are transcribed into DNA and then amplified using a 

PCR. SARS-CoV-2 RT-PCR tests can detect RNA regions encoding 

proteins of the nucleocapsid, the envelope, or the spike of the 

virus. Upper respiratory tract samples, such as nasopharyngeal, 

nasal and oropharyngeal swabs, as well as saliva specimens, are 

the most-recommended specimen samples. SARS-CoV-2 RT-PCR 

tests were the first tests  to be developed, and thus were the only 

tests available to confirm a COVID-19 diagnosis at the beginning 

of the pandemic.82 Although SARS-CoV-2 RT-PCR tests are highly 

specific (i.e., the probability of obtaining a negative test result 

when a true non-case is tested), concerns have been raised 

regarding their sensitivity (i.e., the probability of obtaining a 

positive test result when a true case is tested) in the clinical 

setting.83,84 Test sensitivity depends on the sample used, as well 

as the duration of the infection at the time of testing.85 Indeed, 

the probability of a positive SARS-CoV-2 RT-PCR result declines 

over time after symptoms onset.86 Therefore, a positive RT-PCR 

test generally confirms a COVID-19 diagnosis, whereas a 

negative RT-PCR test excludes COVID-19 in the majority of cases. 

However, in the event of a high clinical suspicion repeating 

testing or other diagnostic tests should be considered.  

iii. Antigen tests 

Antigen tests directly detect the presence of viral proteins 

(antigens) produced by the virus.82 These tests were developed 

later than RT-PCR tests and were introduced in mid-2020.82 

Antigen tests include laboratory-based antigen tests (i.e., tests 

performed in laboratories, for example at the hospital level) and 

rapid diagnostics tests that can be self-administered outside the 

healthcare setting. In Spain, antigen tests have been used to 
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confirm a COVID-19 diagnosis since June 2020.87 However, in 

2020-2021 people that reported a positive test result after self-

testing were required to test positive in an additional 

confirmatory test, either a RT-PCR test or a rapid antigen test 

performed at primary care centres.88  

When compared to RT-PCR tests, antigen tests are faster and less 

expensive. However, antigen tests have lower sensitivities than 

RT-PCR tests, especially among asymptomatic cases. For 

example, in a study including 1,732 asymptomatic cases from 

June to August 2020, antigen test sensitivity and specificity were 

61% and 100%, respectively, when compared to RT-PCR.89 

Among 307 symptomatic cases, sensitivity and specificity were 

72% and 99%, respectively. 

iv. Antibody tests 

Antibody tests detect IgM or IgG antibodies targeting a specific 

antigen. In the advent of an infection/vaccination, IgM antibodies 

are produced first, and are later followed by IgG antibodies. In 

the case of SARS-CoV-2, IgG antibodies can be detected 

approximately 14 days after infection/vaccination.90 However, 

antibody tests cannot be used to confirm an acute COVID-19 

infection due to their lack of sensitivity and specificity.90 These 

tests can be used to detect people exposed to SARS-CoV-2 or 

vaccinated against SARS-CoV-2 and have been frequently used in 

epidemiological studies.90 

 

1.1.5. Management 

Since COVID-19 manifests often as a mild disease, most patients 

with COVID-19 are managed in the outpatient setting. In 

countries with a primary care-based health system such as Spain, 

primary care has been fundamental in the COVID-19 response, 

diagnosing, triaging, and managing most patients with COVID-19 

throughout the pandemic.91 Currently, management in the 

outpatient setting includes counselling (on infection control 
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measures and warning symptoms), symptomatic therapy (e.g., 

analgesics, antipyretics), and, in patients with higher risk of 

progression to severe disease, treatment with COVID-19 

antivirals (e.g., nirmatrelvir/ritonavir, which was authorised in the 

European Union in early 2022).92,93  

In the inpatient setting, hospital care for COVID-19 patients has 

substantially evolved throughout the pandemic.94 In the first 

months, care was limited to supportive treatment with adjuvant 

therapies (e.g., corticosteroids, anticoagulants).94 Repurposed 

drugs (i.e., drugs authorised for another indication) were also 

widely used, despite limited evidence on their effectiveness.94 

One of these repurposed drugs was hydroxychloroquine, an 

antimalarial drug that was initially administered on the basis of in 

vitro activity against SARS-CoV-2 but that was later seen to 

increase mortality among COVID-19 patients.95 Nowadays, 

clinical guidelines recommend the use of corticosteroids in 

combination with COVID-19 antivirals and/or monoclonal 

antibodies in patients with severe disease that require 

supplemental oxygen.96,97 

 

1.1.6. Factors associated with COVID-19 infection and 

severity 

This section provides an overview of factors associated with 

COVID-19 infection and severity before the advent of COVID-19 

vaccines, including demographics, underlying conditions (with a 

particular focus on obesity and cancer, the exposures of interest 

in Study I and Studies II and III, respectively), and 

socioeconomic status (the exposure of interest in Study V).   

i. Demographics: age and sex 

People of all ages can be infected by SARS-CoV-2. However, in 

early stages of the pandemic COVID-19 was mostly diagnosed 

among middle (40-64 years) and old-aged people (≥65years).57,98 

In Spain, as of May 2020, the median age of confirmed cases was 
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50 years, and 1 out of 4 were aged ≥80 years.68 Over time, 

however, the age distribution of COVID-19 cases evolved, as 

seen in Figure 6, which is related to changes in testing patterns 

and the COVID-19 vaccine rollout. Despite this, the majority of 

severe cases have consistently been reported among the 

eldest.63,99 During the first wave, the CFR in Spain ranged from 

0.2% among children aged 0-9 years to 22% for adults aged 90 

years,68 and solid evidence shows that age is the most prominent 

risk factor for COVID-19 severity.100–103 This might be related to an 

impaired immune system (due to ageing), a higher prevalence of 

comorbidities among the eldest, or medication use for these 

comorbidities.104 

Males and females can be both infected by SARS-CoV-2.105 In 

Spain, as of May 2020, 57% of confirmed cases were females,68 

whereas in the aforementioned serological study both females 

and males had a seroprevalence rate of 4.6%.26 Population-based 

studies from other countries also reported similar seroprevalence 

rates by sex.106 Conversely, men account for the majority of 

severe COVID-19 cases.100,101,107,108 During the first wave in Spain 

56% of patients hospitalised, 69% of patients admitted to the ICU, 

and 57% of patients deceased were males.68 In addition, male sex 

has been consistently associated with increased risks of COVID 

19 hospitalisation and death, even after accounting for the effect 

of comorbidities 100,101,109 Increased severity among males has 

been postulated to be related to immune differences linked to X 

chromosomes and to hormonal differences.109,110 

ii. Underlying conditions  

In early reports, a substantial proportion of COVID-19 cases had 

underlying conditions, such as cardiovascular disease, chronic 

obstructive pulmonary disease, diabetes, or hypertension, 

among others.57,98,101 In Spain, as of May 2020, 65% of confirmed 

cases had at least one underlying condition of interest. Those 

most common were cardiovascular diseases (29%), hypertension 

(20%) and diabetes (16%).68 Additionally, the prevalence of 

comorbidities was higher among those with severe  
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Figure 6: Daily COVID-19 cases confirmed, hospitalised, and 
deceased in Catalonia from February to December 2020, by age 
group 

 

Notes: 7-day rolling average.  

Source: Own elaboration based on data from the Spanish National Centre of 

Epidemiology.16  

 

disease.63,68,101,102,111,112 In Spain, 81% of hospitalised cases had at 

least one underlying condition of interest.68 Later studies have 

shown an association between several conditions and increased 

risks of severe COVID-19.101 According to a systematic review 

from the US Centre for Disease Control, there is strong evidence 

that the following conditions are associated with higher risks of 

severe COVID-19 outcomes (i.e., hospitalisation, intensive 

services requirements, or death): cancer, cerebrovascular, 

chronic kidney, chronic lung, and chronic liver diseases, 

dementia, disabilities, heart conditions, human 

immunodeficiency virus infection, mental health disorders, 

obesity, physical inactivity, pregnancy, primary 
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immunodeficiencies, tuberculosis, type 1 and type 2 diabetes, 

smoking (current/former), solid organ or haematopoietic cell 

transplantation, and use of immunosuppressive drugs.99 

iii. Obesity 

Obesity is an abnormal or excessive fat accumulation that 

presents a risk to health.113 BMI, which is calculated by dividing 

weight (in kilograms) by height (in metres squared), is a method 

frequently used to assess obesity.114 According to the WHO, a 

BMI ≥30 kg/m2 is considered obese.113 Obesity is a well-known 

risk factor for several noncommunicable diseases (NCDs), such as 

cardiovascular diseases or type 2 diabetes, but it has also been 

associated with increased risks of communicable diseases, such 

as respiratory viral infections.115 Obesity has also been associated 

with increased risks of severe COVID-19,115–117 which might be 

related to the metabolic alterations associated with obesity, such 

as insulin resistance, increased glucose levels in blood, 

alterations in adipose-tissue-derived hormones (i.e., adipokines, 

such as adiponectin or leptin), and chronic low-grade 

inflammation.115 These alterations impair the immune response. 

Furthermore, obesity is associated with a restrictive respiratory 

pattern, characterised by a reduced compliance of the lungs, as 

well as with other respiratory diseases such as obstructive sleep 

apnoea syndrome or obesity hypoventilation syndrome.49 Lastly, 

obesity is also strongly associated with conditions that also 

increased the risks of severe COVID-19 (e.g., cardiovascular 

diseases or type 2 diabetes).115 

iv. Cancer 

Cancer is characterised by an abnormal and uncontrollable 

growth of cells that can invade nearby tissues or other parts of 

the body.118 Although there are several types of cancer, cancers 

can be classified in solid cancers (cancers that originate in solid 

organs of the body, such as breast or prostate cancer) and 

haematological cancers (cancers that originate in blood-forming 

tissues, such as leukaemia, lymphoma, or multiple myeloma). 
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Several studies have shown an association between cancer and 

increased risks of COVID-19 infection and severe disease.119–122 

This might be explained by the fact that patients with cancer are 

particularly susceptible to infections, due to the characteristics of 

the cancer itself, treatment-related immunosuppression, as well 

as increased exposure to infections due to higher interactions 

with the healthcare system and increased use of invasive devices, 

such as catheters.123 Infections are particularly frequent among 

patients with haematological malignancies, since these cancers 

often infiltrate the bone marrow (impairing the production of 

immune cells, such as neutrophils, lymphocytes, or 

macrophages) and cancer treatments target the bone marrow 

itself.124  

v. Socioeconomic factors 

Early reports describing the characteristics of individuals with 

COVID-19 lacked information on socioeconomic factors, such as 

ethnicity, educational level, occupation, or socioeconomic status 

(SES).125 This in part because such information is not generally 

recorded in health data sources.125 For example, in Spain, official 

reports issued by the Spanish National Centre for Epidemiology 

describing the characteristics of COVID-19 cases included only 

information on demographics (age, sex), baseline conditions, 

symptoms, and outcomes.65,68 Reports from the Catalan Health 

Department also lacked information on socioeconomic 

variables.126 However, later studies showed that people from 

disadvantaged populations, such as people living in 

socioeconomically deprived areas, ethnic minorities, or migrants, 

displayed higher incidence rates of SARS-CoV-2 infection in early 

stages of the pandemic.28,112,127–132  

The disproportionate burden of SARS-CoV-2 infection among 

these populations is likely reflective of increased exposure 

related to occupation and housing conditions.127,133 On the one 

hand, people from disadvantaged populations have more 

frequently jobs that cannot be undertaken from home.127 

Therefore, they have a higher risk of contracting the infection due 



 

22 
 

to increased interactions with others, in the workplace or while 

commuting. Risks are higher for people that have a great deal of 

social interaction, such as people working in contact with the 

public or people working in high-population-density work 

environments. On the other hand, people with low income or 

migrants are more likely to share a house and to live in 

overcrowded households.134 The implementation of preventive 

measures, such as quarantines or isolations, is challenging in 

overcrowded households. A person with SARS-CoV-2 infection 

might not be able to isolate in a separate bedroom, and facilities 

such as the bathroom or the kitchen are often shared by many 

household members, thus increasing the risks of infection for 

other residents.  

People living in socio-economically deprived areas and from 

ethnic minorities are also at increased risks of severe COVID-

19.127,128,131,135,136 In Barcelona, hospitalisation and mortality rates 

were 1.5 times and 1.2 times higher among people living in the 

most deprived areas when compared to those in the least 

deprived areas during the first wave.112 In the UK, a study 

reported that people from Black and South Asian ethnicities had 

5 times and 2 times higher risks of COVID-19 death, respectively, 

when compared to White from March 2020 to January 2021.136 

Increased rates of hospitalisation and COVID-19 deaths among 

disadvantaged populations are also reflective of poorer baseline 

health status.137 For instance, as discussed before, conditions 

such as cardiovascular diseases, obesity, or type 2 diabetes have 

been associated with increased risks of severe COVID-19. In 

Western countries, including Spain, these conditions display a 

socioeconomic gradient, with generally higher incidence rates 

among people from disadvantaged population groups, such as 

people with low SES or from ethnic minorities.138–142 
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1.1.7. Vaccines  

i. Types 

When the studies of this Thesis were conducted, there were two 

types of vaccines against COVID-19: mRNA-based vaccines and 

adenovirus-based vaccines. BNT162b2 and mRNA-1273 are 

mRNA-based vaccines.32,33 These vaccines are based on 

sequences of synthetic messenger RNA (mRNA) that encode 

SARS-CoV-2 viral spike antigens. mRNA sequences enter the host 

cell, which then produces these antigens, activating the immune 

response. These vaccines are the first vaccines in history 

authorised for human use based on mRNA.143  

ChAdOx1 and Ad.26.COV2.S are non-replicating adenovirus-

based vaccines.34,35 These vaccines use a viral vector to introduce 

genetic material that codes for a spike antigen into the host cell. 

In the case of SARS-CoV-2 vaccines, this vector is a modified 

adenovirus. Before the COVID-19 pandemic, other adenovirus-

based vaccines had been tested in clinical trials to prevent 

diseases such as Ebola, Malaria, or tuberculosis, among others. 

