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Adverse childhood experiences and burn pain: a
review of biopsychosocial mechanisms that may
influence healing
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Abstract \
Adverse childhood experiences (ACEs) affect over half of the adults in the United States and are known to contribute to the
development of a wide variety of negative health and behavioral outcomes. The consequences of ACE exposure have been studied
in patient populations that include individuals with gynecologic, orthopedic, metabolic, autoimmune, cardiovascular, and
gastrointestinal conditions among others. Findings indicate that ACEs not only increase risks for chronic pain but also influence
emotional responses to pain in many of these individuals. A growing body of research suggests that these effects may be the result
of long-lasting changes induced by ACEs in neurobiological systems during early development. However, one area that is still largely
unexplored concerns the effects of ACEs on burn patients, who account for almost 450,000 hospitalizations in the United States
annually. Patients with severe burns frequently suffer from persistent pain that affects their well-being long after the acute injury, but
considerable variability has been observed in the experience of pain across individuals. A literature search was conducted in
CINAHL and PubMed to evaluate the possibility that previously documented ACE-induced changes in biological, psychological,
and social processes might contribute to these differences. Findings suggest that better understanding of the role that ACEs play in
burn outcomes could lead to improved treatment strategies, but further empirical research is needed to identify the predictors and
mechanisms that dictate individual differences in pain outcomes in patients with ACE exposure and to clarify the role that ACE-

related alterations play in early healing and recovery from burn injuries.
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1. Introduction

Adverse childhood experiences (ACEs) affect over half of the
adults in the United States and are known to contribute to the
development of a wide variety of negative health and behavioral
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outcomes.*® Originally defined by Felitti et al.,?® these experi-
ences include traumatic events such as physical, mental, and
sexual abuse as well as neglect, divorce or separation, family
incarceration, and violence, mental illness, or substance abuse in
home. There is emerging evidence that one of the most
intractable negative health outcomes associated with ACEs is
chronic pain. Adverse childhood experiences have been shown
to contribute to risks for chronic pain in both children and
adults”>®" and are associated with increased severity of pain in
medical conditions such as arthritis, back pain, and headaches.*°
In recent years, there has been growing interest in studying the
biological mechanisms that may underlie these associations.
Findings of several lines of research have provided evidence that
individual differences in pain responses and risks for chronic pain
may be the result of ACE-induced alterations in the developing
brain and in key neurobiological substates, such as the
hypothalamic—pituitary—adrenal (HPA) axis, and autonomic and
immune systems.”-31:86:110

Burn patients account for almost 450,000 hospitalizations in
the United States annually.? Anecdotal evidence suggests that up
to 40% of the adult burn population has had ACE exposure.??
Yet, despite evidence that ACE exposure worsens pain
outcomes in patients with other kinds of pain, only one published
study has specifically explored the relationship between ACEs
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and burn injuries.?? Findings showed that a history of ACEs
predicted more depressive symptoms, less resilience, greater
probability of posttraumatic stress disorder (PTSD), and less
social participation 3 months after burn injury. These findings
provided preliminary evidence that ACE exposure may affect
healing and coping after burn injuries. Although minimal
differences in pain levels were observed between patients who
reported >4 ACE events as compared with those who reported
<4 events, several limitations of the study, such as the small
sample size (N = 34) and lack of power analysis, suggest that
further research is needed to definitively establish the impact of
ACE exposure on burn pain, healing, and long-term morbidity
and quality of life in burn patients.

Although the pathophysiology of acute burn pain is not yet fully
understood, available data indicate that the mechanisms involve
both peripheral and central processes and activation of nocicep-
tive, neuropathic, and inflammatory pain pathways.3*°051:6981 |
serious burn injuries, multiple surgical excisions occur during initial
hospitalizations, often with only days between procedures. Acute
pain is, therefore, repeatedly experienced by the patient. Repeated
wound care and dressing change procedures during periods of
nonsurgical intervention produce procedural pain, compounding
the inflammatory process pain experienced during the initial
cytokine storm.®" In burn patients with large total body surface
area injuries, surgical pain is complicated by additional procedural
insults, causing prolonged cascading effects. Psychogenic pain
has also been shown in burn patients, particularly among patients
with traumatic burn injuries from self-immolation, assault, or
accident.8*

