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ARTICLE INFO ABSTRACT

Adverse Childhood Experiences (ACEs) are stressful and/or traumatic experiences that occur during childhood.
Research has demonstrated a link between ACEs and risk of physical and mental health disorders, where early
ACEs life adversity may become “biologically embedded” and have wide-ranging effects on various physiological
Biomarkers systems. The aim of this study was to identify the extent and breadth of recent research activity relating to
/S'\f;::;g review biological measures of ACEs in adulthood. We undertook a scoping review including published research articles.

Medline and PsycINFO were searched for articles from 2007 to July 2017. Articles were eligible if they included
adult participants, were written in English, and reported on a biomarker of childhood adversity in adulthood.
Forty articles met our inclusion criteria. Studies investigated a range of ACEs that were often measured retro-
spectively. The studies identified biomarkers related to inflammation (e.g., CRP), cardio/metabolic systems (e.g.,
BMI), genetics (e.g., telomere length), and endocrine systems (e.g., cortisol), as well as composites of multiple
physiological systems. However, not every study identified found significant associations. Health behaviours,
emotional distress, social relationships, and socioeconomic factors may help explain some of these associations.
Further research is needed to better understand biomarkers of ACEs in adulthood and their relationship to health
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conditions.

1. Introduction

Adverse childhood experiences (ACEs) are typically defined as
stressful and/or traumatic experiences that occur during childhood.
Emotional, physical, and sexual abuse, emotional and physical neglect,
and household dysfunction (i.e., household substance abuse, mental
illness, and criminal behaviour; domestic violence; parental divorce or
separation) are all considered ACEs if they were experienced before the
age of 18 years (Dube et al., 2001). Estimates suggest a high proportion
of individuals have experienced ACEs (Dong et al., 2004a; Felitti et al.,
1998). It has been projected that approximately two in every three
Americans have experienced at least one ACE, and 12% have indicated
experiencing at least 4 types of ACEs (Dong et al., 2004a). In a study of
8629 adults, Dong and Colleagues (2004a) found that 67.3% of parti-
cipants reported experiencing at least one ACE, with the most common
ACEs being substance abuse in the household (28.2%), physical abuse
(26.4%), domestic violence (24.1%), sexual abuse (21.0%), and mental
illness in the household (20.3%). Additionally, studies have found that
exposure to one ACE significantly increases the incidence of having
additional ACEs (Dong et al., 2004a; Felitti et al., 1998). These

prevalence estimates are specific to American populations. How they
extend to other countries and cultures is an important area for further
research.

ACEs can have a lasting impact on health and quality of life
throughout the lifespan (Anda et al., 2006) and are associated with a
wide range of long-term poor health outcomes, including increased risk
of heart, lung, and liver disease, cancer, HIV, type 2 diabetes, obesity,
and poorer overall self-rated health (Caspi et al., 2006; Danese et al.,
2009; Felitti et al., 1998; Middlebrooks and Audage, 2008). Mental
health issues such as addiction, suicide risk, depression, post-traumatic
stress disorder (PTSD), and anxiety disorders have also been found to be
associated with a history of ACEs (Anda et al., 2006; Hovens et al.,
2010; Weber et al., 2008). There appears to be a strong graded or dose-
response relationship between exposure to ACEs and poor health out-
comes, where individuals who experience a higher number of ACEs may
be at a greater risk of poor health (Felitti et al., 1998). Anda and
Colleagues (2006) identified a graded relationship of the ACE score (i.e.
the sum of the categories of ACEs endorsed) to 18 different outcomes
which can be divided into the following categories: mental health dis-
turbances, somatic disturbances, substance abuse, sexuality (i.e., early

Abbreviations: ACEs, adverse childhood experiences; HPA, hypothalamic-pituitary-adrenal; PTSD, post-traumatic stress disorder; IL-6, interleukin-6; TNF-a, tissue
necrosis factor-a; CRP, c-reactive protein; WC, waist circumference; BMI, Body mass index
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Table 1
Research strategy.
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Research component Research terms

#1 Adverse childhood events

(Adverse childhood event) OR (Adverse childhood experience) OR (Childhood advers*) OR (Adverse experience*) OR (ACE) OR (Stress) OR (Life

event) OR (Interpersonal relations) OR (Conflict) OR (Aggression) OR (Abuse) OR (Violence) OR (Victim*) OR (Family dysfunction) OR
(Emotional trauma) OR (Neglect) OR (Maltreat*) OR (Parent* psychopathology) OR (Social deprivation) OR (Social environment)

