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Abstract  

Since Covid-19 was declared a global pandemic, it has killed more than two million people 

worldwide. Some directly due to complications and symptoms of the virus others due to lack 

of resources to take care of all the patients affected by it. A proper triage can go a long way to 

an efficient resource allocation, which makes it extremely relevant to understand which factors 

can affect Covid-19 complications or mortality risk. With the input form front-line Portuguese 

doctors, it was possible to identify the main comorbidities and health issues that can influence 

patient outcome: age, cancer, immunosuppression, transplant, obesity, diabetes, hypertension, 

and kidney, respiratory and cardiovascular disease, body temperature, blood pressure, oxygen 

saturation, glucose, C-protein, D-dimer and PaO2/FiO2 levels.  

 

Keywords: Covid-19; mortality risk; comorbidities; severity of symptoms. 
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viii 

 

 

  



 

ix 

 

Resumo 

Desde que a Covid-19 foi declarada como uma pandemia global, já matou mais de dois milhões 

de pessoas em todo o mundo. Algumas mortes diretamente devido a complicações e sintomas 

causados pelo vírus, outras devido à falta de recursos para cuidar de todos os pacientes afetados 

pelo mesmo. Uma triagem adequada pode contribuir muito para uma atribuição eficiente de 

recursos, o que torna extremamente relevante compreender quais os fatores que podem 

influenciar as complicações ou o risco de mortalidade pela Covid-19. Com o preenchimento de 

formulário de entrada realizado pelos médicos portugueses da linha da frente, foi possível 

identificar as principais comorbilidades e problemas de saúde que podem influenciar o efeito 

no paciente: idade, cancro, imunossupressão, transplante, obesidade, diabetes, hipertensão, 

doenças renais, respiratórias e cardiovasculares, temperatura corporal, pressão sanguínea, 

saturação de oxigénio, glicose, proteína C, D-dímero e níveis de PaO2/FiO2. 

 

Palavras-chave: Covid-19; risco de mortalidade; comorbilidades; gravidade de sintomas. 

 

Classificação JEL: I0 Geral, I1 Saúde 

 

  



 

x 

 

 

 

 

 

  



 

xi 

 

Index 

 
1. Introduction .....................................................................................................................1 

2. Literature Review ............................................................................................................1 

3. Methodology ...................................................................................................................4 

4. Data Analysis ..................................................................................................................4 

4.1 Living Conditions .....................................................................................................4 

4.2 Age ..........................................................................................................................4 

4.3 Kidney disease .........................................................................................................5 

4.4 Cancer ......................................................................................................................5 

4.5 Immunosuppression ..................................................................................................5 

4.6 Transplants ...............................................................................................................5 

4.7 Respiratory disease ...................................................................................................6 

4.8 Cardiovascular disease .............................................................................................6 

4.9 Hypertension ............................................................................................................6 

4.10 Diabetes ................................................................................................................6 

4.11 Obesity .................................................................................................................6 

4.12 Body temperature..................................................................................................7 

4.13 Glucose .................................................................................................................7 

4.14 Blood pressure ......................................................................................................7 

4.15 C-protein ..............................................................................................................7 

4.16 D-dimer ................................................................................................................7 

4.17 Oxygen saturation .................................................................................................8 

4.18 PaO2/FiO2 ............................................................................................................8 

5. Discussion .......................................................................................................................8 

6. Conclusion ......................................................................................................................9 

7. Limitations and future lines of research ...........................................................................9 

8. References ..................................................................................................................... 10 

 

  



 

xii 

 

 



 

1 

 

1. Introduction 

Since World Health Organization declared coronavirus disease 2019 (Covid-19) a global 

pandemic on March 11th 2020, 2 876 691 people worldwide have died from it (Anon., n.d.) by 

early April 2021. Portugal had already 824 368 cases and 15 026 deaths, leading to shortage of 

capacity of intensity care units, especially during the third wave that started after Christmas. 

There have been serious efforts to implement control measures to prevent spreading and to 

mitigate Covid-19 effects globally (EURO WHO, 2020). Knowing which factors can have 

associations with Covid-19 evolution allows for a more efficient triage of patients, not only 

saving precious time, but also identifying the most vulnerable patients that may need extra 

resources (Nogueira et al., 2020). 

This study aimed to find which factors are associated with Covid-19 mortality risk or the level 

of severity of symptoms developed. It is the first step of a larger project that will develop 

predictive models to assist in hospital screening by providing most likely scenarios based on 

demographics, comorbidities and indicators. The factors collected in this study will be used as 

input for the models to develop. 

The present paper is structured as follows. Existing papers on the subject were reviewed to 

gather a starting point of which factors could be relevant. Then, the methodology used is 

detailed and the results described. On the following section the findings are compared to those 

discovered by others in the Discussion. Finally, they are summarized and the limitations 

identified. 

