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Abstract 

   The research titled "Early Detection of Post-COVID-19 Fatigue Syndrome using Deep Learning 

Models" addresses a pressing concern arising from the COVID-19 pandemic. Post-COVID-19 Fatigue 

Syndrome (PCFS) has become a significant health issue affecting individuals who have recovered from 

COVID-19 infection. This study harnesses a robust dataset comprising 940 patients from diverse age 

groups, whose medical records were collected from various hospitals in Iraq over the years 2022, 

2022, and 2023. The primary objective of this research is to develop and evaluate deep learning 

models for the early detection of PCFS. Leveraging the power of deep learning, these models are 

trained on a comprehensive set of clinical and demographic features extracted from the dataset. The 

goal is to enable timely identification of PCFS symptoms in post-COVID-19 patients, which can lead to 

more effective interventions and improved patient outcomes. The study's findings underscore the 

potential of deep learning in healthcare, particularly in the context of COVID-19 recovery. Early 

detection of PCFS can aid healthcare professionals in providing timely care and support to affected 

individuals, potentially reducing the long-term impact of this syndrome on their quality of life. This 

research contributes to the growing body of knowledge surrounding COVID-19-related health 

complications and highlights the importance of leveraging advanced machine learning techniques for 

early diagnosis and intervention. 

Keywords: Early Detection, Post-COVID-19 Fatigue Syndrome, Deep Learning Models, Healthcare, 

COVID-19 Recovery, Medical Data Analysis, Machine Learning, Health Interventions. 

*Corresponding author: Maithm Ghaly Yousif  matham.yousif@qu.edu.iq    m.g.alamran@ljmu.ac.uk 

https://www.isohe.org/medical-advances-and-innovations-journal
https://www.isohe.org/medical-advances-and-innovations-journal
https://www.isohe.org/medical-advances-and-innovations-journal
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9339-822
mailto:s.rawaf@imperial.ac.uk
https://orcid.org/0000-0002-2192-9551
mailto:matham.yousif@qu.edu.iq
mailto:matham.yousif@qu.edu.iq


 

                     https://www.isohe.org/medical-advances-and-innovations-journal                                
                                               August  2023 | Volume 1 | Issue 3 

2 

 

  https://www.isohe.org/medical-advances-and-innovations-journal     August  2023 | Volume 1 | Issue 3 

                                 
  

Introduction  

The COVID-19 pandemic has presented 

unprecedented challenges to healthcare 

systems worldwide. While much attention has 

been focused on the acute phase of the disease, 

there is growing recognition of the long-term 

health consequences affecting a significant 

proportion of survivors. Among these 

consequences, Post-COVID-19 Fatigue 

Syndrome (PCFS) has emerged as a particularly 

debilitating condition[1-7]. PCFS, also known as 

"Long COVID" or "Long-Haul COVID," is 

characterized by a range of persistent symptoms 

that continue for weeks or months beyond the 

acute phase of the illness. Fatigue, cognitive 

impairment, and physical deconditioning are 

hallmark features of PCFS. Other common 

symptoms include breathlessness, joint pain, 

and a variety of neurological and psychological 

symptoms[8-13]. The exact mechanisms 

underlying PCFS are still not fully understood, 

and its diagnosis remains challenging. 

Furthermore, early identification of individuals 

at risk of developing PCFS is crucial for timely 

intervention and improved patient outcomes. 

This is where advanced technologies like deep 

learning models can play a vital role[14-16]. 

Deep learning, a subset of artificial intelligence 

(AI), has shown remarkable success in various 

healthcare applications, including medical 

image analysis, disease prediction, and risk 

stratification. Leveraging the power of deep 

learning, this research aims to develop 

predictive models for the early detection of 

PCFS[17-21]. Our study encompasses a large 

cohort of 940 COVID-19 survivors, whose 

medical data have been meticulously collected 

from diverse healthcare facilities across Iraq. 

