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Abstract

Maternal mortality remains a critical public health challenge in low- and middle-
Artificial  Intelligence; Machine  income countries, where delayed diagnosis and inadequate risk stratification
Learning; High-Risk Pregnancy;  contribute significantly to preventable adverse outcomes. This study proposes an
Clinical Decision Support System;  ayeificial intelligence (Al)}based predictive modeling framework for early detection

Maternal ~ Mortality;  Pakistan of high-risk pregnancies in resource-constrained healthcare systems of Pakistan. A
Healthcare System

Keywords

quantitative, cross-sectional research design was adopted using secondary clinical
data comprising demographic, clinical, and obstetric variables. Multiple machine
learning algorithms, including Logistic Regression, Support Vector Machine

Article History (SVM), Random Forest, and Gradient Boosting, were trained and evaluated
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using a 70:30 train-test split. Model performance was assessed using accuracy,
precision, recall, Flscore, and ROCAUC. Results indicated that ensemble
learning methods outperformed traditional statistical approaches, with the
Gradient Boosting model achieving the highest predictive accuracy (93.6%) and
ROCAUC of 0.96. Key predictors of highrisk pregnancy included blood
pressure, body mass index, hemoglobin level, and gestational history. The findings
confirm that Al-based predictive systems significantly enhance early risk
identification and support clinical decision-making under resource limitations.
The study concludes that integrating machine learning—based decision-support
systems into maternal healthcare can improve early diagnosis, optimize referral
processes, and potentially reduce maternal morbidity and mortality in Pakistan.
The proposed framework offers a scalable and contextspecific solution for
strengthening digital health infrastructure in developing healthcare systems.
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INTRODUCTION

Maternal mortality remains a persistent global
health challenge,  with the  burden
disproportionately concentrated in low- and
middle-income countries. Despite significant
improvements in healthcare delivery systems,

developing countries continue to face preventable
maternal deaths due to delayed diagnosis,
inadequate risk stratification, and limited access to
specialized obstetric care. According to global
health evidence, most maternal complications
such as preeclampsia, postpartum hemorrhage,
and gestational diabetes can be effectively
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managed if identified at an early stage (World
Health Organization, 2023).

In recent years, artificial intelligence (AI) and
machine learning (ML) have emerged as
transformative tools in healthcare analytics,
enabling predictive modeling for early disease
detection and risk classification. Al-driven systems
can analyze large-scale clinical datasets and identify
complex, non-inear patterns that are often
overlooked in traditional clinical assessments
(Rajkomar et al., 2019). In maternal healthcare,
predictive algorithms have demonstrated strong
potential in identifying high-risk pregnancies by
integrating demographic, physiological, and
obstetric variables (Shahid et al., 2023).
Resource-constrained healthcare systems,
particularly in South Asia, face critical limitations
including insufficient medical staff, weak
diagnostic infrastructure, and inconsistent patient
monitoring systems. Pakistan, in particular,
continues to report high maternal mortality rates
compared to global benchmarks, largely due to
gaps in early risk detection and timely referral
mechanisms (UNICEF, 2023). The absence of
scalable predictive tools further exacerbates the
challenge, as clinicians rely primarily on subjective
judgment and routine antenatal checkups.
Recent advancements in Al-based healthcare
systems have introduced predictive models capable
of supporting clinical decision-making in real
time. Techniques such as logistic regression,
random forest, support vector machines, and
gradient boosting have been widely used to
improve diagnostic accuracy and early warning
systems in obstetric care (Obermeyer & Emanuel,
2016). However, the majority of these models have
been developed in high-income countries with
robust electronic health record systems, limiting
their direct applicability to developing countries
like Pakistan.

Therefore, there is a pressing need to develop
localized Al-based predictive models tailored to
the demographic, clinical, and socioeconomic
conditions of Pakistan’s healthcare system. Such
systems can enhance early detection of high-risk
pregnancies, support clinical decision-making, and
ultimately contribute to reducing maternal
morbidity and mortality. This study addresses this

gap by proposing an Al-driven predictive modeling
framework designed specifically for resource-
constrained healthcare environments.

Problem Statement

Maternal mortality and morbidity remain critical
public health concerns in Pakistan, where a
significant proportion of pregnancy-related
complications are preventable with timely
intervention. Despite the availability of antenatal
care services, many high-risk pregnancies are not
identified at an early stage due to limitations in
clinical assessment tools, lack of predictive
analytics, and overburdened healthcare facilities.
Existing maternal healthcare systems in Pakistan
largely depend on traditional clinical evaluation
methods, which are often subjective, inconsistent,
and insufficient for early risk stratification. This
results in delayed diagnosis of life-threatening
conditions such as preeclampsia, hemorrhage, and
gestational diabetes, contributing to adverse
maternal outcomes.

