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ABS TRACT  
 

 

BACKGROUND 

Given the global burden of COVID-19 mortality, this study intended to determine the 

factors affecting mortality in patients with COVID-19 using decision tree analysis 

and logistic regression model in Kermanshah province, 2020. 

 

METHODS 

This cross-sectional study was conducted on 7799 patients with COVID-19 admitted 

to the hospitals of Kermanshah province. Data gathered from February 18 to July 9, 

2020, were obtained from the vice-chancellor for the health of Kermanshah 

University of Medical Sciences. The performance of the models was compared 

according to the sensitivity, specificity, and area under the receiver operating 

characteristic (ROC) curve. 

 

RESULTS 

According to the decision tree model, the most important risk factors for death due 

to COVID-19 were age, body temperature, admission to intensive care unit (ICU), 

prior hospital visit within the last 14 days, and cardiovascular disease. Also, the 

multivariate logistic regression model showed that the variables of age [OR = 4.47, 

95 % CI: (3.16 -6.32)], shortness of breath [OR = 1.42, 95 % CI: (1.0-2.01)], ICU 

admission [OR = 3.75, 95 % CI: (2.47-5.68)], abnormal chest X-ray [OR = 1.93, 95 % 

CI: (1.06-3.41)], liver disease [OR = 5.05, 95 % CI (1.020-25.2)], body temperature 

[OR = 4.93, 95 % CI: (2.17-6.25)], and cardiovascular disease [OR = 2.15, 95 % CI: 

(1.27-3.06)] were significantly associated with the higher mortality of patients with 

COVID-19. The area under the ROC curve for the decision tree model and logistic 

regression was 0.77 and 0.75, respectively. 

 

CONCLUSIONS 

Identifying risk factors for mortality in patients with COVID-19 can provide more 

effective interventions in the early stages of treatment and improve the medical 

approaches provided by the medical staff. 
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BACK GRO UND  
 

 

 

In December 2019, the first outbreak of the novel coronavirus 

was reported in Wuhan (Hubei Province, China), with clinical 

presentations prominently similar to viral pneumonia . The 

patients mostly could have been working or living in or near 

the seafood market, where live animals were on sale. 

Therefore, scientists imagined that the transmission must 

have been  from those animals to humans. However, very 

soon human-to-human transmission was confirmed and the 

disease expanded rapidly from China to worldwide.1 In March 

2020, the World Health Organization (WHO) following the 

rapid spread of novel coronavirus announced a new 

pandemic entitled COVID-19 (Coronavirus disease developed 

in 2019.2 Iran as the leading country in the number of cases 

and deaths due to COVID-19 in the Eastern Mediterranean 

region has been facing major challenges since January 2020.3 

The worldwide statistics of COVID-19 cases and deaths 

has been horrendous and disquieting, specifically in Iran. The 

COVID global burden threatens not only the public health but 

also countries economy. This is worse for low to middle-

income countries/nations. Covid-19 mostly affects people 

with underlying diseases and the elderly. We, in Iran, are 

facing an unprecedented epidemic that we have not seen 

before. Our knowledge about the outcome of COVID-19 is 

incomplete.3 It is also difficult to predict the COVID-19 

disease trend due to its rapidly evolving nature.4,5 Therefore, 

exploring the epidemiology of the disease, its likely 

treatments as well as appropriate vaccination are still 

ongoing and will be for years. 

The most common symptoms of COVID-19 include 

nausea, fatigue, body aches, fever, headache, vomiting, 

evidence of pneumonia, and dry cough. However, the severity 

of COVID-19 symptoms is not the same in all patients and 

varies from mild to severe, also, a limited number of patients 

may be asymptomatic.6 In some patients, it causes severe 

symptoms such as pneumonia, respiratory distress 

syndrome, arrhythmia, acute cardiac, kidney damages, long-

term hospitalization, coma, and even death. COVID-19, in 

many patients, just causes mild pneumonia leading to a short-

term hospitalization. Many of these patients recover after 

treatment.7-9 Given the fact that still, no definitive antiviral 

drug for the treatment of coronavirus is available, and also, 

inclusive information on the epidemiology and clinical 

features of COVID-19 disease in many countries are limited, 

identifying the risk factors and clinical features associated 

with the mortality rate in patients with COVID-19 looks vital. 

We need some research that can help to prevent COVID-19 

and/or provide (at least helps to provide) an appropriate 

treatment for COVID-19. 

Decision tree model and classification and regression tree 

algorithm (CART) as data mining methods are procedures of 

classifying people and identifying effective variables on an 

outcome. 