 

2. Literature Review 

Demographic factors have been analyzed by several authors (Götzinger et al., 2020; Goujon et 

al., 2020; Harapan et al., 2020; Lapostolle et al., 2020; Meena et al., 2020; Nogueira et al., 

2020b; Rivera-Izquierdo et al., 2020; Shahid et al., 2020). Rivera-Izquierdo et al. (2020) found 

that starting from 50 years old the mortality probability increases exponentially – 5,8% for 

patients between 50 and 59, 12,8% between 60 and 60, 28,6% between 70 and 79 and 79,2% 

for patients over 80 years old. Nogueira et al. (2020) found mortality rates of 9,5% for patients 

between 75 and 85 and 12,61 for people over 85 years old in Portugal, which are considerably 

lower than those previously reported. Data from China reported 3% to 11% of mortality rate 

for patients between 65 and 84 and 27% over 80 years old (Shahid et al., 2020). On the other 

hand, Meena et al. (2020) and Götzinger et al. (2020) found that children are less likely to have 

Covid, are usually asymptomatic or have lighter symptoms than adults and are less likely to die 

from it.  
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In the European Union mortality rates are higher for men than for women – 24,1 % versus 

14,4% (Goujon et al., 2020; Harapan et al., 2020; Nogueira et al., 2020b). Men are also more 

likely to develop serious symptoms than women (Lapostolle et al., 2020). 

Associated comorbidities have also been highly studied for Covid, in order to understand which 

diseases or conditions can affect Covid incidence of mortality probabilities. While studying 

mortality by Covid-19, Shahid et al. (2020) found that 86% of deceased patients had associated 

comorbidities, and among them identified chronic kidney disease. Patients doing hemodialysis 

treatment or that have had transplants are more likely to needed mechanical ventilation or have 

higher mortality rates (Arenas et al., 2020; Pei et al., 2020). 

Cancer patients were also found to have higher mortality rates or be more likely to develop 

serious complications (Liang et al., 2020), especially if considering cancer in the respiratory 

systems (Gallo, 2020). This risk is caused by a compromised immune systems, which has a 

crucial role stopping major symptoms to develop (Paces et al., 2020). 

Diabetes also plays a major role in Covid incidence; it was the comorbidity associated with 

more patients needing to be admitted and to have mortality rates that can be up to three times 

higher than patients without (Erener, 2020). Lampasona et al. (2020) confirmed these findings, 

also identifying patients with diabetes to be more likely to develop serious symptoms or dying, 

and this probability is even higher for patients going through intensive treatment (insulin 

injections). Obesity can be also linked with higher mortality rates or more serious symptoms, it 

is an independent factor but can also be related to several other comorbidities such as 

cardiovascular diseases (Erener, 2020; Kassir, 2020; Korakas et al., 2020). 

Cardiovascular diseases have been extensively studied and identified as a main comorbidity 

associated with Covid deaths (Bansal et al., 2021; Cheng et al., 2021). Su et al. (2020) found 

that arterial pressure is a crucial factor while assessing the severity of Covid infection, 

especially the case of hypotension should be monitored closely at the time of admittance (Lee 

& An, 2016). Hypertension was also found to increase mortality rates and the development of 

more serious symptoms including the need for mechanic ventilators. Nevertheless, European 

Society of Cardiology was not able to isolate the effects of hypertension since they were always 

associated with older patients (European Society of cardiology, 2020). Covid-19 was also found 

to cause lesions in the myocardium and cardiac arrhythmia and increases the probability for 

heart attacks. Once again, transplanted patients were found to have higher risks to develop 

serious symptoms (European Society of cardiology, 2020). 

Covid affects the respiratory system and, therefore, patients with previous respiratory fragilities 

are more likely to develop serious symptoms or have higher mortality rates than those who do 
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not (Olloquequi, 2020; Rivera-Izquierdo et al., 2020; Xiao et al., 2020; Yang et al., 2020). 

Smokers were also found to have higher risks of developing serious symptoms (Çakır Edis, 

2020). Patients with arterial oxygen saturation levels below 93%, less than 30 respiratory cycles 

per minute and PaO2/FiO2 lower than 300 mmHg were also found to be more likely to develop 

severe symptoms (Duan et al., 2020; Ferrando et al., 2020; Fuentes & Chowdhury, 2020). 

Some authors were also able to identify relationships between indicators such as body 

temperature or glucose levels and the probability either of developing serious symptoms or of 

dying from Covid. Levenfus et al. (2020) found that Covid patients usually have a body 

temperature between 38ºC and 41ºC, although the author could not relate higher temperatures 

with higher mortality rates, they tend to be admitted for longer periods. 

Glucose levels were found to have a linear relationship with the probability of being admitted, 

and patients with levels higher than 7mmol have critical high risk of being admitted (Alahmad 

et al., 2020). These higher probabilities are true even for patients without diabetes, and Covid-

19 can change the way metabolisms process sugar (Wang et al., 2020). 

Wang (2020) found that protein reactive C levels are positively correlated to the size of 

pulmonary lesion, which can be an indicator of severity of Covid infection. High levels of this 

protein can also indicate inflammation, cell destruction or muscular tissue lesions, and are 

usually higher in deceased patients or patients with serious symptoms (Levenfus et al., 2020; 

Luo et al., 2020; Nehring et al., 2021). 

Some authors found that while blood groups B, AB or RH+ are more likely to test positive for 

Covid, blood type O is less likely to do so (Ellinghaus et al., 2020). Furthermore, blood type A 

was considered a risk factor to develop more serious symptoms, to be admitted or even for death 

(Latz et al., 2020; Li et al., 2020). Regarding D-Dimers high levels (≥2.0µɡ/ml) were found to 

be related with higher mortality rates and increases the probability of pulmonary embolism (Y. 

