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ABSTRACT 

Maternal and perinatal health outcomes are strongly influenced by antenatal care continuity, timely risk 

detection, health literacy, and institutional capacity for coordinated service delivery. This study examines 

how digital maternal health systems influence antenatal care access, pregnancy risk monitoring, patient 

engagement, and perinatal outcomes through a comparative health systems analysis of Sweden and 

Singapore. The article argues that digital maternal health interventions improve outcomes only when 

integrated with universal healthcare access, clinical governance, interoperable records, risk-stratified care 

pathways, and culturally responsive patient education. Using comparative public health analysis, maternal 

health systems evaluation, digital health evidence synthesis, and institutional policy interpretation, the study 

compares two high-income health systems with strong maternal outcomes but different governance structures 

and digital health strategies. The findings indicate that Sweden demonstrates strong continuity through 

midwife-led antenatal care, universal access, and national health registries, whereas Singapore demonstrates 

highly coordinated urban healthcare, digital service integration, and hospital-based risk management. The 

comparative evidence shows that digital tools enhance antenatal care when they strengthen—not replace—

clinical relationships, early screening, referral coordination, and behavioral support. This article contributes 

to medical and health sciences scholarship by integrating maternal health, digital health governance, health 

systems theory, behavioral medicine, and perinatal risk prevention. 

https://doi.org/10.64753/jcasc.v10i4.2792


Copyright © 2025 by Author/s. This is an open access article distributed under the Creative Commons Attribution License which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original work is properly cited. 
51 

   

 

 

Keywords: maternal health; antenatal care; digital health; perinatal outcomes; Sweden; Singapore; health 

systems; pregnancy risk; continuity of care; public health governance 

 

INTRODUCTION 

  Maternal and perinatal health remains a central indicator of health system performance, social 

equity, and public health capacity. Although global maternal mortality has declined over recent decades, 

substantial variation persists across and within countries due to differences in healthcare access, quality of 

obstetric care, emergency referral systems, nutrition, education, social determinants, and institutional 

governance (WHO, 2023). Even in high-income countries with low maternal mortality, preventable adverse 

outcomes such as preterm birth, gestational diabetes, hypertensive disorders of pregnancy, postpartum 

depression, and inequitable access to culturally appropriate care remain major clinical and public health 

concerns (OECD, 2023). 

  Antenatal care is a critical platform for preventing maternal and neonatal morbidity because it 

enables early detection of pregnancy complications, health education, vaccination, nutritional counseling, 

mental health assessment, and preparation for childbirth and postpartum care. The World Health 

Organization recommends a positive pregnancy experience supported by timely, respectful, and evidence-

based antenatal care (WHO, 2016). However, the effectiveness of antenatal care depends not only on the 

number of visits but also on continuity, risk stratification, communication quality, referral coordination, and 

patient engagement. 

  Digital health has increasingly entered maternal care through electronic health records, pregnancy 

applications, remote monitoring, teleconsultation, digital appointment systems, patient portals, automated 

reminders, and clinical decision support. These technologies may improve access, reduce missed 

appointments, support self-monitoring, and strengthen communication between pregnant patients and 

providers (WHO, 2021). However, digital tools can also reproduce inequities if they are not accessible to 

migrants, low-income families, older pregnant patients, people with limited digital literacy, or those requiring 

language support. 

  Sweden and Singapore provide analytically valuable comparative cases. Sweden has a publicly 

financed universal healthcare system with strong maternal and child health services, midwife-led antenatal 

care, national health registries, and a long tradition of preventive public health governance. Singapore has a 

highly developed urban health system, strong digital infrastructure, centralized policy capacity, and advanced 

hospital-based maternity services. Both countries have relatively strong maternal health outcomes, yet they 

differ in health system organization, population diversity, digital health governance, and care delivery 

models. 

  The healthcare problem is not simply whether digital tools exist, but whether they improve clinical 
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continuity and perinatal risk reduction. Pregnancy care involves biological, behavioral, psychological, and 

social dimensions. Digital reminders may improve attendance, but they cannot substitute for skilled clinical 

assessment, trust, cultural safety, and emergency response capacity. Remote monitoring may identify 

elevated blood pressure or glucose levels, but outcomes improve only if data trigger timely clinical action. 

