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Abstract. Introduction: COVID-19 has affected people in several countries around
the world. They experience respiratory symptoms that can be mild, moderate, or
severe. Several reviews that characterize the risk factors of COVID-19 have been
performed, but most address only risk factors associated with medical conditions,
ignoring environmental and sociodemographic-socioeconomic factors. Objective:
This study aims at characterizing different risk factors in the published literature that
influence contagion by COVID-19. Methods: The review consists of three stages,
including a systematic mapping with studies found in the Scopus database, an
analysis of results, and finally the identification of relevant COVID-19 risk factors.
Results: A map of studies id provided considering two main groups: the type of
research and context. Most studies consider risk factors associated with medical
conditions, while research on other factors is scarce. Conclusions: Medical
conditions such as diabetes, obesity, cardiovascular disease, hypertension, and
factors such as age and sex, appear to be the ones that increase the risk of contracting
COVID-19. Further research is needed on environmental, sociodemographic, and
socioeconomic risk factors.
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Introduction

COVID-19 is the disease caused by a new coronavirus called SARS-CoV-2. It was first
learned on December 31, 2019, following a report of a cluster of ‘viral pneumonia’ cases
in Wuhan, People’s Republic of China [1]. It was characterized as a Public Health
Emergency of International Concern (PHEIC) by the World Health Organization (WHO)
on January 30, 2020 [2]. On March 11, 2020, the WHO characterized COVID-19 as a
pandemic [3].

Most infected people have respiratory symptoms which can be mild, moderate, or
severe. Other symptoms vary from person to person depending on different factors. It
has also been reported that older people and those with underlying medical conditions
are more likely to present severe afflictions [4].

Although possible symptoms have been described and the vaccines have reduced
the mortality rate, the long-term effects are still unknown. Furthermore, due to COVID-
19’s novelty, long-term studies are not possible. For this reason, and because of the
population at elevated risk, COVID-19 is still a serious public health issue.
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Confirmed testing rates for COVID-19 provide critical information to understand its
full impact and identify ways to decrease morbidity and mortality. Nevertheless, a lack
of testing, especially in low/middle-income countries, impacts the detection of its
prevalence. In addition, hospitalization rates offer an indirect measure of local outbreaks
and mortality. Still, these rates are generally affected by sociodemographic and
socioeconomic factors such as insufficient funds or limited knowledge about COVID-19.

All the previous factors add up to the necessity of identifying risk factors that aid
healthcare entities in making decisions to reduce COVID-19 cases.

The motivation of this study is to characterize the distinct types of risk factors
present in the published literature that influence contagion by COVID-19. Accordingly,
the authors performed the following stages: a) a systematic mapping, b) an analysis of
results, and c) identifying relevant factors.

1. Related Work

Due to the profound impact that the COVID-19 pandemic has caused worldwide, many
studies in the literature characterize risk factors, most of which address only one type of
risk factor. We present some of the reviews that have been made.

Reviews [5-18] mention both Human (HM) and Sociodemographic-Socioeconomic
(SD-SE) risk factors. Common factors include age, sex, obesity, hypertension, and
diabetes.

Environmental (EV) risk factors are referenced in reviews [19-23]. They mention
multiple types of factors where air contamination stands out. Unlike HM risk factors, the
reporting of these types factors is not extensive.

HM risk factors alone are found more frequently like in [8], [19], [20], [24-44].
The most frequent HM factors are hypertension, diabetes, obesity and cardiovascular
diseases.

The SD-SE risk factors found in [8], [25], [33], [35], [38], [39], [41], [42], [45-48]
show that age and sex have been cataloged as risk factors that may increase the
complications when diagnosed with COVID-19.

Finally, reviews [20], [49-52] are some of the few ones that present the three types
of risk factors, HM, SD-SE and EV, at the same time.

Considering the reviews found in the literature, this article aims to characterize the
risk factors that affect the morbidity and mortality of COVID-19. We cover all three
types of risk factors. Furthermore, this study differs from other reviews that include the
three groups of factors without having geographical limitations or focusing on a specific
risk factor. The results can be useful for health professionals and public health agencies
to implement strategies in response to COVID-19. They can also be useful for any
implementation based on technology that aims to support COVID-19 predictions and
decisions.

2. Methodology

Our methodology consisted of three stages: 1) Systematic mapping, 2) Analysis of results,
and 3) Identifying relevant factors. In particular, the systematic mapping stage was
derived from the “Guidelines for performing Systematic Literature Reviews in Software
Engineering” [53].
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2.1. Systematic Mapping

Systematic mapping is a type of systematic review with a broad scope, designed to cover
and provide an overview of a research area, classifying and counting contributions
according to predefined categories. It is based on selecting, reading and classifying abstracts
through 5 main phases, culminating with a results map.