Thus, evidence regarding potential side-effects associated with 

this type of vaccine was scarce prior to the pandemic.144 

These vaccines also have different administration regimens. 

Three are 2-dose regimen vaccines: BNT162b2 (recommended 

interval between doses: 21 days), mRNA-1273 (28 days), and 

ChAdOx1 (4 to 12 weeks), whereas Ad.26.COV2.S is a 1-dose 

regimen vaccine. Additional doses for people with weakened 

immune systems and booster doses can also be administered 

after primary vaccination, although the administration of extra 

doses outside the primary vaccination scheme was not 

contemplated initially (see the next section, ii. Effectiveness).  
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ii. Effectiveness 

COVID-19 vaccines showed high effectiveness against 

symptomatic SARS-CoV-2 infection in randomised clinical trials 

(RCT), such as 95% for BNT162b2,145 94% for mRNA-1273,146 70% 

for ChAdOx1,147 and 67% for Ad.26.COV2.S.148 Studies 

conducted in the real-world setting shortly after the start of the 

vaccine rollout confirmed high effectiveness of these vaccines. In 

an early study from Israel including 590,000 BNT162b2 vaccine 

recipients, VE against symptomatic infection, hospitalisation, and 

death was 94%, 87%, and 92%, respectively, 7 days after second-

dose vaccination.149 This is in line with findings for other COVID-

19 vaccines and from other countries, including Spain,150–153 

although later studies including longer follow-ups raised 

concerns regarding protection duration.154  

Concerns were also raised over immune evasion  of emergent 

SARS-CoV-2 variants, Omicron in particular.155,156  A study from 

the US showed that during the Delta variant predominance 

mRNA VE decreased from 86% during the first six months 

following second dose administration to 76% more than six 

months after, and from 52% to 38% during the Omicron variant 

predominance.157 Due to these concerns, the EMA 

recommended in December 2021 the administration of booster 

doses to people aged ≥5 years who had previously completed a 

primary COVID-19 vaccination scheme.158 Later, in April 2022 and 

July 2022, the EMA also recommended second booster doses for 

individuals aged ≥80 years and people aged 60-79 years, 

respectively.159 Booster doses have showed increased VE for all 

SARS-CoV-2 variants, including Omicron.157,160 

iii. Safety 

In RCT settings, COVID-19 vaccines showed a good safety 

profile.145–148 The most frequent adverse effects reported were 

mild and short-term, and included injection-site reaction, 

headache, fatigue, and myalgia. However, RCT include relatively 

small samples of people (usually 500-3,000 patients,161 although 
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COVID-19 vaccine trials included 20,000-40,000 participants)145–

148 and are, therefore, not able to capture rare adverse events or 

subgroup populations with increased risks of such events. In 

March 2021, concerns were raised in Europe and the US 

regarding the safety of adenovirus-based vaccines due to 

spontaneous reports of thromboembolic events in unusual sites 

(e.g., cerebral venous sinus thrombosis (CVST)) associated with 

low platelets counts within three weeks following vaccine 

administration.162–166  

These events were described as a new disease called vaccine-

induced immune thrombotic thrombocytopenia (VITT),167 an 

immune thrombotic thrombocytopenia syndrome mediated by 

antibodies against platelet factor 4 (PF4).  VITT is also often 

referred to as thrombosis with thrombocytopenia syndrome 

(TTS).163,164 Although both terms are often used interchangeably, 

some authors consider TTS as a broader term that encompasses 

thrombotic thrombocytopenia of any cause following COVID-19 

vaccination, regardless of the documented presence of 

antibodies against PF4 (which are not routinely measured and 

can be difficult to capture in real-world studies).162  

In early reports, cases of VITT/TTS were reported mostly among 

middle-aged females 5 to 16 days after first dose ChAdOx1 

administration. Although it was unclear whether there was a 

causal relationship between vaccination and these events, several 

countries in Europe suspended vaccination with ChAdOx1, or 

restricted the use of this vaccine to some age subgroups (of note, 

Ad.26.COV2.S was not yet available in Europe at that time).168 In 

Spain, ChAdOx1 was initially administered to essential workers 

aged ≤55 years and later restricted to people aged 60-69 

years.169  

Although this Thesis focuses on the risks of TTS, COVID-19 

vaccines have also been associated with increased risks of other 

adverse events, including myocarditis and pericarditis following 

vaccination with mRNA-based vaccines (mostly among males 

aged <40 years).170,171 
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1.1.8. Key points 

 

• In late December 2020, COVID-19 emerged in China and 

evolved into a pandemic by March 2020. A year later, 

Western countries launched nationwide COVID-19 

vaccination campaigns.  

• Since its emergence, SARS-CoV-2 has mutated and 

variants with various levels of transmissibility, virulence, 

and immunity to vaccines have appeared.  

• SARS-CoV-2 clinical presentation ranges from 

asymptomatic to severe illness (15% of cases in early 

stages of the pandemic). After acute infection, 10 to 30% 

of patients continue to experience symptoms, a condition 

that has been labelled as post-COVID-19 condition or 

long COVID-19. 

• SARS-CoV-2 RT-PCR and antigen tests can confirm a 

diagnosis of acute COVID-19. 

• Being older, male sex, baseline comorbidities (including 

obesity and cancer), and low socioeconomic status are 

associated with increased risks of severe acute COVID-19.  

• Concerns about the safety of COVID-19 vaccines were 

raised in March 2020 following spontaneous reports of 

rare thromboembolic events following vaccination with 

adenovirus-based vaccines. 
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Figure 7: Timeline of the COVID-19 pandemic 

 

Source: own elaboration 

 

1.2. Limitations of evidence and knowledge gaps 

Despite the fast pace of COVID-19-related publications during 

the first months of the pandemic,172 several uncertainties 

regarding the characteristics of COVID-19 cases and factors 

associated with COVID-19 infection and severity remained at the 

start of this Thesis. Studies I, II, III and IV aimed to fill some of 

these evidence-gaps. In addition, Studies IV and V aimed to 

provide timely answers to concerns over vaccine uptake and 

safety that emerged in the months following the COVID-19 

vaccine rollout, which started in Europe (and in Spain) six months 

after the beginning of this Thesis.  

 

1.2.1. Characteristics of COVID-19 cases  

As discussed by Fox et al, descriptive studies are fundamental in 

public health.173 Briefly, descriptive studies aim to characterise 

how exposures, conditions, or diseases are distributed in well-

defined populations and in specific contexts (e.g., in one or more 
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geographical settings, or time points) and provide the basis for 

causal or predictive studies. In the event of a new disease, such as 

COVID-19, timely and well-designed descriptive studies are 

essential to inform public health strategies and guide future 

epidemiological studies. 

Unfortunately, COVID-19 descriptive studies were scarce during 

the first months of the pandemic, and information on the 

characteristics of COVID-19 cases was mostly published by public 

health authorities.173 These studies and reports used different 

criteria to identify COVID-19 cases, underlying conditions, or 

COVID-19 complications, which limited the comparability of their 

findings. More importantly, most of these studies/reports 

included only patients hospitalised or with confirmed infection. 

This was a major limitation, since they included a biased 

subsample of COVID-19 cases, thus incurring in selection bias.133 

Therefore, their results were not generalisable to the overall 

COVID-19 population, and the risks of complications were 

overestimated since participants were mostly severe cases. 

Additionally, most studies/reports described only outcomes such 

as hospitalisation, ICU admission, death, or respiratory outcomes 

(e.g., pneumonia, acute respiratory distress syndrome (ARDS)). 

Only small case series studies reported the incidence rates of 

other adverse outcomes such as cardiovascular events (e.g., 

myocardial infarction) or thromboembolic events (e.g., 

pulmonary embolism). Thus, the incidence rates of these 

outcomes during the acute phase of COVID-19 infection 

remained unknown. Lastly, descriptive studies targeting specific 

subgroup populations were scarce. For example, studies 

describing the characteristics and outcomes among people with 

COVID-19 and with underlying conditions, such as obesity or 

cancer, were lacking. Therefore, representative, and large 

population-based studies providing a detailed characterisation of 

COVID-19 patients among specific subgroup populations were 

needed. 
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1.2.2. Factors associated with COVID-19 infection and 

severity 

While descriptive studies were scarce in the early stages of the 

pandemic, several studies attempted to identify factors 

associated with COVID-19 infection and severity. Most of these 

studies analysed the associations between several exposures 

(e.g., age, hypertension, diabetes) and COVID-19-related 

outcomes using models adjusted by different covariates, without 

considering the underlying causal relationships between 

variables. This approach led to controversial findings, often 

misinterpreted as causal associations.173,174 

An early study underpinned by the OpenSAFELY platform is an 

illustrative example of this.173–175 This study including 17 million 

people from the UK analysed the associations between several 

factors and the risks of COVID-19-related deaths through 

multivariable modelling.176 Briefly, the study provided estimates 

for a single fully adjusted model that included all the exposures 

of interest. This practice, which has been referred to as the Table 

2 Fallacy, can lead to erroneous interpretations.177 For example, 

the study found a negative association between smoking and 

COVID-19 death, thus suggesting a protective effect of tobacco 

(although the authors highlighted that their model likely included 

mediators of the association between smoking and COVID-19, 

such as chronic respiratory disease). While Williamson et al 

argued that their study had a descriptive purpose (and thus, 

results should not be interpreted as causal),178 they used terms 

such as “increased risk”, “reduction”, or “attributable” when 

describing the associations between exposures and COVID-19 

deaths, which might be interpreted as causal. Later studies 

addressing the causal relationship between tobacco and COVID-

19 outcomes found the opposite, that is, that smoking is 

associated with increased risks of poor COVID-19 outcomes.179 

Another major limitation of early studies aiming to identify factors 

associated with COVID-19 outcomes is selection bias, and in 



 

30 
 

particular, collider bias.180,181 Collider bias occurs when 

controlling or restricting (by design or analysis) on a variable that 

is influenced by the exposure and the outcome of interest. Using 

directed acyclic graphs (DAGs),182 collider bias can be illustrated 

as a variable that has 2 arrows colliding, as shown in Figure 8.A. 

When adjusting or controlling for this collider variable (variable 

C), a spurious association is found between the variables that 

originate those arrows (variables A and B).  

For example, when SARS-CoV-2 testing was not widely available, 

the likelihood of being tested for COVID-19 might have been 

influenced by having cancer (exposure) and by the severity of the 

disease (outcome). Thus, in analyses restricted to people tested 

for COVID-19, an association between cancer and risk of severe 

disease will be observed, regardless of the causal nature or not of 

the observed relationship (see Figure 8.B).  

Figure 8: Illustration of collider bias using a Direct Acyclic Graph 

Source: own elaboration 
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In summary, evidence regarding factors associated with COVID-

19 infection and severity was limited due to confounding and 

collider bias. Furthermore, while some factors were consistently 

associated with increased risks of poor COVID-19 outcomes (e.g., 

age), other factors showed conflicting results or were rarely 

addressed. For example, at the beginning of the pandemic, the 

relationship between cancer and COVID-19 was unclear. While 

some studies found an association between cancer and COVID-

19 infection and complications,119,122,183 others found null 

associations.111,184,185 These studies, however, used different 

cancer definitions, and were mostly small and prone to collider 

bias, since they included only a biased subsample of COVID-19 

cases (e.g., confirmed or hospitalised cases during the first wave 

of the pandemic).186 

Moreover, the first studies reporting factors associated with 

COVID-19 outcomes did not include information on 

socioeconomic characteristics.187 Concerns over socioeconomic 

COVID-19 inequalities emerged in late April 2020, with early 

reports from the UK and the US showing higher SARS-CoV-2 

infection and mortality rates among people from ethnic 

minorities, such as African American or Hispanic in the US or 

Black and South Asian in the UK.188–190 Later studies analysing the 

associations between ethnicity, socioeconomic deprivation, and 

occupation found increased risks of COVID-19 infection and 

severity among people from vulnerable population groups.125 

However, these studies were mostly conducted in the US or the 

UK, and evidence from south-eastern European countries, such 

as Spain, was scarce.   

 

1.2.3. Vaccine uptake 

In the months following the start of the COVID-19 vaccine rollout, 

studies from the UK and the US showed inequalities in COVID-19 

vaccine uptake. In a study conducted in the UK three months 

after the start of nationwide vaccination, Black minorities had 
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lower vaccine coverages than White people (68% vs 97%) among 

people aged ≥80 years. Further, coverage ranged from 91% for 

those living in the most deprived areas to 97% for those living in 

the least deprived areas.191 In the US, as of May 2021, vaccine 

coverage ranged from 49% to 59% in the most and least 

deprived counties, respectively.192  

In Catalonia, one year after the start of the vaccine rollout, 

coverage reached 90% for people aged ≥12 years.39  Coverage 

differed by age category, with coverages ranging from 79% 

among those aged 30-39 years (the 10-band age group with the 

lowest vaccination coverage) to 100% for people aged ≥80 years. 

However, official reports from Catalonia and Spain regarding 

COVID-19 vaccination coverage only provided estimates of 

vaccine coverage by age group, sex, and county.193 Thus, 

evidence regarding potential differences in COVID-19 vaccine 

uptake by socioeconomic status was missing. Furthermore, 

population-based studies exploring the relationship between 

socioeconomic factors and vaccine uptake in Spain were lacking. 

Similarly, although several studies from the US and the UK had 

analysed the associations between socioeconomic factors and 

COVID-19 infection and hospitalisation before the advent of 

COVID-19 vaccines, studies analysing the impact of the vaccine 

rollout on infection socioeconomic inequalities were lacking six 

months after the start of the COVID-19 vaccine rollout.  

