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Abstract
Aim—The purpose of this paper is to report the analysis of the concept of biological embedding.

Background—~Research that incorporates a life course perspective is becoming increasingly
prominent in the health sciences. Biological embedding is a central concept in life course theory
and may be important for nursing theories to enhance our understanding of health states in
individuals and populations. Before the concept of biological embedding can be used in nursing
theory and research, an analysis of the concept is required to advance it toward full maturity.

Design—Concept analysis.

Data Sources—PubMed, CINAHL and PsycINFO were searched for publications using the
term ‘biological embedding’ or ‘biological programming’ and published through 2015.

Methods—An evaluation of the concept was first conducted to determine the concept’s level of
maturity and was followed by a concept comparison, using the methods for concept evaluation and
comparison described by Morse.

Results—A consistent definition of biological embedding — the process by which early life
experience alters biological processes to affect adult health outcomes — was found throughout the
literature. The concept has been used in several theories that describe the mechanisms through
which biological embedding might occur and highlight its role in the development of health
trajectories. Biological embedding is a partially mature concept, requiring concept comparison
with an overlapping concept — biological programming — to more clearly establish the boundaries
of biological embedding.

Conclusions—Biological embedding has significant potential for theory development and
application in multiple academic disciplines, including nursing.
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INTRODUCTION

Background

Over the last two decades, there has been an increasing focus on the prevention of adult
diseases with antecedents in early childhood. Based on life course theory, this focus is an
area of intense research into the mechanisms by which childhood experiences establish
health trajectories that predict adult disease as well as research into the potential
interventions to modulate these effects. Coinciding with the increased research focus on the
life course, discussions are emerging on how policy may be shifted to account for these new
research findings (Shonkoff et al. 2009, Halfon et al. 2014). Such policy revisions might
include changes in the way healthcare and research funds are distributed, the way that
healthcare is reimbursed and the focus of clinicians in treating patients and preventing
morbidity.

Biological embedding, a central concept in life course theory, is generally defined as the
process by which early life experiences affect anatomy and biological processes in a manner
that has an impact on long-term adult health outcomes (Shonkoff et a/. 2009, Hertzman &
Boyce 2010, Danese et al. 2011, Miller et al. 2011, Danese & McEwen 2012, Hertzman
2012, Masten & Narayan 2012, McEwen 2012, McGowan 2012, Rutter 2012, Carroll et al.
2013, Clayton 2013, Kelly-Irving et al. 2013, Nelson 2013, Rutter 2013, Sasaki ef a/. 2013,
Kundakovic & Champagne 2014, Barboza Solis et al. 2015, Bateson et al. 2015, Boyce &
Kobor 2015, Cunliffe 2015, Demetriou et a/. 2015, Provencal & Binder 2015, Stringhini et
al. 2015, Tallon et al. 2015, Thomason et al. 2015). These environmental exposures and
experiences may be psychological stressors (e.g. socio-economic disparities, childhood
maltreatment, chaotic families, exposure to violence or disasters), or they may be cases of
childhood deprivation (e.g. malnutrition, lack of developmentally-appropriate stimuli).
Interestingly, in the literature, the concept is not commonly associated with positive
experiences in early childhood. The concept, biological embedding, has important
implications for health and illness throughout the life course, making it an attractive target
for research among multiple academic disciplines, especially nursing. This concept has
global relevance for nursing theory and research and may be particularly important in areas
of the world confronting widespread poverty, civil unrest, terrorism, or natural disasters, as
these stressors may have a significant impact on vulnerable children.

Due to the increasing focus on health across the life course and the role that biological
embedding may play in the development of adult disease, the theoretical and operational
definitions of this concept must be clearly articulated through concept analysis. The goal of
this paper is to advance the study of early life experience and health trajectories by
establishing a common language, founded on a clearly-defined central concept. First, using
the criteria specified by Morse et al. (1996b), the concept will be evaluated to determine its
level of maturity and to allow for the selection of an appropriate method of concept analysis

J Adv Nurs. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nist Page 3

based on the concept’s maturity. Second, using the method of concept comparison, as
described by Morse (1995), a concept analysis will be conducted. Based on this concept
analysis, suggestions for advancing the concept toward greater maturity will be made and
examples of how this concept may be incorporated into nursing scholarship will be
provided.