#2 Biomarkers

(biomarker*) OR (Biologic* marker*) OR (Immun*) OR (Inflammat*) OR (c-reactive protein) OR (interleukin-6) OR (tissue necrosis factor alpha)

OR (fibrinogen) OR (Leukocyte) OR (Cytokine) OR (Glucocorticoid receptor) OR (Insulin) OR (glucose) OR (Epigenetic) OR (Telomere) OR
(Cortisol) OR (Blood) OR (Hair) OR (Saliva) OR (Urine) OR (Body Mass Index) OR (Heart rate) OR (Cardiovascular reactivity) OR (Physiological
correlates) OR (Metabolic) OR (Endocrine) OR (Molecular) OR (Proteomics) OR (Metabolomic*) OR (Acute-phase proteins) OR
(Dehydroepiandrosterone) OR (Fatty Acids) OR (Thyroid hormones) OR (adiponectin) OR (triglycerides) OR (DNA methylation) OR (high density

lipoprotein) OR (Progesterone)

#3 #1 AND #2

intercourse, promiscuity, sexual dissatisfaction), and perceived stress
and anger control. They found that for people with greater than four
ACEs, their risk for anxiety, depressed affect, severe obesity, and alco-
holism increased by 2.4-, 3.6-, 1.9-, and 7.2-fold, respectively. A graded
relationship between an individual's ACE score also exists for self-re-
ported liver disease and ischemic heart disease (Dong et al., 2003,
2004b).

Research has begun to investigate the molecular mechanisms
through which early life adversity influences body physiology and be-
comes “biologically embedded” (Berens et al., 2017). Biological em-
bedding occurs when experiences alter human biological and devel-
opmental processes, and these experiences have the potential to
influence health, wellbeing, learning, or behaviour over the life course
via their impact on Dbiological and developmental states
(Hertzman, 2012). Early life adversity has been found to have wide-
ranging effects on neural, endocrine, immune, and metabolic phy-
siology. These effects likely stem from alterations within the hypotha-
lamic-pituitary-adrenal (HPA) and autonomic axes, which are involved
in response to stress (Berens et al., 2017). Excess early activation results
in dysregulation of the stress system, abnormal levels of peripheral and
central cortisol levels, reduced immune function, and increased in-
flammatory markers (Berens et al., 2017; Middlebrooks and Audage,
2008). These neurobiological changes are thought to increase the risk
for health problems in adults both directly and indirectly
(Korotana et al., 2016).

The concept of allostatic load (McEwen and Stellar, 1993) is one
perspective used to understand the processes that link early life ad-
versity and poor health outcomes in adulthood directly
(Friedman et al., 2015). This idea is that regulatory systems constantly
adjust to the demands of everyday life to maintain stability through
these changes, which is known as allostasis (Sterling and Eyer, 1988).
When physiological systems, such as the nervous, endocrine, and the
immune system, face chronic and repeated exposure to ACEs they have
to make repeated adjustments to maintain stability, and may eventually
lose their ability to function properly. These systems are also highly
integrated, and so activation of one system commonly results in re-
sponses in the other systems, resulting in changes in physiology that
lead to poor health outcomes (Danese and McEwen, 2012).

Indirect risk for poor health outcomes from ACEs may occur through
impairments in cognitive, social, and emotional functioning, and in-
creased engagement in health risk behaviours, all of which may act as
mediators between the association of ACEs and poor health outcomes
(Korotana et al., 2016). For example, children who grew up with an
abusive or neglectful parent often have less stable and supportive social
relationships in adulthood (Savla et al., 2013), which may then affect
adult health (Repetti et al., 2002). ACEs may also affect emotion reg-
ulation, where individuals avoid experiencing adverse emotions, and
avoidance in turn can predict psychological distress (Marx and
Sloan, 2002). Emotion dysregulation has been linked to disorders such
as post-traumatic stress disorder (PTSD), anxiety, and depression
(Danese et al., 2009; Ehring and Quack, 2010; Schilling et al., 2007).
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Additionally, ACEs are associated with health-risk behaviours such as
smoking, drug and alcohol abuse, physical inactivity and risky sexual
behaviour, which may in turn contribute to poor health outcomes
(Dong et al., 2004a, 2003; Felitti et al., 1998).

