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Abstract— The COVID-19 virus, which was first confirmed
in Wuhan, China, in 2019, has spread worldwide, and as of the
beginning of 2022, more than 240 million cases and 4.77 million
deaths have been confirmed. This present study aims to classify
the significant risk of death for COVID-19 patients. Two
statistical classification techniques, i.e., Bayesian logistic
regression and Naive Bayes classifier, are implemented in this
study. The performance of both methods is measured using
several indicators. This study found that the significant
explanatory variable involved in classifying the death risk for
COVID-19 patients is Comorbidity, based on the output of both
methods. Thus, more care is needed for those with
comorbidities if they have been exposed to the virus.

Index Terms—Bayesian Logistics Regression, COVID-19,
Naive Bayes Classifier, Press's Q.

I. INTRODUCTION
t the beginning of 2021, the outbreak of the COVID-19
pandemic has increased sharply worldwide. The overall

mortality of COVID-19 based on evidence is 3.77-5.4% [1],
[2]. Identifying the risk factors related to morbidity and
mortality in COVID-19 patients is urgently required to
reduce the overall mortality rate. Currently, Indonesia is
amidst a second wave of infections, and more than 3 million
confirmed cases have been reported, including more than 85
thousand deaths [3].
Studies investigating the risk factors of death for

COVID-19 patients have been extensively published [4].
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Several studies have considered that older age, male, and
comorbidity were closely associated with the risk of
mortality for patients with COVID-19 [1], [2], [5]–[7]. Most
studies employed multivariate linear regression or logistic
regression to determine the risk of mortality for Covid-19
patients, such as the study by [8], [9]. Limited studies have
been available to classify the mortality risk factor for
COVID-19 patients.

The logistic regression method and the Naïve Bayes
Classifier method are popular methods used in classification
algorithm [10]–[12]. Both methods are used to determine if
sample belongs to a certain class, whether death or recovered
in this case. This study combines logistic regression with the
Bayesian method, known as the logistic Bayesian regression
method. The Naïve Bayes Classifier method works well
when it has a high dimensional space [13].

Sumatera Barat, Indonesia, is the province that
experienced the highest spike in the number of COVID-19
patients outside Java. It was reported that 70.869 confirmed
cases of COVID-19 in West Sumatra, with 1,496 reported
dead [3, 13]. Therefore, this study aims to classify the risk
factors of death for COVID-19 patients in West Sumatra
using the logistic Bayesian and Naïve Bayes Classifier
methods. Results based on both ways are then compared. No
previous research has been studied on this topic yet.

II. MATERIALS ANDMETHODS

A. Data
This study used COVID-19 patient data treated at Dr. M.

Djamil hospital and Universitas Andalas hospital in Padang,
West Sumatra, Indonesia, from March to December 2020.
The patients treated at both hospitals were referral patients
from other cities/subdistricts in West Sumatra. The object of
observation is a COVID-19 patient who died or recovered
after hospitalization, identified as a response variable in the
study. Age, Gender, and Comorbidity are assumed as
predictors of the response.
This study employs multinomial Bayesian logistic

regression and the Naïve Bayes Classifier method since age
and Comorbidity do not have a multivariate Gaussian
distribution [15]. Thus, all three predictors are in categorical
type. All 457 COVID-19 patients with complete information
are involved in the analysis. By using splitting methods, this
study used a data set randomly divided into two folds, i.e.,
80% of all data (365 data) is training data, and 20% (92 data)
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rest is testing data. Table I summarizes the features of
predictors and responses in this study for training data, while
testing data is provided in Table II.

B. Methods
Bayesian Logistic Regression
It is assumed the response variable Y has two values that

are Y = 1 for “Yes” and Y = 0 for “No”. Let in group i, the
random variable �� takes one with probability �� and zero
with probability 1 − �� . The random variable �� has
Bernoulli distribution with parameter �� defined as [16],
� �� = �� = ��

�� 1 − ��
1−�� (1)

Let �� expresses the number of observations in group �, ��
is a number of “Yes” cases in �� . It is assumed �� are
independent in each group with probability ��, then �� has a
binomial distribution with parameter �� and �� . The
probability distribution function of �� is given by

� �� = �� =
��

��
��

��
1 − ��

1−��

Here, �� is a vector of predictors and � is a vector of the
regression coefficient. The odds of ith observation are given
by:

��

1 − ��
= exp ��

�� or �� =
exp ��

��
1 + exp ��

��
The likelihood function for the Bernoulli distribution in Eq.

