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Abstract

Objective:

Climate change introduces environmental stressors that may affect the developing brain. Children are particularly vulnerable due to
biological sensitivity and social exposure. This review summarizes evidence on climate-related impacts on neurodevelopment.

Methods:

A scoping review was conducted focusing on four major exposures: air pollution, extreme temperatures, natural disasters, and endocrine-
disrupting chemicals (EDCs). Findings across cognitive, behavioral, and neurobiological outcomes were synthesized.

Results:

Air pollution is linked to structural brain alterations, disrupted functional connectivity, and higher risks of autism, ADHD, and cognitive delay.
Extreme heat and cold are associated with poorer language and cognitive performance, sleep disturbances, and behavioral problems.
Natural disasters influence development through prenatal stress, trauma, and unstable environments. Increased EDC exposure contributes
to neuroinflammation, oxidative stress, and epigenetic changes. Socioeconomically disadvantaged children show the greatest vulnerability.

Conclusion:
Climate change presents a significant risk to child neurodevelopment through interacting environmental and psychological pathways.

Introduction

Climate change, as defined by the United Nations, refers to long-
term alterations in global temperature and weather patterns. The
World Health Organization (WHO) further emphasizes that climate
change affects multiple determinants of human health, such as
clean air, safe drinking water, adequate nutrition, and secure
shelter, posing a severe threat to public health and potentially
reversing decades of progress in global health outcomes. Climate
change affects both natural and human systems, including the
functioning of healthcare systems. Currently, 3.6 billion people
live in regions with high vulnerability to climate change, and
populations in these areas have experienced mortality rates
from extreme weather events fifteen times higher than those in
more resilient regions over the past decade. Health impacts arise
through various pathways, including extreme weather events,
food system disruption, and increases in zoonotic, food-, water-,
and vector-borne diseases (1).

Beyond physical and environmental consequences, awareness of
climate change can negatively influence the psychological well-
being of children, with anxiety and worry being the most frequently
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reported emotional responses. In addition to these psychological
effects, climate change may also influence the neurodevelopment
of children and adolescents. Neurodevelopment involves the
formation and maturation of the brain beginning in the prenatal
period,andenvironmental factors playacrucialrolein shapingthese
processes. Disruptions during sensitive periods, such as those
associated with synaptogenesis, may lead to lasting impairments.
Due to their cognitive and physiological developmental stage,
children and adolescents are particularly vulnerable to adverse
conseqguences of climate change, including exposure to traumatic
events, nutritional deficiencies, environmental toxins such as air
pollution, and temperature extremes (2, 3).

The purpose of this review is to summarize current knowledge on
how climate change affects neurodevelopment in children.

Methods

A scoping review methodology was adopted to address the
research objectives of this study. This approach is appropriate given
that the aim of this study is to summarize what is currently known
about the impact of climate change on neurodevelopment and to
highlight areas requiring further research. We followed the Arksey



and O’Malley framework, which consists
of five stages: identifying the research
question, conducting a systematic
search, selecting relevant studies,
charting the data, and synthesizing and
reporting the results (4). The guiding
research question for this review was:
“What is known about the effects of
climate change on neurodevelopment in
children and adolescents?”

Identification ]

] (

Inclusion and exclusion criteria

This review included studies involving
(unborn) children and adolescents up to
18 years of age, in accordance with the S—
WHO definition of a child. Qualitative,
quantitative, and mixed-method studies

Screening

were eligible. In studies that included %
both adults and children, only those 2
reporting  child-specific data were

retained. No geographic restrictions were —
applied, since the aim was to provide a )
global overview of the available evidence. 5
The search was limited to publications in E
English and Dutch, with no restrictions -

on publication date. Eligible studies

examined the relationship between

climate change and neurodevelopmental

outcomes in children and adolescents, including environmental
exposures such as air pollution, nutritional stressors, temperature
changes, and climate-related traumatic events that may affect
brain development or psychological functioning. No formal quality
assessment was performed, as the primary aim of this scoping
review was to map and summarize the available evidence.

Search strategy

Searches were conducted in six academic databases (PubMed,
Web of Science, GreenFILE, Cochrane Evidence-Based Medicine,
Embase, and Scopus) in October 2025. The full search terms are
presented in Table 1.

