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Abstract

Chronic inflammation is implicated in a variety of diseases (e.g., cardiovascular disease and cancer). Much evidence sug-
gests that early life adversity (ELA), such as maltreatment or neglect, can increase risk for inflammation in adulthood. ELA
may program proinflammatory activity via its effects on brain areas involved in emotion regulation. Of multiple emotion
regulation strategies, some are considered maladaptive (e.g., expressive suppression), while others are generally adaptive
(e.g., cognitive reappraisal). We propose a conceptual framework for how emotion regulation tendencies may affect vulner-
ability or resilience to inflammation in adults who experienced adversity in childhood and/or adolescence. In support of
this framework, we summarize evidence for the relationships between emotion dysregulation and higher inflammation (i.e.,
vulnerability), as well as between cognitive reappraisal and lower inflammation (i.e., resilience), in healthy adults with a
history of ELA. Plausible neurobiological, physiological, psychosocial, and ELA-specific factors, as well as interventions,
contributing to these associations are discussed. Strengths and limitations of the extant research, in addition to ideas for

future directions, are presented.
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Introduction

Chronic inflammation—as indicated by persistent low-
grade elevations in peripheral inflammatory markers—is
a risk factor for multiple diseases associated with aging,
including cardiovascular disease (CVD) and arthritis
(Irwin & Rothermundt, 2012; Piazza et al., 2010). Ongoing
psychological stress is related to dysregulation of the
hypothalamic-adrenal—pituitary (HPA) axis (a primary
output of which is the hormone cortisol) and, in turn,
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changes in inflammatory processes (for a more detailed
review, see Miller et al., 2007). Long-term and severe
stressor exposure is related to elevated levels of peripheral
inflammatory markers, such as the cytokine interleukin
(IL)-6 and acute phase protein C-reactive protein (CRP;
Glaser & Kiecolt-Glaser, 2005; Li & Danese, 2018).
Ultimately, the persistent low-grade inflammation indicated
by such markers is considered a potential mechanism
underlying chronic disease and health disparities (see
Ferruci & Fabbri, 2018).

Considerable research has found strong associations
between early life adversity (ELA), which can be defined
as stressful or traumatic experiences endured in childhood
or adolescence, and inflammation in adulthood (Deighton
et al., 2018; Fagundes & Way, 2014). ELA may program
the immune system such that proinflammatory activity is
primed into adulthood; these resulting proinflammatory
tendencies may be exacerbated by the tuning of neural
circuits implicated in several psychological processes, such
as emotion regulation (Agorastos et al., 2019; Miller et al.,
2011). Compelling evidence also suggests that ELA can
affect the development and functional connectivity among
brain areas critical for emotion regulation (e.g., the prefrontal
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cortex [PFC], hippocampus, and amygdala), in addition to the
attainment of appropriate emotion regulation skills, resulting
in heightened inflammatory reactivity to stress (Chiang et al.,
2015; Crowell et al., 2015; Danese & McEwen, 2012; Taylor
et al., 2011). Thus, it is possible that emotion regulation
may affect associations between ELA and inflammation in
adulthood, especially via stress response processes.

Emotion regulation refers to the ability to shape
the expression of emotion(s) (see Gross, 2015; Webb
et al., 2012). The process model of emotion regulation
distinguishes five temporally separate emotion regulation
processes: situation selection, situation modification,
attentional deployment (e.g., distraction, concentration),
cognitive change (e.g., cognitive reappraisal), and response
modulation (e.g., expressive suppression; for review, see
Gross & Thompson, 2007). For example, under certain
circumstances, environmental factors can be chosen and/
or altered, such as by removing oneself from a stressful
situation, whereas attentional deployment involves directing
attention to a given aspect of a situation to change or elicit
emotional responses. Cognitive change can occur when an
individual modifies their appraisal of a situation, such as to
consider a situation to be less threatening or self-relevant
(helping to upregulate positive emotions or to downregulate
negative emotions and physiological responses); in contrast,
response modulation can be used to change an emotional
response after it has developed, such as by using negative
health behaviors to numb negative emotions or using positive
health behaviors to mitigate physiological stress responses
(Gross, 2015). Although the utility of each strategy may
depend on the situation (see Aldao, 2013; Bonanno et al.,
2004), some strategies are generally associated with
less beneficial outcomes in the long term. For example,
expressive suppression involves inhibiting one’s emotion
expression and is generally associated with negative mental
and physical health outcomes, such as mood disorders
and CVD (for review, see Gross, 2015; Hu et al., 2014).
Accordingly, emotion dysregulation—which refers to the
inappropriate shaping of emotion based on context, goals,
or demands—has been linked to heightened physiological
reactivity, as well as other mental and physical health issues
(see Crowell et al., 2015; DeSteno et al., 2013; Ganguly &
Brenhouse, 2015). Therefore, emotion dysregulation may
not only be a consequence of ELA, but also confer greater
vulnerability to inflammation throughout the lifespan (Miller
etal., 2011).