Li et al., 2020; Sakka et al., 2020; Schutgens, 2020). Naymagon et al. (2020) found that each 

increase of 1 μg/m in D-dimer level, the death ratio increased 1.06, the intubation increased to 

1.08 as well as the ratio for the need of mechanic ventilation, for 6 different hospitals. 

Finally, there are evidences that Covid-19 has higher incidence and higher mortality rates in 

people with lower education levels, lower income and without easy access to health care (Sesé 

et al., 2020; Strang et al., 2020). Living conditions were also found to influence the decision of 

admitting the patient to hospital care or monitor the situation at home (Hawkins et al., 2020), 

since usually have more difficulty in maintaining social distancing (Truong & Asare, 2021). 
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3. Methodology 

In order to understand which factors influence Covid diagnosis and mortality probability a 

survey was design. The survey includes all the factors encountered by previous authors and was 

reviewed by an expert in order to confirm its adequacy. It was divided in two parts, one that 

assessed the severity of Covid incidence dividing it into four risk levels: low, moderate, severe 

and critical; and the second that aimed to evaluate the probability of mortality categorized into 

three levels: low, moderate and severe. The survey was then distributed among Portuguese 

doctors that have been on the front-line of Covid for the past year. Between 25th of February 

and 19th of March it was possible to collect the opinions of 23 experts on which factors are 

indicators of each severity level of disease and mortality probability.  

Once all the data was collected, it was divided into contingency tables and the different 

proportions were evaluated with Chi2 analysis to detect the significant ones. Since there are 

more than two risk levels and some factors are also categorized into more than two options, the 

analysis was also performed isolating two levels at a time or combining different levels 

together. The tests performed allowed to not only identify the factors that can influence the 

severity of Covid incidence, but also were these can be divided and which levels can lead to 

worse scenarios. 

 

4. Data Analysis 

The 18 factors retrieved from the literature were evaluated separately in order to assess their 

impact either on the severity of symptoms developed or the mortality rates. Although gender, 

blood type and respiratory frequency were identified as factors, these two fields of the survey 

were not properly answered and no conclusions could be drawn from them.  

 

4.1 Living Conditions 

According to the experts, there is an association between the living conditions, the admittance 

to the hospital and the severity of the disease (p-value: 0.033). For lower or moderate severity, 

the living conditions can influence the decision to admit the patient, while for serious or critical 

severity levels it is no longer a factor (p-value: 0.018).  

 

4.2 Age 

It was possible to find a significant association between age and the severity of the disease (p-

value: 0.000) and the mortality risk (p-value: 0.000). Older patients are more likely to develop 
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more serious symptoms (p-value: 0.000) and have higher mortality risks (p-value: 0.000), there 

are no significant differences between patients younger than 49.  

 

4.3 Kidney disease 

Although it was not possible to find significant differences between the severity of disease for 

patients with kidney disease (p-value: 0.053), it was possible to find it for patients in dialyses 

(p-value: 0.002). Being on dialysis and the severity of the disease are related and the low risk 

level has lower proportions of patients in dialysis than other risk levels (p-value: 0.014), as well 

as low and moderate have lower proportions than the higher levels (p-value: 0.000). Regarding 

mortality risk it was possible to associate the different levels with renal patients, kidney patients 

(p-value: 0.004) as well as those on dialysis (p-value: 0.000) have higher mortality risk. 

 

4.4 Cancer 

Cancer patients show no association with different severity risks, with the exception of those 

doing chemotherapy treatments (p-value: 0.002). These have more serious than low severity 

cases (p-value: 0.003), more critical than low (p-value: 0.021) and more serious than moderate 

(p-value: 0.032). On the other hand, all cancer patients are associated with higher mortality risk 

(p-values: 0.006 and 0.000).  

 

4.5 Immunosuppression 

It was possible to find significant association between immunossupression and the severity of 

Covid-19 (p-value: 0.007) and mortality risk (p-value: 0.000). These patients are more likely to 

develop serious than light (p-value: 0.011) or moderate symptoms (p-value: 0.043). The 

differences between low and high mortality risk (p-value: 0.003) are also significant. 

 

4.6 Transplants 

The opinion of the experts shows that there is an association between having received a 

transplant and the severity of Covid-19 (p-value: 0.007) and mortality risk (p-value: 0.000). 

Transplanted patients are more likely to develop serious symptoms than light ones (p-value: 

0.010) or moderate (p-value: 0.044). There are also significant differences between low and 

high (p-value: 0.001) or moderate and high (p-value: 0.014) risk of mortality. 
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4.7 Respiratory disease 

It was possible to find a significant association between chronic respiratory disease, the severity 

of Covid-19 incident (p-value: 0.015) and mortality risk (p-value: 0.000). The differences 

between low and moderate (p-value: 0.043) and low and high (p-value: 0.000) mortality risks 

are significant. Furthermore, these patients are more likely to develop more serious (p-value: 

0.007) or critical (p-value: 0.014) cases than light ones.  

 

4.8 Cardiovascular disease 

For chronic cardiovascular disease it was only possible to find association with the severity of 

the disease if only two levels – low and high, are considered (p-value: 0.049). On the other 

hand, it was possible to find significant association with all mortality risk levels (p-value: 

0.003). There are significant differences between low and moderate (p-value: 0.005) or high (p-

value: 0.002) risk of mortality between patients with cardiovascular disease and those without. 