Given that research has demonstrated a link between ACEs and risk
of both physical and mental health disorders, there is growing interest
in the direct and indirect effects of ACEs on neural, endocrine, immune,
and metabolic physiology. Although studies have highlighted the re-
lationship between early life adversity and immune dysregulation re-
lated to cardiovascular disease (Slopen et al., 2012), the biological
mechanisms through which ACEs impact physical and mental health
remains a relatively new area of research. The aim of this scoping re-
view was to identify the extent and breadth of research activity relating
to biological measures reflecting the potential effect of ACEs in adult-
hood. Research activity relating to nervous system, endocrine, in-
flammatory, cardio/metabolic, genetic and multisystem biomarkers of
ACEs in adulthood will be identified.

2. Method
2.1. Identifying the research question and relevant studies

This scoping review was guided by a defined methodological fra-
mework (Arksey and O'Malley, 2005). Medline and PsycINFO were
searched for published articles from 2007 to July 2017. The research
strategy included key words related to adverse childhood experiences
and biomarkers combined with Boolean operators AND and OR
(Table 1). Articles were eligible for inclusion in this review if they in-
cluded adult, human participants, were written in English, were ori-
ginal research articles published in peer reviewed journals, and re-
ported on a biological measure of childhood adversity in adults. Meta-
analyses, review articles, and neuro-imaging studies were excluded.

2.2. Study selection and charting the data

The initial research identified 3034 articles (see Fig. 1). Electronic
research results were downloaded into EndNote bibliographic software.
Duplicates were deleted. Two reviewers (first and second authors) in-
dependently screened the titles and abstracts against the inclusion and
exclusion criteria. Full texts were reviewed for all articles that were
potentially relevant to the research question. Articles were excluded
from the full text review if they investigated adult trauma, PTSD or
stressful life events that were not specific to childhood. Authors met
regularly to discuss challenges related to the review process and to
refine the research strategy. Any disagreements about the eligibility of
an article were resolved through discussion. Forty articles met the
eligibility criteria and were included in the review. Ten additional ar-
ticles were identified and retained during the full text review. In-
formation from the primary research reports were recorded as follows
(Arksey and O'Malley, 2005):
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908 records identified
through PsycINFO

2868 records identified
through Medline search

A 4

removed

3034 records after duplicates

3034 titles and abstracts 2969 records excluded
screened for eligibility

identified during full-text > for eligibility

10 additional records 65 full-text articles screened

35 full-text articles
5| excluded
e Review

articles, n=14
e Did not include
biomarkers,

40 articles included in e Did not include
scoping review a measure of

n=6

ACEs, n=1

e Adverse
experiences
were not
specific to
childhood,
n=10

e Participants
were
children/adoles
cents, n=1

e Other, n=3

Fig. 1. Summary of research and selection of articles for scoping review.

o Author(s), year of publication.

o Study population.

e ACEs.

e Biomarker(s) organized thematically into 5 different biomarker ca-
tegories: Nervous system/endocrine markers, Inflammatory bio-
markers, Cardio/Metabolic biomarkers, Genetic biomarkers, and
Multisystem composite scores.

e Methodology.

e Primary outcomes.

3. Results
3.1. Description of studies

Characteristics of the 40 studies are shown in Table 2. The majority
of studies were cross-sectional in design (n = 26). Participants varied
widely across studies such as individuals with mental health disorders
(n = 6), individuals with physical health conditions (n = 2), caregivers
of an individual with dementia (n = 1), prison inmates (n = 1), college
students (n = 1), female registered nurses (n = 1) and police cadets
(n = 1). Twenty-three studies included subsamples from larger studies
(e.g. population-based cohort studies). Studies often measured ACEs
retrospectively. Most ACEs were investigated using parent or self-report
questionnaires (n = 37), while a few used semi-structured interviews
(n = 3). Some studies focused on exposure to a specific ACE, such as
sexual abuse (n = 6). Others investigated childhood abuse more
broadly (e.g. physical, emotional and sexual abuse and neglect)
(n = 16). Many studies examined multiple types of ACEs under terms
such as childhood life events, early life adversity, or childhood trauma
(n = 14). For example, Elsenberg et al. (2017) measured “adverse
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events” such as parental divorce, being a victim of sexual intimidation
or violence and breaking up with a boyfriend/girlfriend using a semi-
structured interview. An adverse event score was then calculated by
summing the number of events reported. Several studies used multiple
measures (e.g., different questionnaires) of ACEs and combined them
into a composite score used in analyses.

