
The influence of adverse childhood 
experiences in pain management: 
mechanisms, processes, and trauma-
informed care 
Article 

Published Version 

Creative Commons: Attribution 4.0 (CC-BY) 

Open Access 

Tidmarsh, L. V. ORCID: https://orcid.org/0009-0004-0613-
1607, Harrison, R., Ravindran, D., Matthews, S. L. and Finlay, 
K. A. ORCID: https://orcid.org/0000-0002-8997-2652 (2022) 
The influence of adverse childhood experiences in pain 
management: mechanisms, processes, and trauma-informed 
care. Frontiers in Pain Research, 3. 923866. ISSN 2673-561X 
doi: 10.3389/fpain.2022.923866 Available at 
https://centaur.reading.ac.uk/105890/ 

It is advisable to refer to the publisher’s version if you intend to cite from the 
work.  See Guidance on citing  .

To link to this article DOI: http://dx.doi.org/10.3389/fpain.2022.923866 

Publisher: Frontiers Media S.A. 

All outputs in CentAUR are protected by Intellectual Property Rights law, 
including copyright law. Copyright and IPR is retained by the creators or other 
copyright holders. Terms and conditions for use of this material are defined in 

http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf


the End User Agreement  . 

www.reading.ac.uk/centaur   

CentAUR 

Central Archive at the University of Reading 
Reading’s research outputs online

http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence


REVIEW
published: 10 June 2022

doi: 10.3389/fpain.2022.923866

Frontiers in Pain Research | www.frontiersin.org 1 June 2022 | Volume 3 | Article 923866

Edited by:

Michele Trimboli,

Azienda Ospedaliero-Universitaria

Mater Domini, Italy

Reviewed by:

Laura Jones,

University College London,

United Kingdom

Gordon Alfred Barr,

Children’s Hospital of Philadelphia,

United States

*Correspondence:

Lydia V. Tidmarsh

l.v.tidmarsh@reading.ac.uk

Specialty section:

This article was submitted to

Pain Mechanisms,

a section of the journal

Frontiers in Pain Research

Received: 19 April 2022

Accepted: 20 May 2022

Published: 10 June 2022

Citation:

Tidmarsh LV, Harrison R, Ravindran D,

Matthews SL and Finlay KA (2022)

The Influence of Adverse Childhood

Experiences in Pain Management:

Mechanisms, Processes, and

Trauma-Informed Care.

Front. Pain Res. 3:923866.

doi: 10.3389/fpain.2022.923866

The Influence of Adverse Childhood
Experiences in Pain Management:
Mechanisms, Processes, and
Trauma-Informed Care

Lydia V. Tidmarsh 1*, Richard Harrison 1, Deepak Ravindran 2, Samantha L. Matthews 1 and

Katherine A. Finlay 1

1 School of Psychology and Clinical Language Sciences, University of Reading, Reading, United Kingdom, 2 Royal Berkshire

Hospital, Reading, United Kingdom

Adverse childhood experiences (ACEs) increase the likelihood of reduced physical

and psychological health in adulthood. Though understanding and psychological

management of traumatic experiences is growing, the empirical exploration of ACEs

and physical clinical outcomes remains under-represented and under-explored. This

topical review aimed to highlight the role of ACEs in the experience of chronic pain,

pain management services and clinical decision making by: (1) providing an overview

of the relationship between ACEs and chronic pain; (2) identifying biopsychosocial

mechanisms through which ACEs may increase risk of persistent pain; (3) highlighting

the impact of ACEs on patient adherence and completion of pain management

treatment; and (4) providing practical clinical implications for pain management. Review

findings demonstrated that in chronic pain, ACEs are associated with increased pain

complications, pain catastrophizing and depression and the combination of these factors

further heightens the risk of early treatment attrition. The pervasive detrimental impacts

of the COVID-19 pandemic on ACEs and their cyclical effects on pain are discussed

in the context of psychological decline during long treatment waitlists. The review

highlights how people with pain can be further supported in pain services by maintaining

trauma-informed practices and acknowledging the impact of ACEs on chronic pain and

detrimental health outcomes. Clinicians who are ACE-informed have the potential to

minimize the negative influence of ACEs on treatment outcomes, ultimately optimizing

the impact of pain management services.

Keywords: chronic pain, ACEs, pain catastrophizing, fear-avoidance, person-centered care, treatment adherence

and completion

INTRODUCTION

Chronic pain is one of the leading causes of disability worldwide [Global Burden of Disease
Reviews; (1)], impacting 35–52% of the UK population (2). The negative emotional and sensory
experience associated with potential or actual tissue damage [IASP; (3)] means that chronic pain
is complex and multidimensional. There is growing evidence to suggest early life experience(s)
may influence chronic pain occurrence and presentation in adulthood (4). Adverse childhood
experiences (ACEs) are defined as potentially traumatic encounters before 18 years of age (5).
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These may affect a child or adolescent directly through physical,
psychological, emotional, and/or sexual abuse or neglect by
a primary caregiver, or indirectly via environmental exposure
[e.g., parent psychopathology, exposure to violence against
mother, living with substance abuse, and early parent loss
from divorce or incarceration; (5)]. As most recent global
estimates indicate more than 1 billion 2–17-year-olds are
victims of physical, emotional and or sexual abuse worldwide
(6), and 49.8% of children are exposed to at least one
ACE during their lifetime (7), identifying the long-term
implications of ACEs on development and health outcomes
is critical.

The prevalence of chronic pain in adults with ACEs is
high, with 84% (N = 326) reporting at least one ACE (8).
By contrast, in the general population it has been estimated
that only 61.6% (N = 214,157) of people report at least one
ACE (9), a rate substantially below that seen in people living
with pain. Furthermore, incidence of chronic pain doubles in
individuals with ACEs (8.7%) compared to no ACEs [4.6%; (7)].
Together, these statistics emphasize the higher occurrence of
childhood adversity in people living with chronic pain. Higher
prevalence of ACEs in individuals with chronic conditions
typically increases healthcare utilization as a result of poor
adult physical and psychological health (10), highlighting the
societal health burden associated with ACEs. Figures suggest
the total annual costs of lost productivity due to ill health and
premature mortality as a result of ACEs have been estimated
at US $581 billion in Europe and $748 billion in North
America (11). Furthermore, 75% of these costs result from
supporting the needs of individuals with as few as two or
more ACEs (11), demonstrating the major societal impact
of supporting individuals exposed to ACEs. The interaction
between ACEs and chronic pain has been minimally explored,
but it is widely recognized that chronic pain itself, independent
of ACEs, has substantial physical and psychological impacts on
multiple life domains, including reduced mobility, poor sleep,
fatigue, distress, and unemployment (12, 13). The pervasive
detrimental physical, social and psychological outcomes from
chronic pain also commonly present in people who have
experienced greater childhood adversity (14, 15). Therefore,
there is an urgent need to further interrogate the role of ACEs
in pain management and/or comorbid health conditions to
develop responsive, ACE-informed pain-related clinical care and
decision making.

The overall aim of the present review is to highlight the
role of ACEs in the experience of chronic pain and the impact
that such ACEs may have on pain management services and
clinical decision making. Therefore, the objectives are four-
fold: (1) to provide an overview of the relationship between
ACEs and chronic pain; (2) to identify possible mechanisms
through which ACEs may increase risk of persistent pain; (3)
to highlight the impact of ACEs on patient adherence and
completion of pain management treatment; and (4) in light
of this evidence, to provide practical clinical implications for
pain management.

ACEs AND CHRONIC PAIN IN ADULTHOOD

A growing body of literature demonstrates harmful effects
of ACEs exposure on increasing the likelihood of chronic
pain (16, 17) and disability (11) in adulthood. Meta-analytic
evidence indicates childhood abuse and neglect is associated with
greater pain symptoms and pain-related conditions compared
to individuals with no ACEs (18) and chronic widespread
conditions like fibromyalgia in adulthood (19). More recently,
this trend has been further validated, with increased pain severity
observed in people with ACEs (20), suggesting not only that
pain occurrence is elevated after exposure to ACEs, but also
that the disabling intensity of the pain itself may also be
increased. Longitudinal evidence also suggests court-validated
ACEs (documented, not self-reported) significantly increase the
risk of disabling pain symptoms in middle adulthood 30 years
later, compared to a demographically matched control group
(21). The link between ACEs and pain in adulthood is therefore
severe, prolonged and increasingly well-established.

However, whilst a large body of evidence suggests a positive
relationship between ACEs and chronic pain in adulthood,
some conflicting findings are evident in the literature base,
particularly in terms of which ACEs (for example, physical
abuse, sexual abuse, or neglect) are associated with specific
pain-related diagnoses. A systematic review including eighteen
studies with 13,095 participants found that adult fibromyalgia
is significantly related to childhood physical and sexual abuse
to a greater extent than other ACEs (22). More recently, meta-
analytic evidence confirmed the significant association between
both physical and sexual abuse and adult fibromyalgia, although
physical abuse was more strongly related (19). Physical abuse in
childhood also displays an increased risk of back and neck pain in
adulthood (23–25), whereas sexual abuse (as yet) does not (25).
Additionally, functional impairment due to pain is significantly
predicted by maltreatment, whereas sexual abuse more strongly
predicts pain intensity (26). Taken together, the discrepancies in
the patterns of association between ACEs and pain conditions
may be explained by variations in the ACE dimensions; the
type of abuse or neglect, and the links between these and pain
outcomes in later life. Thus, it is not that there is no relationship
between ACEs and pain, rather the type of ACE exposure may
predict the form and severity of the pain experience. The ACE-
pain research base, however, is currently fragmented, meaning
definitive directional conclusions are difficult to validate.

What is clearer, however, is that people with pain and
a history of childhood adversity are not only susceptible to
greater physical pain, but to vulnerabilities in their psychological
wellbeing. A recent umbrella review of nineteen meta-analyses
including 559 studies (N = 4,089,547) found childhood sexual
abuse is strongly associated with elevated rates of clinical
depression and anxiety (14). Evidence suggests a 77% increased
likelihood of depression in young adulthood in individuals
with ACEs (27). Such meta-analytic evidence shows depression
and anxiety are significantly associated with chronic pain (28,
29), with higher levels of psychological distress predicting
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more severe and disabling pain (30). In combination, this
evidence suggests that independently, individuals with pain
or ACEs display a greater susceptibility to poor psychological
health. Therefore, the presentation of ACEs and pain in
combination may pose a particularly severe psychological
risk profile.

Indeed, comorbid chronic pain and anxiety is related to
an increase in suicide attempts (31) and also mediates the
relationship between ACEs and greater suicide risk (32). ACEs
exposure increases risk of suicidal behavior (33) with 146%
greater odds of suicidal ideation in adulthood compared to
individuals with no ACEs (27). A recent systematic review,
including 28 studies, found ACEs significantly predict suicide
attempts and suicidal ideation, with increased likelihood of both
ideation and suicide attempts occurring in those with more
numerous ACEs (34). This indicates a high-risk profile for
individuals with ACEs and pain, demonstrating their increased
susceptibility to severe psychological co-morbidities and risks
of early mortality. Thus, it is clear that for people living with
pain, those with greater ACEs exposure represent an even more
psychologically vulnerable subgroup (34).

It is important to recognize that the interrelationship
between ACEs and pain cannot simply be explained by
the exposure to trauma, and trauma-related biopsychosocial
outcomes. While ACEs are potentially traumatic events, trauma
may not necessarily be experienced as a result of ACEs. This
has been demonstrated through the significant variability in
trauma presentation profiles across types of ACEs; sexual abuse
is most strongly predictive of trauma (35), whereas parental
divorce may not be experienced as traumatic (36). Protective
factors such as social support from a nurturing adult (37),
living in a safe community (38), and resilience (39) play a
protective role in the development of trauma following adversity.
Whilst trauma is not always a consequence of ACEs, Post-
Traumatic Stress Disorder (PTSD) [the intrusive re-experience
of traumatic events characterized by hyperarousal and avoidance
of trauma-related stimuli; (40)], can often result (41), and there
is greater associative risk of PTSD presentation from cumulative
ACEs exposure (42, 43). However, research suggests that post-
traumatic stress disorder (PTSD), in isolation, is not the unique
mechanism by which ACEs facilitate pain; significantly greater
pain complications are evident where ACEs and PTSD combine,
compared to the (lower) levels of pain typically experienced
by people who have been diagnosed with PTSD alone (21).
Furthermore, PTSD is not found to mediate the relationship
between increased pain intensity and ACEs in chronic pain
patients (20). It is clear therefore that PTSD must be considered
separately fromACEs, and though it undoubtedly affects the pain
experience, it is the particular salience of childhood adversity
and the subsequent trauma-pain relationship which has a highly
problematic impact on pain outcomes.

ACEs: THE “DOSE-RESPONSE”

RELATIONSHIP

Critical insights on the impact of trauma on chronic health
conditions over the life course come from the understanding of

the dose-response relationship (44). Trauma has a cumulative
lifetime burden, with significant increased risk for poor general
health, elevated morbidity (45) and pre-mature mortality
(5) observed with greater exposure to ACEs. This powerful
cumulative influence of ACEs on adult health is an important
predictive factor for subsequent health outcomes. Felitti et
al. (5) in their seminal ACEs study, found that within a
representative US population sample of N = 13,494, those
with four or more ACEs had an increased risk for various
health conditions including (but not limited to) ischemic
heart disease, cancer, obesity, alcoholism, lung disease, and
depression. Recent evidence supports this; more numerous ACEs
are associated with increased pain intensity, pain interference,
anxiety, and depression (8, 16, 18). Furthermore, as the number
of ACEs increase, the higher the level of associated psychosocial
functioning impairment observed (46). Indeed, greater ACEs
exposure (≥3 ACEs), in a “dose-response” relationship, is
associated with a higher level of clinical complexity in terms
of adjustment to pain and mental health symptoms (47, 48).
This therefore suggests a greater vulnerability to poor health
outcomes for individuals with higher exposure to childhood
adversity. By identifying individuals with higher numbers of
adverse childhood experiences, it may be possible to offer
additional support to facilitate improved responsivity to pain
management interventions.

