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Abstract- There is conflicting evidence about factors associated with Clinical course and risk factors for
mortality of adult inpatients. We aimed to identify the demographic, clinical, treatment, and laboratory data
factors associated with mortality in the Khoy district. We performed a retrospective cohort study including
COVID-19 infected patients who were admitted to Qamar-Bani Hashim hospital from 2 November 2020 to 4
December 2020. We used random forest methods to explore the risk factors associated with death. The
applied method was evaluated using sensitivity, specificity, accuracy, and the area under the curve. Age,
pulmonary symptoms, patients need a ventilator, brain symptoms, nasal airway, job were the most important
risk factors for mortality of COVID-19 in the random forest (RF) method. The RF method showed the highest
accuracy, 82.9 and 79.3, for training and testing samples, respectively. However, this method resulted in the
highest specificity (89.5% for training and 95.7% for testing sample) and the highest sensitivity (91.9% for
training and 94.5% for testing sample). The potential risk factors consisting of older age, pulmonary
symptoms, the use of a ventilator, brain symptoms, nasal airway, and the job could help clinicians to identify

patients with poor prognosis at an early stage.
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Introduction

Based on the Epidemiologic transition theory,
infectious disease pandemics are replaced as major
causes of death by chronic diseases in modern human
history (1,2). Therefore, the focus on reducing the risks
associated with chronic diseases, especially in high-
income countries, has been overshadowed the
continuing threat from infectious diseases. In recent

decades, some emerging infectious diseases have been
threatened public health several times, such as Avian
influenza A H7N9 in 2013 and Middle East Respiratory
Syndrome (MERS) in 2012. Coronavirus Disease 2019
caused by the novel Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) is an ongoing emerging
pandemic (3-5). It was first identified in Wuhan, China,
in December 2019, has spread rapidly through the globe
and became a public health emergency of international
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concern (3). On February 19, 2020, the first confirmed
case died by COVID-10 in Iran was reported from Qom,
a region of central Iran (6). On November 21, 2020,
more than 57.5 million cases of coronavirus had been
confirmed. More than 1.37 million deaths have also
been reported due to COVID.19 (3). Since the
increasing number of cases reported throughout all 31
provinces of the country led Iran to be the second most
distributer country in the world, after the China.
Considerable differences in disease severity have been
documented. Most patients infected with COVID-19
were asymptomatic, but a few patients have developed
life-threatening ~ complications  including  sever
pneumonia, pulmonary edema, Acute Respiratory
Distress Syndrome (ARDS), multiple organ failure and
death (7,8). In response to the emergence of COVID-19,
one hospital in every city of Iran was assigned to admit
COVID-19 patients. Our study was started on 17
January 2020, in time to enroll the first case of COVID-
19 patient was admitted to the hospital in Khoy district
located in north-western Iran. Based on the admission
criteria in different countries, hospital admission rate for
patients with covid-19 were different. However, patients
have been admitted with severe acute respiratory
infection according to Iran’s national guideline for
COVID-19 infection (9). Accordingly, studies from
many countries have found the percentage of patients
who required intensive has varied from 5% to 32%
(7,10). Information on the incidence and clinical
characteristics of critically ill patients diagnosed with
COVID-19 in Iran is still limited. In this study, we did a
comprehensive exploration of the demographics,
baseline comorbidities, presenting clinical features and
outcomes of 401 hospitalized patients with confirmed
COVID-19 during the growth phase of the first wave of
this outbreak in north-western Iran, up to 4 December
2020.

