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ABSTRACT 

The COVID-19 pandemic continues to spread like wildfire with increasing mortality rate 

being reported in different regions. Currently, management of the pandemic virus is palliative 

as it has so far shown defiance to therapeutic efforts. Factors such as chronic sicknesses, 

Sequential Organ Failure Assessment (SOFA), d-dimer and age have been identified as major 

mortality risks. However, the alarming global rising mortality rate shows that there may be 

other factors influencing mortality than the ones already identified. This paper sheds more 

light on the effect of factors such as gender, duration before treatment (DBT), respiratory 

related sicknesses, fatigue, fever, myalgia, diarrhea, vomiting, somnolence, headache and 

anorexia on mortality. Medical data on 65,336 global COVID-19 patients’ were cleaned and 

modelled using a multivariable binary logistic regression. Demographic and clinical 

characteristics initial findings reported p-values of 0.000, 0.018, and 0.005 for age, DBT and 

respiratory symptoms respectively. Results of a confirmatory stepwise regression, 

multivariate analysis and machine learning obtained showed that apart from age (p-0.00), 

factors such as DBT (p-0.03), respiratory symptoms (p-0.06) and fatigue (p-0.08) were indeed 

additional mortality risk factors different from those already reported. These newly found 

factors were used to predict cases that may require an onset enhanced treatment at point of 

admission to prevent further deterioration and possible death.The model explained about 69% 

(Nagelkerke R2) of the variance in COVID-19 mortality and correctly classified about 88% of 

the cases considered in the study. 

Keywords: COVID-19, machine learning, logistic regression, mortality, Stepwise, pandemic, 

duration-before-treatment  

  

1.  INTRODUCTION 

Corona virus formally known as Covid-19 is a serious challenge to mankind. Its 

dynamics are not well known. Consequently, it becomes difficult to attest the severity of the 

disease or the possibility of survival of the patients. Research has shown that cases of aged 

patients with history of chronic sicknesses are more likely to be fatal (Zhang et al. 2020; Fei 
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et al. 2020; Weiss &Murdoch, 2020). However, there are upsurge in different mortality rate 

from one region to another that indicates that age and chronic sicknesses may not be the only 

fatality related factors. Interestingly, statistical modeling and machine learning can assist in 

understanding the severity of this virus for different groups of individuals.  The authors in 

(Fei , 2020) used multivariable logistic regression methods to identify the risk factors 

associated with mortality. They attributed mortality risk factors to age, Sequential Organ 

Failure Assessment (SOFA) and d-dimer (one of the protein fragments produced when a 

blood clot gets dissolved in the body) level. Their study reported that older patients with high 

SOFA and d-dimer greater than 1μg/mL could help clinicians to identify patients with poor 

prognosis at an early stage. The research was purely from a clinical point of view which 

relates SOFA to chronic diseases such as diabetes, hypertension, cancer, asthma and others. 

These diseases are believed to weaken the body internal organs and may contribute to reduced 

immunity to fight the COVID-19 virus. Notwithstanding that attention must be given to 

elderly and to patients with high SOFA and d-dimer, mortality reports also show that cases of 

younger and stronger patients with low SOFA may also be fatal. However, according to 

(Roger et al. 2016), clinical tests for d-dimer are diversified and different methodologies are 

employed in the test. Similarly, the authors in (Key &Greenberg, 2008) points out the 

limitations of d-dimer assays in terms of their specificity and sensitivity. The cost, expertise 

and time factor for SOFA and d-dimer clinical tests are issues of worry in resource poor 

countries. There is still need to consider other factors different from age, SOFA scores and d-

dimer level. The authors in (Zhang et al. 2020) also clinically identified the risk factors 

associated with mortality as gender, a severe COVID-19 condition, expectoration, muscle 

ache, and decreased albumin. Using the data from Wuhan hospital and a logistic regression 

approach, they were able to show that the male sex, prolonged symptoms alongside others 

were independent factors that could determine mortality for those diagnosed of the disease. 

They also reported that the elderly patients with history of chronic sicknesses were more 

vulnerable. Their findings also threw more light to the mortality risk factors of the disease. 