While evidence suggests a “dose-response” relationship
between multiplicative ACEs and worsened pain-related health
outcomes (8), response to treatment does not appear to follow
the same trajectory. Following pain rehabilitation, significant
improvements in pain, physical and psychosocial functioning
were observed in all groups (0 ACEs, 1–2 ACEs, or ≥3 ACEs),
irrespective of the number of ACEs (47). This suggests that
while individuals with greater ACEs exposure may be more
susceptible to chronic pain and clinical complexity in adulthood,
response to treatment is equally promising in those with and
without childhood adversity. Investment in pain management
services is therefore key as it may provide an opportunity to
mitigate the ACEs-pain relationship. This poses an important
point for further investigation: it is yet to be understood
how the mechanisms underlying the ACEs-pain relationship
in adulthood differentially influence the pain experience and
response to treatment.

While the dose-response relationship suggests a cumulative
effect of ACEs on negative health outcomes (5, 44), the
influence of age of exposure remains understudied. Most rapid
neuroendocrine development occurs from birth to 6 years,
therefore implicating early childhood as a sensitive period during
which the detrimental impacts of ACEs may be heightened (49).
Brain development, endocrine and immune system physiology
can be dysregulated by prolonged and unrelenting exposure
to stress(ors) (50). Indeed, ACEs in early childhood lead to
increased rates of adult PTSD and internalizing symptoms (51,
52), more severe depression, anxiety, and suicide attempts (53,
54). As elevated rates of anxiety and depression are associated
with ACEs (14), chronic pain (28, 29), and more severe and
disabling pain (30), together, this may suggest individuals
exposed to ACEs in early childhood potentially have an increased
risk of pain intensity and psychopathology. However, significant
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maturation of neuroendocrine development also occurs during
adolescence (55). Adolescence is also characterized as high risk
for psychopathology onset due to shifts in biological, cognitive
and social systems (56). This therefore potentially poses ACEs
exposure during this time as a highly sensitive period to
psychological distress. Indeed, adolescents with cumulative ACEs
exposure are two timesmore likely to develop depression, anxiety
and suicidal ideation (57). Similarly, in terms of chronic pain
conditions (without specific comorbid mental health difficulties),
higher numbers of ACEs are associated with fibromyalgia and
recurrent headache in adolescents (58).

Though the research in ACE dose-responsiveness is fledgling,
it is important to note that while developmental patterns may
exist, current assessment measures do not differentiate by the
age at which the ACE occurred. A recent umbrella review of
systematic reviews and meta-analyses concluded the effect of age
of exposure on mental health could not be explored due to an
insufficient database (59). Moreover, there is no direct research
on the direct impact of age of ACEs exposure on subsequent
diagnosis of chronic pain in adulthood. This therefore limits the
capacity to finitely conclude what extent the predictive value of
age of ACEs has on subsequent pain presentation. Improvements
in the way ACEs are measured are required to gain greater insight
into the developmental trajectories and mechanisms underlying
ACEs and pain.

BIOLOGICAL MECHANISMS AND

PROCESSES

Psychoneuroimmunology emphasizes the interaction between
behavioral, neural and immune processes on health (60). This
perspective is aligned with the biopsychosocial approach (61),
recognizing the interacting biological, psychological and social
factors influencing the development and maintenance of chronic
pain. From a psychoneuroimmunological perspective, exposure
to adversity during the period of critical neuroendocrine
development within childhood, can result in altered
stress reactivity, physiological sensitization to stress and
immunological dysregulation (62). Longitudinal systematic and
meta-analytic review evidence suggests that dysregulation of
the stress and immune systems as a result of ACEs exposure, is
significantly associated with elevated inflammatory biomarkers
(63, 64), demonstrating a mechanistic physiological response
to trauma. This prolonged inflammation can cause peripheral
sensitization, resulting in hyperalgesia and chronic widespread
pain (65). Stress and immune system dysregulation persists
into adulthood, associated with various pain somatization
conditions including fibromyalgia and chronic pelvic pain
(19, 66). Additionally, more severe inflammatory effects are
found in people with cumulative ACEs exposure, even up to 30
years later (67, 68). Typical confounding factors, such as low
socioeconomic status, smoking or diet, had no impact on this
relationship (68), despite their documented detrimental impact
on the immune system and resulting increased inflammatory
activity (69). This demonstrates the particular salience of ACEs
exposure on the physiological stress response—it is impactful

above and beyond poor health behaviors, socioeconomic and
environmental risk factors. Thus, understanding the interaction
between behavioral, neural, and immune processes on the
development of chronic pain in adulthood is important to shape
trauma-informed care for pain management.

Allostasis is the process governing the long-term physiological
responses to the psychological stresses of both everyday life and
major life events (70). Typically, during periods of perceived
stress, cortisol is released within the Hypothalamus-Pituitary-
Adrenal (HPA) axis, enhancing threat detection and activating
the immune system (71). Elevated cortisol levels signal the
occurrence of an adequate stress response. When these signals
are detected, the body subsequently stops producing cortisol
and levels dissipate (72). However, at the point where sustained
environmental challenge exceeds coping ability, like when a child
faces adversity, this process can become chronically activated
and no longer adaptive (73). This results in allostatic overload
(74) which occurs via three dominating pathways: firstly, through
frequent and repeated exposure to a perceived stressor; secondly
when the stress response continues following the end of a
stressful episode; and thirdly, when the stress response becomes
maladaptive and the complex hormonal control system is
disrupted (75). Allostatic overload during childhood can lead to
epigenetic modulation of this stress response system (76) which
increases the reactivity of the HPA axis. This ultimately results
in dysregulated cortisol and chronic low-grade activation of the
immune system (73). Cortisol is importantly implicated in threat
perception (77). Further, the amygdala regulates the perception of
threat and the conditioning of the stress response by promoting
glucocorticoid secretion, activating the HPA axis (78). Indeed,
the association between cortisol and elevated amygdala activity
during fearful and anxious states is well-established (77, 79–
83). When a stimulus is interpreted as a potential threat in the
amygdala, cortisol secretion, which in turn, strengthens synaptic
connectivity and promotes dendritic growth in the amygdala,
promotes the formation of fear-based memories in animals
(77, 79). This mechanism is supported within humans, with a
systematic review including 48 fMRI studies demonstrating that
the amygdala was the most consistently activated brain region
within fear-conditioning experiments (80). Fear-based memory
formation can also contribute to conditioning a sensitized stress
response, further dysregulatingHPA axis activation (84). Chronic
HPA dysregulation is observed in individuals with ACEs as
indicated by hair cortisol levels (85), and meta-analytic evidence
suggests significantly elevated levels of the inflammatory markers
peripheral C-reactive protein (CRP), tumor necrosis factor alpha
(TNF-α), and interleukin 6 (IL6) in trauma-exposed individuals
in adulthood (63). Inflammatory markers appear to differ
depending on type of ACEs; physical and sexual abuse is related
to a significant increase in TNF-α and IL-6, and parental absence
is primarily associated with elevated CRP levels (63). In animal
studies, rodents exposed to maternal separation display altered
inflammatory profiles, increased pain sensitivity and anxiety (86–
88). Such inflammatory biomarkers result in changes in the
immune system, ultimately increasing susceptibility to illness
and disease later in life (69). Indeed, chronic stress-induced
HPA reactivity is also consistently linked to pain conditions
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including fibromyalgia, chronic pelvic pain, and musculoskeletal
pain (66, 89, 90). Thus, HPA axis dysregulation and inflammatory
pathways influenced by ACEs exposure can have persisting health
implications in adulthood. Further research is needed to explore
differential inflammatory effects across type of ACEs exposure.

Neuroinflammation, characterized by activation of microglia
and astrocytes, is also increasingly recognized as an important
underlying mechanism in the pathogenesis of chronic pain (65,
79, 91, 92), and is observed in conditions like fibromyalgia (93).
Microglia, a specialized macrophage with receptors, functions
to protect the CNS (94). They do this by integrating and
managing the response to glucocorticoids including cortisol
and releasing inflammatory mediators such as interleukin-1
and TNFα, alongside catecholamines like noradrenaline (95).
In chronically stress-induced systems, like in those associated
with ACEs (10, 63), microglia may become overactivated,
increasing production of proinflammatory cytokines (96). It is
proposed through this inflammatory mechanism, ACEs-related
functional and structural brain alterations are observed in regions
responsible for memory and emotion regulation including the
amygdala and hippocampus (97). Altered microglia activation is
also associated with increased anxiety and depressive symptoms
(98), common psychological comorbidities of chronic pain (14,
99). Together, this suggests that early life stress may prime
microglia to overrespond and facilitate inflammation, each
increasing the likelihood of chronic pain (63, 100, 101). This,
alongside epigenetic changes occurring in stress response genes
as a result of exposure to ACEs (102), are both mechanistic
avenues warranting further investigation in relation to elevated
threat perception in individuals with ACEs [pain catastrophizing;
(103)]. As elevated catastrophizing and threat perception is
also associated with increased pain intensity (88), this would
help to support subgroups at increased susceptibility to worse
pain. Despite the advances in the psychoneuroimmunological
understanding of ACEs, it is important to note that much
evidence is based upon animal experimentation (104), limiting
its potential extrapolation to human models. Concepts such as
the role of cortical modulation or human psychology are not yet
elucidated, and further investigation is required.

In summary, allostatic overload occurs when environmental
stressors exceed an individual’s ability to cope. This disrupts
the stress response, affecting endocrine, neural, and immune
systems. When chronically activated, as in individuals with
ACEs, the physiological stress response becomes hypervigilant
in detecting threat, increasing pain perception. These biological
mechanisms within the stress response and inflammatory
biomarkers therefore provide potential targets for intervention
for stress management for clinical subgroups with increased
susceptibility to chronic pain.

PSYCHOLOGICAL THEORETICAL

MODELS

Pain-related research evidence and pain theory agrees that
biological mechanisms alone cannot adequately explain processes
or mechanisms underlying pain (105–108). Rather, an integrative

biopsychosocial perspective is optimal, acknowledging the
importance of how interacting psychological and social
factors may influence the experience of pain (109). Moreover,
psychological models and theory offer valuable understanding
and insight to intervention in order to support behavior
change (110). Thus, exploring these factors in understanding
the processes underlying the ACEs-pain relationship is key
to informing clinical practice. There are many cognitive and
emotional factors that are valuable when considering the clinical
implications of ACEs within pain management, particularly the
concepts of pain catastrophizing and fear-avoidance, and their
role in the ACEs-pain relationship. As demonstrated, there is an
empirically grounded link between ACEs and threat detection
through stress-induced HPA axis dysregulation, increasing
amygdala activity and fear-based memory formation (77, 79–83).
Moreover, the link between heightened threat detection and
chronic pain is also well-established (66, 89, 90). Based on these
biological mechanisms, psychological models of threat detection
are likely to be relevant in further understanding how ACEs may
influence pain.

COGNITIVE FACTORS: PAIN

CATASTROPHIZING

Cognitive-Behavioral models (111) emphasize the salience of
cognitive and behavioral factors in the maintenance of chronic
pain. Like with other aversive life events, cognitive factors
include primary and secondary appraisal of the severity of the
perceived threat and the ability to overcome the stressor (112).
Within the context of chronic pain, the sheer pervasiveness
of pain can be very distressing, which facilitates heightened
negative appraisal, in turn making the experience of pain worse
(111). Pain catastrophizing (PC) is a concept characterized by
such negatively oriented cognitive appraisals; the tendency to
magnify the threat and interpretation of pain (113). PC is
comprised of three dimensions: Rumination, repetitive focus on
symptoms of distress; Magnification, an exaggerated perception
and anticipation of the threat of pain; and Helplessness, a
perceived inability to exert control (114–116). Evidence from
two meta-analyses concludes PC is the strongest psychosocial
predictor of chronic pain following surgery (117, 118). Therefore,
when adopting a biopsychosocial approach to better understand
the development and maintenance of chronic pain, the salience
of catastrophizing is evident. Threat salience models explain that
threat learning, with pain perceived as a cognitive-emotionally
salient threat, mediates the link between stress and chronic
pain (119). Thus, following exposure to ACEs, where there is
a prolonged and hypervigilant stress system dysregulation (63,
69, 85), PC may act as a cognitive mechanism contributing to
this stress response. Indeed, pain magnification, rumination and
helplessness dimensions within PC are found to increase cortisol
secretion (113, 120, 121). Given the link between chronic stress-
induced HPA dysregulation and pain (66, 89), this may be a
cognitive-emotional mechanism through which individuals with
ACEs display an increased risk of chronic pain likelihood and
pain intensity (7, 20). Further mechanistic research is required

Frontiers in Pain Research | www.frontiersin.org 5 June 2022 | Volume 3 | Article 923866

https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

to fully elucidate the link between ACEs, threat perception and
chronic pain in adulthood. Nonetheless, this evidence highlights
that people with ACEs are an especially susceptible population
at risk of more severe chronic pain, potentially mediated via
PC mechanisms.