 

4.9 Hypertension 

Once again, for patients with hypertension it was only possible to find association with the 

severity of the disease if only two levels – low and high are considered (p-value: 0.023). 

Nevertheless, it was possible to find an association with mortality risk (p-value: 0.029). There 

are significant differences between low and moderate (p-value: 0.025) or high (p-value: 0.013) 

risk of mortality. 

 

4.10 Diabetes 

Diabetes are associated with the severity of Covid-19 incidence (p-value: 0.036) and mortality 

risk (p-value: 0.000). Patients with diabetes, regardless of the type (p-value: 0.002 – type I, p-

value: 0.003 – type II), show higher mortality risk. When considering the development of 

symptoms, it is only possible to find significant differences between patients with and without 

diabetes, between light and higher severity symptoms (p-value: 0.030). 

 

4.11 Obesity 

The experts’ opinion shows association between obesity and the severity of Covid-19 (p-value: 

0.000) and mortality risk (p-value: 0.000). Not only was it possible to distinguish between obese 

and non-obese patients (p-value: 0.005), but also class 3 obese are more likely to develop 

serious symptoms and have higher mortality risk than class 1 obese (p-value: 0.002). 
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4.12 Body temperature 

It was possible to find significant associations between body temperature and severity of Covid-

incidence (p-value: 0.000) and mortality risk (p-value: 0.000). As body temperature increases, 

the probability of developing more serious symptoms (p-value: 0.000) and mortality risk (p-

value: 0.015) increase as well. 

 

4.13 Glucose 

Glucose levels are associated with the severity of the disease (p-value: 0.047) and its mortality 

risks (p-value: 0.016). Patients with glucose levels higher than 126 are less likely to develop 

light symptoms than serious (p-value: 0.023) or critical (p-value: 0.024). These patients are also 

likely to have high mortality risks (p-value: 0.020). 

 

4.14 Blood pressure 

It was possible to find significant associations between blood pressure (systolic and diastolic) 

and the severity of the disease (p-values: 0.000) and mortality risk (p-value: 0.000). It was 

possible to separate systolic pressure in <60, 60-90 and >90 and find significant differences 

between all severity levels (p-values: 0.000) and for all mortality risks (p-values: 0.000). 

Diastolic pressure was divided between <90, 90-140 and >140 and there are also significant 

differences between all severity levels (p-values: 0.000) and for all mortality risks (p-value: 

0.000). 

 

4.15 C-protein  

There is an association between C-protein levels and the severity of Covid-19 (p-value: 0.000) 

and mortality risk (p-value: 0.000). It was possible to find associations between low and higher 

mortality risk for patients with C-protein levels lower or higher than 10 (p-value: 0.000), lower 

or higher than 20 (p-value: 0.000) and lower and higher than 30 (p-value: 0.004). The same 

groups of patients have different proportions of light more serious symptoms (p-values: 0.006, 

0.000, 0.000), and the last two between moderate and critical symptoms (p-values: 0.023 and 

0.010). 

 

4.16 D-dimer 

It was possible to find significant association between D-dimer levels and severity of the disease 

(p-value: 0.000) and its mortality risk (p-value: 0.000). It was possible to separate between 

patients with <1, 1-2 and >2 µɡ/ml and associate them with the different levels of disease 
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severity (p-values: 0.003 and 0.000). Furthermore, there are significant differences for these 

patients between moderate and high mortality risk (p-values: 0.034 and 0.000). 

 

4.17 Oxygen saturation 

Oxygen saturation levels show association with the severity of the disease (p-value: 0.000) and 

its mortality risk (p-value: 0.000). The mortality risks show significant differences between all 

levels (low, moderate, high) for patients with saturation levels lower and higher than 85 (p-

value: 0.003), 90 (p-value: 0.000) and 94 (p-value: 0.000). These same groups of patients show 

significant differences between low and serious symptoms (p-value: 0.000), and critical and 

lower symptoms (p-value: 0.002). 

 

4.18 PaO2/FiO2 

It was possible to find significant association between PaO2/FiO2 levels and the severity of 

Covid-19 incidence (p-value: 0.000) and mortality risk (p-value: 0.000). There are significant 

differences between the different levels considered (<100, 100-200, 200-300 and >300) in 

developing light or moderate and serious or critical symptoms (p-value: 0.000) and low and 

high mortality risk (0.026).   

 

5. Discussion 

The experts that answered the survey agree with previous studies that age is a relevant 

demographic factor while predicting mortality risk or the severity of Covid-19 incidence. On 

the other hand, it was not possible to evaluate their opinion on gender.  