Materials and Methods

Participants and study design

In a retrospective cohort study, we identified all
patients admitted to Ghamar-Banihashem Hospital in
Khoy district, Iran, which was assigned to admit
COVID-19 adult patients. Patients recruited from
November 2, 2020 to December 4, 2020. The clinical
status of the patients as of December 4, 2020, was
categorized as discharged alive or dead. The Urmia
Medical Sciences University (UMSU) ethics committee
approved this study (IR. UMSU. REC. 1399.044) and
the requirement for informed consent was waived by the
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ethics committee. All consecutive patients who require
hospital admission based on Iran’s national guideline for
the diagnosis and treatment of COVID-19 were included
(11). Admitted patients were considered to have
confirmed infection if the result on Real-Time reverse
transcriptase-Polymerase Chain Reaction (RT-PCR)
testing of a nasopharyngeal sample was positive or CT
scan of chest was typical for the COVID-19 infection.
Patients with acute respiratory failure (partial pressure of
oxygen less than 70%) received mechanical ventilation
or  high-level supplemental oxygen during
hospitalization. All critically ill patients requiring
invasive mechanical ventilation were admitted to ICU.

The demographic data were obtained by face-to-face
interviews. The data source for clinical symptoms,
laboratory, and radiological findings on admission, as
well as the complications, treatment, and outcomes
during hospitalization, was a modified standard form
from the International Severe Acute Respiratory and
Emerging Infection Consortium (ISARIC) (12). Any
missing records were clarified through direct
communication with involved hospital providers and
patients” families.

The variables registered included demographic data,
epidemiological information, comorbidities (chronic
cardiac  disease, chronic  pulmonary  disease,
cerebrovascular disease, chronic neurological disorder,
diabetes, and malignancy), baseline laboratory tests
results (hemoglobin concentration, lymphocyte count,
platelet count, arterial blood gas analysis, FiO», partial
pressure of oxygen (PaO,), and lactate concentration),
signs and symptoms at admission (fever, cough,
dyspnea, myalgia, arthralgia, chest pain, headache, and
vomiting), chest radiographic findings,
electrocardiogram results, development of ARDS and
other complications during hospitalization, inpatient
medications, oxygen therapy, treatments
(vasoconstrictive agents, antiviral agents, antibacterial
agents, corticosteroids, immunoglobulin, and
mechanical ventilation), and outcomes (including length
of stay, ICU admission, palliative discharge, and
mortality in hospital). For variables such as initial
laboratory testing and clinical studies for which not all
patients had values, percentages of total patients with
completed tests are shown.

Patients were divided into two groups based on the
outcomes. The following two conditions were defined as
outcome improvement: 1- Patients with mild or severe
illness who were discharged or were going to be
discharged at the end of the follow-up. 2- Patients who
received continuous treatment in the ward or ICU were



considered to have non-improved (death) outcomes.
Therefore, the response associated with this study was
the patient's final status (death or recovery), which is
recorded as a binary variable.

Statistical model
Random forest (RF)

RF is an ensemble learning technique for
classification and regression (13). RF method consisting
of the aggregation of the set of Decision Tree (DT) by
selecting the subset of the main dataset and selecting a
random subset of prediction variable, finally aggregating
the result of a large number of DT models to obtain a
random forest (14). Multiple classifications tree of the
RF is obtained from a bootstrap sample drawn randomly
from the main dataset using the CART method and the
decrease in the Gini impurity criterion (13). The tree
training parameters used in the present study are (i)
ntree=500, the number of trees generated (ii) ntry=8, the
number of predictor variables used in each tree, and (iii)
node size=5, the minimum number of observations in a
leaf node. One of the most important features of a
random forest is the output of the variable importance.
RF can be used to rank the variables based on their
importance for the response variable (15). Gini index is
commonly used for variable importance (13). The
importance of variable in a tree is determined based on
comparing means decrease in accuracy and Gini index.

The Gini index at a node D is given by:

m

Gini(D) = 1— Z p?
i=1

When pi is probability of an observation on a node D
belongs to category Ci and estimated by |Ci. C |/|D] (16).

This study aimed to identify Risk Factors Associated
with Mortality among patients With Coronavirus disease
using random forest model.