But the pure statistics approach employed by the authors is limiting, a machine learning 

approach that allows the interplay of other several factors could reveal a lot on the 

independent effect of the factors.  Evidently, identifying the mortality related factors and 

mortality for those diagnosed of the disease is very important. It can be used to determine 

which group of people to focus attention on and how to share scare resources in stressed 

hospitals. For example, the ICUs can be more efficiently used if the survival rate of critically 

ill corona virus patients with high mortality risk were predetermined.  Consequently, a 

hospital whose demand is over the available bed spaces, can focus on patients with high 

recovery ratio while those with low mortality who are also exhibiting the mortality related 

factors can be managed in the ICUs. Ivorra et al. (2020) recognise the need to estimate the 

number of hospital beds needed in advance. Other resources such as medical equipment, 

medical staff, and Personal Protective Equipment (PPE) should be meticulously managed in 

resource poor countries. 

Mortality rate varies across regions and is usually higher in regions where there are 

strained health-care systems (Jason, 2020).  In order words, proper management of hospital 

resources is a critical factor for the reduction of death toll. The hospital staff and facilities 

especially the intensive care unit are over stretched.  The US Department of Health 

enumerates some of the challenges facing hospitals as regards the COVID-19 pandemic. 

https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30217-2/fulltext
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Some of the challenges include severe shortages of testing kits and extended waits for results, 

difficulty in maintaining and expanding hospital capacity to treat patients, shortages of critical 

supplies, materials, and logistic support, anticipated shortages of ventilators, ICUs (Christi, 

2020). Not all confirmed cases of COVID-19 are critical and require admission into ICU. The 

World Health Organization (WHO, 2020a) discusses the technical modalities for expanding 

ICUs in case of upsurge. However, as the virus continues to spread, many persons may 

become infected and critically ill to be admitted into ICUs. At present, patients are admitted 

into the ICU based on the severity as well as history of chronic diseases such as diabetes, 

hypertension and heart diseases (Jason et al. 2020; Wang et al, 2020; Guan et al. 2020). 

Unfortunately, many of the patients admitted into the ICUs at late period of the disease do not 

make it alive. The ICUs can be more efficiently used if the survival rate of critically ill 

coronavirus patients was predetermined and those with more tendencies to survive are 

admitted.  

The authors of this work propose using a statistical regression model and machine 

learning to pre-determine the prognosis of patients with COVID-19 at admission stage and 

prevent further deterioration and subsequent fatality. The model will aid care units to develop 

hospital admission and administrative policies for patients with the disease.  Section two of 

this work reviews the existing mortality risk factors as well as the adopted preventive 

measures.  Section three describes the data collection and methods employed to arrive at 

results. The accompanying results are fully documented in section four. Finally the 

recommendations and conclusion of this work are presented in section five.  

2. EXISTING MORTALITY RISK FACTORS OF COVID-19 

Existing mortality risk factors as identified by Fei (2020) include age, Sequential Organ 

Failure Assessment (SOFA) and d-dimer level. Other risk factors clinically established in 

Zhang et al. (2020) include gender, a severe COVID-19 condition, expectoration, muscle 

ache, and decreased albumin. History of chronic diseases such as diabetes, hypertension and 

heart diseases are also regarded as mortality risk factor (Jason et al. 2020). Based on these, 

efforts has been intensified at reducing mortality rate either by managing the existing risk 

factors or introducing preventive measure. 

For example, clinical and therapeutic measures exist for handling critical cases as seen in (Xie 

et al,. 2020; Qui et al. 2020; Grasselli et al. 2020; Remuzzi, 2020; Yang et al. 2020). There 

are also researches that have identified the mortality risk factors of the disease (Gong et al. 

2020; Wynantset al. 2020). However, most of such studies have been found to have a high 

risk of bias and of limited use in the context of a pandemic (Gong, 2020). The authors in 

(Chen et al. 2020) investigated the transmission rate of the disease by modeling the 

transitivity rate of the virus from reservoir to people and from people to people. Their 

findings reported a higher R0 of 3.58 from people to people and 2.58 from reservoir to people. 

This discovery prompted measures at curtailing further spread of the virus among humans.  