2.1.1. Scope and Research Question

The research question led this study to discover works that described different risk factors
for COVID-19. Therefore, having this goal in mind, the research question for the
systematic mapping was: What risk factors are found in the COVID-19 literature?

2.1.2. Information Search

The problem at hand guided the selection of the main search terms. As a result, the
chosen keywords generated the search string: "RISK FACTORS" AND “COVID”. The
next step allowed us to select the Scopus database, considering it has broad scientific
research coverage. Finally, the query was applied to the title, abstract, and keywords.

Specifically, the selected search string covered a larger number of studies. The
search was conducted between August 9 and August 22, 2021, obtaining 1,786 studies.
Most of them are presented in English.

2.1.3. Inclusion/Exclusion Criteria

The goal of this section was to define the inclusion/exclusion criteria to filter potentially
relevant papers retrieved from the search. Table 1 shows the selected requirements.

Table 1. Inclusion and Exclusion criteria

Inclusion Criteria Exclusion Criteria

IC1: the paper should include at least one of the risk factors [EC1: Papers were published before 2015 to

of interest. They are SD-SE, EV, and/or HM. lconstruct a clear trend of publication

IC2: the paper is review-type. Other studies were analyzed [EC2: papers with a theoretical approximation

allowing for a much broader vision of the subject to the problem

IC3: the paper has performed a study of the risk factors for |[EC3: papers do not mention risk factors for

COVID-19 COVID-19
ECA4: papers published as notes, editorials, or
letters

The authors ensured that the reviewed papers mentioned the problem to be addressed.
Furthermore, any duplicate papers were removed. Finally, no restriction was applied
regarding the country of publication, country of study, results, or the language of
publication.
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2.1.4. Classification Scheme

During the initial review, we looked for ways to classify and order the information on
the studies. Thus, considering the three identified groups of risk factors, we identified
two main classes among the papers. These two classes grouped the type of review and the
factors covered. It should be noted that the number of studies in the database increased
daily. The classes were:
o "Type of research” It refers to the type of review that had been conducted. It
was a result of scanning over the abstracts.
o "Research context" It refers to the types of factors found and their combinations.
It was generated once the papers were organized and reviewed more deeply.

2.1.5. Data Extraction Strategy

To standardize the data extraction and reduce the bias of results and the informality of
the process, we created a spreadsheet to follow during the examination. This template was
adapted from [53]. First, authors in charge of examining the papers extracted the title of
the document, authors, year of publication, type of research, research context and
summary; this last information was compiled in a document containing the identified risk
factors by each document. The resulting document is in Spanish and can be found in [54].

2.2. Analysis of Results

After analyzing the selected documents, we sorted and characterized each of them. The
classification allowed us to identify the risk factors present in the papers. Extracting this
knowledge gave us a sense of the importance of different risk factors for COVID-19 and
the papers that have been made around them.

2.3. Identification of Relevant Factors

After structuring the data from the studies selected, we identified relevant factors, which
are the most frequent factors mentioned in the studies. Initially, from the factors found
in the review, we established a standard writing format so that similar terms were written
equally. Then, the factors that were mentioned more than once were entered into the
template. Finally, a function was applied to count the times that each factor was
determined as a risk factor in all the studies. A table was created for each type of risk
factor. Their combinations were not considered because the purpose was to establish how
many times a factor was classified as a risk factor.

3. Results

From the 1,786 returned documents, 564 were related to the objective of the work and
met the inclusion and exclusion criteria. Table 2 shows the derived classification scheme.
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Table 2. Classification scheme

Classification “Research context” Classification “Type of research”
“Environmental factors.” These factors involve "Review and experimentation" Reviews that
environmental variations perform their own studies

“Human factors.” These factors are related to "Review" Documents that reach the goal of a
people’s health conditions review but did not perform their own studies
“Sociodemographic and Socioeconomic factors.” "Non-formal review" The document’s abstract did
These factors involve the characterization of not indicate if the study considered databases or
people the number of documents that they examined

“Environmental and Human factors”

“Sociodemographic and Socioeconomic, and
Environmental factors”

“Sociodemographic and Socioeconomic, and
Human factors”

“Sociodemographic and Socioeconomic,
Environmental and Human factors”

The main result was the map of studies shown in Figure 1, which relates the classes
and indicates the number of articles found for each of them with their proportions.
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Figure 1. Bubble graph mapping and associating the type of research with the research context. The
percentages are calculated per each axis.

