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Abstract 
 
Foetal health monitoring is a vital component of prenatal care, ensuring the well-being of both mother and child. 
Traditional techniques such as cardiotocography (CTG) are widely used, however, they are often limited by subjective 
interpretation and time inefficiencies. There is also limited literature that presents guidelines on the application of 
machine learning in Foetal health status prediction, particularly addressing challenges such as data variability, model 
generalizability, and algorithmic bias. This paper presents findings from a Systematic Literature Review (SLR) that 
followed the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) model. 
The SLR examined 42 peer-reviewed studies published between 2021 and 2024 from Google Scholar and IEEE Xplore 
databases. The findings indicate that while machine learning models like random forests and neural networks achieve 
high predictive accuracy, their performance is often limited by data variability, lack of generalizability across diverse 
populations, and algorithmic bias. By addressing these challenges, Machine Learning can improve foetal health 
outcomes, ensuring timely and accurate interventions. These findings inform healthcare policymakers on how to 
intervene and manage foetal health hence reducing the mortality and morbidity of mother and/or child. Researchers 
interested in maternal and foetal health will also benefit from the findings of this paper through adhering to the 
guidelines provided in the resultant framework to improve the health management of the foetus. 
 
Keywords 
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1. Introduction 
Foetal health monitoring is the cornerstone of prenatal care, aimed at identifying potential risks to safeguard maternal 
and foetal well-being. Traditional approaches, such as cardiotocography (CTG), are commonly employed to monitor 
foetal heart rate and uterine contractions, providing valuable insights into foetal health status. However, these methods 
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are not without limitations. The manual interpretation of CTG data is inherently subjective and time-intensive, often 
leading to variability in diagnostic accuracy (Sunge et al. 2023). Machine Learning (ML) has emerged as a powerful 
tool in addressing these limitations by offering data-driven solutions that enhance predictive accuracy and decision-
making efficiency. By analyzing complex datasets, ML algorithms can identify patterns and relationships that are not 
easily discernible through conventional methods. Recent studies have demonstrated the potential of ML techniques 
such as random forests, neural networks, and support vector machines in predicting pregnancy-related complications, 
including preeclampsia, gestational diabetes, and foetal distress (Jiang et al. 2023; Mistry 2022). 
 
Maternal health plays a critical role in determining foetal outcomes, with factors such as gestational age, maternal 
Body Mass Index (BMI), and blood pressure serving as key predictors of foetal health status. Addressing 
complications early is essential to mitigating risks for both mother and child. Despite promising advancements, the 
application of ML in this domain faces challenges, including data variability, limited dataset diversity, and ethical 
concerns like fairness and bias in predictive models (Albakoor et al. 2024; Nwokoro et al. 2023). Moreover, the 
generalisability of ML models across diverse populations remains a significant hurdle, emphasising the need for 
standardized methodologies and robust datasets (Moutaib et al. 2024). Currently there is limited literature that presents 
a systematic literature reviews of foetal health status. Nevertheless, there is a need for a systematic literature review 
that provides insight into the current techniques used for monitoring foetal health status, technologies for predicting 
foetal health status, challenges currently faced in the prediction of foetal health status and methods for improving the 
prediction of the foetal health status. For instance, Moutaib et al. (2024) highlight the need for standardised 
methodologies for such practices as predicting future events as well as the need for larger datasets to validate the 
reliability of ML applications across diverse populations. In addition, while ML holds potential in prenatal care, there 
is a pressing need to address data quality and population-specific model variations (Albakoor et al. 2024). 
 
Research Questions 
How is the foetal health status currently predicted? 
What models are mostly applied in the prediction of foetal health status? 
 
2. Methodology 
This systematic literature review was conducted following the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) model, ensuring rigor, transparency, and reproducibility. PRISMA’s structured approach 
enabled the comprehensive synthesis of existing research on foetal health prediction. Each step, from study selection 
to data analysis was meticulously documented to maintain reliability and replicability. 
 
