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ABSTRACT 

Cardiovascular diseases have been identified as one of the top three causes of death 
worldwide, with onset and deaths mostly due to heart failure (HF). In ICU, where patients 
with HF are at increased risk of death and consume significant medical resources, early and 
accurate prediction of the time of death for patients at high risk of death would enable them 
to receive appropriate and timely medical care. The data for this study were obtained from the 
MIMIC-III database, where we collected vital signs and tests for 6,699 HF patient during the 
first 24 hours of their first ICU admission. In order to predict the mortality of HF patients in 
ICUs more precisely, an integrated stacking model is proposed and applied in this paper. In 
the first stage of dataset classification, the datasets were subjected to first-level classifiers 
using RF, SVC, KNN, LGBM, Bagging, and Adaboost. Then the fusion of these six classifier 
decisions was used to construct and optimize the stacked set of second-level classifiers. The 
results indicate that our model obtained an accuracy of 95.25% and AUROC of 82.55% in 
predicting the mortality rate of HF patients, which demonstrates the outstanding capability 
and efficiency of our method. In addition, the results of this study also revealed that platelets, 
glucose, and blood urea nitrogen were the clinical features that had the greatest impact on 
model prediction. The results not only improve the understanding of patients' conditions by 
healthcare professionals but allow for a more optimal use of healthcare resources. 
 
KEYWORDS: heart failure, mortality, intensive care units, machine learning, stacking, 
electronic health records. 
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1 INTRODUCTION 

Cardiovascular diseases (CVD) have ranked among the top three causes of death 
worldwide for many years, accounting for an estimated 18.9 million deaths per year, or 
approximately 31% of global mortality (Virani et al., 2020). The majority of CVD morbidity 
and mortality are derived from Heart Failure (HF), a common cardiovascular disease in 
which the heart fails to maintain the body's metabolism. Patients with HF experience a 
variety of overt symptoms such as shortness of breath, swollen ankles, and physical fatigue, 
and may also show signs of elevated jugular venous pressure, pulmonary fissures, and 
peripheral edema caused by cardiac or noncardiac structural abnormalities (L. Chen et al., 
2021). As a major cause of cardiovascular morbidity and mortality, HF poses a significant 
threat to human health and social development (F. Li et al., 2021). In the face of the 
increasing number of people with HF, despite the rapid advances in medical technology and 
significant technological advances in diagnosis, assessment, and cardiovascular disease 
(Incidence, 2017), HF remains a major medical problem worldwide. 

According to the World Federation of Societies of Intensive and Critical Care Medicine, 
an Intensive Care Unit (ICU) is an organized system for the provision of care to critically ill 
patients that provides intensive and specialized medical and nursing care, an enhanced 
capacity for monitoring, and multiple modalities of physiologic organ support to sustain life 
during a period of life-threatening organ system insufficiency(Marshall et al., 2017). As a 
result, the healthcare system is under a heavy burden, which may affect the criteria for ICU 
admission, the interventions used, and the duration, all of which may affect the patient's 
prognosis (Haase et al., 2020). Clinical decision-making in the ICU is time critical and highly 
dependent on the analysis of physiological data. If there is not enough real-time patient 
information to make accurate and rapid decisions in a dynamic and rapidly changing 
environment, it will be challenging for medical professionals to make clinical decisions (W. 
Chen et al., 2019). Patients admitted to the ICU require close and continuous monitoring to 
avoid the possibility of rapid deterioration of their health status, therefore, intensive 
monitoring through ICU equipment generates a large number of medical records and requires 
efficient and accurate systems to aid in data analysis (El-Rashidy et al., 2020). Using big data 
for clinical and basic research analysis and applications to improve human well-being and 
health, such as big data combined with artificial intelligence, can help doctors diagnose and 
treat diseases and improve the quality of care. Predictive models have been developed over 
the last few decades as important risk assessment tools and are utilized in a variety of 
healthcare settings(Kim et al., 2021).  

Machine learning (ML) is a branch of artificial intelligence that focuses on training 
computers to learn from data collected and make improvements based on learned experience, 
and it is concerned with the problem of constructing computer programs that can 
automatically improve the accuracy of their output based on experience (Mitchell, 1997). 
Recently, ML has been increasingly introduced into clinical practice, with applications 
including preclinical data processing, bedside diagnostic assistance, patient stratification, 
treatment decision-making, and early warning as part of primary and secondary 
prevention(Adlung et al., 2021). In recent years, some researchers have applied ML 
techniques for mortality prediction in HF patients. For example, Negassa et al., developed an 
ensemble model for the prediction of 30-day mortality in patients with HF after discharge 
from hospital (Negassa et al., 2021). Luo et al., constructed a risk stratification tool by 
utilizing the extreme gradient boosting algorithm to correlate clinical features of HF patients 
with in-hospital mortality rates(Luo et al., 2022). Therefore, accurate prediction of hospital 
mortality has remained a challenge to date. 
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Given that each ML method may outperform or have shortcomings in different 
situations, developing a model that integrates multiple ML methods to obtain better 
performance has become a new research approach. Bagging involves training several base 
learners with different bootstrap samples, then consolidating them and voting on the result 
(Breiman, 1996). Stacking is a powerful ensemble technique that harnesses the predictions of 
multiple base learners as features to train new meta learners (Wolpert, 1992). Jia (Jia et al., 
2021) proposed a stacked approach for ML to efficiently and rapidly construct 3D multi-type 
rock models using geological and geophysical datasets. In this paper, we deployed the 
stacking method to perform mortality prediction model construction for HF patients in ICU, 
which consists of Random Forest (RF), Support Vector Classifier (SVC), K-Nearest 
Neighbors (KNN), Light Gradient Boosting Machine (LGBM), Bootstrap aggregating 
(Bagging), and Adaptive Boosting (AdaBoost). 

In this study, we used detailed clinical data from the MIMIC-III database, and focused 
on the collected data of ICU center patients suffering from heart diseases to predict the 
mortality of HF patients at 3 days, 30 days, 3 months and 1 year after admission to ICU using 
ML modeling techniques. This study focuses on proposing a stacking-based model to predict 
mortality in patients with HF. The base estimators can be adaptively selected and applied to 
the base layer of the stacking model. In addition, in the selection of key variables, it is 
expected that the constructed model can also successfully identify the important vital signs 
indicators of HF patients. We hope to improve the prediction of mortality in patients with 
heart disease by medical professionals, so that patients, their families and medical 
professionals are afforded with more informed judgments and make more appropriate 
prognostic preparations.  
 
