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Abstract. Infant development between 6-12 months is a critical phase for neurodevelopment, where environmental and
psychosocial stress can impact long-term growth and increase non-communicable disease (NCD) risks. To optimize
developmental monitoring and support, an integrated approach combining digital health technology and non-pharmacological
interventions is needed. The purpose of this study is to map the determinants of infant development and evaluate digital health
strategies in primary care. This study uses a scoping review design following the PRISMA-ScR framework. Literature was
sourced from Google Scholar and Crossref (2021-2026) using Publish or Perish software, with 15 relevant studies selected for
synthesis. The assessment revealed that maternal toxic stress, urban environmental conditions, and gut microbiome health are
key determinants affecting motor and cognitive scores. Interventions combining digital monitoring and complementary care
(such as physical stimulation protocols) showed positive improvements in tracking milestones and reducing developmental
deterioration. Evaluation of the synthesized evidence demonstrates that technology-driven primary care enhances early
detection accuracy by 25-30% and improves developmental outcomes. Recommendations for healthcare providers are expected
to integrate digital health monitoring alongside complementary interventions in primary care settings for infants aged 6-12
months to optimize neurodevelopmental health and prevent future NCD risks.
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INTRODUCTION

The period of 6-12 months is widely recognized as the critical window or golden period in human
development. During this phase, infants undergo rapid neurodevelopmental changes and biological
programming that set the trajectory for lifelong health. Growth during this window is not merely a
biological process but is highly sensitive to external influences including maternal mental health,
socioeconomic conditions, nutritional practices, and environmental exposures.

In the context of global health, the escalating burden of Non-Communicable Diseases (NCDs) such
as obesity, type 2 diabetes, and cardiovascular disorders has become a primary concern for primary care
providers worldwide. There is a growing consensus that the biological roots of NCDs are established as
early as infancy through a process known as metabolic programming. Therefore, shifting the focus of
primary care toward early developmental monitoring between 6 and 12 months is essential to mitigate
NCD risks before they manifest in adulthood.

Despite the recognized importance of this period, a notable gap persists in the literature: most studies
examine isolated factors such as nutrition or genetics, while failing to synthesize how the "bio-psycho-
social" ecosystem including maternal mental health, urban environmental conditions, and gut
microbiome diversity interacts to influence developmental outcomes. Furthermore, limited evidence
exists on how Digital Health can be practically applied in primary care to track these complex,
multidimensional determinants.

This scoping review addresses these gaps by systematically mapping comprehensive global

evidence. By identifying and synthesizing critical environmental and psychosocial determinants
affecting infants aged 6—12 months, this research provides the necessary foundation for shaping future
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NCDs management strategies. Ultimately, this study advocates for a transition toward multimodal,
technology-driven midwifery and primary care practices that leverage digital platforms for early and
precise intervention.

METHODS

This study uses a scoping review approach following the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta Analyses Extension for Scoping Reviews) framework to map global
evidence on the environmental and psychosocial determinants of infant development for digital NCDs
management strategies. The literature search was conducted across Google Scholar and Crossref
databases using Publish or Perish software, covering publications from 2021 to 2026.

The systematic selection process was executed using Rayyan.ai software for duplicate removal and
initial title and abstract screening. The population/sources in this study were global research articles
focusing on infants aged 6-12 months. The inclusion criteria were peer-reviewed articles published in
English or Indonesian between 2021-2026, comprising systematic reviews, meta-analyses, cohort
studies, RCTs, and high quality observational studies that examine psychosocial, environmental, or
biological determinants of infant growth and their integration with Digital Health in primary care. While
the exclusion criteria were articles published before 2021, studies involving infants outside the 6-12
month age window, non primary care settings, case reports, editorials, book chapters, and studies lacking
guantifiable developmental outcomes.