Regarding the different comorbidities detailed in the literature, the experts did not find them all 

relevant to predict either mortality risk or the severity of symptoms developed. They agree with 

Shahid et al. (2020) that chronic kidney disease increases mortality risk, even though does not 

influence the severity of the disease. Furthermore, there is a consensus that patients on dialysis 

treatment can develop more serious symptoms and have higher mortality risks (Arenas et al., 

2020; Pei et al., 2020). While it was possible to validate Liang et al. (2020) finding regarding 

the elevated risk of mortality for cancer patients, these were not found to develop more serious 

symptoms unless they were doing chemotherapy treatments. Immuno-compromised patients 

are more likely to develop major symptoms and die from Covid-19 (Paces et al., 2020). It was 

also possible to validate Erener’s (2020) findings regarding the influence of diabetes and 

obesity on Covid-19 complications and mortality rates. Cardiovascular diseases and 

hypertension were associated with mortality risk (Bansal et al., 2021; Cheng et al., 2021), but 
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the consensus regarding their impact on the development of more serious symptoms was 

weaker. As expected and stated by several authors (Olloquequi, 2020; Rivera-Izquierdo et al., 

2020; Xiao et al., 2020; Yang et al., 2020), respiratory diseases influence mortality risk and 

severity of symptoms developed.  

There were also previous studies performed on the influence or predictive value of certain 

indicators and, therefore, these were also included in the present study. With the exception of 

respiratory cycles, which information was not properly answered, it was possible to find 

association between all the considered indicators and mortality risk and severity of symptoms 

developed. It was possible to validate the findings of Duan et al. (2020) regarding oxygen 

saturation and PaO2/FiO2 and add that these indicators can also predict mortality risk. The 

same happened with Levenfus et al. (2020) on body temperature, Alahmad et al. (2020) on 

glucose levels and Su et al. (2020) on arterial pressure. 

Finally, it was possible to find some association between the housing situation and hospital 

admittance raised by Hawkins et al. (2020) and Truong and Asare (2021), these can also 

probably be associated with less healthy nutrition leading to higher BMI and consequent effects. 

For patients in serious or critical state only their health conditions dictate the need for 

admittance; however, patients that are not able to maintain social distancing at home may be 

admitted even in less serious conditions. 

 

6. Conclusion 

It was possible to use the experience of Portuguese doctors on the front line to identify which 

factors are associated with mortality risk and severity of symptoms developed from Covid-19. 

Mortality risk was associated with age, cancer, immunosuppression, transplant, obesity, 

diabetes, hypertension, and kidney, respiratory and cardiovascular disease. Body temperature, 

blood pressure, oxygen saturation, glucose, C-protein, D-dimer and PaO2/FiO2 levels are also 

associated with mortality risk and severity of symptoms. Different symptoms development was 

also associated with age, immunosuppression, transplants, patients doing chemotherapy or 

dialysis treatments, diabetes and obesity. 

 

7. Limitations and future lines of research 

The associations identified depend on the opinion and experience of a small sample of front 

line doctors. Nevertheless, this study was a first approach to understand which data could be 

collected to develop models that will help predict mortality risk and what symptoms could be 

expected at first screening at the hospital.  



 

10 

 

 

8. References 

Alahmad, B., Al-Shammari, A. A., Bennakhi, A., Al-Mulla, F., & Ali, H. (2020). Fasting 

blood glucose and covid-19 severity: Nonlinearity matters. Diabetes Care, 43(12), 3113–

3116. https://doi.org/10.2337/dc20-1941 

Anon. (n.d.). COVID-19 Map - Johns Hopkins Coronavirus Resource Center. Retrieved April 

7, 2021, from https://coronavirus.jhu.edu/map.html 

Arenas, M. D., Crespo, M., José Pérez-Sáez, M., Collado, S., Redondo-Pachón, D., Llinàs-

Mallol, L., Montero, M. M., Villar-García, J., Arias-Cabrales, C., Barbosa, F., Buxeda, 

A., Burballa, C., Sans, L., Vázquez, S., Oliveras, A., Mir, M., Outón, S., Galcerán, I., 

Solá, E., … Pascual, J. (2020). Clinical Medicine Clinical Profiles in Renal Patients with 

COVID-19. Journal of Clinical Medicine, 9. https://doi.org/10.3390/jcm9082665 

Bansal, A., Kumar, A., Patel, D., Puri, R., Kalra, A., Kapadia, S. R., & Reed, G. W. (2021). 

Meta-analysis Comparing Outcomes in Patients With and Without Cardiac Injury and 

Coronavirus Disease 2019 (COVID 19). American Journal of Cardiology, 141(COVID 

19), 140–146. https://doi.org/10.1016/j.amjcard.2020.11.009 

Çakır Edis, E. (2020). Chronic pulmonary diseases and COVID-19. Turkish Thoracic 

Journal, 21(5), 345–349. https://doi.org/10.5152/TurkThoracJ.2020.20091 

Cheng, X., Fu, S., & de Vreede, G. J. (2021). Determinants of trust in computer-mediated 

offshore software-outsourcing collaboration. International Journal of Information 

Management, 57(April), 102301. https://doi.org/10.1016/j.ijinfomgt.2020.102301 

David Ellinghaus, Ph.D., Frauke Degenhardt, M.Sc., Luis Bujanda, M.D., Ph.D., Maria Buti, 

M.D., Ph.D., Agustín Albillos, M.D., Ph.D., Pietro Invernizzi, M.D., Ph.D., Javier 

Fernández, M.D., Ph.D., Daniele Prati, M.D., Guido Baselli, Ph.D., Rosanna Asselta, P. . 

(2020). Genomewide Association Study of Severe Covid-19 with Respiratory Failure. 