(1) is presented as,

� ��|�� =
�=1

�

��
�� 1 − ��

1−��� (2)

Eq. (2) could be provided in

� �, �|�� , �� =
�=1

�
exp ��

��
1 + exp ��

��

��

1�

−
exp ��

��
1 + exp ��

��

1−��

(3)

The estimation process of parameters in the Bayesian
approach considers the updation of knowledge regarding
unknown parameters � and � which is known as the prior
distribution. Next, we assign normal distribution as a prior
distribution to the unknown regression parameters � and �
given as,

� �, � =
1

2��2
��� −

1
2

� − �
�

2

, (4)

for −∞ < �, µ < ∞, � > 0.
Utilizing the well-known Bayes theorem, the posterior

distribution of parameters � and � is proportional to the
product of Eq. (3) and (4) as follows,
� �, �|�� , �� ∝ � �, �|�� , �� � �, � (5)
For Bayesian estimates, it has been shown that under mild

conditions and for a sufficiently large number of iterations
(m), the joint distribution of � � , � � converges at an
exponential rate to the desired posterior distribution �, �
[17]–[19]. Hence, �, � can be approximated by the
empirical distribution of a sufficiently large number of
simulated observations collected after convergence of the
algorithm. The convergence of the algorithm is identified by

trace plot and density plot of the generated parameters values
from different starting points [20].

Naïve Bayes Classifier
In the Naïve Bayes Classifier method, a COVID-19

patient is predicted to have a risk of death with k-diagnostic
measurements as explanatory variables if the maximum
posterior probability in the “� = 1 or Yes” and “� = 0 or
No” group is defined as following [21]
� � = � �1, �2, …, , �� =
� �=� � �1,�2,…,,�� �=�

� �1,�2,…,,��
, ��� � = 0,1. (6)

Since the denominator in Eq. (6) is a constant, this
posterior equation becomes proportional to a multiplication
of the likelihood function and prior distribution, as presented
in the following equation.
� � = � �1, �2, …, , ��
∝ � � = � � �1, �2, …, , �� � = � . (7)
While the likelihood function in Eq. (7) is constructed by

using the product rule of k explanatory variables given any
variables. The rule is presented in Eq. (8)
� �1, �2, …, , �� � = �
= � �1|� = � � �2, …, ��|� = �, �1
= � �1|� = � � �2|� = �, �1 � �3, …, ��|� = �, �1, �2
= � �1|� = � � �2|� = �, �1 � �3|� = �, �1, �2

� ��−1|� = �, �1, …, ��−2 � ��|� = �, �1, …, ��−1
(8)

The definition of the likelihood function as presented in Eq.
(8) can be made simpler and more efficacious since there is
the strong independence assumption in this Naïve Bayes
Classifier method [22]. Eq. (8) changes into,

� �1, �2, …, , �� � = � =
�=1

�

� ��|� = �� (9)

This work assumes that the probability � ��|� = � has a
Multinomial Gaussian distribution. In certain cases, it will be
found that certain explanatory variables are not found in a
category. So that the conditional probability is zero, this will
cause the likelihood value to be zero. To overcome this, the
Laplace Smoothing method can be used by adding a fake
sample. Therefore, each of probability � ��|� = � is
formulated as,

� �� = ��|� = � =
� ��, � + 1

�(�) + � , (10)

where � ��, � is total observations in explanatory variable
�� = �� in category �, �(�) is total observations in category
� and � is total categories in explanatory variable �� . Then,
the posterior distribution in Eq. (7) can be formulated into
� � = � �1, �2, …, , ��

∝ � � = �
�=1

�

� ��|� = � (11)�

∝ � � = �
�=1

�
� ��, � + 1

�(�) + �
.�

The rule to make decision in Naïve Bayes Classifier method
is using Maximum A Posteriori (MAP) [15]. MAP is used to
determine estimate group for each data, as defined following,
�� = arg �����0,1 � � = � �1, �2, …, , �� . (12)
If � � = 1 �1, �2, …, , �� > � � = 0 �1, �2, …, , �� so
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classification for data is � = 1 or “Yes”. Vice versa, if
� � = 1 �1, �2, …, , �� > � � = 0 �1, �2, …, , �� then
classification for data is � = 0 or “No”.
In Naïve Bayes Classifier, information gain is used as

attribute selection measures for selecting the splitting
criterion that best separates a given data partition [23].
Information gain is defined as the difference between the
original information requirement (i.e., based on just the
proportion of classes) and the new requirement (i.e., obtained
after partitioning on A), which is formulated as,
���� (�) = ���� (�) − ����� � , (13)
where
���� � = − �=1