2 MATERIALS AND METHODS 

2.1 Patient selection and variable selection 

The MIMIC-III dataset was used in this study. MIMIC-III integrates comprehensive 
clinical data of patients admitted to the Beth Israel Deaconess Medical Center (BIDMC) in 
Boston, Massachusetts. The dataset collected de-identified data on 46,520 ICU admissions 
from 2001 to October 31, 2012 (Johnson et al., 2016). For this study, in order to prevent 
possible information leakage and ensure a similar experimental setting compared to the 
related work, we used only the first ICU admission data for each patient. To emphasize the 
early predictive value, we used data from the first 24 hours of patient admission as input to 
the predictive model and excluded patients younger than 16 years of age (Gangavarapu et al., 
2020; Tang et al., 2021; Yu et al., 2020). A patient cohort was selected based on the 
following exclusion criteria: The first ICU stay without all subsequent ICU stays, single ICU 
stay more than 24 hours, patients' first 24 hour of ICU admission, and adult patients (age >= 
16). Patients with discharge diagnosis as HF were screened out based on the International 
Classification of Diseases, 9th Revision codes (ICD-9) 398.91, 402.01, 402.11, 402.91, 
404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 428.xx(W. Q. Guo et al., 2021; Tang et al., 
2020). After the first stage of data screening, a total of 7,278 eligible patients were qualified. 

The data for the predictive variables selected in this paper were obtained from two 
tables: admission table and chartevents table in the MIIMIC-III database. As a result of the 
study, we referred to the predictive variables that have been used by other researchers to 
predict HF mortality in patients (L. Chen et al., 2021; W. Q. Guo et al., 2021; F. Li et al., 
2021) by measuring clinical symptoms 24 hours before admission to the ICU, including Heart 
Rate, Respiratory Rate, Diastolic Blood Pressure, Systolic Blood Pressure, Temperature, 
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Oxygen Saturation, Blood Urea Nitrogen, Creatinine, Mean Blood Pressure, Glucose, White 
Blood Cell, Red Blood Cell, Prothrombin Time, International Normalized Ratio, Platelets, 
GCS Eye, GCS Motor, GCS Verbal, and Patient’s Age and Gender. 

In addition, for the treatment of missing values, the data preprocessing method of Guo et 
al., (C. H. Guo et al., 2020) was adopted in this study to perform a three-stage missing value 
treatment. Firstly, patients with more than 30% missing values were removed, thus 579 
patients were removed. Secondly, variables with more than 40% missing values of the 
predictor variables were removed. Finally, statistics with missing values greater than 20% for 
these indicators were removed, and the remaining missing values were interpolated using 
menus. Finally, a total of 6,699 patients were used in this study. 
 
2.2 Proposed Framework 

Mortality rate is a major outcome in acute care: ICU mortality is the highest among 
hospital units, and early identification of high-risk patients is key to improving outcomes 
(Harutyunyan et al., 2019). We use ICU admission records of HF patients in the MIMIC-III 
dataset to predict mortality in HF patients at different time points. We propose an ensemble 
learning model based on stacking. In the first layer of the stacking model we applied six ML 
methods, including RF, SVC, KNN, LGBM, Bagging and Adaboost to perform a first-level 
classifier on the dataset. Then the fusion of these six classifier decisions was used to construct 
and optimize the stacked set of classifiers. This was followed by subjecting the datasets to 
second-level classifier using LGBM, and formed the final prediction. 

 

 

Figure 1. Stacking ensemble based on a cross-validation of all feature subsets. 
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2.3 Machine Learning 

In this study, the most popular and diverse classifiers in related literature were applied in 
the mortality prediction model for patients with HF in the ICU. Six commonly used ML 
algorithms include: Random Forest (RF), Support Vector Classification (SVC), K-Nearest 
Neighbors (KNN), and Light Gradient Boosting Machine (LGBM), Bootstrap aggregating 
(Bagging), and Adaptive Boosting (AdaBoost). 
 Random Forest (RF) is an ensemble supervised ML algorithm. It uses decision trees as the 

basic classifier. RF generates many classifiers and combines their results by majority 
voting. The random forest algorithm is well suited to handle datasets with missing values.  
(K. Li et al., 2021)  

 Support Vector Classifier (SVC) performs classification and regression analysis on linear 
and non-linear data. SVC aims to identify classes by creating decision hyperplanes in a 
non-linear manner in a higher eigenspace (Nanayakkara et al., 2018). 

 The K-Nearest Neighbors (KNN) algorithm is used to predict binary or sequential outputs. 
The data is divided into clusters and the number of nearest neighbors is specified by 
declaring the value of "K", a constant. KNN is an algorithm that stores all available 
instances and classifies new instances based on a similarity measure (K. Li et al., 2021).  

 Light Gradient Boosting Machine (LGBM) is an ensemble approach that combines 
predictions from multiple decision trees to make well-generalized final predictions. 
LGBM divides the consecutive eigenvalues into K intervals and selects the demarcation 
points from the K values. This process greatly accelerates the prediction speed and reduces 
storage space required without degrading the prediction accuracy (Song et al., 2021). 

 The Bootstrap aggregating (Bagging) algorithm is an ensemble learning algorithm in the 
field of machine learning. Bagging algorithm can be combined with other classification 
and regression algorithms to improve its accuracy, stability, and avoid overfitting by 
reducing the variance of the results (Ali et al., 2016).  

 The self-adaptive nature of the Adaptive Boosting (AdaBoost) method is that the wrong 
samples of the previous classifier are used to train the next classifier, therefore, the 
AdaBoost method is sensitive to noisy data and anomalous data. It trains a basic classifier 
and assigns higher weights to the misclassified samples. After that, it is applied to the next 
process (Lee et al., 2021).  

 
2.4 Stacking Ensemble Technique 

Stacking is an ensemble method for connecting multiple different types of classification 
models through a meta-classifier (Verma & Pal, 2020). Generally, base learners are called 
first-level learners and combinators are called second-level learners or meta learners. The 
basic principle of stacking is as follows. First, the first-level learner is trained using the initial 
training dataset. Then, the output of the first-level learner is used as the input feature of the 
meta learner. Finally, a new dataset is formed using the corresponding original labels as new 
labels to train the meta learner (Cui et al., 2021). As heterogeneous ensembles have better 
generalization performance and prediction accuracy, this paper proposes a stacked ensemble 
classifier that can be divided into two stages. First, we use RF, SVC, KNN, LGBM, Bagging 
and Adaboost as the base classifiers in the first stage. The individual six classification models 
are trained using the complete training set; then, the probabilistic outputs obtained in the first 
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stage are fed into the meta-classifier in the second stage, and then the meta-classifier is fitted 
based on the output meta-features of each classification model using the chosen ensemble 
techniques. The meta classifier can be trained on the predicted category labels or probabilities 
from the ensemble technique. 
 