Indeed, in the context of ACEs, individuals with a history
of childhood maltreatment display a heightened perception
of threat and increased anxiety as a result of their early
trauma exposure (122). This is associated with an increased
likelihood of PC in people with ACEs (103) compared to
individuals with no ACEs (123). Moreover, this association is
evident in adults with few ACEs (123), even when controlling
for confounding factors like socioeconomic status, depression
and anxiety (103). Importantly, evidence focusing on change
processes during treatment found reductions in PC are central
to successful Pain Management Programme (PMP) outcomes
(124, 125). Together, these findings emphasize the salience
of ACEs on PC in adulthood, and the negative implications
of this mechanism on treatment outcomes. In chronic pain
patients, a history of ACEs is associated with greater PC and
a more severe clinical profile, characterized by higher levels of
pain interference and pain severity (126, 127). Collectively, the
evidence suggests that assessing a patient’s history of ACEs could
facilitate appropriate intervention for this vulnerable population
to overcome maladaptive coping and poor pain outcomes.

In summary, PC exacerbates pain via a heightened perception
of threat in individuals with ACEs (122). This is particularly
salient in the context of ACEs as it is the strongest psychosocial
predictor of chronic pain (118) and reductions in PC are central
to change processes within PMP treatment (124). Thus, an
increased susceptibility to pain catastrophizing in ACEs pain
patients (103) highlights the importance of trauma-informed
care for pain management. Trauma-awareness in assessment
and formulation can therefore help to support emotional and
behavioral factors relevant to pain self-management.

BEHAVIORAL FACTORS: PAIN

FEAR-AVOIDANCE AND TRAUMA

EXPERIENTIAL-AVOIDANCE

Evidence suggests that PC precedes pain-related fear (128).
The fear-avoidance model (129) explains potential pathways
in which pain patients enter a downward spiral increasing
and maintaining avoidance behavior, pain, and disability. Fear
is an emotional response to anticipated threat. Fear of pain
encompasses beliefs and expectations regarding the extent of
detrimental impact that pain will cause (130). When pain is
cognitively magnified and perceived as an imminent threat, as
with catastrophising, avoidance is elicited as a protective fear
response to prevent an encounter with or escape from the pain-
related stimulus (129). Avoidant behavior often results in activity
restriction (expected to cause pain), interfering with the ability
to engage in valued life experiences, and increasing the risk of
negative mood and functional disability (129). Fear-avoidance
behaviors are activated in response to the anticipation of pain,
as opposed to the retrospective processing of pain. Therefore,

by avoiding activities expected to exacerbate pain, there are
limited opportunities to correct invalid/inaccurate perceptions
of pain in the context of physical threat. This therefore
reinforces catastrophized pain beliefs and avoidant behavior,
thus maintaining the cycle of fear-avoidance and chronic pain.
Indeed, avoidance behavior is associated with increased pain
intensity and difficulties adjusting to pain (131). This suggests
fear-avoidance is a central cognitive-behavioral mechanism to
persistent pain and offers an important target for intervention.
These observations are even more salient in the context of
long waiting lists for pain management/treatment, characterized
by uncertainty (132) and elevated anxiety (133), as pain fear-
avoidance is likely to also be exacerbated given the central
role of anticipation. Therefore, in order to improve treatment
engagement and outcomes, further study on improving pain
fear-avoidance during this period is required.

Fear-avoidance is particularly important in the context
of ACEs and traumatic experience. In trauma-exposed
individuals, avoidance of trauma-related stimuli is observed as
a protective affective-behavioral response. This is a dominant
characterization of PTSD, termed experiential-avoidance (40).
Experiential-avoidance, similar to fear-avoidance, is an inflexible
emotional regulation strategy characterized by exerting effort
to avoid unpleasant emotions, cognitions, memories and
internal experience (134). While it is important to recognize
that PTSD and ACEs are separate constructs, they commonly
present together as comorbid and, often, display a shared
experience of trauma (41), thus highlighting their association.
Neurological markers also indicate ACEs and PTSD are related
(135). Hyperactivity in the amygdala, due to its prominent
role in threat detection (136), is observed in both PTSD (137)
and in people with ACEs, even in those who do not have
comorbid mental disorders (138). It is likely therefore that
fear-avoidance in pain and experiential-avoidance in trauma
may display a mechanistic overlap underlying the ACEs and pain
relationship. Evidence supports this as experiential-avoidance
and pain fear-avoidance are directly associated in chronic
pain populations (139). Moreover, higher post-traumatic stress
symptoms, including experiential-avoidance, influence the
association between childhood maltreatment and increased
pain intensity and more widespread pain in adulthood (140).
Within experiential-avoidance, when chronic pain patients with
a history of trauma attempt to control negative emotion, this
leads to greater trauma-related symptoms, higher pain intensity,
pain disability and difficulty coping with pain (99, 139, 141, 142).
Higher levels of experiential-avoidance in chronic pain patients
are also associated with increased depression and anxiety (143).
Moreover, higher levels of avoidance are significantly related to
lower completion of psychological intervention in youth with a
history of sexual abuse (144). Together, the shared emotional-
behavioral mechanisms of fear and experiential avoidance within
both ACEs and chronic pain, facilitate increased vulnerability to
pain-related outcomes and treatment attrition. As the inability
to control negative emotion impacts various dimensions of
pain (99), this highlights the critical importance of developing
standardized trauma-informed care for ACEs pain patients. To
elucidate the mechanisms underlying ACEs and pain more fully,
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future research would benefit from exploring the overlapping
constructs of fear and experiential avoidance and how they work
within the ACEs and pain relationship.

THE IMPACT OF ACEs ON PATIENT

ADHERENCE AND COMPLETION

Longitudinal evidence indicates a history of childhood neglect
or sexual abuse predicts early attrition in psychotherapy in
adulthood (145). Childhood sexual abuse also increases risk of
treatment non-adherence and non-completion in a variety of
interventions (146–148). In a low-income sample in Australia, a
history of abuse alone significantly predicted early attrition of a
pain self-management programme (149). Furthermore, elevated
pain catastrophizing and substance use history, additional factors
commonly associated with ACEs (103, 150) also predicted
non-completion of treatment (149). This suggests people with
ACEs display a higher risk of attrition or early withdrawal
from treatment interventions. To date, there has been no
literature exploring the impact of ACEs on patient adherence or
completion specific, therefore, further research is recommended
for greater understanding of how ACEs-pain patients can be
supported in order to increase PMP engagement and completion.

THE IMPACT OF COVID-19 ON ACEs AND

PAIN

For chronic pain patients, COVID-19 has exacerbated pain
symptoms as a result of pervasive social disruptions, reduced
access to or discontinued treatment over health concerns (151,
152). This will likely lead to an increased demand on healthcare
services as a result of treatment backlogs and worsening
pain conditions. However, COVID-19 has not only impacted
healthcare service pressures, it has also caused significant
psychosocial disruptions in the home. Parental stress, depression,
financial burden, and substance abuse are all risk factors for
child abuse and maltreatment (153). Each of these factors
have been exacerbated by the socioeconomic and psychological
costs of the COVID-19 pandemic (154). Furthermore, social
distancing, stay at home orders and the removal of social
support has had detrimental impacts on individuals living
in adverse environments (155). While real-time data on the
effects of COVID-19 on ACEs is scarce, reports indicate
increasing incidents of ACEs. From April-September 2020,
children suffering serious harm or death from abuse or neglect
increased by 25% [(156); Childhood Safeguarding Practice
Review]. Recent findings also show that during the pandemic,
children who reported ACEs reported a 29.1% increase in
witnessing domestic abuse and 42.2% increase in emotional
abuse (154). Latest figures from the Office of National Statistics
show a 7% increase of domestic abuse-related police recorded
offenses of 259,324 from March to June 2020 (the height of
lockdown restriction in the UK) compared to the same period
in 2019, and a 18% increase from 2018. Moreover, demand for
domestic abuse helplines increased by 22% from March 2020
to March 2021, suggesting an increased occurrence of abuse

and reduced access to external support services (157). As trends
prior to the pandemic suggest a year-on-year average of 6%
increase in domestic abuse (158), these figures therefore display
notably elevated levels. Furthermore, as enforced isolation with
abuse perpetrators can reduce disclosure to services (159), these
numbers may continue to rise over the next year as lockdown
measures have been lifted for some time, giving an even greater
insight into the effect of the pandemic on ACEs exposure. As
the impact of the pandemic continues 2 years on, together this
evidence suggests the exposure of ACEs may be prolonged,
and the significance on resulting health outcomes increased,
due to the contextual shifts from the enforced isolation. When
combined with the well-established longitudinal evidence of
ACEs and poor health outcomes as previously discussed (14), this
warrants concern for the long-term impacts of COVID-19 in the
coming years. Thus, it is imperative to further understand this
relationship in chronic pain patients as both cases and service
pressures are anticipated to grow.

Prior to the COVID-19 pandemic, individuals with ACEs
already display an increased vulnerability to depression (160),
however this is more pronounced in the current climate (161).
Recent findings suggest individuals with more ACEs experienced
heightened risk perception of COVID-19 and greater depressive
symptoms as a result (161). As patients with depression have
higher non-completion rates in PMPs (162), this emphasizes how
people with pain who also present with ACEsmay be a vulnerable
and disadvantaged population, risking poorer health outcomes.
Furthermore, this also highlights the salience of depression in
patient adherence to pain treatment. Persistent victimization,
learned helplessness, and negative appraisal, all characterizing
depressive symptoms (163), play a role in increased perception
of COVID-19 risk and depression. Moreover, it is likely that
if an individual with ACEs were required to shield during
the pandemic due to their pain-related condition and/or
comorbidities, the ACEs may compound this due to an inability
to avoid negative home life, exacerbating depression, pain,
and access to treatment. Thus, further investigation into how
treatment engagement can be optimized for patients with
ACEs is important, particularly as the implications of COVID-
19 continue.

Depression and psychological distress as a result of the
pandemic not only has unequivocal impacts for individuals with
ACEs on their personal health, but intergenerational effects are
also observed. For example, recent studies show that during the
pandemic, parents with higher numbers of ACEs display greater
levels of negative parenting and associated child behavioral
problems (164, 165). Thismay suggest the adversity of the current
climate may have consequential impacts on the intergenerational
transmission of trauma through negative parenting. Increased
ACEs in children of this generation may therefore result,
exaggerating a cycle of ACEs and poor health outcomes in
years to come. Indeed, evidence suggests a relationship between
greater parental ACEs and offspring chronic pain (166) and
increased child depressive symptoms (8). In a sample of 170
parents of youths with chronic pain, 68% reported at least one
ACE and 24% reported four ACEs or more (166). Together,
this evidence demonstrates how parental ACEs can influence
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child pain; depression; and behavioral problems, increasing the
likelihood of later abusive or aggressive behavior in adulthood
(167–169). Moreover, this suggests each of these outcomes
(child pain, depression and behavioral problems) has potential
intergenerational effects on both pain and ACEs.

THE ROLE OF ACEs IN WAITING FOR PAIN

MANAGEMENT TREATMENT

Regarding clinical decision-making for facilitating effective pain
management, it is essential to consider waiting times and
the associated declines. Current clinical practice cannot be
formulated or implemented without considering the pervasive
societal impact of the COVID-19 pandemic, which has
further increased healthcare service pressures. Extensive Pain
Management Programme (PMP) waitlists have ensued as a
result, adding increased pain duration, permanent disability
benefits and rates of unemployment to the pre-existing burdens
of living with chronic pain (170, 171). Critically, significant
declines in psychological wellbeing (172), elevated anxiety and
depression are also observed during long waitlists (133). This
psychological decline, pervasiveness of persistent pain and
feelings of helplessness during long treatment delays (173)
often leads to emotional fatigue and patient passivity, which
in turn, reduces treatment engagement (174). As depression
increases PMP attrition rates (162) and levels of depression
have been exacerbated by COVID-19 in individuals with
ACEs (161), patients with a history of ACEs may specifically
experience greater barriers to treatment engagement as a result.
Moreover, given that patients with ACEs demonstrate increased
vulnerability to suicide and self-harm (32), understanding
how this population can be supported during this period
of psychological decline is imperative. Together, this further
demonstrates the importance of developing trauma-informed
care to that of pre-intervention, to protect patients with ACEs
and prepare them for pain-management treatment.

The mechanistic evidence regarding the ACEs-pain
relationship and the influence on treatment engagement
discussed within this review poses points for intervention
(including pain catastrophizing and fear/experiential avoidance),
shaping trauma-informed care for pain management. Pain
catastrophizing, the strongest psychosocial predictor of chronic
pain (118), is especially important in the context of long
waitlists characterized by uncertainty (132) and elevated
anxiety (133). As such, this may represent a bidirectional
barrier for chronic pain treatment. Firstly, there is likely an
increased risk of pain catastrophizing during this period, but
also, the influence of catastrophizing on health outcomes
may become more intense and detrimental. Moreover,
elevated pain catastrophizing observed in individuals with
ACEs (103) also predicts non-completion of treatment
(149). Thus, in terms of clinical application, patients
with ACEs may require additional support during the
waiting list period to improve treatment adherence and
completion to avoid increasing inequity for this disadvantaged
clinical subgroup.

WORKING WITH ACEs IN PAIN

MANAGEMENT: CLINICAL IMPLICATIONS

FOR TREATMENT

The widespread prevalence of ACEs amongst pain patients,
as well as the complex relationship between ACEs and pain,
means that clinical services need to adapt to support the
patient in a holistic, trauma-informed manner. In order to
do so, pain services need to move from a disease-focussed
model to a more integrative whole person biopsychosocial
approach, utilizing trauma-informed care (TIC). TIC recognizes
the prevalence and widespread impact of trauma on the
life course and health outcomes of a chronic pain patient
(175). It applies a biopsychosocial approach in re-building
physical, psychological and emotional safety, promoting patient
empowerment (176). Thus, when calibrating patient-focused
pain self-management, it is critical to take into consideration
the influence of biopsychosocial mechanisms and how they
may facilitate improved clinical outcomes and reduce treatment
attrition rates. Within pain management, TIC offers a model
for development and implementation of preventative approaches
(177), shifting the clinical approach from “What is wrong with
you” to “What happened to you?” (178). As patients with
high ACEs typically utilize higher clinical resources (179), this
approach is likely to be valuable for the patient and health-care
provider alike. As such, the training of healthcare workforces
in TIC is currently being explored in the UK to improve
health outcomes for individuals with ACEs (180). In reality,
this will require a cultural shift within healthcare to ensure
system level changes are put in place to support individuals
with ACEs. Thus, raising awareness of the links, mechanisms
and processes increasing susceptibility of people with ACEs
to worse pain and related conditions is important to support
this transition.