3.1. Analysis

The map shows that the largest number of documents corresponds “review” type and
only addresses HM risk factors. The second largest number of papers, also being of
“review” type, study HM and SD-SE factors. On the opposite side, the “review and
experimentation” documents have the least dominance in the mapping.
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The papers that address EV risk factors have the least representation among all
combinations. In addition, among all categories of “type of research,” very few results
were obtained for documents that addressed the category of EV and HM risk factors.

“Non-formal review” type has lower dominance in the mapping, and in terms of the
research context, HM risk factors were the most prevalent for this category.

Finally, it should be noted that the risk factors with the most presence in the
documents were comorbidities such as diabetes, hypertension, obesity, and
cardiovascular diseases, as well as factors such as age and sex.

3.2. Relevant Risk Factors

The risk factors for COVID-19 were classified into the three initially proposed groups;
HM risk factors, EV risk factors, and SD-SE risk factors.

Human risk factors. Table 3 shows that HM risk factors have the greatest presence
in the studies, where diseases related to mental and physical health were found. Some
diseases with the greatest presence were diabetes, obesity, cardiovascular and
hypertension. Some documents that cover a large number of these factors were: [8], [9],
[371, [41], [42], [44], [50], [55-64].

Table 3. Number of times that Human risk factors were mentioned in the documents

Human Risk Factor Count Human Risk Factor Count
Diabetes 107 | Tuberculosis 6
Obesity 102 | Coronary 6
Cardiovascular 90 | EPOC 6
Hypertension 82 | Genetic 5
Chronic disease 30 | Cytokine storm 5
Cancer 26 | Depression 4
Smoking 24 | Alcoholism 4
Pulmonary 24 | Sleep 3
Renal 24 | Physical inactivity 3
Fatty liver 23 | Anxiety 2
Respiratory 21 | Epilepsy 2
Mental 18 | Malnutrition 2
Cerebrovascular 16 | Sclerosis 2
Asthma 15 | Stress 1
HIV 10 | Dementia 1
Inflammatory 10 | Alzheimer 1
Blood 9 | Addiction 1
Vitamins 9 | Diet 1
Heart disease 6

Environmental risk factors. Table 4 shows the EV risk factors, which are the ones
that have the lowest representation among the studies. The EV factors with the greatest
presence were the environment, air quality and pollution. Some documents that cover at
least two of these three factors were: [21], [22], [50], [65-67].
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Table 4. Number of times that Environmental risk factors were mentioned in the studies

Environmental risk factors Count | Environmental risk factors Count
Environment 16 | Particulate Matter 4
Air 14 | Surface 3
Contamination 11 | Humidity 3
Aerosol 10 | Wastewater 3
Weather 5 | Meteorological Phenomena 2
Respiratory droplets 4 | NO2 1
Temperature 4 | Solar light 1
Radiation 4

Sociodemographic and Socioeconomic risk factors. Table 5 presents the found SD-
SE risk factors. Age is the most mentioned factor in the documents, followed by sex and
race. The documents covering at least two of the three factors were: [8], [35], [41], [44],

[59], [64], [68-76].

Table 5. Number of times that Sociodemographic and Socioeconomic risk factors were mentioned in the

documents

Sociodemographic and Count | Sociodemographic and Count
Socioeconomic risk factors Socioeconomic risk factors

Age 399 | Education 5
Sex 81 | Lifestyle 3
Race 27 | Public health 2
Ethnicity 16 | Geographic 2
Economic 16 | Transport 2
Job 14 | Immigrants 1
Income 10 | Social networks 1
Housing 5 | Overcrowding 1

4. Discussion

It was found that most of the publications have been made from 2020, the year in which
the disease was considered a pandemic. Figure 2 shows the number of studies published
per type of risk factor’s group since the pandemic started.
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Most of the studies around COVID-19 risk factors were published in the first two
quarters of 2021, reflecting the great effort made in 2020 to understand the new disease.
This temporality, however, also show the low amount of research on risk factors in recent
quarters. Furthermore, this decreasing trend contributes to the lack of exploration of other
risk factors, such as the EV type.

From the included studies, we determined three groups of risk factors: HM, SD-SE,
and EV. Some studies mention elements belonging to more than one group, so possible
combinations between them were also considered. Most identified risk factors belonged
to the HM type, followed by SD-SE. Few studies have identified EV risk factors, which
the recent appearance of the disease can explain.

As stated before, the most frequent factors belong to the HM class. The possible
reason is that it contains clinical factors, the most common ways to diagnose a disease.
In general, for the characterized HM risk factors, it was determined that they could be
classified into two large groups; factors related to mental health such as depression, stress,
and sleep disorders, among others; and factors that refer to the diseases present in people
who have been infected with COVID-19. On the other hand, EV risk factors were the least
studied and, among the outstanding factors are the environment, air quality and pollution.
Finally, for SD-SE factors, we identified factors such as: age, sex, race, ethnicity,
economic income, and type of work.