Data Sources

The research databases PubMed, CINAHL and PsycINFO were searched for the phrase
‘biological embedding’. Articles were included if they were published through 2015 and
written in English language. Years of publication were not limited so that potential evolution
of the term could be identified. Publications were excluded if they failed to mention the
concept, provided too little discussion of the concept to determine its use, or were not
available as full text. The original search resulted in 40 articles that were reviewed for
relevance and discussion of the concept. During this review, an overlapping concept,
‘biological programming’ was discovered (Miller et al. 2011). To provide a comprehensive
overview of the use of biological embedding, a second search of PubMed, CINAHL and
PsycINFO was performed, using the phrase ‘biological programming’. This search resulted
in 23 articles, which were similarly reviewed for relevance and discussion of the concept,
based on the previously-described inclusion and exclusion criteria. Eleven articles were
discarded from both searches for irrelevance or lack of discussion of either term. Six articles
were discarded because the full text could not be obtained. Two additional articles were
recovered from a reference list review. The remaining 48 articles provided a comprehensive
evaluation and analysis of the concept. (Figure 1)

RESULTS

Concept analysis is a difficult process without consideration of context. According to
Risjord (2009), “for a scientific concept, the context of use is a theory or related group of
theories’ (p. 687). Further, as suggested by Hupcey and Penrod (2005), *...concepts are
assigned meaning through placement in the context of a theory...concepts cannot be
analyzed irrespective of their theoretical frame’ (p. 199). Two theories provide the necessary
framework for a targeted concept analysis of biological embedding. The first, introduced by
Miller, et al. (2011), is a theory describing the process of biological embedding. The
Biological Embedding of Childhood Adversity Model posits that early stress during critical
or sensitive periods of development affects the functioning of immune cells, causing them to
exhibit a pro-inflammatory phenotype and that the hormonal dysregulation and behavioral
adaptations resulting from early childhood adversity further promote inflammation in a
cyclic fashion. The second theory to include the concept of biological embedding was
described by Shonkoff (2010). In Shonkoff’s Biodevelopmental Framework, biological
embedding is one of two processes by which early life stress affects physiological
functioning, resulting in an increased risk for adult disease (Shonkoff 2010). These theories
provide the context for the following concept evaluation and analysis. It is important to note
that in both of these theories, the antecedent of biological embedding is early experience that
causes psychological stress.
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Concept Evaluation

Few concept analysis methods prospectively consider the maturity of the concept to be
analyzed, but concept maturity is an important characteristic that must be evaluated before
choosing an approach to concept analysis. Morse et al. (1996b) describes a mature concept
as one that “...is well-defined, has clearly described characteristics, delineated boundaries
and documented preconditions and outcomes’ (p. 387). When concepts are mature, their use
among different authors of the same discipline is consistent, allowing for the precise
communication of ideas. Moreover, their relationship to other concepts in a theory are more
readily understood. To determine the level of maturity of biological embedding, the
definition of the concept, its attributes, boundaries, antecedents and consequences were
evaluated using the method described by Morse ef al. (1996b).

The theoretical definition of biological embedding — the process by which early life
experiences affect biological processes in a manner that has an impact on long-term adult
health outcomes — is clear and consistently used among most authors whose works were
retrieved from the reference databases using the phrase ‘biological embedding.” Only those
authors describing irrelevant cases of biological embedding — epoxy resins for the
embedding of biological material and the programming of biotechnology and bioinformatics
— used different definitions of the term (Wilcox 1965, Burk 2002, Singh et al. 2009, Desai &
Burra 2015). Evaluating biological embedding from this perspective reveals that it is a
mature concept.

Defining attributes are those characteristics of a concept that are present in all instances of
the concept (Morse et al. 1996). There are four defining attributes that are consistently
present in discussions of biological embedding. These defining attributes are specifically
delineated by Hertzman and Boyce (2010) and include the following: (1) early life
experiences affect biological processes; (2) bio-developmental trajectories are established by
the changes in biological processes, which differ among individuals with different early life
experiences; (3) the effects on biological processes are relatively stable over time; and (4)
the alterations in biological processes have long-term health consequences. When these
attributes occur together, the process of biological embedding is present.