 

1.2.4. Vaccine safety 

Despite concerns regarding risks of TTS following COVID-19 

vaccination, as of June 2021, large and representative 

observational studies addressing this matter were scarce and 

limited to first doses.194,195 A study from Denmark and Norway 

published in May 2021 including first dose ChAdOx1 vaccine 

recipients aged 18-65 years showed that individuals vaccinated 

had increased risks of venous thromboembolic events when 

compared to a historical background cohort.194 Another study 
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from Scotland found suggestive evidence that ChAdOx1 was 

associated with increased risks of idiopathic thrombocytopenic 

purpura, whereas BNT161b2 was not found to be associated with 

increased risks of thromboembolic events.195 In addition, these 

studies did not assess the risks of thromboembolic events 

following COVID-19 infection, and, therefore, further research 

was needed to understand the risks of TTS following vaccination 

with different COVID-19 vaccines and doses as well as following 

COVID-19 infection as a benchmark.   

 

1.2.5. Key points 

 

1. Descriptive studies were scarce in early stages of the 

pandemic, and little was known about the characteristics 

of patients with COVID-19 among people with underlying 

conditions, such as people living with obesity or with 

cancer. 

2. Early studies addressing factors associated with COVID-19 

infection and severity were mostly small and prone to 

selection bias. In the field of cancer, prior studies found 

conflicting results regarding the associations between 

cancer and COVID-19 outcomes. 

3. In the first months after the start of the COVID-19 vaccine 

rollout, little was known about inequalities in COVID-19 

vaccine uptake by socioeconomic status. Furthermore, 

evidence regarding the impact of COVID-19 vaccination 

on socioeconomic inequalities in COVID-19 infections and 

hospitalisations was lacking. 

4. As of June 2021, only a couple of studies had analysed 

the relationship between first dose COVID-19 vaccines 

and thromboembolic events, with inconsistent results. 
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1.3. Real-world data 

1.3.1. Definition 

Real-world data (RWD) refers to data related to the health status 

and/or the delivery of health care that is routinely collected.196 

Examples of RWD include electronic health records (EHR), 

administrative claims data, disease registries (e.g., cancer 

registries), or data gathered through personal devices (e.g., 

mobile health applications). This type of data, although not 

primarily designed for research purposes, is being increasingly 

used in epidemiology and clinical research, especially in the field 

of pharmacoepidemiology.197,198 For instance, RWD are 

particularly useful to conduct post-marketing effectiveness and 

safety studies, since they allow the inclusion of large and inclusive 

populations and are reflective of real practice conditions.197,199 

For example, Suchard et al recently analysed the comparative 

effectiveness and safety of first-line antihypertensive therapies 

using RWD from 9 different databases.200  RWD have also been 

used to describe the natural history of diseases and drug 

utilisation patterns, to analyse the associations between 

exposures and outcomes of interest,, to develop patient-level 

prediction models, and to provide insights into the quality of 

health systems, among others.102,200–203 For example, Hripcsack et 

al described treatment pathways for type 2 diabetes, 

hypertension, and depression using RWD from four countries.201 

Recalde et al investigated the associations between body mass 

index (BMI) and different cancer types using EHR from 

Catalonia.202 Ross et al developed a predictive model of COVID-

19 outcomes using RWD from six countries.203  

 

1.3.2. Strengths and limitations  

The major strengths of RWD are their large sample size, allowing 

the study of rare outcomes, as well as their representativeness of 

the general population, which increases the generalisability and 
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external validity of study results.197 They also include long follow-

ups and are therefore suited to study long-term outcomes. 

Additionally, when compared to RCT or to other observational 

data sources (such as large cohorts) the use of RWD allows to 

conduct studies in a timely and inexpensive manner.199 However, 

RWD has limitations. First, concerns are often raised regarding 

data quality since researchers do not control data collection. 

Furthermore, data collection might differ depending on clinical 

practice standards, which vary across settings and time periods. 

This might lead to heterogeneous results that are challenging to 

interpret, although they are reflective of the particularities of 

different settings. RWD might also lack information on some 

variables of interest. For example, EHR often lack information on 

lifestyle variables such as diet, physical activity, or working 

conditions, among others. Lastly, as in any observational study, 

appropriate methods must be used to minimise the risks of 

selection, misclassification, and confounding bias when using 

RWD.  

Ideally, a RWD database would be updated regularly and include 

large and representative populations, as well as high quality 

information on multiple items (e.g., lifestyle factors, medical 

diagnoses, laboratory tests, drug prescriptions) from multiple 

healthcare settings (e.g., outpatient, hospital, emergency care) 

while preserving patient confidentiality.161 In practice, RWD are 

heterogeneous in terms of size, data quality, information 

included, and settings. Thus, when using RWD, researchers must 

assess the fitness for purpose of their data, i.e., the 

appropriateness of the data to provide answers for a specific 

research question.204 

 

1.3.3. The use of common data models 

Routinely collected databases store their information using a 

wide variety of structures, formats, and terminologies (e.g., 

databases might have a different number of tables, or record 
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clinical information using different coding nomenclatures).205 This 

limits the comparability of results across data sources, as well as 

hinders the conduction of multi-database studies.205 Multi-

database studies can provide insights into different contexts (e.g., 

understand patterns of medication in different countries), and 

have increased external validity and statistical power.206 Different 

approaches have been used to conduct multi-database studies, 

such as running studies locally using analytic codes specific to 

each database (with methods developed in agreement across 

study partners) or sharing raw data to a central partner, which 

runs the analysis.206 These approaches can be particularly time-

consuming and sharing raw data is often challenging due to 

confidentiality issues. 

Another approach is the use of common data models. This 

approach consists of transforming data stored in disparate data 

sources into a common and standard format, with harmonised 

terminologies, vocabularies, and codes.197,207 When using 

common data models, researchers can apply a common 

analytical code to each database locally (rather than adapting the 

code to each database).206 Then, aggregated results are shared 

across data partners. This approach expedites the results-

obtention process while maintaining patient-level data locally in a 

secure setting. To date, several common data models have been 

developed, such as the Observational Medical Outcomes 

Partnership (OMOP) Common Data Model (CDM), the US FDA 

Sentinel (used mostly for post-marketing drug safety studies), the 

National Patient-Centered Clinical Research Network (PCORnet), 

or the ConcepTION CDM.207–210 
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1.3.4. Key points  

 

• Real-world data (RWD) are data routinely collected related 

to the health status and/or the delivery of health care, such 

as electronic health records or claims data. 

• The major strengths of RWD are their large sample size, 

long follow-ups, and representativeness of the general 

population. However, RWD might have limited data 

quality as well as limited information on some variables, 

such as lifestyle or socioeconomic factors. 

• The use of common data models can facilitate the 

conduction of network studies, increasing generalisability 

and statistical power while protecting patient’s 

confidentiality.  
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The COVID-19 pandemic has caused an unprecedented health, 

economic, and social disruption worldwide. The emergence of 

this new disease raised several research questions that needed to 

be urgently addressed to inform the COVID-19 response. 

However, although the literature in the COVID-19 field evolved 

rapidly in early stages of the pandemic, several research gaps 

remained to be addressed at the start of this Thesis. Over the last 

years, RWD have been increasingly used in the field of 

epidemiology. Due to their large size, representativeness, high 

statistical power, and, most importantly, due to their availability, 

RWD can be an important asset in the field of COVID-19 

research.  

For instance, RWD could provide insights into the characteristics 

and occurrence of outcomes among subgroup populations of 

interest with COVID-19, such as individuals living with obesity or 

with a history of cancer, which have been poorly characterised in 

prior studies. RWD could also be used to analyse the associations 

between COVID-19-related outcomes and exposures of interest, 

such as cancer or socioeconomic deprivation, which remain 

unclear. The advent of vaccines against COVID-19 has also raised 

questions regarding inequalities in vaccine uptake as well as 

regarding the impact of vaccination campaigns on COVID-19 

infection inequalities. Such questions might be answered in a 

timely manner using RWD. Lastly, concerns have been raised 

over COVID-19 vaccines safety. The use of RWD could help 

understand the relationship between COVID-19 vaccines and the 

occurrence of rare adverse events, such as thromboembolic 

events.  
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3. OBJECTIVES 
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The main aim of this Thesis was to describe the baseline 

characteristics and the occurrence of outcomes among people 

with COVID 19 infection and underlying conditions and to 

investigate factors associated with COVID-19 infection and 

severity as well as with COVID-19 vaccine uptake and safety using 

real-world data. 

This thesis had five specific objectives: 

1. To describe the baseline demographic and clinical 

characteristics, as well as the occurrence of outcomes 

among patients diagnosed and hospitalised with COVID-

19 in population subgroups with underlying conditions of 

interest, such as obesity (Study I in the Results section) or 

cancer (Study II in the Results section). 

2. To investigate the associations between cancer and the 

risk of COVID-19 diagnosis, hospitalisation, and death, 

overall and by years since cancer diagnosis and cancer 

subtype (Study III in the Results section).  

3. To investigate the associations between socioeconomic 

deprivation and the risks of COVID-19 diagnosis, 

hospitalisation, and death before and after the COVID-19 

vaccine rollout (Study IV in the Results section).  

4. To characterise the COVID-19 vaccine rollout and to 

investigate the association between socioeconomic 

deprivation and COVID-19 vaccine uptake (Study IV in 

the Results section).  

5. To describe the incidence rates of thromboembolic 

events and thrombocytopenia following COVID-19 

infection and vaccination, and to compare these with 

incident rates among the general population before the 

COVID-19 pandemic (Study V in the Results section). 
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Herein, we provide an overview of the study designs, settings, 

data sources, study populations, exposures, outcomes, and 

statistical analyses that were used in the studies included in this 

Thesis. More details about the methods of each study can be 

found in Section 5 Results, in the Methods section of each article. 

 

4.1. Study designs  

The five studies of this Thesis were cohort studies underpinned 

by RWD. All the databases contributing to the studies of this 

Thesis have been standardised to the OMOP CDM.211 Studies I 

and II were international network studies including several 

databases from Spain, the UK, and the US. Studies III, IV and V 

were conducted using the Information System for Research in 

Primary Care (SIDIAP) database, from Catalonia, Spain.212 

 

4.2. Settings and data sources 

4.2.1. The CHARYBDIS project 

Studies I and II were conducted using healthcare databases 

contributing to the CHARYBDIS (Characterizing Health 

Associated Risks and Your Baseline Disease In SARS-COV-2) 

project.213 This project, designed by the Observational Health 

Data Sciences and Informatics (OHDSI) community,214 aimed to 

characterise patients with COVID-19 using RWD from different 

countries and settings.  

Study I included data from January to June 2020 from Spain (one 

database), the UK (one database), and the US (four databases). 

Data from Spain came from the primary care database SIDIAP, 

which is explained in detail further on when presenting the data 

source for Studies III, IV and V. Data from the UK came from the 

primary care database Clinical Practice Research Datalink (CPRD). 

Data from the US included EHR from the hospital setting and 
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claims data. Hospital data came from the Columbia University 

Irving Medical Center (CUIMC, New York) database, covering 

New York-Presbyterian Hospital and its affiliated physician 

practices; the Stanford Medicine Research Data Repository 

(STARR- OMOP, California), with data from Stanford Health Care, 

and the Department of Veterans Affairs (VA-OMOP, national), 

covering the national Department of Veterans Affairs health care 

system, which includes more than 9 million enrolled Veterans. 

Claims data came from IQVIA Open Claims (national), which are 

pre-adjudicated claims covering over 300 million people (~80% 

of the US population).   

Study II included data from patients diagnosed with COVID-19 

between January to October 2020, as well as data from patients 

diagnosed with influenza in 2017-2018, from Spain and the US. 

Data from Spain came from the SIDIAP database, whereas data 

from the US included hospital and claims data. Hospital data 

included the Colorado University Anschutz Medical Campus 

Health Data Compass (CU-AMC-HDC; Colorado), CUIMC (New 

York), Optum-EHR (national), STARR-OMOP (California), and VA-

OMOP (national). Claims data included HealthVerity and IQVIA-

OpenClaims (both national).  

 

4.2.2. The SIDIAP database 

Studies III, IV and V were conducted using the SIDIAP database 

(www.sidiap.org). Study III included data from 1 March 2020 to 6 

May 2020, Study IV from 1 September 2020 to 30 June 2021, 

and Study V from 1 January 2017 to 30 June 2021. SIDIAP is a 

primary care database from Catalonia, an autonomous 

community in the Northeast of Spain. Spain has a public 

healthcare system in which primary care is free of charge and has 

a gatekeeping role. SIDIAP data is routinely collected by 

healthcare workers from 328 primary care centres that belong to 

Institut Català de la Salut (ICS), the main healthcare provider in 

Catalonia.212 SIDIAP includes pseudo-anonymised EHR since 

http://www.sidiap.org/
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2006 of people registered in primary care centres from ICS, 

approximately 5.8 million people (75% of the population living in 

Catalonia) and is representative of the general population in 

terms of age, sex, and geographic distribution.212 SIDIAP data 

comprises data on anthropometric measurements (e.g., weight), 

demographics (e.g., sex, age, nationality), disease diagnoses 

(coded using the International Classification of Diseases, Tenth 

Revision, Clinical Modification [ICD10-CM]), drug prescriptions 

and dispensations, laboratory test results, lifestyle factors (e.g., 

smoking), and socioeconomic status, among others. SIDIAP can 

also be linked to hospital discharge records from public and 

private hospitals of Catalonia (Conjunt Mínim Bàsic de Dades 

d’Alta Hospitalària), as well as to the Catalan public health 

vaccine registry. These linkages were used for Studies IV and V. 

The studies included in this Thesis used SIDIAP data standardised 

to the OMOP CDM.215 

 

4.2.3. The OMOP CDM  

The OMOP CDM is maintained by OHDSI, an open-science 

international network of researchers and observational health 

databases.216 To date, more than 100 de-identified healthcare 

databases including records from over one billion individuals 

from 20 countries across all the continents have been mapped or 

are in progress of mapping to the OMOP CDM.216 The OMOP 

CDM is a data standard that includes Clinical, Health Systems and 

Health economics data tables.211 An overview of the structure of 

the current OMOP CDM is shown in Figure 9.211 The OMOP CDM 

is person-centred: all the clinical tables are linked to the person 

table through a unique personal identifier and information is 

encoded using standardised vocabularies.207 

In the OMOP CDM, conditions in the Condition table are 

recorded using the Standard Nomenclature of Medicine 

(SNOMED), whereas drugs are recorded using RxNorm 

(extended, to include drugs approved in the US and in 
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Europe),207,217 and measurements using Logical Observation 

Identifiers Names and Codes (LOINC). Thus, the process of 

mapping data to the OMOP CDM includes transforming data 

stored in a specific nomenclature to standard vocabularies. For 

example, in SIDIAP a diagnosis of melanoma would be recorded 

as C43, Malignant melanoma of skin, in the ICD, 10th 

nomenclature. In OMOP CDM, this would be recorded in the 

Condition table, using the SNOMED Concept ID 141232, 

Malignant melanoma of skin. Importantly, although the 

information is transformed into standard vocabularies, the OMOP 

CDM also stores the original source concepts, therefore no 

information is lost when mapping the data. 