� ��� ���2 �� ,
and

����� � = �=1
� ��

�
× ���� ��� ,

where �� is the nonzero probability that an arbitrary tuple in A
belongs to category �� and is estimated by ��,� / � . Gain
(A) informs us how much would be gained by branching on
A.
The next analysis is to test the performance of both

methods in classifying the determinants of the mortality risk
for COVID-19 patients. This study uses six indicators to
measure the performance of each technique based on the
confusion matrix [24], as provided in Table III. The
indicators are accuracy, sensitivity, precision, specificity,
negative predicted value (NPV), and Press's Q.
�������� = (��+��)

(��+��+��+��)
(14)

����������� = ��
(��+��)

(15)

��������� =
��

(�� + ��) (16)

����������� = ��
(��+��)

(17)

��� =
��

(�� + ��)
(18)

�����'� � =
� − (��) 2

�(� − 1)
, (19)

where � = �� + �� + �� + �� , � = (�� + �� ), �
represents number categories of response. Press's Q
measures the accuracy and stability in the classification
method. Classification is said to be accurate and stable if the
value of Press's Q is greater than �2

�,1 [25].

III. RESULTS ANDDISCUSSION

This paper proposed two methods to model the mortality
risk for patients with COVID-19 in West Sumatra. In the first
step, we estimate the parameter model using Bayesian
logistic regression by including all three predictors in the
hypothesis model using data training. By using WinBugs
version 14, the results of the estimation process are provided
in Table IV.
Table IV shows that several categories are not significant

to give effect to the outcome. We then modify the model by
excluding Gender (�1) and Age (�2). The result of reduced
model is presented in Table V. Table V informs us that
Constanta and Comorbidity as the predictor variables are

statistically significant of the reduced model. The predictor
variables are also convergence since the MC error value is
less than 5% of standard deviation for corresponding
predictor. Thus, this final model based on Bayesian logistic
regression method could be accepted.
We then classify the risk of death for patients with

COVID-19 using the Naïve Bayes Classifier method. The
Naïve Bayes Classifier is estimated using maximum
likelihood estimation. Similar to Bayesian logistic regression,
Naïve Bayes also does two steps of the estimation process. In
the first step, all predictor variables are included in the
analysis. The estimated values for information gain (IG) are
used for determining the significant predictors, as presented
in Table VI.
Table VI informs us that Gender �1 and Age �2 has a

lower IG value than the average IG. Gender and Age are not
significant in classifying the mortality risk of patients with
COVID-19 in this study. Therefore, Gender and Age are
excluded from the analysis, and the final model only includes
comorbidities. This result is similar to the final model as the
output of Bayesian Logistic Regression. Thus, both models
could be compared. The performance indicators of accuracy,
sensitivity, precision, specificity, negative predicted value
(NPV), and Press's Q for this final model are provided in
Table VII.

TABLE VI.
INFORMATION GAIN VALUE FOR TRAINING DATA BASED ON

NAÏVE BAYES

Predictor IG Value

Gender �1 0.0467

Age �2 0.0551

Comorbidity �3 0.1064

Average IG 0.0694

We can see in Table VII that death risk classification
with Naïve Bayes Classification tends to produce higher
values than Bayesian logistic regression for all indicators.
The value of Press's Q for both methods is more significant
than �2

0.05,1( = 3.841). This result indicates that
classification using both methods has been accurate and
stable. It also could be concluded that NBC is more precise
and sensitive and has higher values for NPV and Press's Q. It
implies that the NBC method performs better than BLR.
The performance of both models was then also checked by

using testing data; the values of each indicator are provided in
Table VIII. We found quite similar values as training data as
well. The values for Press's Q are greater than �2

0.05,1( =
3.841) . Therefore, the classification-based BLR and NBC
are said to be stable and accurate in this data set. NBC tends
to have higher values for all criteria than the BLR method.
Thus, it could be concluded that NBC's results are a better
model than BLR's.

