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children’s health and well-being are not adequately captured by current public health
paradigms. Children are exposed to combinations of chemical and non-chemical
stressors from their built, natural, and social environments at each lifestage throughout
their lifecourse. Children’s inherent characteristics (e.g., sex, genetics and epigenetic
factors) and their activities and behaviors also influence their exposures to stressors
from these environments. We describe a conceptual framework that illustrates the in-
terrelationships between inherent characteristics, activities and behaviors, and stressors
from the built, natural and social environments in influencing children’s health and
well-being as they progress through various stages of development. We demonstrate
the use of this framework for two major public health concerns: childhood obesity
and diminished general cognitive ability. Systematic reviews of the literature found a
limited number of studies that evaluated both chemical and non-chemical stressors. For DOI: 10.15436/2378-6841.16.1121
example, neighborhood-level socioeconomic factors and chlorpyrifos exposure were

shown to interact to impact cognitive function and maternal self-esteem was found to

modify vulnerability to prenatal lead. By better understanding these complex interac-

tions, decision makers can make informed choices for child-specific environments that

optimize health and well-being within the home and community.
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Children’s conceptual framework

Introduction

The complexity of the components that contribute to
children’s health and well-being is not adequately captured by
current public health paradigms. Children are exposed to a wide
variety of chemical and non-chemical stressors from their built,
natural, and social environments, and these stressors change
over time as children develop and occupy new environments.
Children’s physiological functions, surface-to-volume ratio, de-
velopmental stage, inherent characteristics (e.g., sex, age and
illness status) and age-dependent activities and behaviors indi-
vidually and collectively influence their exposures to chemical
and non-chemical stressors from these environments. Children,
as compared to adults, may be more vulnerable to the interre-
lationships between chemical and non-chemical stressors from
their built, natural, and social environments, at each lifestage!'-?
and across the lifecourse, impacting their lifelong health and
well-beingBl. We need to understand and consider the com-
plexity of the components that contribute to children’s health
and well-being and their interrelationships in order to provide
children with environments that are both protective and health
promoting.

In general, conceptual frameworks published in the
peer reviewed literature have illustrated relationships between
a single stressor or group of related stressors and an outcome
of interest. Examples include a conceptual model linking parks
with physical activity and public health!, a conceptual frame-
work for environmental features related to physical activity!,
and a framework studying the mediators and moderators of
childhood obesity™®. While these frameworks may be useful,
individually they do not adequately describe the overlaps and
interdependencies among components in a child’s total environ-
ment, which together form the real-world exposures to combina-
tions of chemical and non-chemical stressors that may influence
health and well-being.

Recent publications have proposed more complex
conceptual frameworks with a specific purpose in mind, such
as consideration of combination of stressors, multiple aspects
of the total environment, added complexity, and/or more inclu-
sivity*21, For example, Segal, D. et al., 2015.24 described a
conceptual framework to evaluate the interactions of exposure
to lead and psychosocial stress (one chemical and non-chemical
stressor) in informing risk assessment. Juarez, P.D. et al., 2014.
M published a concept paper on the public health exposome,
describing it as a universal exposure tracking framework for
integrating complex relationships between exogenous and en-
dogenous exposures across the lifecourse. The authors describe
this social-ecological framework as a mechanism to eliminate
health disparities at the population level by incorporating data
from the natural, built, social, and policy environments*l. While
these frameworks expand single relationships to consider mul-
tiple relationships, they still lack the ability to describe the in-
terrelationships between chemical and non-chemical stressors,
inherent characteristics, activities and behaviors, and children’s
health and well-being!'>!723],

To understand the interrelationships between chemical
and non-chemical stressors from the built, natural, and social
environments, we developed a multifactorial conceptual frame-
work. This framework shows how aspects of the built, natural,
and social environments need to be considered together, in com-
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bination with activities and behaviors and inherent characteris-
tics, to holistically characterize children’s health and well-being.
It includes the many factors that impact children’s health at each
stage of development, and illustrates how these factors interact,
in order to help attribute, reduce and eliminate risks specific to
environmental exposures. The objectives of this manuscript are
to 1) present the framework as a holistic approach to the com-
plex interactions that determine the health and well-being of a
child across the lifecourse, and 2) provide examples of how this
framework can be used when considering children’s health and
well-being.