Therefore, in the present study, the purpose was to 

determine a set of independent variables to classify the 

mortality status of COVID-19 patients admitted to the two 

main centres, the Farabi and the Imam-Reza hospital. These 

two hospitals are the places allocated to manage patients 

with COVID-19 in Kermanshah (the western province of Iran) 

with over two million population. In the current study, using 

the decision tree and logistic regression model, we have 

compared the two models of decision tree and logistic 

regression according to the goodness of fit indices. All 

analyses were performed using SPSS software version 16 

with a significance level set at 0.05. 

 

 
 

ME TH OD S  
 

 

This cross-sectional study was conducted on 7799 patients 

with COVID-19 admitted to all hospitals of Kermanshah 

province in 2020. Kermanshah province is the most populous 

province and the centre of western Iran. The data gathered 

from February 18 to July 9, 2020, were obtained from the 

vice-chancellor for the health of Kermanshah University of 

Medical Sciences. 

Data were collected according to the national protocol of 

the Ministry of Health and Medical Education of Iran which 

almost is the same in all hospitals and in accordance with the 

latest guidelines of the WHO. 

Physical and medical variables which were recorded and 

analysed in the present study were body temperature, 

coughing, shortness of breath, weakness, fever and chills, 

contusion pain, sore throat, runny nose, diarrhoea, nausea 

and vomiting, headache, abdominal pain, chest pain, joint 

pain, cardiovascular disease, diabetes, liver disease, kidney 

disease, and chronic pulmonary disease. The demographic 

variables included gender and age. Other related variables 

were admission in ICU, history of close contact with COVID-

19 patients during the 14 day period, visiting a hospital or 

medical centres during the last 14 days, and working as 

laboratory or medical staff. 

Age was categorized into two groups including less than 

65 years, and 65 years and above. Body temperature was also 

categorized into two groups including less than 38 °C, and 38 

°C and above. The mortality variable was considered as the 

response variable. 

 

 

Decl ar a ti on s/ E thi c s Ap pr oval  a nd Co ns en t to  

Par ti ci pa te  

The Research Ethics Committee of Kermanshah 

University of Medical Sciences (IR.KUMS.REC.1399.214) 

approved the study, which was performed in accordance with 

the seventh and current revision of the Declaration of 

Helsinki. Informed consent was obtained for the use of 

medical records data from patients or their companions / 

guardians at the time of hospitalization. 

 

 

S ta ti s ti cal  An aly si s  

De c is ion Tr e es  

The decision tree is commonly used in data mining because it 

is a useful and powerful method for multivariate analysis, is 

easy to understand and interpret, and provides classification 

results with comprehensible graphs that create good 

visualization of the results.10,11 Decision tree can process both 

numerical and categorical data and uses a set of rules to 

classify samples into categories. The CART algorithm is one of 

the most popular and simplest decision tree algorithms. This 

algorithm starts from the root node so that it finds the most 
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important independent variable and sets it as the root node. 

This algorithm creates two categories with maximum 

homogeneity within each node and maximum heterogeneity 

between them.12 The CART algorithm checks all the variables 

for the division to get the best division in the node. In this 

algorithm, the Gini index is used to find each variable that 

should be divided and also to find the best division point in 

each variable.13 In recent years, the decision tree has been 

increasingly used in medical studies.14 Therefore, in the 

present study we performed the CART algorithm using 26 

variables to identify the factors affecting the mortality of 

patients with COVID-19 in Kermanshah province. The data 

was divided into two parts including the training group (70.0 

%) and the test group (30.0 %). Firstly, using the training 

group, the conceptual model was created, then the final 

model was created using the test sample. Finally, model 

accuracy was calculated. 

 

Log ist i c  R egr ess i on  

A logistic regression model is a form of regression in which 

the dependent variable is binary and independent variables 

can be quantitative or qualitative.15 The advantages of using 

logistic regression include: predicting the probability of each 

person belonging to any of the dependent variable categories, 

and the possibility of directly calculating the odds ratio using 

model coefficients.16 To achieve the best combination of 

predictor variables in the logistic regression model, we used 

the forward method, which is a kind of step-by-step 

method.17 In this study, after fitting the univariate logistic 

regression model, a set of significant variables (P < 0.05) 

entered the multivariate model. The odds ratio (OR) and 95 

% CI were reported. A P-value less than 0.05 was considered 

statistically significant. 