Regarding the practical and research implications, this review makes it possible to
explore the risk factors of COVID-19, which would allow an in-depth study and thus
help health organizations in their decision-making process. In addition, this study
identifies factors that generally increase vulnerability to other diseases. Moreover, the
study allows us to identify gaps for future research, such as that a few documents mention
the three types of risk factors.

In addition, thanks to the map of the studies, it is recommended that novel studies
focus their research on type “review and experimentation,” in conjunction with EV and
SD-SE risk factors. It would be beneficial to consider combining the mentioned factors
with other factors, since there is little research around them.

5. Strengths and Limitations

This study includes all the risk factors found for COVID-19, regardless of the study type.
It helps readers to know the factors that influence the presence of the disease. However,
since only review articles were considered for the systematic mapping, other factors were
likely excluded. While Scopus is one of the largest indexing digital libraries for health
literature, this study did not include other digital databases. Also, the initial filtering of
papers was focused on the title and abstract, which could lead to excluding relevant
papers. Finally, other classification criteria might be appropriate for extracting further
study information.

6. Conclusions

This study presents the systematic mapping of risk factors for COVID-19. Human risk
factors are the ones that most influence the presence of the disease, highlighting diseases
such as diabetes, obesity, hypertension, and cardiovascular diseases. In addition, most of
the studies have considered these factors since the start of the pandemic. Regarding EV
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factors, very little research is found in the literature, even though risk factors such as air,
pollution and the environment are evident. As to SD-SE factors, the risk factors most
closely related to the disease are age, sex, race and ethnicity. More research on EV and
SD-SE risk factors is required to define what other factors can influence COVID-19. It
is expected that this study will help to formulate future work around risk factors for
COVID-19. In particular, this mapping lays the groundwork for the future research project
entitled "Multidimensional machine learning model to determine a COVID-19
vulnerability index" on which the authors of this article are currently working. The
objective is to characterize the risk factors that explain the vulnerability of COVID-19
and to build and evaluate a machine learning model that allows the calculation of a
COVID-19 vulnerability index considering the most relevant variables, mainly those
available from public datasets.

References

[1] Informacion basica sobre la COVID-19. Accessible at: https://www.who.int/es/news-room/q-a-
detail/coronavirus-disease-covid-19 (accessed 12 September 2021)

[2] Mitchell C, https://www.facebook.com/pahowho. OPS/OMS | La OMS caracterizaa COVID-19 como una
pandemia [Internet]. Pan American Health Organization / World Health Organization. 2020. Accessible
at: https://www3.paho.org/hg/index.php?option=com_content&view=article&id=15756:who-
characterizes-covid-19-as-a-pandemic&Itemid=1926&lang=es (accessed 20 September 2021)

[3] COVID-19: cronologia de la actuacion de la OMS. Accessible at: https://www.who.int/es/news/item/27-
04-2020-who-timeline---covid-19 (accessed 23 September 2021)

[4] Coronavirus. World Health Organization. Accessible at:  https://www.who.int/es/health-
topics/coronavirus#tab=tab 1 (accessed 12 September 2021)

[5] Wingert A, Pillay J, Gates M, Guitard S, Rahman S, Beck A, et al. Risk factors for severity of COVID-
19: a rapid review to inform vaccine prioritisation in Canada. BMJ Open 2021 May 13;11(5):e044684.
doi: 10.1136/bmjopen-2020-044684..

[6] Naveed M, Naecem M, ur Rahman M, Gul Hilal M, Kakakhel MA, Ali G, et al. Review of potential risk
groups for coronavirus disease 2019 (COVID-19). New Microbes and New Infections , Volume 41;
https://doi.org/10.1016/j.nmni.2021.100849.

[71 Gao Y dong, Ding M, Dong X, Zhang J jin, Kursat Azkur A, Azkur D, et al. Risk factors for severe and
critically ill COVID-19 patients: A review. Allergy.2021;76(2):428-55.

[8] A comparison of mortality-related risk factors of COVID-19, SARS, and MERS: A systematic review and
meta-analysis.  ScienceDirect,  Accessible at::  https://www.sciencedirect.com/science/article/
pii/S0163445320304606?pes=vor (accessed 4 March 2022)

[91 Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical & mortal COVID-19 cases:
A systematic literature review and meta-analysis. J Infect 2020 Aug;81(2):el16-e25. doi:
10.1016/.jinf.2020.04.021.

[10] Dadras O, Shahrokhnia N, Borran S, Asadollahi-Amin A, Alinaghi SAS. Factors associated with covid-
19 morbidity and mortality: A narrative review. J Iran Med Counc.2020;3(4):177-86.