Although artificial intelligence and machine
learning have demonstrated strong predictive
capabilities in healthcare systems globally, their
implementation in Pakistan remains limited and
fragmented. Most existing studies are either
theoretical or based on non-local datasets that do
not reflect the unique  demographic,
socioeconomic, and clinical conditions of the
Pakistani population.

Furthermore, there is a lack of integrated
predictive frameworks that combine clinical,
demographic, and obstetric variables into a
unified Al-based decision-support system. This
creates a significant research gap in developing
scalable, costeffective, and contextspecific
predictive ~ models suitable for resource-
constrained healthcare environments.

Therefore, there is a critical need to develop and
evaluate an Albased predictive modeling
framework capable of accurately identifying high-
risk pregnancies and improving early intervention
strategies in Pakistan’s maternal healthcare system.

Research Questions
1. How effectively can artificial intelligence-
based models predict high-risk pregnancies in
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resource-constrained  healthcare  settings of
Pakistan?

2. Which clinical, demographic, and
obstetric variables are the most significant
predictors of adverse maternal outcomes!?

3. Which machine learning algorithm
provides the highest predictive accuracy for
maternal risk classification?

4. How can Albased predictive systems
improve early diagnosis and clinical decision-
making in maternal healthcare?

5. What is the potential impact of Al-based
prediction tools on reducing maternal morbidity
and mortality in Pakistan?

Research Objectives

1. To develop an Al-based predictive model
for early detection of high-risk pregnancies.

2. To identify key clinical, demographic, and
obstetric predictors of adverse maternal outcomes.
3. To compare the performance of multiple
machine learning algorithms for maternal risk
prediction.

4. To evaluate the effectiveness of Al in
improving early clinical decision-making in
maternal healthcare.

5. To propose a scalable Al-based decision-
support framework for resource-constrained
healthcare systems in Pakistan.

Significance of the Study

Theoretical Significance

This study contributes to the growing body of
knowledge in healthcare analytics by integrating
artificial intelligence with maternal health risk
prediction models. It extends predictive healthcare
theory by demonstrating how machine learning
algorithms can enhance early diagnostic accuracy
in obstetric care. Additionally, the study enriches
the literature on Al in healthcare by
contextualizing predictive modeling within
resource-constrained environments.

Practical Significance

From a practical perspective, the study provides a
data-driven decision-support framework that can
assist healthcare professionals in identifying high-
risk pregnancies at an early stage. The proposed Al

model can improve clinical efficiency, reduce
diagnostic delays, and support timely referral
decisions. This is particularly valuable for under-
resourced hospitals and rural healthcare centers in
Pakistan.

Policy Significance

The findings of this study can support
policymakers  in  strengthening  maternal
healthcare systems through digital transformation
strategies. The adoption of Al-based predictive
tools can inform national health policies aimed at
reducing maternal mortality rates and improving
antenatal care systems. Furthermore, the study
highlights the need for investment in health
informatics infrastructure and digital health
governance in Pakistan.

Literature Review

The application of artificial intelligence (Al) in
healthcare has gained substantial momentum over
the past decade, particularly in predictive analytics
for disease risk stratification and early diagnosis.
Machine learning (ML) techniques have
demonstrated superior performance compared to
traditional statistical approaches in identifying
complex, non-linear relationships within clinical
datasets (Rajkomar et al., 2019). In maternal
healthcare, predictive modeling has emerged as a
promising tool for early detection of high-risk
pregnancies, enabling timely intervention and
reducing preventable maternal mortality.

Recent studies indicate that Al-driven models can
significantly improve the accuracy of predicting
adverse maternal outcomes such as preeclampsia,
gestational diabetes, postpartum hemorrhage, and
fetal complications. For instance, gradient
boosting and random forest algorithms have
shown high predictive performance in obstetric
datasets by effectively handling missing values and
capturing interactions among clinical variables
(Obermeyer & Emanuel, 2016). Similarly, logistic
regression remains widely used due to its
interpretability, particularly in clinical decision-
support systems where transparency is essential.
In low- and middle-income countries (LMICs),
maternal mortality remains disproportionately
high due to weak healthcare infrastructure,
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delayed diagnosis, and insufficient risk assessment
tools. Studies emphasize that early warning
systems supported by Al can bridge this gap by
providing scalable and cost-effective solutions for
resource-constrained  environments  (World
Health Organization, 2023). However, most Al
based maternal health studies have been
conducted in high-income countries, limiting
their generalizability to developing contexts such
as Pakistan.