 

 

Compar e the Per for m an ce of  Mode ls  

The decision tree and the logistic regression models were 

compared concerning the area under the ROC curve (AUC) 

and accuracy rate. The AUC shows how much the model can 

distinguish between classes, and the higher the AUC, the 

better the pattern for predicting different classes. The 

accuracy criterion indicates the proportion of items that are 

correctly classified. 

 

 
 

 

RES ULT S  
 

 

 

Out of 7799 diagnosed cases, 2558 individuals had positive 

polymerase chain reaction test (PCR) and 5241 cases had 

positive CT scans. Among these cases, 4463 (57.2 %) were 

men and 3336 (42.8 %) were women. Of the total patients, 

874 (11.2 %) died and 6925 (88.8 %) recovered. The mean 

(SD) age of patients was 51.27 (21.79) years. The 

demographic and clinical characteristics of the patients are 

shown in Table 1. 

 

 

Ri sk F ac tor s of  Mor ta li ty  a mong  Cor on avi r u s 

Pa ti en t s  

After fitting the univariate logistic regression model, a set 

consisting of 25 variables was selected to enter the 

multivariate logistic regression model (Table 2) This model 

showed that the variables of age [OR = 4.47, 95 % CI (3.16 - 

6.32)], shortness of breath [OR = 1.42, 95 % CI (1.0 - 2.01)], 

admission in ICU [OR = 3.75, 95 % CI (2.47 - 5.68)], abnormal 

chest X-ray [OR = 1.93, 95 % CI (1.06 - 3.41)], liver disease 

[OR = 5.05, 95 % CI (1.020 - 25.2)], body temperature [OR = 

4.93, 95 % CI (2.17 - 6.25)], and cardiovascular disease [OR= 

2.15, 95 % CI (1.27-3.06)] were significantly associated with 

the higher mortality of patients with COVID-19 (P < 0.05). 

In fitting the decision tree model, all explanatory 

variables were used as quantitative variables and according 

to the Gini index, a tree with 4 levels was constructed and the 

age variable was placed as the most important variable in the 

(root node) the first level. According to the decision tree 

model, the most important risk factors for death due to 

COVID-19 were age, body temperature, ICU admission, 

visiting the hospital or medical centres during the last 14 

days, and cardiovascular disease. The age variable was one of 

the risk factors associated with the death of patients with 

COVID-19 so that patients over 54.5 years of age who were 

admitted to the ICU and had a body temperature higher than 

38.250C had a mortality of approximately 2.5 times more than 

the patients younger than 54.5 years who were admitted in 

the ICU and had a body temperature higher than 38.250 C. 

Also, due to the importance of the age variable, this variable 

was classified twice in the decision tree model, once in the 

first level and another in the third level (Figure 2). Generally, 

age, ICU admission, body temperature, and cardiovascular 

disease in both decision tree and logistics models were 

significant risk factors for mortality. 

 

 

Per for m an ce o f  th e  Me t hods  

In the decision tree model, the sensitivity and specificity of 

the testing group were 66.0 % and 65.0 %, respectively. Also, 

the sensitivity and specificity of the training group were 74.0 

% and 64.0 %, respectively. To compare the two models, the 

AUC was calculated as 77 % for the decision tree model and 

75 % for the regression model (Table 2). Also, the accuracy 

was calculated as 83 % for the decision tree model and 78 % 

for the regression model. The ROC curve for both models is 

shown in Figure 1. 

 

 
Figure 1. The AUC for the Logistic Regression Model and the  

Decision Tree 
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Variable Category Number of Deaths Frequency (%) Crude OR (95 % CI) Adjust OR (95 % CI) P-Value 

Age 
<60 297 (34) 4835 (62) 1 1 

P < 0.001 
≥60 577 (66) 2964 (38) 3.69 (3.18 -4.28) 4.47 (3.16 -6.32) 

Gender 
Male 519 (59.4) 4463 (57.2) 1.00 - 

- 
Female 355 (40.6) 3336 (42.8) 0.905 (0.78-1.04) - 

Shortness of breath 
No 268 (30.7) 3478 (44.6) 1.00 1 

0.04 
Yes 606 (69.3) 4321 (55.4) 1.95 (1.67-2.27) 1.42 (1.0-2.01) 

Body temperature 
<38 60 (6.9) 937 (12) 1 1 

0.007 
≥38 814 (93.1) 6861 (88) 3. 24 (3.02-4.86) 4.93 (2.17-6.25) 

Cough 
No 490 (56.1) 4007 (51.4) 