2.5 Synthetic Minority Oversampling Technique (SMOTE) 

In ML, the problem is imbalanced when the class distribution is highly skewed. 
Imbalanced classification problems usually occur in many applications and pose obstacles to 
traditional learning algorithms (Raghuwanshi & Shukla, 2021). SMOTE is a powerful 
solution to the classification imbalance problem and has delivered robust results in various 
domains. The SMOTE algorithm adds synthetic data to a small number of classes to form a 
balanced dataset (Raghuwanshi & Shukla, 2021). The core of the method is to perform 
random undersampling and oversampling for larger samples and smaller samples, 
respectively. In the MIMIC-III used in this study, only a few patients died during their ICU 
admission. Therefore, the SMOTE method, which uses synthetic minority sampling 
techniques to preprocess highly imbalanced data sets, was used in this study. 
 
2.6 Evaluation criteria 

The performance of the full classification is measured using different evaluation 
parameters, which consist of binary values (positive and negative). Two general evaluation 
measures, precision and recall, were used to evaluate the sentiment of tweets based on 
positive and negative polarity, including Accuracy and F-score for micro averaging purposes. 
Four functional accuracy measures were taken into account based on the outcomes of the 
confusion matrix named true positive (TP), true negative (TN), false positive (FP), and false 
negative (FN). The evaluation parameters used to measure the performance of our proposed 
system are listed below: we applied Precision, Recall, F-score, and Accuracy, which are 
widely used in the research field, to evaluate the results of our study, defined as follows: 
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+  
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TP F
= =

+  
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2  
 

Precision RecallF score
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+
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=
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In addition, this study adopts the area under the receiver operating characteristic 
(AUROC) to measure the predictive performance of the model. The area under the receiver 
operating curve is primarily used to measure the classification threshold performance of 
classifiers. ROC is a curve consisting of points generated by the true positive rate (TPR) and 
false positive rate (FPR) of model. TPR signify the probabilities that models can correctly 
locate positive samples. Such probabilities are commonly referred to as recall rates and 
represent revenue. By contrast, FPR signify the probabilities that models incorrectly locate 
positive samples and represent losses. AUROC values range from 0 to 1, where the larger the 
value, the more superior the result (Song et al., 2021) 
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3 RESULTS 

3.1 Baseline Characteristics 

The study was from the MIMIC-III database and ultimately used the ICU admission 
records of 6,699 HF patients. Table 1 provides demographic information on HF patients. The 
mean age of the patients in this study was 70.3 years, 55% of whom were male, and the mean 
number of days hospitalized and the mean number of days in the ICU was 5.8 days.  

Table 1. Features involved in the model. 

 Overall Alive at ICU Dead at ICU 
General    

Number 6,699 (100%) 5,754 (85.89%) 945 (14.11%) 
Age (Q1-Q3) 70.31±13.04 69.88±13.03 72.92±12.74 
Gender (male) 3,694 (55.14%) 3,185 (55.35%) 509 (53.86%) 

Outcomes     
Hospital LOS (days) [Q1-Q3]  13.04 [5.99-16.00] 12.78 [6.06-15.77] 14.60 [5.27-19.09] 
ICU LOS (days) [Q1-Q3]  5.79 [1.93-6.23] 5.40 [1.88-5.77] 8.17 [2.38-10.38] 

Care Unit Type    
CCU 1,852 (27.65%) 1,633 (28.38%) 219 (23.17%) 
CSRU 1,319 (19.69) 1,240 (21.55%) 79 (8.36%) 
MICU 2,537 (37.87%) 2,049 (35.61%) 488 (51.64%) 
SICU 635 (9.48%) 526 (9.14%) 109 (11.34%) 
TSICU 356 (5.31%) 306 (5.32%) 50 (5.29%) 

MICU Denotes Medical ICU; SICU Denotes Surgical ICU; CCU Denotes Coronary Care Unit; CSRU Denotes 
Cardiac Surgery Recovery Unit; TSICU Denotes Trauma Surgical ICU 

 
3.2 Mortality prediction results of different models 

In this study, a 10-fold cross-validated training and testing was used, with 80% of the 
data used for training the model and 20% for testing the model, followed by extensive 
statistical analysis to evaluate performance. Table 2 lists the six different ML methods used 
in the first phase of this study, and the addition of the Stacking technique in the second phase 
involved seven techniques to generate the AUROC of HF patient mortality prediction tasks 
over four different time periods. This study determined the highest AUROC for predicting 3 
days mortality in patients with HF, i.e., death within 3 days could be accurately predicted 
within 24 hours of patient admission. Figure 2 indicates that the data collected from ICU 
admissions can be used to predict mortality within 3 days, which is a better prediction 
outcome; Figure 2 also clearly shows that all four models have high AUROC after adding 
stacking technique in the second stage, which means they can distinguish mortality from non-
mortality cases well.  

Table 2. The AUROCs of different classifiers. 
 RF SVC KNN LGBM Bagging Adaboost Stacking 

3 Days 0.7598 0.7249 0.7490 0.7868 0.7534 0.7230 0.8255 
30 Days 0.7472 0.7179 0.7476 0.7724 0.7442 0.7168 0.8052 

3 Months 0.7433 0.7002 0.7313 0.7596 0.7338 0.7005 0.7830 
1 Year 0.6998 0.6671 0.6958 0.7269 0.7014 0.6706 0.7532 
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Figure 2 The ROC curves of all base models. 

 
In addition to the above AUROC, this study also compares Precision, Recall, F-score, 

and Accuracy, as shown in Table 3, when evaluating the performance of different attribute 
sets used in the classification algorithm. The best precision and recall was shown in a run 
where the 3 days mortality was used to select the best subset of attributes. In addition, it can 
be observed from the addition of Stacking technique in the second stage results in a higher 
accuracy, with the highest value of 0.9525 for predicting mortality within 3 days. It also 
demonstrated that this study could achieve very good results in predicting mortality in HF 
patients using data from 24 hours before the patients were admitted to ICU. 