3.2. Nervous system/endocrine markers

Ten studies related directly to neuroendocrine system biomarkers.
Studies included a variety of populations including women with chronic
pain (Nicolson et al., 2010), PTSD (Friedman et al., 2007; Van Voorhees
et al., 2014), female prison inmates (Brewer-Smyth and Burgess, 2008),
college students (Hanson and Chen, 2010), police cadets (Pole et al.,
2007), depressed adults (Wielaard et al., 2017) and healthy adults
(Carpenter et al., 2007, 2011; Wielaard et al., 2017). One of the 10
studies found evidence of alterations in emotional and physiological
reactivity (i.e. less positive emotion, greater skin conductance, and
eyeblink electromyogram) in response to threat (Pole et al., 2007).
Several studies investigated the link between childhood sexual abuse
and cortisol levels (Brewer-Smyth and Burgess, 2008; Friedman et al.,
2007; Nicolson et al., 2010). For example, one study found that female
prison inmates who were sexually abused by a family member had
significantly decreased diurnal cortisol variation (Brewer-Smyth and
Burgess, 2008). In another study, women with PTSD who had experi-
enced sexual abuse in both childhood and adulthood were found to
have significantly higher levels of urinary cortisol, norepinephrine, and
dopamine compared to women who had experienced only childhood
sexual abuse (Friedman et al., 2007). Unfortunately, this study did not
include a control group of women without PTSD or childhood sexual
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abuse, and thus is limited to comparisons between women with child-
hood sexual abuse who did and did not also experience sexual abuse in
adulthood. Furthermore, Wielaard et al. (2017) found that sexual abuse
was associated with lower morning cortisol at awakening and more
dynamic changes in salivary cortisol levels in the hours after awa-
kening. In healthy participants this effect remained significant, whereas
in depressed participants this effect was not significant (Wielaard et al.,
2017).

Nicolson et al. (2010) found a link between severity of childhood
maltreatment and cortisol, such that more severe childhood maltreat-
ment was associated with higher salivary cortisol levels throughout the
day, particularly emotional and sexual abuse. This relationship was
found across participants with fibromyalgia and osteoarthritis, regard-
less of depressive or PTSD symptomatology (Nicolson et al., 2010).
Conversely, three studies found a negative association between child-
hood abuse and cortisol levels. Van Voorhees et al. (2014) found a
significant inverse association between cortisol secretion and childhood
maltreatment. Carpenter et al. (2011) also found that childhood mal-
treatment was associated with lower salivary cortisol response to a
standardized laboratory stressor. Similarly, Wielaard et al. (2017)
found that physical and psychological abuse were associated with lower
morning salivary cortisol levels.

In addition, Bet et al. (2009) found that, in individuals carrying the
glucocorticoid receptor polymorphism 22/23EK, there was an effect of
childhood adversity on cortisol and cortisol binding globulin levels
resulting in a decrease of Free Cortisol Index (Bet et al., 2009). In an-
other study, neither childhood family risk or parental warmth predicted
cortisol output, but more severe daily stress was associated with greater
cortisol secretion for individuals who experienced more difficult
childhood environments (Hanson and Chen, 2010).

Overall, studies that have investigated nervous system/endocrine
markers were conducted with a variety of populations, affecting gen-
eralizability between the studies. One study found evidence of less
positive emotion, greater skin conductance and greater eyeblink re-
sponse in those who experienced childhood trauma. There were mixed
findings for the direction of cortisol change associated with ACEs,
however studies investigated different indicators of cortisol (e.g., sali-
vary, urinary, blood etc.). While, five studies found a decrease in sali-
vary cortisol associated with ACEs, one study found an increase in
salivary cortisol throughout the day. Two additional studies found in-
creased cortisol output when measuring urinary cortisol and cortisol
secretion in response to stress.