Therefore, digital maternal health should be examined as an institutional intervention embedded within 

healthcare governance. 

  Existing literature provides strong foundations. Kruk et al. (2018) argue that high-quality health 

systems must produce measurable health gains rather than merely service access. Tunçalp et al. (2015) 

emphasize that maternal care quality requires effectiveness, safety, respect, continuity, and patient-

centeredness. Digital health scholarship shows that mobile health and telemedicine can improve maternal 

engagement, appointment adherence, and health education when integrated with clinical systems (WHO, 

2021; World Bank, 2023). Other scholars emphasize that maternal health outcomes are strongly shaped by 

social determinants, including income, migration status, education, housing, and social support (Marmot, 

2005; Geller et al., 2018). 

  While previous studies emphasize antenatal care coverage or digital health adoption, current health 

sciences literature remains limited in explaining how digital maternal health interacts with healthcare 

governance, clinical risk management, and behavioral engagement across different high-performing systems. 

Many digital health studies assess usability or satisfaction but underanalyze perinatal outcomes, equity, and 

institutional integration. Maternal health research often emphasizes clinical outcomes but insufficiently 

examines digital infrastructure and data governance. 

  Several gaps remain. First, the theoretical gap concerns insufficient integration of maternal health 

quality, digital health governance, and health systems resilience. Second, the empirical healthcare gap 

concerns limited comparative analysis of digital maternal health in countries with strong but differently 

organized systems. Third, the clinical implementation gap concerns uncertainty about how remote 

monitoring and digital records translate into risk reduction. Fourth, the equity gap concerns unequal digital 

access and culturally variable engagement among migrant and minority populations. Fifth, the governance 

gap concerns privacy, interoperability, data quality, and clinical accountability. 

  The novelty of this article lies in conceptualizing digital maternal health as a continuity-enhancing 

and risk-detection infrastructure rather than a standalone technological innovation. The article integrates 

clinical obstetrics, public health, behavioral medicine, digital health governance, and comparative health 

systems analysis. 

  The analytical framework follows the causal pathway: health system governance → digital antenatal 

accessibility → patient engagement and risk monitoring → clinical continuity and referral coordination → 

maternal and perinatal outcomes. Governance shapes financing, workforce organization, interoperability, and 

quality standards. Digital accessibility influences appointment adherence, self-monitoring, and 

communication. Clinical continuity determines whether risk signals become timely interventions. 
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  This study aims to analyze comparatively how digital maternal health systems in Sweden and 

Singapore influence antenatal care continuity, pregnancy risk monitoring, patient engagement, equity, and 

perinatal health outcomes. 

 

METHODOLOGY 

  This study employs a comparative health systems research design integrating maternal health evaluation, 

digital health implementation analysis, public health governance interpretation, and evidence-based perinatal risk 

assessment to examine how digital maternal health systems influence antenatal care continuity and perinatal risk 

reduction in Sweden and Singapore. These cases were selected because both countries demonstrate strong maternal 

health outcomes but differ in institutional organization, population structure, and digital health strategy: Sweden 

represents a universal, publicly financed, registry-supported, midwife-led antenatal care model, whereas Singapore 

represents a highly urbanized, digitally advanced, hospital-linked, policy-coordinated maternity care system. The unit 

of analysis consists of antenatal care systems supported by digital infrastructure, including electronic health records, 

appointment systems, patient portals, teleconsultation, remote monitoring, registry data, referral pathways, and 

patient education platforms. Analytical variables include antenatal attendance, continuity of care, gestational diabetes 

screening, hypertensive disorder detection, referral timeliness, patient engagement, digital literacy, migrant 

accessibility, data interoperability, clinical governance, maternal morbidity, neonatal outcomes, and equity-sensitive 

implementation. 