[11] Corona G, Pizzocaro A, Vena W, Rastrelli G, Semeraro F, Isidori AM, et al. Diabetes is most important
cause for mortality in COVID-19 hospitalized patients: Systematic review and meta-analysis. Rev Endocr
Metab Disord 2021 Jun;22(2):275-296. doi: 10.1007/s11154-021-09630-8. Epub 2021 Feb 22.

[12] Li X, Zhong X, Wang Y, Zeng X, Luo T, Liu Q. Clinical determinants of the severity of COVID-19: A
systematic review and meta-analysis. Lazzeri C, editor. PLoS One 2021 May 3;16(5):¢0250602. doi:
10.1371/journal.pone.0250602.

[13] Booth A, Reed AB, Ponzo S, Yassaee A, Aral M, Plans D, et al. Population risk factors for severe disease
and mortality in COVID-19: A global systematic review and meta-analysis. PLoS One 2021 Mar
4;16(3):¢0247461. doi: 10.1371/journal.pone.0247461. eCollection 2021.

[14] Wolff D, Nee S, Hickey NS, Marschollek M. Risk factors for Covid-19 severity and fatality: a structured
literature review. Infection 2021 Feb;49(1):15-28.

[15] Tsabouri S, Makis A, Kosmeri C, Siomou E. Risk Factors for Severity in Children with Coronavirus
Disease 2019: A Comprehensive Literature Review. Pediatr Clin North Am 2021 Feb;68(1):321-338.



72

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]
[29]
[30]

311

[32]

[33]

[34]
[35]

[36]

[37]

[38]

PA. Rosero et al. / Risk Factors for COVID-19: A Systematic Mapping Study

Du P, Li D, Wang A, Shen S, Ma Z, Li X. A Systematic Review and Meta-Analysis of Risk Factors
Associated with Severity and Death in COVID-19 Patients. Can J Infect Dis Med Microbiol 2021 Apr
10;2021:6660930.

Parohan M, Yaghoubi S, Seraji A, Javanbakht MH, Sarraf P, Djalali M. Risk factors for mortality in
patients with Coronavirus disease 2019 (COVID-19) infection: a systematic review and meta-analysis of
observational studies. Aging Male. 2021;23(5):1416-24.

Huang C, Soleimani J, Herasevich S, Pinevich Y, Pennington KM, Dong Y, et al. Clinical Characteristics,
Treatment, and Outcomes of Critically 11l Patients With COVID-19: A Scoping Review. Mayo Clin Proc.
1 de enero de 2021;96(1):183-202.

Balboa-Castillo T, Andrade-Mayorga O, Marzuca-Nassr GN, Morales Illanes G, Ortiz M, Schiferlli I, et
al. Condiciones pre-existente en Latino Américay factores asociados con resultados adversos en COVID-
19: Una revision. Medwave. 2021;21(4):e8181.

Gesesew HA, Koye DN, Fetene DM, Woldegiorgis M, Kinfu Y, Geleto AB, et al. Risk factors for
COVID-19 infection, disease severity and related deaths in Africa: a systematic review. BMJ Open 2021
Feb 18;11(2):¢044618. doi: 10.1136/bmjopen-2020-044618.

Srivastava A. COVID-19 and air pollution and meteorology-an intricate relationship: A review.
Chemosphere 2021 Jan;263:128297. doi: 10.1016/j.chemosphere.2020.128297. Epub 2020 Sep 14.
Hoseinzadeh E, Javan S, Farzadkia M, et al. An updated min-review on environmental route of the SARS-
CoV-2 transmission - ScienceDirect Ecotoxicol Environ Saf 2020 Oct 1;202:111015. doi:
10.1016/j.ecoenv.2020.111015. Epub 2020 Jul 9.

Tabatabacizadeh SA. Airborne transmission of COVID-19 and the role of face mask to prevent it: a
systematic review and meta-analysis. Eur J] Med Res 2021 Jan 2;26(1):1. doi: 10.1186/s40001-020-
00475-6.

Zhou Y, Yang Q, Chi J, Dong B, Lv W, Shen L, et al. Comorbidities and the risk of severe or fatal
outcomes associated with coronavirus disease 2019: A systematic review and meta-analysis. Int J Infect
Dis 2020 Oct;99:47-56. doi: 10.1016/j.ijid.2020.07.029. Epub 2020 Jul 25.

Yang J, Tian C, Chen Y, et al. Obesity aggravates COVID-19: An updated systematic review and meta-
analysis. ] Med Virol 2021 May;93(5):2662-2674. doi: 10.1002/jmv.26677. Epub 2020 Dec 1.