 
- 

 Yes 384 (43.9) 3792 (48.6) .80 (.70 -.93) - 

Weakness 
No 769 (88) 6808 (87.3) 1 - 

 Yes 105 (12) 991 (12.7) 0.931 (0.75-1.15) - 

Fever and Chills 
No 659 (75.4) 4991 (64) 1 - 

 
Yes 215 (88) 2808 (36) 0.54 (0.46 -0.64) - 

Contusion pain 
No 821 (93.9) 7041 (90.3) 1 - 

 Yes 53 (6.1) 758 (9.7) 0.57 (0.42 -0.76) - 

Sore throat 
No 852 (97.5) 7362 (94.4) 1.00 - 

 Yes 22 (2.5) 437 (5.6) 0.40 (0.26 -0.62) - 

Runny nose 
No 873 (99.9) 7747 (99.3) 1 - 

 
Yes 1 (1) 52 (0.7) 0.154 (0.021 -1.19) - 

Diarrhoea 
No 862 (98.6) 7583 (97.2) 1 - 

 
Yes 12 (1.4) 216 (2.8) 0.45 (0.25 -0.82) - 

 
Nausea and Vomiting 

No 867 (99.2) 7349 (94.2) 1 - 
 Yes 7 (0.8) 450 (5.8) 0.49 (0.33 -0.72) - 

Abdominal pain 
No 864 (98.9) 7581 (97.2) 1 - 

 Yes 10 (1.1) 218 (2.8) 0.25 (0.12-0.54) - 

Chest pain 
No 849 (97.1) 7582 (97.2) 1 - 

 
Yes 25 (2.9) 217 (2.8) 1.03 (0.67-1.57) - 

Joint pain 
No 864 (98.9) 7679 (98.5) 1 - 

 Yes 10 (1.1) 120 (1.5) 0.71 (0.37-1.37) - 

Cardiovascular disease 
No 642 (73.5) 6652 (85.3) 1 1 

P < 0.001 
Yes 232 (26.5) 1147 (14.7) 2.37 (2.012-2.80) 2.15 (1.27-3.06) 

Diabetes 
No 745 (85.2) 7211 (92.5) 1 - 

 Yes 129 (14.8) 588 (7.5) 2.43 (1.97 -3.008) - 

Liver disease 
No 867 (99.2) 7772 (99.7) 1 1 

0.04 
Yes 7 (0.8) 27 (.3) 2.78 (1.17 -6.61) 5.05 (1.020-25.2) 

Kidney disease 
No 839 (96) 7655 (98.2) 1 - 

 
Yes 35 (4) 144 (1.8) 2.60 (1.77 -3.84) - 

Chronic pulmonary disease 
No 831 (95.1) 7539 (96.7) 1 - 

 
Yes 43 (4.9) 260 (3.3) 1.60 (1.14-2.23) - 

Abnormal chest X-ray 
No 803 (91.9) 7346 (94.2) 1 1 

0.02 
Yes 71 (8.1) 453 (5.8) 1.51 (1.16-1.97) 1.93 (1.06-3.41) 

ICU admission 
No 647 (74) 6828 (88.8) 1 1 

P < 0.001 
Yes 227 (26) 871 (11.2) 3.42 (2.88-4.06) 3.75 (2.47-5.68) 

Prior hospital visits within the 
last 14 days 

No 799 (91.4) 7368 (94.5) 1 - 
 

Yes 75 (8.6) 431 (5.5) 1.73 (1.33-2.24) - 
Close contact with patient 14 

days back 
No 859 (98.3) 7449 (95.5) 1 - 

 
Yes 15 (1.7) 350 (4.5) 0.34 (0.20-0.57) - 

Medical centre staff 
No 869 (99.4) 7344 (94.2) 1 

-  
Yes 5 (0.6) 455 (5.8) 0.083 (0.034-0.20) 

Table 1. Related Factors of Death Due to COVID19 Disease by Univariate and Multiple Regression 

ICU: Intensive care unit, OR = odds ratio, P-value < 0.05 was considered statistically significant. 
 

 
Figure 2. Decision Tree Analysis for Factors Affecting Mortality in Patients with COVID-19 in Which D = Dead, and S = Survivor 
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Model Sensitivity Specificity Accuracy AUC 
Logistic regression 0.64 0.68 0.78 0.75 

Decision tree 0.74 0.64 0.83 0.77 

Table 2. The Sensitivity, Specificity, Accuracy, and AUC of Decision Tree and Logistics Models 

AUC = area under a ROC curve 

 

 
 

 

DI SCU S SI ON  
 

 

Given the high rate of COVID-19 mortality worldwide, it is 

important to identify methods that can accurately find the 

causes of mortality. In this study, we compared the 

performance of the decision tree model using the CART 

algorithm and the logistic regression model. Generally, the 

performance evaluation indicators and the AUC in the 

decision tree model were better than the logistic regression 

model. In addition, the decision tree model was more 

accurate than the logistic regression model, i.e., it had more 

correct classifications. 

