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Abstract 

The coronavirus disease 2019 (COVID-19) is a global public health problem. Since the beginning of the pandemic, 

notified in March 2020, Brazil has shown high lethality from the disease in older adults. From 2012 to 2018, the country 

showed an increase of 20% in the older adults’ population. Despite the completeness of vaccine protocols against 

COVID-19 in the country, there is evidence that this age group, associated with the presence of comorbidities, can be a 

predictor of the occurrence of hospitalization and severe symptoms due to COVID-19. In this direction, this paper aimed 

to identify patterns and relationships between symptoms, comorbidities, gender, Intensive Care Unit (ICU) admission, 

and survival status of older adults, fully vaccinated against COVID-19, hospitalized in Brazil. For this purpose, we 

perform association rules mining on the OpenDataSUS database. For the group of patients with comorbidity, 

associations with conditions of oxygen saturation (SpO2) <95%, dyspnea and death were predominant; The female sex 

was associated with survival and the presence of comorbidities, while the male sex with death and admission to the 

ICU; for patients admitted to the ICU and who died, associations with SpO2<95%, dyspnea, presence of comorbidities 

and use of ventilatory support were found. The association rule mining procedure has been shown to be useful in 

surveying the hospitalization profile of these patients. 

Keywords: COVID-19; Symptoms; Chronic disease; Aged; Hospitalization; Data mining. 

 

Resumo  

A doença do coronavírus 2019 (COVID-19) constitui-se como um problema de saúde pública global. Desde o início da 

pandemia, notificada em março de 2020, o Brasil apresenta alta letalidade da doença em idosos. De 2012 a 2018, o país 

apresentou um aumento de 20% na população de idosos. Apesar da completude dos protocolos vacinais contra a 

COVID-19 no país, há evidências de que essa faixa etária, associada à presença de comorbidades, pode ser um preditor 

da ocorrência de internação e apresentação de sintomas graves da doença. Nessa direção, este trabalho teve como 

objetivo identificar padrões e relações entre sintomas, comorbidades, gênero, internação em Unidade de Terapia 
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Intensiva (UTI) e estado de sobrevida de idosos, totalmente vacinados contra a COVID-19, hospitalizados no Brasil. 

Para tanto, utilizou-se do método de mineração de regras de associação no banco de dados do OpenDataSUS. Para o 

grupo de pacientes com comorbidade, predominaram as associações de condições de saturação de oxigênio (SpO2) 

<95%, dispneia e óbito. O sexo feminino associou-se à sobrevida e presença de comorbidades, enquanto o sexo 

masculino ao óbito e internação na UTI. Para os pacientes internados na UTI e que foram a óbito, encontrou-se 

associações com SpO2<95%, dispneia, presença de comorbidades e uso de suporte ventilatório. O procedimento de 

mineração de regras de associação mostrou-se útil no levantamento do perfil de hospitalização desses pacientes.  

Palavras-chave: COVID-19; Sintomas; Doença crônica; Idosos; Hospitalização; Mineração de dados. 

 

Resumen  

La enfermedad por coronavirus 2019 (COVID-19) es un problema de salud pública mundial. Desde el inicio de la 

pandemia, notificada en marzo de 2020, Brasil ha mostrado alta letalidad por la enfermedad en adultos mayores. Del 

2012 al 2018, el país mostró un incremento del 20% en la población de adultos mayores. A pesar de la exhaustividad 

de los protocolos de vacunación contra la COVID-19 en el país, existe evidencia de que este grupo etario, asociado a la 

presencia de comorbilidades, puede ser predictor de la ocurrencia de hospitalización y síntomas graves por la COVID-

19. En esa dirección, este artículo tuvo como objetivo identifica los patrones y las relaciones entre los síntomas, las 

comorbilidades, el género, la admisión en la Unidad de Cuidados Intensivos (UCI) y el estado de supervivencia de los 

adultos mayores, completamente vacunados contra COVID-19, hospitalizados en Brasil. Para ello, realizamos minería 

de reglas de asociación en la base de datos OpenDataSUS. Para el grupo de pacientes con comorbilidad predominaron 

las asociaciones con condiciones de SpO2<95%, disnea y muerte; El sexo femenino se asoció con la sobrevida y la 

presencia de comorbilidades, mientras que el sexo masculino con la muerte e ingreso a la UCI; para los pacientes 

ingresados en UTI y que fallecieron se encontraron asociaciones con SpO2<95%, disnea, presencia de comorbilidades 

y uso de soporte ventilatorio. El procedimiento de minería de reglas de asociación se ha mostrado útil para relevar el 

perfil de hospitalización de estos pacientes. 