2.1 Search Strategy 
To create a search strategy, we developed a specific search string to capture the relevant studies within the specified 
time frame and research area. The search string used was: 
 
(("Prediction" OR "Forecasting") AND ("Foetal health status") OR ("embryo health status" OR "Foetus 
wellbeing") AND ("Artificial Intelligence" OR “AI” OR "machine learning" OR “ML”)) 
The search strategy also included criteria based on the frequency of keywords, author reputation, citation count, and 
publication source to ensure relevance and quality (Lee and Koo 2022). The search filters included the prominence of 
keywords in titles, abstracts, or main text, ranking studies by frequency of keyword use (Page et al. 2021). Papers 
authored by prominent researchers with high citation counts in foetal health prediction or machine learning were 
prioritised, as were studies published in high-impact, peer-reviewed journals (Arya et al. 2021). 
 
 
 
 
 
 
 
2.2 Selection Criteria 
 
 

Table 1. Search Protocol for Studies on Foetal Health Prediction 
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Protocol Element Description 
Digital Library Google Scholar, IEEE Xplore 
Search Period 2021–2024 (initial search), 2022–2024 (refined search) 
Number of Results Google Scholar (381 initial, 322 refined), IEEE Xplore (6) 
Inclusion Criteria Peer-reviewed articles, English language, relevance to foetal 

health prediction using machine learning 
Exclusion Criteria Non-English articles, non-peer-reviewed studies, conference 

abstracts, unpublished manuscripts 
 
2.3 Reporting 
The results were reported in accordance with PRISMA guidelines, including a flow diagram in Figure 1 below, to 
illustrate the study selection process. Summary tables were created to present key characteristics and findings of the 
included studies clearly. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Prisma Flow Diagram 
 
The table 2 below categorizes existing research on foetal health prediction based on key research questions. By 
grouping the studies, we can better understand the current methods used, technological advancements, efforts to 
improve prediction accuracy, and challenges faced in the field. This classification helps highlight gaps in research and 
areas for further exploration. 
 
 

Table 2. Categories of Existing Research on Foetal Health Prediction 

 

Records excluded 
(n = 106) 

Records identified from: 
Databases (n = 2) 

Google Scholar (n = 322) 
IEEE Xplore (n = 6) 

Records removed before screening: 
Duplicate records removed 

(n = 5) 

Records screened 
(n = 134) 

Reports sought for retrieval 
(n = 28) 

Reports not retrieved 
(n = 17) 

Reports assessed for 
eligibility 
(n = 28) 

Reports excluded: 
Full-text not available (n = 11) 

Reports deleted (n = 6) 

Studies included in review 
(n = 3) 

Reports of included studies 
(n = 42) 

Identification of New Studies Via Databases and Registers 

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

 
In

cl
ud

ed
 

769



Proceedings of the 6th African International Conference on Industrial Engineering and Operations 
Management Rabat, Morocco, April 7-10, 2025  
 

© IEOM Society International 

 
No. Author(s) Foetal Health Status 

Prediction 
Techniques 

Challenges of 
Foetal Health 
Status Prediction 

Models Used 

1 Abburi et al. 
2024 

AI algorithms for 
remote foetal heart rate 
monitoring 

Wearable 
technology 
accuracy and noise 
reduction 

AI algorithms, wearable 
sensors 

2 Aghadavod et al. 
2024 

Textile-based 
electrodes for foetal 
ECG signal analysis 

Reliability of 
textile-based 
electrodes in 
clinical settings 

Textile-based ECG 
electrodes 

3 Al Duhayyim et 
al. 2023 

Ensemble learning for 
foetal health 
classification 

Optimizing 
ensemble learning 
for high accuracy 

Ensemble learning models 

4 Albakoor et al. 
2024 

Decision tree 
algorithms for early 
prediction of foetal 
malformations 

Limitations in early 
detection accuracy 
of malformations 

Decision tree algorithms 

5 Alkurdi et al. 
2024 

Machine learning on 
cardiotocogram data 

Data quality and 
feature selection 
issues 

Machine learning classifiers 

6 Alzakari et al. 
2024 

AI-driven predictive 
framework for 
stillbirth detection 

Complexity in 
predictive 
frameworks and 
false positives 

AI-based predictive models 

7 Amanda et al. 
2024 

Integrated feature 
selection with machine 
learning 

Choosing optimal 
machine learning 
models 

Feature selection with ML 
algorithms 

9 Bahar et al. 2022 Model structuring for 
foetal health status 
prediction 

Structuring 
predictive models 
effectively 

Predictive model structures 

10 Dash and Kumar 
2024 

Ensemble-based stage 
prediction approach 

Combining 
multiple models for 
stage-wise 
prediction 

Ensemble machine learning 

11 EFEVBERHA-
OGODO et al. 
2024 

Predictive ML model 
for maternal mortality 

Maternal health 
data availability 
and predictive 
limitations 

Predictive ML models 

12 Hardalaç et al. 
2024 

Feature elimination 
and hyperparameter 

Feature selection 
and hyperparameter 
tuning complexity 

Feature elimination, 
hyperparameter 
optimization 
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optimization on 
cardiotocography 