Advances in the treatment of patients in the acute phase of
their burn injuries has led to marked improvements in survival
rates of burn patients over the past few decades. However,
research on the tremendous impact that prolonged pain and
disfigurement have on long-term quality of life and functional
status of these patients is only beginning to emerge.’” Although
mechanisms are poorly understood, it is estimated that approx-
imately 60% of burn survivors develop chronic pain following the
acute phase of the injury.* This complication is most often
believed to be neuropathic in origin, involving damage or
dysfunction in nerve fibers,®® which may affect the entire nervous
system."” However, although it is generally assumed that the
degree of pain that an individual experiences after a burn injury is
determined by the severity and other characteristics of the burn
itself, growing evidence suggests that considerable variability in
both acute pain responses and long-term morbidity may be due
to individual factors that are unrelated to these factors,?%-%193.103
In fact, findings of one study showed that a more negative
experience of pain, operationalized as pain intensity and pain
interference, was associated with decreased physical functioning
6 months after burn injury in pediatric burn patients irrespective of
specific injury characteristics such as the burn or graft surface
area.”® Pain interference at 6 months, which refers to an
individual’s perception of how pain is affecting their life, predicted
both physical outcomes and mood or peer relationship impair-
ment at 12 months above and beyond burn characteristics.”®
Better understanding of factors that contribute to individual
differences in cognitive appraisal or other aspects of the pain
experience could lead to improved trauma-related care and long-
term physical and psychological outcomes of burn patients.

For the purposes of this narrative review, a conceptual model was
developed to highlight selected biopsychosocial mechanisms that
could hypothetically influence responses to burn pain in persons with
a history of ACEs. Although other mechanisms are possible, we
limited our discussion to several key neurobiological processes (ie,
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brain, HPA axis, and immune function and epigenetic changes in
gene expression) and psychosocial variables (ie, pain expectations,
pain catastrophizing [PC], and peer groups) that have been
previously shown to be significantly altered by ACE exposure or
play an important role in pain outcomes. A literature search was
conducted in CINAHL and PubMed for articles published between
2000 and 2021 using the biopsychosocial model to limit the search
terms to Ace and “burn,” “burn pain,” “pain,” “peer group,” “pain
expectations,” “pain and catastrophizing,” “central sensitization,”
“epigenetics,” “neurobiology,” “hypothalamic-pituitary-adrenal axis,”
and “childhood adversity and HPA axis.”

T ” o«

1.1. Potential biological mechanisms
1.1.1. Central sensitization

Central sensitization is characterized by a heightened respon-
siveness of the central nervous system which leads to hypersen-
sitivity to both painful and innocuous stimuli.®" This condition is
observed in many chronic pain disorders and has been used to
explain both increased intensity of pain in patients with a history of
ACE exposure and chronic pain® and heightened affective
responses to pain.*?®” Importantly, functions of brain regions,
such as the prefrontal cortex, amygdala, and nucleus accum-
bens, which are involved in both central sensitization and affective
components of pain, are significantly altered by ACEs.%®
Amygdala—prefrontal circuits have been shown to be particu-
larly sensitive to the effects of environmental influences early in
life. Changes in these brain networks, which are involved in stress
responses, cognition, and emotion, may help to shape the de-
velopment of neural and behavioral phenotypes that persist well
into adulthood.?®1°" Although very few studies have directly ex-
amined the involvement and consequences of such changes
about pain, there is evidence that early life adversity leads to
altered functional activation of nodes within central pain pathways
in rats, which may be related to central amplification of sensory
input.*® Changes induced by early life adversity in these regions
(eg, thalamo—cortico-amygdala pathway) have also been shown
to lead to exacerbated pain sensitivity in animal models.®® In
patients with chronic abdominal pain, ACE-related alterations in
intrinsic connectivity have been observed within the salience or
executive control network, which is implicated in the pathophys-
iology of central pain ampilification.®" A dose-risk relationship has
also been observed between ACE history and central sensitivity in
several chronic pain syndromes.**