Feng et al. conducted a study in China to identify 

suspected cases of COVID-19 using LASSO logistic regression, 

decision tree, logistic regression with ridge regularization, 

and Adaboost according to which, LASSO logistic regression 

was the best performer with an AUC of 0.84.18 Das et al. in a 

study aimed to predict the mortality risk of patients with 

COVID-19 using 5 algorithms: logistic regression, support 

vector machine, K nearest neighbour, random forest, and 

gradient boosting and among them logistic regression was 

the best performer with an AUC of 0.83.19 Another study 

aimed to identify risk factors for mortality in patients with 

COVID-19 using machine-learning methods (Random Forest 

and XGBoost) and the logistic regression model, it showed 

that logistic regression with AUC 0.95 had the best 

performance.20 

Toraih et al. who used decision tree analysis to predict 

mortality factors in patients with COVID-19, concluded that 

age and cardiovascular disease were important mortality 

factors, accordingly individuals older than 60 years and with 

cardiovascular diseases were at higher risk of mortality.21 Ni 

et al. using multivariate logistic regression showed that 

patients with COVID-19 who had cardiovascular disease at 

the time of admission to the hospital were associated with a 

higher risk of mortality.22 Albitar et al. using multivariate 

logistic regression also showed that patients older than 65 

years with COVID-19 having a history of cardiovascular 

disease were more likely to die.23 CDC COVID-19 Response 

Team also reported that 80 % of deaths associated with 

COVID-19 were seen in people over 65 years of age.24 

Similarly, the results of our study showed that the variables 

of age and cardiovascular disease in both models were factors 

affecting mortality in patients with COVID-19. As shown in 

the logistic regression model, patients older than 60 years 

had a higher mortality rate and in the decision tree model, 

patients older than 54.5 years had a higher mortality rate. 

The results of our study showed that abnormal chest X-rays 

and body temperature greater than 380 C in the multivariate 

logistic regression model, and body temperature variable 

greater than 38.50 C in the decision tree model were factors 

affecting mortality in patients with COVID-19. Chang et al. 

using multivariate logistic regression also showed that 

patients with a body temperature above 37.50 C and 

abnormal chest X-ray had a higher risk of developing severe 

COVID-19.25 

A meta-analysis study showed that the mortality rate of 

patients admitted to the ICU, was 3.7 times higher than those 

admitted to the other wards.26 Also, in our study, the 

mortality of patients admitted to the ICU was 3.75 times 

higher than patients not admitted to the ICU. 

Several studies have shown that mortality in patients 

with COVID-19 with a history of chronic liver disease was 

higher than in others.26-28 In the present study, multivariate 

logistic regression showed that patients with a history of 

chronic liver disease had higher mortality rate than other 

patients. 

The present study using multivariate regression showed 

that the risk of death in patients with shortness of breath was 

approximately 1.5 times higher than other patients and the 

probability of death in people over 60 years of age was 

approximately 4.5 times higher than the other patients. A 

study by Soares et al. using multivariate logistic regression 

also showed that patients with COVID-19 who were over 60 

years of age were approximately 4 times more likely to die, 

and patients with shortness of breath were 3.5 times more 

likely to die.29 

 

 
 

 

CONC LU S ION S  
 

 

 

In this study, the accuracy and AUC in the decision tree model 

were greater than the logistic regression, so it can be 

concluded that the decision tree model had a better 

performance than the logistic regression model to identify 

the factors affecting mortality in patients with COVID-19. The 

most important risk factors for death due to COVID-19 in this 

study were age older than 54.5 years, body temperature 

higher than 38.50 C, ICU admission, cardiovascular disease, 

and prior hospital visit within the last 14 days. Identifying 

risk factors for mortality in patients with COVID-19 can 

provide more effective interventions in the early stages of 

treatment and improve the medical approaches provided by 

the medical staff. 

 

 

Ab br evi a ti o ns  

AUC: Area under a ROC Curve, CART: Classification and 

Regression Tree, ICU: Intensive Care Unit, OR: Odds Ratio, 

ROC: Receiver Operating Characteristic, WHO: World Health 

Organization. 
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