  The empirical foundation consists of WHO maternal health guidance, OECD health system evidence, 

World Bank digital health reports, peer-reviewed maternal and perinatal health literature, digital health 

implementation studies, national health policy documents, and registry-based maternal health research. No patient-

level identifiable data, interviews, or fabricated clinical observations were used. Comparative synthesis was 

conducted by linking institutional evidence with clinical pathways and public health mechanisms. Triangulation was 

achieved by comparing international reports, systematic reviews, and country-specific health system evidence. 

Ethical considerations include privacy protection, informed use of maternal health data, digital inclusion, cultural 

safety, and recognition of pregnancy as a clinically sensitive period requiring human-centered care. The study is 

limited by heterogeneity in reporting systems, limited direct comparability of digital platform outcomes, and 

difficulty attributing perinatal improvements to digital interventions alone; nevertheless, it provides analytically 

transferable insight into digital maternal health governance. 

 

Findings and Discussion 

1. Health System Governance and Antenatal Care Continuity 

  The comparative evidence demonstrates that digital maternal health effectiveness depends on the structure 

of antenatal care governance. Sweden’s maternal health system is characterized by universal access, strong primary 

and community-based maternity services, midwife-led antenatal care, and extensive population registries. This 
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structure supports continuity because most pregnant patients are connected early to standardized antenatal pathways. 

  Singapore’s system is characterized by advanced hospital care, strong digital infrastructure, centralized 

policy capacity, and efficient urban service delivery. Antenatal care is often linked to hospital systems and specialist 

services, enabling rapid access to diagnostics and high-risk pregnancy management. Digital systems can support 

appointment management, laboratory integration, and patient communication in a dense urban environment. 

  The comparison shows that Sweden’s strength lies in longitudinal continuity and population registry 

infrastructure, while Singapore’s strength lies in integrated urban service coordination and digital operational 

efficiency. However, both systems face equity challenges. Sweden must ensure culturally safe care for migrant 

populations, while Singapore must ensure affordability, accessibility, and digital inclusion across diverse social 

groups. 

  These findings align with maternal health quality frameworks emphasizing continuity, respect, timeliness, 

and effectiveness (Tunçalp et al., 2015). They extend digital health literature by showing that digital tools are most 

effective when built on already coherent care pathways. Digital systems cannot compensate for weak continuity; 

rather, they amplify the strengths or weaknesses of the underlying health system. 

  Clinically, antenatal digital tools should strengthen communication between patients, midwives, physicians, 

laboratories, and referral services. Public health policy should evaluate digital maternal health according to continuity 

and risk-detection outcomes, not merely platform use. 

 

2. Digital Risk Monitoring, Gestational Conditions, and Clinical Response 

  Pregnancy complications such as gestational diabetes, hypertensive disorders, fetal growth restriction, 

anemia, and perinatal mental health conditions require timely detection and management. Digital health systems may 

improve risk monitoring through electronic records, automated reminders, remote blood pressure tracking, glucose 

monitoring, and decision support. 

  In Sweden, registry-supported care enables population-level monitoring and quality improvement. Digital 

records can strengthen continuity by allowing providers to track screening results and referral pathways. For 

conditions such as gestational diabetes or preeclampsia risk, digital documentation may reduce missed follow-up and 

improve risk stratification. 

  In Singapore, high digital readiness supports integration between hospital appointments, laboratory systems, 

imaging, and specialist referral. Remote monitoring may be particularly valuable for high-risk pregnancies requiring 

frequent blood pressure or glucose surveillance. However, clinical benefit depends on timely provider response and 

clear escalation protocols. 

  The comparative evidence indicates that digital monitoring improves outcomes only when data lead to 

clinical action. A remote blood pressure reading is meaningful only if thresholds are defined, alerts are reviewed, and 
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care teams respond. Similarly, glucose monitoring improves gestational diabetes management only when linked to 

dietary counseling, medication adjustment, and patient education. 

  This finding aligns with chronic care and digital health implementation theory, which emphasizes feedback 

loops between patient-generated data and clinical decision-making (WHO, 2021). It also supports obstetric safety 

literature showing that early detection of hypertensive disorders and metabolic risk can reduce severe maternal 

morbidity when referral systems are effective (WHO, 2023). 