Table 3. Diagnostic Precision, Sensitivity, F-Score, and Accuracy of different classifiers. 
 Method Precision Recall F-score Accuracy 

3 Days 

RF 0.9167  0.3429  0.4989 0.9343  
SVC 0.8991  0.1920  0.3105  0.9208  
KNN 0.6635  0.5198 0.5824  0.9288  
LGBM 0.8763  0.5821 0.6989  0.9425  
Bagging 0.8176 0.3959 0.5322  0.9343  
AdaBoost 0.5937  0.3082 0.4044  0.9139  
Stacking 0.8030  0.6682  0.7286  0.9525  

30 Days 

RF 0.7857  0.5455  0.6435  0.8457  
SVC 0.7389  0.4962  0.5934  0.8262  
KNN 0.6399  0.6145  0.6264  0.8126  
LGBM 0.7704  0.6069  0.6789  0.8533  
Bagging 0.7526  0.5508 0.6355  0.8387  
AdaBoost 0.6827  0.5170  0.5871  0.8142  
Stacking 0.7831  0.6747  0.7247  0.8690  

3 Months 

RF 0.7878  0.5372  0.6385  0.8429  
SVC 0.7577  0.4505  0.5647  0.8206  
KNN 0.6507  0.5692  0.6072 0.8095  
LGBM 0.7712  0.5792 0.6613  0.8466  
Bagging 0.7476  0.5304  0.6200  0.8320  
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AdaBoost 0.6844  0.4780 0.5625  0.8079  
Stacking 0.7720  0.6311  0.6939  0.8564  

1 Year 

RF 0.7600  0.4412  0.5577  0.8397  
SVC 0.7490  0.3722  0.4961  0.8267  
KNN 0.6252  0.4767 0.5408  0.8144  
LGBM 0.7405  0.5069  0.6017  0.8460  
Bagging 0.7114  0.4583  0.5569  0.8332  
AdaBoost 0.6558  0.4046 0.5001  0.8147  
Stacking 0.7428  0.5651  0.6414  0.8551  

 
3.3 Interpretation of variable importance  

Feature importance is the main contribution of each feature to improve the predictive 
power of the whole model. It provides an intuitive view of the importance of features to see 
which features have a greater impact on the final model, but it is not possible to determine 
how the features relate to the final prediction. We can observe that the clinical characteristics 
of Platelets, Glucose, Blood Urea Nitrogen, Age, Heart Rate, Systolic Blood Pressure, and 
Diastolic Blood Pressure are important factors influencing the prediction of HF, and previous 
studies of HF Similar results have been found in previous studies of HF (Barnett et al., 2019; 
Wallner et al., 2018). However, the effects of GCS eye, GCS motor, GCS verbal, Red Blood 
Cell, International Normalized Ratio and Gender were not as significant.  

In our study, we collect some most important clinical features that contributed most to 
the model at four different prediction times. The contributions are ranked from most 
important to least important. We can find that, in addition to considering an HF patient’s 
Platelets, Glucose, and Blood Urea Nitrogen, Systolic Blood Pressure and Diastolic Blood 
Pressure are also important variables in predicting 3 days, 30 days, and 3 months mortality of 
HF patients in the ICU. Heart Rate is an important variable to be considered when predicting 
1 year mortality in patients with HF in ICU. 

 
4 DISCUSSION 

The feasibility of the ML technique for mortality prediction in HF patients has been 
previously demonstrated. Luo et al., constructed a risk stratification tool using the extreme 
gradient boosting algorithm to correlate patient clinical characteristics with in-hospital 
mortality, and this new ML model outperformed traditional risk prediction methods with an 
AUC of 0.831(Luo et al., 2022). Negassa et al., developed an ensemble model for 30-day 
post-discharge mortality and used discrimination, range of prediction, Brier index and 
explained variance as metrics to evaluate model performance, the discrimination achieved by 
the ensemble model was higher 0.83 (Negassa et al., 2021). The aim of this study is to predict 
the mortality of ICU patients by ML model from structural vital signs data collected during 
the ICU stay of HF patients. Through in-depth analysis of the experimental results, the 
following conclusions were drawn from this study. First, the data collected during the first 24 
hours after the admission of HF patients to the ICU were used for modeling analysis, and the 
ML stacking method was effective and rapid in constructing predictive models. The results 
indicated that our proposed stacking method has good performance in predicting mortality in 
HF patients with Accuracy (95.25%) and AUROC (82.55%). Second, this study also found 
that Platelets, Glucose, and Blood Urea Nitrogen were the clinical characteristics that had the 
greatest impact on model prediction and were important indicators to be considered in the 
selection of important variables, which is in line with previous studies on HF (Barnett et al., 
2019). 
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There are some limitations to this study. First, in this study, in order to consider the 
convenience and completeness of data collection, only ICU databases with the easiest access 
to complete dynamic patient information were considered. The MIMIC-III data used in this 
study were obtained from the Beth Israel Deaconess Single Medical Center in Boston, 
Massachusetts, USA. However, the broader application of our ML model requires further 
validation in different statistical populations. More comprehensive results and validation may 
be obtained for patients in other types of medical institutions such as large hospitals or small 
clinics, or in medical institutions of other scales. Second, the data used in this study were 
limited to the data collected during the first ICU stay, excluding the records and reports of 
patients readmitted to the hospital. The collection of data from multiple ICU hospitalizations 
may provide a comprehensive assessment of time series issues, or may provide more different 
levels of analysis to patients, healthcare professionals, and patients' families for future 
evaluation and prognosis.  
 
5 CONCLUSIONS 

In our study, we used detailed clinical data from the MIMIC-III database to predict 
mortality at 3 days, 30 days, 3 months, and 1 year after admission to the ICU for patients with 
HF, using ML modeling techniques, based on data collected from patients suffering from 
cardiovascular diseases and being treated in an ICU. We developed mortality prediction 
models for HF patients admitted to ICU that can be used in ICU monitoring techniques. Our 
model involves a small number of routinely collected variables that can be easily used in the 
clinical setting. Despite the recent development of various severity scores and ML models for 
early mortality prediction, such predictions remain challenging. Compared to existing 
solutions, this study provides a complement to current clinical decision-making methods by 
proposing a new stacked ensemble approach to predict mortality in patients with HF in the 
ICU. The base estimators can be adaptively selected and applied to the base layer of the 
stacking model. Our stacking model is significantly better than the traditional ML approach 
in mortality prediction, and can successfully screen out the important clinical features of HF 
patients. It can empower health care professionals to better predict mortality in HF patients, 
and provide patients, their families and medical professionals with more information to 
determine the status of patients and make more appropriate prognosis. For follow-up studies, 
this study suggests the following recommendations for future studies: 