Methods

Through a survey of the literature, we identified exist-
ing conceptual frameworks that have been designed to support
research on various aspects of children’s environmental health
and assessed their components, interrelationships between com-
ponents, and links to children’s health and well-being. We used
these existing frameworks and the current state of knowledge
of children’s health, supported with evidence from the peer re-
viewed literature, to develop a more holistic, multifactorial con-
ceptual framework. We designed this framework to show how
all relevant aspects of the built, natural, and social environments
need to be considered together, in combination with activities
and behaviors and inherent characteristics, to holistically char-
acterize environmental determinants of children’s health and
well-being and inform decision-making.

Results

Conceptual Framework

A child’s health and well-being are the product of his/
her inherent factors (e.g., race, sex and genetics), activities and
behaviors, and total environment (Figure 1). The total environ-
ment is comprised of the built, natural, and social environments
where a child lives, learns, and plays (i.e., home, school, day-
care and community). Chemical and non-chemical stressors
come from the total environment. As depicted, this framework
includes effects and relationships across all scales, starting from
the smallest or micro scale (e.g., cellular and molecular alter-
ations) to the largest scale (e.g., the community, which varies
by its geographic, physical and social composition). The consid-
eration of factors across scales reflects the importance of poli-
cies and decisions made at the national, state, and local levels as
well as social norms and decisions made within the home. The
overlapping circles and two-way arrows emphasize the bi-direc-
tionality of relationships, while the arching arrow represents the
dynamics of the system wherein a child’s health and well-be-
ing are constantly evolving over time as they grow and mature
across the lifecourse. Finally, the size of the circles represents
the cumulative, additive, multiplicative, or synergistic effects in
response to exposure. Each component of the framework is de-
scribed in more detail in the following sections.

J Environ Health Sci | volume 2: issue 2


http://www.ommegaonline.org

Children’s conceptual framework

Figure 1: Conceptual framework depicting children’s health and
well-being. See text for details. Not to scale.

Components of the Framework

Child Health and Well-Being: The health and well-being of
a child is the central part of Figure 1 and the intended goal of
this framework is to incorporate the totality of interrelationships
among the built, natural, and social environments, inherent char-
acteristics, and activities and behaviors in influencing children’s
health and well-being. This framework shows that multiple fac-
tors are interrelated when considering child-specific health and
well-being outcomes and that these outcomes may also be inter-
related. For example, chronic sickness or illnesses (e.g.,
asthma) can affect not only physical health but also lead to de-
creased physical mobility and the desire to explore, which in
turn may limit cognitive and social development. Thus, health
in early life influences a child’s future health and well-being,
lifelong success, and eventual contributions to society. A holistic
view of children’s health and well-being considers all factors of
development, including but not limited to protecting and nur-
turing physical and mental health, developing meaningful so-
cial relationships, and emotional and physical well-being??-%),
Building blocks, symbolic of children’s toys, are displayed in in-
creasing sizes representing the progress of healthy development
and indicate how disruption at a stage can deter a child’s ability
to achieve his/her full potential. We emphasize that the building
blocks are important even before conception, with each stage of
development forming the basis for successive stages.

Intrinsic Biological Factors: Biological determinants of health
include age, lifestage, sex, genetic predisposition, genetic poly-
morphisms, prior immune reactions, pre-existing health con-
ditions, disease state, or prior damage to cells or systems?’,
Intrinsic factors have historically been envisioned to be rela-
tively fixed in nature. However, we are learning that a child’s
microbiome, established during the first few years of life and an
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important determinant of subsequent health, is malleable by the
environment, infectious disease, and diet. The microbiome can
also modulate the nature and effect of an environmental expo-
sure, for example, by metabolizing a contaminant or by chang-
ing the body’s immune response to itl**32, Likewise, a child’s
epigenome, established in very early prenatal development, is
modifiable by subsequent environmental stressors, and there-
by, provides mechanisms for environmental resilience through-
out life?®3l. Although intrinsic factors are generally less readily
changed than environmental factors, they need to be considered
in order to make informed decisions related to creating healthy
environments for children.