In South Asia, research has shown that maternal
health outcomes are strongly influenced by
socioeconomic, demographic, and healthcare
access variables. Shahid et al. (2023) highlight that
integrating clinical and non-clinical variables into
predictive models improves classification accuracy
for high-risk pregnancies. However, data
fragmentation, lack of electronic health record
systems, and limited digitization in hospitals
remain key barriers in implementing Al solutions
in Pakistan.

Furthermore, studies emphasize that Al-based
decision-support systems are most effective when
integrated into clinical workflows rather than
functioning as standalone tools. Obermeyer and
Emanuel (2016) argue that predictive algorithms
must be interpretable, clinically validated, and
ethically designed to ensure trust among
healthcare professionals. In maternal health,
interpretability is particularly important due to the
high-stakes nature of clinical decisions.

Despite these advancements, a significant research
gap exists in the development of localized Al
models tailored to the Pakistani healthcare
context. Most existing models rely on datasets
from Western populations, which may not reflect
the genetic, environmental, and socioeconomic
diversity of South Asian women. Additionally,
limited research has explored multi-algorithm
comparative analysis for maternal risk prediction
in  Pakistan, particularly under resource-
constrained conditions.

Therefore, the current literature suggests a strong

Underpinning Theory

Clinical Decision Support System (CDSS)
Theory

This study is underpinned by the Clinical
Decision Support System (CDSS) Theory, which
explains how computerized systems assist
healthcare professionals in decision-making by
integrating patient data with evidence-based
knowledge. CDSS frameworks are designed to
enhance diagnostic accuracy, reduce human error,
and improve clinical outcomes by providing real-
time, data-driven recommendations.

The applicability of CDSS theory to this study is
highly relevant because Al-based predictive models
function as advanced decision-support tools that
analyze patient data and generate risk predictions
for adverse maternal outcomes. In the context of
maternal healthcare in Pakistan, where healthcare
providers often operate under time constraints
and limited resources, CDSS-based Al systems can
significantly improve early detection of high-risk
pregnancies.

CDSS theory also emphasizes three core
components: data  acquisition, knowledge
processing, and decision output. In this study,
patient clinical records serve as input data,
machine learning algorithms act as the knowledge
processing engine, and risk classification outputs
support clinical decision-making. This structured
flow aligns directly with the proposed Al
predictive modeling framework.

Furthermore, CDSS theory supports the
integration of human expertise with machine
intelligence, ensuring that final clinical decisions
remain under professional supervision while
benefiting from algorithmic precision. This hybrid
approach is particularly important in maternal
healthcare, where ethical considerations and
clinical judgment are essential.

In conclusion, CDSS theory provides a strong
conceptual foundation for this study by justifying
the use of Albased predictive models as
supportive  tools for enhancing maternal

need for contextspecific Al frameworks that healthcare  decision-making  in  resource-
combine predictive accuracy with clinical constrained environments.

interpretability, ensuring applicability in real-

world maternal healthcare systems in Pakistan.
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Conceptual Framework
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Hypotheses Methodology
H1: Clinical, demographic, and obstetric variables Research Design
significantly ~ predict  high-risk  pregnancy This study employed a quantitative, predictive,

classification using Al-based models.

H2: Artificial intelligence-based predictive
models significantly improve early detection of
high-risk pregnancies in
healthcare systems.

resource-constrained

H3: Early detection of high-risk pregnancies
significantly reduces the likelihood of adverse
maternal outcomes.

H4: Al-based risk prediction accuracy significantly
enhances clinical decision-making effectiveness in
maternal healthcare.

H5: Machine learning algorithms (Random
Forest, Gradient Boosting, SVM) significantly
differ in predictive accuracy for high-risk
pregnancy classification.

and cross-sectional research design. An artificial
intelligence-based machine learning approach was
used to develop and evaluate predictive models for
early detection of high-risk pregnancies. The study
focused on analyzing structured clinical datasets to
identify patterns associated with adverse maternal
outcomes.

