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Abstract: 
This review explores the multifaceted relationship among infant heart development, early attachment experiences, 
and lifelong cardiovascular risks, shaped by genetic, environmental, and technological factors. The primary 
objective is to synthesise current global research on how congenital heart disease (CHD), parent-infant bonding, and 
early biological regulation interact to influence long-term cardiac health. Infant cardiac maturation depends on 
precise genetic programming, but it is susceptible to prenatal conditions, epigenetic modifications, perinatal 
inflammation, and preterm birth. Beyond structural development, early attachment plays a significant role in 
modulating stress physiology and autonomic balance, both of which have lasting impacts on cardiovascular 
function. Secure attachment is increasingly recognised as a protective factor that can buffer the effects of early 
biological vulnerabilities associated with cardiac disease. At a global level, CHD remains one of the most prevalent 
congenital anomalies, and advancing neonatal care has transformed survival outcomes. However, this improved 
survival has highlighted the growing burden of heart failure and other chronic complications later in life. Current 
clinical trials across continents are examining new biomarkers, early detection techniques, and interventions that 
target both cardiac repair and developmental adaptation. Parallel to these medical advances, digital health 
innovations are dramatically reshaping paediatric cardiology. Internet of Things (IoT)-based technologies—such as 
biosensing wearables, wireless monitors, and cloud-supported data analytics—are creating new possibilities for 
continuous monitoring and predictive modelling of infant cardiac health. These tools enable early detection of 
abnormalities, assist in personalised care planning, and may help forecast long-term heart failure risks by integrating 
physiological, behavioural, and environmental data. This interdisciplinary review calls for closer collaboration 
among cardiologists, developmental scientists, and data engineers to develop equitable, ethically responsible 
predictive systems. By linking traditional clinical understanding with emerging digital frameworks, it emphasises a 
holistic perspective on the prevention and management of cardiovascular disease from infancy through adulthood.  
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1. Introduction
Congenital heart disease (CHD) represents one of the most prevalent and significant
congenital anomalies worldwide, imposing substantial morbidity and mortality, particularly
in infants and young children. According to the 2025 Global Burden of Disease (GBD)
study, over 4.18 million children under five years suffer from CHD globally, with prevalence
slightly increasing by 3.4% since 1990 despite advances in medical care. Moreover, CHD
remains the leading cause of death from congenital anomalies in children under five,
accounting for over 200,000 deaths annually, predominantly in low- and middle-income
countries where diagnostic and therapeutic disparities prevail 1 . Preterm birth further adds
complexity to this burden, as infants born prematurely exhibit an increased vulnerability to
cardiovascular complications in infancy and later life, highlighted by a growing body of
epidemiological and clinical research. The impact of CHD and prematurity on infant
development, neurodevelopmental trajectories and autonomic regulation 2. Infant-parent
attachment quality emerges as a crucial psychosocial factor influencing infant resilience,
autonomic function, and potentially cardiac recovery. Infants with CHD often face disrupted
bonding processes due to prolonged hospitalisations and medical procedures, which may
adversely affect emotional regulation and long-term cardiovascular health through
mechanisms still under active investigation. Recent advancements in healthcare technology,
particularly the integration of Internet of Things (IoT) devices and artificial intelligence (AI),
offer exciting opportunities for early detection, continuous monitoring, and predictive
analytics in paediatric cardiology. Wearable sensors and telemedicine platforms enable real-
time, remote monitoring of infant cardiac activity, potentially providing access to care and
personalisation 3 . These innovations provide a complementary approach alongside
traditional clinical management and psychosocial support, underscoring the need for a
multidisciplinary framework that combines cardiology, developmental psychology, and
technology to address the complex challenges faced by infants with CHD and at high
cardiovascular risk  4 . This review paper aims to synthesise current evidence across the
clinical, psychological, and technological domains to present a comprehensive global
perspective on infant heart development, attachment processes, and long-term cardiovascular
risk 5 . Emphasis is placed on exploring how emerging IoT and AI tools can improve early
diagnosis and prognostication, ultimately enhancing survival and neurodevelopmental
outcomes worldwide 6 . By integrating multiple disciplines, the review highlights pathways
for holistic interventions and proposes future research directions addressing gaps in global
health equity and multidisciplinary collaboration7 .
2. Aim and Objectives
The primary aim of this literature review is to provide a detailed, integrative synthesis of
contemporary global research concerning infant heart development, focusing on first, the
biological and clinical features of congenital heart disease (CHD); second, the influence of
parent-infant attachment on infant cardiac and neurodevelopmental outcomes; and third, the
potential of Internet of Things (IoT) and artificial intelligence (AI) technologies for
improving early cardiovascular risk prediction and monitoring in infancy8 . Specific
objectives include delineating the epidemiological trends, global burden, and disparities in
CHD and preterm birth affecting infant cardiac health9 . To examine the stages and
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mechanisms of normal and pathological infant heart development, including genetic and 
environmental influences on CHD. To analyse the role of early parent-infant attachment 
quality and psychosocial factors in modulating infant stress responses and cardiac outcomes, 
particularly after surgery or medical interventions10 .To review advancements in IoT-enabled 
wearable devices, remote monitoring platforms, and AI-based predictive models that enable 
proactive infant cardiac care. To discuss the implementation challenges, ethical 
considerations, and future directions for integrating biological, psychological, and 
technological approaches into clinical practice and global health policies. By addressing 
these interconnected dimensions, the review aims to inform clinicians, researchers, and 
policymakers about the importance of multidisciplinary strategies to reduce morbidity and 
mortality from infant cardiovascular disorders while promoting optimal neurodevelopment 
and quality of life globally11 . Table 1  
 