According to the first defining attribute of biological embedding, early experience must
affect biological processes. Multiple studies have identified target processes that are
particularly vulnerable to environmental-induced alterations. Changes in central nervous
system, immune system and endocrine system functioning and alterations in gene expression
have been described (Shonkoff ef a/. 2009, Hertzman & Boyce 2010, Danese et al. 2011,
Miller et al. 2011, Danese & McEwen 2012, Hertzman 2012, Masten & Narayan 2012,
McEwen 2012, McGowan 2012, Rutter 2012, Clayton 2013, Kelly-Irving et al. 2013,
Nelson 2013, Rutter 2013, Sasaki et a/. 2013, Kundakovic & Champagne 2014, Betancourt
et al. 2015, Cunliffe 2015, Demetriou et a/. 2015, Provencal & Binder 2015, Stringhini et a/.
2015, Tallon et al. 2015, Thomason et al. 2015). For example, one study found that the
children who experienced maltreatment displayed a heightened inflammatory phenotype
(Danese et al. 2011). Furthermore, children exposed to traumatic early events (i.e.
victimization, violence, neglect) demonstrated alterations in neuronal circuitry between the
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prefrontal cortex and amygdala (Thomason et a/. 2015). These empirical findings link early
life experiences to changes in biological processes.

The second attribute — different experiences and environmental exposures among individuals
result in different bio-developmental states — has been studied by comparing the health
outcomes of individuals who were exposed to childhood stress with those who were not.
Such studies have shown that adults who experienced maltreatment as children, for example,
had poorer health outcomes than those who did not experience this adversity (Miller et al.
2011). Recent research has demonstrated an association between health outcomes and socio-
economic gradients in early life (Hertzman 2012). In a study of otherwise healthy, term
infants, Betancourt et al. (2015) found a linear relationship between the volume of cortical
gray matter and maternal socioeconomic status (SES), suggesting that prenatal events are
associated with alterations in anatomy. Additionally, studies of early life stress (i.e.
competition) in animal models have demonstrated that those exposed to competition for
survival had shortened telomeres that correlated with more impulsive decision-making in
later life (Bateson et al. 2015). Thus, different bio-developmental states in adult life have
been associated with the differences in the experiences of those who have been subjected to
early life stress compared with those who have not.

The third defining attribute — changes in an individual’s biology are stable and long-term —
has been demonstrated through research in the emerging field of epigenetics. This field of
work has demonstrated that persistent and sometimes heritable, alterations in the human
genome may be caused by changes in DNA methylation and chromatin structure among
cells such as neurons and immune cells, which remain stable over time (Sasaki et a/. 2013,
Buschdorf & Meaney 2015). Adults with traumatic childhood experiences, including
physical abuse and neglect, demonstrated altered patterns of DNA methylation in the
hippocampus, compared with controls (Sasaki et a/. 2013). Similarly, hypomethylation of
pro-inflammatory genes were found among adults who experienced conditions of low SES
over the life course (Stringhini et al. 2015).

Finally, the changes in biological processes caused by early life experiences must result in
long-term health consequences. These are more than transient health effects (Rutter 2012).
The health consequences associated with early life stress are numerous and include an
increased risk for cardiovascular disease, premature mortality, psychopathology, obesity,
accelerated aging, autoimmune disease and cancer (Hertzman & Boyce 2010, Danese et al.
2011, Miller et al. 2011, Masten & Narayan 2012, McEwen 2012, McGowan 2012, Nelson
2013, Rutter 2013, Sasaki et al. 2013, Kundakovic & Champagne 2014, Cunliffe 2015,
Provencal & Binder 2015, Stringhini et al. 2015, Tallon et al. 2015).