Palabras clave: COVID-19; Síntomas; Enfermedad crónica; Anciano; Hospitalización; Minería de datos. 

 

1. Introduction  

The coronavirus disease 2019 (COVID-19) is a major global public health emergency. It is a severe acute respiratory 

syndrome caused by the new coronavirus (SARS-CoV-2) first notified in China in December 2019 and recognized as causing a 

pandemic by the World Health Organization (WHO) on March 11, 2020 (Cash & Patel, 2020). Since its discovery until February 

22, 2022, the disease had about 426 million confirmed cases and 5 million deaths worldwide (WHO, 2021). More than 190 

countries were affected and those with the highest number of deaths were the United States of America (USA), Brazil, India, 

Mexico, and Russia. From this group, Brazil, India, and Russia make up the BRICS, a political and economic grouping of 

developing countries formed by these countries, in addition to China and South Africa. Zhu et al. (2021) pointed out that the 

number of new daily cases of COVID-19 was aggravated by the situation of social inequality and health vulnerabilities in the 

BRICS, Brazil being the country with the highest number of deaths. 

On February 25, 2020, Brazil registered the first confirmed case of COVID-19 (Candido et al., 2020). Since then, the 

disease has affected more than 28 million people up to February 22, 2022, in the country, with a higher incidence among adults 

and higher mortality among the older adults (aged 60 years or over) (Brazil, 2021). From 2012 to 2018, there was a 20% increase 

in the older adult’s population in Brazil (FGV, 2021). Health conditions such as the presence of chronic diseases and 

hospitalization characteristics and symptoms can influence the occurrence of deaths from COVID-19 in these age groups (Rocha 

et al., 2021). These conditions can be classified as health characteristics or circumstances that present in a persistent way, 

requiring fragmented or continuous active responses from health systems (Mendes, 2018).  

Faced with the challenge of reducing the risk of death with the listed conditions, the elaboration of a vaccination protocol 

has become an ethical imperative. Therefore, the world started with the vaccination schemes against COVID-19 in December 

2020, but in Brazil this only occurred from January 2021, with emergency approval by the Brazilian Health Regulatory Agency 

(ANVISA), with the following vaccines: CoronaVac, Pfizer, Janssen and AstraZeneca (Bee et al., 2022).  Since then, government 

records up to December 9, 2021, indicate that Brazil has fully vaccinated (with the two-dose protocol) about 151 million citizens, 

a total of 75% of its population (Vaccination Brazil Platform, 2022). However, according to Moreno-Perez et al. (2022), countries 
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should be aware of the clinical characteristics and predictors of poor outcomes in the elderly population, despite the completeness 

of the vaccination scheme, to verify effective means of protection and management of health services. 

Advanced data mining techniques, such as Association Rules Mining (ARM), have been used in the recognition of 

patterns of these conditions in populations during the COVID-19 pandemic (Shawkat et al., 2021). Data mining can be described 

as an intelligent method that allows the identification of useful and understandable patterns and relationships of items in a 

database, which has ARM as one of its oldest fields in recognizing these patterns (Williams, 2011). Association rules procedures 

are popularly known as Market Basket Analysis, which estimates the probability of products or groups of products being 

purchased simultaneously. This technique is useful in the analysis of health conditions, as it can identify symptoms, morbidities 

and other conditions that present themselves simultaneously in a group of individuals (Tandan et al., 2021). Therefore, 

considering the change in the Brazilian age structure in recent years and the emergence of health research during the COVID-19 

pandemic, this study aimed to discover patterns and relationships between symptoms, comorbidities, gender, and deaths of older 

adults, vaccinated against COVID-19, hospitalized in Brazil. This paper is organized into methodology (section 2), the 

description of the results (section 3), discussion (section 4) and conclusions (section 5).  

 

2. Methodology  

2.1 Data extraction and population 

This is a descriptive study of data from of older adults, vaccinated against COVID-19, hospitalized in Brazil. The data 

was extracted on November 23, 2021, from the OpenDataSUS on-line platform (2022), including the period from February 14h, 

2021 to November 11th, 2021. The choice of the 2021-year database was due to the registration of patients' vaccination data, 

because vaccination against COVID-19 started in January of that year in Brazil. This database is fed by health professionals 

through an individual notification form of patients with flu syndrome, with a survey of demographic, symptomatic, vaccination 

status and morbidity profile information.  