 

Source: The Book of OHDSI.216 

 

 

Figure 9: Structure of the OMOP CDM version 5.4 
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4.3. Study populations 

For all the studies included in this Thesis, participants were 

required to have at least one year of medical history available 

prior to study start to comprehensively capture baseline 

characteristics. Figure 10 includes an overview of the study 

periods of each study.  

Study I included all individuals diagnosed with COVID-19 and 

hospitalised with COVID-19 between January and June 2020. 

Study II included all individuals with a history of cancer 

diagnosed with COVID-19 and hospitalised with COVID between 

January and June-October 2020 (depending on the contributing 

database) as well as hospitalised with seasonal influenza in 2017-

2018. The index date for those diagnosed and hospitalised was 

the day of diagnosis and hospitalisation, respectively. Participants 

were followed until the end of follow-up (30 days), exit from the 

database, or end of data collection, whichever occurred first. 

Study III included adults (18 years and older) without a COVID-

19 diagnosis prior to study start (1 March 2020). Participants were 

followed until the occurrence of a state of interest (see sections 

4.5. Statistical analyses and 5.3. Study III) or end of data collection 

(6 May 2020), whichever occurred first. 

Study IV included people aged 40 years and older living in 

urban areas with information on socioeconomic deprivation and 

without a COVID-19 diagnosis prior to study start (1 September 

2020). To analyse inequalities in vaccine uptake, only individuals 

with a complete follow-up as of 30 June 2021 were included. To 

analyse inequalities in COVID-19 infections and hospitalisations, 

participants were followed until the occurrence of an outcome of 

interest, death, exit from the database, or end of study period 

(prior to vaccine rollout: 26 December 2020, after vaccine rollout: 

30 June 2021), whichever occurred first. 

Study V included people aged 20 years and older vaccinated 

with BNT162b2 or ChAdOx1 between 27 December 2020 and 23  
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Figure 10: Overview of the study periods of the studies included 
in this Thesis 

Source: Own elaboration 

Notes: For each study, the period of data collection is depicted through a black 

line delimited with dots. To provide some context, the figure illustrates the 

waves of the pandemic in Spain as grey areas, as well as highlight some 

important milestones. * Studies II and V also include data from 2017-2018 and 

from 2017-2019, respectively. 

 

June 2021 or infected with SARS-CoV-2 between 1 September 

2020 and 23 June 2021. An historical comparator cohort was also 

generated, including people aged 20 years and older registered 

in the SIDIAP database between 1 January 2017 and 31 

December 2018. All cohorts were followed until the occurrence 

of the outcome of interest, end of follow-up (21 days for those 

vaccinated, 90 days for those diagnosed with COVID-19, and 31 

December 2019 for the background general population cohort), 

exit from the database, or end of data collection (30 June 2021), 

whichever occurred first. 
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4.4. Variables 

4.4.1. COVID-19 infection 

In Studies I, II, and V, COVID-19 infection was an exposure, 

whereas in Studies III and IV, COVID-19 infection was an 

outcome. Additionally, these studies used different criteria to 

identify people infected with COVID-19 

Studies I, II and III included data from the first months of the 

pandemic (mostly from January until June 2020), when SARS-

CoV-2 testing was restricted to severe cases. Therefore, in those 

studies, we used test results as well as clinical diagnoses of 

COVID-19 to identify COVID-19 cases. In Studies I and II, the 

concept sets used to identify clinical diagnoses were: Suspected 

disease caused by severe acute respiratory coronavirus 2 

(SNOMED Concept ID: 37311060), Disease due to Coronaviridae 

(4100065), Disease caused by severe acute respiratory syndrome 

coronavirus 2 (37311061), and Coronavirus infection (439676). In 

Study III, COVID-19 diagnoses were identified based on a record 

of a clinical code for COVID-19 (37311061). 

Conversely, Studies IV and V included data from the second 

wave of the pandemic onwards, when SARS-CoV-2 testing was 

widely available. Therefore, in those studies, we used positive test 

results to identify COVID-19 cases. These included SARS-CoV-2 

RT-PCR and antigen tests.  

 

4.4.2. COVID-19 hospitalisation 

In Studies I and II, COVID-19 hospitalisation was an exposure, 

whereas in Studies III and IV, COVID-19 hospitalisation was an 

outcome. Additionally, these studies used different criteria to 

identify people hospitalised with COVID-19.  

In Studies I and II, COVID-19 hospitalisation was defined as a 

hospitalisation episode along with a clinical diagnosis or positive 
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SARS-CoV-2 within a time window from 21 days prior to 

admission up to the end of the hospitalisation episode to give 

sufficient time for patients to be hospitalised as well as sufficient 

time to be tested. In Study III, COVID-19 hospitalisation was 

defined as a hospitalisation episode along with a clinical 

diagnosis or positive RT-PCR SARS-CoV-2 test result between 21 

days before and 3 days after admission (to minimise the risk of 

including hospital-acquired infections). In Study IV, COVID-19 

hospitalisation was defined as a hospitalisation episode along 

with a positive SARS-CoV-2 test (RT-PCR or antigen) between 21 

days before and 3 days after admission. 

 

4.4.3. COVID-19 vaccination 

Vaccination against COVID-19 was an outcome in Study IV and 

an exposure in Study V.  

In Study IV, we identified individuals vaccinated with a first dose 

of any of COVID-19 vaccine, namely BNT162b2, mRNA-1273, 

ChAdOx1, and Ad.26.COV2.S.  

In Study V, we identified individuals vaccinated with BNT162b2 

(first and second doses) and ChAdOx1 (first doses). ChAdOx1 

second doses as well as mRNA-1273 and Ad.26.COV2.S vaccines 

were not included due to small sample sizes. 

 

4.4.4. Additional exposures of interest  

In Study I, we described the characteristics of patients diagnosed 

and hospitalised with COVID-19 stratified by a previous record of 

a diagnosis of obesity. Obesity was defined as any previous 

record of a clinical diagnosis of obesity, or a body mass index 

(BMI) measurement between 30 and 60 kg/m2, or a body weight 

measurement between 120 and 200 kg. We used SNOMED 

codes to identify obesity diagnoses, including Obesity (concept 
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ID: 433736), Body mass index 30+ - obesity (4060985), 

Pulmonary hypertension with extreme obesity (4081038), Obesity 

associated disorder (4176962), Body mass index 40+ - severely 

obese (4256640) and Lymphedema associated with obesity 

(45766204).  

In Study II, we included only individuals with a history of cancer, 

which we defined as having a record of a malignant neoplasm 

excluding non-melanoma skin cancer prior to the date of study 

start. We used SNOMED codes to identify individuals with a 

history of cancer, including Malignant neoplastic disease 

(concept Id: 443392) and H/O: malignant neoplasm (4144289) 

and we excluded those with a record of a squamous cell 

carcinoma of skin (4111921), History of malignant neoplasm of 

skin (4179242) and Basal cell carcinoma of skin (4112752).  

In Study III, history of cancer was the exposure of interest, which 

we defined as having a record of a primary invasive solid or 

haematological cancer excluding non-melanoma skin cancer 

prior to the date of study start. Since this study was underpinned 

exclusively by the SIDIAP database, we used source codes to 

identify cancer diagnoses, including the ICD-10-CM codes C00 to 

C96 aside from C44 (non-melanoma skin cancer) and C77-C79 

(secondary cancers).  

In Study IV, socioeconomic deprivation was the exposure of 

interest. We measured socioeconomic deprivation using a 

validated composite score, the Mortalidad en áreas pequeñas 

españolas y desigualdades socioeconómicas y ambientales 

(MEDEA) index.218 The MEDEA deprivation index was calculated 

for census tract urban areas using information from the Spanish 

national census of 2001. It is based on 5 indicators; three are 

related to working conditions (proportion of unemployment, 

manual workers, and eventual workers) and two to education 

level (proportion of people unable to read and write, overall and 

among young people). The MEDEA deprivation index is linked to 

each individual’s residential address (using the most recent 

address registered in SIDIAP) and categorised it into quintiles of 
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deprivation, with the first quintile (Q1) representing the least 

deprived area and the fifth quintile (Q5) representing the most 

deprived area.  

 

4.4.5. Additional outcomes of interest 

In Studies I and II we assessed the following 30-day outcomes: 

ARDS, acute kidney injury, cardiovascular disease events, deep 

vein thrombosis (DVT), pulmonary embolism (PE), sepsis, 

requirement of intensive services (identified by a recorded 

mechanical ventilation and/or a tracheostomy and/or extra- 

corporeal membrane oxygenation procedure), and death (from 

all causes). Specific definitions using SNOMED codes were 

created for each of these outcomes, which can be consulted in 

the Appendix of the corresponding published studies.  

In Studies III and IV, we also assessed COVID-19-related deaths. 

Since we lacked information on cause of death, we defined 

COVID-19- related deaths as deaths of any cause occurring: i) 

after a COVID-19 event (diagnosis or hospitalisation) in Study III,; 

and ii) within 28 days following a COVID-19 diagnosis in Study 

IV. The latter approach is in line with definitions used by other 

researchers, as well as by countries such as the UK.176,219 

In Study V, the outcomes of interest were thromboembolic 

events, thrombocytopenia, and TTS (a proxy of VITT). These 

included venous thromboembolism events (VTE, including DVT 

and PE) and arterial thromboembolism events (ATE, including 

myocardial infarction and stroke). TTS was defined as an 

occurrence of a thromboembolic event in which 

thrombocytopenia was seen between 10 days before and 10 

days after the thromboembolic event. Thrombocytopenia was 

identified using diagnostic codes or a measurement of a platelet 

count between 10,000 and 150,000 platelets/microliter. We used 

definitions previously established, 220,221 developed in agreement 

with the EMA.   
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A detailed description of the concept codes included to identify 

each outcome can be found 

at https://livedataoxford.shinyapps.io/CovCoagOutcomesCohort

s/, under the tab “Included (Source) Concepts”. 

 

4.5. Statistical analyses 

In Studies I and II, we conducted our analyses through a 

federated network approach. We developed a common 

analytical code that was run locally at each participating database 

site. Only aggregated results were shared across data partners. 

We reported demographics, comorbidities, and outcomes of 

interest by cohort and database as proportions (calculated by the 

number of persons within a given category, divided by the total 

number of persons), with corresponding 95% confidence 

intervals (CI). In Study II, we also reported the ranking and 

prevalence of the 10 most common cancer types by frequency. 

To compare characteristics between study cohorts, we calculated 

standardised mean differences (SMD), with an |SMD|≥0.1 

indicating a meaningful difference in the prevalence of a given 

condition.222  

In Study III, we investigated the associations between history of 

cancer and the risks of COVID-19 diagnosis, hospitalisation, and 

death using a multi-state model approach. This approach can be 

used to describe processes in which individuals transition from 

one health status to another.223 Our model included four different 

health statuses: general population (or baseline), diagnosed with 

COVID-19, hospitalised with COVID-19, and death. We fitted 

multivariable-adjusted Cox proportional hazard models and 

estimated hazard ratios (HR)s with corresponding 95% CI for five 

different transitions: from general population to diagnosed with 

COVID-19 (1), hospitalised with COVID-19 (2), or death (3), and 

from diagnosed with COVID-19 to hospitalised with COVID-19 

(4), and to death (5). We stratified our results by years since 

cancer diagnosis (<1 year, 1-5 years and ≥5 years), sex, age (<70 

https://livedataoxford.shinyapps.io/CovCoagOutcomesCohorts/
https://livedataoxford.shinyapps.io/CovCoagOutcomesCohorts/
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years and ≥70 years), and cancer type (solid, haematological, as 

well as by 5 solid cancer types: breast, prostate, colorectal, lung, 

and bladder). We established the age cut-off at 70 years because 

this was the median age observed among patients with cancer. 

All models were relative to cancer-free patients and adjusted by 

age, sex, smoking, socioeconomic deprivation, and baseline 

comorbidities; missing data were handled as an additional 

category. We used a direct acyclic graph (DAG) to guide our 

modelling strategy. In sensitivity analyses, we re-estimated our 

models stratifying by calendar time, restricting participants to 

never smokers, and after performing multiple imputation of the 

variables with missing data (smoking and socioeconomic 

deprivation). 

In Study IV, we analysed the association between socioeconomic 

deprivation and non-vaccination by age group (working-age: 40-

64 years, retirement-age: ≥65 years) using logistic regression 

models and estimated Odds Ratios (OR) with 95% CI. To analyse 

the associations between socioeconomic deprivation and 

COVID-19 infection, hospitalisation, and death before and the 

start of the COVID-19 vaccine rollout, we performed 

multivariable-adjusted Cox proportional hazard models and 

calculated HR with 95% CI: by age group and period (3 months 

before and 1 to 6 months after the start of the COVID-19 vaccine 

rollout). Models were relative to the least deprived quintile and 

adjusted by age, sex, and nationality. Our modelling strategy was 

guided by a DAG. In sensitivity analyses, we estimated our 

models for vaccination coverage excluding people with a COVID-

19 infection during follow-up and analysed the associations 

between socioeconomic deprivation and COVID-19 outcomes 

restricting participants to Spanish individuals and using a 

different time period after the start of the vaccine rollout (3 to 6 

months after).  