The boundaries of a concept help to determine what is included and excluded from a
concept. While the theoretical definition and defining attributes were consistent in every use
of biological embedding that was reviewed, there were subtle differences in the boundaries.
The lack of clear boundaries resulted in the use of overlapping concepts in the literature,
including *biological programming’. The reason for this significant overlap in concepts may
be the result of how broadly ‘biological embedding’ has been defined. Hertzman (1999)
describes biological embedding as including three mechanisms that affect long-term health
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outcomes — latency effects, pathway effects and cumulative effects (Figure 2). Latency
effects are those that produce biological changes during sensitive periods of development
and may not be recognized until many decades later. Pathway effects are those that establish
a trajectory of health behaviors that have an impact on health over time. Cumulative effects
are those that cause ‘wear and tear’ to the system. All included articles in the analysis of
biological embedding included latency effects as a mechanism through which biological
embedding occurs (Hertzman 1999, Shonkoff et a/. 2009, Hertzman & Boyce 2010, Danese
etal. 2011, Miller et al. 2011, Danese & McEwen 2012, Hertzman 2012, Masten & Narayan
2012, McEwen 2012, McGowan 2012, Rutter 2012, Carroll et a/. 2013, Clayton 2013,
Hertzman 2013, Kelly-Irving ef al. 2013, Nelson 2013, Rutter 2013, Sasaki et a/. 2013,
Kundakovic & Champagne 2014, Barboza Solis et al. 2015, Bateson et al. 2015, Boyce &
Kobor 2015, Cunliffe 2015, Demetriou et al. 2015, Provencal & Binder 2015, Stringhini et
al. 2015, Tallon et al. 2015, Thomason et al. 2015). A few authors included the pathway
effects as a mechanism of biological embedding (Hertzman 1999, Hertzman & Boyce 2010,
Miller et al. 2011, Danese & McEwen 2012, Hertzman 2012, Carroll et al. 2013, Kelly-
Irving et al. 2013, Barboza Solis et al. 2015, Demetriou et a/. 2015, Tallon ef al. 2015).
Some authors discuss cumulative effects as a mechanism of biological embedding; however,
most refer to this as an entirely distinct concept — allostatic load (Hertzman 1999, Hertzman
2012, Barboza Solis ef al. 2015). Allostatic load is a well-characterized and widely-used
concept, consistently defined as wear-and-tear of the body’s systems that respond to
stressful environmental challenges; allostatic load is the cumulative effect of sustained or
repeated activation of the these systems (McEwen 2005). Shonkoff’s (2010)
Biodevelopmental Framework, for example, includes the impact of cumulative effects but
considers this concept distinct from biological embedding.

The antecedents, termed “preconditions’ by Morse et al. (1996) and consequences of
biological embedding are clear and consistently described. The antecedents — conditions that
must precede biological embedding — include environmental exposures and early life
experiences. These experiences may be causes of psychological stress (i.e. socio-economic
hardship, childhood abuse or neglect, or chaotic home environments) or environmental
exposures (i.e. malnutrition, poor maternal nurturance and lack of developmentally-
appropriate stimuli). The consequences of biological embedding have also been described.
The broad, overarching consequence is adult disease, resulting from early childhood changes
in biological processes. More immediate consequences of biological embedding include
changes in brain structure, functioning of the HPA axis, immune system functioning and the
epigenome (Shonkoff et al 2009, Hertzman & Boyce 2010, Danese et al. 2011, Miller et al.
2011, Danese & McEwen 2012, Hertzman 2012, Masten & Narayan 2012, McGowan 2012,
Rutter 2012, Clayton 2013, Kelly-Irving et al. 2013, Nelson 2013, Rutter 2013, Sasaki et al.
2013, Kundakovic & Champagne 2014, Betancourt et a/. 2015, Buschdorf & Meaney 2015,
Cunliffe 2015, Demetriou et al. 2015, Provencal & Binder 2015, Stringhini et al. 2015,
Tallon et al. 2015, Thomason et al. 2015).

Biological embedding appears to be a partially mature concept. It has a clear, consistently-
used theoretical definition and defining attributes that describe the concept and distinguish it
from others. The antecedents and consequences are also well-described. However, on close
inspection, the boundaries of this concept are not fully established, resulting in significant
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overlap with biological programming. Until the boundaries are clarified, the development of
an operational definition is not possible.

Concept Analysis

As a partially mature concept, biological embedding is well-defined with universally-
accepted defining attributes; however, given the lack of stable boundaries and resultant
overlapping concept (i.e., biological programming), a concept comparison is necessary to
advance the concept towards an operational definition. Concept comparison is appropriate
when there are competing concepts to explain a phenomenon (Morse 1995). In this case,
biological embedding will be compared with biological programming to differentiate the
uses, definitions and defining attributes of these concepts.

