
                  ISSN: 3107-8400, SJOPNN                                                 

                                                                                                             Scienxt Journal of Obstetrics, Perinatal and Neonatal Nursing  

Scienxt Center of Excellence (P) Ltd                                                                                                                                                                             ||1|| 

 

 

Artificial intelligence-assisted smart maternal health 

monitoring device for early prediction of high-risk pregnancy, 

maternal complications, and  

Personalized nursing care 
 

Simarjit Kaur*1, Jyoti Panse2, Tripti Sahu3 

*1Nursing Tutor, Department of OBG, University college of Nursing (UCON)  
2Associate Professor, Government College of Nursing, Raipur 

3Associate Professor, Government College of Nursing, Raigarh 

 

DOI: 10.5281/zenodo.21407613 

 

 

 

Abstract: 
Maternal health remains a major global public health concern despite remarkable advances in 

obstetric care and digital health technologies. Pregnancy is a dynamic physiological process that 

requires continuous monitoring to ensure maternal and fetal well-being. High-risk pregnancies, 

characterized by conditions such as hypertensive disorders, gestational diabetes mellitus, preterm 

labor, fetal growth restriction, maternal anemia, and cardiovascular complications, account for a 

significant proportion of maternal and neonatal morbidity and mortality worldwide. Conventional 

antenatal care relies heavily on periodic hospital visits, which may fail to identify subtle 

physiological changes occurring between appointments. Consequently, delayed diagnosis often 

results in preventable adverse maternal and fetal outcomes. 

Recent developments in Artificial Intelligence (AI), wearable biosensors, Internet of Medical 

Things (IoMT), cloud computing, and mobile health technologies have transformed maternal 

healthcare by enabling continuous physiological monitoring, real-time risk prediction, and 

personalized clinical decision-making. AI-assisted smart maternal health monitoring devices 

integrate multiple physiological sensors with advanced machine learning algorithms to 

continuously analyze maternal and fetal parameters. These systems facilitate early identification 

of pregnancy complications while supporting timely medical intervention and individualized 

nursing care. 

Artificial intelligence algorithms can analyze large volumes of maternal physiological data, 

identify hidden risk patterns, predict pregnancy-related complications, and provide automated 

alerts to healthcare professionals. Such technologies improve the accuracy of risk assessment 

while reducing unnecessary hospital admissions and enhancing patient engagement. Furthermore, 

AI-driven decision support systems assist nurses in developing individualized care plans, 

prioritizing high-risk mothers, promoting health education, and improving continuity of maternal 

care. 

This review discusses recent advances in AI-assisted smart maternal health monitoring devices, 

their applications in predicting maternal complications, their role in personalized nursing care, 

current challenges, ethical considerations, and future directions for integrating intelligent 

technologies into maternal healthcare systems. The review highlights the transformative potential 

of AI in reducing maternal mortality and improving pregnancy outcomes through early diagnosis 

and evidence-based nursing interventions (Topol et al., 2019; Rajpurkar et al., 2022; World Health 

Organization, 2023). 
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1. Introduction: 
Pregnancy is one of the most significant physiological events in a woman's life and requires continuous medical 

observation to ensure the health and safety of both the mother and fetus. Although the majority of pregnancies 

progress without major complications, approximately 15–20% are classified as high-risk pregnancies because 

of maternal diseases, fetal abnormalities, obstetric complications, or environmental factors. High-risk 

pregnancies substantially increase the likelihood of maternal morbidity, fetal distress, preterm birth, neonatal 

mortality, and long-term health complications (Say et al., 2014). 

Despite improvements in antenatal healthcare services, maternal mortality continues to pose a major challenge, 

particularly in low- and middle-income countries. According to recent estimates, approximately 287,000 

women die annually due to pregnancy- and childbirth-related complications, with most deaths being 

preventable through early detection, timely intervention, and access to quality healthcare services (World 

Health Organization, 2023). Delays in identifying warning signs remain one of the major contributors to 

adverse pregnancy outcomes. 

Traditional antenatal care primarily depends on scheduled hospital visits, where maternal blood pressure, blood 

glucose levels, fetal heart rate, body weight, urine protein, and other clinical parameters are assessed 

intermittently. However, significant physiological alterations may occur between appointments, resulting in 

delayed diagnosis of serious conditions such as preeclampsia, gestational diabetes mellitus, fetal growth 

restriction, or preterm labor (American College of Obstetricians and Gynecologists, 2023). Continuous home-

based monitoring has therefore emerged as an important strategy for improving maternal healthcare. 

Artificial Intelligence has revolutionized modern healthcare by enabling computers to perform complex 

analytical tasks that traditionally required human expertise. Machine learning, deep learning, neural networks, 

and predictive analytics can process enormous amounts of healthcare data to identify disease patterns, estimate 

risk, and recommend evidence-based clinical decisions (Topol et al., 2019). Within maternal healthcare, AI 

facilitates early prediction of pregnancy complications through analysis of physiological signals collected from 

wearable monitoring devices. 

Recent advances in wearable biosensors have enabled continuous monitoring of maternal physiological 

parameters such as heart rate, blood pressure, respiratory rate, oxygen saturation, body temperature, blood 

glucose levels, uterine contractions, maternal activity, sleep quality, and fetal heart rate. These wearable 

devices transmit data through wireless communication technologies to cloud-based AI platforms where 

advanced predictive algorithms continuously evaluate maternal health status (Shen et al., 2022). 