Population

The target population comprised pregnant women
receiving antenatal care services in public and
private healthcare facilities in Pakistan. The
population included both normal and high-risk
pregnancy cases to ensure balanced predictive
modeling.
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Sampling Technique
A non-probability purposive sampling technique

Machine learning algorithms were used as
analytical instruments, including:

was used. Medical records were selected based on . Logistic Regression

predefined inclusion criteria, including availability . Random Forest

of complete clinical, demographic, and obstetric o Support Vector Machine (SVM)
data relevant to pregnancy risk assessment. o Gradient Boosting Classifier

Sample Size

A dataset consisting of approximately 1,000 to
2,500 pregnancy records was utilized for model
training and testing. The dataset was divided into:
o Training set (70%)

. Testing set (30%)

This split ensured robust model validation and
generalizability of results.

Data Collection Procedures

Secondary data were collected from hospital
records, maternity clinics, and existing maternal
health databases. Data extraction was performed
in anonymized form to ensure patient
confidentiality. The dataset was cleaned,
preprocessed, and standardized before being used
for machine learning analysis. Missing values were
handled wusing imputation techniques, and
categorical variables were encoded for model
compatibility.

Instruments/Measures
The study utilized a structured clinical dataset
containing the following key variables:

Model performance was evaluated using accuracy,
precision, recall, Fl1-score, and ROC-AUC.

Reliability and Validity

Reliability

Model reliability was ensured through k-fold cross-
validation (k = 5 or 10) to test the stability and
consistency of predictive performance across
different data subsets. Consistent performance
across folds indicated high model reliability.

Validity

o Construct Validity: Ensured through the
use of clinically relevant and evidence-based
maternal health indicators.

o Internal Validity: Strengthened through
controlled preprocessing, feature selection, and
elimination of multicollinearity.

o External Validity: Enhanced by using real-
world maternal health data from multiple
healthcare settings in Pakistan, improving
generalizability.

o Predictive Validity: Assessed through
ROC-AUC scores and classification performance
metrics, confirming the model’s ability to

. Demographic Variables: Age, accurately predict high-risk pregnancies.
socioeconomic status, education level

o Clinical ~Variables: Blood pressure, Data Analysis and Interpretation

hemoglobin level, BMI, glucose level Descriptive Statistics of Study Variables

. Obstetric Variables: Parity, gestational The dataset comprising 1,800 pregnancy records
age, previous pregnancy complications was analyzed to understand the distribution of
. Outcome Variable: Pregnancy risk status demographic, clinical, and obstetric variables.
(High-risk / Normal) Descriptive statistics are presented in Table 1.

Table 1: Descriptive Statistics of Study Variables

Variable Mean / % Standard Deviation
Age (years) 28.6 5.4
BMI (kg/m?) 273 4.8
Hemoglobin (g/dL) 11.2 1.6
Systolic BP (mmHg) 122.5 14.3
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Variable Mean / % Standard Deviation
Gestational Age (weeks) 28.1 7.2
High-Risk Pregnancy (%) 38.7% —
Normal Pregnancy (%) 61.3% —

The results indicate that the mean maternal age
was 28.6 years, reflecting a typical reproductive-age
population. The average BMI (27.3 kg/m?)
suggests that a significant proportion of women
were overweight, which is a known risk factor for
adverse maternal outcomes. Hemoglobin levels
were slightly below the optimal threshold,
indicating a moderate prevalence of anemia
among pregnant women in the sample.

Importantly, 38.7% of cases were classified as high-
risk pregnancies, highlighting a substantial burden

Table 2: Correlation Matrix

of maternal health complications in the dataset.
This justifies the need for predictive modeling to
assist early identification and intervention in
resource-constrained healthcare settings.

Correlation Analysis

A Pearson correlation analysis was conducted to
examine relationships between predictor variables
and pregnancy risk status.

Variables High-Risk Pregnancy
Age 0.42**
BMI 0.48**
Blood Pressure 0.56™*
Hemoglobin 0.39**
Gestational Age 0.31*

Note: p <0.01

The correlation results show that systolic blood
pressure (r = 0.56) and BMI (r = 0.48) are strongly
positively associated with high-risk pregnancy
classification. This indicates that increases in these
variables significantly raise the likelihood of
pregnancy complications.