To perform a concept comparison, the researcher should review the literature for both
concepts; separately ‘identify, describe, compare and contrast the attributes and rules of
relation for each concept; and identify the limitations of each concept for explaining the
phenomenon’ (Morse 1995, p. 40-41). A concept comparison will allow for the boundaries
of each concept to be more clearly established.

As described above, the concepts ‘biological embedding’ and “biological programming’
were searched in the reference databases. Based on the previously described inclusion and
exclusion criteria, only 17 articles were recovered for analysis from the search of biological
programming. The scarcity of literature describing biological programming indicates that it
is less widely applied in scholarly work than biological embedding. Analysis of the literature
demonstrated multiple uses, defining attributes, antecedents and consequences and very
broad boundaries for biological programming.

Biological programming is defined as the effects of early life events and development on
lifelong developmental trajectories (Macintyre 1997, Wadsworth 1997a, Wadsworth 1997b,
Eriksson & Forsen 2002, Blane et al. 2007, Rutter 2009, Sonuga-Barke et al. 2010, Pariante
2015). This broad definition is used in many ways by different authors. Many authors define
biological programming as the establishment of the functioning parameters (i.e. the set-
points) for biological systems resulting from early life experiences (Peck 1994, Macintyre
1997, Wadsworth 1997b, Wadsworth 1997a, Blane ef a/. 2007, Weeratunga et al. 2014,
Buschdorf & Meaney 2015). Eriksson and Forsen (2002) describe the association between
low birth weight and an increased risk for adult cardiovascular disease due to adaptation to
metabolic demands in utero. One article used biological programming to describe biological
characteristics inherent to a species (i.e. the drive to reproduce) (McCabe 2004). Some
authors used biological programming in a manner synonymous with biological embedding,
demonstrating a clear overlap of these concepts (Rutter & O’Connor 2004, McArthur et al.
2005, Rutter 2006, Schuler & Auger 2010, Infurna et al. 2015, Pariante 2015). Researchers
using the concept biological programming discuss the evolution of developmental pathways
that are both dependent on and reactive to early childhood experiences (Wadsworth 1997a,
Rutter 2009).

Biological programming occurs through three mechanisms described in the literature —
experience-expectant programming, experience-dependent programming and experience-

J Adv Nurs. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nist

Page 8

adaptive programming (Rutter & O’Connor 2004, Rutter 2009, Sonuga-Barke et a/. 2010).
Experience-expectant programming occurs when normative experiences (i.e. exposures
‘expected” and necessary during a particular phase of development), such as
developmentally-appropriate visual cues and language exposures, lead to normal
development of biological systems (Rutter & O’Connor 2004). Experience-dependent
programming includes exposures throughout the life course, which may be positive or
negative, that change an individual’s biology (Rutter 2009). Finally, experience-adaptive
programming is developmental programming during a sensitive period resulting from
adaptation to an environmental stimulus that conditions the organism for future responses to
similar stimuli (Rutter & O’Connor 2004). Through these three mechanisms, biological
programming defines both a normative and potentially pathological process, depending on
the type of environmental exposure.

DISCUSSION

The literature provides evidence for a much broader definition of biological programming
compared with biological embedding, resulting in wide-ranging uses of the concept.
Biological programming may refer to the effect of developmentally appropriate experiences
resulting in normal, healthy developmental trajectories. Conversely, biological embedding is
typically limited to those experiences that adversely affect long-term health.

