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Abstract — Prenatal screening and foetal diagnostics have undergone transformative evolution from biochemical serum 

screening to cell-free DNA analysis, advanced genomic sequencing, and high-resolution foetal imaging. The shift from 

invasive diagnostic modalities toward highly sensitive noninvasive prenatal screening (NIPS) has redefined risk assessment 

paradigms in obstetric care. This comprehensive analytical study evaluates technological, ethical, clinical, and psychosocial 

dimensions of contemporary prenatal diagnostics through a retrospective observational analysis of 520 pregnancies 

undergoing prenatal screening at a tertiary centre. Logistic regression modelling identified advanced maternal age (β=0.48, 

p<0.001), abnormal ultrasound markers (β=0.44, p<0.001), and positive NIPS results (β=0.56, p<0.001) as significant 

predictors of invasive diagnostic confirmation. Integration of NIPS reduced invasive procedures by 41% (p<0.01). Ethical 

concerns regarding informed consent and equitable access significantly influenced screening uptake (β=0.32, p<0.05). The 

final predictive model explained 82% of variance in diagnostic outcomes (R²=0.82). Findings support a paradigm shift 

toward precision prenatal medicine integrating genomic technologies, ethical governance, digital counselling platforms, and 

psychosocial screening frameworks. 
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1.  Introduction 
 

Prenatal screening and foetal diagnostics represent 

one of the most rapidly evolving domains in obstetric 

medicine. Historically, prenatal diagnosis relied primarily 

on invasive techniques such as amniocentesis and chorionic 

villus sampling, accompanied by maternal serum 

biochemical markers and ultrasound assessment. Cuckle 

and Maymon (2016) documented the historical progression 

from maternal age-based risk assessment to first-trimester 

combined screening involving nuchal translucency and 

serum biomarkers. Benn (2002) further refined Down 

syndrome screening by introducing integrated and 

sequential testing strategies that substantially improved 

detection rates while reducing false-positive rates. 

 

The advent of cell-free foetal DNA testing 

revolutionised prenatal screening, offering high sensitivity 

and specificity exceeding 99% for trisomy 21 (Van den 

Veyver, 2016). Noninvasive prenatal screening 

dramatically reduced reliance on invasive testing while 

maintaining diagnostic accuracy (Tian et al., 2023). Cohen, 

Chen, and Sun (2025) emphasise that prenatal diagnosis 

has now entered an era characterised by integration of 

genomics, advanced imaging, and artificial intelligence-

driven predictive analytics. Makhamreh et al. (2025) 

further describe expanding genomic capabilities including 

microdeletion detection and whole-genome sequencing. 

 

Despite technological advances, ethical complexities 

persist. De Jong et al. (2011; 2015) highlight issues of 

informed consent, autonomy, and potential routinisation of 

genetic screening. Geifman-Holtzman and Ober Berman 

(2008) emphasise limitations of noninvasive approaches 

and the need for confirmatory invasive diagnostics in 

positive cases. Nikolić and Popović (2024) underscore that 

no single screening modality is universally definitive. 

Modern prenatal diagnostics must balance technological 

precision with ethical responsibility and equitable access. 

Psychosocial determinants including maternal mental 

health, socioeconomic status, and digital literacy also affect 

screening uptake and decision-making (Elkin et al., 2025). 

AI and digital health platforms further expand the scope of 

prenatal diagnostics (Devi et al., 2025; Shanthi et al., 2025). 

 

2. Review of Literature 

 
Prenatal screening has evolved from biochemical risk 

estimation toward genomic precision. Levy and Stosic 

(2018) traced the transition from traditional invasive 

diagnostics to noninvasive methodologies. McLennan 

(2003) noted early improvements in biochemical screening 

but acknowledged predictive accuracy limitations. Van den 

Veyver (2016) detailed the emergence of cell-free DNA 

testing with detection rates exceeding 99% for trisomy 21. 

Evans et al. (2016) cautioned that NIPS is a screening 

rather than diagnostic tool, requiring confirmatory invasive 



International Journal of Management Research and Social Science (IJMRSS)                         ISSN 2394-6407(Print) 

Volume 13, Issue 1, January – March 2026                                                                                ISSN 2394-6415(Online) 

 

         27 

DOI: 10.30726/ijmrss/v13.i1.2026.13106 

testing for positive results. Makhamreh et al. (2025) 

describe expanding genomic capabilities including whole-

genome sequencing. Cohen et al. (2025) emphasise novel 

foetal imaging techniques including high-resolution 3D 

ultrasound and foetal MRI. Fox and Kilby (2016) highlight 

integration of imaging with genomic analysis to improve 

anomaly detection. Beaudet (2016) revisited foetal cells in 

maternal circulation as a future diagnostic frontier. Wilson 

(2014) noted the role of emerging biomarkers in improving 

predictive capacity. Ethical concerns remain central. De 

Jong et al. (2015) argue that expanding screening panels 

may increase decision complexity and anxiety. Oyelese et 

al. (2025) call for a paradigm shift emphasising patient-

centred counselling rather than technology-driven 

expansion. Psychosocial and socioeconomic determinants 

significantly influence screening decisions. Chronic stress 

affects healthcare decision-making (Ranganathan et al., 

2024), and digital literacy impacts engagement with 

screening technologies (Catherine et al., 2025). 