The MIMIC-III data is relatively rich and complete, and this study only modeled and 
predicted the mortality of patients; subsequent studies can be conducted to evaluate the 
readmission, length of stay, medication use, and complications of patients with reference to 
the framework of this study. This type of study can be made more objective and complete if it 
can be extended to conduct more comprehensive evaluation and analysis. The evolution of 
variables over time can be collected from patient EHR data in an attempt to obtain better 
predictive effects. In terms of research methods, future research can attempt different ML 
methods as well as deep learning methods that have recently been applied to solve time-series 
data more effectively. For example, long short-term memory or recurrent neural 
network(Ping et al., 2020) are common deep learning models.  
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	ABSTRACT
	Amidst the current pandemic, the Philippine government is doing different approaches to understand the Filipino population on how to encourage them to partake in the vaccine rollout against COVID-19. It has been known that there were various socio-dem...
	The respondents demonstrated that their willingness to get vaccinated is highly influenced by their age, educational attainment, employment status, marital status, and religion which garnered p-value of (p < 0.05). The data obtained can conclude that ...
	Overall, the data collected from the research would help aid the local government of Quezon City in determining which population is hesitant and in favor towards vaccines and guide them in implementing the appropriate intervention. It also serves as a...
	Keywords: COVID-19, vaccine efficacy, vaccine brand, sociodemographic factors, vaccine perception
	1 INTRODUCTION
	For almost two years now, countries all over the world have made efforts to stop the coronavirus pandemic from spreading. The World Health Organization (WHO) has responded to this global crisis with vaccine development and research as their principal ...
	The knowledge of the people about the efficacy and side effects of the vaccine may be a factor in the decision making of taking the vaccine. Their perceptions on taking new vaccines in general such as their beliefs, traditions, religion, and ethnicity...
	Everything stated in earlier paragraphs were considered and studied by the researchers in order to determine the socio-demographic profile, perceptions, and other health history factors that would greatly affect the decision of the residents in Quezon...
	The study will benefit the local government in identifying which population would be needing an enhanced approach to help in the distribution of vaccines in Quezon City, Philippines. The findings of the researchers about the vaccine perceptions of the...
	2 RESULTS
	Table 1 Frequency Distribution of the Socio-demographic Profiles of the Respondents
	Table 1 shows the frequency distribution of the socio-demographic profiles of the respondents. A total of 385 respondents were acquired randomly to be part of the study. The majority of the respondents’ gender were female (46.8%), followed by male ind...
	Majority of the respondent's highest educational attainment are tertiary level (58.7%) which consists more than half of the total respondents. It is also found that six out of 10 respondents are single while 3 out of 10 respondents are married. Most o...
	Table 2 Health Information
	Table 2 above illustrated presents the health information background wherein 63% of the respondents stated that their family has contracted COVID-19. On medical conditions, 58 respondents appear to have current illnesses while almost twice of that had...
	Table 3 COVID-19 Vaccine Information
	Table 3 above displays the COVID-19 vaccine information of the study’s respondents, and it shows that only one out of the 385 respondents are not vaccinated. For those who have been vaccinated, 5.2% belong in A1 priority group who are classified as he...
	Table 4 Willingness to Take COVID-19 Vaccines
	Table 4 presents the mean score of the statements related to the respondents’ willingness to take COVID-19 vaccines. On average, the respondents are positive in taking COVID-19 vaccines, most especially about the idea of receiving a vaccine. Regardle...
	Table 5 Chi-Square results between the respondent’s willingness to take COVID-19 vaccine and socio-demographic profiles
	Table 5 presents the chi-square results of respondent’s willingness to take COVID-19 vaccine towards socio-demographic variables. For Age variable, all statements are statistically significant (p<.05). Hence, we can conclude that age and willingness t...
	Table 6 Mean Scores on Vaccine Perception based on Socio-demographic Profile
	Table 6 displays the mean scores on vaccine perception per socio-demographic profile. For each socio-demographic variable, we can interpret it as the following. On the age variable, it is found that across all vaccine perception statements, the ages 1...
	Table 7 Frequency Distribution on Vaccine-Related Factors
	Table 7 represents the frequency distribution on vaccine-related factors. It shows that the vaccine efficacy has the highest percentage among the factors that affect the respondents’ perceptions. Consequently, the vaccine brand has the least percentag...
	Table 8 Frequency Distribution of COVID-19 brand awareness and willingness
	Table 8 presents the frequency distribution of COVID-19 brand awareness and willingness of the public to take a certain brand of COVID-19 vaccine. Results show that the top brand that people are aware of is Pfizer, followed by Sinovac and Mo...
	Table 9 Interpretation Table
	3 DISCUSSION
	The results from the survey show that most of the respondents like the idea of taking the COVID-19 vaccine. Other countries in the Southeast Asia preferred to get vaccinated like in Malaysia (Mohamed et.al, 2021) and Bangladesh (Islam et. al, 2021). M...
	In taking the vaccines, most of the respondents agreed as well that their willingness to get vaccinated is not affected by external factors such as friends, family, or peers. Although parents and friends are key leveraging points in promoting adolesce...
	Information campaigns also consist of the possible side effects that the COVID-19 vaccines may bring. Reported side effects in the news or direct people, however, does not contribute to vaccine hesitancy among the majority of the respondents. The same...
	In the Philippine setting, a survey revealed that about 77% of Filipinos have high trust towards scientists and medical professionals (Philippine Trust Index, 2021). With that, most of the respondents agreed that they are willing to take the COVID-19 ...
	The researchers’ finding that age and willingness to take COVID-19 vaccine are related to each other is consistent with a study conducted by Marzo et al. (2022) where it was found that younger people (aged 30 below) tend to be more willing to get vacc...
	The positive association between occupation and COVID-19 vaccines is also consistent with other studies conducted. This is because employed individuals are more likely to have higher educational attainment as compared to unemployed individuals (Marzo ...
	Education may influence these important health seeking behaviors, and in turn affect overall health. (Park et al., 2018). Relationship between civil status and COVID-19 vaccine willingness agrees with the findings of other studies. Married individuals...
	Socio-demographic profiles of the individuals have a significant relationship in their positive or negative outlook on COVID-19 vaccines. It is found that younger demographics have a more positive outlook in taking the vaccine because they are more kn...