Not every individual with a history of ELA manifests
emotion dysregulation and/or chronic inflammation in
adulthood. Many individuals demonstrate resilience,
which can be defined as positive adaptation to extreme
stress (for review, see Dunkel-Schetter & Dolbier, 2011;
Southwick et al., 2014; Zautra et al., 2008). Broadly,
flexible use of any emotion regulation strategy may
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be most adaptive (Ford et al., 2019), as opposed to
reliance on just strategy. Among the different categories
of emotion regulation, however, cognitive reappraisal
is one of the most studied, with evidence suggesting
it may contribute to resilience to the negative health
consequences of ELA (Feder et al., 2019; Meng et al.,
2018; Polizzi & Lynn, 2021). As an antecedent-focused
strategy, cognitive reappraisal involves changing one’s
evaluation of a situation before an emotional response
is fully activated,' a pattern which has been associated
with reduced physiological dysregulation and, in turn,
decreased risk for chronic disease (DeSteno et al., 2013;
Gross, 2015). Further, cognitive reappraisal has been
shown to be one of the most adaptive emotion regulation
strategies, as compared to processes that involve adjusting
one’s attentional focus (e.g., distraction or concentration)
or adjusting one’s response (e.g., suppression; Webb
et al., 2012). Thus, particular evidence suggests that
use of cognitive reappraisal may help foster resilience
to heightened inflammatory activity in individuals with
a history of ELA by mitigating the effects of stress on
inflammation (Feder et al., 2019; Troy & Mauss, 2011).

The Proposed Conceptual Framework

The conceptual framework for this review draws on the bio-
logical embedding of childhood adversity model proposed
by Miller et al. (2011),> with a focus on emotion regula-
tion tendencies as drivers of vulnerability (i.e., via emotion
dysregulation) or resilience (i.e., via cognitive reappraisal)
to inflammation in healthy adults with a history of ELA.
Additionally, we propose a testable conceptual model (see
Fig. 1) that can inform future empirical research to examine
ELA, emotion regulation, and inflammatory activity in the
same sample. Only one empirical study to our knowledge
examined a moderation model: Results demonstrated that
higher levels of self-reported resilience resources, which
included a measure of healthy emotional expression, were
linked with lower plasma IL-6 levels in individuals with a
greater amount of retrospective, self-reported ELA (Gouin

! Cognitive reappraisal involves reinterpreting or reevaluating the
emotional situation and/or one’s goals. During a difficult job inter-
view, for example, reappraisal could involve convincing oneself that
the interviewer is trained to not give positive feedback, thereby help-
ing to avoid worry (McRae and Gross, 2020).

2 The biological embedding model proposes that ELA becomes pro-
grammed into immune cells, resulting in proinflammatory activity
that, in turn, is exacerbated by negative health behaviors (e.g., high
threat vigilance, impaired self-regulation) and hormonal dysregula-
tion. These behavioral and hormonal alterations may also be a conse-
quence of ELA (Miller et al., 2011).
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Potential factors affecting these pathways can be:

- Neurobiological (e.g., PFC, amygdala, hippocampus changes)
Physiological (e.g., HPA-axis reactivity)
Psychosocial (e.g., harsh vs. supportive environments; interventions)
ELA-specific (e.g., type, timing, duration, intensity, controllability, single vs.
co-occurring adversities)

Fig.1 Model of emotion regulation tendencies as potential drivers
of vulnerability or resilience to inflammation in adults with a history
of early life adversity (ELA). Our conceptual framework proposes
that emotion dysregulation can mediate connections between ELA
and higher inflammation (i.e., vulnerability). Emotion dysregulation
could also exacerbate associations between ELA and inflammation.

et al., 2017). We aim to integrate the literatures examining
risky and protective emotion regulation tendencies that can
affect linkages between ELA and health outcomes related to
inflammation, such as perceived stress, negative affect, and
patterns of cortisol output.