Activity/Behavior: Children’s activities and behaviors, espe-
cially the way children interact with their environment, may
have an effect on their exposures®*¥. Children’s activities are
highly intermittent and vary in intensity between quiet and ac-
tive play depending on the time of day and setting®>3¢. Chil-
dren are more likely than adults to engage in activities that put
them into contact with potential stressors found in their everyday
environment and these activities change as a function of their
developing motor capacities. As children gain mobility and ex-
tend the boundaries of their interactions, their activities change
from crawling on the floor to walking and running, and subse-
quently their exposures to chemical and non-chemical stressors
begin to vary (e.g., other potentially contaminated surfaces in
the home, new social influences, outdoor pollutants, recreational
facilities and green space)®”37. With this extension of boundar-
ies, children’s exposures to non-chemical stressors begin to vary
as a function of influences at home, from peers or modeling/
mimicking what is seen in the community®®l. As children move
through their lifecourse, they may also participate in risky be-
haviors associated with dietary habits, smoking, alcohol use and/
or emotional behaviors as a result of social interactions, possibly
resulting in adverse health outcomes™.

The Environment: Chemical and Non-Chemical Stressors:
The total environment consists of chemical and non-chemical
stressors from the built, natural, and social environments where
a child lives, learns, and plays (i.e., home, school, daycare and
community)??. We define stressors as any physical, chemical,
social, or biological entity that can induce a change (either pos-
itive, negative or neutral) in a child’s health and well-being
(either now or into the future). Chemical stressors are defined
as exogenous environmental compounds. Chemical stressors
change or damage living organisms or ecosystems and are re-
leased into the environment by waste, emissions, pesticide use
or uses of formulated compounds like pharmaceuticals?!40:41],
Children are exposed to chemical stressors from the foods they
eat, water they drink, air they breathe, and surfaces they touch
(e.g., chemical residues on surfaces or in dust and soil) and their
lifestage-specific diets and activities and behaviors influence the
nature and extent of their exposures. Non-chemical stressors are
factors found in the built, natural and social environments in-
cluding physical factors such as noise, temperature, and humid-
ity and psychosocial factors (e.g., poor diet, smoking, and illicit
drug use) (see example references such as (Miranda, M.L., et
al., 2012; Gray, S.C,, et al., 2014; Strominger, J., et al., 2016;
Shmool, J.L.C., et al., 2015; Clougherty, J.E., et al., 2007)12-461),
Exposures to both chemical and physical stressors are deter-
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mined, in part, by a child’s proximity to hazardous waste sites,
power plants, and other sources of pollution, and this, in turn, is
influenced by social considerations such as family income and
standard of living. Social factors in a child’s community, such
as community traditions and beliefs and access to health care,
to name a few, can modulate the impact of the environment on a
child20404345471 Additionally, evidence suggests that non-chemi-
cal stressors can act as modifiers of a child’s biological response
to chemical exposures, altering his/her susceptibility to chemical
agents and the severity of resultant health effectst*®*!]. Finally,
cumulative exposures to chemical and non-chemical stressors in
the home and community are often related in time and space.
For example, communities can be exposed to both point source
emissions from highways and lack of healthy food options®.

Built Environment: The built environment refers to the man-
made surroundings that provide the setting for human activity,
including but not limited to, land use (e.g., open space, green
space, buildings and connectivity), transportation systems (both
motorized and non-motorized), buildings, infrastructure (e.g.,
water supply and energy networks), and waste and materials
management!>#4-521_ The built environment serves as a source
of stressors that influence health and well-being due to access
and availability (or lack thereof) of water and energy supplies,
food quality and quantity, green space, sidewalks/trails, parks
and recreational services, building quality, violence/crime, and
health care, to name a few. The built environment also influences
exposures to environmental hazards, such as chemicals. All of
these stressors combine to influence how children interact with
their environment, impacting their overall health and well-be-
ing!2%334, For example, if a child does not live within walking
distance of a park/playground and is not able to get to the park/
playground safely, then this child may not engage in active play,
and suffer long-term health consequences of a sedentary life-
style.