New England Journal of Medicine, 383(16), 1522–1534. 

https://doi.org/10.1056/nejmoa2020283 

Duan, J., Wang, X., Chi, J., Chen, H., Bai, L., Hu, Q., Han, X., Hu, W., Zhu, L., Wang, X., 

Li, Y., Zhou, C., Mou, H., Yan, X., & Guo, S. (2020). Correlation between the variables 

collected at admission and progression to severe cases during hospitalization among 

patients with COVID-19 in Chongqing. Journal of Medical Virology, 92(11), 2616–

2622. https://doi.org/10.1002/jmv.26082 

Erener, S. (2020). Diabetes, infection risk and COVID-19. In Molecular Metabolism (Vol. 

39). Elsevier GmbH. https://doi.org/10.1016/j.molmet.2020.101044 



 

11 

 

EURO WHO. (2020). Strengthening the health system response to COVID-19: policy brief. 

Who, April. 

Ferrando, C., Suarez-Sipmann, F., Mellado-Artigas, R., Hernández, M., Gea, A., Arruti, E., 

Aldecoa, C., Martínez-Pallí, G., Martínez-González, M. A., Slutsky, A. S., Villar, J., 

Ferrando, C., Martínez-Pallí, G., Mercadal, J., Muñoz, G., Mellado, R., Jacas, A., 

Vendrell, M., Sánchez-Etayo, G., … Vidal, A. (2020). Clinical features, ventilatory 

management, and outcome of ARDS caused by COVID-19 are similar to other causes of 

ARDS. Intensive Care Medicine, 46(12), 2200–2211. https://doi.org/10.1007/s00134-

020-06192-2 

Fuentes, S., & Chowdhury, Y. S. (2020). Fraction of Inspired Oxygen (FiO2). In StatPearls. 

StatPearls Publishing. http://www.ncbi.nlm.nih.gov/pubmed/32809702 

Gallo, O. (2020). Risk for COVID-19 infection in patients with tobacco smoke-associated 

cancers of the upper and lower airway. European Archives of Oto-Rhino-Laryngology, 1, 

3. https://doi.org/10.1007/s00405-020-06456-z 

Götzinger, F., Santiago-García, B., Noguera-Julián, A., Lanaspa, M., Lancella, L., Calò 

Carducci, F. I., Gabrovska, N., Velizarova, S., Prunk, P., Osterman, V., Krivec, U., Lo 

Vecchio, A., Shingadia, D., Soriano-Arandes, A., Melendo, S., Lanari, M., Pierantoni, 

L., Wagner, N., L’Huillier, A. G., … Riordan, A. (2020). COVID-19 in children and 

adolescents in Europe: a multinational, multicentre cohort study. The Lancet Child and 

Adolescent Health, 4(9), 653–661. https://doi.org/10.1016/S2352-4642(20)30177-2 

Goujon, A., Natale, F., Ghio, D., Conte, A., & Dijkstra, L. (2020). Age , gender , and territory 

of COVID-19 infections and fatalities. In BMJ Open (Vol. 10, Issue June). 

https://doi.org/10.2760/642022 

Harapan, H., Itoh, N., Yufika, A., Winardi, W., Keam, S., Te, H., Megawati, D., Hayati, Z., 

Wagner, A. L., & Mudatsir, M. (2020). Coronavirus disease 2019 (COVID-19): A 

literature review. Journal of Infection and Public Health, 13, 667–673. 

https://doi.org/10.1016/j.jiph.2020.03.019 

Hawkins, R. B., Charles, E. J., & Mehaffey, J. H. (2020). Socio-economic status and COVID-

19–related cases and fatalities. Public Health, 189, 129–134. 

https://doi.org/10.1016/j.puhe.2020.09.016 

Kassir, R. (2020). Risk of COVID-19 for patients with obesity. In Obesity Reviews (Vol. 21, 

Issue 6). Blackwell Publishing Ltd. https://doi.org/10.1111/obr.13034 

Korakas, X. E., Ikonomidis, I., Kousathana, F., Balampanis, K., Kountouri, A., Raptis, A., 

Palaiodimou, L., Kokkinos, A., & Lambadiari, V. (2020). Obesity and COVID-19: 



 

12 

 

immune and metabolic derangement as a possible link to adverse clinical outcomes. Am 

J Physiol Endocrinol Metab, 319, 105–109. 

https://doi.org/10.1152/ajpendo.00198.2020.-Recent 

Lampasona, V., Secchi, M., Scavini, M., Bazzigaluppi, E., Brigatti, C., Marzinotto, I., 

Davalli, A., Caretto, A., Laurenzi, A., Martinenghi, S., Molinari, C., Vitali, G., Di 

Filippo, L., Mercalli, A., Melzi, R., Tresoldi, C., Rovere-Querini, P., Landoni, G., Ciceri, 

F., … Piemonti, L. (2020). Antibody response to multiple antigens of SARS-CoV-2 in 

patients with diabetes: an observational cohort study. Diabetologia, 63(12), 2548–2558. 

https://doi.org/10.1007/s00125-020-05284-4 

Lapostolle, F., Schneider, E., Vianu, I., Dollet, · Guillaume, Roche, · Bastien, Berdah, J., 

Michel, J., Goix, L., Chanzy, E., Petrovic, T., & Adnet, F. (2020). Clinical features of 