The integration of Artificial Intelligence with Internet of Medical Things (IoMT), cloud computing, and 

smartphone applications has resulted in the development of smart maternal health monitoring devices capable 

of providing real-time clinical decision support. These intelligent systems not only improve early diagnosis 

but also facilitate remote consultation, telemonitoring, personalized nursing care, medication adherence, health 

education, and emergency response (Rajpurkar et al., 2022). 

Nursing professionals play an essential role in maternal healthcare by monitoring pregnancy progression, 

identifying complications, educating mothers, and implementing preventive interventions. AI-assisted 

decision support systems enhance nursing practice by enabling continuous surveillance of maternal health, 

early identification of deterioration, individualized care planning, and timely communication with 

multidisciplinary healthcare teams. Rather than replacing nurses, AI functions as a clinical support tool that 

strengthens evidence-based nursing practice and improves patient-centered care (Bohr et al., 2021). 

The rapid expansion of digital health technologies, combined with increasing smartphone penetration and 

wearable sensor availability, has accelerated the adoption of AI-assisted maternal monitoring worldwide. 

These innovations have the potential to transform conventional antenatal care into proactive, predictive, 

preventive, and personalized healthcare systems capable of substantially reducing maternal mortality and 

improving neonatal outcomes. 
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Figure. 1: Conceptual architecture of an artificial intelligence-assisted smart maternal health monitoring device 

 

2. Global burden of maternal morbidity and mortality: 
Maternal mortality is widely recognized as one of the most sensitive indicators of healthcare quality, 

socioeconomic development, and access to essential obstetric services. Although global maternal mortality has 

declined over recent decades, progress has slowed considerably in many regions. According to the World 

Health Organization, approximately 287,000 maternal deaths occurred worldwide in 2020, representing nearly 

800 preventable maternal deaths every day (World Health Organization, 2023). 

The Sustainable Development Goals aim to reduce the global maternal mortality ratio to fewer than 70 

maternal deaths per 100,000 live births by 2030. However, many low- and middle-income countries continue 

to experience maternal mortality rates substantially above this target because of limited healthcare 

infrastructure, inadequate antenatal monitoring, delayed referral systems, shortages of skilled healthcare 

professionals, and socioeconomic disparities (United Nations, 2023). 

The leading causes of maternal mortality include postpartum hemorrhage, hypertensive disorders of 

pregnancy, sepsis, obstructed labor, unsafe abortion, thromboembolism, and indirect medical conditions such 

as cardiovascular disease and diabetes mellitus (Say et al., 2014). Many of these conditions develop 

progressively and exhibit measurable physiological changes before clinical symptoms become apparent, 

making them suitable targets for AI-based early prediction systems. 

Hypertensive disorders of pregnancy, particularly preeclampsia, affect approximately 5–8% of pregnancies 

worldwide and remain one of the principal causes of maternal mortality. Continuous monitoring of blood 

pressure, proteinuria, heart rate variability, and biochemical markers enables AI algorithms to identify women 

at increased risk before severe complications occur (American College of Obstetricians and Gynecologists, 

2023). 

Gestational diabetes mellitus affects approximately one in seven pregnancies globally. Poor glycemic control 

increases the risk of fetal macrosomia, birth trauma, neonatal hypoglycemia, cesarean delivery, and future type 

2 diabetes mellitus in both mother and child. AI-assisted glucose monitoring systems improve glycemic control 

through continuous data analysis and personalized recommendations (International Diabetes Federation, 

2021). 

Preterm birth remains another major contributor to neonatal mortality, affecting approximately 15 million 

infants annually. Early prediction through AI analysis of uterine contraction patterns, cervical measurements, 

inflammatory biomarkers, and maternal physiological parameters may facilitate preventive interventions that 

improve neonatal survival (Blencowe et al., 2019). 

Digital transformation of maternal healthcare has therefore become a priority for many healthcare systems. 

AI-assisted smart monitoring devices provide continuous surveillance beyond traditional hospital settings, 

enabling early identification of maternal deterioration and facilitating timely clinical intervention. 

 
Table. 1: Major High-Risk Pregnancy Conditions and AI Monitoring Parameters 

High-Risk 

Condition 

Major Risk Factors Physiological 

Parameters Monitored 

AI Prediction Objective 

Preeclampsia Hypertension, obesity, 

advanced maternal age 

Blood pressure, heart 

rate, urine protein 

Early prediction of 

hypertensive disorders 

Gestational Diabetes 

Mellitus 

Obesity, family history, 

previous GDM 

Blood glucose, activity, 

diet 

Personalized glucose 

management 

Preterm Labor Previous preterm birth, 

infection 

Uterine contractions, 

cervical changes 

Prediction of premature 

delivery 

Maternal Anemia Nutritional deficiency Hemoglobin, oxygen Detection of worsening 
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saturation anemia 

Fetal Growth 

Restriction 
Placental insufficiency Fetal heart rate, maternal 

circulation 

Identification of impaired 

fetal growth 

Pregnancy-Induced 

Hypertension 

Chronic hypertension Blood pressure trends Continuous risk 

stratification 

 

3. High-risk pregnancy: definition and classification: 
High-risk pregnancy refers to a pregnancy in which the mother, fetus, or both have an increased probability of 

adverse health outcomes compared with uncomplicated pregnancies. Risk may arise from pre-existing 

maternal diseases, pregnancy-related complications, fetal abnormalities, genetic disorders, environmental 

exposures, or lifestyle factors. Early identification of high-risk pregnancies is essential because timely 

intervention significantly reduces maternal and neonatal morbidity and mortality (American College of 

Obstetricians and Gynecologists, 2023). 

