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Introduction 
 
Since 2019, the coronavirus pandemic as an acute 
respiratory disease has produced unique circum-
stances all across the world. This disease epidem-
ic has produced problems in people’s lives 
around the world (1). Initially, the COVID-19 
virus was discovered in Wuhan, China, and 
quickly spread to many countries. Although cer-
tain shutdowns and control efforts reduced the 
disease's spread to some level, the mutation of 

the virus and the appearance of new species pre-
vented the control of that completely (2-4). The 
elderly and people with particular illnesses (diabe-
tes, kidney failure, cardiovascular disease, etc.) 
were particularly susceptible to COVID-19 since 
this viral disease has a severe impact on the 
body's immune system. As a result, those infected 
with coronavirus had a higher mortality rate than 
those who were not (3,4).  

Abstract 
Background: One of the negative effects of the COVID-19 illness, which has affected people all across the 
world, is Alzheimer's disease. Oblivion after COVID-19 has created a variety of issues for many people. Predict-
ing this issue in COVID-19 patients can considerably lessen the severity of the problem.  
Methods: Alzheimer's disease was predicted in Iranian persons with COVID-19 in using three algorithms: Nave 
Bayes, Random Forest, and KNN. Data collected by private questioner from hospitals of Tehran Province, Iran, 
during Oct 2020 to Sep 2021. For ML models, performance is quantified using measures such as Precision, Re-
call, Accuracy, and F1-score.  
Results: The Nave Bayes, Random Forest algorithm has a prediction accuracy of higher than 80%. The predict-
ed accuracy of the random forest algorithm was higher than the other two algorithms.  
Conclusion: The Random Forest algorithm outperformed the other two algorithms in predicting Alzheimer's 
disease in persons using COVID-19. The findings of this study could help persons with COVID-19 avoid Alz-
heimer's problems. 
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Patients have had a variety of consequences as a 
result of the Coronavirus. So far, the most seri-
ous side effects have included olfactory disorders, 
gastrointestinal disorders, mental health prob-
lems, liver complications, etc. (5-7).  
One of the most common CNS comorbidities 
detected in COVID-19 patients in a considerable 
way is Alzheimer's disease (AD) (8). The most 
common neurodegenerative disease and the lead-
ing cause of dementia was considered by Alzhei-
mer's disease. In Alzheimer's disease patients, the 
deposition of amyloid beta or neurofibrillary tan-
gles damages key parts of the brain that is re-
sponsible for memory and learning (9). Accord-
ing to the WHO Trusted Source, approximately 
55 million individuals worldwide suffer from de-
mentia annually, and 60–70% of these cases ac-
count for Alzheimer's disease (8). The results of 
serum neurodegenerative biomarkers of patients 
of COVID-19 revealed symptoms related to en-
cephalopathy. According to this study, hospital-
ized COVID-19 individuals are more prone to 
develop neurologic problems, notably encepha-
lopathy, and around half of them are more likely 
to develop long-term cognitive deficits for un-
known reasons (9). Naturally, elderly people are 
more susceptible to Alzheimer's disease. Alt-
hough, the pandemic COVID-19 increased the 
odds ratio for Alzheimer's disease (10). About 
20% to 40% of COVID-19 patients are over six-
ty years old (11). 
The risk of acquiring Alzheimer's disease is high-
er for people who carry the APOEe4 allele in 
their sixth decade. Likewise, the APOEe4 allele 
increases the chance of COVID-19 pathogenesis. 
The receptor for entry of COVID-19's causal 
agent, severe acute respiratory syndrome corona 
virus-2 (SARS-CoV-2), is angiotensin converting 
enzyme 2 (ACE 2). In Alzheimer's patients, 
ACE2 expression has been found to be 10 times 
higher, posing a hazard to their survival (12,13). 
Machine Learning, a type of Artificial Intelligence 
(AI) is becoming more prevalent in the 
healthcare industry. Machine Learning is study of 
algorithms that improve with the use of data and 
experience. Machine learning is divided into two 

phases: training and testing. Training and testing 
are the two phases that make up the primary 
framework of machine learning (14). There is no 
systematic strategy that can be used to discover 
the best machine learning method for a specific 
problem a priori (15). As a result, testing different 
top algorithms on a new application to classify 
insemination events into health or illness out-
comes based on the aforementioned explanatory 
variables is a frequent strategy in machine learn-
ing investigations (14). 
Using biological factors to predict the emergence 
of disease is one strategy to control it. As a result, 
the repercussions will be less severe. The goal of 
this study was using three machine learning 
methods to predict the occurrence of Alzheimer's 
disease in patients with COVID-19 illness. 
 