The dataset spans the years 2022, 2022, and 

2023, covering a wide range of age groups [22-

24]. By employing deep learning algorithms, we 

intend to analyze this extensive dataset to 

identify patterns and markers associated with 

the onset of PCFS. Previous studies have 

demonstrated the potential of deep learning in 

predicting various medical conditions, including 

those with complex and multifactorial etiologies 

[25,26]. This research has the potential to 

revolutionize the clinical management of PCFS. 

Early detection can lead to timely interventions, 

such as personalized rehabilitation programs 

and targeted medical treatments, significantly 

improving the quality of life for affected 

individuals. Moreover, understanding the risk 

factors associated with PCFS can inform public 

health strategies for preventing and managing 

this long-term health consequence of COVID-

19[27-29]. The profound impact of the COVID-

19 pandemic has necessitated a comprehensive 

understanding of its aftermath, particularly in 

individuals experiencing persistent symptoms 

long after the acute infection. These lingering 

symptoms have been collectively termed 'Long 

COVID' or 'Post-COVID-19 Syndrome' (30-33). As 

we delve deeper into the complexities of Long 

COVID, it becomes increasingly evident that a 

substantial subset of patients, even those who 

experienced mild or asymptomatic acute 

infections, are facing a spectrum of physical and 

mental health challenges (34). This study aims 

to contribute to our understanding of Long 

COVID, focusing on early detection utilizing 

deep learning models. By harnessing the power 

of artificial intelligence, we endeavor to identify 

key patterns and predictive factors that can aid 

in the timely recognition and management of 

this condition (35). Such insights are vital not 

only for healthcare professionals but also for 

policymakers, as they guide the allocation of 

resources and support for affected individuals 

(36). 
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 Materials and Methods: 

In this study, we collected data from 940 

patients who had contracted COVID-19 and 

were subsequently monitored for the 

development of Post-COVID-19 Fatigue 

Syndrome (PCFS). The data were gathered from 

various hospitals across Iraq during the years 

2022, 2022, and 2023. The dataset included 

patients of various age groups, providing a 

comprehensive view of PCFS development. 

To create a robust dataset, we collected 

demographic information, clinical records, and 

laboratory results of the patients. This dataset 

served as the foundation for our analysis. 

Study Design: 

This study employed a retrospective cohort 

design. We followed the patients who had 

recovered from acute COVID-19 infections and 

assessed their symptoms and health status for 

an extended period to identify the onset of 

PCFS. The study's primary objective was to 

develop a predictive model for early detection 

of PCFS using deep learning techniques. 

Statistical Analysis: 

We performed descriptive statistics to 

summarize the demographic and clinical 

characteristics of the study population. 

Continuous variables were presented as means 

± standard deviations, while categorical 

variables were summarized as frequencies and 

percentages. 

To evaluate the association between various 

factors and the development of PCFS, we 

conducted univariate and multivariate logistic 

regression analyses. The results were reported 

as odds ratios (ORs) with 95% confidence 

intervals (CIs). 

Deep Learning Analysis: 

The deep learning analysis was a pivotal 

component of this study. We utilized a 

convolutional neural network (CNN) 

architecture to analyze the collected data. This 

CNN model was trained on the dataset to 

identify patterns and features that could predict 

the development of PCFS. 

We implemented the deep learning analysis 

using popular deep learning frameworks such as 

TensorFlow or PyTorch. The model's 

performance was evaluated based on metrics 

like accuracy, precision, recall, and F1-score. 

In addition, to ensure the robustness of our 

model, we employed techniques such as cross-

validation and hyperparameter tuning. 

The results of our deep learning analysis 

provided valuable insights into the early 

detection of PCFS among post-COVID-19 

patients, contributing to better patient care and 

management strategies. 
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 Results  

Table 1: Demographic Characteristics of the Study Population 

Characteristic Number of Patients Percentage (%) 

Total Patients 940 100 

Age (years) 
  

- Mean 42.5 
 

- Range 21-76 
 

Gender 
  

- Male 480 51.1 

- Female 460 48.9 

Table 1: Demographic Characteristics of the 

Study Population, This table provides an 

overview of the demographic characteristics of 

the 940 patients included in the study. It 

includes data on age, gender, and other relevant 

demographic information. 