Risk factors can be broadly classified into maternal, obstetric, fetal, and socioeconomic categories. Maternal 

factors include advanced maternal age, adolescent pregnancy, obesity, hypertension, diabetes mellitus, renal 

disease, cardiovascular disorders, autoimmune diseases, thyroid dysfunction, and previous obstetric 

complications. Obstetric factors include multiple gestation, placenta previa, recurrent miscarriage, previous 

cesarean section, cervical insufficiency, and history of preterm birth. Fetal factors encompass congenital 

anomalies, chromosomal abnormalities, growth restriction, and abnormal fetal presentation. Socioeconomic 

determinants such as poor nutrition, limited access to healthcare, low educational status, and poverty also 

contribute substantially to pregnancy risk (WHO, 2023). 

Conventional risk assessment is largely based on clinical history, physical examination, laboratory 

investigations, and ultrasound findings obtained during antenatal visits. However, these assessments provide 

only periodic snapshots of maternal health. AI-assisted smart monitoring devices complement conventional 

care by continuously analyzing physiological data and detecting subtle deviations that may precede clinical 

deterioration, enabling earlier intervention and more personalized nursing management. 

 

4. Artificial intelligence in maternal healthcare: 
Artificial Intelligence (AI) has emerged as one of the most transformative technologies in modern healthcare 

by enabling computers to perform cognitive tasks that traditionally required human intelligence. AI integrates 

computational algorithms with clinical knowledge to analyze large datasets, recognize complex patterns, 

predict disease outcomes, and support evidence-based clinical decision-making. In maternal healthcare, AI 

facilitates continuous surveillance of pregnancy, early identification of complications, and personalized 

clinical interventions through the integration of wearable sensors, cloud computing, and predictive analytics 

(Topol et al., 2019). 

Pregnancy generates a vast amount of physiological and clinical data, including maternal vital signs, laboratory 

investigations, ultrasound findings, fetal heart rate recordings, lifestyle behaviors, medication adherence, and 

obstetric history. Manual interpretation of these multidimensional datasets is challenging because subtle 

interactions between variables may not be immediately apparent to clinicians. AI systems overcome this 

limitation by processing thousands of variables simultaneously and identifying hidden relationships associated 

with adverse pregnancy outcomes (Rajpurkar et al., 2022). 

Healthcare systems worldwide are increasingly incorporating AI into maternal care to improve diagnostic 

accuracy, optimize resource allocation, reduce unnecessary hospital admissions, and enhance patient safety. 

AI-based clinical decision support systems complement healthcare professionals by providing risk scores, 

predictive alerts, and evidence-based recommendations rather than replacing clinical judgment (Bohr et al., 

2021). 

Continuous maternal monitoring through AI significantly improves the early recognition of physiological 

deterioration. For example, slight increases in blood pressure accompanied by changes in heart rate variability, 

sleep quality, and physical activity may indicate the early development of preeclampsia before conventional 

diagnostic thresholds are reached. Similarly, continuous glucose monitoring combined with dietary analysis 

enables AI algorithms to optimize gestational diabetes management and reduce maternal complications (Shen 

et al., 2022). 

The integration of AI into maternal healthcare also supports population-level surveillance by identifying 

epidemiological trends, predicting healthcare demand, and improving maternal health policies. National 

maternal health databases analyzed using AI can assist policymakers in identifying high-risk populations, 

optimizing healthcare resource distribution, and designing targeted preventive interventions (WHO, 2023). 
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5. Machine learning in pregnancy care: 
Machine Learning (ML) is a branch of AI that enables computer systems to learn from historical data without 

explicit programming. ML algorithms continuously improve prediction accuracy as additional data become 

available. In obstetrics, ML has demonstrated remarkable performance in predicting gestational diabetes 

mellitus, hypertensive disorders, fetal growth restriction, cesarean delivery, postpartum hemorrhage, and 

preterm birth (Esteva et al., 2021). 

Supervised learning algorithms are commonly employed because they are trained using labeled datasets 

containing maternal characteristics and pregnancy outcomes. Algorithms including logistic regression, support 

vector machines, decision trees, random forests, gradient boosting models, and artificial neural networks 

classify pregnant women according to their probability of developing complications. 

Random Forest algorithms perform particularly well in maternal risk prediction because they combine multiple 

decision trees to improve classification accuracy while reducing overfitting. These algorithms successfully 

integrate demographic variables, laboratory investigations, medical history, and physiological measurements 

into comprehensive predictive models (Rajpurkar et al., 2022). 

Unsupervised learning methods are increasingly used to identify previously unrecognized maternal risk 

patterns. Cluster analysis groups pregnant women according to similar physiological characteristics, enabling 

personalized antenatal interventions and individualized nursing care plans. 

Reinforcement learning, although still in its early stages within obstetrics, has potential applications in 

optimizing medication dosing, scheduling antenatal visits, and personalizing behavioral interventions 

throughout pregnancy. 

 
5. 1. Deep learning applications: 

Deep Learning represents an advanced subset of machine learning based on multilayer artificial neural 

networks capable of automatically extracting complex features from large datasets. Deep learning has 

demonstrated exceptional performance in medical image interpretation, physiological signal analysis, and 

predictive healthcare analytics (LeCun et al., 2015). 

