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Abstract

The majority of physical and mental health conditions have their origin during childhood. It is also
well-established that children face unique vulnerability to environmental stressors. Climate change
will make extreme heat, wildfires and flooding more frequent throughout Europe, and worsen bio-
diversity loss, with implications for children’s health, wellbeing, and education. However, most
studies of the health impact of climate change, and associated adaptation and mitigation policies,
rely on all-age mortality as an outcome, masking child-specific and life-course impacts of one of
the major global public health threats of our time. We argue for a combined-birth cohort approach
to climate and child health research: leveraging recruited birth cohorts for mechanistic insights
and administrative data-based birth cohorts for national-level analyses, including among smaller,
vulnerable groups. Innovative uses of these complementary, longitudinal data resources enable
robust, policy-relevant evidence relevant to pregnant women, children and across the life course.
This will make climate change’s full impact on pregnant women, children and adolescents visible,
simultaneously addressing an urgent scientific need as well as intergenerational equity concerns.

1. Children’s unique vulnerability to environmental threats

Medical innovations and public health interventions over the 20th and 21st centuries have led to reduc-
tions in deaths due to acute infections and injuries, resulting in large declines in infant and childhood
mortality [1]. The global burden of disease simultaneously shifted to chronic conditions, including res-
piratory, inflammatory, cardiovascular, metabolic and mental health conditions [2]. These are caused by
a complex interplay of genetics with the environmental [3], social [4] and commercial [5] determinants
of health. A large majority of these chronic conditions have their origins in childhood, some even during
pregnancy, as evidenced by a body of studies applying life course [6] or foetal origins of adult disease
frameworks [7]. For example it is estimated that 50% of adult mental health conditions start before the
age of 15 years [8, 9].

As these studies show, pregnancy and childhood are critical times of human development, encom-
passing organogenesis, adaptive immune system and gut microbiome development and maturation, lung
growth and cognitive development. Exposure to environmental threats during pregnancy, infancy and
childhood—such as extreme weather, air, soil and water pollution, or food contaminants [10, 11]—
cumulatively, or during sensitive or critical periods, impacts the risk of developing chronic conditions
both during childhood and in future adulthood.

Children are far more vulnerable to external environmental stressors both in- and outdoors than
adults—they have a faster breathing rate, breathe more air and consume more water and food per
kilogram in weight, have higher levels of physical activity, spend more time outdoors, and exhibit
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behaviours (such as frequent hand to mouth touching) that expose them to higher levels of pollutants
in the air, water and soils than adults [12, 13]. Young children are also less able to thermoregulate than
adults[14]. Pregnant women and their unborn children are particularly vulnerable to environmental
threats; either directly as pollutants or chemicals cross the placenta, or indirectly via inducement of
maternal inflammation which disrupts placental blood flow [15, 16]. Children exposed to extreme heat
during pregnancy are more likely to be born preterm or with low birthweight (with long-term conse-
quences for health and development into later life) [17], even within temperate climate regions [18].
Later in childhood, adolescence represents another specifically vulnerable period, with rapid growth,
brain development and hormonal changes during which exposure to environmental pollution or extreme
weather could have long-term consequences for health, wellbeing, school outcomes and subsequent eco-
nomic productivity in adulthood or later life [19, 20].

2. Climate change and child health: a neglected research focus

Although we know the crucial importance of childhood for health across the life course, and children’s
particular vulnerability to environmental stressors, research on one of the most urgent public health
issues of our time, climate change, tends to mostly ignore children.

Human-made climate change, driven by our failure to stop to burning fossil fuels, looks
likely to increase global temperatures by 2100 by far more than the 1.5° above pre-industrial
levels agreed on in the 2015 Paris agreement [21]. This level of warming will result in severe
heatwaves, rising sea levels, water shortages, wildfires, extreme precipitation and storms, cou-
pled with declines in biodiversity [22]. As the adverse impacts from climate change will con-
tinue to intensify [23],those who are children now will face the largest cumulative health bur-
den of climate change over their life course, as well as greater adaptation and mitigation costs
in the future. Ebi and Paulson therefore identify climate change as an intergenerational equity
problem [24].

A review of reviews of the health effects of climate change showed that of the 94 systematic
reviews identified, only 7 focused on children specifically [25]. This is partly due to many studies
of health effects of climate change using all-age mortality as their outcome of interest—this was the
second most common outcome studied in the review of reviews, after infectious diseases. A review
of the health co-benefits of net-zero interventions similarly focused on mortality outcomes only
when comparing the health co-benefits of these policies [26]. This focus is understandable, given
that all-age, all-cause mortality data are easier to access, via the World Mortality Database for exam-
ple, and arguably more easily comparable, than say hospital admissions or birth outcomes, across
countries [27, 28]. However, given that 87.8% of deaths globally and 99.1% of deaths in Europe were
in adults aged 25 years and above in 2023 [29],this outcome will mask any specific health effects
of climate change on children, such as impacts on perinatal health, educational outcomes, mental
health and common childhood chronic conditions, including allergies, asthma and diabetes, which
are very rarely fatal in children. It also ignores the impact of extreme climate events through the life
course.

Further, as others have pointed out [30, 31], there have been no studies of the impact of
climate change adaptation policies on child health. This lack of evidence relevant to adap-
tation impacts on children matters: a further review of national adaptation policies on cli-
mate change showed that the majority (51%) of adaptation policy documents from 160
countries either completely excluded any domains relevant to children or only included one
domain [32].