Table 1. Comparison of the Present Review with Existing Review Papers 

Sr. 
No. 

Ref. 
(Year) 

Review 
Methodology 

Contribution Significant Difference 
from This Review 

1 
 62  

(2020) 
Systematic review 
and meta-analysis 

Evaluates the effectiveness and 
safety of pharmacological 
interventions for retained 

placenta. 

Does not consider AI-
based approaches or 

sensing devices; focuses 
only on a single maternal 

condition (retained 
placenta). 

2 
 63  

(2019) Seminal review 

Identifies key characteristics 
and drivers influencing the 
adoption of artificial neural 

networks (ANNs) in healthcare 
organisational decision-making. 

Does not address 
maternal or infant 
healthcare; sensing 
technologies are not 

included. 

3  64  
(2021) Systematic review 

Reviews the role of AI and ML, 
including deep learning, in 

improving pregnancy-related 
patient care and outcomes. 

Infant health issues and 
sensing-based healthcare 

systems are not 
considered. 

4 
 65  

(2020) Systematic review 

Provides an evidence map of 
machine learning applications 
in paediatrics and adolescent 

medicine. 

Maternal health is not 
addressed; sensing-based 

remote patient 
monitoring is not 

included. 

5  65  
(2020) Systematic review 

Summarises studies using 
computerised decision support 

systems (CDS) and ML for 
childhood obesity management. 

Limited to childhood 
obesity; maternal health 

and broader infant 
healthcare are excluded. 

6  63  
(2019) Systematic review Presents a systematic literature 

review protocol on the role of 
Maternal and infant 

healthcare applications 

131



J. Pharm. Res. Integr. Med. Sci.                                                                                                                              Pandey et. al.          

 
 
 
 
 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
 ISSN: 3049-1681 | Vol. 03, Issue-04, April. -2026 | pp. 129-141 

J. Pharm. Res. Integr. Med. Sci.                             https://aktpublication.com/index.php/jprims/index 

 

 

 

 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
ISSN: 3049-1681 | Vol. 03, Issue-04, April-2026 | pp.-129-141 

 

mobile computing in IoT-based 
healthcare applications. 

are not specifically 
investigated. 

7  66  
(2021) 

Non-systematic 
comprehensive 

survey 

Reviews AI-based prediction, 
diagnosis, early identification, 

and monitoring of women 
across pregnancy, labour, and 

postpartum stages. 

Infant healthcare is not 
addressed, nor are sensor 
networks for maternal–

infant monitoring. 

8  67  
(2018) 

Comprehensive 
review 

Discusses medical applications, 
ethical issues, and 

standardisation challenges in 
5G-enabled e-health systems. 

AI is not the primary 
focus, and pregnancy- or 
infant-specific healthcare 

problems are not 
targeted. 