13 Innab et al. 2024 Light gradient boosting 
model with SHAP 
explainable AI 

Balancing model 
interpretability and 
predictive power 

Light gradient boosting, 
SHAP explainability 

14 Jain et al. 2024 Generative adversarial 
networks in foetal 
health applications 

Data augmentation 
and model 
generalization 

Generative adversarial 
networks 

15 Jiang et al. 2023 Data analysis and 
optimal prediction 
model search using 
CTG data 

Finding the optimal 
model among many 
possibilities 

CTG-based predictive 
models 

16 Jijiet et al. 2024 SVM classifier for 
real-time sensory 
sonography foetal 
abnormality detection 

Real-time accuracy 
and robustness of 
SVM models 

SVM classifiers 

17 Khamis 2024 Deep neural networks 
for foetal health 
monitoring using 
cardiography 

Training deep 
networks with 
limited 
cardiography data 

Deep neural networks 

18 Margret et al. 
2024 

Machine learning-
based box models for 
pregnancy care 

Accuracy and real-
world application 
of box models 

Box models, ML classifiers 

19 Mehbodniya et 
al. 2024 

ML-based foetal health 
classification using 
cardiotocographic data 

Ensuring model 
reliability in 
clinical 
applications 

Cardiotocographic ML 
classifiers 

20 Mennickent et 
al. 2024 

Narrative review of 
ML applications in 
pregnancy disease 
prediction 

Lack of extensive 
data on pregnancy 
diseases 

Machine learning models 
for pregnancy health 

21 Mistry 2022 Comparative analysis 
of various foetal risk 
prediction algorithms 

Trade-offs between 
different risk 
prediction 
algorithms 

Various foetal risk 
prediction algorithms 

22 Mondal et al. 
2023 

Maternal health risk 
prediction model for 
IoMT framework 

Scalability of 
IoMT-based 
maternal health 
prediction 

IoMT-based ML models 

23 Moutaib et al. 
2024 

Random forest-based 
foetal 
electrocardiogram 
prediction 

Feature selection 
and overfitting 
risks in random 
forest models 

Random forest models 
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24 Muntaha and 
Dewanjee nd 