  Public health implications include the need for digital risk pathways with defined responsibilities, response 

times, escalation rules, and patient education. Digital maternal health should be evaluated through clinical outcomes 

such as timely diagnosis, treatment initiation, avoidable complications, and neonatal outcomes. 

 

3. Comparative Matrix of Healthcare Governance, Clinical Intervention, and Health Outcomes 

Table 1. Comparative Matrix of Healthcare Governance, Clinical Intervention, and Health Outcomes 

Variable Case 1: 

Sweden 

Case 2: 

Singapore 

Empirical 

Evidence 

Analytical 

Interpretatio

n 

Healthcar

e 

governanc

e model 

Universal, 

publicly 

financed, 

midwife-led 

antenatal care 

Highly 

coordinated 

urban health 

system with 

hospital-

linked 

maternity 

care 

OECD and 

WHO 

maternal 

health 

evidence 

Governance 

shapes digital 

integration 

pathways 

Digital 

maternal 

health 

function 

Registry-

supported 

continuity 

and 

population 

monitoring 

Appointment 

integration, 

hospital data 

linkage, and 

remote 

monitoring 

capacity 

Digital 

health and 

policy 

literature 

Digital tools 

reflect 

underlying 

care structure 

Main 

clinical 

strength 

Continuity, 

preventive 

care, 

standardized 

pathways 

Specialist 

access, 

operational 

efficiency, 

high digital 

readiness 

Maternal 

health 

system 

studies 

Different 

strengths 

support 

different risk 

pathways 

Risk 

monitorin

g 

mechanis

m 

Registry data, 

screening 

documentatio

n, referral 

tracking 

Digital 

appointment 

systems, lab 

integration, 

remote 

monitoring 

potential 

Perinatal 

care 

evidence 

Data must 

trigger timely 

clinical 

action 

Equity 

concern 

Migrant 

access, 

language, 

cultural safety 

Affordability, 

migrant 

workers, 

digital 

Social 

determinan

ts literature 

Digital tools 

may 

reproduce 

inequity 
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inclusion without 

support 

Patient 

engageme

nt 

pathway 

Midwife 

relationship 

and health 

education 

Digital 

convenience 

and hospital-

linked 

communicati

on 

Behavioral 

health 

evidence 

Engagement 

depends on 

trust and 

usability 

Perinatal 

outcome 

pathway 

Early 

detection and 

continuous 

antenatal 

follow-up 

Rapid 

escalation and 

specialist-

linked 

management 

WHO 

maternal 

care 

guidance 

Clinical 

continuity 

mediates 

outcome 

improvement 

Public 

health 

implicatio

n 

Strengthen 

registry-based 

equity 

monitoring 

Strengthen 

inclusive 

digital 

maternal care 

governance 

WHO and 

World 

Bank 

digital 

health 

guidance 

Digital 

maternal 

health must 

be equity-

sensitive 

  The matrix demonstrates that Sweden and Singapore do not represent simple high- or low-performing 

digital models. They represent different institutional pathways through which digital health may support antenatal 

care. Sweden’s registry and midwife-led model favors continuity and population monitoring. Singapore’s hospital-

linked digital model favors operational integration and specialist access. 

  Analytically, digital maternal health can improve outcomes through at least three mechanisms: increasing 

attendance, improving risk detection, and strengthening referral coordination. However, these mechanisms require 

different governance supports. Attendance requires reminders, affordability, and trust. Risk detection requires 

screening protocols and data capture. Referral coordination requires interoperable records and clinical accountability. 

  This interpretation extends previous digital maternal health scholarship by linking technological tools with 

care pathway theory. A pregnancy application may improve knowledge, but perinatal outcomes improve only when 

digital engagement is connected to clinical services. 

  Clinical implications include using digital platforms to reinforce—not replace—midwife and clinician 

relationships. Public health implications include monitoring digital exclusion as a maternal health risk. 

 

4. Equity, Cultural Safety, and Digital Inclusion in Maternal Health 

  Digital maternal health interventions may widen or reduce inequities depending on design and 

implementation. Pregnant patients with limited language proficiency, low income, unstable housing, limited digital 

literacy, or uncertain legal status may face barriers to using digital systems. These barriers are particularly important 

because disadvantaged populations may already face higher maternal risk. 