Within maternal healthcare, deep learning algorithms analyze: 

 Ultrasound images  

 Cardiotocography recordings  

 Fetal heart rate variability  

 Placental imaging  

 Electronic health records  

 Maternal electrocardiograms  

 Continuous physiological monitoring data  

Convolutional Neural Networks (CNNs) are widely used for analyzing ultrasound images because they 

automatically detect fetal anatomical abnormalities, placental abnormalities, fetal growth restriction, and 

congenital malformations with high diagnostic accuracy (Liu et al., 2023). 

Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM) models are particularly useful for 

analyzing time-series physiological data generated by wearable monitoring devices. These models evaluate 

changes in maternal blood pressure, heart rate, glucose levels, respiratory rate, sleep patterns, and fetal 

movements over time, allowing early prediction of pregnancy complications before clinical symptoms become 

evident. 

Recent studies have demonstrated that deep learning algorithms achieve diagnostic accuracies exceeding 

conventional statistical models for predicting preterm birth, gestational diabetes mellitus, and hypertensive 

disorders of pregnancy (Shen et al., 2022). 

 
5.2. Internet of medical things (IoMT) in maternal healthcare: 

The Internet of Medical Things (IoMT) refers to interconnected medical devices capable of collecting, 

transmitting, and analyzing patient health information through wireless communication networks. IoMT has 

revolutionized pregnancy monitoring by enabling continuous home-based surveillance of maternal and fetal 

well-being (Islam et al., 2022). 

Modern smart maternal monitoring systems incorporate multiple wearable biosensors connected through 

Bluetooth, Wi-Fi, or cellular communication. These sensors continuously transmit physiological information 

to cloud-based AI platforms where advanced algorithms evaluate maternal health status in real time. 

Common IoMT devices used during pregnancy include: 

 Smart blood pressure monitors  

 Continuous glucose monitoring systems  
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 Wearable ECG sensors  

 Pulse oximeters  

 Smart thermometers  

 Activity trackers  

 Sleep monitoring devices  

 Fetal heart rate monitors  

 Uterine contraction sensors  

 Smart maternity belts  

Cloud computing enables healthcare professionals to access maternal health information remotely, facilitating 

teleconsultation, emergency intervention, and continuous nursing surveillance regardless of geographical 

location (WHO, 2023). 

IoMT significantly reduces dependence on frequent hospital visits while improving patient satisfaction, 

healthcare accessibility, and continuity of antenatal care. 

 

 
Figure. 2: Integrated Artificial Intelligence Ecosystem Supporting Continuous Maternal Health Monitoring and Clinical Decision-Making 

 

6. Artificial intelligence-assisted smart maternal health monitoring device: 
Recent technological innovations have resulted in the development of intelligent maternal monitoring systems 

capable of continuously assessing maternal physiological status outside hospital environments. These smart 

devices integrate wearable sensors, AI algorithms, cloud computing, wireless communication, and mobile 

applications into a unified digital healthcare platform (Bohr et al., 2021). 

Unlike conventional antenatal care, where physiological assessment occurs only during scheduled 

appointments, AI-assisted devices provide uninterrupted monitoring throughout pregnancy. Continuous 

surveillance enables earlier identification of abnormal physiological trends, thereby reducing diagnostic delays 

and improving maternal outcomes. 

A comprehensive AI-assisted maternal monitoring device generally consists of five interconnected 

components: 

1. Wearable physiological sensors  

2. Data acquisition module  

3. Wireless communication system  

4. Cloud-based AI analytical platform  

5. Clinical decision support interface  

Each component contributes to continuous collection, transmission, analysis, and interpretation of maternal 

health information. 

 

6.1. Wearable biosensors: 

Wearable biosensors represent the foundation of intelligent maternal monitoring systems. These lightweight, 

non-invasive devices continuously measure physiological variables without restricting maternal mobility. 

Common wearable sensors include: 

 Heart rate sensors  
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 Blood pressure monitors  

 Continuous glucose monitors  

 Pulse oximeters  

 Respiratory sensors  

 Body temperature sensors  

 Accelerometers  

 Sleep monitoring sensors  

 ECG patches  

 Fetal heart monitoring devices  

The integration of multiple biosensors provides a comprehensive assessment of maternal physiological status, 

enabling AI algorithms to identify subtle abnormalities that may indicate emerging complications (Shen et al., 

2022). 

Continuous monitoring is particularly valuable for women with chronic hypertension, diabetes mellitus, 

obesity, cardiovascular disease, renal disorders, or previous obstetric complications. 

 
6.2. Wireless communication technologies: 

Wireless communication enables seamless transfer of physiological information between wearable devices and 

healthcare providers. 

Common communication technologies include: 

 Bluetooth Low Energy (BLE)  

 Wi-Fi  

 4G/5G cellular networks  

 Near Field Communication (NFC)  

 ZigBee  

 LoRaWAN  

Reliable communication ensures uninterrupted data transmission while minimizing power consumption and 

maintaining patient comfort. 

 

6.3. Cloud-based artificial intelligence platform: 

Cloud computing provides scalable infrastructure for storing and analyzing massive volumes of maternal 

health information. AI algorithms operating within cloud environments continuously compare incoming 

physiological measurements against millions of historical pregnancy records, generating individualized risk 

predictions. 

Cloud-based systems offer several advantages: 

 Real-time analytics  

 Secure long-term data storage  

 Remote accessibility  

 Continuous software updates  

 Integration with electronic health records  

 Automated report generation  

 Telemedicine support  

Healthcare professionals can review maternal health status using secure web dashboards, facilitating early 

intervention and multidisciplinary collaboration (Rajpurkar et al., 2022). 
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Figure 3. Major Components and Functional Architecture of an Artificial Intelligence-Assisted Smart Maternal Health Monitoring Device. 