 
 

3. Methodology  
This literature review employed a systematic approach to identify and synthesise relevant studies 
published between 2010 and 2025 across multiple disciplines, including cardiology, 
developmental psychology, neonatology, and digital health. Major electronic databases such as 
PubMed, including C, ScienceDirect, Google Scholar, and IEEE Xplore were searched using a 
combination of keywords and Boolean operators12 . Key search terms included “infant heart 
development,” “congenital heart disease,” “parent-infant attachment,” “cardiovascular risk," 
“prematurity,” “Internet of Things,” “artificial intelligence in cardiology,” “remote cardiac 
monitoring,” and “neurodevelopmental outcomes13 . “Inclusion criteria were: Peer-reviewed 
original research articles, reviews, meta-analyses, clinical trials, and technological evaluations  14 
. Studies addressing infant or neonatal populations related explicitly to cardiac development, 
CHD diagnosis or treatment, attachment and psychosocial factors, or IoT/AI technologies in 
paediatric cardiology15 . Publications in English from 2010 onwards will capture the most recent 
advances and data. Exclusion criteria comprised: Studies focusing solely on adult cardiac disease 
without infant or developmental focus. Articles lacking primary data or sufficient 
methodological detail, such as editorials or opinion pieces without evidence16 . Grey literature, 
conference abstracts without full text, or non-peer-reviewed sources. The study selection process 
involved initial screening of titles and abstracts, followed by full-text review for eligibility and 
relevance17 . Data extraction covered study design, population characteristics, key findings 
related to heart development, attachment, or technological innovation, and reported limitations  
18 . A narrative synthesis approach was adopted due to the interdisciplinary and heterogeneous 
nature of the literature, integrating clinical, psychosocial, and technological evidence19 . 
Limitations of this methodology include potential publication bias favouring studies from high-
income countries with greater access to advanced technology, possible language bias excluding 
non-English papers, and variability in diagnostic criteria and technological platforms across 
studies20 . While efforts were made to gather comprehensive global data, disparities in regional 
reporting and screening methods introduce challenges to definitive prevalence comparisons. 
Nevertheless, this approach provides a robust framework for exploring multifactorial dimensions 
influencing infant cardiovascular health and advancing health and prognostic innovations 21 . 
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4. Global Epidemiology and Burden of Infant Heart Disease and Preterm Birth  
Congenital heart disease remains a leading global cause of infant morbidity and mortality. 
The latest Global Burden of Disease (GBD) data from 2021 estimate that over 4.18 million 
children under five are affected worldwide, with a childhood prevalence of nearly 6.4 per 1000 
live births. Over the past three decades, CHD-associated mortality decreased by 56.2% globally 
due to medical advances, but persists disproportionately among low- and middle-income 
countries, particularly in South Asia and Africa22 . High mortality and disability-adjusted life 
years (DALYs) continue in regions with limited access to early diagnosis and paediatric cardiac 
surgery. Significant regional disparities exist, with low and low-middle-income Demographic 
Index (SDI) countries exhibiting the highest prevalence and mortality rates23 . For instance, India 
reports the most considerable burden of CHD cases, while Afghanistan experiences the highest 
mortality rates. 24 Conversely, high-income nations demonstrate markedly lower mortality and 
improved survival owing to robust neonatal screening, surgical infrastructure, and long-term 
care25 . These disparities reflect inequities in prenatal diagnosis, healthcare availability, and trial 
availability. Preterm birth further complicates infant cardiovascular outcomes26 . Estimates 
indicate that 10% of global births occur prematurely, many of whom face additional risks from 
underdeveloped cardiac and pulmonary systems27 . Prematurity is independently associated with 
increased incidence of congenital and acquired heart defects, arrhythmias, and susceptibility to 
heart failure later in life  28 . The combined burden of CHD and prematurity exacerbates 
neurodevelopmental delays and long-term health risks, justifying targeted interventions in 
neonatal intensive care units (NICUs) as well as community health settings29 . Early screening 
efforts, such as pulse oximetry, fetal echocardiography, and newborn cardiac ultrasound, have 
improved detection rates but remain underutilised in resource-poor settings due to costs, 
equipment shortages, and specialist shortages 30 . We limit timely interventions and contribute to 
late presentations with advanced heart failure or irreversible damage. Policymakers and global 
health initiatives emphasise strengthening regional healthcare systems, expanding newborn 
screening, and enhancing surgical capacity to address this burden equitably 31 . Figure 1 

 
 Figure 1. The map illustrates regional differences in CHD prevalence rates, with higher rates 
(>5%) in Sub-Saharan Africa, Latin America, and parts of Asia, and lower rates (0–2%) across 
Europe and Oceania. Data highlights global disparities in diagnostic access and 
healthcare infrastructure. 