1487 COVID-19 patients with outpatient management in the Greater Paris: the COVID-

call study. 15, 813–817. https://doi.org/10.1007/s11739-020-02379-z 

Latz, C. A., DeCarlo, C., Boitano, L., Png, C. Y. M., Patell, R., Conrad, M. F., Eagleton, M., 

& Dua, A. (2020). Blood type and outcomes in patients with COVID-19. Annals of 

Hematology, 99(9), 2113–2118. https://doi.org/10.1007/s00277-020-04169-1 

Lee, S. M., & An, W. S. (2016). New clinical criteria for septic shock: Serum lactate level as 

new emerging vital sign. Journal of Thoracic Disease, 8(7), 1388–1390. 

https://doi.org/10.21037/JTD.2016.05.55 

Levenfus, I., Ullmann, E., Battegay, E., & Schuurmans, M. M. (2020). Triage tool for 

suspected COVID-19 patients in the emergency room: AIFELL score. Brazilian Journal 

of Infectious Diseases, 24(5), 458–461. https://doi.org/10.1016/j.bjid.2020.07.003 

Li, J., Wang, X., Chen, J., Cai, Y., Deng, A., & Yang, M. (2020). Association 

between ABO blood groups and risk of SARS-CoV-2 pneumonia. British Journal of 

Haematology, 190(1), 24–27. https://doi.org/10.1111/bjh.16797 

Li, Y., Zhao, K., Wei, H., Chen, W., Wang, W., Jia, L., Liu, Q., Zhang, J., Shan, T., Peng, Z., 

Liu, Y., & Yan, X. (2020). Dynamic relationship between D-dimer and COVID-19 

severity. British Journal of Haematology, 190(1), e24–e27. 

https://doi.org/10.1111/bjh.16811 

Liang, W., Guan, W., Chen, R., Wang, W., Li, J., Xu, K., Li, C., Ai, Q., Lu, W., Liang, H., Li, 

S., & He, J. (2020). Cancer patients in SARS-CoV-2 infection: a nationwide analysis in 

China. In The Lancet Oncology (Vol. 21, Issue 3, pp. 335–337). Lancet Publishing 

Group. https://doi.org/10.1016/S1470-2045(20)30096-6 

Luo, X., Zhou, W., Yan, X., Guo, T., Wang, B., Xia, H., Ye, L., Xiong, J., Jiang, Z., Liu, Y., 



 

13 

 

Zhang, B., & Yang, W. (2020). Prognostic Value of C-Reactive Protein in Patients with 

Coronavirus 2019. Clinical Infectious Diseases, 71(16), 2174–2179. 

https://doi.org/10.1093/cid/ciaa641 

Meena, J., Yadav, J., Saini, L., Yadav, A., & Kumar, J. (2020). Clinical Features and 

Outcome of SARS-CoV-2 Infection in Children: A Systematic Review and Meta-

analysis. Indian Pediatrics, 57, 820–826. 

Naymagon, L., Zubizarreta, N., Feld, J., van Gerwen, M., Alsen, M., Thibaud, S., Kessler, A., 

Venugopal, S., Makki, I., Qin, Q., Dharmapuri, S., Jun, T., Bhalla, S., Berwick, S., 

Christian, K., Mascarenhas, J., Dembitzer, F., Moshier, E., & Tremblay, D. (2020). 

Admission D-dimer levels, D-dimer trends, and outcomes in COVID-19. Thrombosis 

Research, 196(August), 99–105. https://doi.org/10.1016/j.thromres.2020.08.032 

Nehring, S. M., Goyal, A., Bansal, P., & Patel, B. C. (2021). C Reactive Protein. In 

StatPearls. StatPearls Publishing. http://www.ncbi.nlm.nih.gov/pubmed/28722873 

Nogueira, P. J., De, M., Nobre, A., Costa, A., Ribeiro, R. M., Furtado, C., Nicolau, L. B., 

Camarinha, C., Luís, M., Abrantes, R., & Carneiro, A. V. (2020a). Clinical Medicine 

The Role of Health Preconditions on COVID-19 Deaths in Portugal: Evidence from 

Surveillance Data of the First 20293 Infection Cases. J. Clin. Med, 2368. 

https://doi.org/10.3390/jcm9082368 

Nogueira, P. J., De, M., Nobre, A., Costa, A., Ribeiro, R. M., Furtado, C., Nicolau, L. B., 

Camarinha, C., Luís, M., Abrantes, R., & Carneiro, A. V. (2020b). The Role of Health 

Preconditions on COVID-19 Deaths in Portugal: Evidence from Surveillance Data of the 

First 20293 Infection Cases. J. Clin. Med, 9. https://doi.org/10.3390/jcm9082368 

Olloquequi, J. (2020). COVID-19 Susceptibility in chronic obstructive pulmonary disease. 