XAI with Hybrid 
BiGRU-BiLSTM for 
maternal-foetal risk 
monitoring 

Balancing 
explainability and 
accuracy in hybrid 
deep models 

XAI, Hybrid BiGRU-
BiLSTM 

25 Mushtaq and 
Veningston 
2024 

AI-driven interpretable 
deep learning for foetal 
health classification 

Interpretable deep 
learning challenges 

Interpretable deep learning 
models 

26 Nagavibha et al. 
2024 

Empirical and 
statistical ML analysis 
for foetal health 
classification 

Choosing optimal 
ML models for 
statistical 
classification 

Various ML classifiers 

27 Naidile et al. 
2024 

Machine learning-
based foetal health 
status prediction 

Data quality and 
feature selection in 
ML models 

Machine learning classifiers 

28 Nasir et al. 2024 Federated learning for 
foetal health with 
cardiotocography 

Decentralized 
learning challenges 
in federated ML 

Federated learning, 
cardiotocography 

29 Nwokoro et al. 
2023 

Adaptive explainable 
AI for maternal 
outcome improvement 

Adaptive AI model 
training on diverse 
maternal health 
data 

Explainable AI models 

30 Olayemi and 
Olasehinde 2024 

ML-based foetal health 
prediction from 
cardiotocography 

Applying ML in 
low-resource 
healthcare settings 

Machine learning on 
cardiotocography data 

31 Pa and 
Premalathab nd 

1D CNN for foetal 
health 
cardiotocographic 
classification 

Handling large-
scale 
cardiotocographic 
data with CNN 

1D CNN models 

32 Page et al. 2021 PRISMA 2020 
guidelines for 
systematic review in 
foetal health research 

Standardization and 
replicability in 
systematic reviews 

PRISMA methodology 

33 Pouramirarsalani 
and Rajebi nd 

Feature vector 
optimization for SVM-
based foetal 
classification 

Optimizing feature 
selection for SVM 
models 

SVM with feature 
optimization 

34 RAMESH et al. 
2024 

ML-based 
cardiotocography 
analysis for foetal 
health classification 

Ensuring 
robustness of ML 
models for 
cardiotocography 

Machine learning models 
for cardiotocography 

35 Sade 2024 Adaptive Neural Fuzzy 
Inference System for 

Fuzzy logic model 
accuracy and 
optimization 

Adaptive Neural Fuzzy 
Inference System 

772



Proceedings of the 6th African International Conference on Industrial Engineering and Operations 
Management Rabat, Morocco, April 7-10, 2025  
 

© IEOM Society International 

foetal health 
assessment 

36 Saeed 2024 Decision tree-based 
early prediction of 
foetal malformations 

Decision tree 
performance in 
congenital anomaly 
prediction 

Decision trees 

37 Salini et al. 2024 ML models for 
cardiotocography-
based foetal health 
classification 

Handling 
variability in 
cardiotocographic 
data 

Various ML classifiers 

38 Saragodu et al. 
2024 

ML-based foetal health 
prediction using 
cardiotocography 

Generalizability of 
ML models to 
different healthcare 
settings 

ML models for 
cardiotocography 

39 Shastry et al. 
2024 

Adaptive weighted 
diversity ensemble 
learning for foetal 
health 

Ensemble learning 
trade-offs between 
accuracy and 
efficiency 

Adaptive weighted 
ensemble learning 

40 Sirisha et al. 
2024 

Dynamic Multi-Layer 
Perceptron for 
cardiotocography 
analysis 

Deep learning 
parameter tuning 
and model 
complexity 

Multi-Layer Perceptron 

41 Spairani 2024 AI-driven 
multiparametric 
approach for foetal 
heart rate variability 

Processing foetal 
heart rate data with 
multi-parametric 
AI 

Multi-parametric AI 
approaches 

42 Sridevi nd Deep learning for 
foetal health 
classification 

Training deep 
learning models 
with limited foetal 
health datasets 

Deep learning classifiers 

 
 
To visually represent the results, forest plots were employed as shown in Figure 2 
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Figure 2. Forest Plot of Machine Learning Techniques for Foetal Health Prediction 
 
3. Results and Discussion 
The use of machine learning (ML) in healthcare, especially in maternal and foetal health, has shown great potential in 
predicting and managing pregnancy-related issues. Many studies highlight that ML-based models improve the 
accuracy of predicting foetal health outcomes and help reduce maternal and neonatal mortality. The ability of ML to 
process large amounts of clinical data allows for better insights com-pared to traditional statistical methods (Abburi 
et al. 2024). Research has demonstrated that ML models trained on cardiotocography (CTG) data can effectively 
assess foetal health and predict potential complications (Al Duhayyim et al. 2023). This section presents numerical 
and graphical results from different studies, discusses improvements, and evaluates the reliability of ML models in 
this field. 
 
3.1 Technologies  
Various studies have applied ML models to predict foetal health conditions using different approaches. This review 
includes studies that utilize deep learning, neural networks, ensemble learning, support vector machines (SVM), and 
decision tree algorithms. Deep neural networks (Khamis, 2024; Sridevi, nd) have been employed for foetal health 
monitoring using cardiotocography data, showing significant improvements in prediction accuracy. Ensemble learning 
techniques, such as adaptive weighted diversity models (Shastry et al. 2024) and random forest models (Moutaib et 
al. 2024), have been used to optimize foetal health classification outcomes. Additionally, SVM classifiers (Jijiet et al. 
2024; Pouramirarsalani and Rajebi, nd) have demonstrated effectiveness in real-time sonography foetal abnormality 
detection when combined with optimized feature selection methods. Federated learning (Nasir et al. 2024) and 
explainable AI (Muntaha and Dewanjee nd; Nwokoro et al., 2023) have also emerged as promising technologies for 
foetal health prediction. 