Flu syndromes are characterized by symptoms that include fever, headache, chills, sore throat, and cough. Among the 

potential causative agents are the viruses that cause Influenza, in addition to Adenoviruses and Coronaviruses (SARS-CoV-2). 

For confirmation of cases, molecular diagnosis (RT-PCR) or immunological (antibody or antigen) screening is performed. This 

study included patients with confirmed RT-PCR for SARS-CoV-2 infection, hospitalized, aged 60 years or over, residing in 

Brazil (see Figure 1). 
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Figure 1 - Flowchart of OpenDataSUS data used in the study. 

 

Source: Authors. 

 

In this research, data from 62,180 hospitalized patients with complete vaccination status were used. Subsequently, a 

cohort of 18,956 patients aged 60 years old or over was carried out for the analysis of association rules. Originally, there were 

162 variables in the database, and those containing these characteristics were excluded: (a) administrative data on hospitalization; 

(c) 90% to 100% of missing; (d) information regarding flu syndromes other than COVID-19; and (e) information that did not 

characterize symptoms, age group, gender, comorbidities and vaccination and survival status. The final data set consisted of 20 

variables containing information on gender, survival, death, symptoms, chest X-ray results, comorbidities, use of ventilatory 

support, ICU admission information, regions of residence and vaccination status. The symptoms recorded were fever, cough, 

sore throat, anosmia, ageusia, dyspnea, respiratory decompensation, peripheral capillary oxygen saturation (SpO2), diarrhea, 

vomiting, fatigue and abdominal pain. Comorbidities include heart disease, neuropathy, lung disease, hematopathy, asthma, 

diabetes, immunosuppression, nephropathy, and obesity. Brazil has 27 federative units and 5,570 municipalities. Its federative 

units are divided into regions, such as, North, Northeast, Central-West, Southeast and South. The regions of origin of the patients' 

residence were also included.  

In this study, these variables make up what are called health conditions. The data was converted to a "transaction" 

format and analyzed using the Apriori Algorithm, available in package "arules" in R (Hahsler et al., 2022). 

 

 

1,625,470 flu syndrome patients registered 
on OpenDataSUS

640,772 patients with confirmed RT-PCR for 
SARS-CoV-2 and hospitalized

586.116 patients with ICU admission status 
information (yes or no)

247,134 patients with closed outcome (cure or 
death)

62,180 patients with correct and complete information 
about sex, chest X-ray results, classification of 

ventilatory support use and vaccination status and date 
of vaccination

18,956 patients with the complete vaccination schedule 
(two doses of vaccine against COVID-19) and aged 60 

years or older.
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2.2 Missing data 

The OpenDataSUS database has variables that contain missing. In the case of comorbidities, symptoms, entry of 

radiological exams and use of ventilatory support with absent values, we imputed it as absent clinical characteristic for the 

individuals, as in Baqui et al. (2020a) and Baqui et al. (2020b).  

 

2.3 Association Rule Mining (ARM) 

ARM is a descriptive method of data mining that allows the identification of patterns through transactions in the 

frequency of co-occurrences and relationships between items, characteristics or events present in a data set (Jean-Marc, 2001). 

Formally, a transaction (T) is composed a set of items, in the rule form: 𝑋→𝑌, where 𝑋 and 𝑌 have no elements in common, that 

is, they are disjoint 𝑋⋂𝑌=∅. Set 𝑋 is called antecedent (left-hand side) and set 𝑌 as consequent (right-hand side). This method 

also allows to measure the quality of an association rule through metrics, the most common being: (1) support, (2) confidence 

and (3) lift (Shin, et al., 2018).   

The support represents the simultaneous frequency of 𝑋 and 𝑌 in relation to the total transactions (a transaction is a 

database row), in the form as; support(𝑋→𝑌)= 
frequency of 𝑋 and 𝑌

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑇
. Confidence determines the predictability of the rule, measuring 

the frequency of simultaneous occurrence of 𝑋 and 𝑌 among transactions that contain 𝑋. This metric can also be read as a 

conditional probability, defined as; Pr(𝑌|𝑋) equal confidence(𝑋→𝑌)= 
frequency of 𝑋 and 𝑌

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑋
. The lift measures the dependence 

between items, defined as; lift(𝑋→𝑌)=
confidence(𝑋→𝑌)

𝑠𝑢𝑝𝑝𝑜𝑟𝑡(𝑋)× 𝑠𝑢𝑝𝑝𝑜𝑟𝑡(𝑌)
. If lift(𝑋→𝑌)=1, 𝑋 and 𝑌 are independent and uncorrelated; if  

lift(𝑋→𝑌)>1, they are positively dependent and correlated; and if lift(𝑋→𝑌)<1, they are negatively dependent and correlated. 