In Study V, we used the historical rate comparison method to 

compare incidence rates (IR) of thromboembolic events among 

vaccines recipients and among COVID-19 cases to IR among a 
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historical background population (2017-2018). We first 

calculated IR of thromboembolic events in the 21 days following 

first dose COVID-19 vaccination and in the 90 days following 

COVID-19 infection by dividing the total number of events by the 

person-time at risk per 100,000 person-years with 95% CI. We 

then calculated crude incidence rate ratios (IRR) with 95% CI: to 

compare IR in the vaccinated and infected COVID-19 cohorts 

compared to the background population cohort. We also 

estimated the number of events expected among the vaccinated 

and diagnosed with COVID-19 cohorts using indirect 

standardisation (10-year age bands), with the general population 

cohort as the standard population. We then calculated 

standardised incidence ratios (SIRs) with 95% CI dividing the 

number of events observed by the number of events expected.  

In all the studies included in this Thesis, we blinded results with 

less than 5 individuals for confidentiality purposes. Analyses were 

conducted using R.  
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In this Thesis, we first described the baseline characteristics and 

the occurrence of 30-day outcomes of interest among individuals 

with COVID-19 infection living with obesity and with cancer 

history. Then, we investigated the associations between cancer 

and socioeconomic deprivation with COVID-19 infection and 

severity as well as the associations between socioeconomic 

deprivation and COVID-19 vaccine uptake. Finally, we 

investigated the risks of thromboembolic events following 

COVID-19 infection and vaccination. All the studies were 

conducted using RWD. In the Results section, we presented the 

results of the studies included in this Thesis, as well as the 

discussion of the findings of each specific objective of this Thesis. 

In this section, we provide an overview of the main findings, 

contributions to the literature, and methodological 

considerations, propose some recommendations for future 

research and discuss the implications of our findings for public 

health.  

 

6.1. Main findings and contributions to the 

literature 

6.1.1. Characteristics of COVID-19 cases 

In Studies I and II, we described in depth the baseline 

characteristics and 30-day outcomes of interest of COVID-19 

patients with obesity (Study I) and cancer history (Study II). To 

our knowledge, these studies contributed to the literature by 

providing the most comprehensive description of COVID-19 

patients with obesity and with cancer to date. In Study I, we 

included over 600,000 patients from six different databases from 

Spain, the UK, and the US and compared more than 10,000 

medical conditions between patients living with and without 

obesity. Patients living with obesity had more frequently over one 

thousand different health conditions (including, but not limited 

to, obesity-related comorbidities) when compared to patients 
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without obesity. This highlights the importance of carefully 

considering potential confounders when attempting to analyse 

the associations between obesity and health outcomes, such as 

COVID-19-related outcomes. Individuals living with obesity had 

also higher hospitalisation and intensive services requirement 

rates than those without obesity. We also reported 30-day rates 

of adverse events of interest among hospitalised COVID-19 

patients, such as acute kidney injury or cardiac arrhythmia, 

among others. 

The prevalence of obesity among diagnosed and hospitalised 

COVID-19 patients was larger than expected when compared to 

the prevalence of obesity in the countries that contributed to the 

study. Although our study did not attempt to draw any causal 

relation between obesity and COVID-19 severity, our results 

highlighted that individuals with obesity were a high-risk 

population for severe COVID-19 during the first wave of the 

pandemic. Later RWD studies addressing the associations 

between overweight/obesity and COVID-19 outcomes have 

consistently reported that individuals living with obesity (as well 

as with overweight) have increased risks of severe COVID-19 after 

accounting for potential confounders.115–117  

In Study II, we described the characteristics of 366,050 patients 

diagnosed and 119,597 patients hospitalised with COVID-19 and 

with cancer history using data from eight different databases 

from Spain and the US. Additionally, we compared patients with 

cancer history hospitalised with COVID-19 to patients with cancer 

history hospitalised with influenza, as a benchmark. We found 

that breast and prostate cancers were the most common cancers 

among COVID-19 patients, which is in line with the most frequent 

cancer types in the general population.224,225 However, we 

provided novel evidence showing that non-Hodgkin lymphoma, 

leukaemia, and multiple myeloma were more frequent than 

expected among both COVID-19 cohorts, thus suggesting that 

haematological cancers might be associated with higher risks of 

COVID-19 infection and severity. We later corroborated this 
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hypothesis in Study III (see sections 5.3. Study IIII and 6.1.2. 

Factors associated with COVID-19 infection and severity). Even 

though patients hospitalised with COVID-19 and with influenza 

had an overall similar distribution of age and comorbidities, we 

also provided novel evidence showing that those with COVID-19 

experienced more frequently adverse outcomes than patients 

with influenza, such as ARDS or death. In consequence, our 

results suggested that COVID-19 is a more severe disease for 

cancer patients when compared to seasonal influenza, which is 

consistent with evidence from the general population.226,227  

However, our results should be interpreted with caution, since 

factors such as influenza vaccine and antivirals, as well as the 

pressure on hospitals during the first wave of the pandemic might 

have influenced our results (see sections 5.2. Study II and 6.2. 

Methodological considerations) 

 

6.1.2. Factors associated with COVID-19 infection and 

severity 

In Studies III and IV, we aimed to assess the associations 

between two different exposures of interest (cancer history and 

socioeconomic deprivation, respectively) and COVID-19 related 

outcomes. In Study III, we used a multistate framework to analyse 

the relation between cancer history and COVID-19 diagnosis, 

hospitalisation, and death during the first wave of the pandemic. 

We included 4.6 million adults living in Catalonia, Spain, of which 

260,667 (5.6%) had a prior diagnosis of cancer. Cancer history 

was associated with increased risks of an outpatient COVID-19 

diagnosis, direct COVID-19 hospitalisation (without a prior 

outpatient diagnosis), and COVID- 19-related death, after 

accounting for potential confounders. These associations were 

stronger for patients with a recent cancer diagnosis (<1 year), 

aged <70 years, and with haematological cancers. In analyses 

stratified by solid cancer type, breast, colorectal, lung, and 

bladder cancers were also associated with increased risks of 
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direct hospitalisation, with stronger associations among patients 

with a recent cancer diagnosis (<5 years). Bladder and lung 

cancers were also associated with increased risks of COVID-19-

related death.  

This study provided additional evidence showing that patients 

with cancer, especially those with a recent cancer diagnosis or 

with a haematological cancer, have higher risks of COVID-19 

infection and severity. Although a few small studies in early 

stages of the pandemic found null associations between cancer 

and COVID-19 outcomes,111,184,185  our results are in line with a 

body of consolidated evidence that shows that patients with 

cancer have increased risks of severe COVID-19.228–231 This might 

be due to an impaired immune response, both at the humoral 

and cellular level, since patients with cancer have lower 

seroconversion rates and a lower proportion of SARS-CoV-2 

CD4+ and CD8+ T cells following infection when compared to 

individuals without cancer.230,232 SARS-CoV2- T cells and antibody 

titres are particularly low among patients with haematological 

cancers, as well as among patients undergoing anticancer 

therapy, which could explain the stronger association between 

cancer and severe COVID-19 outcomes among these groups.232–

235 In line with our findings, a few studies have also reported a 

stronger association between cancer and COVID-19-related 

death among younger age patients.228,236,237 This could be due to 

differences by age group in terms of cancer types (with more 

indolent cancers among the eldest, e.g., prostate cancer) as well 

as anticancer treatments (with a higher probability of receiving 

immunosuppressive therapies among the youngest). Similarly, 

other reports have also shown that lung cancer patients are 

particularly at risk of severe COVID-19 outcomes, which could be 

related to prior tobacco exposure and chronic lung damage.228,238  

Likewise, bladder cancer is also heavily associated with tobacco 

exposure, this could explain our results for COVID-19-related 

death among cancer bladder patients. A meta-analysis study 

found increased risks of COVID-19-related death among 
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individuals with genitourinary cancers, although results where 

non-significant (Relative Risk: 1.11 [95% CI: 1.00; 1.24]).228  

In Study IV, we analysed the relation between socioeconomic 

deprivation and COVID-19 infection, hospitalisation, and death 

among 2.3 million individuals living in urban areas of Catalonia, 

Spain, before and after the rollout of COVID-19 vaccines. To our 

knowledge, this study is the first to provide evidence on the 

impact of mass COVID-19 vaccination on infection inequalities. 

Before vaccine rollout, higher deprivation levels were associated 

with increased risks of COVID-19 infection and hospitalisation 

among working-age (40-64 years) and retirement-age (≥65 years) 

individuals. This is consistent with prior studies from other high-

income countries,127,128,130,135 as well as with two studies from 

Barcelona showing higher infection rates in more deprived 

areas.112,239 Despite disparities in vaccine uptake among working-

age individuals (see section 6.1.3. Vaccine uptake), 

socioeconomic inequalities in COVID-19 infections decreased six 

months after the introduction of COVID-19 vaccines among both 

age groups, suggesting that herd immunity might have 

contributed to the reduction of inequalities.240 Conversely, 

inequalities in COVID-19 hospitalisation only decreased (but 

persisted) among retirement-age individuals. Since individuals 

living in more deprived areas had a poorer health status, we 

believe that persistent inequalities among retirement-age 

individuals might be due to disparities in the risk of developing 

severe COVID-19 once infected.127  

 

6.1.3. Vaccine uptake 

In Study IV, we also provided novel evidence regarding 

socioeconomic inequalities in COVID-19 vaccine uptake in 

Catalonia. To our knowledge, our study was the first to provide 

vaccination coverage rates by quintile of socioeconomic 

deprivation index in Catalonia. Interestingly, our results differed 

by age group. While among retirement-age individuals 
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vaccination coverage was similar across all deprivation quintiles 

(ranging from 90.6% to 91.8%), among working-age individuals it 

ranged from 70.6% in the most deprived quintile to 80.6% in the 

least deprived quintile. When accounting for potential 

confounders, we observed a pattern of higher odds of non-

vaccination with higher levels of socioeconomic deprivation 

among working-age individuals, but not among retirement-age 

individuals. We hypothesised that differences in working 

conditions might influence inequalities in vaccine uptake among 

working-age individuals. The use of different strategies to invite 

individuals for vaccination might also explain age differences. 

Whereas individuals aged 70 years and older were contacted by 

and vaccinated at their primary care centres, those younger had 

to book themselves their vaccine appointment through a 

dedicated web page. In addition, they were mostly vaccinated at 

large vaccination points specifically deployed for the vaccination 

campaign.241  

Large observational studies from the US and the UK have 

consistently found a lower vaccine uptake among individuals 

living in more deprived areas or with low SES.191,192,242–248 

Interestingly, a study that compared US cities with paid sick leave 

to those without observed inequalities in COVID-19 vaccine 

uptake among working-age individuals (with higher uptake in 

cities with paid sick leave) but not among retirement-age 

individuals.244  The authors suggested that fear to miss work due 

to vaccine side effects might influence vaccine uptake. Alas, large 

and representative studies from other countries on this matter are 

still lacking. In Catalonia, to our knowledge, there is only one 

study reporting to some extent socioeconomic inequalities in 

COVID-19 coverage. 241 Malmusi et al described COVID-19 

vaccine uptake among individuals aged 60-69 years living in 

Barcelona by basic health area (BHA). As of May 2021, vaccine 

uptake ranged from 40% in the BHA with the greatest levels of 

deprivation to 72% in the least deprived BHAs.241 After 

implementing a targeted intervention to address this issue (which 

included setting up support points to help people to book a 
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vaccine appointment as well as walk-in vaccination sites without 

appointment), inequalities decreased. As of November 2021, 

vaccine coverage by BHA ranged from 82% to 95% among this 

age group.  

 

6.1.4. Vaccine safety 

In Study V, we compared incidence rates of thromboembolic 

events and thrombocytopenia following COVID-19 infection and 

vaccination to historical background rates. Over 2 million 

vaccinees and 170,000 individuals with COVID-19 infection were 

compared to 4.5 million historical controls. We found increased 

risks of thrombocytopenia following first and second dose of 

BNT162b2 vaccination as well as following first dose of 

ChAdOx1, with SIRs of 1.49 [95% CI: 1.43; 1.54], 1.40 [1.35; 1.45], 

and 1.28 [1.19; 1.38], respectively. We also observed increased 

rates of VTE and of pulmonary embolism with concomitant 

thrombocytopenia following first dose vaccination with 

BNT162b2, with SIRs of 1.18 [1.06; 1.32] and 1.70 [1.11; 2.61]. 

Conversely, rates of thrombocytopenia as well as VTE and ATE, 

were 5, 4, and 10 times higher than expected among COVID-19 

cases, respectively. Residual confounding might explain, at least 

partially, our results among those vaccinated since vaccinees had 

a slightly worse health condition than historical controls. 

The main contributions to the literature of this study were: i) the 

inclusion of individuals infected with COVID-19 to provide 

context to the findings among the vaccinees; ii) the inclusion of 

second-dose BNT162b2 vaccinees (with most studies limited to 

first doses); and iii) the inclusion of thromboembolic events with 

concomitant thrombocytopenia as an individual outcome (since 

this outcome has been scarcely reported in other studies due to 

its rarity as well as to the complexity of its definition).163,249 The use 

of Catalan data is also an asset, since the majority of studies 

published to this date on this matter have been conducted in the 

UK195,250–254 and in Nordic countries.194,255 Table 1 provides a 
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summary of the main findings of RWD studies reporting the 

associations between COVID-19 vaccines and thrombosis or 

thrombocytopenia.  