Materials and Methods 
 
Patients with COVID-19 (n=3384) and Alzhei-
mer's disease (n=998) were found in five hospi-
tals in Tehran, Iran. The information was gath-
ered from the Oct 2020 to Sep 2021, inclusive. 
Data on health, education level (illiterate, high 
school, and above the diploma), inherited rec-
ords, age, and sex were also accessible. The ob-
tained information was related to the age groups 
of 35 to 70 years. 
We've used a variety of machine learning tech-
niques to forecast Alzheimer's disease. As classi-
fiers, these algorithms include Nave Bayes, Ran-
dom Forest, and K-Nearest Neighbor. Python-
based machine learning and data mining soft-
ware. This is the prediction model's final phase. 
We use several assessment measures, such as 
classification accuracy, confusion matrix, and f1-
score, to evaluate the prediction results. 
 
Preparation and Splitting the Data 
Our project seeks to create a web application that 
uses machine learning models to detect ailments 
COVID-19 patient that experienced Alzheimer. 
The web application developed using machine 
learning approaches to detect Alzheimer's pa-
tients is illustrated in Fig. 1. 
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Fig. 1: Process work flow 
 
Machine Learning Algorithms 
There is no systematic strategy that can be used 
to discover the best machine learning method for 
a specific problem a priori. As a result, testing 
different leading algorithms on a given applica-
tion is a popular method in machine learning 
studies. The leading algorithms for learning Nave 
Bayes, random forest, and K-Nearest Neighbors 
algorithms were put to the test in this study. Fol-
lowing is a quick description of each technique. 
 
Naïve Bayes 
Nave Bayes (NB) is a Bayes rule-based statistical 
classifier that is one of the most efficient and ef-
fective inductive learning algorithms in which all 
features are independent, given the outcome val-
ue. Its simplicity, computational feasibility, and 
resilience make it suited for practical usage (16). 
Nave Bayes can tolerate feature dependencies 
quite well, and they frequently outperform more 
complex approaches like rule learners and deci-
sion tree learners (17). Furthermore, NB are very 
intuitive and simple to grasp, which is a major 
problem in the realm of machine learning. Linear 
dependencies between features, on the other 
hand, can diminish the power of NB, therefore 
cautious selection among highly dependent char-
acteristics can be advantageous. Another issue 
with NB is that the assumption of normality for 

numeric features is not always valid, and employ-
ing kernel density estimation can help in this situ-
ation (18). Assume B is a vector of features (b1, 
b2,..., bn), and c is a two-valued class variable 
(O=unaffected, P=affected). Given the feature 
vector, one can determine the probability (p) of 
the class variable (C): 

 
Given the class variable, we assume that all fea-
tures are independent (conditional independ-
ence), 

 
The prior probability for a given class, p (C = c), 
can be easily determined from the training data. 
 
Random Forest 
Another ensemble method is random forest (RF), 
which combines training numerous classifiers 
using m bootstrap samples from the training set 
with random selection of a subset of features for 
each of those classifiers (19). Thus, an RF algo-
rithm is essentially similar to bootstrap, except 
that in each iteration of tree construction, RF 
selects a random subset of features and divides 
the instances based on the most informative fea-
ture. RF is a high-dimensional data-processing 
technology that is computationally efficient. One 
of the most significant advantages of RF, and the 
primary reason it was chosen for this study, is 
that it is very efficient at estimating missing val-
ues and can maintain high accuracy even when a 
large proportion of the data is missing, which is a 
common scenario when analyzing producer-
reported health data. 
 
K-Nearest Neighbors 
This algorithm, often known as KNN or k-NN, 
which is a non-parametric, supervised learning 
classifier that makes classifications or predictions 
about the grouping of individual data points 
based on closeness. KNN algorithms have been 
employed in numerous applications such as sta-
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tistical estimation and pattern recognition for 
more than 50 years. KNN is a non-parametric 
classification approach that can be divided into 
two categories. 1) NN approaches with less struc-
ture 2) NN approaches based on structure. The 
total data is classified into training and test sam-
ple data in structure less NN algorithms. The dis-
tance between the training point and the sample 
point is calculated, and the point with the short-
est distance is referred to as the nearest neighbor. 
Data structures such as the orthogonal structure 
tree (OST), ball tree, k-d tree, axis tree, closest 
future line, and central line are used in structure-
based NN approaches (20). 
Performance criteria like as accuracy, precision, 
recall, and F1 score were assessed to establish the 
ideal settings for each model. Each model's accu-
racy was compared. The confusion matrix is used 
to define performance evaluations, which can be 
binary or multiclass. 
Accuracy is a metric for determining the percent-
age of correctly classified results among all in-
stances. 