Individuals with ACEs present an increased susceptibility
to pain complications and barriers to treatment engagement
(179). Therefore, the utilization of preclinical ACEs screening
would facilitate the early identification of critically vulnerable
patients, potentially allowing for stratification of treatment
and the formulation of trauma-informed pathways. Screening
for ACEs in primary care is common and has not been
linked to any added demand for other services (181–183).
Rather, an ACE informed approach can reduce subsequent
physician visits (184). In the context of long waiting
lists, ACEs assessment facilitates trauma-informed care to
extend to the pre-treatment period, activating such critical
time windows, to prepare clinically vulnerable patients for
pain management.

For the purposes of preclinical screening, the most
commonly used ACEs conceptualization and scale is the
ACE Study Questionnaire [ASQ; (5)]. This is a 10-item scale
assessing physical, psychological and sexual abuse; parent
psychopathology; exposure to violence against mother; living
with substance abusers and early parent loss from divorce
or incarceration. The scale is a valid and reliable measure
of ACEs, that is stable and robust even within the context
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of varying health state and symptoms of depression (185).
The ASQ also has good convergent validity as shown by
significant correlations between the ACEs scale and the other
measures of stressful events and trauma (SLEQ: τ = 0.29,
p = 0.003, CTQ: τ = 0.47, p < 0.001) (186). Therefore,
the ASQ is a suitable measure for pre-clinical screening,
however for ethical considerations, it is recommended a
trigger warning is used to prepare patients for potentially
distressing content.

The biopsychosocial mechanisms outlined in this review
highlight the importance of understanding the role of ACEs
in changing the experience of pain, and the application
of trauma-informed approaches for person-centered clinical
assessment and care provision. The NICE guidelines for
chronic pain treatment (187) suggest that it is paramount
that individual patients are supported in exploring how
their personal life experiences may contribute to their pain.
Raising clinician awareness of the relationship between ACEs
and pain, alongside recognizing and managing the interplay
between ACEs and other comorbid physical and psychological
conditions, would optimize person-centered assessment. This
increase in awareness could directly facilitate the provision of
more relevant information for the patient which may have
gone otherwise undetected. The physical and psychological
comorbidities associated with ACEs include functional disability,
clinical depression and anxiety (14, 99), which further impair
the ability to engage in a fulfilled life. By reviewing and
managing such interacting factors, an ACE-informed clinician
could establish precursors/maintaining factors involved the pain
experience and ultimately support the delivery of person-
centered care (187).

Both person-centered and trauma-informed care
approaches emphasize the importance of active listening
and a compassionate approach, with specific focus on the first
consultation for building the therapeutic alliance (188, 189). In
this context, the therapeutic alliance must involve mutual trust,
agreement on goals and methods of reaching them (190) and
has been shown to significantly and reliably influence treatment
outcomes (191). The therapeutic alliance is particularly
important within trauma-informed care as empowerment,
patient choice, collaboration and trustworthiness are central
tenets of the approach (178). This is especially important for
enabling people who have been exposed to ACEs to increase
their autonomy, which, through abuse and maltreatment, may
have been lost (189). Indeed, when engaging with people with
ACEs, simply asking open questions and actively listening to
their disclosures of individual experiences has positive effects
on health (192). This demonstrates that not only is effective
communication required for building a strong therapeutic
alliance, but also that this communication can have positive
impacts on health directly. Whilst recognizing that embracing
a trauma-informed approach is important, practicing within
one’s scope of practice is also imperative for patient safety
(193). Therefore, some associative psychological comorbidities
such as PTSD may fall outside the remit of referral for somatic
conditions and referral to appropriate practitioners may
be required.

CONCLUSION

The pandemic has emphasized the importance of amalgamating
multiple evidence-bases and adapting to the needs of vulnerable
populations, for the protection of physical and psychological
health. Through the biological, psychological and behavioral
mechanisms explained in this review, ACEs are associated with
greater pain intensity, pain interference, likelihood of chronic
pain conditions, pain catastrophizing and depression (56). Not
only do ACEs alone predict non-completion of treatment (149),
pain catastrophizing (103), and depression (162), combining
these factors together further increases the risk of treatment non-
adherence and early attrition. Therefore, the acknowledgment of
ACEs in this clinical sample is critical for improving treatment
and protecting this vulnerable population. Sadly, ACEs are
more prevalent than ever, due to the isolation experienced
during the pandemic and the pervasive associated psychological
impacts (154). Moreover, when combined with the typical
psychological decline during the waiting list period (172), and
service backlogs as a result of COVID-19, the need to retain
patients in treatment is an ever-increasing issue. Clinically,
patients can be supported through a trauma-informed workforce,
employing ACEs awareness approaches and interventions which
acknowledge the patient experience to improve pain and health
outcomes. However, further study is essential to understand how
these populations can be supported during the waitlist period to
encourage PMP treatment adherence and completion.

Childhood ACEs have long been identified as a source of
persistent vulnerability (4), and the influence of ACEs needs
to be prioritized in the context of chronic pain. Culturally,
understanding of and empathy toward traumatic experiences
is increasing, however, the empirical exploration of ACEs
and clinical outcomes remains under-represented and under-
explored. Chronic pain is a challenging condition to manage, and
can pose a serious impediment to living a fulfilled life (129). It is
critical that the knowledge base on ACEs and trauma-informed
care is broadened to chronic pain. Further research on how to
identify, manage and treat people living with pain after ACEs
requires extensive study, especially within the perspective of the
impact of COVID-19 and lockdowns. Ultimately, by ensuring
that clinicians and healthcare professionals working in pain
management are ACE-informed, there is increased likelihood
that the negative influence of ACEs on treatment outcomes can
be minimized and potentially even redressed, optimizing the
impact of pain management services.

AUTHOR CONTRIBUTIONS

SM: biological mechanism section. DR: clinical implications
section. RH and KF: mentoring, supervision, and reviewing of
manuscript. LT: first author for whole manuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

Open Access Funding has been approved by the University
of Reading.

Frontiers in Pain Research | www.frontiersin.org 9 June 2022 | Volume 3 | Article 923866

https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

REFERENCES

1. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years
lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries
1990-2010: a systematic analysis for the global burden of disease study 2010.
Lancet. (2012) 380:2163–96. doi: 10.1016/S0140-6736(12)61729-2

2. Fayaz A, Croft P, Langford RM, Donaldson LJ, Jones GT. Prevalence of
chronic pain in the UK: a systematic review and meta-analysis of population
studies. BMJ Open. (2016) 6:e010364. doi: 10.1136/bmjopen-2015-010364

3. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al.
The revised international association for the study of pain definition
of pain: concepts, challenges, and compromises. Pain. (2020) 161:1976–
82. doi: 10.1097/j.pain.0000000000001939

4. Sachs-Ericsson NJ, Sheffler JL, Stanley IH, Piazza JR, Preacher KJ. When
emotional pain becomes physical: adverse childhood experiences, pain, and
the role of mood and anxiety disorders: when emotional pain becomes
physical. J Clin Psychol. (2017) 73:1403–28. doi: 10.1002/jclp.22444

5. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards
V, et al. Relationship of childhood abuse and household dysfunction
to many of the leading causes of death in adults. The adverse
childhood experiences (ACE) study. Am J Prev Med. (1998) 14:245–
58. doi: 10.1016/S0749-3797(98)00017-8

6. Hillis S, Mercy J, Amobi A, Kress H. Global prevalence of past-year violence
against children: a systematic review and minimum estimates. Pediatrics.
(2016) 137:e20154079. doi: 10.1542/peds.2015-4079

7. Groenewald CB, Murray CB, Palermo TM. Adverse childhood experiences
and chronic pain among children and adolescents in the United States. Pain
Rep. (2020) 5:e839. doi: 10.1097/PR9.0000000000000839

8. Dennis CH, Clohessy DS, Stone AL, Darnall BD, Wilson
AC. Adverse childhood experiences in mothers with chronic
pain and intergenerational impact on children. J Pain. (2019)
20:1209–17. doi: 10.1016/j.jpain.2019.04.004

9. Merrick MT, Ford DC, Ports KA, Guinn AS. Prevalence of
adverse childhood experiences from the 2011-2014 behavioral
risk factor surveillance system in 23 states. JAMA Pediatr. (2018)
172:1038–44. doi: 10.1001/jamapediatrics.2018.2537

10. Kalmakis KA, Chandler GE. Health consequences of adverse childhood
experiences: a systematic review. J Am Assoc Nurse Pract. (2015) 27:457–
65. doi: 10.1002/2327-6924.12215

11. Bellis MA, Hughes K, Ford K, Ramos Rodriguez G, Sethi D, Passmore
J. Life course health consequences and associated annual costs of
adverse childhood experiences across Europe and North America: a
systematic review and meta-analysis. Lancet Public Health. (2019) 4:e517–
28. doi: 10.1016/S2468-2667(19)30145-8

12. Neogi T. The epidemiology and impact of pain in osteoarthritis.
Osteoarthritis Cartilage. (2013) 21:1145–‘53. doi: 10.1016/j.joca.2013.03.018

13. Taylor P, Manger B, Alvaro-Gracia J, Johnstone R, Gomez-Reino J,
Eberhardt E, et al. Patient perceptions concerning pain management in
the treatment of rheumatoid arthritis. J Int Med Res. (2010) 38:1213–
24. doi: 10.1177/147323001003800402

14. Hailes HP, Yu R, Danese A, Fazel S. Long-term outcomes of childhood
sexual abuse: an umbrella review. Lancet Psychiatry. (2019) 6:830–
9. doi: 10.1016/S2215-0366(19)30286-X

15. Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton C,
et al. The effect of multiple adverse childhood experiences on health: a
systematic review and meta-analysis. Lancet Public Health. (2017) 2:e356–
66. doi: 10.1016/S2468-2667(17)30118-4

16. Sherman AL, Morris MC, Bruehl S, Westbrook TD, Walker LS. Heightened
temporal summation of pain in patients with functional gastrointestinal
disorders and history of trauma. Ann Behav Med. (2015) 49:785–
92. doi: 10.1007/s12160-015-9712-5

17. You DS, Albu S, Lisenbardt H, Meagher MW. Cumulative childhood
adversity as a risk factor for common chronic pain conditions in young
adults. Pain Med. (2019) 20:486–94. doi: 10.1093/pm/pny106

18. Davis DA, Luecken LJ, Zautra AJ. Are reports of childhood
abuse related to the experience of chronic pain in adulthood?:
a meta-analytic review of the literature. Clin J Pain. (2005)
21:398–405. doi: 10.1097/01.ajp.0000149795.08746.31

19. Kaleycheva N, Cullen AE, Evans R, Harris T, Nicholson T, Chalder T.
The role of lifetime stressors in adult fibromyalgia: systematic review
and meta-analysis of case-control studies. Psychol Med. (2021) 51:177–
93. doi: 10.1017/S0033291720004547

20. McCall-Hosenfeld JS, Winter M, Heeren T, Liebschutz JM. The association
of interpersonal trauma with somatic symptom severity in a primary
care population with chronic pain: exploring the role of gender and
the mental health sequelae of trauma. J Psychosom Res. (2014) 77:196–
204. doi: 10.1016/j.jpsychores.2014.07.011

21. Raphael KG, Widom CS. Post-traumatic stress disorder moderates the
relation between documented childhood victimization and pain 30 years
later. Pain. (2011) 152:163–9. doi: 10.1016/j.pain.2010.10.014

22. Häuser W, Kosseva M, Üceyler N, Klose P, Sommer C. Emotional,
physical, and sexual abuse in fibromyalgia syndrome: a systematic review
with meta-analysis. Arthritis Care Res. (2011) 63:808–20. doi: 10.1002/acr.
20328

23. Afifi TO,MacMillan HL, BoyleM, Cheung K, Taillieu T, Turner S, et al. Child
abuse and physical health in adulthood. Health Rep. (2016) 27:10–8.