  In Sweden, migrant women may encounter language barriers, unfamiliarity with the health system, and 

culturally specific concerns about maternity care. Digital tools can support translated information and appointment 
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reminders, but they may be insufficient without culturally safe communication and human support. 

  In Singapore, population diversity and socioeconomic stratification create different equity concerns. 

Digitally enabled services may benefit patients comfortable with technology, but groups with limited resources or 

precarious employment may face barriers to attending appointments or using digital tools consistently. 

  The comparative evidence suggests that digital inclusion must be treated as part of maternal safety. A 

missed digital message, misunderstood risk alert, or inaccessible portal can become clinically consequential during 

pregnancy. Therefore, digital maternal care should include multilingual design, assisted access, human navigation, 

and alternative non-digital pathways. 

  This aligns with social determinants of health theory, which emphasizes that health outcomes are shaped by 

social conditions and institutional accessibility (Marmot, 2005). It also supports WHO guidance that digital health 

must promote equity and universal health coverage rather than deepen exclusion (WHO, 2021). 

  Clinical implications include assessing digital access during antenatal intake and documenting 

communication preferences. Policy implications include requiring equity audits of digital maternal health platforms. 

 

5. Perinatal Health System Resilience and Future Digital Transformation 

  Health system resilience in maternal care refers to the capacity to maintain essential services, detect risk 

early, coordinate referral, protect patient trust, and adapt to changing clinical demand. Digital systems may 

strengthen resilience by enabling remote communication, registry surveillance, population risk mapping, and service 

continuity during disruptions. 

  Sweden’s resilience is supported by strong registries and standardized antenatal pathways. These systems 

allow monitoring of outcomes and identification of inequities. Singapore’s resilience is supported by centralized 

coordination, hospital capacity, and digital infrastructure, enabling rapid service adaptation in urban settings. 

  However, resilience requires more than technical capacity. It requires workforce readiness, patient trust, 

cybersecurity, ethical data governance, and clinical accountability. Digital maternal health involves sensitive 

reproductive and family data; privacy failures could undermine trust and reduce engagement. 

  The findings support WHO and World Bank arguments that digital health should strengthen health systems 

rather than exist as disconnected applications (WHO, 2021; World Bank, 2023). They also show that maternal health 

is a critical test of digital health governance because pregnancy care requires both relational trust and rapid clinical 

escalation. 

  Future digital maternal health systems should integrate predictive risk modeling cautiously, ensuring 

algorithmic transparency, bias evaluation, and clinician oversight. AI tools may help identify risk patterns, but they 

must not replace clinical judgment or worsen inequities. 
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Conceptual Framework 

This article proposes the following conceptual framework: 

Health System Governance → Digital Antenatal Accessibility → Patient Engagement and Risk Monitoring 

→ Clinical Continuity and Referral Coordination → Maternal and Perinatal Health Outcomes 

  The framework conceptualizes digital maternal health as a governance-mediated intervention. Health 

system governance determines financing, workforce roles, interoperability, privacy, and clinical standards. Digital 

antenatal accessibility determines whether pregnant patients can use systems for appointments, education, 

monitoring, and communication. 

  Patient engagement and risk monitoring mediate effectiveness because pregnancy outcomes depend on 

timely attendance, symptom recognition, self-monitoring, and adherence to clinical advice. Clinical continuity and 

referral coordination determine whether risk signals become timely interventions. Maternal and perinatal outcomes 

improve when digital systems strengthen early detection, preventive care, and escalation pathways. 

  The framework contributes to medical and health sciences scholarship by integrating maternal health 

quality, digital health implementation, behavioral engagement, and health systems governance into a unified 

analytical model 

 

CONCLUSION 

  This study analyzed how digital maternal health systems in Sweden and Singapore influence 

antenatal care continuity, pregnancy risk monitoring, patient engagement, equity, and perinatal health 

outcomes. The findings demonstrate that digital maternal health is not merely a technological intervention 

but a healthcare governance mechanism that strengthens outcomes only when embedded within accessible, 

trusted, and clinically accountable care pathways. 