Evaluation model performance

In the present study, the results derived from the
training and validation samples were evaluated by
utilizing sensitivity (SE), specificity (SP) and the area
under curve (AUC). Summary Indices of Test
Performance:

Accuracy=(TP+TN)/(TP+FP+TN+FN)

Sensitivity=TP/(TP+FN)

Specificity= TN/(FP+TN)

Here TP, TN, FP, and FN are truly positive, true
negative, false positive, and false negative, respectively
(17). The receiver operating characteristic (ROC) curve
is a graphical plot that illustrates the full picture of the
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trade-off between the true positive rate (TPR) and false-
positive rate (FPR) across a series of cutoff points (18).
The area under the curve (AUC) is considered as an
effective measure of the accuracy of a diagnostic test
(17). Statistical analyses were performed using R4.0.3
packages randomForest ' and ' pROC.’

Results

Of 401 patients with COVID-19, 36.2% were male,
95.6% were married, and 67.7% were living in the urban
area. The mean (standard deviation) age of females was
57 (18.01) years, and the mean (standard deviation) age
of males was 58 (18.61) years. The demographic and
clinical characteristics of the study population are
summarized in Tables 1 to 5. To identify the risk factors
affecting the death of patients with COVID-19, LR was
performed to the data. The results of the independent
chi-square test showed that the age, job status, place of
birth, shortness of breath, cough, history of
hypertension, brain disease, chronic kidney disease,
diabetes, heart disease, and drug use, heart symptoms,
kidney symptoms, pulmonary symptoms, brain
symptoms, prescription of IV Immunoglobulins, liver
function tests, ECG, dyspnea, and weakness in dead
patients was significantly higher than non-dead patients
(P<0.001).

The socio-demographic characteristics,
comorbidities, admission signs and symptoms, vital
signs, and laboratory parameters were considered as the
explanatory variables for the performed methods. Based
on the result of the random forest model age, pulmonary
symptoms, patients need a ventilator, brain symptoms,
nasal airway, job, gastrointestinal symptoms, history of
brain disease and heart disease, heart symptoms, history
of chronic kidney disease, psychological symptoms,
dyspnea symptom, history of drug use and hypertension
were the most important risk factors related to the death
of patients with COVID-19 (Figure 1).

A comparison of sensitivity, specificity, and
accuracy for training and testing sample of classification
method RF is shown in Table 6 and Figure 2.

Sensitivity (95% CI) and specificity (95% CI) of
random forest in training sample were 91.9% (87.6,
95.1) and 89.5% (77.3, 96.5), respectively. Sensitivity
(95% CI) and specificity (95% CI) of random forest in
validation sample were 89.5% (77.3, 96.5) and 95.7%
(73.9, 99.8), respectively. The accuracy (95% CI) in
training and validation sample were 89.8% (85.6, 93.1)
and 94.7% (89.4, 97.9), respectively. We used the area
under the curve (AUC) in the validation and training to

Acta Medica Iranica, Vol. 59, No. 8 (2021) 459



Mortality following COVID-19 using random forest model

evaluate the random forest model. The related value in and 82.9% for the training sample. The RF model has a
the case of the validation sample amounted to 79.3% better performance in the training sample (Figure 2).

Table 1. Comparison of demographic characteristics between the alive and dead group, N (%)