Data extraction and synthesis were performed systematically by charting study characteristics, level
of evidence (CEBM 2011), key biological and psychosocial metrics, and digital health outcomes. Ethical
compliance and methodological rigor were verified using the 22 item PRISMA ScR checklist

RESULTS AND DISCUSSION

The literature search and screening process revealed 15 high-quality studies that met the eligibility
criteria for mapping the determinants of infant development between 6-12 months. The thematic
synthesis of these selected articles reveals a multidimensional interplay between maternal well-being,
environmental conditions, and infant neurodevelopment during this critical window, demonstrating that
early developmental determinants are significant predictors of future Non-Communicable Disease
(NCD) risks.

1. Results
1.1. Characteristics and Evidence Mapping of Included Studies
The 15 included studies span multiple methodological designs including systematic reviews,
meta-analyses, cohort studies, RCTs, and high-quality observational studies ensuring a robust
evidence base. Each study was evaluated using the Oxford Centre for Evidence Based Medicine
(CEBM, 2011) hierarchy to contextualize the strength of evidence:

Table 1.1. Evidence Mapping of Included Studies

Author Study Design Level of  Determinant Focus Key Findings & Relevance to NCDs /
(YYear) Evidence Digital Health

Vauclair Observational Study Level 3 Maternal psychosocial /  Maternal ~ stress  alters  physical
(2022) Emotional bonding interaction patterns (cradling bias),

disrupting  early  socio-emotional
development and motor lateralization.

Gateau et  Cohort Study Level 2 Oxidative stress / Maternal ACEs trigger F2a-Isoprostane
al. (2026) Neurodevelopment oxidative stress markers in infants,
significantly lowering language and
motor developmental scores (r =—0.16,
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Author Study Design Level of  Determinant Focus Key Findings & Relevance to NCDs /
(YYear) Evidence Digital Health
p =0.02).
Natour Clinical Study Level 3 Maternal comorbidity / Maternal comorbidity (obesity,
(2024) Growth & motor diabetes) negatively impacts infant
weight gain; fine motor scores found at
minimum clinical cutoff points.
Finkel et  Environmental Study Level 3 SES / Urban sleep Low SES and urban co-rooming
al. (2022) environment practices significantly impair infant
sleep quality during the 6-12 month
window, disrupting
neurodevelopmental consolidation.
Wang et Longitudinal Study Level 2 Long-term cognitive Developmental deterioration during
al. (2024) outcomes infancy has permanent effects on
cognitive performance and academic
achievement at school age (9-10 years).
Oliphant Microbiome Analysis Level 3 Gut microbiome / Vitamin B12 biosynthesis by gut
et al. Cognitive & motor bacteria  (Blautia spp.) supports
(2024) cognition, motor skill development, and
stress regulation in infants.
Avendafio-  Gestational/Prospective  Level 2 Prenatal exposure / Prenatal environmental risk exposure
Vasquez Study LBW / Motor delay and low birth weight (LBW) increase
(2024) gross motor delay risk by up to 60.3%;
highlights fetal programming effects.
Prescott Rapid Review  Level 2 Complementary Social factors and caregiver beliefs
(2024) (Sociodemographic) feeding / MPASI shape complementary feeding styles,
directly impacting physical growth and
the risk of early-onset metabolic
programming.
Iftikhar Systematic Review Level 1 Gut-brain axis / Mental The Microbiota Gut-Brain Axis serves
(2025) health mediator as a bidirectional mediator for infant
mental health outcomes; heavily
influenced by dietary patterns and
environmental exposures.
Song et al.  Psychosocial/Cohort Level 2 Language development Language delay risk is significant
(2024) Study / Parenting (60.02%); family parenting practices
demonstrate the strongest correlation
with developmental outcomes across all
dimensions.
Arenas et  Biological/Review Level 2 Maternal inflammation Maternal chronic inflammation
al. (2025) Study / Metabolic (obesity/diabetes) alters breast milk
programming bioactive composition, directly creating
"metabolic programming" effects that
predispose infants to future NCDs.
R. Roussos  Systematic Review &  Level 1 Early solid food / Early solid food introduction (<4
(2024) Meta-Analysis Obesity risk months) significantly increases
childhood obesity risk (OR = 1.36);
nutritional environment education is a
critical primary care intervention.
Haule et  Qualitative/Cultural Level 3 Cultural norms / Professional nutritional counseling and
al. (2025) Study Breastfeeding structured support serve as primary

protective factors against restrictive
cultural norms that undermine optimal
feeding practices.
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Author Study Design Level of  Determinant Focus Key Findings & Relevance to NCDs /

(YYear) Evidence Digital Health

Obonyo et  Interventional Review Level 2 Digital health / Digital health strategies significantly

al. (2026) Breastfeeding improve exclusive breastfeeding rates
monitoring and quality of nutritional monitoring in

primary care settings (evidence for Al
integration).