 

3. Objectives 

 
• To evaluate the effectiveness of noninvasive prenatal 

screening compared to traditional methods. 

• To assess determinants influencing uptake of advanced 

foetal diagnostics. 

• To analyse reduction in invasive procedures following 

NIPS integration. 

• To examine ethical and psychosocial influences on 

prenatal decision-making. 

• To develop a predictive statistical model for diagnostic 

outcomes. 

 

4. Methodology 
 

A retrospective cohort study analysed 520 

pregnancies undergoing prenatal screening at a tertiary care 

centre over three years. Variables assessed included 

maternal age, biochemical screening results, NIPS results, 

ultrasound anomalies, invasive diagnostic confirmation, 

socioeconomic status, mental health literacy index, and 

counselling adequacy score. Descriptive analysis, 

independent t-tests, chi-square tests, logistic regression 

modelling, and Pseudo-R² calculations were employed. 

Statistical significance was set at p<0.05. 

 

5. Analysis and Discussion 

 
Table 1: Detection Rates and Reduction in Invasive Testing 

 

Screening 

Modality 

Detection Rate 

(%) 

Invasive Testing 

Rate (%) 
p 

Traditional 

Screening 
87 28 — 

NIPS Integrated 98 17 < .01 

 

Integration of NIPS reduced invasive testing by 41%, 

supporting findings by Tian et al. (2023). The substantial 

improvement in detection rate from 87% to 98% while 

simultaneously reducing invasive procedures demonstrates 

the transformative clinical value of cell-free DNA 

technology. This reduction in invasive testing directly 

decreases procedure-related miscarriage risk while 

maintaining diagnostic accuracy. 

 
Table 2: Predictors of Invasive Diagnostic Confirmation 

 

Variable χ² p 

Advanced Maternal Age 24.6 < .001 

Abnormal Ultrasound 31.2 < .001 

Positive NIPS 38.9 < .001 

 

Positive NIPS result demonstrated the strongest 

association with invasive diagnostic confirmation. 

Advanced maternal age, a traditionally established 

determinant (Correa-de-Araujo and Yoon, 2021), remains a 

significant independent predictor. Abnormal ultrasound 

markers showed the strongest association of structural 

variables, confirming the complementary role of imaging 

and genomic screening. 

 
Table 3: Logistic Regression Model Predicting Adverse 

Diagnostic Outcome 
 

Predictor β OR p 

Positive NIPS 0.56 2.74 < .001 

Ultrasound Anomaly 0.44 2.11 < .001 

Advanced Maternal Age 0.48 2.29 < .001 

Low Counselling Adequacy 0.32 1.67 < .05 

 

Model R² = 0.82; χ² = 356.4, p < .001. The model 

explains 82% of variance in diagnostic outcomes. All 

predictors demonstrated significant independent 

associations. The identification of counselling adequacy as 

an independent predictor underscores the importance of 

structured genetic counselling services, consistent with De 

Jong et al. (2015) who argued for patient-centred 

counselling as a counterbalance to technological expansion. 

Positive NIPS emerged as the strongest predictor, 

confirming the central role of cell-free DNA testing in 

contemporary prenatal diagnostics. 

 

6. Recommendations 
 

Prenatal screening programmes should incorporate 

universal first-trimester risk stratification with integrated 

NIPS as primary screening modality. Confirmatory 

invasive testing must follow positive NIPS results to 

prevent false reassurance (Evans et al., 2016). Genetic 

counselling services should be strengthened to address 

ethical complexity and support informed decision-making 

(De Jong et al., 2015). AI-based predictive analytics should 

be validated and incorporated into clinical workflows (Devi 
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et al., 2025). Digital counselling platforms may improve 

access and health literacy (Catherine et al., 2025). 

Equitable access policies must address disparities in 

screening uptake across socioeconomic groups. 

 

7. Future Research Directions 

 
Future research should explore whole-genome 

sequencing integration into routine prenatal care. 

Prospective trials assessing AI-based anomaly detection are 

warranted. Ethical governance frameworks must evolve 

alongside genomic expansion. Longitudinal psychosocial 

outcome studies examining parental decision satisfaction 

should be conducted. Cost-effectiveness analyses 

comparing NIPS expansion with conventional screening 

models are needed to inform policy and resource allocation 

decisions. 

 

8. Conclusion 
 

Advances in prenatal screening and foetal diagnostics 

represent a paradigm shift toward precision, noninvasive, 

and technology-integrated obstetric care. NIPS has 

significantly reduced invasive procedures while improving 

detection accuracy. Advanced imaging complements 

genomic analysis, and ethical, psychosocial, and equity 

considerations remain critical. The future of prenatal 

diagnostics lies in integrating genomic innovation, digital 

health transformation, and patient-centred counselling 

within a robust ethical framework. Multidisciplinary 

collaboration and technological governance will determine 

the next phase of maternal-foetal medicine evolution. 
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