Natural Environment: The natural environment encompasses
all living and non-living things naturally occurring on Earth,
including water, air, mineral, climate, natural disasters, previ-
ously living organisms, forests, fields, lakes, mountains, and
undeveloped natural vegetation that humans interact with on a
daily basis®**. Studies have shown that activity in the natural
environment can promote health and well-being by improving
mental and social health, longevity, ecological knowledge, ac-
tivity, and feelings of community safety!!’?>3-%1, Studies exam-
ining biological responses (e.g., blood pressure, heart rate and
cortisol levels) have also shown that interactions with the natural
environment reduce stress levels and improve overall well-be-
ingB35738], The beneficial effects associated with the natural en-
vironment are not only a result of direct human interactions, but
interactions with other domains of the environment. For exam-
ple, green space in urban areas can improve air quality, regulate
climate conditions, reduce noise pollution from traffic, provide a
sense of community and kinship, and increase a neighborhood’s
economic value?*%%62. The natural environment also includes
exposure to naturally-occurring chemical stressors such as arse-
nic in groundwater’®-*" and ionizing radiation from bedrock®®!.

Social Environment: The social environment includes not only
social interactions but factors such as the economy, communi-
ty, home, school/daycare, demographics, safety, and welfare, to
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name a few!*?, For children, social influences on their physio-
logical health and psychological well-being are influenced by
their family, peer relationships, school environment, and neigh-
borhood interactions and may be mediated by physiological re-
sponses associated with stress. Communication with parents and
other family members shapes a child’s behavior in their com-
munity which, in turn, influences their health and well-being.
Strong family support assists children in dealing with stressful
situations in positive ways, whereas, weak family environments
may lead to negative or risky behaviors’”. When compared to
adults, children may experience different stressors in the home
that may influence a child’s ability to respond and react to stress.
Peer relationships help form identity and develop social skills
and self-esteem, which are invaluable for school-aged children
throughout their lifecourse. Children spend the majority of their
day in school/daycare where they learn and play. The school/
daycare is influenced by the type of community, location, and
available resources. School/daycare provides sources of both
positive and negative stressors for children, including positive
learning environments for education and the development of so-
cial skills, recreation, and active outdoor play. Recent research
has shown, for example, that school lighting, temperature, and
the absence of noise contribute positively to learning (https://
www.epa.gov/schools). Likewise, potential negative stressors
associated with insufficient funding, poor social interactions
(e.g., bullying) and poor infrastructure (e.g., chemical expo-
sures, mold and crime)®7!! can be detrimental to learning, as
well as biological health. Positive neighborhood interactions
provide a sense of security and safety that promotes healthy be-
haviors. Social relationships in the community can be influenced
by societal networks, race/ethnicity, socioeconomic level, and
community engagement. Socioeconomic stressors from parental
education levels, income, number of people in the home, dietary
provisions, quality and accessibility of food sources, housing,
and parental or community distress can all negatively influence
a child’s behavior and sense of self-worth as they live in their
communities. Studies have shown that societies with perceived
levels of higher well-being are those that are more economical-
ly developed, have effective governments with low levels of
corruption and high levels of trust, and can meet citizens’ basic
needs™.

Policy, Decision Making, Services: The nature of a child’s total
environment depends on the actions of many types of decision
makers, including parents, researchers, public officials, and oth-
ers (Figure 1). Understanding and taking into consideration the
factors and domains that comprise a child’s environment can
help decision makers redevelop, repurpose, or create healthy
environments that foster healthy children. Children’s health
in the United States is affected by laws, rules, and regulations
developed at the national, state, and local levels’?. Policies set
by the government may not always be obvious when examin-
ing children’s health, but can include policies for access to food
stamps, nutrition programs (including free lunch programs), so-
cial services, youth recreation programs, and other health and
human development programs, as well as quality education!™.
Local governments and municipalities have authorities that
address activities and opportunities that federal and state rules
do not cover. For example, child-relevant decisions could have
negative impacts on children’s health and performance related
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to poorly sited schools and inappropriate building materials and
operation practices!’!). Municipalities also have unique authority
to make decisions regarding local financial and environmental
resources to improve neighborhood quality which may, in turn,
impact children’s health and well-being!. For example, deci-
sions on providing solid waste collection and disposal, maintain-
ing and diversifying transportation options, developing building
codes and zoning for land use planning, and implementing pub-
lic-private partnerships to meet infrastructure needs all impact
the health and well-being of the residents of the community!*.
In addition, the state of child health and well-being and the envi-
ronment can stimulate intervention research and policy develop-
ment through evidence-based research, health or environmental
impact assessments, economic incentives, and identification of
disparities®1>74,

The Scale: Our framework describes a system that considers
both proximal and distal effects and relationships across spatial
scale (i.e., policies made at the national level affect the local lev-
el and decisions made at the individual level affect the home en-
vironment and vice versa) in impacting health and well-being. It
is important to recognize the co-occurring and unique exposures
that children experience as a result of decisions made for them at
each level of scalel®*’. Our framework considers that stressors
may affect a child at specific scales and across all scales.