European Journal of Clinical Investigation, 50(10), 1–8. 

https://doi.org/10.1111/eci.13382 

Paces, J., Strizova, Z., Smrz, D., Cerny, J., & Strizova, Z. (2020). COVID-19 and the Immune 

System. Physiolpgical Research, 69. https://doi.org/10.33549/physiolres.934492 

Pei, G., Zhang, Z., Peng, J., Liu, L., Zhang, C., Yu, C., Ma, Z., Huang, Y., Liu, W., Yao, Y., 

Zeng, R., & Xu, G. (2020). Renal Involvement and Early Prognosis in Patients with 

COVID-19 Pneumonia. JASN, 31. https://doi.org/10.1681/ASN.2020030276 

Rivera-Izquierdo, M., del Carmen Valero-Ubierna, M., R-DelAmo, J. L., Fernández-García, 

M. Á., Martínez-Diz, S., Tahery-Mahmoud, A., Rodríguez-Camacho, M., Gámiz-

Molina, A. B., Barba-Gyengo, N., Gámez-Baeza, P., Cabrero-Rodríguez, C., Guirado-

Ruiz, P. A., Martín-Romero, D. T., Láinez-Ramos-Bossini, A. J., Sánchez-Pérez, M. R., 



 

14 

 

Mancera-Romero, J., García-Martín, M., MartíndelosReyes, L. M., Martínez-Ruiz, V., 

… Jiménez-Mejías, E. (2020). Sociodemographic, clinical and laboratory factors on 

admission associated with COVID-19 mortality in hospitalized patients: A retrospective 

observational study. PLoS ONE, 15(6), 1–12. 

https://doi.org/10.1371/journal.pone.0235107 

Sakka, M., Connors, J. M., Hékimian, G., Martin-Toutain, I., Crichi, B., Colmegna, I., 

Bonnefont-Rousselot, D., Farge, D., & Frere, C. (2020). Association between D-Dimer 

levels and mortality in patients with coronavirus disease 2019 (COVID-19): a systematic 

review and pooled analysis. JMV-Journal de Medecine Vasculaire, 45(5), 268–274. 

https://doi.org/10.1016/j.jdmv.2020.05.003 

Schutgens, R. E. (2020). D-dimer in COVID-19: A Guide With Pitfalls. HemaSphere, 4(4), 

e422. https://doi.org/10.1097/hs9.0000000000000422 

Sesé, L., Nguyen, Y., Leprieur, E. G., Annesi-Maesano, I., Cavalin, C., de Bouillé, J. G., 

Demestier, L., Dhote, R., Tandjaoui-Lambiotte, Y., Bauvois, A., Pépin, M., Curac, S., 

Beaune, S., Duchemann, B., & Nunes, H. (2020). Impact of socioeconomic status in 

patients hospitalised for COVID-19 in the Greater Paris area. European Respiratory 

Journal, 56(6). https://doi.org/10.1183/13993003.02364-2020 

Shahid, Z., Kalayanamitra, R., McClafferty, B., Kepko, D., Ramgobin, D., Patel, R., Shekher 

Aggarwal, C., Vunnam, R., Sahu, N., Bhatt, D., Jones, K., Golamari, R., & Jain, R. 

(2020). COVID-19 and Older Adults: What We Know. https://doi.org/10.1111/jgs.16472 

Strang, P., Fürst, P., & Schultz, T. (2020). Excess deaths from COVID-19 correlate with age 

and socio-economic status. A database study in the Stockholm region. Upsala Journal of 

Medical Sciences, 125(4), 297–304. https://doi.org/10.1080/03009734.2020.1828513 

Su, Y., Tu, G., Ju, M., Yu, S., Zheng, J., Ma, G., Liu, K., Ma, J., Yu, K., Xue, Y., & Luo, Z. 

(2020). Comparison of CRB-65 and quick sepsis-related organ failure assessment for 

predicting the need for intensive respiratory or vasopressor support in patients with 

COVID-19. Journal of Infection, 81, 647–679. https://doi.org/10.1016/j.jinf.2020.05.029 

Truong, N., & Asare, A. O. (2021). Assessing the effect of socio-economic features of low-

income communities and COVID-19 related cases: An empirical study of New York 

City. Global Public Health, 16(1), 1–16. 

https://doi.org/10.1080/17441692.2020.1850830 

Wang, S., Ma, P., Zhang, S., Song, S., Wang, Z., Ma, Y., Xu, J., Wu, F., Duan, L., Yin, Z., 

Luo, H., Xiong, N., Xu, M., Zeng, T., & Jin, Y. (2020). Fasting blood glucose at 

admission is an independent predictor for 28-day mortality in patients with COVID-19 



 

15 

 

without previous diagnosis of diabetes: a multi-centre retrospective study. Diabetologia, 

63(10), 2102–2111. https://doi.org/10.1007/s00125-020-05209-1 

Xiao, W. W., Xu, J., Shi, L., Wang, Y. D., & Yang, H. Y. (2020). Is chronic obstructive 

pulmonary disease an independent predictor for adverse outcomes in coronavirus disease 

2019 patients? European Review for Medical and Pharmacological Sciences, 24(21), 

11421–11427. https://doi.org/10.26355/eurrev_202011_23635 

Yang, X., Yu, Y., Xu, J., Shu, H., Xia, J., Liu, H., Wu, Y., Zhang, L., Yu, Z., Fang, M., Yu, 

T., Wang, Y., Pan, S., Zou, X., Yuan, S., & Shang, Y. (2020). Clinical course and 

outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a 

single-centered, retrospective, observational study. The Lancet Respiratory Medicine, 

8(5), 475–481. https://doi.org/10.1016/S2213-2600(20)30079-5 

 