 
3.2 Models Used 
While a formal meta-analysis was not conducted, the following statistical methods were considered if the data had 
allowed. Meta-analysis models would have been applied, with a preference for a random-effects model due to the 
anticipated heterogeneity among the studies (Dettori et al. 2022). This model is appropriate when studies differ 
significantly in terms of design and populations. In an ideal scenario where meta-analysis was feasible, heterogeneity 
assessment tools such as the I² statistic would have been employed to quantify heterogeneity among studies, along 
with visual inspections of forest plots (Dettori et al. 2022). Should a meta-analysis have been conducted, software 
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such as R (version 4.1.0) with the 'metafor' package would have been utilised for data analysis and synthesis. By 
combining these approaches, the researchers hoped to reduce the impact of any reporting biases on the findings of this 
research. However, it is critical to acknowledge that the possibility of bias owing to missing results is a complex issue 
that requires additional research to develop more rigorous approaches for identifying and mitigating bias. 
 
To assess the certainty of the evidence for each outcome, the GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) approach was used (Nasir et al. 2024). This paradigm considers four essential domains 
when evaluating the quality of evidence. The risk of bias evaluates the methodological quality of the included studies, 
including randomization, allocation concealment, blinding, and selective outcome reporting. Inconsistency assesses 
the degree of difference in out-comes between trials, taking into account statistical heterogeneity and clinical 
variability. Indirectness evaluates the extent to which the evidence applies to foetuses and the intervention of interest. 
Imprecision determines the precision of effect estimates while considering factors such as sample size and data 
variability. By utilising the GRADE approach, we aim to provide a transparent and rigorous assessment of the certainty 
in the evidence for each outcome. This will enable readers to interpret the findings with confidence and make informed 
decisions. 
 
4. Conclusion 
The findings of this systematic literature review emphasize the transformative potential of machine learning (ML) 
technologies in the prediction of foetal health status. The review revealed that ML techniques, including decision trees, 
neural networks, support vector machines, and ensemble learning models, have significantly enhanced predictive 
accuracy compared to traditional methods such as cardiotocography (CTG) interpretation. These advanced algorithms 
allow for the identification of subtle patterns within large datasets, offering earlier and more reliable detection of foetal 
distress and other complications. However, the analysis also underscores that the current application of ML algorithms 
and techniques in foetal health prediction is still in its nascent stages, with issues related to data quality, 
generalisability, availability, and model interpretability impeding broader clinical implementation. The results indicate 
that while ML holds great promise in improving prenatal care, there is a pressing need for more robust, diverse datasets 
and standardised methodologies to ensure consistent model performance across different populations. 
 
Several recommendations emerge from this review to guide future research and practical applications in foetal health 
prediction. Firstly, the development of standardised data collection protocols across healthcare institutions is essential 
to mitigate data variability and enhance the generalisability of ML models. Furthermore, collaborative efforts between 
data scientists and healthcare professionals should be prioritized to ensure that predictive models are both clinically 
relevant and ethically sound. Explainable AI (XAI) techniques should also be integrated into ML frameworks to 
improve model transparency and foster trust among clinicians. In addition, the incorporation of federated learning 
approaches may provide a solution to privacy concerns by enabling the training of models on decentralized datasets 
without compromising patient confidentiality. Addressing these recommendations would not only improve the 
reliability of ML-based foetal health prediction but also facilitate the seamless integration of these technologies into 
routine prenatal care. 
 
Despite the promising potential of ML in foetal health prediction, this study is not without limitations. The review 
relied solely on peer-reviewed articles published in English between 2021 and 2024, which may have excluded 
relevant studies in other languages or unpublished data. Moreover, the heterogeneity of the included studies in terms 
of model selection, input features, and outcome measures made direct comparisons challenging. The absence of a 
formal meta-analysis further limits the ability to draw quantitative conclusions regarding model performance. Future 
research should focus on conducting meta-analyses to quantify the overall predictive performance of different ML 
models and identify the most effective techniques. Additionally, efforts to improve data diversity and transparency 
will be critical to overcoming biases and ensuring equitable health outcomes across diverse populations. By addressing 
these limitations, future studies can contribute to the establishment of more reliable and ethical ML applications in 
foetal health prediction. 
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