Overall, ChAdOx1 has been more frequently associated with 

increased risks of thrombosis than mRNA vaccines, particularly 

with VTE and with CVST. However, a few studies have also 

reported increased risks of VTE following BNT162b2 vaccination, 

in line with our results.254,255 Importantly, absolute risks of 

thromboembolic events following COVID-19 vaccination have 

consistently been reported to be low.171,254 Thrombocytopenia 

has also been associated with ChAdOx1 and, to a lesser extent, 

with BNT162b2 vaccines. In a multinational study including data 

from six countries, ChAdOx1 was associated with a pooled 30% 

increase of thrombocytopenia when compared to BNT162b2.249 

Increased risks of thrombocytopenia have been also documented 

previously in the context of other vaccines (e.g., against 

influenza,256 hepatitis B,257 and measles, mumps, and 

rubella),258,259 thus suggesting that vaccines might trigger 

immune-mediate processes as part of the immune response that 

can potentially result in autoimmune reactions.254 Inconsistent 

results across studies might be related to the use of different 

methodologies and outcome definitions, as well as to differences 

in the COVID-19 vaccination rollout. For example, while 

ChAdOx1 was extensively used across different age groups in the 

UK, it was restricted to individuals aged 60-69 years in Spain after 

March 2021. This might have prevented us from observing an 

association between ChAdOx1 and thromboembolic events, 

since prior studies suggest that this association is stronger 

among younger individuals.194,250,254  
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Table 1: Summary of real-world data studies assessing the 
associations between COVID-19 vaccines and thrombosis and/or 
thrombocytopenia syndromes 
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ChAdOx1, first dose  

Study V 260        

Pottegård 194        

Simpson 195  *  *#   * 

Hippisley-Cox 250         

Kerr 251        

Whiteley 252        

Dag Berild$ 255        

Torabi 253        

Burn 254        

ChAdOx1, second dose 

Torabi 253        

Burn 254     X   

Ad26.COV2.S 

Ashrani 261        

BNT162b2, first dose 

Study V 260      + PE  

Simpson 195    #    

Hippisley-Cox 250         

Barda 262        

Kerr 251        

Whiteley 252        

Dag Berild$ 255        

Torabi 253        

Burn 254        

BNT162b2, second dose 

Study V 260        

Torabi 253        

Burn 254      + DVT  

mRNA-1273 

Dag Berild$ 255        
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Notes: Red boxes represent positive associations and green boxes null or 

negative associations. *These risks were identified using a case-control study 

design but were attenuated in a post-hoc self-controlled case series (SCCS) 

analysis. # Excluding Immune Thrombocytopenia. $ Dag Berild et al analyse 

together first and second doses of each vaccine. Abbreviations: VTE: venous 

thromboembolism, ATE: arterial thromboembolism; CSVT: cerebral venous 

sinus thrombosis; CVT: cerebral venous thrombosis. 

Source: own elaboration with data from 11 real-world studies that use the 

following methodological approaches: historical comparator method,194,254,260 

case-control analysis,195 SCCS analysis,195,250,251,253,255 and contemporary cohort 

analysis.252,262  

 

As for risks of thrombosis and thrombocytopenia following 

COVID-19 infection, consistent evidence shows that COVID-19 is 

associated with increased risks of VTE and ATE, as well as of 

thrombocytopenia, as seen in Table 2. Importantly, these risks are 

much higher following COVID-19 infection than following 

vaccination, thus suggesting that the benefits of COVID-19 

vaccines far outweigh the risks of adverse events, at least 

regarding TTS.  
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Table 2: Summary of real-world data studies assessing the 
association between COVID-19 infection and thrombosis and/or 
thrombocytopenia syndromes 
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Study V  260      
+VTE, 
ATE 

 

Hippisley-Cox 250        

Barda 262        

Torabi 253      +VTE  

Burn 254        

 

Notes: Red boxes represent positive associations and green boxes null or 

negative associations. Abbreviations: VTE: venous thromboembolism, ATE: 

arterial thromboembolism; CSVT: cerebral venous sinus thrombosis; CVT: 

cerebral venous thrombosis.  

Source: own elaboration with data from 5 real-world studies that use the 

following methodological approaches: historical comparator method,254,260 

controlled case series analysis,250,253 and contemporary cohort analysis.252,262  

 

6.2. Methodological considerations 

6.2.1. Study design and data sources 

The studies of this Thesis were cohort studies underpinned by 

prospectively collected longitudinal records, which is a major 

strength. The use of RWD also allowed us to conduct our studies 

in a timely manner. Studies I and II reported more than 10,000 

medical characteristics and included primary care, hospital, and 

claims records from different countries, which increased the 

generalisability and reliability of our findings while also enabling 

us to reflect the heterogeneity of various clinical settings. By 
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conducting a federated analysis, we were able to maintain patient 

confidentiality while also speeding up the results-obtention 

process. Studies III, IV and V were population-based studies 

underpinned by the SIDIAP database, a well-established 

database from Catalonia, Spain, which is representative of the 

region’s population in terms of age, sex, and geographic 

distribution.212 As a result, our findings are generalisable to the 

population living in Catalonia as well as to other 

countries/regions with similar sociodemographic characteristics. 

The use of Catalan data is also an asset since most studies in the 

field of COVID-19 have been conducted in the US and the UK, 

and evidence from our country remains scarce. Because we 

included a large number of participants in all the Studies (from 

300,000 in Study II to 4.6 million in Study III), we were able to 

analyse rare outcomes such as thromboembolic events (Study V) 

as well as to explore the relation between exposures (e.g., cancer 

in Study III) and outcomes of interest (e.g., COVID-19 

hospitalisation in Study III) in specific subgroup populations of 

interest (e.g., patients with haematological cancer in Study III). 

Unlike other RWD databases, SIDIAP includes information on 

socioeconomic deprivation, nationality, and some lifestyle factors 

(e.g., smoking), and therefore we were able to include these 

variables in our analyses when appropriate. The linkage of SIDIAP 

data to hospital records also allowed us to comprehensively 

capture events of interest that might not be adequately recorded 

in the primary care setting, such as thromboembolic events 

(Study V). Since all the studies had a relatively short follow-up 

time (from 21 days in Study V to 5 months in Study IV), our 

results are less prone to loss of follow-up bias. The use of a multi-

state framework in Study III also allowed us to give a more 

thorough perspective of patients' interactions with the healthcare 

system while minimising the risks of collider bias. Finally, for the 

sake of reproducibility, we made our analytical code available in 

Studies I, II, III, and V.  

However, our studies also have limitations. First, RWD is not 

collected for research purposes and data quality issues may arise. 
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Comorbidities and outcomes might be underestimated due to 

incomplete recording (see section 6.2.2. Assessment of 

variables),263,264 although by including only individuals with at 

least one year of prior medical history available we attempted to 

comprehensively capture baseline conditions. In addition, SIDIAP 

includes several internal procedures to ensure data quality and 

numerous studies have been conducted to validate disease 

diagnoses, such as cancer, heart diseases, or dementia, among 

others.265–267 Another limitation of RWD is that clinical standards 

and coding practices change over time and, therefore, findings 

must be interpreted with caution when comparing rates over 

different time periods, such as when comparing patients with 

COVID-19 to patients with influenza (Study II) or when 

comparing IR of events among exposed cohorts to background 

population rates (Study V). The comparison between COVID-19 

and influenza patients in Study II is also limited by the fact that 

influenza vaccines and antiviral drugs might have reduced the 

risks of complications among influenza patients. Additionally, the 

overwhelming pressure on hospitals during the first wave of the 

pandemic might have contributed to poorer outcomes among 

COVID-19 patients. 

In Studies I and II, some of the databases included were not 

representative of the general population (e.g., the Veterans 

Affairs database includes mostly veteran males aged ≥65 years). 

Additionally, some patients from the US might have been 

included in more than one database (e.g., in a hospital and a 

claims database). Unfortunately, we were unable to report the 

degree of overlap across data sources because patient-level data 

was not shared across data partners for confidentiality purposes. 

As for Studies III, IV, and V (SIDIAP-based), even though all the 

population registered at primary care centres from ICS is 

included in SIDIAP, diagnoses and procedures among persons 

that seek care at the private healthcare system are not captured. 

This might result in an underreporting of disease diagnoses, 

particularly acute conditions. However, chronic conditions are 

more likely to be well captured in SIDIAP for all the population 
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since general practitioners oversee long-term medical 

prescriptions. In Study V, we used a historical rate comparison 

study design to identify vaccine safety signals, a method sensitive 

but rather unspecific, with high type 1 error.268 Lastly, our studies 

included data from a relatively short time (roughly March-June 

2020 for Studies I, II, and III, and March 2020 to June 2021 for 

Studies IV and V). Therefore, our results related to COVID-19 

outcomes are not generalisable to SARS-CoV-2 variants that 

emerged later, such as Delta or Omicron.   

 

6.2.2.  Assessment of variables 

i. COVID-19 infection, hospitalisation, death, and 

vaccination  

The use of different definitions to identify cases of COVID-19 

infection is a strength of this Thesis. In Studies I, II, and III, we 

used COVID-19 diagnoses as well as test results to identify 

individuals infected with COVID-19 during the first wave of the 

pandemic. We used this approach to avoid selection bias due to 

testing restrictions or to hypothetical different testing patterns 

over time and across subgroup populations and contexts. 

However, due to the low positive predictive value of COVID-19 

symptoms and signs, we might have incurred in misclassification 

bias and considered false positives as COVID-19 cases. In 

Studies I, II, and III, misclassification bias might have been 

differential, with a lower probability of false positives among 

exposed individuals since patients with obesity and with cancer 

were more likely to be infected and to become severely 

ill.127,131,136 This would have biased our results away from the null 

in Study III. Since Studies IV and V were conducted when SARS-

CoV-2 testing was widely available, we adapted our definition 

and considered as COVID-19 cases only those with a confirmed 

infection. However, our database included test results from the 

public sector, and thus we might have missed cases tested at 

private facilities, thus also incurring in misclassification bias. This 
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would have biased our results away from the null in Study IV, 

since individuals living in more affluent areas use more frequently 

private healthcare services. However, when the studies of this 

Thesis were conducted, COVID-19 cases were required to isolate 

following public health guidelines and in-person workers 

diagnosed with COVID-19 had to obtain a sickness certificate 

from primary care providers to be able to isolate at home. Thus, 

most COVID-19 cases diagnosed in the private sector were 

captured in the SIDIAP database through sick leaves records. 

Another limitation is that although public healthcare (including 

SARS-CoV-2 tests performed at healthcare centres) is free of 

charge in Catalonia, vulnerable subgroup populations might 

have been less likely to get tested due to access barriers, such as 

cultural or geographic barriers. This would have biased our 

results towards the null.269 Lastly, we were unable to capture 

asymptomatic cases as well as cases that did not seek for care, 

and therefore our findings are only generalisable to symptomatic 

COVID-19 patients.  

We used COVID-19 hospitalisations as an indicator of severe 

COVID-19 in Studies I to IV. However, because we lacked 

information on the cause of hospitalisation, COVID-19 

hospitalisations were identified considering the number of days 

elapsed between a COVID-19 diagnosis and a hospital 

admission. Therefore, we might have classified as severe COVID-

19 cases patients that had COVID-19 but that were hospitalised 

for other reasons. This misclassification bias might have been 

differential, particularly in Study III since patients with cancer are 

more likely to be hospitalised than patients without cancer due to 

cancer-related treatments and complications. Likewise, 

individuals living in more deprived areas were more likely to be 

hospitalised for other reasons since they exhibit a higher 

prevalence of chronic diseases. 

In Studies IV and V, we identified individuals vaccinated against 

COVID-19. Our data included a complete record of vaccines 

administered in Catalonia. Therefore, the risk of misclassification 
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bias is particularly low for this variable, since only vaccines 

administered in other countries would not have been captured.  

ii. Additional exposures of interest 

In Study I, we compared patients with COVID-19 living with 

obesity to those living without obesity. We used an obesity 

definition that combined an ever-record of a diagnosis of obesity 

with anthropomorphic measurements (BMI and weight). Despite 

of this, we might have incurred in misclassification bias due to 

underreporting of obesity, as well as changes of BMI/body 

weight over time or missing BMI and body weight measurements 

(e.g., in SIDIAP only 70% of the population has at least one 

measurement of BMI).212 However, the prevalence of obesity in 

SIDIAP is in line with representative studies from Spain and 

individuals with a recorded BMI measurement have similar 

characteristics to the general SIDIAP population; suggesting that 

the risk of misclassification bias for BMI is low, at least in 

SIDIAP.270,271 Furthermore, prior research indicates that adult BMI 

trends are relatively stable over time, with a tendency to rise with 

age.272,273 In consequence, most adults with an ever-record of 

obesity are likely to remain obese over time. The use of BMI as an 

indicator of obesity has also some drawbacks, such as its inability 

to discern between body fastness and lean body mass, and 

inconsistent accuracy in measuring body fatness by sex, age, and 

ethnicity.274,275 Lastly, we were unable to report our results 

according to different levels of obesity, or overweight, because 

we lacked data on BMI ranges or BMI as a continuous variable. 

In Studies II (multi-database study) and III (SIDIAP-based study), 

cancer history was the main exposure of interest, which we 

identified using records of cancer diagnoses. In Study II, we used 

SNOMED codes to describe the frequency of cancer subtypes. 

We decided to describe ranks of cancer types, rather than to 

compare prevalence numbers across databases, because we 

acknowledge that the sensitivity of the codes used might differ by 

database. Four out of the eight databases included had been 

previously used in the oncology field: SIDIAP, CUIMC, Optum, 



 

147 
 

and the Veterans Affairs database.202,276,277 Additionally, cancer 

diagnoses in SIDIAP have been validated against two Catalan 

cancer registries.265 Sensitivities for the most common solid 

cancer types (prostate, breast, colorectal, lung, and bladder, the 

solid cancer types of interest in Study III) were high (>75%); 

however PPVs were lower, ranging from 47% (bladder) to 76% 

(lung). Sensitivities for haematological cancers were overall 

slightly lower (aside from multiple myeloma, with a sensitivity of 

80%) and were of 64%, 67%, and 68% for Hodgkin and non-

Hodgkin lymphoma and leukaemia, respectively. This is likely due 

to the nature of the SIDIAP database, which is based on primary 

care records. Thus, cancer types that are common and mostly 

managed at the primary care level are more likely to be recorded 

than more rare cancers that are mostly managed at the hospital 

level. Therefore, although SIDIAP captures adequately cancer 

diagnoses, we might have incurred in misclassification bias, 

especially for rare cancer types. Conversely, hospital databases 

from Study II might capture better these cancers. For example, in 

CUIMC (a hospital-database from the US included in Study II), 

SNOMED cancer codes showed high sensitivity (99%) and 

specificity (99.9%).277 

In Study III, we also lacked information on cancer stage or cancer 

treatments, although we used years since cancer diagnosis as a 

proxy of active cancer treatment (since individuals recently 

diagnosed are more likely to be under treatment than those 

diagnosed years ago). Due to small sample sizes, we were unable 

to explore the association between less frequent cancer types 

and COVID-19 outcomes, as well as to provide results stratified 

by sex for the solid cancer types that we analysed. Lastly, we 

handled missing data on smoking and socioeconomic status as 

an additional category, an approach that can lead to biased 

results.278 However, in sensitivity analyses using multiple 

imputation of missing data we found consistent results with our 

main results.  
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In Study IV, socioeconomic deprivation was the main exposure 

of interest. We used an area-based index of deprivation as a 

proxy of individual SES, an approach that is limited due to the 

risks of ecological fallacy. Thus, our results must be interpreted 

with caution considering that the inequalities observed could be 

due to both individual and area differences (e.g., environmental 

conditions, healthy food availability, access to healthcare 

services). However, there is evidence showing that individual-

level and area-level indicators of SES are moderately to highlight 

correlated.279 In addition, our deprivation index was based on 

census-tract data from 2001, and therefore might be outdated. 