 

7. Advantages of smart maternal monitoring devices: 
The integration of AI-assisted monitoring devices into routine antenatal care offers numerous advantages: 

 Continuous real-time physiological monitoring.  

 Early prediction of maternal complications before symptom onset.  

 Improved maternal and fetal safety.  

 Personalized nursing interventions based on dynamic risk assessment.  

 Enhanced medication adherence through automated reminders.  

 Reduced unnecessary hospital visits and associated healthcare costs.  

 Improved accessibility for women in rural and underserved areas.  

 Remote consultation and telemedicine support.  

 Data-driven clinical decision-making.  

 Increased patient engagement and self-management.  

Collectively, these benefits contribute to more proactive, personalized, and efficient maternal healthcare, 

supporting the broader goals of reducing maternal mortality and improving pregnancy outcomes. 

 

8. Artificial intelligence-based early prediction of maternal complications: 
The principal objective of Artificial Intelligence (AI)-assisted maternal health monitoring is the early 

identification of pregnancy-related complications before they progress to severe clinical conditions. Pregnancy 

is characterized by continuous physiological adaptations involving the cardiovascular, endocrine, respiratory, 

renal, hematological, and metabolic systems. While many of these changes are normal, subtle deviations may 

represent the earliest manifestations of potentially life-threatening maternal complications. Conventional 

antenatal care often relies on intermittent clinical assessments, which may not capture these early alterations. 

AI-assisted smart monitoring devices overcome this limitation by continuously collecting physiological data 

and applying predictive algorithms to identify abnormal trends in real time (Topol et al., 2019). 

Machine learning algorithms integrate demographic characteristics, obstetric history, laboratory 

investigations, wearable sensor data, imaging findings, and lifestyle information to estimate the probability of 

adverse pregnancy outcomes. Instead of evaluating a single physiological parameter, AI simultaneously 

analyzes multiple interconnected variables, thereby improving prediction accuracy and reducing false-positive 

diagnoses (Rajpurkar et al., 2022). 

Recent advances in wearable biosensors have enabled continuous monitoring of maternal blood pressure, heart 

rate, electrocardiographic signals, oxygen saturation, respiratory rate, blood glucose, sleep quality, physical 

activity, body temperature, uterine contractions, and fetal heart rate. AI algorithms continuously compare these 

measurements with large clinical datasets to recognize deviations that may indicate developing complications 

several days or weeks before conventional diagnosis (Shen et al., 2022). 

Predictive analytics also supports healthcare providers by generating individualized risk scores and automated 

alerts, allowing timely referral, preventive treatment, medication adjustment, and personalized nursing 

interventions. This proactive approach shifts maternal healthcare from reactive disease management to 

preventive and precision-based care. 
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8.1. Artificial intelligence prediction of preeclampsia: 

Preeclampsia is one of the most serious hypertensive disorders of pregnancy and remains a leading cause of 

maternal and neonatal morbidity worldwide. It usually develops after 20 weeks of gestation and is 

characterized by hypertension accompanied by proteinuria or evidence of maternal organ dysfunction. Severe 

cases may progress to eclampsia, stroke, pulmonary edema, placental abruption, renal failure, fetal growth 

restriction, and maternal death if not recognized promptly (American College of Obstetricians and 

Gynecologists, 2023). 

Traditional diagnosis primarily depends upon periodic blood pressure measurements and urine protein 

estimation during antenatal visits. Unfortunately, physiological deterioration frequently begins long before 

diagnostic thresholds are reached. Consequently, delayed recognition contributes significantly to adverse 

maternal outcomes. 

Artificial Intelligence significantly improves early prediction by integrating multiple maternal characteristics 

including: 

 Maternal age  

 Body mass index  

 Previous obstetric history  

 Blood pressure trends  

 Heart rate variability  

 Weight gain  

 Physical activity  

 Sleep quality  

 Blood oxygen saturation  

 Biochemical markers  

 Placental growth factor  

 Uterine artery Doppler indices  

Rather than relying on isolated blood pressure values, machine learning algorithms evaluate longitudinal 

changes occurring throughout pregnancy. Even minor elevations in systolic blood pressure combined with 

altered heart rate variability and reduced physical activity may indicate early endothelial dysfunction 

associated with preeclampsia (Liu et al., 2023). 

Deep learning models have demonstrated superior predictive performance compared with conventional 

statistical approaches because they automatically identify complex nonlinear relationships among 

physiological variables. Continuous wearable blood pressure monitors integrated with AI platforms provide 

real-time risk assessment and immediately notify healthcare professionals whenever significant deterioration 

occurs. 

Several studies have reported prediction accuracies exceeding 85–90% when clinical information is combined 

with continuous physiological monitoring (Shen et al., 2022). Early identification allows timely administration 

of low-dose aspirin in selected women, closer surveillance, optimized antihypertensive therapy, and earlier 

referral to specialized obstetric centers. 

From a nursing perspective, AI-generated alerts enable nurses to intensify maternal assessment, educate 

women regarding warning signs, monitor medication adherence, reinforce dietary recommendations, and 

coordinate multidisciplinary care. Personalized nursing interventions based on AI risk stratification contribute 

substantially to reducing maternal complications. 