	In terms of civil status, it has been found that the single population has the most positive outlook however it contradicts in a previous study which states that married individuals have better health experiences and outcomes (Hughes, 2009). This may ...
	It has been found that vaccine brand, availability, and efficacy have a great significance for respondents in their perception about taking COVID-19 vaccines. Vaccine efficacy has the highest percentage in people’s perception since it contributes a vi...
	The survey showed that Pfizer and Moderna are the most preferred and informed vaccine brands of the respondents where it can be rooted to vaccine’s efficacy rate. As shown in clinical trials, the COVID-19 vaccine that had the highest efficacy is Pfize...
	4 METHODOLOGY
	4.1 Study Design
	The researchers have adopted a correlational research design and data is collected through the use of surveys. A correlational research design is selected because it involves the measurement and assessment of the relationship between two or more varia...
	4.2 Study Population
	The study population included residents from Quezon City, Philippines aged 18 and above. In determining the sample size of our study, the researchers used the Cochran’s formula of finite population to calculate the sample size:
	𝑛 =,,,𝑧-2.𝑝𝑞-,𝑒-2..-1 ,,𝑧-2.𝑝𝑞-,𝑒-2.𝑁..
	Where n = sample size, z = score of the confidence level, p = proportion of population, q = 1-p, and e = margin of error. With that formula, the computed value for the sample size is 385. From the sample size, an acceptable 80% of the sample size can ...
	4.3 Survey Instrument
	A convenience sampling technique was used to select respondents who are 18 years old and above in Quezon City, Philippines to answer an online questionnaire via Google forms, an online survey administration software. The questionnaire used in the stud...
	The survey consisted of the following sections namely, sociodemographic details, health information, willingness to take COVID-19 vaccines, vaccine perception, and vaccine-related factors affecting COVID-19 vaccine perceptions. It is disseminated thro...
	4.4 Statistical Analysis
	The data is collected via google forms; it is collated in a separate google spreadsheet to extract the data per respondent. The anonymity and personal data of each respondent are safeguarded by assigning each respondent with a unique identifier access...
	The data that the researchers have gathered from the study was analyzed using descriptive statistics, chi-square test, and percentage distribution. The software IBM SPSS Statistics version 25 was used for data entry and statistical analysis. According...
	5 CONCLUSION
	The study conducted found that the respondents’ sociodemographic profile has an impact and relation with their perception towards COVID-19 vaccines. The respondents also demonstrated that their willingness to get vaccinated is highly influenced by the...
	Based on the findings of the study undertaken and the conclusions formulated, the researchers of this study would recommend future researchers to conduct similar studies in different settings (e.g. other regions especially that are/were hotspots for C...
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	ABSTRACT
	Bacterial cellulose (BC) has shown competence against plant cellulose as a structural component. Porosity and increased surface area makes BC a material of interest in wound management.  Recent studies have investigated the use of BC as an alternative...
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	1 INTRODUCTION
	Cellulose, commonly identified as a structural component in plants, also has the same properties in bacterial cell walls. This cellulose-producing bacterium in its natural habitat uses synthesized cellulose to protect itself against chemical, biologic...
	Figure 1. The biosynthesis of cellulose by A. xylinum species. (Lustri et al., 2015).
	Gayarthry & Gopalaswamy (2014) compared the differences in structure of bacterial and plant cellulose and observed that the microfibrils of BC are narrow, giving rise to the material’s porous structure and increased surface area. This property makes i...
	The attempt to close superficial areas of the skin via skin glue or sutures is known as "primary intention wound healing" (Singh et al., 2017). The wound is normally repaired with sutures or synthetic adhesive closure materials using sterile procedure...
	Healing through secondary intention is the next best choice in these situations; the skin cannot be sutured right away because it must first fill connective tissue in the affected area (McCaughan et al., 2018). In addition, lesions present in this typ...
	Tertiary intention wound healing is considered the last degree and is intentionally left open to manage infection before closing the wound. The wound-closing process is delayed because microorganisms may be trapped if the wound is closed immediately (...
	Wound dressing is considered a part of conventional wound healing and encompasses Traditional and Modern dressings (Dhivya et al., 2015). Traditional wound dressings are directly applied to cover and protect a wound by preventing the possibility of wo...
	Ideal wound dressings are characterized by maintaining high humidity and removing excess exudates. Additionally, they are non-toxic and non-allergenic, comfortable for patients, and cost-effective. Moreover, they can prevent the infection of microbes ...
	A routinely used treatment for Chronic Venous Ulcers (CVU) is the use of substances such as essential fatty acids (EFAs) or substances containing medium-chain triglycerides (MCT), and are covered with a secondary dressing where the feet and legs are c...
	A similar study used a cellulose acetate mesh impregnated with EFAs called Rayon® (Silva et al., 2021). It was mentioned in the same study that collagenase dressings, sunflower oil, Unna boots, and silver sulfadiazine coverings are more commonly used ...
	The gold standard treatment for venous leg ulcers is considered to be Compression therapy. (Alvarez et al., 2012; Falanga, 1996; Phillips et al., 1991; Moffat et al., 2003; Partsch, 2005, as cited in, Amsler et al., 2009). Single compression improveme...
	Non-adherent contact layer and compression treatment were used in the study of Alvarez et al. (2012) as the control group, where it was also mentioned that compression therapy with modified Unna’s boot or a four-layer bandage system is accepted as sta...
	BC as wound dressings has been found to be sustainable, biocompatible, and biodegradable, with characteristics such as high surface area, flexibility, and capacity for chemical modification (Xianyu et al., 2014; Connor and Broome, 2018, as cited in, Z...
	BC’s high surface area can be attributed to its unique fiber network structure. This provides a large liquid loading capacity compared to plant-derived cellulose and cotton yarn (Meftahi et al., 2010, as cited in, Zheng et al., 2020). Subsequently, th...
	Apart from BC as a promising wound dressing material, various modifications and developments were created to improve wound healing outcomes (Orlando et al., 2020; Zheng et al., 2020; Zmejkoski et al., 2018). BC is known for its outstanding properties ...
	Some studies have incorporated silver sulfadiazine (SSD) as an antimicrobial agent to compensate for the BC's lack of antimicrobial properties. SSD is an antimicrobial agent that can inhibit a broad spectrum of bacteria, including Staphylococcus aureu...