Suggestions for Further Concept Delineation

Based on this analysis of the literature, two defining attributes of biological embedding
could be added to those already well-established to provide more distinct limits on the use of
biological embedding and to better distinguish this concept from the overlapping concept of
biological programming. First, in almost all cases of biological embedding, the
environmental exposures are negative and abnormal for the organism or the experience
results in psychological stress or a physiological stress response (Shonkoff et a/. 2009,
Danese et al. 2011, Miller et al. 2011, Danese & McEwen 2012, Masten & Narayan 2012,
McEwen 2012, McGowan 2012, Rutter 2012, Carroll et a/. 2013, Clayton 2013, Kelly-
Irving et al. 2013, Nelson 2013, Barboza Solis et al. 2015, Bateson et al. 2015, Boyce &
Kobor 2015, Cunliffe 2015, Tallon et a/. 2015, Thomason et al. 2015). A few authors
included stressful early life experiences but also included environmental experiences that do
not specifically result in stress and are not inherently negative (Hertzman 1999, Hertzman &
Boyce 2010, Hertzman 2012, Sasaki et a/. 2013, Kundakovic & Champagne 2014,
Demetriou et a/. 2015). In only one case, neither psychological stress nor negative
environmental exposures were discussed as antecedents of biological embedding (Hertzman
2013). Moreover, both theories using the concept ‘biological embedding’ define the
antecedent as a stressful early life experience (Shonkoff 2010, Miller ef al. 2011). Because
the context of a concept (i.e. the theories where it is used) is important for the concept’s
overall meaning, the fact that stress is included as an antecedent in both theories should not
be ignored.

Secondly, the presence of a critical or sensitive period of development should be considered
to further delineate biological embedding from biological programming. As previously
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described, experience-dependent cases of biological programming do not require a sensitive
period to affect biological systems (Rutter 2009). Conversely, almost all cases of biological
embedding in the literature point to a sensitive period in development — one where the
organism is particularly vulnerable to environmental influences — during which experiences
exert changes in biological processes (Hertzman 1999, Shonkoff et a/. 2009, Hertzman &
Boyce 2010, Danese et al. 2011, Miller et al. 2011, Danese & McEwen 2012, Hertzman
2012, Masten & Narayan 2012, McEwen 2012, Carroll et al. 2013, Clayton 2013, Hertzman
2013, Kelly-Irving et al. 2013, Sasaki et al. 2013, Bateson et al. 2015, Boyce & Kobor 2015,
Buschdorf & Meaney 2015, Cunliffe 2015, Demetriou ef a/. 2015, Provencal & Binder 2015,
Thomason ef al. 2015). During the sensitive or critical period — commonly defined as early
childhood - the brain and body are undergoing rapid growth and maturation, allowing for
significant plasticity (Sasaki et al. 2013, Boyce & Kobor 2015, Provencal & Binder 2015,
Thomason et al. 2015).

By adding these two defining attributes to biological embedding — attributes that are
commonly included in discussions of biological embedding but not explicitly stated by
Hertzman and Boyce (2010) — the concept becomes further distinguished from biological
programming. There remains some overlap in the concepts, specifically in the description of
how stressful life experiences might change the biological set-points, or operating
parameters, of biological systems (Figure 3). However, biological programming appears to
be a broader concept, including multiple mechanisms of both normal and abnormal
development.

Operationalizing the Concept

Concepts are useful to nursing science when they are measurable. Biological embedding is
an example of an abstract concept, describing a complex process. Unlike some concrete
concepts that can be perceived through the senses or directly observed, biological
embedding can only be inferred from its consequences and, thus, indirectly measured. No
single measurement will fully account for its existence or magnitude. Therefore, instruments
to measure biological embedding must include the following: (1) a determination that toxic
childhood stress is present; (2) a measurement of alterations in biological processes; and (3)
a determination that the changes in biological processes have sequelae for adult health
outcomes. Collectively, these measures will determine the presence of biological embedding.

Toxic stress during childhood could be measured either through subjective patient interviews
or objectively through biomarkers of chronic stress. Previous reports on the biological
embedding of childhood stress have relied on child or parental reports of stressful exposures,
such as abuse and neglect, parental separation and parental mental illness (Kelly-Irving et al.
2013, Barboza Solis et al. 2015, Thomason et al. 2015). Objective measures of SES (i.e.
parental education and income) have also been used as a proxy for childhood stress (Carroll
et al. 2013, Thomason et al. 2015). These measures may be useful in retrospective analyses
of biological embedding; however, they may be subject to recall bias and do not account for
variability in how patients perceive these stressors. In animal studies, researchers are able to
directly manipulate the early environment to cause measurable stress among exposed
animals (Burns et al. 2012, Chen et al. 2012, Bateson et al. 2015). Because direct
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manipulation of the childhood environment in human studies is neither possible nor ethical,
these animal studies are useful in demonstrating the effects of early toxic stress. The results
of these studies may be useful in determining the biological impact of stress on the
organism, which may translate to future human studies. Finally, childhood stress could be
measured objectively through biomarkers of chronic stress.