IV. CONCLUSIONS
In this paper, we have investigated the performance of two

statistical classification techniques i.e., Bayesian logistic
regression and Naive Bayes classifier in order to classify the
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model of Death Risk for COVID-19 Patients. The
performance of both methods is measured using tests of
accuracy, sensitivity, specificity, precision, negative
predicted value (NPV), and Press’s Q. This study found that
the death risk for patients of COVID-19 classification with
Naive Bayes outperforms Bayesian logistic regression based
on all performance indicators used in this study. The
significant explanatory variable involved in the classification
of the death risk for COVID-19 patients is Comorbidity only.

Therefore, our recommendation is to take more attention to
individuals who have comorbidity (such as cardiovascular
disease, diabetes, chronic respiratory disease, and cancer) so
they are not exposed to the virus. More care is needed for
those who have Comorbidity if they have been exposed to the
virus. This study also suggests using Naive Bayes for
classifying the death risk for COVID-19 patients as well as
medical informatics data.

TABLE I.
DESCRIPTIVE STATISTICS OF TRAINING DATA

Variables Category
Recovered Died

Frequency Percentage Frequency Percentage

Gender ��
Female 177 59.2 27 40.9
Male 122 40.8 39 59.1

Age ��

≤ 20 years old 17 5.7 3 4.5
21 – 40 years old 116 38.8 3 4.5
41 – 60 years old 101 33.8 36 54.4
> 60 years old 65 21.7 24 36.6

Comorbidity ��

No Comorbidity 131 43.8 12 18.8
1 – 3 Comorbidity 168 56.2 38 57.7
> 3 Comorbidity 0 0 16 24.4

TABLE II.
DESCRIPTIVE STATISTICS OF TESTING DATA

Variables Category
Recovered Died

Frequency Percentage Frequency Percentage

Gender ��
Female 42 57.5 7 36.8
Male 31 42.5 12 63.2

Age ��

≤ 20 years old 5 6.9 2 10.5
21 – 40 years old 31 42.5 2 10.5
41 – 60 years old 25 34.2 10 52.6
> 60 years old 12 16.4 5 26.,4

Comorbidity ��

No Comorbidity 33 45.2 9 47.4
1 – 3 Comorbidity 33 45.2 10 52.6
> 3 Comorbidity 7 9.6 0 0

TABLE III.
CONFUSION MATRIX

Confusion Matrix Actual (True Group)
Died Recovered

Diagnosis
(Hypothesized group)

Died (Yes) True Positive (TP) False Positive (FP)
Recovered (No) False Negative (FN) True Negative (TN)

TABLE IV.
ESTIMATED PARAMETER MODEL USING BAYESIAN LOGISTIC REGRESSION

Predictor Parameter Mean Standard
Deviation MC Error Decision

Constanta �0 1.6171* 0.5453 0.01389 Converge
Gender (�1)
Female (����) �1�1 -0.2096 0.3277 0.00323 Converge

Age ( �2 )
≤ �� years old (����) �2�1 0.1571 0.7352 0.00729 Converge

�� − �� years old (����) �2�2 -1.957* 0.6589 0.00654 Converge
�� − �� years old (����) �2�3 0.0095 0.359 0.00499 Converge

Comorbidity (�3)
No Comorbidity (����) �3�1 -3.8912* 0.6193 0.01173 Converge
1 - 3 Comordities (����) �3�2 -2.7802* 0.5049 0.01219 Converge

*Significant at level 0.05
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TABLE V.
REDUCEDMODEL USING BAYESIAN LOGISTIC REGRESSION

Predictor Parameter Mean Standard
Deviation MC Error Decision

Constanta �0 1.228* 0.4545 0.01123 Converge

Comorbidity (��)

No Comorbidity (����) �3�1 -4.049* 0.5898 0.01215 Converge

� − � Comordities (����) �3�2 -2.684* 0.4917 0.01201 Converge

*Significant at level 0.05

TABLE VII.
INDICATOR PERFORMANCE OF BLR AND NBC

Classification
Method Accuracy Sensitivity Precision Specificity NPV Press’s Q

Training Data
BLR 86.30% 24.44% 100% 100% 85.67% 192.39
NBC 86.85% 27.78% 100% 100% 86.17% 198.24

TABLE VIII.
INDICATOR PERFORMANCE OF BLR AND NBC

Classification
Method Accuracy Sensitivity Precision Specificity NPV Press’s Q

Testing Data
BLR 82.61% 52.63% 58.82% 88.00% 90.14% 39.13
NBC 84.78% 52.63% 66.67% 88.31% 93.15% 44.52
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