	A study by Orlando et al. (2020) shows that chemical changes to functionalize BC could reduce bacterial growth by approximately one-half. Consequently, bio-cellulose adapted with blue nanosilver treatment is also effective in treating diabetic ulcers ...
	2 RESULTS AND DISCUSSION
	2.1  Mean Ulcer Area Reduction
	Figure 2. Forest Plot of the Meta-Analysis of the Effects of Bacterial Cellulose in Mean Ulcer Area Reduction
	Combining the studies of Cavalcanti et al., Silva et al., and Dini et al., with 58 participants, the average ulcer area before and after treatment was 26.47 cm2 for the experimental group and 25.77 cm2 for the control group. This produced a 2.43 cm2 m...
	In terms of mean ulcer area reduction, the BC experimental group outperforms the conventional controlled group. This means that BC reduced the ulcer area after its application compared to the conventional treatment. Nonetheless, the results are said t...
	2.2  Pain Intensity
	Figure 3. Forest Plot of the Meta-Analysis of the Effects of Bacterial Cellulose in Wound Pain Intensity
	Combining Cavalcanti et al. and Alvarez et al., the prevalence of zero to mild pain in BC patients is 90.63%. Comparatively, 73.08% of respondents who received conventional treatment experienced mild pain. RR was 1.2583. This indicates a 25.83% increa...
	Compared to the conventional treatment, the BC experimental group had a higher prevalence rate of zero to mild pain. Thus, individuals who received the BC treatment were more likely to experience less or no pain than those who received the conventiona...
	2.3  Appearance of Scar Formation
	Figure 4. Forest Plot of the Meta-Analysis of the Effects of Bacterial Cellulose in Appearance of Scar Formation
	Combining the studies of Cavalcanti et al. and Silva et al., the partial skin loss prevalence rate of respondents who received BC treatment is 31.71% and 40.54% for conventional treatment. RR = 0.7624. This indicates a 23.76% decrease in partial skin ...
	Because a decrease is noted in the partial skin loss prevalence rate of the BC group compared to the conventional group, otherwise denoted as “a decrease in the absence of scar formation,” the conventional group seems to have a better result in this o...
	2.4  Wound Healing Tissue
	Figure 5. Forest Plot of the Meta-Analysis of the Effects of Bacterial Cellulose in Wound Healing Tissue
	Combining the studies of Cavalcanti et al. and Silva et al., the wound healing prevalence rate of respondents who received BC treatment is 24.39% and 21.62% for conventional treatment. This resulted in an RR of 1.1358, which means that respondents rec...
	Since the wound healing prevalence rate of the experimental BC group is increased compared to the conventional group, the BC group seems more likely to present with fully healed wounds than the conventional group. This means that the BC group is more ...
	Several studies have compared other wound treatment methods with bacterial cellulose-based wound dressings. Various authors used variables such as time to epithelialization, wound healing rate, pain intensity, presence of inflammation, scar appearance...
	However, while the studies mentioned above displayed improved conditions with BC in terms of pain, wound quality, hospitalization, and practicality, the wound healing rate or time to epithelialization was generally deemed statistically insignificant. ...
	The researchers of this study observed a pattern of statistical insignificance in the difference between the wound healing of the control and experimental groups, along with significant differences or improved conditions in other parameters such as pa...
	3 METHODOLOGY
	3.1 Study Design
	This study is a meta-analysis done by systematically pooling results and data from existing studies. The data were treated with one statistical treatment to provide a conclusion with the highest level of evidence and greater statistical power.
	Data collection was done by searching online databases for potentially related studies as primary data The keywords entered on the online databases were as follows: bacterial cellulose, wound dressing, chronic venous ulcer, and Randomized Controlled T...
	Figure 6. Flowchart showing the PRISMA Model. The PRISMA Model was used to verify inclusion into the meta-analysis
	3.2 Selection Criteria
	Table 1 shows the criteria that aided in the selection of the articles for this study. These were used to standardize the primary data and minimize variability in the included studies that ruled out possible extraneous factors that may skew the meta-a...
	Table 1. Inclusion and Exclusion Criteria for the Selection of Articles.
	3.3 Data Extraction
	Two independent reviewers (L.A.A & J.A.B) collected all published articles using a Google spreadsheet. The reviewers were assigned to extract data and mine relevant information about the studies, which were then entered into the spreadsheet. Informati...
	3.4  Quality Assessment
	Table 2. Summarized ROB-2 evaluations for each domain and overall evaluation.
	Domains
	D1: Bias due to randomization
	D2: Bias due to deviations from intended intervention                               Low
	D3: Bias due to missing data
	D4: Bias due to outcome measurement                                                       Some concern
	D5: Bias due to selection of reported result
	High
	In Table 4, the evaluators summarized the individual evaluations of each of the five studies included. While some studies were evaluated to have a high risk of bias, the authors opted to include the studies nonetheless into the meta-analysis to broade...
	The study conducted by Calvacani et al. (2017) was assessed and showed a low risk of bias. While the study had a low risk of bias in most domains, the main issues found by the evaluators include (1) lacking information with regards to the blinding and...
	Similarly, the study conducted by Silva et al. (2021) also showed a minimal to low risk of bias. Following the risk assessment tool, the only issue that the evaluators have pointed out was the (1) lack of blinding to both the participants and the assi...
	Contrary to the previous studies, the study of Alvarez et al. (2012) was evaluated to be of high risk of bias due to having a domain with "some concerns" and another with "high risk." Specifically, these domains were due to deviations from the intende...
	The following study, Dini et al. (2013), was also evaluated to have a high risk of bias due to the missing outcomes data domain. The study was unable to meet the minimum required of patients (n=50) to obtain a statistically significant difference due ...
	Journal articles were assessed further using the RoB-2 software. This tool validated the relevance and applicability of the journal articles selected using the inclusion and exclusion criteria. The authors aligned the basis of judgment with RoB-2’s si...
	4 CONCLUSION
	Despite the results being in favor of the BC group in terms of pain intensity and wound healing tissue, this meta-analysis found no significant evidence that bacterial cellulose as a wound dressing has efficiently improved wound management among adult...
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	ABSTRACT
	A decrease in blood transfusion and blood donation occurred worldwide due to
	the COVID 19 pandemic. Specifically, the Philippines had a significant drop in blood donations in 2020, compared to 2019. Hence, the study was conducted since there is a limited number of related publications in Metro Manila regarding Filipino’s knowl...
	KEYWORDS: Attitude, Blood Donation, COVID-19, Knowledge, Motivation
	1 INTRODUCTION
	Blood provides numerous functions which are beneficial for the human body. These include transport of oxygen, regulation of temperature, and resistance against infection (IQWiG, 2006). Therefore, alterations in the blood volume will pose severe threat...