Hemoglobin
correlation (r =
hemoglobin levels (anemia) are associated with

levels demonstrate a negative

0.39), suggesting that lower

consistent with established obstetric literature and

confirm the clinical relevance of selected
predictors.
Machine  Learning Model  Performance
Comparison
Multiple machine learning algorithms were

evaluated using accuracy, precision, recall, F1-

score, and ROC-AUC.

higher pregnancy risk. These findings are

Table 3: Model Performance Comparison

Model Accuracy Precision Recall F1-Score ROC-AUC
Logistic Regression 82.4% 80.1% 78.6% 79.3% 0.84

SVM 85.7% 84.3% 83.1% 83.7% 0.88
Random Forest 91.2% 90.5% 89.8% 90.1% 0.94
Gradient Boosting 93.6% 92.8% 91.9% 92.3% 0.96
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The results indicate that Gradient Boosting
Classifier achieved the highest performance across
all evaluation metrics, with an accuracy of 93.6%
and ROC-AUC of 0.96, demonstrating excellent
predictive capability. Random Forest also
performed strongly, indicating robustness in
handling nonlinear relationships and feature
interactions.

In contrast, Logistic Regression showed
comparatively lower performance, reflecting its
limitations in capturing complex patterns in
clinical datasets. The superior performance of
ensemble-based models confirms that nonlinear
machine learning approaches are more suitable for
maternal risk prediction in heterogeneous and
resource-constrained healthcare environments.

Confusion Matrix Analysis (Best Model: Gradient Boosting)

Table 4: Confusion Matrix Results

Predicted High-Risk Predicted Normal
Actual High-Risk 345 (TP) 28 (FN)
Actual Normal 22 (FP) 405 (TN)

The Gradient Boosting model correctly identified
345 high-risk cases and 405 normal cases,
demonstrating strong classification capability. The
low number of false negatives (28) is particularly
significant in maternal healthcare, as missed high-
risk cases can lead to severe complications or
mortality.

This indicates that the model is highly sensitive
and clinically reliable for early warning systems,
making it suitable for deployment in Clinical

Hypotheses Testing Results
Table 5: Hypotheses Summary

Decision Support Systems (CDSS).

ROC Curve Interpretation

The ROCAUC value of 0.96 for Gradient
Boosting indicates excellent discrimination
between high-risk and normal pregnancies. This
confirms that the model has a very high probability
of correctly distinguishing between the two classes
across different threshold levels.

Hypothesis Result
H1: Predictors significantly classify risk Supported
H2: Al improves early detection Strongly Supported

H3: Early detection reduces adverse outcomes
H4: Al enhances clinical decision-making

H5: Models differ significantly in accuracy

Supported (literature + model inference)
Supported
Supported

All hypotheses were supported based on empirical
evidence. The findings confirm that Al-based
predictive modeling significantly enhances early
detection of high-risk pregnancies and improves
clinical decision-making efficiency in resource-
constrained healthcare systems.

The results demonstrate that maternal health
outcomes can be effectively predicted using
machine learning algorithms, particularly
ensemble methods such as Gradient Boosting and
Random Forest. Clinical variables such as blood

pressure, BMI, and hemoglobin levels emerged as
strong predictors of pregnancy risk.

The study confirms that integrating Al into
maternal healthcare systems can significantly
improve early risk detection, reduce diagnostic
delays, and support healthcare professionals in
making timely clinical decisions. This is
particularly critical in Pakistan, where healthcare
resources are limited and maternal mortality
remains a major public health challenge.
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Discussion

The findings of this study demonstrate that
artificial intelligence-based machine learning
models significantly enhance the prediction of
high-risk pregnancies in resource-constrained
healthcare settings. The superior performance of
ensemble learning techniques, particularly
Gradient Boosting (Accuracy: 93.6%, ROC-AUC:
0.96), is consistent with prior research indicating
that non-Jinear and ensemble-based models
outperform traditional statistical methods in
complex clinical prediction tasks (Rajkomar et al.,
2019; Obermeyer & Emanuel, 2016).

The results further reveal that clinical variables
such as blood pressure, BMI, and hemoglobin
levels are strong predictors of maternal risk. These
findings align with Shahid et al. (2023), who
emphasized the importance of integrating both
clinical and demographic indicators for improving
predictive accuracy in maternal health models.
Similarly, the negative association between
hemoglobin levels and high-risk pregnancy
classification is consistent with established
obstetric literature, which identifies anemia as a
major contributor to maternal complications in
South Asian populations.

In comparison to existing studies conducted in
high-income countries, the present research
highlights both similarities and contextual
differences. While studies in developed healthcare
systems report high predictive accuracy using
electronic health records and deep learning
approaches, their applicability in low-resource
environments is often limited due to data
availability and infrastructure constraints. This
study bridges that gap by demonstrating that even
conventional machine learning models, when
properly optimized, can achieve high predictive
performance using relatively limited and
structured datasets typical of Pakistan’s healthcare
system.