Pellicori P, Doolub G, Wong CM, Lee KS, Mangion K, Ahmad M, et al. COVID-19 and its
cardiovascular effects: a systematic review of prevalence studies. Cochrane Database Syst Rev 2021 Mar
11;3(3):CD013879. doi: 10.1002/14651858.CD013879.

Poly TN, Islam MM, Yang HC, Lin MC, Jian WS, Hsu MH, et al. Obesity and Mortality Among Patients
Diagnosed With COVID-19: A Systematic Review and Meta-Analysis. Front. Med. 8:620044. doi:
10.3389/fmed.2021.620044

WuZ-H, Tang Y, Cheng Q. Diabetes increases the mortality of patients with COVID-19: a meta- analysis.
Acta Diabetol 2021 Feb;58(2):139-144. doi: 10.1007/s00592-020-01546-0. Epub 2020 Jun 24.

Yang L, Chai P, Yu J, Fan X. Effects of cancer on patients with COVID-19: a systematic review and
meta-analysis of 63,019 participants. Cancer Biol Med.2021;18(1):298-307.

Hoong CWS, Hussain I, Aravamudan VM, Phyu EE, Lin JHX, Koh H. Obesity is Associated with Poor
Covid-19 Outcomes: A Systematic Review and Meta-Analysis. Horm Metab Res. 2021;53(2):85- 93.
Bajgain KT, Badal S, Bajgain BB, Santana MJ. Prevalence of comorbidities among individuals with
COVID-19: A rapid review of current literature. Am J Infect Control 2021 Feb;49(2):238-246. doi:
10.1016/j.ajic.2020.06.213. Epub 2020 Jul 10.

Zhang L, Hou J, Ma FZ, Li J, Xue S, Xu ZG. The common risk factors for progression and mortality in
COVID-19 patients: a meta-analysis. Arch Virol. 2021;166(8):2071-87.

Seidu S, Gillies C, Zaccardi F, Kunutsor SK, Hartmann-Boyce J, Yates T, et al. The impact of obesity on
severe disease and mortality in people with SARS-CoV-2: A systematic review and meta-analysis.
Endocrinol Diabetes Metab. 2021;4(1):e00176.

Mohamed AA, Alawna M. Important Role of Relaxation Techniques in Immune Functions, Glycemic
Control, and Stress in Diabetic Patients with COVID-19: A Review. Curr Diabetes Rev. 17(5):6-11.
Cabrera Martimbianco AL, Pacheco RL, Bagattini M, Riera R. Frequency, signs and symptoms, and
criteria adopted for long COVID-19: A systematic review. Int J Clin Pract. 2021;75(10):e14357.

Foldi M, Farkas N, Kiss S, Zadori N, Vancsa S, Szaké L, et al. Obesity is a risk factor for developing
critical condition in COVID-19 patients: A systematic review and meta-analysis. Obes Rev.
2020;21(10):e13095.

Tian W, Jiang W, Yao J, Nicholson CJ, Li RH, Sigurslid HH, et al. Predictors of mortality in hospitalized
COVID-19 patients: A systematic review and meta-analysis. ] Med Virol. 2020;92(10):1875-83.
Clinical characteristics, laboratory outcome characteristics, comorbidities, and complications of related
COVID-19 deceased: a systematic review and meta-analysis | SpringerLink 17 March 2022. Accessible:
https://link-springer- com.acceso.unicauca.edu.co/article/10.1007/s40520-020-01664-3. (accessed 4
March 2022



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

PA. Rosero et al. / Risk Factors for COVID-19: A Systematic Mapping Study 73

Flaherty GT, Hession P, Liew CH, Lim BCW, Leong TK, Lim V, et al. COVID-19 in adult patients with
pre-existing chronic cardiac, respiratory and metabolic disease: a critical literature review with clinical
recommendations. Trop Dis Travel Med Vaccines 2020 Aug 28;6:16. doi: 10.1186/s40794-020-00118-
y. eCollection 2020.

Abdi A, Jalilian M, Sarbarzeh PA, Vlaisavljevic Z. Diabetes and COVID-19: A systematic review on the
current evidences. Diabetes Res Clin Pract. 2020 Aug. 1;166:108347.

Laires PA, Dias S, Gama A, Moniz M, Pedro AR, Soares P, et al. The Association Between Chronic
Disease and Serious COVID-19 Outcomes and Its Influence on Risk Perception: Survey Study and
Database Analysis. JMIR Public Health Surveill. 2021 Jan 12;7(1):¢22794.