It is notable that in burn patients, there is evidence that central
sensitization within the spinal cord, which seems to be part of the
long-lasting changes in neuronal and nonneuronal tissue damage
from burns, contributes to excessive pain after burn injuries.”®
Although links with burn pain are speculative, Chung et al.'®
showed that maternal separation upregulates the activity of
ascending pathways at the spinal level as well as the
thalamo—cortico-amygdala pathway in rats, which contributed to
sensitization. Thus, it is possible that the effects of burn injuries
could be intensified in pathways that have already been sensitized
by ACEs. Postburn inflammation in combination with increased
ACE-related neuroinflammation®® could also potentially contribute
to central sensitization and its accompanying hyperalgesia through
upregulation of IL-8 and centrally mediated hyperalgesia.®®

1.1.2. Hypothalamic-pituitary-adrenal axis function

The HPA axis is a complex system that mediates the body’s
endocrine response to stress through a series of hormonal
responses that ultimately lead to the release of glucocorticoids
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from the adrenal cortex. Animal models simulating psychological
ACEs through maternal deprivation or maternal separation have
demonstrated that early life trauma is associated with profound
and enduring changes in HPA axis function.’® Both hyper-
cortisolemia and hypocortisolemia have been reported in humans
with a history of ACEs, which have been shown to contribute to
increased stress reactivity and vulnerability for a host of
psychopathological, metabolic, and chronic inflammatory
conditions.>8%197

Importantly, one consequence of such HPA axis dysregulation
is increased vulnerability for the development of chronic pain.®® It
has been suggested that enhanced salivary cortisol secretion is
associated with greater pain intensity in response to acute pain;
however, hypocortisolemia may be a marker for pain chroniciza-
tion.”" Increased demand on the HPA axis during the acute
recovery from a burn injury alters the stress response.”® In fact,
Akita and colleagues showed that HPA axis activity is a good
marker of disease severity and prognosis in patients with
extensive burns.” Although little is known about the influence of
HPA axis function on burn pain, there is evidence that 8 weeks of
cortisol administration by drinking water is coupled with thermal
hyperalgesia in rodents.®® Taken together, these findings suggest
that preexisting alterations in HPA axis function resulting from
ACE exposure could be mechanistically linked to disadvanta-
geous outcomes after a burn injury in adults with this history. This
would be consistent with notions that prolonged activation of
stress systems contributes to central sensitization and exacer-
bated responses to pain and noxae.

1.1.3. Immune system function

Findings of a growing body of research have shown that ACEs are
associated with chronic activation of the immune system.
Although in the short term, a stronger immune response could
be expected to lead to more effective healing after a burn injury,
chronic inflammation, which has been implicated in a range of
conditions from type 2 diabetes to cancer and is a key biological
mechanism linking ACEs to psychopathology and cardiometa-
bolic disease, '®°? is associated with increased susceptibility to
inflammatory disease and exaggerated responses to injury in later
life.” Ganguly and Brenhouse?® suggested that early life adversity
precipitates deleterious suppression of inflammatory markers
during early development but causes a shift toward a proin-
flammatory state later in life. There is evidence of alterations in
peripheral markers, such as IL-6, TNFa, C-reactive protein, and
leukocytes, in ACE-exposed individuals.® Alterations in neuro-
inflammatory gene expression in brain regions associated with
pain and mood have also been observed.”

Zouikr and Karshikoff''° suggested that the immune system
has a profound effect on pain systems throughout life by
neuroimmune and neuroendocrine interactions. Findings from
several lines of preclinical studies indicate that dysregulation of
immune function early in life may lead to long-lasting hyper-
algesia, enhanced nociceptive behavior to inflammatory stimuli,
and altered nociceptive processing, which together suggest
sensitization of nociceptive circuits.” Findings from both pre-
clinical and clinical studies have shown that burns cause an acute
inflammatory response that can be either restricted to the site of
injury or involve systemic inflammatory processes.®® The cyto-
kines and inflammatory molecules that are released mediate
wound healing contribute to burn-related allodynia and hyper-
algesia. Thus, although the research has yet to be conducted, it is
reasonable to speculate that an immune system that has been
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dysregulated by ACE exposure could increase risks for significant
morbidity and pain after a burn injury.