However, prior literature suggests that deprivation levels do not 

fluctuate significantly between censuses.280,281 We also restricted 

our analyses to individuals living in urban areas (roughly 88% of 

the SIDIAP population), and thus our results are not generalisable 

to the rural population. The lack of information on occupation 

also prevented us from investigating whether the differences 

found are related to different working conditions.  

iii. Additional outcomes of interest 

We reported COVID-19-related deaths in Studies III and IV 

which we defined as deaths of any-cause following a COVID-19 

event (Study III) or withing 28 days after a COVID-19 diagnosis 

(Study IV). However, some of these deaths might not be due to 

COVID-19 infection, although our results in Study III suggest that 

we mostly captured deaths caused (at least partially) by the 

infection. For instance, death rates were remarkably higher 

among patients with cancer with COVID-19 when compared to 

patients with cancer without COVID-19.  

In Study V, we described the incidence rates of thrombosis, 

thrombocytopenia, and TTS following COVID-19 vaccination and 

infection. To identify these outcomes, we used algorithms 

developed in collaboration with the EMA. However, 

thromboembolic events have not been validated previously in 

the SIDIAP database and measurement error might be an 

issue.220 Since concerns regarding vaccine’s safety emerged in 
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early March 2021, we cannot exclude that measurement error 

might have been differential between vaccinated (exposed) 

cohorts and the background comparator cohort. For example, a 

study from Norway reported that the use of health care services 

among healthcare workers vaccinated against COVID-19 

increased after early March 2021.282 However, we found 

consistent results when stratifying by time period in sensitivity 

analyses. Lastly, we assessed TTS instead of VITT because: i) VITT 

was described for the first-time following adenovirus-based 

COVID-19 vaccination and we were interested in comparing rates 

of thromboembolic events following vaccination to historical 

background rates, and ii) identifying VITT in real-world data is 

challenging since antibodies against PF4 are not routinely 

measured.163 However, to date there is still not a clear consensus 

on how to identify TTS using RWD.163  Lastly, the identification of 

TTS in RWD is likely subject to high amounts of false positives, 

since TTS might reflect only a coincidence between two common 

clinicals events (simultaneous thrombosis and thrombocytopenia) 

that can be attributed to underlying comorbidities (e.g., cancer) 

rather than vaccine-induced TTS.163,164 

 

6.2.3. Confounding 

In Studies III, IV, and V, we analysed the associations between 

different exposures and outcomes of interest. In Studies III and 

IV, we used a DAG to guide our modelling strategy, whereas in 

Study V, we used SIRs to compare exposed to background (non-

exposed) cohorts. Despite our methods, confounding might have 

biased our results. For example, in Study III, although we 

adjusted our models by smoking categories (never-smoker, 

smoker, former smoker), our results might have been biased due 

to residual confounding by smoking amount. However, sensitivity 

analyses restricted to never-smokers results were comparable to 

the entire study population. Due to small sample sizes, we were 

unable to restrict our analysis to never smokers for solid cancer 

types, and thus our findings for bladder and lung cancer must be 
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interpreted with caution. Similarly, additional lifestyles variables 

not included in SIDIAP, such as physical activity, might be 

associated with both our exposure (cancer) and COVID-19 

outcomes. However, the fact that models performed using 

different adjustment strategies showed similar results is 

reassuring, and the inclusion of other covariates would probably 

not have had a major impact in our results.  

In Study V, we used the historical comparator method to 

compare standardised incidence rates of thromboembolic events 

after COVID-19 vaccination and infection. Although we 

standardised rates by age, we cannot exclude that confounding 

by indication might have biased our results.283 Confounding by 

indication occurs when an indication (e.g., the indication to 

receive a treatment or vaccine) is associated with both the 

exposure (e.g., being vaccinated) and the outcome (e.g., having a 

thromboembolic event). In the context of COVID-19 vaccines, 

vaccination was particularly recommended among individuals 

with underlying conditions that have been previously associated 

with severe COVID-19. In addition, several of these conditions 

(e.g., cancer, obesity, cardiovascular diseases) are also associated 

with increased risks of thromboembolic events. Since vaccinees 

had a slightly worse baseline health status than the background 

population, confounding by indication might explain the safety 

signals observed for pulmonary embolism among BNT162b2 

recipients, as well as for thrombocytopenia for BNT162b2 and 

ChAdOx1 recipients.         

  



 

151 
 

6.3. Recommendations for future research 

6.3.1. Epidemiology of COVID-19  

i. Characteristics of COVID-19 cases 

Studies I and II described in-depth baseline characteristics and 

30-days outcomes among individuals with COVID-19 and obesity 

or cancer. However, these studies were conducted prior to the 

advent of SARS-CoV-2 VOC and the COVID-19 vaccine rollout. 

Hence, the results from these studies are not generalisable to the 

current situation as of early 2023. Nowadays, the predominant 

SARS-CoV-2 variant is Omicron and 69% of the global population 

has received at least one dose of a COVID-19 vaccine as of early 

January 2023.284 To understand the current impact of the COVID-

19 pandemic, further studies are needed on the characteristics of 

patients with COVID-19, overall and by vaccination or reinfection 

status, as well as by underlying conditions of interests.  

Another topic that is gaining increased importance are long-term 

complications of COVID-19, particularly long COVID.75 According 

to reports from the UK, 3.4% of the population self-reported long 

Covid as of December 2022,285 and concerns have been raised 

regarding the impact of this condition on patients as well as on 

health systems and on labour productivity.75,286 To date, most 

studies on this topic include relatively small sample sizes, are 

based on surveys/questionnaires and/or include only 

hospitalised COVID-19 cases, and often lack a comparator for 

benchmark.287–291 In addition, studies characterising long COVID 

among specific subgroup populations, such as individuals with 

obesity or cancer, are still lacking. 

A few studies have compared long-lasting 

symptoms/manifestations among COVID-19 cases to influenza 

cases, suggesting that the risks of long-lasting complications are 

higher after COVID-19 infection.77,292 These studies were 

conducted before the advent Omicron and did not explore 

whether the characteristics of individuals presenting with long-
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lasting complications differed by vaccination status. Interestingly, 

a study from the UK conducted with self-reported data found that 

the risks of developing long Covid were lower during the 

Omicron predominance than during the Delta predominance.293 

There is also some evidence suggesting that the prevalence of 

long-lasting symptoms might be lower among individuals 

previously vaccinated against COVID-19 when compared to 

those non-vaccinated.294–296 Additional research is needed on the 

characteristics of individuals with long COVID, overall and by 

SARS-CoV-2 variant and by vaccination or reinfection status, as 

well as by baseline conditions, to comprehend the long-term 

effects of COVID-19 infection and to inform healthcare decision-

making. 

ii. Factors associated with COVID-19 infection and severity 

In Study III, we investigated the associations between cancer and 

COVID-19 infection and severity. However, we only included data 

from the first wave of the pandemic (March-May 2020). Therefore, 

as discussed previously, results might not be generalisable to 

other waves of the pandemic in Spain, particularly following the 

emergence of SARS-CoV-2 VOCs such as Alpha, Delta, or 

Omicron. More importantly, Study III was conducted prior to the 

COVID-19 vaccine rollout. Although cancer was an exclusion 

criterion in RCTs assessing COVID-19 VE and safety,297 patients 

with cancer were generally prioritised for COVID-19 vaccination 

since they were considered a high-risk population.298 As seen in 

Study IV, as of June 2021, 92% of individuals aged ≥40 years 

with a history of cancer had received at least one dose of a 

COVID-19 vaccine in Catalonia. In consequence, studies are 

needed addressing the relation between cancer and the risks of 

breakthrough COVID-19 infection and severity (breakthrough 

infections are defined as infections following vaccination against 

a particular disease). Similarly, as reinfections are becoming 

increasingly common, studies addressing this relation among 

individuals with a prior infection history are also needed. To date, 

evidence on these matters remains scarce. A study from the US 
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reported that patients with cancer had higher risks of 

breakthrough infections than patients without cancer, these risks 

were higher among those with haematological cancers and those 

treated with immunosuppressive therapies or bone marrow 

transplantation.299 

Increased risks of breakthrough infections might be related to a 

lower VE among the cancer population. For instance, a study 

from the US reported that  VE against COVID-19 was 58% [95% 

CI:39; 72] following two doses vaccination300 whereas VE among 

the general population was estimated around 90%.149–153 

Interestingly, VE was lower among those with haematological 

cancers, those treated with systemic anticancer therapy three 

months prior to vaccination, and those treated with 

chemotherapy.300 However, this study had important limitations. 

First, the generalisability of the study was limited, since 95% of 

the study population were males and 75% were aged ≥70 years. 

Second, vaccine protection was ascertained only 3 months after 

vaccination, and some studies suggest that vaccine immunity 

wanes faster among patients with cancer.301 Third, the study was 

also conducted prior to the advent of Omicron, which is 

associated with reduced VE.155,156 Lastly, the study did not capture 

booster doses. Interestingly, a study from the UK showed that 

vaccine boosters increase VE against COVID-19 infection, 

hospitalisation, and death among patients with and without 

cancer, although booster VE was lower among cancer patients 

recently diagnosed or treated with anticancer therapies, as well 

as those with haematological cancers.302 Despite the effect of 

booster doses, patients with cancer remained a high-risk 

population for severe COVID-19 when compared to the general 

population, with OR of hospitalisation of 3.38 [95% CI: 3.03; 3.77] 

and of death of 3.01 [2.48; 3.65]. However, this study was also 

conducted prior to the advent of Omicron and different 

behaviours between cancer patients and controls might have 

biased study results.302 In summary, only a few studies from the 

UK and the US have provided evidence on COVID-19 VE among 

patients with cancer. More research is needed on this matter, 
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especially regarding the duration of protection and the role of 

booster doses in the context of different predominant SARS-CoV-

2 variants, overall and by cancer subtypes.   

In Study IV, we found that socioeconomic inequalities in COVID-

19 infection and hospitalisation in Catalonia decreased among 

individuals aged ≥40 years after the start of the COVID-19 

vaccine rollout, providing novel evidence suggesting that mass 

COVID-19 vaccination can contribute to the reduction of COVID-

19 inequalities. However, our study was not generalisable to 

younger nor rural populations and included only data up to 6 

months after the start of the vaccine rollout in Catalonia. We also 

used an ecological variable as a proxy of SES and did not explore 

other axes of inequalities, such as ethnicity. Thus, more research 

is needed to corroborate our findings in other countries and to 

overcome our limitations.   

iii. Vaccine uptake 

In Study IV, we also found inequalities in COVID-19 vaccination 

uptake among individuals aged 40-64 years living in Catalonia. 

This is consistent with evidence from the US and the UK,191,192,242–

248 but evidence from other countries is still lacking. Studies 

addressing this issue among children and adolescents are also 

lacking, although emerging evidence from the US show 

disparities in COVID-19 vaccine uptake in these age groups.303,304 

Concerningly, in Spain, vaccine uptake among children remains 

low.305 As of November 2022, only 56% of children aged 5-12 

years had received at least one dose of a COVID-19 vaccine (41% 

in Catalonia). Investigating potential disparities in COVID-19 

vaccine uptake withing this age group could help understand 

factors that influence vaccination and guide future immunization 

efforts.  

Our study was also conducted in early stages of the vaccination 

campaign and was limited to first-dose coverage. Nowadays, 

COVID-19 boosters are recommended for the elderly, high-risk 

populations, and healthcare workers. Yet, booster coverage is far 
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lower than primary vaccination coverage. As of November 2022, 

only 59% and 17% of individuals aged >80 years and 60-69 years, 

respectively, had received a booster in Catalonia.306 Other 

countries have also reported low booster coverages. 307 However, 

studies addressing socioeconomic inequalities in booster 

coverage are still lacking, with few exceptions. A study from the 

US published in January 2023 reported important ethnic 

inequalities in COVID-19 booster coverage, as well as lower 

coverage among those with lower education or living in 

poverty.307 Since booster doses are expected to play a key role in 

the COVID-19 response in the future years, studies addressing 

the influence of socioeconomic factors (including, but not limited 

to, SES) on booster vaccine uptake are also needed to inform 

vaccination strategies. 

iv. Vaccine safety 

Although a substantial number of RWD studies have attempted 

to analyse the risks of thromboembolic events following COVID-

19 vaccination, these have found inconsistent results.194,195,250–

255,262 However, these studies were single-database studies 

conducted in different settings and used different methods and 

outcomes definitions. Thus, comparing results across these 

studies has important limitations. Future studies addressing this 

issue should consider the inclusion of multiple databases to 

provide comparable results across settings and to increase 

generalisability. For example, the EMA and the European 

Medicines Regulatory Network Data Analysis recently launched 

an initiative to support regulatory decision-making using RWD, 

the Data Analysis and Real-World Interrogation Network 

(DARWIN EU®).308 DARWIN-EU’s goal is to conduct studies that 

provide reliable and timely evidence on the use, safety, and 

effectiveness of medicines using a federated network of real-

world healthcare database from Europe. Currently, this federated 

network includes eight databases from the primary and hospital 

care setting and from six countries, namely Finland, France, 

Estonia, Spain (2 databases, one of which is SIDIAP), United 
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Kingdom, and the Netherlands (2 databases).309 The participating 

databases have all ben standardised to the OMOP CDM and 

analyses will be conducted through a federated network 

approach. The DARWIN-EU initiative is a 5-year project which is 

currently as its very early stages, the first study results are 

expected to be published in 2023.  