Huang C, Soleimani J, Herasevich S, Pinevich Y, Pennington KM, Dong Y, et al. Clinical Characteristics,
Treatment, and Outcomes of Critically 11l Patients With COVID-19: A Scoping Review. Mayo Clin Proc.
2021 Jan 1;96(1):183-202.

LevettJY, Raparelli V, Mardigyan V, Eisenberg MJ. Cardiovascular Pathophysiology, Epidemiology, and
Treatment Considerations of Coronavirus Disease 2019 (COVID-19): A Review. CJC Open. 2021 Jan
1;3(1):28-40.

Biswas M, Rahaman S, Biswas TK, Haque Z, Ibrahim B. Association of Sex, Age, and Comorbidities with
Mortality in COVID-19 Patients: A Systematic Review and Meta-Analysis. Intervirology.
2021;64(1):36-47.

Full article: Characterisation of clinical, laboratory and imaging factors related to mild vs. Severe covid-
19 infection: a systematic review and meta-analysis [Internet]. [citado 17 de marzo de 2022]. Accessible
at https://www-tandfonline- com.acceso.unicauca.edu.co/doi/full/10.1080/07853890.2020.1802061
Sanchez-Ramirez DC, Mackey D. Underlying respiratory diseases, specifically COPD, and smoking are
associated with severe COVID-19 outcomes: A systematic review and meta-analysis. Respir Med. 2020
September 1;171:106096.

Xie Y, Wang Z, Liao H, Marley G, Wu D, Tang W. Epidemiologic, clinical, and laboratory findings of
the COVID-19 in the current pandemic: systematic review and meta-analysis. BMC Infect Dis. 2020 Aug
31;20(1):640.

Tiruneh SA, Tesema ZT, Azanaw MM, Angaw DA. The effect of age on the incidence of COVID-19
complications: a systematic review and meta-analysis. Syst Rev. 2021 March 20;10(1):80.

Salzberger B, Buder F, Lampl B, Ehrenstein B, Hitzenbichler F, Holzmann T, et al. Epidemiology of
SARS-CoV-2. Infection. 2021 April 1;49(2):233-9.

Comorbidities and the risk of severe or fatal outcomes associated with coronavirus disease 2019: A
systematic review and meta-analysis - ScienceDirect. Accessible at https://www-sciencedirect-
com.acceso.unicauca.edu.co/science/article/pii/S1201971220305725? via%3Dihub (accessed 17 March
2022)

Perkin MR, Heap S, Crerar-Gilbert A, Albuquerque W, Haywood S, Avila Z, et al. Deaths in people from
Black, Asian and minority ethnic communities from both COVID-19 and non-COVID causes in the first
weeks of the pandemic in London: a hospital case note review. BMJ Open. 2020 Oct 1;10(10):e040638.
Contini C, Caselli E, Martini F, Maritati M, Torreggiani E, Seraceni S, et al. COVID-19 Is a Multifaceted
Challenging Pandemic Which Needs Urgent Public Health Interventions. Microorganisms. 2020
Aug;8(8):1228.

Software Engineering Group, Keele University and Department of Computer Science, University of
Durham. Guidelines for performing Systematic Literature Reviews in Software Engineering. Accessible at
https://www.elsevier.com/ data/promis_misc/525444systematicreviewsguide.pdf (accessed 3 March
2022)

Rosero P, Realpe J, Plantilla mapeo sistematico - articulo [Internet]. Google Docs. Accessible at
https://docs.google.com/spreadsheets/d/1uYjebgdNMDTLTOWIV799InXmEMIJThuztfCEt UBIj w/edi
t?usp=sharing (accessed 25 July 25)

The dynamic association between COVID-19 and chronic disorders: An updated insight into prevalence,
mechanisms and therapeutic modalities - ScienceDirect. Accessible at https://www-sciencedirect-
com.acceso.unicauca.edu.co/science/article/pii/S1567134820304780?via%3Dihub (accessed 17 March
2022)

Salzberger B, Buder F, Lampl B, Ehrenstein B, Hitzenbichler F, Holzmann T, et al. SARS-CoV-
2/COVID-19 — Epidemiologie und Privention. Nephrol. 2021 Jan 1;16(1):3-9.

Al-Zahrani J. SARS-CoV-2 associated COVID-19 in geriatric population: A brief narrative review. Saudi
J Biol Sci. 2021 Jan 1;28(1):738-43.