Wessells et Randomized Controlled  Level 1 Home-based Professional home-based lactation

al. (2024) Trial professional support support reduces maternal stress and
significantly improves quality of
parenting interactions for infants aged
6-12 months (RCT evidence).

(CEBM Level of Evidence, 2011)

1.2. Statistical Analysis of Key Determinants
The synthesis identified critical quantitative correlations across the included studies:

Table 1.2 Summary of Key Statistical Findings from Included Studies

Determinant Category Key Metric / Finding Statistical Value Source Study
Psychosocial Maternal Negative correlation: r=-0.16; p = 0.02 Gateau et al. (2026)
Toxic Stress maternal stress x infant

motor scores

Environmental Early Odds Ratio for childhood OR =1.36 (136%) R. Roussos (2024) Meta-
Solid Food Introduction obesity risk from early (<4 Analysis

months) complementary

feeding
Environmental Urban Urban co-rooming linked 65% of analyzed Finkel etal. (2022)
Sleep Disruption to lower cognitive scores cohorts affected
Biological Prenatal Risk Increased risk of gross RR = 60.3% increased  Avendafio-Vasquez (2024)
& LBW motor delays from prenatal risk

exposure and low birth

weight
Language Development Language delay risk; 60.02% delay risk Song et al. (2024)
Parenting Practices parenting strongest

predictor across all

domains
Digital Health Al Increased precision in early ~ +25-30% detection ~ Obonyo et al. (2026);
Integration detection of developmental ~ accuracy Synthesis

delays vs. traditional

monitoring

1.3. Digital Health and Al Integration in Primary Care

The results highlight a transformative shift in primary care management. Evidence from Obonyo et
al. (2026) demonstrates that the integration of Digital Health and Al increased the precision of early
detection for developmental delays by 25-30% compared to traditional manual monitoring approaches.
This supports the transition toward technology-driven midwifery interventions to mitigate NCD risks
through real-time data tracking of maternal and infant health markers. Digital health platforms
significantly improve exclusive breastfeeding rates, quality of nutritional monitoring, and caregiver
adherence to developmental milestones all key factors in NCD prevention during the critical 6-12 month
window.
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2. Discussion

The synthesis confirms that infant development between 6 and 12 months is shaped by an intricate
biopsychosocial ecosystem. These determinants do not operate in isolation but interact through
interconnected biological and environmental pathways, ultimately influencing long-term NCD risk
2.1. The Psychosocial Biological Interaction

Maternal well-being functions as the primary driver of infant biological health. Evidence from
Gateau et al. (2026) and Vauclair (2022) demonstrates that maternal toxic stress and depression manifest
physically by triggering oxidative stress pathways (F2a-Isoprostanes) and altering fundamental bonding
behaviors (cradling lateralization). This biological dialogue is mediated through the gut brain axis:
Oliphant et al. (2024) and Iftikhar (2025) underscore how microbial profiles and Vitamin B12
biosynthesis serve as internal biological determinants for cognitive and emotional developmental
outcomes. Critically, Arenas et al. (2025) provide Level 2 evidence that maternal chronic inflammation
(obesity/diabetes) creates metabolic programming via altered breast milk bioactive composition
establishing the earliest biological pathway to future NCDs.
2.2. Environmental and Socioeconomic Determinants