1.1.4. Epigenetic changes

Broadly defined, epigenetic mechanisms are processes, such as
DNA methylation, chromatin remodeling, or histone posttransla-
tional modification, that regulate gene expression without
changing the genetic code.®® Accumulating evidence suggests
that epigenetic mechanisms mediate the long-term effects of
ACEs on the function of the HPA axis and stress-sensitive brain
regions,®%57%9 \which may play a pivotal role in the etiology of
several neuropsychiatric, neurodegenerative, and autoimmune
ilnesses.'®

Interestingly, epigenetic mechanisms involving stress-related
genes have also been shown to be involved in the development
and maintenance of persistent pain states.>° One gene whose
function has been shown to be altered by early trauma is the
stress regulator FDBP prolyl isomerase 5 (FKBP5). FKBP5 is an
important modulator of the stress response, helping to regulate
not only the glucocorticoid receptor activity but also a multitude of
other cellular process in the brain and periphery. Interactions
between FKBP5 and environmental stressors have been shown
to contribute to a number of aberrant phenotypes in both rodents
and humans.'®® Importantly, this gene also seems to play an
important role in nociceptive processing, regulating chronic pain
states through modulation of glucocorticoid signaling.®’ Collec-
tively, these findings suggest that the epigenetic changes
induced by ACEs could underlie the impact of early adversity
on both the emotional responses to pain and susceptibility to
developing chronic pain later in life.” Although little is known about
these relationships in burn patients, one could postulate that the
dysregulation of metabolic processes and cortisol regulation that
occurs after severe burns might interact with alterations induced
in the FKBP5 gene to increase susceptibility for chronic pain.

1.2. Potential psychological mechanisms
1.2.1. Expectancies or expectations

Expectancies are psychophysical predictions of future events
that can occur without full awareness (ie, implicit expectancies).
On the contrary, expectations refer to conscious cognitive
dynamic constructs referring to predictions of future events and
outcome anticipations that can be measured through validated
scales and verbal self-reports.’"* Expectations as predictors of
future outcomes can be positive and negative and can affect
neural pain processes.''™'® In orthopedic patients, for example,
particularly knee and hip replacement patients, belief in treatment
efficacy (positive expectations) has been associated with lower
pain scores and better patient outcomes.*® Positive and negative
expectancies influence outcomes by driving behavioral and
neurobiological pain systems and processes.'® Expectations of
positive or negative outcomes are often not met in daily clinical
practice. We demonstrated that expectation violation expressed
as a misalignment between what it is expected and what is
actually experienced alerts responses to pain. Such discrep-
ancies resulted in the activation of the left inferior parietal cortex
that redirects attention load in the presence of misalignment
between sensorial stimulations and cognitive events in healthy
participants.'®

Expectations are dynamic in nature and, therefore, can be
shaped to optimize outcomes. Rief et al.® conducted a trial
preoperatively to optimize patient expectations to improve long-
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term outcome in heart surgery patients. The study was designed
as a 3-arm randomized clinical trial including a follow-up of 6
months in 124 patients undergoing coronary artery bypass graft
surgery. The 3 arms included a short-lasting psychological
presurgery session with the scope to optimize outcome
expectations (EXPECT), a psychological control session which
focused on emotional support and general advice alone
(SUPPORT), and a standard medical care session. Both pre-
surgery sessions were comparable in duration. The authors
demonstrated that a brief session tailored explicitly to optimize
expectations improved disability up to 6 months after surgery.
This study along with many others from this team pave the way to
psychological approaches that align expectations to optimize
long-term outcomes even in the presence of invasive surgical
interventions and other procedures.?6-7:5%

Although the role of changing expectations has not yet been
validated in patients experiencing burn injuries, the idea of
aligning expectations with healing prognosis is important in
injuries that require prolonged or repeated hospitalizations.
Blalock et al.® found that patients who had low expectations
about rehabilitative outcomes but who attached high importance
to the need for improvement exhibited the most psychological
distress after major or moderate thermal burn injuries. Positive
and negative expectations have also been shown to contribute to
conditioned pain modulation®* and to engage descending pain
modulatory circuits during exposure to thermal pain,'* suggest-
ing that the development of strategies to optimize expectations
may be useful for the management of both acute and chronic
burn pain.