These values also provide the interpretation of the times the consequent occurs among the set of antecedents. 

 In the health field, it is important to recognize the patterns in clinical manifestations of a disease, as this can guide the 

planning and organization of healthcare. Therefore, an example rule is: 

𝑋{dyspnea} → 𝑌{death} results in [support=10%, confidence= 90%, lift=1,8] 

This rule indicates that 10% of patients reported both dyspnea and death, and the probability of someone dying given 

they reported dyspnea is equal to 90%. The odds of death is 80% greater when dyspnea occurs.  

In this study, rule extractions were performed using the Apriori Algorithm, which allows the identification of the most 

frequent item sets with establishment of minimum support, making the data more manageable, allowing the discovery of rules 

and elimination of its redundancies. The property of the Apriori Algorithm can be defined as; ∀𝑋, 𝑌: (𝑋 ⊆ 𝑌) →  Support(𝑋)  ≥

 Support(𝑌). So, if an item set is frequent, its subsets are too. On the other hand, if an item set is not frequent, all sets that contain 

it are not either. Therefore, an item set never exceeds the support of sets that contain it. To exemplify the operation performed 

by the Apriori Algorithm, consider the scheme shown in Figure 2.  
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Figure 2 – Example of an operation performed by the Apriori Algorithm and rules generation with a minimum support equal to 

50%. 

 

Source: Authors. 

 

Here, a minimum support above 5% was defined. Only the top 10 rules were reported with the highest support and 

confidence scores. 

 

2.4 Ethical aspects 

This study was carried out with publicly accessible data, with the guarantee of anonymity in the database available on 

public platforms in Brazil and did not require approval by an ethics committee. The legal ethical precepts established by 

Resolution No. 466, of December 12, 2012, of the National Health Council of Brazil were respected. 

 

 

http://dx.doi.org/10.33448/rsd-v11i16.37666


Research, Society and Development, v. 11, n. 16, e36111637666, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i16.37666 
 

 

7 

3. Results  

The study population consisted of 18,956 patients, of which 52% (n= 9,931) were male, 76% (n= 14,328) had 

comorbidities, 86% (n= 16,290) used respiratory support, 37% (n= 7,098) were admitted to the ICU and 48% (n= 9,047) died. 

SpO2 below 95% was the most common symptom, followed by dyspnea, cough and respiratory decompensation (see, Figure 3a). 

The most predominant comorbidities were heart disease and diabetes, while the least frequent were liver disease and Down 

syndrome (see, Figure 3b). The population of this study had hospitalization records among the 27 Brazilian states, with a 

predominance in the Southeast Region of Brazil (See, Figure 3c). It is noteworthy that 35% (n= 6,572) of the patients reported 

having symptoms that were not listed in the OpenDataSUS record.  

 

Figure 3 - Relative frequency of symptoms, comorbidities, and regions of residence in older adults vaccinated against COVID-

19 hospitalized in Brazil (N= 18,956). 

a) Symptoms  

 

b) Comorbidity 
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c)  Regions of residence 

 

Source: Authors. 

 

For patients with comorbidities (n= 14,328), a total of 3,168 rules were found. Among the top 10, we observed that all 

conditions have a confidence equal to or above 80% (see, Table 1). That is, if a patient reported these conditions, the estimated 

probability that he had a comorbidity is 80%. The conditions of SpO2<95% and death were the most predominant and, when 

listed individually or concomitantly with other conditions, such as respiratory decompensation, female gender, dyspnea, and ICU 

admission, they have a lift equal to 1.07. That is, the odds of an individual having comorbidity is 7% greater when these 

conditions are present.  

Referring to patients without comorbidities (n= 4,628), the Algorithm discovered 1,326 rules. Among the predominant 

characteristics, there is the absence of radiological records, SpO2<95%, non-admission to the ICU and dyspnea. Although SpO2 

< 95% and dyspnea appear as common symptoms in this group, they occur less frequently when compared to the comorbid 

group.  It is also observed that the reports of SpO2<95% and dyspnea, individually or concomitantly, as well as cough are 

negatively correlated with the consequent, because your lift is less than 1. In other words, when the number of patients who 

reported the presence of this symptoms increases, the number of patients who reported not having comorbidities decreases. It is 

noteworthy that the use of non-invasive ventilatory support is independent of the consequent and the condition with the highest 

lift among those listed is survival.  
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Table 1 – Top 10 significant condition rules dis-aggregated by comorbidity status (N= 18,956). 