3.3. Inflammatory biomarkers

Fourteen studies investigated inflammatory biomarkers related to
ACEs. All 14 studies showed a link between ACEs and greater in-
flammation (Bertone-Johnson et al., 2012; Carpenter et al., 2010;
Crosswell et al., 2014; Danese et al., 2008, 2007; Hostinar et al., 2015;
Kiecolt-Glaser et al., 2011; Li et al., 2015; Matthews et al., 2014; Rooks
et al., 2012; Schrepf et al., 2014; Slopen et al., 2010; Smith et al., 2011).
There is evidence that childhood abuse is associated with elevated In-
terleukin (IL)-6 (Carpenter et al., 2010; Crosswell et al., 2014) and
tumor necrosis factor (TNF-a) levels (Kiecolt-Glaser et al., 2011; Smith
et al., 2011). In addition, Kiecolt-Glaser et al. (2011) showed that in-
dividuals who had experienced child abuse and were caregivers of an
individual with progressive dementia, had higher TNF-a levels than
non-abused caregivers and controls. In this study, childhood adversities
(e.g. death of a parent, an immediate family member suffering from a
mental illness etc.) were associated with greater inflammation even
after controlling for age and caregiving status, demonstrating the im-
portance of ACEs in this relationship (Kiecolt-Glaser et al., 2011). In
another study, the association between early life adversity and in-
flammatory markers was found among African Americans, but not
among European Americans. Further analyses demonstrated that the
influence of early life adversity on health behaviours may partially
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account for this association (Slopen et al., 2010). Bertone-Johnson et al.
(2012) found that sexual abuse during adolescence, but not physical
abuse was associated with elevated plasma C-reactive protein (CRP)
and IL-6 (Bertone-Johnson et al., 2012). Social adversity (Li et al.,
2015) and trauma early in life (Rooks et al., 2012; Schrepf et al., 2014)
and childhood maltreatment (Danese et al., 2007, 2008, 2009) have
been associated with elevated CRP. However, health risk behaviours,
obesity, and chronic conditions may partly explain the effects of social
adversity on inflammation (Li et al., 2015). Similarly, adult BMI and
alcohol consumption was found to partly explain the effects of ado-
lescent sexual abuse and elevated CRP and IL-6 levels in adulthood
(Bertone-Johnson et al., 2012). Furthermore, Matthews and colleagues
(2014) found that when BMI was added to a model already adjusting for
multiple factors (e.g., race, age, education, smoking status) it explained
the relationship between childhood abuse and neglect, and elevated
CRP over a 7-year follow-up. Indirect effects of abuse and neglect on
CRP through BMI were found for sexual abuse, physical neglect and
total number of types of abuse (Matthews et al., 2014).

In summary, all fourteen studies showed a link between ACEs and
increased inflammatory biomarkers including increased: IL-6, TNF-a,
and CRP. Furthermore, there was evidence that health risk behaviours,
obesity, BMI, and chronic conditions may be potential mediators of
these effects.

3.4. Cardio/metabolic biomarkers

Eleven studies were included that focused on metabolic systems. Of
those, 3 studies showed a link between ACEs and blood pressure
(Lehman et al., 2009; Su et al., 2014, 2015). For example, ACEs were
associated with blood pressure trajectories from childhood to young
adulthood (Su et al., 2015). Su et al. (2015) also found that individuals
who experienced multiple ACEs showed a faster increase in blood
pressure after age 30, compared to those who did not experience ACEs.
Lehman et al. (2009) observed that low childhood socioeconomic status
predicted increased blood pressure over time indirectly through asso-
ciations with harsh childhood family environment, negative emotion-
ality and health behaviours (Lehman et al., 2009).

Five studies found evidence that associated ACEs with body mass
index (BMI) (Dedert et al., 2010; Elsenburg et al., 2017; Midei et al.,
2013; Schrepf et al., 2014; Smith et al., 2011, 2010). Midei et al. (2013)
found that women with a history of physical and sexual abuse had
higher BMI and waist circumference (WC) compared to women with no
history of abuse. This effect was mediated by lower levels of sex hor-
mone binding globulin and higher trait anger scores. They also in-
vestigated health risk behaviours and depressive symptoms as potential
mediators, however these were not significant (Midei et al., 2010).
Dedert et al. (2010) found evidence for a direct effect of childhood
physical abuse and increased BMI. They also noted that models sup-
ported an indirect effect of childhood trauma on BMI through psy-
chiatric symptoms. Finally, Smith et al. (2010) observed that childhood
sexual abuse, in particular intrafamilial abuse, resulted in increased risk
for a BMI greater than 30 in women even after adjusting for demo-
graphic and mental health variables.