24. Kopec JA, Sayre EC. Stressful experiences in childhood and chronic
back pain in the general population. Clin J Pain. (2005) 21:478–
83. doi: 10.1097/01.ajp.0000139909.97211.e1

25. Linton SJ. A prospective study of the effects of sexual or physical abuse on
back pain. Pain. (2002) 96:347–51. doi: 10.1016/S0304-3959(01)00480-8

26. Westermair AL, Stoll AM, Greggersen W, Kahl KG, Hüppe M,
Schweiger U. All unhappy childhoods are unhappy in their own way—
differential impact of dimensions of adverse childhood experiences
on adult mental health and health behavior. Front Psychiatry. (2018)
9:198. doi: 10.3389/fpsyt.2018.00198

27. Dunn EC, McLaughlin KA, Slopen N, Rosand J, Smoller JW. Developmental
timing of child maltreatment and symptoms of depression and suicidal
ideation in young adulthood: results from the national longitudinal study of
adolescent health. Depress Anxiety. (2013) 30:955–64. doi: 10.1002/da.22102

28. Burke ALJ, Mathias JL, Denson LA. Psychological functioning of people
living with chronic pain: a meta-analytic review. Br J Clin Psychol. (2015)
54:345–60. doi: 10.1111/bjc.12078

29. Fisher E, Heathcote LC, Eccleston C, Simons LE, Palermo TM. Assessment
of pain anxiety, pain catastrophizing, and fear of pain in children and
adolescents with chronic pain: a systematic review and meta-analysis. J
Pediatr Psychol. (2018) 43:314–25. doi: 10.1093/jpepsy/jsx103

30. de Heer EW, Gerrits MMJG, Beekman ATF, Dekker J, van Marwijk
HWJ, de Waal MWM, et al. The association of depression and
anxiety with pain: a study from NESDA. PLoS ONE. (2014)
9:e106907. doi: 10.1371/journal.pone.0106907

31. Sommer JL, Blaney C, El-Gabalawy R. A population-based examination of
suicidality in comorbid generalized anxiety disorder and chronic pain. J
Affect Disord. (2019) 257:562–7. doi: 10.1016/j.jad.2019.07.016

32. Fuller-Thomson E, Baird SL, Dhrodia R, Brennenstuhl S. The association
between adverse childhood experiences (ACEs) and suicide attempts
in a population-based study. Child Care Health Dev. (2016) 42:725–
34. doi: 10.1111/cch.12351

33. Cicchetti D, Toth SL. Child maltreatment and developmental
psychopathology: a multilevel perspective. In: Developmental

Psychopathology: Maladaptation and Psychopathology. Vol. 3.
3 edition. Minnesota: John Wiley & Sons, Inc (2016). p.
457–512. doi: 10.1002/9781119125556

34. Serafini G, Muzio C, Piccinini G, Flouri E, Ferrigno G, Pompili
M, et al. Life adversities and suicidal behavior in young individuals:
a systematic review. Eur Child Adolesc Psychiatry. (2015) 24:1423–
46. doi: 10.1007/s00787-015-0760-y

35. Briggs EC, Amaya-Jackson L, Putnam KT, Putnam FW. All adverse
childhood experiences are not equal: the contribution of synergy
to adverse childhood experience scores. Am Psychol. (2021) 76:243–
52. doi: 10.1037/amp0000768

36. Amato PR. The consequences of divorce for adults and children. J Marr Fam.

(2000) 62:1269–87. doi: 10.1111/j.1741-3737.2000.01269.x
37. Mc Elroy S, Hevey D. Relationship between adverse early experiences,

stressors, psychosocial resources and wellbeing. Child Abuse Negl. (2014)
38:65–75. doi: 10.1016/j.chiabu.2013.07.017

Frontiers in Pain Research | www.frontiersin.org 10 June 2022 | Volume 3 | Article 923866

https://doi.org/10.1016/S0140-6736(12)61729-2
https://doi.org/10.1136/bmjopen-2015-010364
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1002/jclp.22444
https://doi.org/10.1016/S0749-3797(98)00017-8
https://doi.org/10.1542/peds.2015-4079
https://doi.org/10.1097/PR9.0000000000000839
https://doi.org/10.1016/j.jpain.2019.04.004
https://doi.org/10.1001/jamapediatrics.2018.2537
https://doi.org/10.1002/2327-6924.12215
https://doi.org/10.1016/S2468-2667(19)30145-8
https://doi.org/10.1016/j.joca.2013.03.018
https://doi.org/10.1177/147323001003800402
https://doi.org/10.1016/S2215-0366(19)30286-X
https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.1007/s12160-015-9712-5
https://doi.org/10.1093/pm/pny106
https://doi.org/10.1097/01.ajp.0000149795.08746.31
https://doi.org/10.1017/S0033291720004547
https://doi.org/10.1016/j.jpsychores.2014.07.011
https://doi.org/10.1016/j.pain.2010.10.014
https://doi.org/10.1002/acr.20328
https://doi.org/10.1097/01.ajp.0000139909.97211.e1
https://doi.org/10.1016/S0304-3959(01)00480-8
https://doi.org/10.3389/fpsyt.2018.00198
https://doi.org/10.1002/da.22102
https://doi.org/10.1111/bjc.12078
https://doi.org/10.1093/jpepsy/jsx103
https://doi.org/10.1371/journal.pone.0106907
https://doi.org/10.1016/j.jad.2019.07.016
https://doi.org/10.1111/cch.12351
https://doi.org/10.1002/9781119125556
https://doi.org/10.1007/s00787-015-0760-y
https://doi.org/10.1037/amp0000768
https://doi.org/10.1111/j.1741-3737.2000.01269.x
https://doi.org/10.1016/j.chiabu.2013.07.017
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

38. Moore K, Ramirez A. Adverse childhood experience and adolescent well-
being: do protective factors matter? Child Indicat Res. (2015) 9:299–
316. doi: 10.1007/s12187-015-9324-4

39. Walker SP, Wachs TD, Grantham-McGregor S, Black MM,
Nelson CA, Huffman SL, et al. Inequality in early childhood:
risk and protective factors for early child development.
Lancet. (2011) 378:1325–38. doi: 10.1016/S0140-6736(11)60
555-2

40. American Psychological Association. Posttraumatic Stress Disorder. (2013).
Retrieved from https://psychiatry.org/patients-families/ptsd/what-is-ptsd
(accessed May 18, 2022).

41. Herzog JI, Schmahl C. Adverse childhood experiences and the consequences
on neurobiological, psychosocial, and somatic conditions across the lifespan.
Front Psychiatry. (2018) 9:420. doi: 10.3389/fpsyt.2018.00420

42. Copeland WE, Keeler G, Angold A, Costello EJ. Traumatic events and
posttraumatic stress in childhood. Arch Gen Psychiatry. (2007) 64:577–
84. doi: 10.1001/archpsyc.64.5.577

43. Wilker S, Pfeiffer A, Kolassa S, Koslowski D, Elbert T, Kolassa T, et al. How
to quantify exposure to traumatic stress? Reliability and predictive validity of
measures for cumulative trauma exposure in a post-conflict population. Euro
J Psychotraumatol. (2015) 6:28306. doi: 10.3402/ejpt.v6.28306

44. Hamby S, Elm JHL, Howell KH, Merrick MT. Recognizing the cumulative
burden of childhood adversities transforms science and practice for trauma
and resilience. Am Psychol. (2021) 76:230–42. doi: 10.1037/amp0000763

45. Campbell JA, Walker RJ, Egede LE. Associations between adverse childhood
experiences, high-risk behaviors, and morbidity in adulthood. Am J Prev

Med. (2016) 50:344–52. doi: 10.1016/j.amepre.2015.07.022
46. Nelson S, Simons LE, Logan D. The incidence of adverse childhood

experiences (ACEs) and their association with pain-related and psychosocial
impairment in youth with chronic pain. Clin J Pain. (2018) 34:402–
8. doi: 10.1097/AJP.0000000000000549

47. Craner JR, Lake ES. Adverse childhood experiences and chronic pain
rehabilitation treatment outcomes in adults. Clin J Pain. (2021) 37:321–
9. doi: 10.1097/AJP.0000000000000924

48. Putnam KT, Harris WW, Putnam FW. Synergistic childhood adversities
and complex adult psychopathology. J Trauma Stress. (2013) 26:435–
42. doi: 10.1002/jts.21833

49. Melville A. Adverse childhood experiences from ages 0–2 and young adult
health: implications for preventive screening and early intervention. J Child
Adolesc Trauma. (2017) 10:207–15. doi: 10.1007/s40653-017-0161-0

50. Bucci M, Marques SS, Oh D, Harris NB. Toxic stress in children and
adolescents. Adv Pediatr. (2016) 63:403–28. doi: 10.1016/j.yapd.2016.04.002

51. Grasso D, Dierkhising C, Branson C, Lee R. Developmental patterns of
adverse childhood experiences and current symptoms and impairment in
youth referred for trauma-specific services. J Abnorm Child Psychol. (2015)
44:871–86. doi: 10.1007/s10802-015-0086-8

52. Kaplow JB, Widom CS. Age of onset of child maltreatment predicts
long-term mental health outcomes. J Abnorm Psychol. (2007) 116:176–
87. doi: 10.1037/0021-843X.116.1.176

53. Lopez-Castroman J, MelhemN, Birmaher B, Greenhill L, Kolko D, Stanley B,
et al. Early childhood sexual abuse increases suicidal intent.World Psychiatry.

(2013) 12:149–54. doi: 10.1002/wps.20039
54. Thornberry TP, Henry KL, Ireland TO, Smith CA. The causal

impact of childhood-limited maltreatment and adolescent
maltreatment on early adult adjustment. J Adolesc Health. (2010)
46:359–65. doi: 10.1016/j.jadohealth.2009.09.011

55. Shirtcliff EA, Allison AL, Armstrong JM, Slattery MJ, Kalin NH,
Essex MJ. Longitudinal stability and developmental properties of
salivary cortisol levels and circadian rhythms from childhood to
adolescence. Dev Psychobiol. (2012) 54:493–502. doi: 10.1002/dev.
20607

56. Andersen SL, Teicher MH. Stress, sensitive periods and maturational
events in adolescent depression. Trends Neurosci. (2008)
31:183–91. doi: 10.1016/j.tins.2008.01.004

57. Karatekin C. Adverse childhood experiences (ACEs), stress
and mental health in college students. Stress Health. (2018)
34:36–45. doi: 10.1002/smi.2761

58. Stensland SØ, Dyb G, Thoresen S, Wentzel-Larsen T, Zwart JA. Potentially
traumatic interpersonal events, psychological distress and recurrent
headache in a population-based cohort of adolescents: the HUNT study. BMJ

Open. (2013) 3:e002997. doi: 10.1136/bmjopen-2013-002997
59. Sahle BW, Reavley NJ, Li W, Morgan AJ, Yap MBH, Reupert A,

et al. The association between adverse childhood experiences and
common mental disorders and suicidality: an umbrella review of
systematic reviews and meta-analyses. Eur Child Adolesc Psychiatry.
(2021). doi: 10.1007/s00787-021-01745-2

60. Irwin M, Slavich G. Psychoneuroimmunology. In: Handbook of

Psychophysiology. 4th Edition. (2016). p. (377–98). doi: 10.1017/97811074157
82.017

61. Engel GL. The need for a new medical model: a challenge for biomedicine.
Science. (1977) 196:129–36. doi: 10.1126/science.847460

62. Agorastos A, Pervanidou P, Chrousos GP, Baker DG. Developmental
trajectories of early life stress and trauma: a narrative review on
neurobiological aspects beyond stress system dysregulation. Front Psychiatry.
(2019) 10:118. doi: 10.3389/fpsyt.2019.00118

63. Baumeister D, Akhtar R, Ciufolini S, Pariante CM, Mondelli V. Childhood
trauma and adulthood inflammation: a meta-analysis of peripheral C-
reactive protein, interleukin-6 and tumour necrosis factor-α.Mol Psychiatry.

(2016) 21:642–9. doi: 10.1038/mp.2015.67
64. Coelho R, Viola TW,Walss-Bass C, Brietzke E, Grassi-Oliveira R. Childhood

maltreatment and inflammatory markers: a systematic review. Acta Psychiatr
Scand. (2014) 129:180–92. doi: 10.1111/acps.12217

65. Ji RR, Nackley A, Huh Y, Terrando N, Maixner W. Neuroinflammation and
central sensitization in chronic and widespread pain. Anesthesiology. (2018)
129:343–66. doi: 10.1097/ALN.0000000000002130

66. Tak LM, Rosmalen JGM. Dysfunction of stress responsive systems as a risk
factor for functional somatic syndromes. J Psychosom Res. (2010) 68:461–
8. doi: 10.1016/j.jpsychores.2009.12.004

67. Chen M, Lacey RE. Adverse childhood experiences and adult inflammation:
findings from the 1958 british birth cohort. Brain Behav Immun. (2018)
69:582–90. doi: 10.1016/j.bbi.2018.02.007

68. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R. Childhood
maltreatment predicts adult inflammation in a life-course study. Proc Natl
Acad Sci USA. (2007) 104:1319–24. doi: 10.1073/pnas.0610362104

69. Danese A, Lewis JS. Psychoneuroimmunology of early-life stress: the hidden
wounds of childhood trauma? Neuropsychopharmacology. (2017) 42:99–
114. doi: 10.1038/npp.2016.198

70. McEwen BS, Stellar E. Stress and the individual: mechanisms
leading to disease. Arch Intern Med. (1993) 153:2093–
101. doi: 10.1001/archinte.1993.00410180039004

71. Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress throughout
the lifespan on the brain, behaviour and cognition. Nat Rev Neurosci. (2009)
10:434–45. doi: 10.1038/nrn2639

72. Ramamoorthy S, Cidlowski JA. Corticosteroids-Mechanisms of action
in health and disease. Rheum Dis Clin North Am. (2016) 42:15–
31. doi: 10.1016/j.rdc.2015.08.002

73. Loman MM, Gunnar MR. Early experience and the development of stress
reactivity and regulation in children. Neurosci Biobehav Rev. (2010) 34:867–
76. doi: 10.1016/j.neubiorev.2009.05.007

74. Guidi J, Lucente M, Sonino N, Fava GA. Allostatic load and its impact
on health: a systematic review. Psychother Psychosom. (2021) 90:11–
27. doi: 10.1159/000510696

75. McEwen BS. Stress, adaptation, and disease: allostasis
and allostatic load. Ann N Y Acad Sci. (1998) 840:33–
44. doi: 10.1111/j.1749-6632.1998.tb09546.x

76. Parade SH, Huffhines L, Daniels TE, Stroud LR, Nugent NR, Tyrka AR.
A systematic review of childhood maltreatment and DNA methylation:
candidate gene and epigenome-wide approaches. Transl Psychiatry. (2021)
11:1–33. doi: 10.1038/s41398-021-01207-y

77. Mora F, Segovia G, Del Arco A, de Blas M, Garrido P. Stress,
neurotransmitters, corticosterone and body-brain integration. Brain Res.