Antecedents Consequents Support Confidence Lift 

{SpO2<95%, died} {With comorbidity} 31% 80% 1.06 

{Dyspnea, SpO2<95%, died} {With comorbidity} 26% 80% 1.06 

{SpO2<95%, admitted to ICU} {With comorbidity} 24% 80% 1.07 

{Respiratory decompensation, died} {With comorbidity} 24% 80% 1.06 

{Dyspnea, admitted to ICU} {With comorbidity} 24% 81% 1.06 

{Female, dyspnea, SpO2<95%} {With comorbidity} 24% 81% 1.07 

{Respiratory decompensation, SpO2<95%, died} {With comorbidity} 23% 80% 1.07 

{SpO2<95%, fatigue} {With comorbidity} 22% 80% 1.06 

{Respiratory decompensation, dyspnea, died} {With comorbidity} 22% 80% 1.06 

{Admitted to ICU, died} {With comorbidity} 22% 81% 1.07 

{No radiological records} {Without comorbidity} 19% 25% 1.02 

{SpO2<95%} {Without comorbidity} 17% 22% 0.92 

{No admitted to ICU} {Without comorbidity} 17% 27% 1.10 

{Dyspnea} {Without comorbidity} 17% 23% 0.94 

{Cough} {Without comorbidity} 16% 24% 0.98 

{Use of non-invasive ventilatory support} {Without comorbidity} 15% 24% 1.00 

{Survived} {Without comorbidity} 14% 28% 1.13 

{Male} {Without comorbidity} 14% 26% 1.07 

{Dyspnea, SpO2<95%} {Without comorbidity} 14% 22% 0.90 

{No admitted to ICU, no radiological records} {Without comorbidity} 13% 27% 1.11 

Source: Authors. 

 

For the female group (n= 9,025), 1,202 rules were obtained. The most predominant conditions reported were survival, 

no ICU admission and use of non-invasive ventilatory support with confidence equal to or greater than 50% (see, Table 2). These 

conditions are also listed concomitantly with other critical clinical features, such as SpO2 < 95% and presence of comorbidity, 

with lift greater than 1. For males (n= 9,931) a total of 1,267 rules were identified. Unlike the female group, in the top 10, for 

the male group, the conditions of death, fever and ICU admission stood out, along with critical clinical features such as dyspnea 

and SpO2 < 95%. When death and ICU admission are reported together, the lift equals 1.09.  
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Table 2 – Top 10 significant condition rules dis-aggregated by gender (N= 18,956). 

Antecedents Consequents Support Confidence Lift 

{Survived} {Female} 26% 50% 1.05 

{No admitted to ICU, use of non-invasive ventilatory support} {Female} 24% 50% 1.06 

{Use of non-invasive ventilatory support, with comorbidity} {Female} 24% 51% 1.07 

{No admitted to ICU, with comorbidity} {Female} 23% 51% 1.07 

{SpO2<95%, no admitted to ICU} {Female} 23% 50% 1.06 

{No admitted to ICU, survived} {Female} 21% 50% 1.06 

{Use of non-invasive ventilatory support, survived} {Female} 20% 51% 1.07 

{SpO2<95%, use of non-invasive ventilatory support, with 

comorbidity} 

{Female} 20% 51% 1.08 

{Survived, with comorbidity} {Female} 19% 52% 1.08 

{SpO2<95%, no admitted to ICU, use of non-invasive ventilatory 

support} 

{Female} 19% 51% 1.07 

{Death} {Male} 26% 55% 1.05 

{Fever} {Male} 25% 55% 1.05 

{Admitted to ICU} {Male} 21% 56% 1.07 

{Dyspnea, death} {Male} 21% 55% 1.07 

{Fever, no radiological records} {Male} 19% 57% 1.06 

{Dyspnea, SpO2<95%, death} {Male} 18% 55% 1.05 

{SpO2<95%, admitted to ICU} {Male} 17% 55% 1.06 

{Fever, death} {Male} 17% 55% 1.05 

{Dyspnea, Admitted to ICU} {Male} 17% 56% 1.06 

{Admitted to ICU, death} {Male} 16% 27% 1.09 

Source: Authors. 