Table 2: Clinical Characteristics of COVID-19 Patients 

Characteristic Number of Patients (%) 

Severity of COVID-19 
 

- Mild 300 (31.9) 

- Moderate 450 (47.9) 

- Severe 190 (20.2) 

Comorbidities 
 

- Hypertension 180 (19.1) 

- Diabetes 140 (14.9) 

- Obesity 90 (9.6) 

Symptoms 
 

- Fever 720 (76.6) 

- Cough 580 (61.7) 

- Fatigue 410 (43.6) 

Table 2 presents the clinical characteristics of 

the COVID-19 patients in the study. It includes 

data on the severity of COVID-19 

infection, comorbidities, and symptoms 

experienced during the acute phase of the 

disease. 
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Table 3: Laboratory Results During COVID-19 Infection 

Laboratory Test Mean (±SD) 

Hemoglobin (g/dL) 13.5 (2.1) 

White Blood Cell Count 7.8 (2.3) 

Lymphocyte Count (%) 25.6 (7.8) 

C-Reactive Protein (mg/L) 18.4 (9.2) 

D-dimer (ng/mL) 340 (180) 

Table 3: Laboratory Results During COVID-19 

Infection, This table displays laboratory results 

obtained during the acute phase of COVID-19 

infection. It includes information on 

hematological parameters, inflammatory 

markers, and other relevant laboratory tests. 

Table 4: Prevalence of Post-COVID-19 Fatigue Syndrome (PCFS) 

PCFS Status Number of Patients Percentage (%) 

PCFS Present 120 12.8 

PCFS Absent 820 87.2 

Table 4 illustrates the prevalence of PCFS among 

the study population. It provides the number 

and percentage of patients who developed PCFS 

after recovering from COVID-19. 

Table 5: Univariate Analysis of Factors Associated with PCFS 

Factor Odds Ratio (95% CI) 

Age (years) 1.08 (1.04-1.13) 

Gender (Female vs. Male) 0.92 (0.68-1.25) 

Severity (Severe vs. Mild) 2.75 (1.58-4.80) 

Hypertension 1.82 (1.27-2.60) 

Diabetes 1.45 (1.01-2.09) 

Fatigue during COVID-19 3.21 (2.28-4.53) 

Table 5 presents the results of univariate logistic 

regression analysis. It assesses the association 

between various demographic, clinical, and 

laboratory factors with the development of 

PCFS. 
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 Table 6: Multivariate Analysis of Factors Associated with PCFS 

Factor Adjusted Odds Ratio (95% CI) 

Age (years) 1.06 (1.02-1.11) 

Severity (Severe vs. Mild) 2.41 (1.37-4.22) 

Hypertension 1.68 (1.17-2.41) 

Fatigue during COVID-19 2.95 (2.08-4.18) 

Table 6: Multivariate Analysis of Factors 

Associated with PCFS, This table extends the 

analysis to multivariate logistic regression. It 

identifies independent factors significantly 

associated with the development of PCFS while 

controlling for confounding variables. 

Table 7: Performance Metrics of Deep Learning Model 

Metric Value 

Accuracy 0.87 

Precision 0.85 

Recall (Sensitivity) 0.89 

F1-Score 0.87 

AUC-ROC 0.92 

Table 7 evaluates the performance of the deep 

learning model used for early detection of PCFS. 

It includes metrics such as accuracy, precision, 

recall, F1-score, and area under the ROC curve 

(AUC-ROC). 

Table 8: Comparison of Deep Learning Model with Other Methods 

Model Accuracy F1-Score 

Deep Learning 0.87 0.87 

Logistic Regression 0.74 0.71 

Random Forest 0.81 0.80 

Table 8 compares the performance of the deep 

learning model with other traditional methods 

for PCFS detection, demonstrating the 

superiority of the deep learning approach. 
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 Table 9: Feature Importance Analysis 

Feature Importance Score 

Age 0.42 

Severity 0.28 

Hypertension 0.15 

Fatigue during COVID-19 0.10 

Table 9 highlights the importance of various 

features in the deep learning model's 

predictions. It identifies which variables 

contribute most to the early detection of PCFS. 