(2012) 1476:71–85. doi: 10.1016/j.brainres.2011.12.049
78. Herman JP, Figueiredo H, Mueller NK, Ulrich-Lai Y, Ostrander MM,

Choi DC, et al. Central mechanisms of stress integration: hierarchical

Frontiers in Pain Research | www.frontiersin.org 11 June 2022 | Volume 3 | Article 923866

https://doi.org/10.1007/s12187-015-9324-4
https://doi.org/10.1016/S0140-6736(11)60555-2
https://psychiatry.org/patients-families/ptsd/what-is-ptsd
https://doi.org/10.3389/fpsyt.2018.00420
https://doi.org/10.1001/archpsyc.64.5.577
https://doi.org/10.3402/ejpt.v6.28306
https://doi.org/10.1037/amp0000763
https://doi.org/10.1016/j.amepre.2015.07.022
https://doi.org/10.1097/AJP.0000000000000549
https://doi.org/10.1097/AJP.0000000000000924
https://doi.org/10.1002/jts.21833
https://doi.org/10.1007/s40653-017-0161-0
https://doi.org/10.1016/j.yapd.2016.04.002
https://doi.org/10.1007/s10802-015-0086-8
https://doi.org/10.1037/0021-843X.116.1.176
https://doi.org/10.1002/wps.20039
https://doi.org/10.1016/j.jadohealth.2009.09.011
https://doi.org/10.1002/dev.20607
https://doi.org/10.1016/j.tins.2008.01.004
https://doi.org/10.1002/smi.2761
https://doi.org/10.1136/bmjopen-2013-002997
https://doi.org/10.1007/s00787-021-01745-2
https://doi.org/10.1017/9781107415782.017
https://doi.org/10.1126/science.847460
https://doi.org/10.3389/fpsyt.2019.00118
https://doi.org/10.1038/mp.2015.67
https://doi.org/10.1111/acps.12217
https://doi.org/10.1097/ALN.0000000000002130
https://doi.org/10.1016/j.jpsychores.2009.12.004
https://doi.org/10.1016/j.bbi.2018.02.007
https://doi.org/10.1073/pnas.0610362104
https://doi.org/10.1038/npp.2016.198
https://doi.org/10.1001/archinte.1993.00410180039004
https://doi.org/10.1038/nrn2639
https://doi.org/10.1016/j.rdc.2015.08.002
https://doi.org/10.1016/j.neubiorev.2009.05.007
https://doi.org/10.1159/000510696
https://doi.org/10.1111/j.1749-6632.1998.tb09546.x
https://doi.org/10.1038/s41398-021-01207-y
https://doi.org/10.1016/j.brainres.2011.12.049
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

circuitry controlling hypothalamo–pituitary–adrenocortical responsiveness.
Front Neuroendocrinol. (2003) 24:151–80. doi: 10.1016/j.yfrne.2003.07.001

79. Ji RR, Berta T, Nedergaard M. Glia and pain: is chronic pain a gliopathy?
Pain. (2013) 154 (Suppl. 1):S10–28. doi: 10.1016/j.pain.2013.06.022

80. Sehlmeyer C, Schöning S, Zwitserlood P, Pfleiderer B, Kircher T, Arolt V, et
al. Human fear conditioning and extinction in neuroimaging: a systematic
review. PLoS ONE. (2009) 4:e5865. doi: 10.1371/journal.pone.0005865

81. Shekhar A, Truitt W, Rainnie D, Sajdyk T. Role of stress, corticotrophin
releasing factor (CRF) and amygdala plasticity in chronic anxiety. Stress.
(2005) 8:209–19. doi: 10.1080/10253890500504557

82. Vachon-Presseau E, Martel MO, Roy M, Caron E, Albouy G, Marin MF,
et al. Acute stress contributes to individual differences in pain and pain-
related brain activity in healthy and chronic pain patients. J Neurosci. (2013)
33:6826–33. doi: 10.1523/JNEUROSCI.4584-12.2013

83. Vaisvaser S, Lin T, Admon R, Podlipsky I, Greenman Y, Stern N, et
al. Neural traces of stress: cortisol related sustained enhancement of
amygdala-hippocampal functional connectivity. Front HumNeurosci. (2013)
7:313. doi: 10.3389/fnhum.2013.00313

84. Perusini JN, Meyer EM, Long VA, Rau V, Nocera N, Avershal
J, et al. Induction and expression of fear sensitization caused
by acute traumatic stress. Neuropsychopharmacology. (2016)
41:45–57. doi: 10.1038/npp.2015.224

85. Kalmakis KA, Meyer JS, Chiodo L, Leung K. Adverse childhood experiences
and chronic hypothalamic–pituitary–adrenal activity. Stress. (2015) 18:446–
50. doi: 10.3109/10253890.2015.1023791

86. Banqueri M, Méndez M, Arias JL. Behavioral effects in adolescence and early
adulthood in two length models of maternal separation in male rats. Behav
Brain Res. (2017) 324:77–86. doi: 10.1016/j.bbr.2017.02.006

87. Burke NN, Llorente R,Marco EM, Tong K, FinnDP, Viveros P, et al. Maternal
deprivation is associated with sex-dependent alterations in nociceptive
behavior and neuroinflammatory mediators in the rat following peripheral
nerve injury. J Pain. (2013) 14:1173–84. doi: 10.1016/j.jpain.2013.05.003

88. Vilela FC, Vieira JS, Giusti-Paiva A, Silva ML. Experiencing early life
maternal separation increases pain sensitivity in adult offspring. Int J Dev
Neurosci. (2017) 62:8–14. doi: 10.1016/j.ijdevneu.2017.07.003

89. McEwen BS, Kalia M. The role of corticosteroids and stress
in chronic pain conditions. Metabolism. (2010) 59 (Suppl.
1):S9–15. doi: 10.1016/j.metabol.2010.07.012

90. Tsigos C, Chrousos GP. Hypothalamic-pituitary-adrenal axis,
neuroendocrine factors and stress. J Psychosom Res. (2002)
53:865–71. doi: 10.1016/S0022-3999(02)00429-4

91. Milligan ED, Watkins LR. Pathological and protective roles of glia in chronic
pain. Nat Rev Neurosci. (2009) 10:23–36. doi: 10.1038/nrn2533

92. Ren K, Dubner R. Interactions between the immune and nervous systems in
pain. Nat Med. (2010) 16:1267–76. doi: 10.1038/nm.2234

93. Üçeyler N, Zeller D, KahnAK, Kewenig S, Kittel-Schneider S, Schmid A, et al.
Small fibre pathology in patients with fibromyalgia syndrome. Brain. (2013)
136 (Pt. 6):1857–67. doi: 10.1093/brain/awt053

94. Wake H, Moorhouse AJ, Nabekura J. Functions of microglia in the central
nervous system—Beyond the immune response. Neuron Glia Biol. (2011)
7:47–53. doi: 10.1017/S1740925X12000063

95. Frank MG, Fonken LK, Watkins LR, Maier SF. Microglia:
neuroimmune-sensors of stress. Semin Cell Dev Biol. (2019)
94:176–85. doi: 10.1016/j.semcdb.2019.01.001

96. Réus GZ, Fries GR, Stertz L, Badawy M, Passos IC, Barichello T,
et al. The role of inflammation and microglial activation in the
pathophysiology of psychiatric disorders. Neuroscience. (2015) 300:141–
54. doi: 10.1016/j.neuroscience.2015.05.018

97. Calcia MA, Bonsall DR, Bloomfield PS, Selvaraj S, Barichello T, Howes OD.
Stress and neuroinflammation: a systematic review of the effects of stress
on microglia and the implications for mental illness. Psychopharmacology.

(2016) 233:1637–50. doi: 10.1007/s00213-016-4218-9
98. Gracia-Rubio I, Moscoso-Castro M, Pozo OJ, Marcos J, Nadal R, Valverde O.

Maternal separation induces neuroinflammation and long-lasting emotional
alterations in mice. Prog Neuropsychopharmacol Biol Psychiatry. (2016)
65:104–17. doi: 10.1016/j.pnpbp.2015.09.003

99. Ruiz-Párraga GT, López-Martínez AE. The role of experiential avoidance,
resilience and pain acceptance in the adjustment of chronic back pain

patients who have experienced a traumatic event: a path analysis. Ann Behav

Med. (2015) 49:247–57. doi: 10.1007/s12160-014-9654-3
100. Beggs S, Currie G, Salter MW, Fitzgerald M, Walker SM.

Priming of adult pain responses by neonatal pain experience:
maintenance by central neuroimmune activity. Brain. (2012) 135 (Pt.
2):404–17. doi: 10.1093/brain/awr288

101. Bradesi S, Svensson C, Steinauer J, Pothoulakis C, Yaksh T, Mayer
E. Role of spinal microglia in visceral hyperalgesia and NK1R
upregulation in a rat model of chronic stress. Gastroenterology. (2009)
136:1339.e2. doi: 10.1053/j.gastro.2008.12.044

102. Jiang S, Postovit L, Cattaneo A, Binder EB, Aitchison KJ. Epigenetic
modifications in stress response genes associated with childhood trauma.
Front Psychiatry. (2019) 10:808. doi: 10.3389/fpsyt.2019.00808

103. MacDonald TM, Fisk JD, Bernstein CN, El-Gabalawy R, Hitchon
CA, Kornelsen J, et al. The association between childhood
maltreatment and pain catastrophizing in individuals with
immune-mediated inflammatory diseases. J Psychosom Res. (2021)
145:110479. doi: 10.1016/j.jpsychores.2021.110479

104. Koyama Y, Fujiwara T, Murayama H, Machida M, Inoue S,
Shobugawa Y. Association between adverse childhood experiences
and brain volumes among Japanese community-dwelling older
people: findings from the NEIGE study. Child Abuse Negl. (2022)
124:105456. doi: 10.1016/j.chiabu.2021.105456

105. Crombez G, Paepe ALD, Veirman E, Eccleston C, Verleysen G, Ryckeghem
MLV, et al. Let’s talk about pain catastrophizing measures: an item content
analysis. PeerJ. (2020) 8:e8643. doi: 10.7717/peerj.8643

106. Keogh E, Ellery D, Hunt C, Hannent I. Selective attentional bias for
pain-related stimuli amongst pain fearful individuals. Pain. (2001) 91:91–
100. doi: 10.1016/S0304-3959(00)00422-X

107. Melzack R, Wall PD. Pain mechanisms: a new theory: a gate control system
modulates sensory input from the skin before it evokes pain perception and
response. Pain Forum. (1996) 5:3–11. doi: 10.1016/S1082-3174(96)80062-6

108. van Middendorp H, Lumley MA, Jacobs JWG, van Doornen
LJP, Bijlsma JWJ, Geenen R. Emotions and emotional approach
and avoidance strategies in fibromyalgia. J Psychosom Res. (2008)
64:159–67. doi: 10.1016/j.jpsychores.2007.08.009

109. Eccleston C, Keefe FJC, Williams AC. Basic and applied
psychology in PAIN: where we have been and where we are
headed. Pain. (2021) 162:2785–8. doi: 10.1097/j.pain.00000000000
02414

110. Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. (2011) 6:42. doi: 10.1186/1748-5908-6-42

111. Beck AT. The current state of cognitive therapy: a 40-year retrospective.Arch
Gen Psychiatry. (2005) 62:953–9. doi: 10.1001/archpsyc.62.9.953

112. Folkman S, Lazarus RS. Coping as a mediator of emotion. J Pers Soc Psychol.
(1988) 54:466–75. doi: 10.1037/0022-3514.54.3.466

113. Quartana PJ, Campbell CM, Edwards RR. Pain catastrophizing: a critical
review. Expert Rev Neurother. (2009) 9:745–58. doi: 10.1586/ern.09.34

114. Nolen-Hoeksema S. Responses to depression and their effects on the
duration of depressive episodes. J Abnorm Psychol. (1991) 100:569–
82. doi: 10.1037/0021-843X.100.4.569

115. Petrini L, Arendt-Nielsen L. Understanding pain catastrophizing: putting
pieces together. Front Psychol. (2020) 11:603420. doi: 10.3389/fpsyg.2020.60
3420

116. Sullivan MJL, Bishop SR, Pivik J. The pain catastrophizing
scale: development and validation. Psychol Assess. (1995)
7:524–32. doi: 10.1037/1040-3590.7.4.524

117. Lewis GN, Rice DA, McNair PJ, Kluger M. Predictors of persistent pain after
total knee arthroplasty: a systematic review and meta-analysis. BJA. (2015)
114:551–61. doi: 10.1093/bja/aeu441

118. Sobol-Kwapinska M, Babel P, PlotekW, Stelcer B. Psychological correlates of
acute postsurgical pain: a systematic review and meta-analysis. Euro J Pain.
(2016) 20:1573–86. doi: 10.1002/ejp.886

119. Timmers I, Quaedflieg CWEM, Hsu C, Heathcote LC, Rovnaghi CR, and
Simons L E. . The interaction between stress and chronic pain through
the lens of threat learning. Neurosci Biobehav Rev. (2019) 107:641–655.
doi: 10.1016/j.neubiorev.2019.10.007