 

Precision: By dividing the number of accurately 
anticipated positive rates by the total number of 
expected positive rates is calculated. If the Preci-
sion value is 1, the classifier is considered good. 

 

True positive rate (recall) is a true positive rate. 
the classifier is considered good when the recall is 
obtained 1. 

 

F1 Score: This is a metric that takes into account 
both the Recall and Precision factors. Only when 
both of the measures, such as Recall and Preci-
sion, are 1, does the F1 score become 1. 

 

 
Results 
 
Figure 2 depicts the proportion of patients with 
Alzheimer's disease in various age groups. The 
percentage of adults over the age of 65 who have 
Alzheimer's disease is larger than the other two 
groups. 

 

 
Fig. 2: The percentage of patients with COVID-19 who get Alzheimer's disease at various ages 
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Classification Accuracy  
The conversions of the True Positive (TP), False 
Positive (FP), True Negative (TN), and False 
Negative (FN) measurements are the most popu-
lar metrics. The confusion matrix for Naive 
Bayes, Random Forest, and K-NN classifier ML 
models is shown in Fig. 3. The FP rate is the per-
centage of negative examples (unaffected) that 
are wrongly predicted as positive examples (af-

fected). The true positive rate is the percentage of 
true positive cases that are accurately predicted as 
true positive examples (affected). The number of 
accurately predicted persons with Alzheimer's 
disease was higher in the random forest model 
than in the other two models. The KNN model 
was linked to the lowest percentage of proper 
Alzheimer's diagnosis. 

 

 
Fig. 3: The confusion matrix of ML algorithms used 

 
The comparing accuracy, precision, recall, and 
F1-score of Alzheimer's prediction shown in Ta-
ble 1. The prediction accuracy of the two algo-
rithms Nave Bayes and Random Forest is ex-
pected to be around 80% higher than the KNN 

algorithm. The estimation accuracy of the KNN 
algorithm was less than 20%, while the estima-
tion accuracy of the Random Forest approach 
was greater than 60%. (Table 1). 
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The Nave Bayes method had a greater True posi-
tive rate share than the other two algorithms (Ta-
ble 1). In general, the accuracy of the Nave Bayes 

and Random Forest algorithms in predicting 
Alzheimer's disease in persons using COVID-19 
was higher than the KNN method (Table 1).  

 
Table 1: The comparison of accuracy, precision, recall, and F1-score of Alzheimer's prediction in studied algorithm 

 
 Algorithms 
Variables Random forest KNN Naïve Bayes 
Accuracy 83.9 68.9 85.1 
precision 61.9 15.7 54.5 
Recall 85.1 58.9 98.9 
F1-score 71.9 24.1 70.0 

 
Discussion 
 
In our study the elder people by corona patient 
had more Alzheimer disease than younger that 
was agree with previous studies. Recent research 
has found a link between aging and the disease of 
amnesia, the severity of which can be influenced 
by factors other than age, such as the immune 
system (12,13). Persons with COVID-19 who 
had amnesia were more likely to be older. 
The use of random forest algorithm in the first 
place and Naïve Bayes after that have higher pre-
diction accuracy and precision for predicting the 
occurrence of Alzheimer's disease in people with 
corona. The use of phenotypic data is less expen-
sive than MRI images to predict the occurrence 
of disease. Of course, it depends on the amount 
of data collected and also the algorithm used for 
it. Moreover, our study showed that the use of 
information related to the social and economic 
status of people with Corona patient can play a 
significant role in predicting complications relat-
ed to this disease such as Alzheimer's, and the 
use of machine learning algorithms can signifi-
cantly help in controlling severe complications 
In general, using various circumstances to fore-
cast disease in persons suffering from various 
complications such as Alzheimer's disease can 
play a significant role in disease prevention and 
control. Different algorithms' prediction accuracy 
varies based on the nature of the data and the 
amount of information utilized (14-18). The us-
age of Nave Bayes and Random Forest algo-

rithms for Alzheimer's illness was demonstrated 
to be appropriate in our investigation. 
 
Conclusion 
 
As a complication of COVID-19 disease, Alz-
heimer's disease has caused numerous complica-
tions in some individuals, and forecasting its 
emergence can help to mitigate these issues to 
some extent. In general, using the Random For-
est method, which is known for its excellent ac-
curacy, as well as the Nave Bayes algorithm, 
could help persons with COVID-19 control their 
Alzheimer's disease. 
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