Total Alive Death

Characteristic demographics (No.=401) (N0.=316) (No.=85) P
<20 8(2.0) 8(2.5) 0 (0.0)
21-30 22 (5.5) 21 (6.6) 1(1.2)
31-40 56 (14.0) 53 (16.8) 3(3.5)
Age (year) 41-50 55 (13.7) 48 (15.2) 7(8.2) <0.001
51-60 83 (20.7) 69 (21.8) 14 (16.5)
61-70 65 (16.2) 53 (16.8) 12 (14.1)
>70 112(27.9) 64(20.3) 48(56.5)
Gender Male 213 (53.1) 161 (50.9) 52 (61.2) 0.093
Female 188 (46.9) 155 (49.1) 33 (38.8)
Marriage Single 21(5.2) 20(6.3) 1(1.2) 0,058
status Married 380(94.8) 296(93.7) 84(98.8)
Housewife 175(46.2) 142(47.5) 33(41.2)
Azad 119(31.4) 97(32.4) 22(27.5)
Job Status Employee 51(13.5) 44(14.7) 7(8.8) <0.001
Unemployed 34(19) 16(5.4) 18(22.5)
. Urban 273(68.2 212(67.3 61(71.8
Resident place Rural 127E31.8§ 103232.7; 24228.2; 0433
Khoy 327(82.6) 266(85.5) 61(71.8)
Place of Birth Western Azerbaijan 61(15.4) 38(12.2) 28.2(27.1) 0.003
Others 8(19) 7(2.3) 1(1.2)
Table 2. Comparison of symptoms between the alive and dead group, N (%)
Symptoms To_tal Al_ive Deﬁth p
(No.=401) (No0.=316) (No.=85)
Shortness of No 114(28.4) 102(32.3) 12(14.1) oot
breath Yes 287(71.6) 214(67.7) 73(85.9) '
No 234(58.5) 185(58.7) 49(57.6)
Fever Yes 166(41.4) 130(41.3) 36(42.4) 0857
No 134(33.4) 95(30.1) 39(45.9)
Cough Yes 267(66.6) 221(69.9) 46(54.1) 0.006
i No 211(52.6) 160(50.6) 51(60)
Myalgia Yes 190(47.4) 156(49.4) 34(40) 0.125
No 376(93.8) 298(94.3) 78(91.8)
Diarrhea 0.390
Yes 25(6.2) 18(5.7) 7(8.2)
Nausea and No 337(84) 263(83.2) 74(87.1) 0302
vomiting Yes 64(16) 53(16.8) 11(12.9)

460 Acta Medica Iranica, Vol. 59, No. 8 (2021)



F. Moghaddam-Tabrizi, et al.

Table 3. Comparison of comorbidities between the alive and dead group, N (%)

s Total Alive Death
Comorbidities (No.=401) (No.=316) (No.=85) P
. No 306(82.7) 247(84) 59(77.6) 0.340
History of Surgery Yes 64(17.3) 47(16) 17(22.4)
Hypertensi No 274(68.3) 224(70.9) 50(58.8) 0.034
ypertension Yes 127(31.7) 92(29.1) 35(41.2)
Brain di No 374(93.3) 305(96.5) 69(81.2) <0.001
rain disease Yes 27(6.7) 11(35) 16(18.8)
L . No 397(99) 315(99.7) 82(96.5) 0.008
Chronic Kidney Disease Yes 4(19) 1(3) 3(3.5)
. . . No 347(86.5) 277(87.7) 70(82.4) 0.203
Chronic obstructive pulmonary diseases Yes 54(13.5) 39(12.3) 15(17.6)
. No 321(80) 261(82.6) 60(70.6) 0.014
Diabetes Yes 80(19) 55(17.4) 25(29.4)
i No 292(72.8) 245(77.5) 47(55.3) <0.001
Heart disease Yes 109(27.2) 71(22.5) 38(44.7)
. No 194(48.4) 170(54.1) 24(28.2) <0.001
History of drug use Yes 205(51.1) 144(45.9) 61(71.8)
S No 354(88.3) 279(88.3) 75(88.2) 0.873
Addiction history Yes 45(11.2) 35(11.1) 10(11.8)
Lo . No 375(97.4) 298(97.4) 77(97.5) 0.837
Family History covid 19 Yes 10(2.6) 8(2.6) 2(25)
Table 4. Comparison of vital signs between the alive and dead group, N (%0)
Vital sians Total Alive Death p
g (No.=401) (No.=316) (No.=85)
No 303(75.6) 263(83.2) 40(47.1)
Heart symptoms Arrhythmia 7(1.7) 3(.9) 4(4.7) <0.001
Chest pain 91(22.7) 50(15.8) 41(48.2)
. No 384(95.8) 314(99.4) 70(82.4)
Kidney symptoms Yes 17(4.2) 206) 15(17.6) <0.001
Pulmonar No 51(12.7) 50(15.8) 1(1.2)
sym tomsy Mild shortness of breath 287(71.6) 259(82) 28(32.9) <0.001
ymp Severe shortness of breath 63(15.7) 7(2.2) 56(65.9)
) No 353(88.2) 313(99.1) 40(47.6)
Brain symptoms Yes 47(11.8) 3(.9) 44(52.4) <0.001
. No 31(7.7) 24(7.6) 7(8.2)
Esr{]c'l%'r?g'ca' Anxiety 322(80.3) 252(79.7) 70(82.4) 0.71
ymp Depression 48(12) 40(12.7) 8(9.4)