In one of the few studies that have examined the impact of ACE
history on pain expectations, Walton et al.'®* found that high ACE
scores together with threat appraisal were associated with
increased expectations that events would be painful or traumatic
in patients with acute, musculoskeletal trauma. Although
causation could not be inferred from the cross-sectional data,
the findings were consistent with those of animal studies showing
effects of early life trauma on threat processing. Exposure to
maltreatment is thought to bias attentional and emotional
processes towards greater threat generalization and reduced
flexibility in appraising challenges, potentially leading to higher
risks for psychopathology later in life.*65*7” In one human
laboratory study with healthy adults, individuals with attachment
insecurity, which could be a consequence of ACE expo-
sure,'9%5€0 had significantly lower expectations of perceived
control over experimentally induced pain and reported less ability
to decrease pain than secure individuals.®” Taken together, these
findings extend notions that subjective expectations related to
pain can be shaped by trauma, highlighting the role that
preexisting vulnerabilities or resilience may play in the process.
Further research into the role expectations play in the experience
of acute burn pain in adult survivors of ACEs could potentially help
to substantiate the proposed pathways.

1.2.2. Pain catastrophizing

Pain catastrophizing has been defined as a maladaptive
orientation toward actual or anticipated pain®’ that has 3 distinct
characteristics: rumination (inability to inhibit pain-related
thoughts), magnification (exaggerated threat value of the pain
stimulus), and helplessness.®® Catastrophizing is a strong
predictor of disability in patients with chronic pain®®'°? and has
been associated with several dimensions of pain experience,
including heightened affective responses,'®? increased sever-
ity,*>*” and longer duration.* Not surprisingly, given its links with
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affective responses to pain, PC is also associated with de-
pression and anxiety '®°* and, in fact, may mediate relationships
between psychological distress and pain experiences.®’®
Findings of one recent brain imaging study showed that several
brain regions involved in PC are also involved in mood regulation
and pain processing,*'®° which, at least in theory, could help to
explain these relationships.

Strong associations have also been observed between child
maltreatment and PC. In one study, the relationship was shown to
be independent of other risk factors, including anxiety and
depression.®® Reported relationships between ACEs and PC
include all 3 dimensions of PC and several different types of
ACEs, although emotional abuse seems to show the strongest
association.” 88819 Although there has been only limited study of
PC in burn patients, evidence of a relationship with pain
sensitization and duration has been reported.®® Van Loey
et al.’® further found that PC 6 months after a burn injury
predicted both chronic pain and symptoms of PTSD at 12 months
postburn. This suggests that screening for a history of child
maltreatment and tendency to catastrophize could lead to early
identification of individuals who are at greater risk of developing
PTSD and chronic pain after a burn injury. However, to date, PC
effects on acute burn pain have not been explored in burn
patients with ACEs.

1.3. Potential influences of social learning
1.3.1. Peer group

Peer groups are often discussed in ACE literature as both
moderating and mediating the impact of ACE exposure,
particularly on normal development in adolescence.'®® Explora-
tions of the relationship between ACEs and deviant peer groups
have demonstrated that exposure to ACEs predisposes adoles-
cents to seek out and develop such peer groups.®’

Involvement in deviant peer groups has been shown to lead to
further trauma and has been linked to poor health outcomes. The
converse, that supportive peer groups for survivors of ACEs are
associated with better outcomes, has also been demonstrated.*®
Supportive peer groups need not always take the form of same-
age peers but can be fulfilled with supportive older adults or
communities.’®® In adult burn patients, who may have significant
barriers to inclusion in adult peer groups due to scarring from
catastrophic injuries, the consequences of exclusions from
adolescent peer groups or inclusion in deviant peer groups may
be compounded. Further research into how deviant or non-
existent peer groups for adult survivors of ACEs affects their
affiliation with adult peer groups and the experience of pain is
warranted.

1.3.2. Conceptual framework

The biopsychosocial model of pain, which guided us in writing
this review, hypothesizes that pain is dependent on inter-
connected biological, psychological, and social variables
specific to the individual experiencing pain.®:¢® As such, the
model allows for exploration of the complex mechanisms by
which ACE exposure colors the experience of acute and
chronic burn pain in survivors of childhood adversity (Fig. 1). In
the biological domain, these mechanisms may include central
sensitization, alterations in HPA axis and immune functions,
and changes in epigenetic processes. Although examination
of the effects of ACEs on the development of central
sensitization and epigenetic processes are relatively new
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Biopsychosocial model allowing an exploration of the complex
mechanisms by which adverse childhood experience exposure colors the
experience of acute and chronic burn pain in survivors of childhood adversity.

areas of inquiry, there is a growing body of literature supporting
the important role that both play in the experience of acute pain
and the development of chronic pain. In the psychological
domain, a small body of evidence has demonstrated that ACE
exposure may influence expectations related to painful
experiences, as well as tendencies for PC, which may in turn
heighten risks for adverse outcomes related to pain. Finally,
although not yet studied about pain, in the social domain, there
is evidence that ACE exposure may be associated with greater
tendencies to seek out deviant peer groups, which may also be
linked to poor health outcomes.