Suggested efforts at curtailing the spread of the pandemic and reducing death toll is 

recommended in Sasmita et al. (2020) include wearing of masks, hand hygiene practices, 

avoidance of public contact and social gatherings, early case detection, contact tracing, and 

initiating quarantines.  

Authors in (Cheng et al, 2020) insist that rapid information disclosure is a top priority for 

disease control and prevention. The paper reviews trend in death toll of related diseases in 

history and recommends daily press release and media assistance to help disseminate 

https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30217-2/fulltext
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information. Quick identification and isolation of persons at risk for COVID-19 has also been 

identified as a critical step in reducing death toll according to authors in (Kristina et al. 2020; 

Juan et al. 2019; Salim&Ziad, 2019). The authors in (Ping2020) also recommends self-

isolation and quarantine measures by studying the ineffectiveness of COVID-19 during the 

incubation period. Using 4 patients from one family who were placed in isolation, the 

authors’ findings indicate that a person with COVID-19 might be infectious during the 

incubation period hence should be isolated during such period. The findings of the authors 

were substantiated in (Ruizhi et al. 2020; Jean et al. 2020) which clearly showed the effect of 

public transportation on the spread of the disease in Wuhan, China and testing of 337 French 

nationals repatriated from Wuhan China respectively during the early outbreak of the disease. 

In most cases, the carriers were unaware that the virus was already incubating within them. 

Similarly, as a measure to reduce the mortality rate, the authors in (Xiao et al. 2020) 

advocates total isolation of persons who just arrived into China through air. In their research, 

it was discovered that early removal and isolation of ill passengers and quarantine of close 

contacts were effective to allow for a proper risk assessment and management of travelers at 

points of entry. Research has shown that Travelers play a significant role in the transmission 

of the disease from one county to another with confirmed ongoing human-to-human 

transmission (Huang et al. 2020; Chen et al. 2020; Phan et al. 2020; Rothe et al. 2020). In 

order to reduce human-to-human transmission, a lot of government adopted a lock down and 

ban on mass gathering because it is seen as a means of exacerbating the scope of the COVID-

19 virus and should be discouraged (Shahul & Zaid, 2020). The authors in (Public Health 

England 2020a; Public Health England 2020b) give specific details and recommendations for 

persons under lock down in order to reduce the spread of the disease.  The authors in (Rachel 

et al. 2020) recommends active symptom monitoring of exposed patients through daily 

telephone conversations, texts or in-person inquiries intended to seek out manifestation of 

basic symptoms. Their research reveals that during the 14 days of active symptom 

monitoring, 12% population under study developed new or worsening symptoms 

3.0 AIM AND METHODS 

The aim of this study is to identify other associated mortality risk factors COVID-19. The 

study made use of clinical data on COVID-19 obtained from online public repositories. The 

Wolfram Data Repository (https://datarepository.wolframcloud.com/resources/Patient-

Medical-Data-for-Novel-Coronavirus-COVID-19). The dataset comprises of global medical 

records on COVID-19 as at May 4, 2020. The dataset was cleaned in order to select records 

without missing values. After the data cleaning, a total of 120 patients having complete 

records on age, gender, duration before treatment, symptoms and outcome (representing the 

predicted output) were extracted from the data and used for analysis. Symptoms such as 

Respiratory distress, Gasp, Difficulty in breathing, Shortness of breath, Cough, sputum, Sore 

throat, Rhinorrhea, Pneumonia, Chest pain were all classified as Respiratory symptomswhile 

other symptoms such as fatigue, fever, Myalgia, Somnolence, Vomiting, headache, Diarrhea, 

Anorexia and conjunctivitis were treated independently. Independent samples t-test or Chi-

square test was used to compare differences between survivors and non-survivors where 

appropriate. In order to investigate the effect of symptoms and risk factors associated with in-

hospital death, multivariable binary logistic regression model was used. Considering the total 

number of deaths (n = 55) in this study and to avoid over fitting, 10 variables were chosen for 

https://datarepository.wolframcloud.com/resources/Patient-Medical-Data-for-Novel-Coronavirus-COVID-19
https://datarepository.wolframcloud.com/resources/Patient-Medical-Data-for-Novel-Coronavirus-COVID-19
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the multivariable analysis and a backward stepwise machine learning technique to trim down 

the number of variables was also carried out.  