Studies assessing the risks of thromboembolic events following 

COVID19 vaccination focused mostly on primary and 

homologous vaccination schemes and included mostly ChAdOx1 

and BNT162b2 vaccinees. However, COVID-19 vaccination 

schemes are becoming increasingly diverse and might include 

repeated booster doses and heterologous vaccination schemes 

(i.e., when an individual receives different COVID-19 vaccines, 

either within the primary vaccination scheme or booster vaccines 

different from the primary scheme). Although there is evidence 

suggesting that boosters and heterologous vaccination is safe, 

studies on this matter are still limited. Since booster doses are 

expected to continue to play a key role in the COVID-19 

response in the foreseeable future, studies assessing the risks of 

adverse events associated with heterologous vaccination and 

booster vaccination are required. Future studies should also 

analyse if risks of adverse events are higher among specific 

population groups.  

 

6.3.2. Using real-world data for epidemiological research 

Throughout the pandemic, RWD has been key to provide reliable 

and timely evidence in the field of COVID-19.310 As shown by its 

increased use in epidemiological studies310 and by the 

recognition of their importance by regulatory agencies such as 

the EMA (e.g., DARWIN-EU)308 and the US Food and Drug 

Administration,311 it is expected that the use of RWD will continue 

to increase in the future years. Although real-world data (RWD) 

has many strengths, such as its generalizability, large sample size, 

and accessibility, the quality of the data is often a major concern 
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due to inaccurate or incomplete recording, as well as the lack of 

information on relevant health variables like lifestyle and 

socioeconomic factors. Thus, it is crucial to develop and 

implement mechanisms to enhance the quality of RWD, not just 

for research purposes but also to better inform public health and 

clinical decision-making. 

For example, there is some evidence suggesting that providing 

feedback to clinicians, financial incentives, using customised 

templates to collect information on specific conditions, and 

developing specific protocols and training programmes, could 

improve the data recording process. 260,261 These mechanisms are 

non-mutually exclusive and could be implemented in 

combination. Further strategies could also be explored and 

developed in close collaboration with healthcare professionals 

through participatory processes. The analysis of free text could 

also significantly enhance the completeness of RWD, since a lot 

of information about the state of patients is recorded as free 

text.312 With the expanding field of natural language processing 

(NLP , which is a branch of artificial intelligence), automated 

solutions can be developed to extract information from free 

text.312 In the field of health, there are examples of NLP systems 

that capture symptoms and ascertain smoking history from EHR, 

313,314 extract information from radiological reports,315  and identify 

cancer stage from pathology reports.316 However, the currently 

available NLP systems focus on a highly specific area (e.g., extract 

symptoms) and are considerably context-dependent.312 The 

development of a more comprehensive NLP system that can 

extract diverse information (e.g., extract symptoms and cancer 

staging through a unique algorithm) across various settings and 

institutions remains a challenge.312 

Another way of improving the completeness of RWD is through 

linkage of multiple data sources,317 as seen in Study V where we 

used SIDIAP data linked to hospital records to better capture our 

outcomes. However, as discussed in the section 6.2. 

Methodological considerations, we lacked important information 
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that could be obtained through linkage with other data sources. 

For instance, SIDIAP could be linked to the Spanish registry of 

deceases from the National Institute for Statistics (in Spanish, 

Instituto Nacional de Estadística) to capture causes of mortality, to 

taxes data to capture socioeconomic variables, such as income or 

working status, as well as to other health data sources. 

Undoubtedly, datasets that depict the whole spectrum of patient 

care and the conditions in which individuals live would provide 

better insights into the population’s health. However, data 

linkage also poses several challenges, such as safeguarding 

citizens' privacy, evaluating the quality of the linkage, and 

addressing data fragmentation issues within and between 

organizations.317 The use of an unique personal identifier could 

potentially make data linkage easier.318 For example, in Denmark 

each resident has a long-life unique personal identifier that can 

be used to link administrative information (e.g., the Danish Civil 

Registration System, including information on migration or on 

civil status; or the Danish Registry of causes of death) as well as 

multiple health data sources (e.g., cancer registry, birth registry, 

prescriptions registry, hospital discharge database, biobanks). 318  

Lastly, validation studies assessing data quality are also needed. 

For example, our outcomes of interest in Study V were 

thromboembolic events, thrombocytopenia, and TTS. However, 

there is evidence showing that the identification of these events 

in RWD is challenging and might be particularly prone to false 

positives.163 Consequently, a study aiming to validate thrombosis 

diagnoses and thrombocytopenia in SIDIAP would be of extreme 

value for subsequent research. More broadly, validation studies 

are an important asset to evaluate the fitness of purpose of RWD, 

particularly when including exposures or outcomes not 

previously investigated with a specific database.  
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6.4. Implications for public health 

Overall, this Thesis emphasises the prominent role that RWD can 

play to inform public health policies, particularly in the context of 

an emergent disease when timely evidence is crucial. Large 

observational studies such as Studies I, II, and III have been 

fundamental to identify vulnerable subgroup populations and 

subsequently tailor prevention strategies to protect them. For 

example, in early stages of the pandemic the UK recommended 

high-risk individuals, such as patients with cancer, to shield (i.e., 

minimising face-to-face interactions and isolating at home as 

much as possible).319 Nationwide vaccination campaigns also 

prioritised high-risk individuals. In Spain, individuals with a recent 

haematological cancer or with an uncontrolled cancer as well as 

individuals with a solid metastatic cancer or undergoing 

chemotherapy were prioritised for vaccination.298 RWD studies, 

such as Studies IV and V, have also provided evidence on 

COVID-19 vaccine’s uptake and safety in the real-world setting 

and informed vaccination campaigns.  

Studies II and V also highlight the importance of generating 

reliable evidence to counter misconceptions and misinformation, 

which can cause significant damage on the population’s 

health.320,321 At the onset of the pandemic, the threat posed by 

the emergence of SARS-CoV-2 was to some extent 

underestimated, since COVID-19 was often compared to 

influenza due to their similarities in terms of symptoms and 

modes of transmission.320,322 This misjudgement might have 

delayed the COVID-19 response and influenced individual’s self-

protection behaviours.320 By showing that COVID-19 is more 

severe than influenza, Study II contributed to shift the perception 

of COVID-19 among policy-makers and the public. As for COVID-

19 vaccines, a significant number of fake news about vaccine’s 

side effects have circulated in online social media, with harmful 

consequences.321,323 Indeed, being exposed to COVID-19 vaccine 

fake news (and believing these to be true) has been associated 

with increased vaccine hesitancy. Thus, evidence-based studies 
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on the safety of COVID-19 vaccine’s safety, such as Study V, can 

contribute to reduce vaccine’s hesitancy provided that the results 

are widely disseminated. 

Studies I, II, and III also demonstrate the intersection between 

NCDs and infectious diseases such as COVID-19.324,325 Indeed, we 

observed that individuals with underlying NCDs (obesity and 

cancer) were more vulnerable to COVID-19. This highlights the 

need to tackle NCDs to reduce the burden of the COVID-19 

pandemic and increase resilience against future epidemics. 

Preventing NCDs is also crucial to improve the population’s 

health since NCDs are the leading cause of mortality worldwide, 

accounting for 74% of the total number of deaths.326 The WHO 

estimates that 80% of cases of diabetes, heart disease, and 

stroke, and 40% of cancers could be prevented by addressing 

preventable risk factors, such as alcohol, drug, and tobacco use, 

dietary habits, physical inactivity, and exposure to environmental 

hazards (e.g., air pollution, radiation).326,327 Globally, these factors 

are responsible for over 30 million of deaths every year, 

according to estimates from the Global Burden of Disease study 

2019.328  

Addressing these risk factors requires actions at different levels 

since their underlying causes are multifactorial and multifaceted. 

For example, to prevent the harmful effects of tobacco (the 

second leading risk factor of preventable death worldwide),328,329 

the WHO recommends interventions both at the policy level (e.g., 

increase tobacco taxes, ban smoking in public places) and the 

individual level (e.g., counselling on cessation of tobacco, 

pharmacological treatments for smoking cessation).330 

Unfortunately, the COVID-19 pandemic has also had deleterious 

consequences on the prevention and management of NCDs due 

to the disruption of health services (e.g., delays in surgical 

procedures, cessation of screening programmes, interruption of 

long-term treatments).325 

More broadly, our findings in Study IV also underscore the 

importance of analysing socioeconomic inequalities in health 
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outcomes as well as of designing and implementing health 

policies taking into consideration the influence of the social 

determinants of health (SDOH, i.e., the conditions in which 

people are born, grow, work, live, and age, and people’s access 

to power, money and resources, as defined by the WHO).331 The 

links between the SDOH and health status had been well-

established prior to the pandemic, with some studies suggesting 

that 40% of health outcomes (both NCDs and infectious diseases) 

might be influenced by the SDOH.332  

Preventable risk factors of NCDs are also heavily influenced by 

the SDOH. For example, individuals with low SES are more likely 

to smoke, have an unhealthy diet and insufficient physical activity, 

and to be exposed to air pollution.333 Unsurprisingly, the SDOH 

have also led to unfair and avoidable differences in health across 

population groups throughout the pandemic.127,331 As shown in 

Study IV individuals living in more deprived areas had higher 

incidence rates of COVID-19 infections and hospitalisations and 

lower COVID-19 vaccine uptake.  

In addition to the importance of targeted interventions to 

promote vaccination among vulnerable populations, our results 

emphasise that strategies addressing the structural determinants 

of socioeconomic inequalities are urgently needed. These 

include poverty, unemployment, lack of education, food 

insecurity, poor working and housing conditions, discrimination 

(e.g., ageism, racism, sexism), violence, and barriers to healthcare 

access, among many other drivers of inequalities. However, the 

indirect effects of the COVID-19 pandemic (e.g., job losses, 

school closures) have disproportionately affected those more 

vulnerable, exacerbating existing inequalities. Ultimately, in the 

aftermath of the COVID-19 pandemic, building back fairer health 

systems will require a strong political commitment with health 

equity and the development of intersectoral policies.127 
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7. CONCLUSIONS  
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1. People with underlying conditions such as obesity or cancer 

(particularly those with recent cancer diagnosis and with 

haematological cancers) as well as people with low 

socioeconomic status have higher risks of being infected with 

SARS-CoV-2 and developing severe COVID-19.  

 

Les persones amb malalties cròniques, com l’obesitat o 

el càncer (especialment aquelles amb un diagnòstic 

recent de càncer o que tenen un càncer hematològic) i 

les persones amb un baix nivell socioeconòmic tenen 

més riscos d’infectar-se pel SARS-CoV-2 i de 

desenvolupar complicacions. 

 

2. Despite socioeconomic inequalities in COVID-19 vaccine 

uptake, six months after the start of the COVID-19 vaccine 

rollout in Catalonia, Spain, inequalities in COVID-19 infection 

and hospitalisation decreased among individuals aged 40 

years or older living in urban areas. Yet, socioeconomic 

inequalities persisted and were more pronounced for 

hospitalisations.  

 

Malgrat desigualtats socioeconòmiques en la cobertura 

de la vacuna contra la COVID-19, sis mesos després de 

l’inici de la campanya de vacunació a Catalunya, van 

disminuir les desigualtats en les infeccions i 

hospitalitzacions per COVID-19 en persones de 40 anys 

o més residents en zones urbanes. Tot i així, les 

desigualtats van persistir, especialment pel que fa a les 

hospitalitzacions.  
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3. Notwithstanding previous concerns over COVID-19 vaccines 

safety, we found that thromboembolic events following 

COVID-19 infection far outweigh the risks of 

thromboembolic events following vaccination with 

BNT162b2 and ChAdOx1. 

 

Tot i certes preocupacions sobre la seguretat de les 

vacunes contra la COVID-19, vam observar que els 

riscos d’esdeveniments tromboembòlics després de la 

infecció per COVID-19 eren molt superiors als riscos de 

patir aquests esdeveniments després de la vacunació 

amb BNT162b2 i ChAdOx1. 

 

4. Three years after the emergence of SARS-CoV-2, there are 

still important research gaps related to COVID-19, including 

on the long-term consequences of the infection, the risks of 

reinfections or breakthrough infections among high-risk 

populations, the associations between socioeconomic factors 

and COVID-19 vaccination uptake, and the safety of booster 

vaccine doses. 

 

Tres anys després de l'aparició del SARS-CoV-2, encara 

hi ha aspectes relacionats amb la COVID-19 poc 

coneguts, incloent-hi les conseqüències a llarg termini 

de la infecció, els riscos de reinfecció o d’infecció 

postvacunació en poblacions de risc, l’associació entre 

factors socioeconòmics i la cobertura vacunal, i la 

seguretat de les dosis de record de les vacunes contra 

la COVID-19. 
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5. RWD have been key to provide reliable and timely evidence 

throughout the COVID-19 pandemic and their use in the field 

of epidemiology is expected to increase. However, RWD 

quality remains a challenge that must be addressed. 

 

Les dades del món real han estat clau per generar 

evidència de manera ràpida i fiable durant la pandèmia 

de la COVID-19, i es preveu que augmenti el seu ús en 

el camp de l'epidemiologia en els pròxims anys. No 

obstant això, la qualitat de les dades del món real 

continua sent un repte que cal dirimir. 

 

6. The findings of this Thesis reinforce the importance of 

tackling non-communicable diseases, preventable risk 

factors, and, more broadly, socioeconomic inequalities to 

reduce the burden of the COVID-19 pandemic and improve 

the population’s health. 

 

Els resultats d'aquesta Tesi reforcen la importància 

d'abordar l'impacte de les malalties cròniques i els 

factors de risc evitables així com, de manera més 

general, l'impacte de les desigualtats 

socioeconòmiques per reduir la càrrega de la 

pandèmia de la COVID-19 i millorar la salut de la 

població.  
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