2. Discussion

Taken together, the findings of this review highlight several
etiological pathways that may help to explain relationships between
a history of ACEs and adverse pain-related outcomes in adulthood.
What is remarkable, however, is the paucity of research that has
explored these relationships in patients with burn injuries. Not only
has there been minimal research exploring the consequences of
ACE exposure in burn patients, but also there has been little
investigation of the biological, psychological, or social mechanisms
that may underlie individual differences in pain experiences and
response to treatment in these individuals, regardless of cause.
The evidence from human laboratory and clinical studies showing
that ACEs alter perceptual and affective responses to other kinds of
pain support theories that the pathways and assumptions
described in this article may hold true for burn patients. Moreover,
what we do know about the unique physiology and psychological
ramifications of burns suggests that the consequences of ACE
exposure may be compounded in these individuals. Postourn
inflammation and the high demand on HPA axis and brain stress
systems during acute recovery from burns, for example, may
interact with preexisting deficits inflicted in these systems by ACE
exposure to significantly affect recovery. Given that ACE exposure
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has also been associated with greater catastrophizing and more
negative expectations related to pain, it might also be expected
that ACE exposure would be associated with greater psychological
morbidities in burn patients. Burn injuries are among the most
painful experiences that individuals can encounter, treatments
often contribute to ongoing occurrences of acute pain, the duration
of pain and disability from these injuries can last from months to
years, and the pain is often accompanied by psychological trauma
and alienation from significant others.

Although the data presented in this review provide convincing
evidence of the plausibility of mechanistic relationships between
ACE history and burn outcomes, it should be noted that most of
the proposed relationships are speculative at this point. In
addition, most of the studies that have examined the effects of
ACEs on health outcomes are correlational, which precludes
causal conclusions, and they rely on retrospective self-reports of
ACEs, which could be biased by memory distortions or
misreporting. Nevertheless, the evidence of correspondence
between the animal and human literature in many of the areas
studied”*2%86% supports the validity of the findings. Moderate
agreement has also been demonstrated between retrospective
and prospective measures of adversity, especially when out-
comes were objectively assessed.®?

Finally, although the preponderance of human and animal
studies conducted to date have linked trauma-induced alter-
ations in HPA axis, brain, and immune system function to
unfavorable mental and physical health outcomes, there is some
evidence that ACE exposure may lead to accelerated maturation
of neural circuits and greater capacity for stress and emotion
regulation.?® For example, findings of a few studies have shown
that children®® and youths®® with ACE exposure had a more
mature pattern of medial PFC—-amygdala connectivity, which was
associated with lower separation anxiety and lower internalizing
symptoms in the respective groups. These findings are consistent
with notions that, rather than impairing development, exposure to
stress biases development towards strategies that are adaptive
under stressful conditions.®2! From this perspective, growing up
in a traumatic environment might foster the development of skills
and abilities that enhance adaptation within stressful contexts,
making an individual more equipped to cope with challenging
situations that occur later in life, such as burn injuries.

3. Conclusion

Pain may remain an ongoing source of disability long after the acute
recovery period is over in burn patients. Further research is needed
to provide critical insights into the mechanisms, conditions, and
specific elements of ACE exposure that help to determine individual
differences in phenotypic outcomes and to identify strategies for
leveraging this knowledge to target areas of both vulnerability and
strength in the care of individual burn patients. It is our hope that
better understanding of the relationship between ACEs and burn
pain wil help to improve the prognostic, diagnostic, and
therapeutic approaches to burn patients. New knowledge will
support the development of novel approaches (eg, nonpharmaco-
logical virtual reality interventions among others®) to target the as
yet unspecified, underlying pathways in ACE-exposed individuals
who experience bumn injuries.
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