Arrow: The arrow emphasizes four points of lifecourse theory:
cumulative exposure, transgenerational impacts, timing of ex-
posures, and trajectory of growth and development (Figure 1).
There is a growing body of literature suggesting that these con-
cepts should be evaluated together!!2213757 However, trans-
lating this theory into research and practice is challenging. The
arrow points to the underlying causes of persistent and multiple
inequalities within a child’s proximal and distal environments
over time. The cumulative impact of multiple stressors and pro-
tective factors over subsequent lifestages during the lifecourse
may have a greater impact on health and well-being than any
individual stressor or protective factor on a healthy or compro-
mised trajectory®®. The arrow emphasizes the need to explore
exposure across a sequence of lifestages with the recognition
that there are distinct time frames in life that are characterized
by unique behavioral or physiological characteristics (e.g.,
pre-conception, prenatal, infancy, toddlerhood, adolescence,
adulthood and aging). Each lifestage may be differentiated by
particular vulnerabilities to exposures (e.g., pathways, source,
settings and target organs). The effect of a single stressor or mix-
ture of stressors (whether chemical, non-chemical, or mixture of
chemical and non-chemical) does not dictate current or ultimate
health and well-being; rather, the trajectory of this outcome is
constantly evolving over time which can be attributed to an in-
tegrated continuum of exposures, experiences, responses, and
interactions specific to each child, resulting in a unique health
and well-being outcome for each child. Childhood health and
well-being is a product of the continuous interactions between
genes, epigenetic factors, and other inherent factors, individual
choices and behaviors, and a child’s total environment.

Discussion

We describe a conceptual framework that considers
the complex interrelationships among inherent characteristics,
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activities and behaviors, and stressors from the built, natural,
and social environments as they influence children’s health
and well-being throughout their lifecourse (Figure 1). This sys-
tems-based thinking provides an integrated view of children’s
health and well-being as well as insights into actions that deci-
sion makers can take to improve their local environments and
their health and well-being, whether at the individual, home, or
community levell”!,

Our conceptual framework builds upon and extends
available frameworks and tools by incorporating inherent char-
acteristics, activities and behaviors, and stressors from the built,
natural, and social environments in describing children’s health
and well-being. This framework emphasizes the complex inter-
relationships within a child’s environment and the cumulative
effects at each lifestage and throughout the lifecourse. It incor-
porates both chemical stressors, pertinent to regulatory agencies
such as the U.S. EPA, U.S. FDA, and USDA, with non-chemical
stressors, suggesting that there are interactions across all spatial
scales and within and between environments. While specific to
children’s health and well-being, this framework is also relevant
to other lifestages and adaptable as emerging research areas be-
come better understood (e.g., microbiome research).

Other well-known models have more specific purposes.
For example, the DPSIR (Driving Force—Pressure—Status—
Impact—Response) model, designed to examine environmental
stressors and responses, has been applied to health; however,
this has been done in the context of specific stressor/outcome re-
lationships such as asthma, as opposed to the total environment
across the lifecourse!’®. On the other hand, models of children’s
health that incorporate the lifecourse have focused primarily on
a biomedical health agenda, as opposed to an environmental
health agendal™.