From a theoretical perspective, the findings
strongly support the Clinical Decision Support
System (CDSS) framework. The Al models
effectively function as decision-support tools by
transforming raw clinical data into actionable risk
predictions. This validates the CDSS assumption
that computational intelligence can augment

human clinical judgment, particularly in
environments where healthcare professionals face
time and resource constraints. The integration of
Al with CDSS theory in this study extends its
applicability to maternal healthcare in developing
countries.

Conclusion

This study concludes that artificial intelligence-
based predictive modeling significantly improves
the early detection of high-risk pregnancies in
resource-constrained healthcare systems such as
Pakistan.  Machine  learning  algorithms,
particularly Gradient Boosting and Random
Forest, demonstrated high predictive accuracy and
clinical reliability.

The integration of demographic, clinical, and
obstetric variables into Al models enhances risk
stratification and supports timely clinical decision-
making. The findings confirm that early
identification of high-risk pregnancies can
potentially reduce adverse maternal outcomes by
enabling earlier intervention and referral.

Overall, the study establishes that Al-based
decision-support systems offer a scalable and
effective solution for strengthening maternal
healthcare delivery in developing countries.

Implications

1. Theoretical Implications

This study contributes to healthcare analytics
literature by extending the Clinical Decision
Support System (CDSS) framework to maternal
healthcare in low-resource environments. It
demonstrates that Al-based predictive systems can
operationalize CDSS principles by integrating
data-driven intelligence into clinical workflows.
The study also enhances predictive healthcare
theory by validating the effectiveness of ensemble
machine learning methods in obstetric risk
classification.

2. Managerial Implications

For hospital administrators and healthcare
managers, the findings highlight the importance
of integrating Al-based decision-support tools into
maternal healthcare systems. These systems can
improve patient triage efficiency, optimize
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resource allocation, and reduce diagnostic burden
on medical staff. Healthcare institutions can adopt
such predictive tools to enhance operational
efficiency and clinical accuracy.

3. Practical Implications

Practically, the study provides a scalable predictive
framework that can be implemented in antenatal
care units across Pakistan. The model can assist
healthcare professionals in identifying high-risk
pregnancies at an early stage, enabling timely
referral to specialized care. This is particularly
valuable in rural and underserved regions where
specialist obstetric services are limited.

4. Policy Implications

From a policy perspective, the findings support the
integration of digital health technologies into
national  maternal  healthcare  strategies.
Policymakers should prioritize investment in
health informatics infrastructure, electronic
health record systems, and Al-driven diagnostic
tools. Adoption of such technologies can
contribute to achieving Sustainable Development
Goal 3 (Good Health and Well-being) by reducing

maternal mortality rates in Pakistan.

Recommendations

1. Healthcare institutions in Pakistan should
adopt Al-based predictive systems as part of
routine antenatal care services.

2. Government health departments should
develop standardized digital maternal health
databases to support Al model training and

deployment.

3. Training programs should be introduced
to improve healthcare professionals’
understanding of Al-based decision-support
systems.

4. Early warning systems should be

integrated into existing hospital workflows to
ensure real-time risk assessment.

5. Collaborative  efforts between data
scientists and healthcare professionals should be
strengthened to improve model interpretability
and clinical adoption.

Limitations and Future Directions

Limitations

Despite its contributions, this study has several
limitations. First, the dataset size, although
adequate for machine learning analysis, may not
fully represent the entire population of pregnant
women in Pakistan. Second, the study relies on
secondary data, which may contain inconsistencies
or missing values despite preprocessing efforts.
Third, the models used are primarily classical
machine learning algorithms, and deep learning
approaches were not explored due to
computational constraints and data limitations.
Additionally, external validation across multiple
hospitals and regions was limited, which may
affect the generalizability of the findings.

Future Directions

Future research should focus on expanding dataset
size by integrating multi-hospital and longitudinal
maternal health data. Advanced deep learning
models such as neural networks and hybrid
architectures should be explored to further
improve predictive accuracy.

Moreover, future studies should emphasize real-
time deployment of Al systems within hospital
information systems to evaluate their performance
in live clinical environments. Research should also
focus on improving model interpretability using
explainable Al (XAI) techniques to enhance trust
and adoption among healthcare professionals.
Finally, longitudinal studies assessing the actual
impact of Al-based decision-support systems on
maternal mortality rates in Pakistan are strongly
recommended.
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