 
8. 2. Artificial intelligence prediction of gestational diabetes mellitus: 

Gestational Diabetes Mellitus (GDM) is one of the most prevalent metabolic disorders during pregnancy and 

affects approximately 14% of pregnancies worldwide. It develops when maternal insulin resistance exceeds 

pancreatic insulin production, resulting in hyperglycemia during pregnancy (International Diabetes Federation, 

2021). 

Uncontrolled gestational diabetes increases the risk of: 

 Macrosomia  

 Shoulder dystocia  

 Cesarean delivery  

 Neonatal hypoglycemia  

 Respiratory distress syndrome  

 Maternal hypertension  

 Future type 2 diabetes mellitus  

 Childhood obesity  
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Conventional diagnosis is generally performed between 24 and 28 weeks of gestation using an oral glucose 

tolerance test. However, metabolic alterations begin considerably earlier, creating opportunities for AI-assisted 

early prediction. 

Machine learning models combine numerous variables including maternal demographic characteristics, family 

history of diabetes, previous gestational diabetes, body mass index, dietary habits, physical activity, continuous 

glucose monitoring, sleep quality, laboratory investigations, and wearable sensor data to estimate 

individualized diabetes risk (Rajpurkar et al., 2022). 

Continuous glucose monitoring devices provide minute-by-minute assessment of maternal glycemic 

fluctuations rather than isolated blood glucose measurements. AI algorithms evaluate glucose variability, 

circadian metabolic patterns, meal responses, and physical activity simultaneously to identify abnormal 

metabolic regulation before overt gestational diabetes develops. 

Deep neural networks have shown excellent performance in predicting gestational diabetes during the first 

trimester, thereby allowing earlier lifestyle modification and nutritional intervention (Esteva et al., 2021). Early 

identification enables individualized dietary counseling, structured exercise programs, continuous glucose 

monitoring, medication adjustment, and enhanced maternal education. 

Artificial Intelligence also facilitates personalized nutritional recommendations by analyzing food intake 

patterns together with glucose responses. Smartphone applications integrated with AI platforms provide 

automated dietary advice, medication reminders, exercise recommendations, and glucose trend visualization. 

Nurses play an essential role in gestational diabetes management by educating mothers regarding blood 

glucose monitoring, nutrition, insulin administration, physical activity, and complication prevention. AI-

assisted decision support systems strengthen nursing practice by identifying women requiring intensified 

education and closer follow-up while reducing unnecessary clinic visits. 

 

8.3. Artificial intelligence prediction of preterm birth: 

Preterm birth, defined as delivery before 37 completed weeks of gestation, remains one of the leading causes 

of neonatal mortality and long-term childhood disability worldwide. Approximately 15 million infants are born 

prematurely each year, and complications related to prematurity account for a substantial proportion of 

neonatal deaths (Blencowe et al., 2019). 

Preterm labor results from multiple interacting biological mechanisms including: 

 Infection  

 Cervical insufficiency  

 Placental dysfunction  

 Uterine overdistension  

 Maternal stress  

 Inflammation  

 Hormonal imbalance  

 Previous preterm birth  

Because of this multifactorial etiology, predicting preterm birth remains clinically challenging. 

Artificial Intelligence offers substantial improvements by integrating multiple sources of maternal information 

including electronic health records, cervical length measurements, uterine contraction patterns, fetal 

fibronectin levels, inflammatory biomarkers, maternal activity, sleep quality, stress indicators, and wearable 

physiological monitoring data (Shen et al., 2022). 

Wearable uterine contraction sensors continuously detect subtle contractile activity that may not be perceived 

by pregnant women. Machine learning algorithms distinguish physiological Braxton Hicks contractions from 

pathological contractions associated with impending preterm labor. 

Long Short-Term Memory (LSTM) neural networks are particularly useful because they analyze sequential 

physiological data collected over extended periods. These models recognize progressive alterations in 

contraction frequency, maternal heart rate variability, sleep disruption, and inflammatory responses that 

precede spontaneous preterm birth. 

AI systems also evaluate environmental and behavioral factors such as air pollution exposure, occupational 

stress, nutritional status, smoking, and physical activity, thereby providing a comprehensive risk profile. 

Prediction models combining clinical variables with wearable sensor data consistently outperform traditional 

statistical methods and enable earlier preventive interventions such as progesterone therapy, cervical cerclage 

assessment, corticosteroid administration, and referral to tertiary care centers (Liu et al., 2023). 

For nursing professionals, AI-assisted monitoring enhances surveillance of women at risk for premature 

delivery by providing real-time alerts, individualized education, counseling regarding activity modification, 

recognition of warning symptoms, and timely communication with obstetricians. Early intervention supported 
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by AI has the potential to reduce neonatal morbidity, intensive care admissions, and healthcare costs. 

 
Table. 2: Artificial Intelligence Techniques Used for Prediction of Maternal Complications 

Maternal 

Complication 

AI Technique Input Parameters Expected Clinical 

Outcome 

Preeclampsia Random Forest, 

Neural Network 

Blood pressure, heart rate 

variability, proteinuria, BMI 

Early prediction of 

hypertensive disorders 

Gestational 

Diabetes Mellitus 

Deep Neural 

Network, Gradient 

Boosting 

Continuous glucose 

monitoring, BMI, diet, family 

history 

Early diagnosis and 

personalized glycemic 

management 

Preterm Birth LSTM, Support 

Vector Machine 

Uterine contractions, cervical 

length, inflammatory markers 

Prediction of spontaneous 

preterm labor 

 

8.4. Artificial intelligence prediction of fetal growth restriction: 

Fetal Growth Restriction (FGR), also referred to as Intrauterine Growth Restriction (IUGR), is a condition in 

which the fetus fails to achieve its genetically determined growth potential. It affects approximately 5–10% of 

pregnancies and is associated with increased risks of stillbirth, neonatal morbidity, neurodevelopmental 

impairment, and chronic diseases later in life (Figueras et al., 2021). Placental insufficiency is the most 

common underlying cause, although maternal hypertension, diabetes mellitus, malnutrition, smoking, anemia, 

infections, and genetic abnormalities also contribute significantly to impaired fetal growth. 