Study selection process

All identified records were imported into EndNote (version 2025).
The references were then uploaded into the systematic review
platform Rayyan, where duplicates were removed. Titles and
abstracts were independently screened by two reviewers according
to the predefined inclusion and exclusion criteria. Articles that met
the eligibility criteria were subsequently assessed through full-text
screening, and reasons for exclusion were documented. A third
reviewer was not required, as any disagreements were resolved

FIGURE 1: Article selection Prisma flow diagram
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Full-text articles assessed by wrong subject n = 12

eligibility results not yet available n=2
(n=74) wrong language n= 2

wrong population n= 2)

¥

Studies included in qualitative
synthesis
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through discussion. The screening process and study selection
are illustrated in the PRISMA flow diagram (Fig. 1).

Data extraction

Data were manually extracted by one reviewer and verified by a
second reviewer for accuracy. Extracted information included:
author(s), year of publication, study location, study aim,
population characteristics, sample size, methodology, and key
findings (Table 2).

Synthesis
Anarrative synthesis approach was used to summarize the findings

across the included studies, drawing on textual descriptions to
compare and integrate evidence.

Results

The studies included in this review demonstrate that climate
change, through exposure to extreme heat, ambient air pollution
(e.g., PM2.5, NO2) , endocrine disruptive chemicals (EDCs) and
natural disasters, can affect neurodevelopment in children.

TABLE 1: Search terms

Search number

Search terms

(‘child*") OR (‘adolescent*’) OR (‘teen’*) OR (‘youth’) OR (‘young people’) OR (‘school children’) OR
#1 (‘schoolchildren*’) OR (‘school age*) OR (‘school-age’*) OR (‘infant’*) OR (‘newborn’*) OR (‘neonate’*) OR
(‘toddler’*) OR (‘early childhood’) OR (‘young child’)

#2 noft(‘neurodevelopment’*) OR noft (‘brain development’) OR noft (cognitive development’)

#3 Noft (‘climate change’) OR noft (‘global warming’) OR noft (‘environmental change’) OR noft (‘climate crisis’)

. PM2.5 = particulate matter, particles < 2.5 ym; NO2 = nitrogen dioxide
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This section provides a concise overview of the associations
identified between these climate-related factors and child
neurodevelopment.

Air pollution

At the neuroanatomical level, the hippocampus appears
particularly vulnerable to air pollution. Prenatal exposure to PM2.5
during the third trimester has been associated with reduced
hippocampal volume growth. Altered hippocampal development
may have behavioural consequences; for example, a larger right
hippocampal volume has been linked to increased externalizing
symptoms around age of ten (2).

Prenatal and postnatal exposure to traffic-related air pollution
and PM2.5 has also been associated with higher risks of autism
spectrum disorder, attention deficit/hyperactivity disorder (ADHD),
and lower 1Q. Several mechanisms have been proposed to explain
these effects. Prenatal PM2.5 exposureis linked to decreased levels
of synapsin I, a synaptic protein essential for neurotransmitter
release, potentially disrupting neural communication (5-8).
Attention and behavioural difficulties may also arise from altered
maturation of the default mode network and attention networks,
both critical for cognitive and emotional regulation (9).

Beyond cognitive functions such as memory and learning, motor
and sensorimotor abilities have also been shown to be adversely
affected by air pollution exposure (10,11).

Although more research is needed, evidence from a London-
based longitudinal cohort indicates that increases in outdoor
0zone exposure may impair executive function development in
adolescence (12). Importantly, rising levels of ozone and particulate
matter, exacerbated by climate change, can worsen respiratory
conditions such as asthma and reduce oxygen availability to the
brain, further compromising cognitive development (13).

Extreme lemperatures

Heat exposure during early development, particularly from the
second trimester of pregnancy to seven months postpartum, has
been associated with poorer language outcomes in young children
(14). Even heat exposure during the very early prenatal period (weeks
0-3) has been linked to an increased risk of cerebral palsy (15).