133



J. Pharm. Res. Integr. Med. Sci.                                                                                                                              Pandey et. al.          

 
 
 
 
 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
 ISSN: 3049-1681 | Vol. 03, Issue-04, April. -2026 | pp. 129-141 

J. Pharm. Res. Integr. Med. Sci.                             https://aktpublication.com/index.php/jprims/index 

 

 

 

 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
ISSN: 3049-1681 | Vol. 03, Issue-04, April-2026 | pp.-129-141 

 

 
5. Infant Heart Development: Biological and Clinical Perspectives  
Normal cardiac development is a sequential, tightly regulated process that commences in 
embryogenesis and culminates in a structurally and functionally competent heart at birth.  

 
Figure 2: cardiac development proceeds from the embryonic formation of the primitive heart 
tube through fetal morphogenesis to postnatal circulatory adaptation. Disruptions during these 
stages lead to defects such as ASD, VSD, and Tetralogy of Fallot. 
 
Early differentiation of cardiac progenitor cells, cardiomyocyte proliferation, and morphogenesis 
establishes essential structures, including atria, ventricles, valves, and outflow tracts. Molecular 
signalling pathways such as Notch, Wnt, BMP, and Hedgehog pathways orchestrate these 
events, and perturbations lead to diverse congenital disabilities 32. Shown Figure 2. Common 
congenital heart defects include septal defects (atrial and ventricular), patent ductus arteriosus, 
Tetralogy of Fallot, coarctation of the aorta, and transposition of the great arteries. Genetic 
mutations, chromosomal anomalies, and environmental exposures (maternal diabetes, infections, 
medications) contribute to the aetiology of CHD33 . Advances in prenatal imaging especially 
fetal echocardiography and MRI enable earlier and more precise detection, facilitating perinatal 
planning for high-risk deliveries34 . Postnatal cardiac physiology undergoes a dramatic transition 
from fetal circulation patterns to independent systemic and pulmonary circuits. Neonates, 
especially preterm infants, exhibit limited myocardial reserve and distinct autonomic regulation, 
rendering them vulnerable to hypoxia, ischemia, and hemodynamic instability when affected by 
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CHD. Understanding these physiological differences guides critical care strategies and surgical 
timing to minimise complications  35 . 
6. Parent-Infant Attachment and Psychosocial Impact on Cardiac Outcomes  
Attachment theory elucidates the dynamic interplay between infant emotional regulation and 
caregiver responsiveness, highlighting the foundational role of secure parent-infant bonds in 
healthy neurodevelopment36 . In infants with CHD, early medical interventions, prolonged 
hospitalisations, and caregiver stress compromise opportunities for consistent, sensitive 
caregiving, disrupting attachment processes37 . Secure attachment promotes optimal autonomic 
regulation, evidenced by balanced heart rate variability, which is critical for cardiac recovery 
and resilience post-surgery38 . 
Conversely, insecure or disrupted attachment correlates with heightened stress responses and 
altered hypothalamic-pituitary-adrenal axis functioning39 . Studies document increased parental 
anxiety and depressive symptoms following CHD diagnosis, further impacting infant outcomes. 
Psychosocial interventions, including familiar care, kangaroo mother care, and clinician-
facilitated bonding sessions, have demonstrated improvements in infant parasympathetic tone 
and reduced hospital length of stay40-41 . These approaches underscore the need to integrate 
psychological support into cardiac care to enhance recovery and long-term health 42 . 
7. Long-Term Cardiovascular Risks and Outcomes in CHD Survivors  
Improvements in survival have resulted in increasing adult congenital heart disease (ACHD) 
populations, necessitating lifelong surveillance to manage risks such as heart failure, 
arrhythmias, pulmonary hypertension, and re-intervention43 . Clinical guidelines recommend 
regular cardiac imaging, electrocardiographic monitoring, and exercise capacity assessments to 
identify early signs of deterioration 44 . Longitudinal cohort studies reveal that earlier cardiac 
function, neurodevelopment, and psychosocial environment influence adult morbidity and 
quality of life 45 . Behavioural factors like physical inactivity, obesity, and smoking exacerbate 
cardiovascular risk in this population46 . Neurocognitive impairments and psychosocial 
adjustment challenges further compromise long-term outcomes and functional independence  47 . 
8. Advances in IoT and AI Technologies for Infant Cardiac Monitoring and Prediction  
The integration of IoT and AI technologies into paediatric cardiology offers transformative 
potential for infant heart care  48 . Wearable biosensors capable of continuously measuring heart 
rate, rhythm, oxygen saturation, and respiratory rate are increasingly miniaturised and infant-
friendly, allowing real-time remote monitoring beyond hospital settings  49 . Machine learning 
algorithms and deep neural networks enhance predictive capacity by analysing large, 
multidimensional data streams to detect early signs of cardiac distress or arrhythmias. Pilot 
clinical trials utilising IoT-enabled platforms demonstrate improved early warning systems and 
better parental engagement through smartphone interfaces  50 . See Figure 3 Despite the promise, 
challenges remain regarding data privacy, device validation, clinician training, and healthcare 
integration. Equitable access to these technologies in low-resource settings depends on cost 
reduction, infrastructure development, and policy support. Ethical frameworks addressing 
consent and data security are paramount to responsible use  51 . 
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Figure 3: Simple Neural Network 