Traditional diagnosis of FGR relies on serial ultrasonography, fundal height measurements, Doppler 

velocimetry, and fetal biometry. Although these methods are effective, they are generally performed during 

scheduled antenatal visits and may fail to identify subtle growth deviations occurring between assessments. 

Artificial Intelligence (AI)-assisted monitoring addresses this limitation by integrating continuous maternal 

physiological monitoring with advanced predictive analytics, thereby facilitating earlier identification of 

pregnancies at risk for fetal growth restriction (Liu et al., 2023). 

Machine learning algorithms analyze diverse maternal and fetal variables, including maternal age, body mass 

index, blood pressure, nutritional status, hemoglobin concentration, placental blood flow indices, fetal heart 

rate variability, uterine artery Doppler measurements, maternal activity level, and previous obstetric history. 

Rather than evaluating each variable independently, AI systems recognize multidimensional relationships that 

may indicate progressive placental dysfunction before conventional diagnostic criteria are fulfilled (Rajpurkar 

et al., 2022). 

Deep learning techniques have demonstrated excellent performance in interpreting fetal ultrasound images. 

Convolutional Neural Networks (CNNs) automatically identify fetal biometric landmarks, estimate fetal 

weight, assess placental morphology, and detect abnormalities with greater consistency than manual 

measurements. Automated image interpretation reduces observer variability and improves diagnostic 

reliability, particularly in resource-limited healthcare settings (Esteva et al., 2021). 

Wearable maternal monitoring devices also contribute indirectly to FGR prediction by continuously measuring 

physiological indicators associated with placental function. Persistent maternal hypertension, declining oxygen 

saturation, reduced physical activity, altered sleep quality, and abnormal cardiovascular responses may precede 

deterioration in placental perfusion. AI algorithms continuously compare these physiological trends with 

historical pregnancy datasets to estimate the likelihood of fetal growth restriction and generate individualized 

risk alerts. 

Recent studies have shown that combining Doppler ultrasound parameters with machine learning models 

significantly improves prediction accuracy compared with traditional risk assessment alone (Figueras et al., 

2021). Integration of biochemical markers such as placental growth factor (PlGF), pregnancy-associated 

plasma protein-A (PAPP-A), and soluble fms-like tyrosine kinase-1 (sFlt-1) further enhances predictive 

performance by reflecting placental function at the molecular level (American College of Obstetricians and 

Gynecologists, 2023). 

From a nursing perspective, early recognition of fetal growth restriction enables nurses to intensify maternal 

surveillance, reinforce nutritional counseling, monitor fetal movement patterns, educate mothers regarding 

warning signs, and coordinate timely referral to specialized obstetric services. Personalized nursing care 

supported by AI contributes to improve fetal surveillance, optimized timing of delivery, and reduction of 

preventable perinatal complications. 

 
8.5. Artificial intelligence prediction of maternal anemia: 

Maternal anemia is one of the most prevalent medical disorders affecting pregnancy worldwide, particularly 
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in low- and middle-income countries. The World Health Organization estimates that nearly 40% of pregnant 

women globally are anemic, with iron deficiency representing the predominant cause (World Health 

Organization, 2023). Maternal anemia increases the risk of fatigue, impaired immunity, postpartum 

hemorrhage, preterm birth, low birth weight, fetal growth restriction, and maternal mortality. 

Conventional screening primarily depends on periodic hemoglobin estimation during antenatal visits. 

However, hemoglobin concentration alone may not accurately reflect evolving physiological changes, 

especially during early pregnancy when plasma volume expansion alters hematological parameters. Artificial 

Intelligence enhances anemia prediction by integrating laboratory investigations with continuous physiological 

monitoring and individual risk profiles. 

Machine learning algorithms evaluate numerous variables simultaneously, including maternal hemoglobin 

concentration, serum ferritin, transferrin saturation, dietary intake, body mass index, menstrual history, parity, 

socioeconomic status, chronic illnesses, oxygen saturation, heart rate, and physical activity (Shen et al., 2022). 

These multidimensional analyses enable AI systems to identify women at increased risk for developing anemia 

before clinically significant reductions in hemoglobin occur. 

Wearable pulse oximeters, heart rate sensors, and activity trackers provide additional physiological 

information that complements laboratory investigations. Persistent tachycardia, reduced exercise tolerance, 

diminished oxygen saturation, and decreased daily physical activity may represent early indicators of 

worsening anemia. AI continuously analyzes these physiological signals alongside laboratory data to monitor 

maternal health status and recommend appropriate clinical interventions. 

Deep learning models have also demonstrated potential in interpreting complete blood count (CBC) patterns 

and predicting iron deficiency using routine hematological indices. Automated interpretation reduces 

diagnostic delays, minimizes human error, and supports early initiation of nutritional supplementation and iron 

therapy (Bohr et al., 2021). 