We urgently need to do better for children who, according to the World Health Organisation, will
bear over 90% of the morbidity burden of climate change [33, 34]. A recent scoping review indi-
cated a specific lack of longitudinal studies on how climate change will impact children, particularly
in low income settings [35]. Studies using data from birth cohort studies on children’s environmen-
tal exposures, including extreme weather, pollution, and biodiversity loss, and physical and mental
health outcomes from before birth until adulthood allow us to consider climate change-related expo-
sures (including extremes of temperature, wildfires, extreme precipitation, flooding) on not just mor-
tality, but perinatal health indicators (birth weight, gestational age, Apgar scores etc), disease preva-
lence and incidence by age, biomarker profiles, health service use, educational outcomes and cognitive
performance.
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3. Two types of birth cohort studies and their complementarity for climate change and

child health research

Recruited birth cohorts, where mothers and children (sometimes also fathers) have consented to take
part by filling out questionnaires and having blood collected at different ages, hold deep phenotyp-

ing and biological sampling data, including genetic, metabolomic and epigenetic characterisation. This
allows us to research biological mechanisms, gene-environment interactions and epigenetic risk, and

use Mendelian randomisation for understanding causal relationships. A large number of these cohorts
are available globally and have been successfully used for many years for research into environmental
health impacts during the early life course, alone or as part of consortia. For example, recent studies
showed that environmental factors can have an harmful but also beneficial effects on child health [36,
37] and described the impact of different climate change scenarios on lung growth and development
[38]. The EXPANSE project, which standardised models for common air pollution exposure data across
Europe over 20 years [39], and the HELIX project [40],which measured, standardised and compared the
maternal-child exposome across six countries, further enable internationally pooled or comparative stud-
ies of environmental child health research using multiple birth cohorts across Europe.

We believe recruited birth cohorts need to be complimented by national pregnancy or birth cohorts
derived within routinely collected administrative datasets. Such national birth cohorts include whole-
nation (or jurisdiction) population samples, which can be linked to up-to-date environmental exposure
information via individuals’ residential address histories, and insights into health service use (includ-
ing primary and secondary care use, dispensed medicines, mental health referrals) and education out-
comes (attendance, exam results, special educational needs provision). Unlike recruited birth cohorts,
national administrative data birth cohorts do not tend to include detailed environmental or biosam-
pling nor questionnaire data (due to the cost of collecting these for whole populations), instead relying
on GIS-derived, Census or other administrative data for exposure definitions and outcomes measured
via (health or other) service contacts. However, compared to recruited studies, national administrative
datasets minimise selection bias and loss to follow up [41], and, in larger jurisdictions, provide sufficient
power to examine associations between climate change, environmental pollution, and less common out-
comes, including specific congenital anomalies [42]. Importantly, administrative data birth cohorts also
include particularly vulnerable children, such as those in care, from migrant backgrounds or with com-
plex and chronic conditions. This means administrative data birth cohorts can be used to examine the
impact of climate change or other environmental exposures on these groups, who are likely to be par-
ticularly susceptible to environmental risks [43],but are rarely sufficiently represented in recruited birth
cohorts.

National administrative datasets studies have been used for multiple longitudinal studies into the
impact of environmental conditions on child health in Denmark [44-46], Wales[47] and Western
Australia [48] among other jurisdictions, however legal and administrative challenges in accessing and
linking environmental data to health administrative data hamper or delay efforts to set up similar studies
in other, larger countries [49],including England.

4. Making health impacts of climate change on children visible: combined analyses of
recruited and administrative data birth cohorts

Recruited and administrative data-based birth cohorts are highly complementary sources for urgently
needed, robust studies on the comprehensive impact of climate change-related exposures on health and
development during pregnancy, infancy, and childhood. Both data sources can account for dynamic
changes in climate-related exposures during vulnerable time windows and their cumulative effects across
the life course.

However, recruited and administrative data birth cohort development can be more efficiently used
for complementary analyses to address questions on climate impacts on child health. First, similar,
parallel analyses can be carried out in both national administrative and recruited birth cohorts, in the
same setting, and across different countries or areas, for triangulation and understanding of biological
pathways. Second, linkage of recruited birth cohorts to both longitudinal environmental exposure data
and administrative health data has already been implemented in several cohorts, including in Norway,
Denmark, Sweden and the UK [50-54], thereby addressing some of the challenges raised within a recent
review of integrating climate data with recruited cohort data [55]. Third, some jurisdictions, including
Wales [56] and Denmark [45], allow recruited birth cohort studies to be embedded within national
administrative datasets, permitting more detailed subset analyses within a national administrative data
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birth cohort. Associated development of methods, including imputation of variables present in recruited
but not national administrative data cohorts, will enhance our ability to more robustly compare birth
cohorts of different designs [57]. Fourth, harmonised and standardised assessment of environmental
exposures and climate-relevant weather parameters is essential. These models should have high spatial
and temporal resolution, covering the residential (as well as ideally the nursery and school) locations
of the study participants from pregnancy through to the latest health data follow-up. While the mod-
elling is computationally extensive, the feasibility of this has been demonstrated previously. For instance,
within the pan-European EXPANSE project, 23 indicators for the environmental exposome have been
derived in fine resolution[58]. Investments in connected trusted research environments such as the data
and analytics research environments UK (DARE UK) programme should make it possible to link highly
spatiotemporally resolved environmental data to whole-nation administrative databases over time, using
efficient and secure federated architecture [59].

These analyses will allow us to move beyond the use of all-cause mortality in climate change and
health studies, thereby making the full climate impact on health and education from pregnancy through
childhood and into adulthood, now and in the future, visible for both policy makers and the public.
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