The World Health Organization has proposed more
holistic models that incorporate environmental components.
DPSEEA (Driving Force—Pressure—State—Exposure—Ef-
fect—Action) was developed to support the development of
environmental health indicators by using a process that incor-
porates driving forces — pressures — environmental states
— exposures — health conditions or effects!'*?2, It allows for
links between exposure and health effects with several points
of entry into the cause and effect chain and takes into account
non-chemical stressors with ease and flexibility by assessing the
problem using an interlinking approach. The MEME (Multiple
Exposures—Multiple Effects) framework focuses primarily on
children and their environmental health indicators. This frame-
work focuses on the notion that children’s health can be affected
by multiple effects and various exposures and tries to link indi-
vidual exposures and different health outcomes, but has diffi-
culty separating exposure and causality. The IEHIA (Integrated
Environmental Health Impact Assessment) model recognizes
the approach of these frameworks and examines health-related
problems from the impact of policies related to environment and
health while taking into account all the complexities of the real
world in a non-linear fashion. The IEHIA framework combines
qualitative and quantitative approaches that require a strong in-
terdisciplinary approach with varying levels of interest and ex-
pertisel'l,

The PHE (public health exposome) conceptual mod-
el integrates information about endogenous and exogenous
source-exposure-disease relationships with mediating and mod-
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erating factors at both the individual and population health levels
to understand the underlying causal mechanisms through which
environmental exposures act. It addresses chemical stressors
and does not consider non-chemical stressors or activities and
behaviors. The PHE conceptual model can also be used to sup-
port data organization as well as hypothesis generation™. Each
of these frameworks has elements that are applicable to our con-
ceptual framework. However, our conceptual framework incor-
porates all of these elements into one framework that integrates
inherent characteristics, activities and behaviors, chemical and
non-chemical stressors from the built, natural, and social envi-
ronments, and children’s health and well-being.

Our framework can be used to identify gaps in knowl-
edge that limit the ability to make fully informed, systems-based
decisions and identify potential unintended consequences. Re-
searchers and decision makers adapting this framework can pro-
vide and use information and data for available tools (e.g., C—
FERST (Community—Focused Exposure and Risk Screening
Tool, and HIAs (Health Impact Assessments)) which can help
communities identify and prioritize risk factors associated with
childhood disparities or improve child-specific environments in
their community (https://www.epa.gov/healthresearch/commu-
nity-focused-exposure-and-risk-screening-tool-c-ferst;  https://
www.epa.gov/healthresearch/health-impact-assessments). The
potential implication of alternative decisions on children’s
health and well-being could also be readily identified using this
framework.

We used this conceptual framework to explore the in-
terrelationships between chemical and non-chemical stressors
and selected child-specific health outcomes, namely children’s
general cognitive ability and childhood obesity. Ruiz, J.D.C.,
et al., 2016 completed a systematic scoping review of the
stressors identified with general cognitive ability for young chil-
dren. This systematic scoping review collated evidence associ-
ated with children’s cognitive health, including inherent factors
as well as chemical and non-chemical stressors from the built,
natural, and social environment. In a similar fashion, Lichtveld,
K., et al., 201617 conducted a systematic scoping review of the
stressors associated with childhood obesity. Both reviews show
the importance of using a conceptual framework to identify and
organize the myriad chemical and non-chemical stressors that a
child may be exposed to and how these exposures affect health
and well-being, as well as the importance of prioritizing stress-
ors for future research.

As with any conceptual framework, there are poten-
tial limitations. One potential limitation is a lack of data and
information that is sufficient to address every aspect of a child’s
environment (as shown in Figure 1) in order to understand the
interrelationships impacting a child’s health and well-being
(e.g., asthma, and obesity). We clearly know more about some
factors than others; hence the need to prioritize stressors for fu-
ture research. Another potential limitation in applying the frame-
work to make decisions is the need for a multidisciplinary (e.g.,
microbiome research, environmental science, social sciences,
policy makers, and risk assessors) collaborative approach when
addressing children’s health and well-being. Designing stud(y/
ies) that incorporate all aspects of the holistic child will be ex-
pensive, necessitating unique thinking on how to generate all
data and information for multiple lifestages throughout the life-
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course. Therefore, new data collection approaches and computa-
tional modeling efforts will be useful in supporting the data and
information needs of this conceptual framework.

Conclusions

We describe a conceptual framework that considers
the interrelationships between inherent characteristics, activities
and behaviors, and stressors from the built, natural, and social
environments in influencing children’s health and well-being
throughout their lifecourse (Figure 1). This framework can be
used to guide decisions related to creating environments that
promote healthy development for children and contribute to
their well-being. To date, two publications using this conceptu-
al framework have successfully explored the complexity of the
interrelationships in chemical and non-chemical stressors that
impact children’s health and well-being.
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