Three studies created composite cardiometabolic and metabolic risk
scores using biomarkers such as blood pressure, triglyceride levels, and
waste circumference. Midei et al. (2013) found that while childhood
abuse did not predict the presence of incident metabolic syndrome at
baseline, physical abuse was associated with the development of me-
tabolic syndrome over the 7 years of follow-up, after adjusting for de-
pressive symptoms and health behaviours (Midei et al., 2013).
Non et al. (2014) created a cardiometabolic risk (CMR) score from 8
biomarkers and found that children with the highest level of social
disadvantage were estimated to have a greater than expected CMR in
adulthood compared to those with the lower social disadvantage. This
risk persisted even after adjusting for health behaviours and depressive
symptoms (Non et al., 2014). Danese and Colleagues (2009) created a
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metabolic risk score using biomarkers such as weight, blood pressure,
total cholesterol, high-density lipoprotein (HDL), glycated hemoglobin,
and oxygen consumption. After controlling for developmental risk
factors (i.e., family history of heart disease and high childhood BMI)
they found that childhood socioeconomic status and childhood social
isolation were associated with increased metabolic risk, however,
childhood maltreatment was not (Danese et al., 2009).

Overall, three studies found an association between ACEs and in-
creased blood pressure (i.e., increased blood pressure trajectories over
time and faster increased blood pressure after the age of 30). One study
identified negative emotionality and health behaviours as mediators.
Five studies found that ACEs were associated with increased BMI and/
WC. Studies identified potential mediators for these relationships in-
cluding psychiatric symptoms, sex hormone binding globulin and trait
anger. Finally, three studies created composite scores involving mul-
tiple cardio/metabolic biomarkers (e.g., blood pressure, triglyceride
levels, and waste circumference) and found that ACEs were associated
with higher cardio/metabolic risk.

3.5. Genetic biomarkers

Seven studies were related to genetic biomarkers. Four studies in-
vestigated an association between ACEs and telomere length (Edmonds
et al., 2016; Kiecolt-Glaser et al., 2011; Tyrka et al., 2010; Verhoeven
et al.,, 2015). While one study showed that childhood life events and
trauma were not related to shorter telomere length (Verhoeven et al.,
2015), three others demonstrated that childhood trauma, adversity or
maltreatment may be related to shorter telomeres (Edmonds et al.,
2016; Kiecolt-Glaser et al., 2011; Tyrka et al., 2010). There is evidence
that childhood adversity is associated with shorter telomere length even
after controlling for age, sex, smoking, caregiving status, BMI, exercise,
and sleep (Kiecolt-Glaser et al., 2011; Tyrka et al., 2010). Three studies
investigated epigenetic changes by measuring DNA methylation. Two
studies looked at DNA methylation of the 5HTT promoter region, which
is a key regulator of serotonergic neurotransmission. Both studies found
a strong association of childhood sexual abuse with DNA methylation of
the 5HTT promoter region (Beach et al., 2013, 2011). Beach et al.
(2011) found that the degree of methylation mediated the impact of
childhood sexual abuse on symptoms of antisocial personality in
adulthood. One study investigated global DNA methylation of immune
related genes but did not find an association with a history of childhood
trauma. Smith et al. (2011) found no change in global DNA methylation
in those with a history of childhood trauma compared to controls.

In conclusion, seven studies investigated genetic biomarkers such as
telomere length and epigenetic markers (i.e., DNA methylation).
Although one study found that ACEs were not related to telomere
length, the results from three other studies suggested that ACEs were
associated with decreased telomere length. While one study did not find
any evidence of global DNA methylation associated with ACEs, two
studies found a strong association of childhood sexual abuse with DNA
methylation of the 5HTT promoter region which is a key regulator of
serotonergic neurotransmission.

3.6. Multisystem composite scores

Two studies used a composite score as a measure of biological risk
that spanned multiple biological systems (e.g. cardiovascular, meta-
bolic and immune) (Friedman et al.,, 2015; Slopen et al., 2014).
Friedman et al. (2015) created a cumulative allostatic load score using
biomarkers reflecting seven physiological systems (e.g., blood pressure,
urinary cortisol, waist-hip-ratio, CRP etc.). Whereas, Slopen et al.
(2014) created an index composed of eight different biomarkers, in-
cluding systolic and diastolic blood pressure, resting heart rate, CRP,
WC, hemoglobin Alc, and high-density lipoprotein cholesterol. These
studies showed a positive association between cumulative biological
risk and childhood adversity. For example, Slopen et al. (2014) found
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that the association between cumulative biological risk and childhood
adversity was modified by neighbourhood context, such that the re-
lationship was stronger for individuals in low-affluence neighbour-
hoods and attenuated in individuals in higher affluence neighbour-
hoods (Slopen et al., 2014). Friedman et al. (2015) investigated both a
composite measure of early life adversity as well as different types of
early life adversity individually, in relation to biological risk. They
found a relationship between socioeconomic adversity and biological
risk that was mediated by adult education and social relationships. In
addition, childhood physical abuse was significantly related to biolo-
gical risk even after adjusting for adult education, social relationships
and health behaviours (Friedman et al., 2015).