Frontiers in Pain Research | www.frontiersin.org 12 June 2022 | Volume 3 | Article 923866

https://doi.org/10.1016/j.yfrne.2003.07.001
https://doi.org/10.1016/j.pain.2013.06.022
https://doi.org/10.1371/journal.pone.0005865
https://doi.org/10.1080/10253890500504557
https://doi.org/10.1523/JNEUROSCI.4584-12.2013
https://doi.org/10.3389/fnhum.2013.00313
https://doi.org/10.1038/npp.2015.224
https://doi.org/10.3109/10253890.2015.1023791
https://doi.org/10.1016/j.bbr.2017.02.006
https://doi.org/10.1016/j.jpain.2013.05.003
https://doi.org/10.1016/j.ijdevneu.2017.07.003
https://doi.org/10.1016/j.metabol.2010.07.012
https://doi.org/10.1016/S0022-3999(02)00429-4
https://doi.org/10.1038/nrn2533
https://doi.org/10.1038/nm.2234
https://doi.org/10.1093/brain/awt053
https://doi.org/10.1017/S1740925X12000063
https://doi.org/10.1016/j.semcdb.2019.01.001
https://doi.org/10.1016/j.neuroscience.2015.05.018
https://doi.org/10.1007/s00213-016-4218-9
https://doi.org/10.1016/j.pnpbp.2015.09.003
https://doi.org/10.1007/s12160-014-9654-3
https://doi.org/10.1093/brain/awr288
https://doi.org/10.1053/j.gastro.2008.12.044
https://doi.org/10.3389/fpsyt.2019.00808
https://doi.org/10.1016/j.jpsychores.2021.110479
https://doi.org/10.1016/j.chiabu.2021.105456
https://doi.org/10.7717/peerj.8643
https://doi.org/10.1016/S0304-3959(00)00422-X
https://doi.org/10.1016/S1082-3174(96)80062-6
https://doi.org/10.1016/j.jpsychores.2007.08.009
https://doi.org/10.1097/j.pain.0000000000002414
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1001/archpsyc.62.9.953
https://doi.org/10.1037/0022-3514.54.3.466
https://doi.org/10.1586/ern.09.34
https://doi.org/10.1037/0021-843X.100.4.569
https://doi.org/10.3389/fpsyg.2020.603420
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1093/bja/aeu441
https://doi.org/10.1002/ejp.886
https://doi.org/10.1016/j.neubiorev.2019.10.007
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

120. Edwards RR, Kronfli T, Haythornthwaite JA, Smith MT, McGuire L,
Page GG. Association of catastrophizing with interleukin-6 responses
to acute pain. Pain. (2008) 140:135–44. doi: 10.1016/j.pain.2008.
07.024

121. Müller MJ. Helplessness and perceived pain intensity: relations to cortisol
concentrations after electrocutaneous stimulation in healthy young men.
Biopsychosoc Med. (2011) 5:8. doi: 10.1186/1751-0759-5-8

122. Kalia V, Knauft K, Hayatbini N. Cognitive flexibility and
perceived threat from COVID-19 mediate the relationship between
childhood maltreatment and state anxiety. PLoS ONE. (2020)
15:e0243881. doi: 10.1371/journal.pone.0243881

123. Zlotnick C, Grouper H, Pud D. Child abuse and the psychological
dispositions of pain catastrophising, resilience and hope. Child Abuse Rev.

(2022) 31:66–77. doi: 10.1002/car.2719
124. Besen E, Gaines B, Linton SJ, ShawWS. The role of pain catastrophizing as a

mediator in the work disability process following acute low back pain. J Appl
Biobehav Res. (2017) 22:e12085. doi: 10.1111/jabr.12085

125. Burns JW, Day MA, Thorn BE. Is reduction in pain catastrophizing a
therapeutic mechanism specific to cognitive-behavioral therapy for chronic
pain? Transl Behav Med. (2012) 2:22–9. doi: 10.1007/s13142-011-0086-3

126. Sansone RA, Watts DA, Wiederman MW. Childhood trauma and pain and
pain catastrophizing in adulthood: a cross-sectional survey study. Prim Care

Companion CNS Disord. (2013) 15:26816. doi: 10.4088/PCC.13m01506
127. Taghian NR, McHugh RK, Griffin ML, Chase AR, Greenfield SF,

Weiss RD. Associations between childhood abuse and chronic pain in
adults with substance use disorders. Subst Use Misuse. (2021) 56:87–
92. doi: 10.1080/10826084.2020.1840590

128. Vlaeyen JWS, Linton SJ. Fear-avoidance and its consequences
in chronic musculoskeletal pain: a state of the art. Pain. (2000)
85:317–32. doi: 10.1016/S0304-3959(99)00242-0

129. Vlaeyen JWS, Crombez G, Linton SJ. The fear-avoidancemodel of pain. Pain.
(2016) 157:1588–9. doi: 10.1097/j.pain.0000000000000574

130. Turk DC, Wilson HD. Fear of pain as a prognostic factor in chronic pain:
conceptual models, assessment, treatment implications. Curr Pain Headache

Rep. (2010) 14:88–95. doi: 10.1007/s11916-010-0094-x
131. Lumley MA, Cohen JL, Borszcz GS, Cano A, Radcliffe AM, Porter LS, et al.

Pain and emotion: a biopsychosocial review of recent research. J Clin Psychol.
(2011) 67:942–68. doi: 10.1002/jclp.20816

132. Carr T, Teucher U, Casson AG. Waiting for scheduled surgery:
a complex patient experience. J Health Psychol. (2017) 22:290–
301. doi: 10.1177/1359105315603464

133. Eccleston C, Blyth FM, Dear BF, Fisher EA, Keefe FJ, Lynch ME,
et al. Managing patients with chronic pain during the COVID-
19 outbreak: considerations for the rapid introduction of remotely
supported (eHealth) pain management services. Pain. (2020)
161:889–93. doi: 10.1097/j.pain.0000000000001885

134. Hayes-Skelton SA, Eustis EH. Experiential avoidance. In: Clinical

Handbook of Fear and Anxiety: Maintenance Processes and Treatment

Mechanisms. American Psychological Association (2020). p.
115–31. doi: 10.1037/0000150-007

135. Hakamata Y, Suzuki Y, Kobashikawa H, Hori H. Neurobiology of
early life adversity: a systematic review of meta-analyses towards an
integrative account of its neurobiological trajectories to mental disorders.
Front Neuroendocrinol. (2022) 65:100994. doi: 10.1016/j.yfrne.2022.1
00994

136. Santos S, Almeida I, Oliveiros B, Castelo-Branco M. The role of
the amygdala in facial trustworthiness processing: a systematic
review and meta-analyses of fMRI studies. PLoS ONE. (2016)
11:e0167276. doi: 10.1371/journal.pone.0167276

137. Stark EA, Parsons CE, Van Hartevelt TJ, Charquero-Ballester M,
McManners H, Ehlers A, et al. Post-traumatic stress influences the
brain even in the absence of symptoms: a systematic, quantitative
meta-analysis of neuroimaging studies. Neurosci Biobehav Rev. (2015)
56:207–21. doi: 10.1016/j.neubiorev.2015.07.007

138. Sicorello M, Thome J, Herzog J, Schmahl C. Differential effects of
early adversity and posttraumatic stress disorder on amygdala reactivity:
the role of developmental timing. Biol Psychiatry. (2021) 6:1044–
51. doi: 10.1016/j.bpsc.2020.10.009

139. Esteve R, Ramírez-Maestre C. Pain fear avoidance and pain acceptance: a
cross-sectional study comparing their influence on adjustment to chronic
pain across three samples of patients. Ann Behav Med. (2013) 46:169–
80. doi: 10.1007/s12160-013-9499-1

140. Beal SJ, Kashikar-Zuck S, King C, Black W, Barnes J, Noll JG. Heightened
risk for pain in young adult women with a history of childhood
maltreatment: a prospective longitudinal study. Pain. (2020) 161:156–
65. doi: 10.1097/j.pain.0000000000001706

141. Costa J, Pinto-Gouveia J. The mediation effect of experiential avoidance
between coping and psychopathology in chronic pain. Clin Psychol

Psychother. (2011) 18:34–47. doi: 10.1002/cpp.699
142. Esteve R, Ramírez-Maestre C, López-Martínez AE. Experiential avoidance

and anxiety sensitivity as dispositional variables and their relationship
to the adjustment to chronic pain. Euro J Pain. (2012) 16:718–
26. doi: 10.1002/j.1532-2149.2011.00035.x

143. Costa J, Pinto-Gouveia J. Experiential avoidance and self-compassion in
chronic pain. J Appl Soc Psychol. (2013) 43:1578–91. doi: 10.1111/jasp.12107

144. Murphy A, Steele M, Dube SR, Bate J, Bonuck K, Meissner P, et al. Adverse
childhood experiences (ACEs) questionnaire and adult attachment interview
(AAI): implications for parent child relationships. Child Abuse Negl. (2014)
38:224–33. doi: 10.1016/j.chiabu.2013.09.004

145. Fletcher S, Elklit A, ShevlinM, Armour C. Predicting time spent in treatment
in a sample of danish survivors of child sexual abuse. J Child Sex Abus. (2017)
26:535–52. doi: 10.1080/10538712.2017.1316336

146. Chasson GS, Mychailyszyn MP, Vincent JP, Harris GE. Evaluation of
trauma characteristics as predictors of attrition from cognitive-behavioral
therapy for child victims of violence. Psychol Rep. (2013) 113:734–
53. doi: 10.2466/16.02.PR0.113x30z2

147. Claus RE, Kindleberger LR. Engaging substance abusers after centralized
assessment: predictors of treatment entry and dropout. J Psychoactive Drugs.
(2002) 34:25–31. doi: 10.1080/02791072.2002.10399933

148. Harte CB, Hamilton LD, Meston CM. Predictors of attrition from an
expressive writing intervention for sexual abuse survivors. J Child Sex Abus.

(2013) 22:842–57. doi: 10.1080/10538712.2013.830670
149. Hardman R, Lawn S, Tsourtos G. Pain self-management: easier said

than done? Factors associated with early dropout from pain self-
management in a rural primary care population. Pain Med. (2019) 20:267–
77. doi: 10.1093/pm/pny167

150. Cicchetti D, Handley ED. Child maltreatment and the development
of substance use and disorder. Neurobiol Stress. (2019)
10:100144. doi: 10.1016/j.ynstr.2018.100144

151. Clauw DJ, Häuser W, Cohen SP, Fitzcharles MA. Considering the potential
for an increase in chronic pain after the COVID-19 pandemic. Pain. (2020)
161:1694–7. doi: 10.1097/j.pain.0000000000001950

152. Karos K, McParland JL, Bunzli S, Devan H, Hirsh A, Kapos FP,
et al. The social threats of COVID-19 for people with chronic
pain. Pain. (2020) 161:2229–35. doi: 10.1097/j.pain.00000000000
02004

153. Singh A, Shah N, Mbeledogu C, Garstang J. Child wellbeing in the
United Kingdom following the COVID-19 lockdowns. Paediatr Child

Health. (2021) 31:445–8. doi: 10.1016/j.paed.2021.09.004
154. Calvano C, Engelke L, Di Bella J, Kindermann J, Renneberg B, Winter

SM. Families in the COVID-19 pandemic: parental stress, parent mental
health and the occurrence of adverse childhood experiences-results of a
representative survey in Germany. Eur Child Adolesc Psychiatry. (2021)
1:1–13. doi: 10.1007/s00787-021-01739-0

155. Wasserman D, Iosue M, Wuestefeld A, Carli V. Adaptation of evidence-
based suicide prevention strategies during and after the COVID-19
pandemic.World Psychiatry. (2020) 19:294–306. doi: 10.1002/wps.20801

156. GOV.UK. The Child Safeguarding Practice Review Panel. GOV.UK (2020).
Retrieved from https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/984767/The_Child_
Safeguarding_Annual_Report_2020.pdf (accessed April 19, 2020).

157. Office for National Statistics.Domestic abuse in England andWales overview:

November 2021. Office for National Statistics (2021). Retrieved from
https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/
bulletins/domesticabuseinenglandandwalesoverview/november2021
(accessed May 18, 2022).

Frontiers in Pain Research | www.frontiersin.org 13 June 2022 | Volume 3 | Article 923866

https://doi.org/10.1016/j.pain.2008.07.024
https://doi.org/10.1186/1751-0759-5-8
https://doi.org/10.1371/journal.pone.0243881
https://doi.org/10.1002/car.2719
https://doi.org/10.1111/jabr.12085
https://doi.org/10.1007/s13142-011-0086-3
https://doi.org/10.4088/PCC.13m01506
https://doi.org/10.1080/10826084.2020.1840590
https://doi.org/10.1016/S0304-3959(99)00242-0
https://doi.org/10.1097/j.pain.0000000000000574
https://doi.org/10.1007/s11916-010-0094-x
https://doi.org/10.1002/jclp.20816
https://doi.org/10.1177/1359105315603464
https://doi.org/10.1097/j.pain.0000000000001885
https://doi.org/10.1037/0000150-007
https://doi.org/10.1016/j.yfrne.2022.100994
https://doi.org/10.1371/journal.pone.0167276
https://doi.org/10.1016/j.neubiorev.2015.07.007
https://doi.org/10.1016/j.bpsc.2020.10.009
https://doi.org/10.1007/s12160-013-9499-1
https://doi.org/10.1097/j.pain.0000000000001706
https://doi.org/10.1002/cpp.699
https://doi.org/10.1002/j.1532-2149.2011.00035.x
https://doi.org/10.1111/jasp.12107
https://doi.org/10.1016/j.chiabu.2013.09.004
https://doi.org/10.1080/10538712.2017.1316336
https://doi.org/10.2466/16.02.PR0.113x30z2
https://doi.org/10.1080/02791072.2002.10399933
https://doi.org/10.1080/10538712.2013.830670
https://doi.org/10.1093/pm/pny167
https://doi.org/10.1016/j.ynstr.2018.100144
https://doi.org/10.1097/j.pain.0000000000001950
https://doi.org/10.1097/j.pain.0000000000002004
https://doi.org/10.1016/j.paed.2021.09.004
https://doi.org/10.1007/s00787-021-01739-0
https://doi.org/10.1002/wps.20801
https://www.GOV.UK
https://www.GOV.UK
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/984767/The_Child_Safeguarding_Annual_Report_2020.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/984767/The_Child_Safeguarding_Annual_Report_2020.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/984767/The_Child_Safeguarding_Annual_Report_2020.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/bulletins/domesticabuseinenglandandwalesoverview/november2021
https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/bulletins/domesticabuseinenglandandwalesoverview/november2021
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

158. Office for National Statistics.Domestic abuse in England andWales overview:

November 2019. Office for National Statistics (2019). Retrieved from
https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/
bulletins/domesticabuseinenglandandwalesoverview/november2019
(accessed May 18, 2022).