	Nonetheless, there are still factors that discourage people from donating blood. One of them is poor healthcare. According to the World Health Organization, 40% of globally donated blood comes from high-income countries, which is only home to 16% of t...
	Correspondingly, the COVID-19 pandemic greatly affects the blood collection in the country. Blood drives, encouragement and promotions are some ways to improve the overall supply of blood in the country especially in Metro Manila which is the most den...
	Therefore, the study aims to determine the knowledge, attitudes, motivations, and inhibitory influences of 18-65 years old eligible Filipinos who are residing in Metro Manila towards blood donation during COVID-19 pandemic. The outcomes of the study w...
	2 RESULTS
	Table 1 Summary of Knowledge Scores of People in Metro Manila during the COVID-19 Pandemic
	Table 1 is the summary of the score of 385 participants wherein, 77 (20.0%) have low knowledge, 190 (49.4%) have moderate knowledge, and 118 (30.6%) have high knowledge towards blood donation during COVID-19 pandemic. The mean knowledge of the total p...
	Table 2 Summary of Attitudes Scores of People in Metro Manila during the COVID-19 Pandemic
	Table 2 is the summary of scores of 385 participants wherein 43 (11.2%) have less positive attitude, and 342 (88.8%) have more positive attitude towards blood donation during COVID-19 pandemic. The mean attitudes of the total participants is 37.423  ±...
	Table 3 Summary of Motivation Scores based on a weighted sum analysis of People in Metro Manila during the COVID-19 Pandemic
	Table 3 shows the summarized motivation scores of selected respondents in Metro Manila. The mean motivation score of the total participants is 35.499  ± 7.100 SD. Based on the gathered results of the study, the participants were most agreeable with th...
	Table 4 Summary of Perceived Inhibitory Influences Scores based on a weighted sum analysis of People in Metro Manila during the COVID-19 Pandemic
	Table 4 shows the summarized scores of perceived inhibitory influences among selected respondents in Metro Manila. The mean inhibitory influence score of the total participants is 24.174  ± 6.877 SD.  Based on the gathered results of the study, the pa...
	Table 5 Test statistics of knowledge, attitude, inhibitory influence, and motivation scores with Sex using Mann-Whitney U Test
	Table 5 shows the  test statistics of knowledge, attitude, inhibitory influence, and motivation scores with Sex using Mann-Whitney U Test. This is performed to compare if there is a significant difference in the distribution of scores for knowledge, a...
	With a similar shape of distribution in both groups; it can be concluded that at 5% level of significance, the median knowledge scores of females (7) and males (6) are statistically significantly different.
	The mean knowledge score was 6.62 for the females compared to 5.84 for males. Meanwhile, the obtained attitude values were consistent with the findings of Shahshani et al. (2006), in which it revealed that females compared to males, had a slightly mor...
	Table 6 Test statistics of knowledge, attitude, inhibitory influence, and motivation scores with blood donation status using Mann-Whitney U Test
	Table 6 shows the test statistics of knowledge, attitude, inhibitory influence, and motivation scores with Blood Donation Status using the Mann-Whitney U Test. This is performed to compare if there is a significant difference in the distribution of sc...
	Out of the four factors, only the knowledge scores were not significant at 5% alpha; thus, there is insufficient evidence to conclude that the scores for knowledge are significantly different for blood donation status.
	For attitude scores with a similar shape of distribution in both groups; it can be concluded that at  5% level of significance, the median attitude scores for those who have donated blood (40) and  those who have not donated blood (38) were statistica...
	For inhibitory influence and motivation with a p-value less than 5% alpha, since the shapes of distribution for these scores were not similar in both groups, it can only be concluded that there is a significant difference between their scores for thos...
	These findings are supported by a study conducted by Alfouzan (2014) as well as Aedh (2021) which revealed that people who had previously donated blood showed a higher attitude score than those that have not donated blood.
	Table 7 Test Statistics of Knowledge, Attitude, Inhibitory Influence, and Motivation Scores with Age Groups using the Kruskal Wallis Test
	Table 7 shows that a test statistic, specifically, Kruskal-Wallis test was used to compare the equality of distribution of knowledge, attitude, inhibitory influence, and motivation scores of the participants according to their age group. As for knowle...
	For attitude and motivation, since the p-value was less than 5% alpha but the shapes of the distribution are not similar in  both groups, it can only be concluded that there is a significant difference among the groups for attitude and motivation. The...
	Table 8 Test Statistics of Knowledge, Attitude, Inhibitory Influence, and Motivation Scores with Religion using Kruskal Wallis Test
	Kruskal-Wallis test was used to compare the equality of distribution of knowledge, attitude, inhibitory influence, and motivation scores of the participants when grouped according to their educational attainment. None were significant at 5% alpha. The...
	In the study, religion is not a significant factor that affects the participants' knowledge, attitude, inhibitory influences, and motivation toward blood donation, in contrast to the Malaysian study, which found that religion was significantly associa...
	3 DISCUSSION
	The study has determined the sociodemographic profile of selected Filipino blood donors in Metro Manila. Most are between the ages of 18-29; there were also more female respondents (61.6%); the majority of the respondents had achieved tertiary educati...
	The data analysis led to the assessment of the perceived knowledge of the selected Filipino blood donors. The questions with the most incorrect answers were whether one could donate blood soon after getting a flu shot (52.5%), whether someone with tat...
	The knowledge score is in concordance with the previous study by Fauzi et al. (2019) and Melku et al. (2016). In the current study, good blood donation knowledge was a crucial component in blood donation, as more knowledgeable subjects tended to donat...
	Next, the data analysis has led to assessing the attitudes of selected Filipino blood donors. According to the data gathered, most of the selected Filipino blood donors (88.8%) have a more positive attitude towards blood donation, which corresponds to...
	The findings are similar to the study of Fauzi et al. (2019), Alfouzan (2014), and Meiku et al. (2016). Hence, in spite of the COVID-19 pandemic, blood donation remains to be a vital medical procedure that could support those who are in need of blood,...
	In succession, data analysis was done to assess the motivations affecting the blood donor's drive to donate blood during the pandemic. Association with a family member or friend who is in urgent need of blood is the driving force for the decision of s...
	The most notable factor of donating blood due to having a family member in need of blood, suggests a strong sense of altruism and the selfless motive in donating blood, which is further supported by the idea of receiving financial assistance or incent...
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