4.0   FORMULATION OF MODEL 

The dataset used shows that out of the 120 patients, 55 patients died during hospitalization 

and 65 patients were discharged. The results are shown in Table I, Table II and Table III. 

 

Table1: Demographic and clinical characteristics findings 

 Total 

(n = 120) 

Non survivor 

(n = 55) 

Survivor 

(n = 65) 

P-value 

Age (years) (1 – 89) 55 (15 – 89) 70 (1 – 73) 42 0.000 

Duration (days) (1 – 22) 7 (1 – 22) 8 (1 – 15) 6 0.018 

Gender - - - 0.245 

Male 74 (61.7%) 37 (67.3%) 37 (56.9%) - 

Female 46 (38.3%) 18 (32.7%) 28 (43.1%) - 

Fatigue 16 (13.3%) 8 (14.5%) 8 (12.3%) 0.719 

Fever 69 (57.5%) 32 (58.2%) 37 (56.9%) 0.889 

Myalgias 4 (3.3%) 2 (3.6%) 2 (3.1%) 0.865 

Respiratory symptoms 43 (35.8%) 27 (49.1%) 16 (24.6%) 0.005 

Diarrhea 3 (2.5%) 1 (1.8%) 2 (3.1%) 0.660 

Headache 6 (5.0%) 2 (3.6%) 4 (6.2%) 0.528 

 

Table 2: Risk factors and symptoms associated with in-hospital death 

  Multivariable OR 

(95% CI) 
 

p-value 

Step1 Age 1.15 (1.09 – 1.21) 0.00 

 Gender 0.68 (0.18 – 2.63) 0.58 

 Duration 1.18 (1.02 – 1.35) 0.02 

 Fatigue 0.21 (0.03 – 1.35) 0.10 

 Fever 0.47 (0.12 – 1.76) 0.26 

 Myalgias 0.57 (0.03 – 10.39) 0.71 

 Respiratory symptoms 0.27 (0.07 – 1.07) 0.06 

 Diarrhea 0.11 (0.00 – 5.53) 0.86 

 Headache 1.93 (0.16 – 23.28) 0.61 

 Constant 0.01 0.73 

Step2 Age 1.15 (1.09 – 1.21) 0.00 

 Gender 0.68 (0.17 – 2.64) 0.58 

 Duration 1.18 (1.02 – 1.35) 0.02 

 Fatigue 0.20 (0.03 – 1.35) 0.10 

 Fever 0.46 (0.12 – 1.75) 0.26 

 Myalgias 0.57 (0.03 – 10.41) 0.71 

 Respiratory symptoms 0.27 (0.07 – 1.07) 0.06 

 Headache 1.94 (0.16 – 23.44) 0.60 

 Constant 0.00 0.00 

Step3 Age 1.15 (1.09 – 1.21) 0.00 

 Gender 0.69 (0.18 – 2.66) 0.58 
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 Duration 1.17 (1.02 – 1.35) 0.03 

 Fatigue 0.19 (0.03 – 1.25) 0.09 

 Fever 0.45 (0.12 – 1.66) 0.23 

 Respiratory symptoms 0.26 (0.07 – 1.00) 0.05 

 Headache 1.98 (0.16 – 23.99) 0.59 

 Constant 0.00 0.00 

Step4 Age 1.15 (1.09 – 1.21) 0.00 

 Gender 0.72 (0.19 – 2.72) 0.63 

 Duration 1.17 (1.02 – 1.35) 0.03 

 Fatigue 0.19 (0.03 – 1.31) 0.09 

 Fever 0.45 (0.12 – 1.68) 0.23 

 Respiratory symptoms 0.25 (0.07 – 0.94) 0.04 

 Constant 0.00 0.00 

Step5 Age 1.15 (1.09 – 1.21) 0.00 

 Duration 1.16 (1.02 – 1.34) 0.03 

 Fatigue 0.17 (0.03 – 1.14) 0.07 

 Fever 0.43 (0.12 – 1.63) 0.22 

 Respiratory symptoms 0.24 (0.06 – 0.91) 0.04 

 Constant 0.00 0.00 

Step6 Age 1.14 (1.09 – 1.20) 0.00 

 Duration 1.16 (1.01 – 1.34) 0.03 

 Fatigue 0.19 (0.03 – 1.19) 0.08 

 Respiratory symptoms 0.29 (0.08 – 1.07) 0.06 

 Constant 0.00 0.00 

 