In a U.S. cohort of 8,120 children aged 9-12 years, it was found
that a higher number of days with temperatures above 32.2 °C was
linked to an increase in externalizing behaviours (16). Exposure
to extreme heat has also been linked to higher levels of individual
delinquency and tobacco use among children, potentially due to
physiological stress responses that impair cognitive functioning
and self-regulation (17,18). Altered prefrontal cortex activation and
reduced cognitive performance may offer additional explanatory
pathways (19). Furthermore, extreme heat exposure has been
associated with reduced learning, memory, and overall cognitive
performance in children aged 9-10 years (20,21). Not only heat but
also cold temperatures during pregnancy and the postnatal period
has been associated with reduced myelination (22).

Natural disasters

Natural disasters constitute a major climate-related stressor
affecting neurodevelopment through both direct physiological
stress mechanisms and indirect pathways, such as disrupted
nutrition, housing instability, and reduced access to healthcare.
Adequate nutrition in the postnatal period is essential, and
early childhood malnutrition is strongly linked to adverse
neurodevelopmental outcomes (13). A critical developmental
window appears to be around age two, when exposure to drought,
flooding, or other extreme weather events can have long-term
neurocognitive consequences, including reduced cognitive
abilities in adulthood. Insufficient nutrition during this period
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may impair dendritic formation and myelination, key processes
supporting healthy neurodevelopment and learning (23).

In addition to nutritional deficits, the psychosocial stressors
associated with natural disasters, such as displacement, food
insecurity, and heightened family stress, have been linked to
emotional and behavioural difficulties in affected children (24).

Endocrine disrupting chemicals

EDCs, including phthalates, bisphenols and per-and polyfluoroalkyl
substances (PFAS), can interfere with thyroid hormone signalling,
a process essential for normal brain maturation. Environmental
shifts associated with climate change, such as rising temperatures
and extreme weather events like floods and heatwaves, may further
increase human exposure to these compounds. EDC exposure has
been shown to trigger neuroinflammation, oxidative stress, and
epigenetic alterations, ultimately disrupting neurodevelopment
and impairing cognitive functioning. According to the FIGO
Committee Opinion, exposure to EDCs contributes substantially to
the burden of neurobehavioral disorders in Europe, with societal
costs estimating to exceed €150 billion annually (6,25).

Discussion

The objective of this review was to map the existing evidence
on the effects of climate change on neurodevelopment. The
literature indicates that several climate-related domains, including
temperature changes, air pollution, and natural disasters, affect
neurodevelopment through multiple biological and psychosocial
pathways. A consistent finding across studies is that individuals
with lower socioeconomic status and limited resources are
disproportionately affected by climate change and its neurological
consequences. Although climate change encompasses various
subdomains, we restricted our focus to studies explicitly
addressing “climate change”. This strategy enabled a coherent
overview of its diverse impacts, while acknowledging that some
relevant studies may not have been captured, for example, those
focusing exclusively on “air pollution” or “heat waves”. Given the
broad scope of the topic, narrowing the search to climate change
terminology also reduced the total number of articles requiring
screening.

Another  important  consideration is that the term
“neurodevelopment” is interpreted variably across studies. While
it may refer to anatomical brain development or developmental
disorders, some authors include broader mental health outcomes.
Articles that addressed mental health without linking outcomes
to brain development or climate-related exposures were therefore
excluded. Likewise, we did not include specific diagnostic terms
such as “autism” or “ADHD’, which likely resulted in the omission
of certain relevant publications.

It is also essential to recognize that climate change represents
only one of many environmental factors influencing neurological
development. Exposure to toxic chemicals, plastics, light and
noise pollution, urbanization, socioeconomic disadvantage,
and reduced access to green spaces can all significantly affect
brain development (6). As discussed above, climate change may
exert substantial effects on neurodevelopment, contributing to
increased psychological, social and economic burdens for children
and society. These impacts should be considered in future
policymaking, with particular attention to vulnerable populations
who bear the greatest risk. Further research, both international and
locally focused, is necessary to strengthen the evidence base. For
instance, in Belgium, it would be valuable to investigate whether
climate change-related exposures are associated with differences
in the prevalence of neurodevelopmental disorders between urban
and rural regions. Such findings could guide policy and resource
allocation.



In conclusion, climate change is likely to have long-term
consequences for child development, extending beyond physical
health to influence cognitive functioning, social participation, and
overall well-being.

The authors have no conflicts of interest to declare with regard to
the topic discussed in this manuscript.
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