  Sweden demonstrates the value of universal access, midwife-led continuity, and registry-supported 

maternal health monitoring. Singapore demonstrates the value of urban service coordination, digital 

infrastructure, and hospital-linked risk management. Both systems show that digital tools can improve 

antenatal care when they support communication, screening, referral, and patient education. However, digital 

exclusion, cultural barriers, privacy concerns, and weak clinical response pathways may reduce 

effectiveness. 

  The theoretical contribution of this article lies in integrating maternal health systems, digital health 

governance, behavioral medicine, and perinatal risk prevention into a comparative framework. The empirical 

contribution lies in explaining how two high-performing health systems use different institutional pathways 

to support digital antenatal care. 
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  Clinically, digital maternal health should reinforce human-centered antenatal relationships and 

strengthen risk detection for gestational diabetes, hypertensive disorders, mental health concerns, and fetal 

risk. Policy systems should prioritize interoperability, equity audits, privacy protection, multilingual support, 

and clear escalation protocols. 

  The study is limited by reliance on secondary evidence and by limited direct comparability of digital 

maternal health outcomes across countries. Future research should examine longitudinal outcomes, patient 

experience, provider workload, digital exclusion, and algorithmic bias in pregnancy risk prediction. 

  Ultimately, this article argues that digital maternal health can contribute to perinatal risk reduction 

only when it is designed as an equitable, clinically integrated, and governance-supported component of 

comprehensive maternal healthcare. 

 

REFERENCES 

Geller, S. E., Koch, A. R., Garland, C. E., MacDonald, E. J., Storey, F., & Lawton, B. (2018). A global view of 

severe maternal morbidity. Obstetrics & Gynecology, 132(5), 1237–1247. 

Kruk, M. E., Gage, A. D., Arsenault, C., Jordan, K., Leslie, H. H., Roder-DeWan, S., Adeyi, O., Barker, P., 

Daelmans, B., Doubova, S. V., English, M., García-Elorrio, E., Guanais, F., Gureje, O., Hirschhorn, L. R., 

Jiang, L., Kelley, E., Lemango, E. T., Liljestrand, J., ... Pate, M. (2018). High-quality health systems in the 

Sustainable Development Goals era. The Lancet Global Health, 6(11), e1196–e1252. 

Lindgren, H., Hildingsson, I., & Rådestad, I. (2020). Continuity of care in Swedish antenatal services. Women and 

Birth, 33(4), e363–e370. 

Marmot, M. (2005). Social determinants of health inequalities. The Lancet, 365(9464), 1099–1104. 

OECD. (2023). Health at a glance 2023: OECD indicators. OECD Publishing. 

Sandall, J., Soltani, H., Gates, S., Shennan, A., & Devane, D. (2020). Midwife-led continuity models versus other 

models of care for childbearing women. Cochrane Database of Systematic Reviews, 4, CD004667. 

Singapore Ministry of Health. (2024). Healthcare transformation and digital health report. Ministry of Health 

Singapore. 

Swedish National Board of Health and Welfare. (2024). Pregnancy and childbirth statistics 2024. Socialstyrelsen. 

Tunçalp, Ö., Were, W. M., MacLennan, C., Oladapo, O. T., Gülmezoglu, A. M., Bahl, R., Daelmans, B., Mathai, M., 

Say, L., Kristensen, F., Temmerman, M., & Bustreo, F. (2015). Quality of care for pregnant women and 

newborns. BJOG, 122(8), 1045–1049. 

WHO. (2016). WHO recommendations on antenatal care for a positive pregnancy experience. World Health 

Organization. 

WHO. (2021). Global strategy on digital health 2020–2025. World Health Organization. 

WHO. (2023). Trends in maternal mortality 2000 to 2020. World Health Organization. 

WHO. (2024). Maternal and newborn health update. World Health Organization. 



60 © 2025 by Author/s  

World Bank. (2023). Digital-in-health: Unlocking the value for everyone. World Bank. 

 

 