In conclusion, two studies created a composite measure of biological
risk spanning multiple biological systems (e.g., cardio, metabolic, im-
mune). Both studies found a positive association between cumulative
biological risk and childhood adversity. The studies also identified
neighborhood context as a potential moderator, and adult education as
well as social relationships as mediators of this relationship.

4. Discussion

The current scoping review sought to examine the extent, breadth
and nature of recent research activity relating to biological measures of
ACEs in adulthood. We identified 40 primary studies that investigated
biomarkers from a range of physiological systems that included biolo-
gical measures of cardiac, metabolic, immune, genetic, endocrine and
stress response systems. Furthermore, two papers created a composite
score of biomarkers that spanned multiple physiological systems to
create an index of cumulative biological risk and allostatic load. The
studies looked at both direct and indirect relationships of ACEs and
biological measures in adulthood. The studies varied by design (i.e.,
cross-sectional, longitudinal), population (e.g., healthy men and
women, women with breast cancer, male twins, participants with
PTSD) and how they measured ACEs. The results of this scoping review
may be useful for those interested in further investigating biomarkers in
adulthood related to ACEs. While studies did identify biomarkers as-
sociated with ACES both directly and indirectly, gaps in the literature
suggest a need for further research in this area.

There was considerable variation in how studies conceptualized
ACEs and different methods that resulted to compute ACE scores.
Rather than creating a composite of early life adversity or ACEs score,
some studies looked at specific categories of ACEs. For example, mul-
tiple studies looked at childhood sexual abuse only. Other studies cre-
ated composite scores of ACEs, early life adversity, childhood social
disadvantage, or family environment. Creating cumulative indices of
early life adversity is often a preferred method as this takes into account
the fact that various ACEs are interrelated and often co-occur (Felitti
et al., 1998; Taylor et al., 2011). However, work that distinguishes
among different types of ACEs allows for a more in-depth comparison of
the effects of different types of ACEs in adulthood. For instance, when
Friedman and colleagues investigated specific aspects of the effects of
early life adversity on allostatic load in adulthood, they discovered that
only childhood physical abuse was related to allostatic load and that
these effects were more pronounced for biomarkers related to sec-
ondary stress systems (Friedman et al., 2015).

The majority of studies investigated biomarkers of specific physio-
logical systems such as immune system biomarkers or genetic bio-
markers (i.e., telomere length or epigenetic changes) (Beach et al.,
2011; Edmonds et al., 2016). However, these systems are highly in-
tegrated, and the activation of one system commonly results in re-
sponses in other systems. Further, multiple systems typically respond to
chronic stress (Danese and McEwen, 2012). In studies that investigated
body mass index as a metabolic biomarker of child abuse, other phy-
siological systems may come into play. For instance, dysregulation of
the HPA axis and cortisol may be a mechanism that connects abuse to
increased BMI and fasting glucose (Cicchetti and Rogosch, 2001; Heim
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et al., 2000). Despite this knowledge, we only identified two studies
that created a multi-system composite score using biomarkers of mul-
tiple physiological systems. For instance, Slopen et al. (2010) created a
biological risk index from eight different biomarkers and found that
childhood adversity was associated with this index in adulthood
(Slopen et al., 2010). Friedman and colleagues also created a composite
score to represent cumulative allostatic load. They included biomarkers
reflecting seven physiological systems incorporating immune, cardio-
vascular, and endocrine functioning, as well as stress response, and
found that childhood physical abuse was related to biological risk in
adulthood (Friedman et al., 2015).