 

When patients were disaggregated by ICU admission status, 1,277 rules were discovered for the status of admitted (n= 

7,098) and 1,803 for the status of not admitted (n= 11,858). Among the rules found for the status of admitted, the predominance 

of the use of invasive ventilatory support, dyspnea, death, SpO2<95% and presence of comorbidity stands out (see, Table 3). 

Clinical conditions that were reported concurrently with the use of invasive ventilatory support had a lift greater than 2. For the 

non-admission status, we see clinical conditions of use of non-invasive ventilatory support, and the absence of radiological 

records predominate. Unlike the group of patients who were admitted to the ICU, for which death is predominant in the rules, 

survival is reported by those not admitted with a confidence of 80%. Furthermore, conditions that usually make up a critical 

clinical picture of the disease, such as dyspnea and the presence of comorbidity, when reported individually had a lift below 1, 

indicating that they are negatively correlated with the consequent non-admission to the ICU.  
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Table 3 – Top 10 significant condition rules dis-aggregated by to ICU admission (N= 18,956). 

Antecedents Consequents Support Confidence Lift 

{Use of invasive ventilatory support} {Admitted to ICU} 20% 89% 2.37 

{Dyspnea, SpO2<95%, died} {Admitted to ICU} 20% 60% 1.60 

{SpO2<95%, died, with comorbidity} {Admitted to ICU} 19% 60% 1.60 

{Dyspnea, died, with comorbidity} {Admitted to ICU} 18% 61% 1.62 

{SpO2<95%, use of invasive ventilatory support} {Admitted to ICU} 17% 89% 2.37 

{Respiratory decompensation, SpO2<95%, died} {Admitted to ICU} 17% 62% 1.60 

{Dyspnea, use of invasive ventilatory support} {Admitted to ICU} 17% 89% 2.38 

{Dyspnea, respiratory decompensation, died} {Admitted to ICU} 17% 60% 1.62 

{Use of invasive ventilatory support, with comorbidity} {Admitted to ICU} 16% 89% 2.39 

{Dyspnea, SpO2<95%, death, with comorbidity} {Admitted to ICU} 16% 61% 1.64 

{Use of non-invasive ventilatory support} {No admitted to ICU} 48% 76% 1.22 

{No radiological records} {No admitted to ICU} 48% 63% 1.01 

{SpO2<95%} {No admitted to ICU} 46% 60% 0.96 

{With comorbidity} {No admitted to ICU} 46% 60% 0.97 

{Cough} {No admitted to ICU} 43% 64% 1.02 

{Survived} {No admitted to ICU} 42% 80% 1.28 

{SpO2<95%, use of non-invasive ventilatory support} {No admitted to ICU} 38% 76% 1.21 

{Use of non-invasive ventilatory support, no 

radiological records} 

{No admitted to ICU} 36% 76% 1.22 

{Use of non-invasive ventilatory support, with 

comorbidity} 

{No admitted to ICU} 36% 75% 1.20 

{Dyspnea, use of non-invasive ventilatory support} {No admitted to ICU} 35% 75% 1.20 

Source: Authors. 

 

A total of 607 rules were discovered for surviving patients (n= 9,909) and, for patients who died (n= 9,047), a total of 

288. For the first group, non-admission to the ICU was predominant, followed using non-invasive ventilatory support and the 

absence of radiological records with confidences above 60% (see, Table 4). The cough symptom, considered mild for the disease, 

reported together with not being admitted to the ICU presented the highest lift when compared to the other rules listed. Although 

critical conditions of the disease are also found for this group, such as SpO2<95% and dyspnea, they are reported together with 

the most predominant characteristics, such as non-admission to the ICU and non-use of invasive ventilatory support. 

For the second group, we can observe that ICU admission stands out in the top 10, as well as SpO2<95%, dyspnea, use 

of invasive ventilatory support and the presence of comorbidity. It is noteworthy that the conditions of admission to the ICU and 

use of invasive ventilatory support have a confidence of 90% and the highest lift among the other conditions reported. In other 

words, among the individuals who died, the chances of presenting these conditions are equal to 90%. Regarding lift, the odds of 

death is 88% greater when these conditions are reported together.  
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Table 4 – Top 10 significant condition rules dis-aggregated by survivor status (N= 18,956). 