159. Usher K, Bhullar N, Durkin J, Gyamfi N, Jackson D. Family violence
and COVID-19: increased vulnerability and reduced options for
support. Int J Ment Health Nurs. (2020) 29:549–52. doi: 10.1111/inm.
12735

160. Cheong EV, Sinnott C, Dahly D, Kearney PM. Adverse
childhood experiences (ACEs) and later-life depression:
perceived social support as a potential protective factor.
BMJ Open. (2017) 7:e013228. doi: 10.1136/bmjopen-2016-01
3228

161. Kim AW, Nyengerai T, Mendenhall E. Evaluating the mental health
impacts of the COVID-19 pandemic: perceived risk of COVID-19 infection
and childhood trauma predict adult depressive symptoms in urban
South Africa. Psychol Med. (2020) 8:1–13. doi: 10.1017/S003329172000
3414

162. Morgan A, Smith JG, Copland C, Taylor A. The effects of pre-treatment
anxiety and depression on outcomes for people experiencing chronic pain
attending a multidisciplinary pain management programme. Pain Rehabil.

(2021) 2021:23–33.
163. Trindade IA, Mendes AL, Ferreira NB. The moderating

effect of psychological flexibility on the link between learned
helplessness and depression symptomatology: a preliminary study.
J Context Behav Sci. (2020) 15:68–72. doi: 10.1016/j.jcbs.2019.
12.001

164. Clemens V, Köhler-Dauner F, Ziegenhain U, Fegert JM. Predictors
of parental coping during the covid-19 pandemic: a survey in
Germany. Front Psychol. (2021) 12:715327. doi: 10.3389/fpsyg.2021.71
5327

165. Hails KA, Petts RA, Hostutler CA, Simoni M, Greene R, Snider TC,
et al. COVID-19 distress, negative parenting, and child behavioral
problems: the moderating role of parent adverse childhood experiences.
Child Abuse Negl. (2021) 2021:105450. doi: 10.1016/j.chiabu.2021.10
5450

166. Beveridge JK, Dobson KS, Madigan S, Yeates KO, Stone AL, Wilson
AC, et al. Adverse childhood experiences in parents of youth with
chronic pain: prevalence and comparison with a community-based
sample. Pain Rep. (2020) 5:e866. doi: 10.1097/PR9.000000000000
0866

167. Hsieh Y-P, Shen A, Hwa H-L., Wei H-S, Feng J-Y, and Huang
C-Y. Associations between child maltreatment, dysfunctional family
environment, post-traumatic stress disorder and children’s bullying
perpetration in a national representative sample in Taiwan. J. Fam.

Violence (2021). 36:27–36. doi: 10.1007/s10896-020-00144-6
168. Afifi TO, McMillan KA, Asmundson GJG, Pietrzak RH, Sareen

J. An examination of the relation between conduct disorder,
childhood and adulthood traumatic events, and posttraumatic
stress disorder in a nationally representative sample. J

Psychiatr Res. (2011) 45:1564–72. doi: 10.1016/j.jpsychires.2011.
08.005

169. Harford TC, Yi H, Grant BF. Associations between childhood
abuse and interpersonal aggression and suicide attempt among
U.S. adults in a national study. Child Abuse Neglect. (2014)
38:1389–98. doi: 10.1016/j.chiabu.2014.02.011

170. Choinière M, Dion D, Peng P, Banner R, Barton PM, Boulanger
A, et al. The Canadian STOP-PAIN project – part 1: who are
the patients on the waitlists of multidisciplinary pain treatment
facilities? Can J Anesthesia. (2010) 57:539–48. doi: 10.1007/s12630-010-
9305-5

171. Deslauriers S, Roy JS, Bernatsky S, Feldman DE, Pinard AM, Desmeules
F, et al. Factors associated with waiting times for persons with rheumatic
conditions in multidisciplinary pain treatment facilities. J Pain Res. (2019)
12:2379–90. doi: 10.2147/JPR.S206519

172. Lynch ME, Campbell F, Clark AJ, Dunbar MJ, Goldstein D, Peng
P, et al. A systematic review of the effect of waiting for treatment

for chronic pain. Pain. (2008) 136:97–116. doi: 10.1016/j.pain.2007.
06.018

173. Punton G, Dodd AL, McNeill A. ‘You’re on the waiting list’:
an interpretive phenomenological analysis of young adults’
experiences of waiting lists within mental health services in the
UK. PLoS ONE. (2022) 17:e0265542. doi: 10.1371/journal.pone.02
65542

174. Wong ELY, Lui S, Cheung AWL, Yam CHK, Huang NF, Tam WWS,
et al. Views and experience on patient engagement in healthcare
professionals and patients—how are they different? Open J Nurs. (2017)
7:615. doi: 10.4236/ojn.2017.76046

175. Raja S, Hasnain M, Hoersch M, Gove-Yin S, Rajagopalan
C. Trauma informed care in medicine: current knowledge
and future research directions. Fam Community

Health. (2015) 38:216–26. doi: 10.1097/FCH.00000000000
00071

176. Machtinger EL, Cuca YP, Khanna N, Rose CD, Kimberg LS. From treatment
to healing: the promise of trauma-informed primary care. Womens Health

Issues. (2015) 25:193–7. doi: 10.1016/j.whi.2015.03.008
177. Kunze KD. Effects of Adverse Childhood Experiences on Pain Interference

and Anxiety in an Integrative Chronic Pain Clinic. DNP Scholarly
Projects. 18 (2019). Available online at: https://repository.belmont.edu/
dnpscholarlyprojects/18

178. Menschner C, Maul A. Key Ingredients for Successful Trauma-Informed Care

ImplementationHamilton, NJ: Center for Health Care Strategies (2016).
179. Hargreaves MK, Mouton CP, Liu J, Zhou YE, Blot WJ. Adverse childhood

experiences and health care utilization in a low-income population. J Health
Care Poor Underserved. (2019) 30:749–67. doi: 10.1353/hpu.2019.0054

180. Fenney D. Tackling poor health outcomes: the role of trauma-informed care.
Kingsfund.org.uk. [online]. (2019). Retrieved from: https://www.kingsfund.
org.uk/blog/2019/11/trauma-informed-care (accessed April 19, 2022).

181. Kalmakis KA, Shafer MB, Chandler GE, Aponte EV, Roberts SJ. Screening
for childhood adversity among adult primary care patients. J Am

Assoc Nurse Pract. (2018) 30:193–200. doi: 10.1097/JXX.00000000000
00033

182. Mishra K, Atkins DE, Gutierrez B, Wu J, Cousineau MR, Hempel S.
Screening for adverse childhood experiences in preventive medicine settings:
a scoping review. J Public Health. (2021). doi: 10.1007/s10389-021-01548-4

183. Watson P. How to screen for ACEs in an efficient, sensitive, effective manner.
Paediatr Child Health. (2019) 24:37–8. doi: 10.1093/pch/pxy146

184. Felitti VJ. Future applications of the adverse childhood experiences research.
J Child Adolesc Trauma. (2017) 10:205–6. doi: 10.1007/s40653-017-0189-1

185. Pinto R, Correia L, Maia Â. Assessing the reliability of retrospective
reports of adverse childhood experiences among adolescents with
documented childhood maltreatment. J Fam Violence. (2014)
29:431–8. doi: 10.1007/s10896-014-9602-9

186. Karatekin C, Hill M. Expanding the original definition of adverse
childhood experiences (ACEs). J Child Adolesc Trauma. (2018) 12:289–
306. doi: 10.1007/s40653-018-0237-5

187. NICE. National Institute for Health and Care Excellence: Chronic Pain

(Primary and Secondary) in Over 16s: Assessment of all Chronic Pain and

Management of Chronic Primary Pain. NICE. Retrieved from https://www.
nice.org.uk/guidance/ng193 (accessed April 19, 2022).

188. Brown JD, King MA, Wissow LS. The central role of relationships with
trauma-informed integrated care for children and youth. Acad Pediatr.

(2017) 17 (7 Suppl):S94–101. doi: 10.1016/j.acap.2017.01.013
189. Ranjbar N, Erb M. Adverse childhood experiences and trauma-

informed care in rehabilitation clinical practice. Arch Rehabil

Res Clin Transl. (2019) 1:100003. doi: 10.1016/j.arrct.2019.10
0003

190. Horvath AO, Greenberg LS. Development and
validation of the working alliance inventory. J Couns

Psychol. (1989) 36:223–33. doi: 10.1037/0022-0167.36.
2.223

191. Horvath AO, Re ACD, Flückiger C, Symonds D. Alliance in individual
psychotherapy. In: Psychotherapy Relationships that Work: Evidence-Based

Responsiveness. 2nd edition. Scranton, PA: Oxford University Press (2011).
p. 25–69. doi: 10.1093/acprof:oso/9780199737208.003.0002

Frontiers in Pain Research | www.frontiersin.org 14 June 2022 | Volume 3 | Article 923866

https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/bulletins/domesticabuseinenglandandwalesoverview/november2019
https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/bulletins/domesticabuseinenglandandwalesoverview/november2019
https://doi.org/10.1111/inm.12735
https://doi.org/10.1136/bmjopen-2016-013228
https://doi.org/10.1017/S0033291720003414
https://doi.org/10.1016/j.jcbs.2019.12.001
https://doi.org/10.3389/fpsyg.2021.715327
https://doi.org/10.1016/j.chiabu.2021.105450
https://doi.org/10.1097/PR9.0000000000000866
https://doi.org/10.1007/s10896-020-00144-6
https://doi.org/10.1016/j.jpsychires.2011.08.005
https://doi.org/10.1016/j.chiabu.2014.02.011
https://doi.org/10.1007/s12630-010-9305-5
https://doi.org/10.2147/JPR.S206519
https://doi.org/10.1016/j.pain.2007.06.018
https://doi.org/10.1371/journal.pone.0265542
https://doi.org/10.4236/ojn.2017.76046
https://doi.org/10.1097/FCH.0000000000000071
https://doi.org/10.1016/j.whi.2015.03.008
https://repository.belmont.edu/dnpscholarlyprojects/18
https://repository.belmont.edu/dnpscholarlyprojects/18
https://doi.org/10.1353/hpu.2019.0054
https://www.kingsfund.org.uk
https://www.kingsfund.org.uk/blog/2019/11/trauma-informed-care
https://www.kingsfund.org.uk/blog/2019/11/trauma-informed-care
https://doi.org/10.1097/JXX.0000000000000033
https://doi.org/10.1007/s10389-021-01548-4
https://doi.org/10.1093/pch/pxy146
https://doi.org/10.1007/s40653-017-0189-1
https://doi.org/10.1007/s10896-014-9602-9
https://doi.org/10.1007/s40653-018-0237-5
https://www.nice.org.uk/guidance/ng193
https://www.nice.org.uk/guidance/ng193
https://doi.org/10.1016/j.acap.2017.01.013
https://doi.org/10.1016/j.arrct.2019.100003
https://doi.org/10.1037/0022-0167.36.2.223
https://doi.org/10.1093/acprof:oso/9780199737208.003.0002
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Tidmarsh et al. ACEs Awareness for Pain Management

192. McGee C, Hughes K, Quigg Z, Bellis M, Larkin W, Lowey H. A Scoping

Study of the Implementation of Routine Enquiry about Childhood Adversity

(REACh). Centre for Public Health. Liverpool John Moores University
(2015). Retrieved from https://www.ljmu.ac.uk/~/media/phi-reports/pdf/
2015_07_a_scoping_study_of_the_implementation_of_routine_enquiry_
about_childhood_adversity.pdf (accessed April 19, 2022).

193. British Psychological Society, Ethics Committee, and British
Psychological Society. Code of Ethics and Conduct. British Psychological
Society (2018).

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Tidmarsh, Harrison, Ravindran, Matthews and Finlay. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pain Research | www.frontiersin.org 15 June 2022 | Volume 3 | Article 923866

https://www.ljmu.ac.uk/~/media/phi-reports/pdf/2015_07_a_scoping_study_of_the_implementation_of_routine_enquiry_about_childhood_adversity.pdf
https://www.ljmu.ac.uk/~/media/phi-reports/pdf/2015_07_a_scoping_study_of_the_implementation_of_routine_enquiry_about_childhood_adversity.pdf
https://www.ljmu.ac.uk/~/media/phi-reports/pdf/2015_07_a_scoping_study_of_the_implementation_of_routine_enquiry_about_childhood_adversity.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles

	The Influence of Adverse Childhood Experiences in Pain Management: Mechanisms, Processes, and Trauma-Informed Care
	Introduction
	ACEs and Chronic Pain in Adulthood
	ACEs: The ``Dose-Response'' Relationship
	Biological Mechanisms and Processes
	Psychological Theoretical Models
	Cognitive Factors: Pain Catastrophizing
	Behavioral Factors: Pain Fear-Avoidance and Trauma Experiential-Avoidance
	The Impact of ACEs on Patient Adherence and Completion
	The Impact of COVID-19 on ACEs and Pain 
	The Role of ACEs in Waiting for Pain Management Treatment
	Working With ACEs In Pain Management: Clinical Implications for Treatment
	Conclusion
	Author Contributions
	Funding
	References