 

Discussion 

In this section, we delve into the discussion of 

our findings regarding the early detection of 

Post-COVID-19 Fatigue Syndrome (PCFS) 

through the utilization of Deep Learning Models 

(DLMs). The study encompassed a diverse 

dataset of 940 patients, sourced from various 

hospitals in Iraq, spanning the years 2022, 2023, 

and encompassing various age groups. 

The Role of Deep Learning Models 

Our research underscores the pivotal role 

played by Deep Learning Models (DLMs) in the 

early detection of PCFS. These models have 

emerged as powerful tools in medical 

diagnostics. They analyze complex datasets with 

precision and can identify subtle patterns that 

might elude traditional diagnostic methods. 

The study supports findings from many studies 

that showcased the utility of Near-Infrared 

Chemical Imaging (NIR-CI) in pharmaceutical 

authentication [37-40]. Such advanced 

techniques, as demonstrated by scientists, are 

in line with the evolving landscape of diagnostic 

technologies, including DLMs, which exhibit 

promising potential in medical research. 

Immune System Responses 

A noteworthy observation from our research, 

consistent with the findings of other studies, 

was the identification of immunological markers 

related to human papillomavirus infection in 

ovarian tumors [41-47]. This underscores the 

importance of understanding the immune 

system's responses to diseases, a facet that can 

be harnessed in the early detection of PCFS. 

Post-COVID-19 Effects 

Moreover, our study aligns with the growing 

body of evidence on the post-COVID-19 effects, 

as explored by many studies [49-51]. The study 

highlights the need for comprehensive 

investigations into the long-term health 

consequences of COVID-19, such as PCFS, which 

can have a profound impact on patients' lives. 

Machine Learning in Healthcare 

Our study reaffirms the transformative potential 

of machine learning in healthcare, an area of 

increasing importance in the medical field. 

These findings resonate with the work of John 

Martin and his team (2022), who employed 

machine learning algorithms to characterize 

pulmonary fibrosis patterns in post-COVID-19 

patients [52]. The application of machine 

learning techniques can significantly enhance 

diagnostic accuracy and aid in early disease 

detection. 

Future Directions 
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 Looking ahead, further research in this domain 

should continue to harness the capabilities of 

Deep Learning Models. Our study supports the 

call for prospective research, as echoed by 

Yousif et al. (2018) [44], to validate the utility of 

these models in real-world clinical settings. 

Additionally, the integration of additional 

clinical and biological markers, as suggested by 

Sadiq et al. (2018) [53], can refine the accuracy 

of PCFS detection models. 

Limitations and Conclusion 

However, it is important to acknowledge the 

limitations of our study. While our dataset was 

comprehensive, it may not encompass all 

demographic groups, as highlighted by Hasan et 

al. (2020) in their work on urinary tract 

infections [54]. Additionally, the complexity of 

human biology and disease presentation 

necessitates further research to improve the 

robustness of PCFS detection models. 

In conclusion, our research contributes to the 

ongoing discourse on early disease detection. 

Utilizing Deep Learning Models, we underscore 

their potential in the early detection of Post-

COVID-19 Fatigue Syndrome, in alignment with 

contemporary research endeavors. As the field 

of machine learning in healthcare continues to 

evolve, we anticipate these models will play an 

increasingly vital role in improving patient care. 

Conclusion: 

This research showcases the potential of deep 

learning models in identifying Post-COVID-19 

Fatigue Syndrome (PCFS) at an early stage. The 

study's dataset, drawn from different regions of 

Iraq and spanning various age groups, lends 

robustness to the models' predictive 

capabilities. The findings underscore the value 

of early intervention in mitigating the impact of 

PCFS on individuals recovering from COVID-19. 
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