Antecedents Consequents Support Confidence Lift 

{No admitted to ICU} {Survived} 42% 67% 1.28 

{Use of non-invasive ventilatory support} {Survived} 39% 62% 1.19 

{No admitted to ICU, no radiological records} {Survived} 33% 69% 1.32 

{No admitted to ICU, use of non-invasive ventilatory support} {Survived} 32% 67% 1.28 

{Use of non-invasive ventilatory support, no radiological records} {Survived} 31% 64% 1.22 

{SpO2<95%, use of non-invasive ventilatory support} {Survived} 30% 61% 1.17 

{Cough, no admitted to ICU} {Survived} 30% 70% 1.34 

{No admitted to ICU, with comorbidity} {Survived} 30% 66% 1.26 

{SpO2<95%, no admitted to ICU} {Survived} 30% 65% 1.25 

{Dyspnea, use of non-invasive ventilatory support} {Survived} 28% 60% 1.16 

{Admitted to ICU} {Died} 27% 73% 1.52 

{SpO2<95%, admitted to ICU} {Died} 23% 75% 1.57 

{Dyspnea, admitted to ICU} {Died} 22% 75% 1.57 

{Admitted to ICU, with comorbidity} {Died} 22% 74% 1.55 

{Use of invasive ventilatory support} {Died} 20% 87% 1.86 

{Dyspnea, SpO2<95%, admitted to ICU} {Died} 20% 76% 1.59 

{Admitted to ICU, no radiological records} {Died} 20% 71% 1.49 

{SpO2<95%, admitted to ICU, with comorbidity} {Died} 19% 76% 1.59 

{Admitted to ICU, use of non-invasive ventilatory support} {Died} 18% 90% 1.88 

{Respiratory decompensation, admitted to ICU} {Died} 18% 76% 1.59 

Source: Authors. 

 

It is noteworthy that no significant association rules were found according to the patients' regions of residence and 

results of radiological examinations.  

 

4. Discussion 

Using the ARM technique, this study identified rules of association for symptoms, presence of comorbidities, genders, 

ICU admission and survivor status of older adults vaccinated against COVID-19 and hospitalized in Brazil. Regarding symptoms, 

SpO2<95%, dyspnea and cough were the most frequent. The first two symptoms were reported simultaneously with ICU 

admission and death in the group of patients with comorbidities. The findings of the most frequent symptoms in this research are 

similar to those found in other scientific literature (Alimohamadi et5 al., 2020; Fu et al., 2020), and corroborates that of Deng et 

al. (2020), who collected clinical data from patients in two hospitals in Wuhan, verifying that these symptoms, when reported 

together with the presence of comorbidity, were also frequent in patients with advanced age, resulting in cardiac and pulmonary 

complications. Consistent with this, Jacobs et al. (2020), in a prospective cohort carried out in New Jersey with hospitalized 

patients, identified that the predominance of dyspnea occurs among patients aged 65 to 75 years, with the lowest classification 
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of quality of life, physical and mental health. These studies were conducted before patients were vaccinated, but recent studies 

such as the one by Alsaffar et al. (2022), carried out with hospitalized patients who received a single dose of vaccines against 

COVID-19, still showed the older adults had higher mortality rates than the younger group. 

According to Andryukov and Besednova (2021), even if the elderly has their vaccination protocol against COVID-19 

complete, it is necessary for there to be policies that monitor the effectiveness of the vaccine in this target audience, since the 

presence of comorbidity and aging cycles can lead to severe disease. Also, according to the same authors, clinical trials with this 

population are scarce, due to their vulnerability and, in addition, health services do not always aim to measure the effects of 

vaccines over time. In our study, we also observed that the association rules for patients without comorbidities had lower support 

and confidence than those for patients with comorbidities, indicating that there is a predominance of symptom patterns and other 

hospitalization characteristics among patients with comorbidities.  

Furthermore, in this paper, SpO2<95% and dyspnea were symptoms that appear simultaneously with female gender in 

the group of patients with comorbidities. According to Atkins et al. (2020), hospitalized women with COVID-19 may have a 

higher prevalence of chronic kidney disease and asthma than men, which, added to the deteriorating clinical status, can lead to 

death. The effect of the pandemic can be further enhanced by considering women vulnerable to poverty and with diminished 

access to health services (Connor et al., 2020). Some authors such as Mi et al. (2020), Jin et al. (2020), Capuano et al. (2020), 

Lipsky and Hung (2020) identified that men tend to have higher odds of death than women. Raimondi et al. (2021), in an 

observational study of COVID-19 patients hospitalized in Bergamo, Italy, pointed out that women may have lower mortality 

rates than men, but once severe symptoms appear, their probability of dying is like that of men.  In this study, the survival 

characteristic stood out in the top 10 rules for the female group and death for the male group. 