Secondly, instruments to measure biological embedding must include a measure of
alterations in biological processes. Miller ef al. (2011) suggest that the immune systems
adopts a pro-inflammatory phenotype under conditions of childhood stress, which could be
measured through inflammatory biomarkers, such as C-reactive protein (Danese et al. 2007).
Changes in brain structure have also been used as markers of alterations in biological
processes following childhood stress (Thomason et a/. 2015). The study of epigenetic
modifications to targeted genes, such as the glucocorticoid receptor, presents a potentially
valuable mechanism for demonstrating changes to biological processes, if these
modifications result in clinically meaningful changes to biological processes. Stringhini et
al. (2015) found hypomethylation of pro-inflammatory genes among patients with low life
course SES. Researchers conclude that epigenetic changes may permanently alter the
functioning of the immune and nervous systems (Demetriou ef a/. 2015).

Finally, instruments to measure biological embedding must include a determination that the
changes in biological processes have an impact on adult health outcomes. For example,
changes in biological processes that have an impact on long-term mental health,
cardiovascular and metabolic health and long-term morbidity may be used to demonstrate
the presence of biological embedding in the presence of childhood stress.

Biological embedding will be a challenging concept to measure, as it must be measured
longitudinally or retrospectively. Other abstract concepts, such as pain, may be measured in
realtime and compared with a patient’s baseline. Conversely, biological embedding must be
measured over the life course and can only be compared relative to populations of
differentially exposed individuals. Retrospective studies may be subject to recall bias and
unknown confounding variables that present throughout the life course.

Importance of the Concept for Nursing Theory, Research and Practice

Numerous opportunities for the application of the concept biological embedding have
already been realized in sociology, psychology and biomedical research. Researchers have
used the concept to describe the impact of early childhood psychosocial stress on adult
health outcomes and have studied such health vulnerabilities across populations (Hertzman
2012). The effects of various forms of psychosocial stress, including childhood trauma and
socioeconomic stress, have been described (Kelly-Irving ef al. 2013, Nelson 2013).
Furthermore, some of the specific epigenetic mechanisms through which these effects are
mediated and the biomarkers that may be used to measure the effects have been elucidated
(Danese et al. 2011, Hertzman 2012, Sasaki et al. 2013). Continued efforts in these areas
could further explain the mechanisms through which biological embedding occurs and
elucidate potential targets for therapeutic interventions to improve health trajectories.
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While much attention has been given to the opportunities in biomedical and psychology
research, the opportunities in nursing are abundant and, as of yet, underexplored. Shonkoff’s
(2010) theory provides humerous propositions about the relationships between biological
embedding, early stress and adult health outcomes that are opportune for empirical testing.
Shonkoff (2010) theorizes that buffers may exist that modulate the effects of biological
embedding, a theory that has been supported by research on the effects of nurturing
environments (McEwen 2012, Carroll ef a/. 2013). The role of supportive caregiving is an
optimal target for intervention research by nurse scientists. The biological embedding of
early life experiences in the context of a family among hospitalized children has been
considered (Tallon et al. 2015). Potential research questions could include (1) how do
nurturing environments modulate the effects of early childhood stress? (2) do interventions
that provide support for chaotic families reduce stress and improve long-term health
outcomes among affected children? (3) how does nursing care affect the expression of
biomarkers for stress among hospitalized children? Further, nurse scientists are perfectly
suited to study the effects of other types of stress (i.e. physiologic stress) on long-term health
outcomes, an area that has not yet been explored but is no less important than the
psychosocial stress on which previous research has focused.

As our understanding of adult health outcomes is beginning to include consideration of
childhood antecedents, the nursing theories used to guide practice and research should
evolve to include a longitudinal, life course perspective. Adult health states cannot be fully
understood without consideration of childhood experiences. Thus, middle range nursing
theories that guide practice and research must include life course theory concepts such as
biological embedding. Nursing theories that include biological embedding will allow nurses
to explore clinical situations where the conditions for biological embedding are present in
individuals and populations. Interventions, guided by theories that include biological
embedding, can then be designed and tested to prevent the biological embedding of early life
stress or to buffer its long-term effects.