Consistent with the idea that ACEs may become biologically em-
bedded and increase the risk for health problems in adulthood through
both direct and indirect methods, the majority of the identified studies
either investigated mediating effects of or adjusted for variables such as
health risk behaviours (e.g., smoking, physical inactivity, unhealthy
eating, alcohol consumption), family history of heart disease, emotional
distress, psychopathology, socioeconomic status and social relation-
ships (Bertone-Johnson et al., 2012; Danese et al., 2009; Lehman et al.,
2009; Li et al., 2015; Matthews et al., 2014; Midei et al., 2010, 2013;
Schrepf et al., 2014). This methodology is important to note because
these other variables may help explain the association of ACEs with
certain biomarkers. For instance, an unhealthy diet may contribute to
higher BMI, WC and fasting glucose, but such a diet may also be related
to using food as a coping strategy or binge eating, as both have been
shown to partially explain the relationship between childhood abuse
and obesity (Dong et al., 2004b; Greenfield and Marks, 2009; Rohde
et al., 2008). Negative emotions such as depression and anger have also
been shown to help explain the association of childhood abuse with
central adiposity and ischemic heart disease (Dong et al., 2004b; Midei
et al., 2010). The study conducted by Schrepf et al. (2014) found that
childhood trauma was associated with elevated levels of CRP, via ele-
vated BMI. They further found that this relationship was mediated by a
measure of distress related to using food as a coping mechanism
(Schrepf et al., 2014). On the other hand, Non et al. (2014) created a
cardiometabolic risk score from 8 biomarkers and found that children
with the highest level of social disadvantage were estimated to have a
greater than expected cardiometabolic risk in adulthood compared to
those with lower social disadvantage, even after adjusting for health
behaviours and depressive symptoms (Non et al., 2014).

It is important to note that this was a scoping review rather than a
systematic review or meta-analysis, as the heterogeneity and the pre-
liminary nature of the current literature would preclude using such
methods. Scoping reviews do not include a formal assessment of the
quality of the studies. Despite no such assessment, information was
extracted about the methodology and sample of each study. The goal of
the review was to include a representative, rather than an exhaustive
overview of the literature and it is possible that we may have missed
relevant studies.

Several areas for further research in regards to biological measures
of ACEs in adulthood are made manifest through this review. First, the
majority of studies used a cross-sectional design. Further studies using
longitudinal methods are needed to more directly assess whether ex-
posure to ACEs actually caused a change in biomarkers. Second, many
studies were conducted in specific populations (e.g., middle aged male
twins (Rooks et al., 2012), females with breast cancer (Crosswell et al.,
2014), African Americans with PTSD (Smith et al., 2011), urban police
cadets (Pole et al, 2007), female registered nurses (Bertone-
Johnson et al., 2012) etc.), the results of which may not generalize to
other populations. More research is needed in larger representative
samples. As the research develops, comparisons between different di-
agnostic groups (e.g., patients with cancer and patients with heart
disease) can be investigated in relation to biomarkers of ACEs in
adulthood. Third, there are differences in how ACEs are measured and
conceptualized among studies, making it difficult to compare studies.
Thus, more consistency is needed to define and measure ACEs.
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Moreover, a limitation for our scoping review was that we did not in-
clude PTSD as a search term. Although the term ‘stress’ was included,
studies that report on biomarkers for individuals with PTSD may not
have been included in this review. Biological system dysregulation
present following the development of PTSD may be similar to the
dysregulation observed following exposure to ACEs, thus PTSD should
be included in future reviews of biomarkers. Finally, it is noted that this
review did not include imaging studies, as it focused on more direct
markers of biological processes. Future studies could potentially ex-
plore neuroimaging and imagery of other organ systems, as the litera-
ture develops.

In conclusion, ACEs may be related to inflammatory (e.g., TNF-a,
IL-6, CRP) (Crosswell et al., 2014; Danese et al., 2009; Kiecolt-Glaser
et al., 2011; Smith et al., 2011), cardio/ metabolic (e.g., BMI, WC,
blood pressure) (Midei et al., 2013; Su et al., 2014), genetic (e.g., 5SHTT
promoter DNA methylation, telomere length) (Beach et al., 2011;
Edmonds et al., 2016; Tyrka et al., 2010), and endocrine (e.g., cortisol)
(Carpenter et al., 2007, 2010; Bertone-Johnson et al., 2012) bio-
markers, as well as composite indices representing multiple physiolo-
gical systems (Friedman et al., 2015; Slopen et al., 2014). However, not
every study identified found significant associations. Health beha-
viours, emotional distress, social relationships, psychopathology and
socioeconomic factors may help explain some of these associations.
Further research is needed to better understand the biological measures
of ACEs in adulthood and their relationship to health conditions.
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