 

Table 3: Classification results based on 0.5 cut-value obtained from backward stepwise 
logistic regression 

Observed 

Predicted 

Status Percentage  

Correct Survivor Non survivor 

Step 1 Status Survivor 60 5 92.3 

Non survivor 7 48 87.3 

Overall Percentage   90.0 

Step 2 Status Survivor 60 5 92.3 

Non survivor 7 48 87.3 

Overall Percentage   90.0 

Step 3 Status Survivor 60 5 92.3 

Non survivor 7 48 87.3 

Overall Percentage   90.0 

Step 4 Status Survivor 60 5 92.3 

Non survivor 7 48 87.3 

Overall Percentage   90.0 

Step 5 Status Survivor 60 5 92.3 
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Non survivor 6 49 89.1 

Overall Percentage   90.8 

Step 6 Status Survivor 59 6 90.8 

Non survivor 8 47 85.5 

Overall Percentage   88.3 

 

5.0 DISCUSSION 

From Table 1, it could be seen that the mean age of the 120 patients was 55 years, ranging 

from 1 year to 89 years and most patients were male. The most common symptoms on 

admission were fever followed by Respiratory symptoms and fatigue. The mean time from 

illness onset (that is, before admission) to discharge was 8 days, ranging from 1 day to 22 

days; whereas the mean time to death was 6 days, ranging from 1 day to 15 days.It can also be 

observed from Table 1 that there is no significant difference between proportions of survivors 

and non-survivors in both difference between proportions of survivors and non-survivors 

amongst patients that sexes. Also, there is no significant had fatigue, fever, myalgias, 

diarrhea, and headache. However, there is a significant difference between the proportions of 

survivors and non-survivors for patients that had Respiratory symptoms. More patients that 

experienced Respiratory symptoms did not survive. Table 2 presents the results of the 

multivariable binary logistic regression analysis using backward stepwise regression. The 

final logistic regression model (step 6 of Table 2) was statistically significant with Chi-square 

value of 20.413 and a p-value of 0.009 based on Hosmer and Lemeshow test.  The model 

explained about 69% (Nagelkerke R2) of the variance in COVID-19 mortality and correctly 

classified about 88% of the cases considered in the study, see Table 3. Results in Table 2 

show that age, duration before treatment, Respiratory symptoms, and fatigue all have 

significant effect on mortality from COVID-19. In the multivariable analysis, the mortality 

rate of patients that reported late to hospitals, older patients, patients with Respiratory 

symptoms and fatigue were higher. 

6.0  RECOMMENDATIONS AND CONCLUSIONS 

The authors of this work provide the following recommendations for individuals, care 

homes, hospitals and government: 

 In COVID 19 crises, scarce human and material resources should be prioritized; 

patients that are most likely to survive should be given the highest priority. 

 Patients above the age of 55yrs with respiratory symptom and fatigue who have stayed 

beyond 8days before presentation to the hospital should not be admitted into ICU. He 

should be managed palliatively in a resource poor country with few ventilators 

 Early detection and prompt intervention is advised in order to reduce mortality from 

COVID 19.  

Identifying the mortality risk factors of COVID-19 disease is indeed of importance. It 

will aid hospitals in managing positive inpatients especially at an early stage of the disease 

and under limited resources. The study will also serve as yard stick for testing people who 

may have been exposed. In addition to existing identified mortality risk factors such as 

chronic sicknesses, SOFA, d-dimer, age and others, this study reveals other associated risk 

factors which include age, duration of onset symptoms, fatigue and respiratory associated 

symptoms. The study shows priority medical care should be given to elderly patients having 
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protracted symptoms manifestation, respiratory symptoms and fatigue when they as soon as 

they report for treatment 
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