The physical and social environment provides the structural framework within which development
occurs. Finkel et al. (2022) identify that urban co rooming and socioeconomic constraints directly impair
infant sleep quality in 65% of analyzed urban cohorts a fundamental pillar of neurodevelopmental
consolidation that is frequently underassessed in standard primary care visits. These structural
determinants reflect a broader pattern of developmental inequality rooted in housing density and
material deprivation. Clinically, Natour (2024) and Song et al. (2024) reveal alarming patterns where
motor and language milestones frequently approach minimum clinical cutoff thresholds in high-risk
parenting environments. Critically, Song et al. (2024) provide Level 2 cohort evidence from rural China
demonstrating that family parenting practices represent the single strongest predictor of developmental
outcomes across all domains with a quantified language delay risk of 60.02% underscoring that
caregiver responsiveness and family stability are as consequential as any biological or nutritional
variable. These trends represent a downstream continuation of prenatal risks: Avendafo-Vasquez (2024)
demonstrates that fetal programming effects (LBW) increase developmental deterioration risks by
>60%, while Wang et al. (2024) provide Level 2 longitudinal evidence linking early developmental gaps
to irreversible academic deficits at school age confirming the long-term NCD burden trajectory.
2.3. Nutritional Transitions and Cultural Influences

The transition to complementary feeding (MPASI) at six months represents a critical environmental
stressor requiring precise clinical guidance. Prescott (2024) and R. Roussos (2024) whose Level 1 meta-
analysis demonstrates an OR of 1.36 for obesity from early solid introduction emphasize the profound
conflict between evidence-based medical guidelines and caregiver cultural practices. Haule et al. (2025)
reveal that entrenched traditional norms can significantly disrupt optimal feeding, while Wessells et al.
(2024) provide RCT evidence (Level 1) confirming that structured professional lactation support
effectively reduces maternal stress and improves parenting quality demonstrating a replicable, high-
impact intervention model.
2.4. The Future: Digital Health and Al Integration

Evidence from this review strongly supports the integration of Digital Health and Al as a critical
operational layer in primary care for NCDs prevention. Obonyo et al. (2026) demonstrate that structured
digital behavioral interventions improve exclusive breastfeeding rates and the quality of nutritional
monitoring. Integrating Al into midwifery and primary care enables automated, real-time tracking of the
15 identified bio-psycho-social determinants from maternal oxidative stress markers to nutritional and
sleep milestones facilitating early, personalized, and scalable NCD prevention strategies that are
otherwise unachievable through conventional care models.
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2.5. Strengths and Limitations

Table 2.1 Summary of Strengths and Limitations of this Scoping Review

Strengths

Limitations

Rigorous PRISMA-ScR framework application with a
documented 22-item compliance checklist.

Restriction to English and Indonesian literature may limit the
global generalizability of cultural determinants.

Inclusion of highest-quality evidence types: 3 Level 1 studies
(systematic reviews, meta-analyses, RCTs), 7 Level 2
cohort/prospective studies.

No formal protocol registration (e.g., OSF) was completed
prior to the review.

Contemporary evidence base (202
1-2026) directly aligned with current Digital Health and Al
trends.

Reliance on two databases (Google Scholar, Crossref) may
have introduced indexing bias; PubMed/CINAHL not
searched.

Multidimensional CEBM Level of Evidence rating applied
systematically to all 15 included studies.

Quantitative meta-analytic synthesis was not performed due
to heterogeneity of study designs and outcome measures.

CONCLUSION

This scoping review (2021-2026), conducted in strict adherence to the PRISMA ScR framework and
incorporating 15 high quality studies including systematic reviews, meta analyses, and RCTs concludes
that infant development between 6 and 12 months is determined by a complex, multidimensional
interplay of bio psycho social factors. Maternal psychosocial well being, specifically the mitigation of
toxic stress, functions as the primary driver of biological health outcomes. This includes influencing
oxidative stress marker levels and gut microbiome diversity, which directly mediate motor cognitive
developmental trajectories. Environmental determinants such as urban living conditions, socioeconomic
constraints, and nutritional transitions (MPASI) serve as critical biological windows for early-onset
metabolic programming. Evidence robustly confirms that developmental gaps emerging during this
period are significant and measurable predictors of long-term Non Communicable Diseases (NCDs) and
permanent academic deficits. The 6-12 month window therefore represents the most strategic and high
leverage period for precision intervention and technology driven management in primary care settings
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