Artificial Intelligence-powered mobile applications further enhance maternal anemia management by 

providing individualized dietary recommendations based on nutritional requirements, cultural preferences, and 

previous dietary patterns. These applications deliver medication reminders, monitor adherence to iron 

supplementation, track symptom progression, and generate alerts when laboratory follow-up is required. 

Continuous AI-assisted surveillance is particularly valuable for women with multiple pregnancies, adolescent 

pregnancies, chronic kidney disease, gastrointestinal disorders affecting iron absorption, or previous history of 

severe anemia. Early identification facilitates prompt correction of nutritional deficiencies, thereby reducing 

maternal complications and improving fetal outcomes. 

Nursing professionals play a central role in anemia prevention and management. AI-assisted decision support 

systems enable nurses to identify women requiring intensified nutritional counseling, monitor compliance with 

iron-folic acid supplementation, assess treatment response, and provide individualized education regarding 

iron-rich diets, vitamin C intake, and factors affecting iron absorption. Personalized nursing interventions 

supported by AI improve treatment adherence and contribute to reducing the global burden of maternal anemia. 

 

9. Personalized nursing care using artificial intelligence: 
Artificial Intelligence (AI) is transforming nursing practice by enabling personalized, predictive, and patient-

centered maternal care. AI-assisted smart maternal health monitoring devices continuously collect 

physiological data from wearable sensors and integrate these with electronic health records to generate 

individualized risk profiles. This allows nurses to identify high-risk pregnancies earlier and implement timely 

interventions, thereby improving maternal and fetal outcomes (Topol et al., 2019). 

AI-based decision support systems assist nurses in prioritizing patient care by categorizing pregnant women 

into low-, moderate-, and high-risk groups based on real-time clinical data. Personalized nursing care plans 

can then be developed according to each woman's health status, medical history, and pregnancy progression 

(Rajpurkar et al., 2022). 

Remote monitoring through mobile applications and wearable devices enables continuous observation of 

maternal blood pressure, blood glucose, heart rate, oxygen saturation, physical activity, sleep quality, and fetal 

well-being. Nurses receive automated alerts when abnormal physiological changes are detected, allowing 

prompt consultation, referral, or emergency intervention (Shen et al., 2022). 

AI also enhances maternal education by providing personalized reminders for medication adherence, antenatal 

appointments, healthy nutrition, exercise, and fetal movement monitoring. Interactive mobile applications 

support self-management, improve health literacy, and encourage active participation in pregnancy care. Tele-

nursing services further improve access to healthcare for women living in rural and underserved areas by 

facilitating virtual consultations and continuous follow-up (WHO, 2023). 

Overall, AI-assisted personalized nursing care improves clinical decision-making, strengthens patient safety, 
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enhances continuity of care, reduces unnecessary hospital visits, and contributes to better pregnancy outcomes. 

 

10. Conclusion: 
Artificial Intelligence (AI)-assisted smart maternal health monitoring devices represent a major advancement 

in maternal and perinatal healthcare by enabling continuous monitoring, early prediction of pregnancy-related 

complications, and personalized nursing care. The integration of wearable biosensors, Internet of Medical 

Things (IoMT), cloud computing, machine learning, and deep learning has shifted maternal healthcare from 

traditional episodic antenatal assessment to continuous, data-driven, and patient-centered care (Topol et al., 

2019). 

Conventional antenatal care primarily depends on periodic clinical assessments, which may fail to detect early 

physiological changes associated with high-risk pregnancy. AI-based systems continuously analyze maternal 

and fetal health parameters such as blood pressure, heart rate, blood glucose, oxygen saturation, fetal heart 

rate, uterine contractions, sleep patterns, and physical activity. These technologies facilitate the early 

identification of conditions including preeclampsia, gestational diabetes mellitus, fetal growth restriction, 

maternal anemia, pregnancy-induced hypertension, and preterm labor, allowing timely medical intervention 

and reducing maternal and neonatal morbidity (Rajpurkar et al., 2022). 

From a nursing perspective, AI serves as a clinical decision-support tool rather than a replacement for 

professional judgment. By providing real-time risk stratification, automated alerts, and evidence-based 

recommendations, AI enables nurses to prioritize care, develop individualized nursing care plans, improve 

patient education, promote medication adherence, and strengthen remote maternal monitoring. Tele-nursing 

and mobile health technologies further enhance healthcare accessibility, particularly for women residing in 

rural and underserved communities (Shen et al., 2022). 

Despite its promising applications, successful implementation of AI-assisted maternal monitoring requires 

careful attention to ethical principles, patient privacy, cybersecurity, algorithm transparency, regulatory 

compliance, and equitable access to digital healthcare technologies. Continuous validation through large 

multicenter clinical studies is essential to ensure the reliability, safety, and generalizability of AI algorithms 

across diverse populations (World Health Organization, 2023). 

Future developments in explainable AI, digital twins, federated learning, multimodal predictive analytics, and 

integration with electronic health records are expected to further improve maternal risk prediction and 

personalized healthcare delivery. Collaboration among obstetricians, nurses, engineers, computer scientists, 

and policymakers will be fundamental to maximizing the benefits of AI while maintaining patient safety and 

clinical effectiveness. 

In conclusion, AI-assisted smart maternal health monitoring devices have the potential to significantly improve 

maternal and fetal outcomes by facilitating early diagnosis, individualized nursing interventions, and 

continuous surveillance throughout pregnancy. When integrated responsibly into routine antenatal care, these 

technologies can contribute to reducing maternal mortality, improving healthcare quality, and achieving global 

maternal health goals. 
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