Table 5. Comparison of laboratory parameters between the alive and dead group, N (%)

Laboratory parameters Total Alive Death P
(No.=401) (No.=316) (No.=85)
Prescription of No 78(19.7) 59(19) 19(22.4) 0487
Actemra Yes 318(80.3) 252(81) 66(77.6) '
Prescription of No 101(25.5) 78(25.1) 23(27.1) 0711
Hydroxychloroquine Yes 295(74.5) 233(74.9) 62(72.9) '
Prescription of 1V No 386(97.5) 311(100) 75(88.2) <0.001
Immunoglobulins Yes 10(2.5) 0(19) 10(11.8) '
R Negative 24(32) 20(40) 4(16)
D-Dimer Positive 51(68) 30(60) 21(84) 0.056
. . Abnormal 109(44.1) 68(36.2) 41(69.5)
Liver Functiontests 00 138(55.9) 120(63.8) 18(30.5) <0.001
Negative 12(3.2) 11(3.8) 1(1.2)
CT Scan Positive 362(96.8) 281(96.2) 81(98.8) 0.247
Abnormal 70(18.2) 37(12.3) 33(40.2) 0,001
ECG Normal 314(81.8) 265(83.9) 49(59.8) :
No 165(41.4) 151(48.1) 14(16.5)
Dyspnea Yes 234(58.6) 163(51.9) 71(83.5) <0.001
No 45(11.3) 44(14) 1(1.2)
Weakness Yes 354(88.7) 270(86) 84(98.8) 0.001
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Figure 1. The importance of input variables based on the Gini importance index in random forest model

Table 6. Comparison of performed method in the training sample and validation sample

Variable (95% CI)

Training sample Validation sample

Sensitivity (95% CI)
Specificity (95% CI)
Accuracy (95% CI)

91.9 (87.6, 95.1)
89.5(77.3,96.5)
89.8 (85.6, 93.1)

94.5(88.5, 97.9)
95.7 (73.9, 99.8)
94.7 (89.4, 97.9)
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Figure 2. The area under
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the curve for the performed method in the training sample and validation sample

Identifying Risk Factors Associated with Mortality
among patients with COVID-19 in West Azerbaijan

Considering the undeniable importance of medical
decisions based on clinical evidence of patients with
COVID-19 disease, the present study aimed at
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province and the city of Khoy was designed. In the
present study, we identified all patients admitted to
Ghamar-Banihashem Hospital in Khoy, Iran, which was