9. Discussion  
The review highlights that advances in infant cardiovascular health depend on a 
multidisciplinary approach combining biological, psychosocial, and technological innovations  52 

. While clinical and surgical interventions remain foundational, addressing attachment and 
parental mental health is equally critical to optimising cardiac recovery and neurodevelopment  
53-54 . Technological innovations, particularly IoT and AI, hold potential for reducing inequalities 
by extending surveillance and predictive analytics to remote and underserved areas  55 . 
Policymakers must prioritise investments in neonatal screening programs, psychosocial support, 
and digital health infrastructure to translate these advances globally  56 . Ethical considerations, 
particularly around data privacy and equitable access, require ongoing dialogue among 
clinicians, families, technologists, and regulators. Bridging research gaps through large-scale, 
culturally diverse cohort studies and interprofessional collaborations will drive more effective, 
inclusive infant cardiac care worldwide  57 . 

 
10. Future Scope and Recommendations  
Future research should prioritise longitudinal, multicentre studies that integrate biological, 
psychological, and technological data streams to better understand the complex interactions that 
affect infant cardiac outcomes. The development of standardised protocols that combine clinical 
screening, psychosocial assessment, and IoT-enabled monitoring will strengthen early detection 
and personalised interventions  58 . Expansion of the family’s psychosocial programs designed 
for caregivers of infants with CHD is critical to optimise attachment and resilience. Policy 
reforms are needed to support equitable access to digital health tools globally, including 
subsidies, infrastructure development, and training programs  59 . Ethical frameworks for data 
privacy, informed consent, and surveillance transparency must evolve alongside technology to 
safeguard vulnerable populations. Multi-sector collaborations across cardiology, psychology, 
engineering, and public health will accelerate innovation and implementation. Finally, 
investment in global data-sharing platforms can enhance epidemiological surveillance, support 
comparative effectiveness research, and guide resource allocation to reduce disparities in infant 
cardiovascular care worldwide 60. 
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11. Conclusion  
Infant heart development and long-term cardiovascular risk in congenital heart disease represent 
complex interwoven challenges demanding integrated clinical, psychological, and technological 
solutions. Despite marked improvements in survival, disparities in global outcomes persist, 
disproportionately affecting low-resource regions. Parent-infant attachment quality emerges as a 
modifiable psychosocial determinant of infant cardiac resilience and recovery, underscoring the 
need for family care models. IoT and AI technologies are redefining the paradigms for early 
diagnosis and continuous monitoring, offering personalised, real-time management opportunities 
that complement traditional healthcare delivery. These tools have the potential to democratise 
access to specialised cardiac care if implemented thoughtfully, with ethical safeguards. 
Collectively, these integrated approaches promise to enhance survival, neurodevelopment, and 
quality of life for infants globally. This review advocates for global collaboration, policy reform, 
and sustained investment in multidisciplinary research and digital health infrastructure to meet 
the needs of vulnerable infant populations worldwide. 
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