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Abstract

The gut microbiota undergoes substantial changes in response to environmental
factors and typically stabilizes around the age of three to four. It is well established
that the gut microbiota influences brain function and mental states through multiple
pathways, including the immune system and the autonomic nervous system—
particularly via the vagus nerve. Accordingly, dietary habits during early life,
often referred to as a “sensitive period,” may play a critical role in shaping brain
development.

Recent studies, especially in Western populations, have reported close associations
between the composition and developmental trajectory of the infant gut microbiota
and individual differences in temperament, as well as risks related to cognitive
and language development. However, the composition of the gut microbiota varies
significantly across ethnic groups. Notably, the gut microbiota of the Japanese
population differs markedly from that of Western populations. In response, our
research group established a large-scale gut microbiota database comprising data
from over 2,800 Japanese mother-infant pairs. This database includes detailed
information on physiological traits (e.g., sleep, bowel movements, and atopic
symptoms), psychological characteristics (e.g., cognitive development, temperament,
and parenting stress), and dietary patterns.

To date, we have identified several notable findings: 1) a strong correlation
between maternal and child gut microbiota alpha diversity; 2) an association between
children’s autonomic nervous system activity—particularly vagal tone during sleep—
and gut microbiota composition, as well as cognitive and psychological functioning;
3) links between maternal autonomic function and mental health and the child’s
autonomic regulation and risk of delayed cognitive development; and 4) elevated
maternal parenting stress correlates with reduced vagal activity, increased risk of
cognitive delays, and distinct gut microbiota profiles in children.

Studying individuals in isolation under experimental conditions is insufficient for
understanding the mechanisms underlying diversity in human mental and cognitive
functioning, including psychiatric and developmental disorders. Our current research
aims to visualize the real-life physiological and psychological states of mothers
and children, as well as to develop personalized support strategies that incorporate
dietary habits. By establishing scientifically grounded early-life interventions,
we aim to contribute to effective medical approaches for preventing or mitigating
future mental and physical health dysfunctions. To this end, we are conducting long-
term foundational research examining the causal effects of interventions, such as
dietary improvements and gut microbiota modulation (e.g., through probiotics and
prebiotics), on reducing developmental risk.
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