In conducting a search of the literature for a specific concept, it is possible that synonyms
may be missed. However, to provide a consistent language to communicate scientific ideas,
it is important to advocate for using the same language, including the naming of concepts.
Nevertheless, it is possible that other terms used to describe the same process as biological
embedding may have been excluded from this analysis.

CONCLUSION

Early stress can permanently alter biological processes during the sensitive periods of
development, a phenomenon that had an impact on long-term adult health outcomes. This
phenomenon is described as biological embedding, an important emerging concept for
nursing science. Advancing this concept toward greater maturity requires the addition of 2
attributes, which help to distinguish it from biological programming: (1) biological
embedding occurs during a critical or sensitive period of development and (2) biological
embedding occurs when a stressful experience affects long-term adult health outcomes. To
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advance nursing science in a manner that is consistent with our current understanding of
adult health, nursing theories must adopt a longitudinal approach that incorporates concepts
from life course theory, such as biological embedding. Diseases that become apparent during
adulthood, such as cardiovascular disease, diabetes and depression, often result from a
developmental health trajectory established by the biological embedding of early life stress.
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SUMMARY STATEMENT
Why is this research needed?

. To better describe the health trajectories of individuals and populations,
nursing theory and research could be expanded to include concepts
from life course theory.

. Biological embedding is a central concept in life course theory that
describes how early life events have an impact on long-term health
outcomes.

. Biological embedding is an emerging concept in need of concept

analysis before it can be full incorporated into nursing theory.
What are the key findings?

. Evaluation of the concept of biological embedding reveals that it is a
partially mature concept with poorly defined boundaries that overlap
with a separate concept, biological programming.

. A concept comparison between biological embedding and biological
programming reveals that while these concepts have overlapping
boundaries, biological embedding refers to stressful early life
experiences that result in pathologic health effects.

How should the findings be used to influence policy/practice/research/education?

. By distinguishing biological embedding from biological programming,
the concept of biological embedding is advanced toward greater
maturity, making it amenable to inclusion in nursing theory and
research.

. Nursing theory and research that includes concepts from life course
theory will have a greater impact on the long-term health of individuals
and populations.
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“biological embedding" searched
in PubMed, CINAHL, PsycINFO:
limit English language

or no discussion of concept (5),

full text unavailable (3), brief 40 articles recovered
irrelevant use of concept (2)

10 articles discarded

articles reviewed

overlapping "biological programming" searched
‘concept found in PubMed, CINAHL, PsycINFO:
limit English language

or no discussion of concept (2),
irrelevant use of concept (2)

1 article recovered
from reference list

added to analysis 31 relevant uses of
biological embedding

[ full text unavailable (3), brief

23 articles recovered

articles reviewed

— _
17 relevant uses of 1 article recovered
biological programming from reference list

7 articles discarded

[48 articles included in analysis]

added to analysis

Figure 1. Reference database search results for the concept analysis
‘Biological embedding’ and ‘biological programming’ were searched separately to provide

the literature base for this concept analysis.
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>
T
Early Childhood Early Adulthood Late Adulthood

Figure 2. Latent, pathway and cumulative effects on a health trajectory
Latent, pathway and cumulative effects have an effect on health trajectories. Latent effects

(small grey circles) are the result of exposures in early life that affect health trajectories in
later life. Pathway effects (thin arrows) may be the result of early exposures, but they result
in behaviors that alter the health trajectory across the life course. Cumulative effects (large
grey circle) result from the cumulative ‘wear and tear’ on the body’s systems over time that
have an impact heath trajectories throughout the life course.
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Biological Embedding Biological Programming

changes to the

stable changes to biological processes characteristicinherentto a species OR

. . operating .
resulting from experience or parameters of stable changes to the operating
environmental exposures, abnormal biological parameters of biological processes

(i.e. the range of function) resulting
from experience or environmental
exposure, may be normative

* experience-expectant

* experience-dependent

* experience-adaptive

or stressful
processes as a

result of stress

Figure 3. Relationship between biological embedding and biological programming
Even with further delineation of biological embedding by the addition of 2 defining

attributes, some overlap between biological embedding and the broader concept of
biological programming exists. This overlap occurs when stressful experiences alter the
operating parameters of biological processes.
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