assigned to admit COVID-19 adult patients. Patients
were recruited from November 2, 2020, to December 4,
2020. The clinical status of the patients as of December
4, 2020, was categorized as discharged alive or dead.
Based on the result of the random forest model old age
(>70), pulmonary symptoms, patients need a ventilator,
brain symptoms, nasal airway, job, gastrointestinal
symptoms, brain disease history, heart disease history,
heart symptoms, chronic kidney disease history,
psychological symptoms, dyspnea symptom, history of
drug use and hypertension history were the most
important risk factors related to the death of patients
with COVID-19. Recent studies have found that there
are several risk factors associated with Covid-19 disease
that increase patient mortality showing the need for new
agents (19,20). Therefore, it is necessary to consider
these factors when controlling and managing this
epidemic (21). Among the most important of these risk
factors are pre-existing non-communicable diseases such
as cancer, diabetes, hypertension, cardiovascular
disease, chronic kidney disease, chronic lung disease,
and other chronic diseases (22). Therefore, knowing the
mentioned risk factors in the patient with Covid-19 can
help decision-makers, physicians, and scientists in
reducing the burden of COVID-19. Also, many
researchers have shown that knowing the incidence of
mortality during outbreaks of infectious diseases, such
as COVID-19, can help epidemiologists and health care
professionals to address abnormalities in a population.
Identify and help researchers estimate early mortality
from the disease. Many recent studies have highlighted
the epidemiological features of COVID-19 and the
assessment of underlying diseases in affected patients
and have recognized that these features can help public
health officials, decision-makers, and physicians to take
the initiative in Reduce the burden of infectious disease
and thus control the epidemic (23). Although several
studies have recently reported some epidemiological
features of Covid-19 disease in the United States,
Europe, Iran, and China (3,24-28), no comprehensive
study has been conducted to assess these important
factors in the population of Iran, particularly in the city
of Khoy in West Azerbaijan Province. Zali et al., (2020)
showed a high case fatality rate among suspected and
confirmed COVID-19 cases and highlighted the main
associated risk factors including age, sex, underlying
non-communicable diseases, and ICU/CCU admission
affecting survival of COVID-19 patients in hospitals
affiliated to Shahid Beheshti University of Medical
Sciences of Iran (29). In many studies, age >60 years
has been identified as a major risk factor and risk of
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dying from COVID-19 in men is higher than women
(30,31). But in our study age>70 years has been
identified as a major risk factor and risk of dying from
COVID-19 in men and women was equal. Richardson et
al., (2020) revealed that 50% of deaths had occurred in
the ICUs (32). Zhou et al., (2020) revealed that older
age, high SOFA score, and d-dimer greater than 1pg/mL
are the potential risk factors of COVID-19. These could
help clinicians to identify patients with poor prognosis at
an early stage (33). Hou et al., (2020) designed a study
with title" Risk factors for disease progression in
hospitalized patients with COVID-19: a retrospective
cohort study" in China. Results of their study showed
that older age increased CRP and decreased lymphocyte
count resulted in potential risk factors for COVID-19
progression. Therefore, this may be helpful in
identifying patients whose condition worsens at an early
stage (34). Some risk factors for Mortality in Patients
with COVID-19 that extracted from Mikami et al.,
(2020) were older age, male sex, hypotension,
tachypnea, hypoxia, impaired renal function, elevated D-
dimer. Also, elevated troponin was associated with
increased in-hospital mortality and hydroxychloroquine
use was associated with decreased in-hospital mortality
(35). Given that COVID-19 can affect the function of
kidney, however medications used for the treatment of
the COVID-19 can induce nephropathy as well (36,37).
Padilla-Raygoza et al., (2020) showed that age and
gender a confounding effect on dying due COVID-19
disease (38).

Some limitations in our study are worth noting. First,
due to the retrospective study design, not all clinical and
laboratory tests were done in all patients. Second, some
confounding factors such as social economic status was
not recorded for all patients and could have a plausible
impact on the COVID-19 severity and mortality.
Therefore, their role might be underestimated in
predicting in-hospital death. These findings should be
confirmed in larger, prospective, adequately powered
studies.

Based on the result of our study, age, pulmonary
symptoms, patients need a ventilator, brain symptoms,
nasal airway, job, gastrointestinal symptoms, brain
disease history, heart disease history, heart symptoms;
chronic kidney disease history, psychological symptoms,
dyspnea symptom, history of drug use and hypertension
history can be used for identification of severe patients
with COVID-19 on hospital admission. Also, these
characteristics can be considered as important risk
factors for patients with Covid-19 in khoy city that
increase their mortality. Physicians and administrators

Acta Medica Iranica, Vol. 59, No. 8 (2021) 463



Mortality following COVID-19 using random forest model

can use them to reduce the mortality rate of this disease.
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