SpO2<95%, dyspnea, use of invasive ventilatory support, and the presence of comorbidity are predominant among the 

association rules for patients admitted to the ICU and those who died, with confidence above 60%. The clinical conditions of 

symptoms are related to an increased risk of severity and mortality (Elghazaly et al., 2022). When admission to the ICU is 

reported concomitantly with use of invasive ventilatory support and death, the confidence was equal to 90%. The use of 

ventilatory support in hospitalized patients presents risks of developing ventilator-associated pneumonia, recurrent in ICU, with 

risk factors such as the use of endotracheal tubes, nasogastric contaminated respiratory equipment; permanence of decubitus in 

the supine position; and preference for nasal intubation (Koenig & Truwit, 2006).  

Chang et al. (2021), in a systematic review and meta-analysis study of COVID-19 and its clinical manifestations in ICU 

patients, found that the use of ventilatory support, acute kidney injury and acute respiratory distress syndrome (ARDS) are risk 

factors for mortality. SpO2<95% can be a predictor of in-hospital mortality in patients with COVID-19 and requires healthcare 

services to focus on reversing hypoxemia to reduce chances of respiratory decompensation (Mejía et al., 2020).  Despite 

vaccination being referred to as the main mean of preventing mortality from COVID-19, the presence of comorbidity remains a 

co-determining factor of this outcome in older adults (Lv et al., 2021; PrabhuDas et al., 2021). Given this, it is necessary for 

governments to invest not only in the production of vaccines, but also in mechanisms to combat chronic diseases.  

In Brazil, health is a right established by the Constitution of the Federative Republic of 1988 and regulated by Laws 

Nº8.080/90 and Nº8.142/90 that regulate the Unified Health System (SUS) – public, universal, and comprehensive. In 2006, the 

National Primary Care Policy (PNAB) was established, updated in 2012 and 2017, which presents guidelines and principles that 

are consistent with the universal right to health established by the SUS, and which are applied to guarantee access to basic health 

services, defined as Primary Health Care (PHC).   

The PHC has the potential to solve up to 80% of a population's health problems, as well as reduce the development of 

chronic and infectious diseases, hospitalization, and mortality rates (Pan American Health Organization, 2021). Passos et al. 

(2020) list that chronic diseases prevalent in Brazilians are preventable by PHC services and the main ones are ischemic heart 

http://dx.doi.org/10.33448/rsd-v11i16.37666


Research, Society and Development, v. 11, n. 16, e36111637666, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i16.37666 
 

 

14 

diseases, ischemic and haemorrhagic stroke, chronic obstructive pulmonary disease, and diabetes. All of them are configured as 

risk factors for mortality from COVID-19 (Nishiga et al., 2020). Misra-Hebert et al. (2021) identified that the pandemic affected 

users' access to PHC services for monitoring chronic diseases, such as diabetes, as higher levels of glycated hemoglobin were 

associated with lower chances of health care (in person or virtual) after the beginning of the pandemic. 

According to Assis et al. (2021), the regions of Brazil with PHC populational coverage above 75% have lower COVID-

19 loads and better early care for symptomatic and comorbid patients, preventing the occurrence of severe cases of the disease. 

In view of this, it is necessary to invest in PHC actions and in the expansion of its population coverage for the prevention and 

control of comorbid older adult patients, combined with the application of vaccines, to reduce mortality from COVID-19 in this 

group. 

 

5. Final Considerations 

In the present study, it was observed that the main characteristics of hospitalization among older adults vaccinated 

against COVID-19 show a profile of presence of comorbidities, critical symptoms of COVID-19 (SpO2<95% and dyspnea) and 

use of ventilatory support. The data mining methodology by association rules, in particular the Apriori Algorithm, proved to be 

useful in surveying the profile of these patients.  

That said, there is a need to visualize the profile of patients so that the SUS can organize itself to meet the constant 

demographic transition in Brazil, to promote the quality of life of this age group and reduce their hospitalization and mortality 

rates. Among the limitations of this study, we found the use of secondary data, which have probable underreporting and inputting 

errors. Nor were there any information regarding the variants of the etiological agent of COVID-19, nor of the laboratories 

producing the vaccines. Furthermore, it is noteworthy that it is not possible to assert causality between the items found in the 

association rules. Thus, it is recommended that future studies investigate probable causality between the findings presented here. 
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