Outbreak of SARS-CoV2: Pathogenesis of infection and cardiovascular involvement -
ScienceDirect. Accessible at https://www-sciencedirect-com.acceso.unicauca.edu.co/science/article/pii/
$1109966620300968?via%3Dihub (accessed 17 March 2022)

Zhang T, Huang WS, Guan W, Hong Z, Gao J, Gao G, et al. Risk factors and predictors associated with
the severity of COVID-19 in China: a systematic review, meta-analysis, and meta-regression. J Thorac



74

[66]

[67]

[68]
[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

PA. Rosero et al. / Risk Factors for COVID-19: A Systematic Mapping Study

Dis. 2020 Dec;12(12). Accessible at: https:/jtd.amegroups.com/article/view/45897 (accessed 17 March
2022)

Varga Z. Endotheliitis bei COVID-19. Der Pathologe. 2020; 41: 99-102.] Accessible at
https://link.springer.com/article/10.1007/s00292-020-00875-9 (accessed 17 March 2022)

Ryan PM, Caplice NM. Is Adipose Tissue a Reservoir for Viral Spread, Immune Activation, and
Cytokine Amplification in Coronavirus Disease 2019? Obesity. 2020;28(7):1191-4.

Morgante G, Troia L, De Leo V. Coronavirus Disease 2019 (SARS-CoV-2) and polycystic ovarian
disease: Is there a higher risk for these women? J Steroid Biochem Mol Biol. 2021 Jan 1;205:105770.
Roberts W. Air pollution and skin disorders. Int ] Womens Dermatol. 2021 Jan 1;7(1):91-7.

Moccia F, Gerbino A, Lionetti V, Miragoli M, Munaron LM, Pagliaro P, et al. COVID-19-associated
cardiovascular morbidity in older adults: a position paper from the Italian Society of Cardiovascular
Researches. GeroScience. 2020 Aug 1;42(4):1021-49.

IJERPH | Free Full-Text | Air Pollution and COVID-19: The Role of Particulate Matter in the Spread and
Increase of COVID-19’s Morbidity and Mortality. Accessible at https://www.mdpi.com/1660-
4601/17/12/4487 (accessed 17 March 2022)

Ferreira-Silva J, Peixoto A, Rodrigues-Pinto E, Macedo G. Implications of COVID-19 for the busy
gastroenterologist. Eur J Gastroenterol Hepatol. 2021 March;33(3):319-24.

The cardiovascular complications in COVID-19: Focus on acute cardiac injury | Pakistan Journal of
Medical Sciences. Accessible at http://pjms.org.pk/index.php/pjms/article/view/4063 (accessed 17
March 2022)

COVID-19 Impacts, Diagnosis and Possible Therapeutic Techniques: A Comprehensive Review |
Bentham Science. Accessible at https://www.eurekaselect.com/article/112074 (accessed 17 Match 2022)
Zhao 'Y, Wang F, Dong G, Sheng Q, Feng S. A disease progression prediction model and nervous system
symptoms in coronavirus disease 2019 patients. Am J Transl Res. 2020;12(12):8192-207.

SciELO - Brazil - Extreme phenotypes approach to investigate host genetics and COVID-19 outcomes
Extreme phenotypes approach to investigate host genetics and COVID-19 outcomes. Accessible at
https://www.scielo.br/j/gmb/a/hWg8yCzggCqLzTDXjkyDW5C/?lang=en (accessed 17 Mach 2022)
Chen Y, Klein SL, Garibaldi BT, Li H, Wu C, Osevala NM, et al. Aging in COVID-19: Vulnerability,
immunity and intervention. Ageing Res Rev. 2021 Jan 1;65:101205.

Morin DP, Manzo MA, Pantlin PG, Verma R, Bober RM, Krim SR, et al. Impact of Preinfection Left
Ventricular Ejection Fraction on Outcomes in COVID-19 Infection. Curr Probl Cardiol. 2021 Oct
1;46(10):100845.

Apostolopoulou A, Esquer Garrigos Z, Vijayvargiya P, Lerner AH, Farmakiotis D. Invasive Pulmonary
Aspergillosis in Patients with SARS-CoV-2 Infection: A Systematic Review of the Literature.
Diagnostics. 2020 Oct;10(10):807.

Muniangi-Muhitu H, Akalestou E, Salem V, Misra S, Oliver NS, Rutter GA. Covid-19 and Diabetes: A
Complex  Bidirectional  Relationship. ~ Front  Endocrinol. ~ 2020;11.  Accessible  at:
https://www.frontiersin.org/article/10.3389/fend0.2020.582936 (accessed 17 March 2022)

Full article: A review of Environmental risks and vulnerability factors of indigenous populations from
Latin America and the Caribbean in the face of the COVID-19.Accessible at https://www-tandfonline-
com.acceso.unicauca.edu.co/doi/full/10.1080/17441692.2021.1923777 (accessed 17 March 2022)
Fakhroo AD, Al Thani AA, Yassine HM. Markers Associated with COVID-19 Susceptibility, Resistance,
and Severity. Viruses. 2021 Jan;13(1):45.