Linkages between ELA (e.g., maltreatment, trauma) and
elevated inflammation in adulthood are well established (e.g.,
see Baumeister et al., 2016; Chiang et al., 2015; Coelho
et al., 2014; Danese & McEwen, 2012; Deighton et al.,
2018; Fagundes et al., 2013; Kuhlman et al., 2017; Li &
Danese, 2018; Miller et al., 2011). Therefore, our conceptual
framework incorporates review and empirical literatures
examining postnatal adversity experienced in childhood
and/or adolescence as a predictor of emotion dysregulation
in adults, in addition to the literatures examining emotion
dysregulation as a predictor of inflammation in adults.
The potential for emotion dysregulation to exacerbate
connections between ELA and inflammation is also
considered. Additionally, we describe how the specific
emotion regulation strategy of cognitive reappraisal could
buffer associations between ELA and inflammation in adults
by discussing studies examining the moderating effects of
reappraisal on ELA and other relevant outcomes, as well as
direct associations between reappraisal and inflammation.
We focus on cognitive reappraisal for conceptual reasons

In contrast, adaptive emotion regulation strategies such as cognitive
reappraisal use may buffer connections between ELA and inflamma-
tion (i.e., resilience). Cognitive reappraisal use may also predict lower
inflammation. Factors that may affect these pathways of vulnerability
or resilience can be neurobiological, physiological, psychosocial, and/
or ELA-specific

noted above and because the most relevant research linking
resilient emotion regulation and inflammation has focused
on this strategy. However, the impact of behaviors that utilize
cognitive change strategies (e.g., mindfulness meditation) on
inflammation is also discussed. A general review of plausible
neurobiological, physiological, psychosocial, and ELA-
specific factors contributing to these associations is provided.

Our examination of the literature focused on healthy
adults because of the potential confounding of the constructs
of interest with comorbid psychopathology and/or physical
health disorders (e.g., immune conditions), with the under-
standing of variability in outcomes among healthy popula-
tions. As such, the potential for health conditions (e.g., obe-
sity, psychopathology) and/or behaviors (e.g., substance use)
to act as mediators of the pathways of interest are beyond the
scope of our proposed framework, but discussed elsewhere
(e.g., see Baldwin & Danese, 2019; Deighton et al., 2018;
Dufty et al., 2018; Herzog & Schmahl, 2018; Miller et al.,
2011; VanTieghem & Tottenham, 2018). Finally, we present
strengths and limitations of the literature, in addition to ideas
for future directions.

Peer-reviewed empirical and review articles based on
the criteria presented above were found using a variety of
search engines (e.g., PubMed, PsycINFO). Studies focusing
on ELA as a predictor of emotion dys/regulation in adults,
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as well as studies examining emotion dys/regulation as
predictor of inflammation in adults, were included. To find
additional articles, reference lists of obtained articles were
examined, and Google Scholar alerts were set up for the
relationships of interest.

Early Life Adversity and Emotion Regulation

Early Life Adversity and Emotion Dysregulation/
Regulation

Table 1 presents all of the empirical studies examining asso-
ciations between ELA and emotion dys/regulation in adults
to our knowledge. This table summarizes study type (e.g.,
cross-sectional, experimental, neuroimaging), sample type
(noting age, gender, race, and other demographic details if
specified), exclusion criteria if used, and covariates used.
Table 1 also summarizes the type of ELA measure utilized
in the study (noting what type of ELA experience was most
prevalent in the sample if it was clearly specified), and the
type of emotion dys/regulation measure used. Lastly, Table 1
summarizes the main results with regard to direction of asso-
ciations between ELA and emotion regulation.

In general, retrospective, self-reported ELA (e.g., mal-
treatment or trauma) was found to be associated with self-
reported emotion dysregulation in adults across several
cross-sectional studies (Bradley, Westen, et al., 2011; Charak
et al., 2019; Dunn et al., 2018; Janiri et al., 2021; Poole
et al., 2018; Tinajero et al., 2020) and as summarized in
one review article (Dvir et al., 2014). Only one study to our
knowledge examined emotion dysregulation as a moderator
and found that self-reported expressive suppression exac-
erbated the association between low to moderate reported
ELA and perceived chronic stress (Kalia & Knauft, 2020). In
aggregate, the extant literature suggests connections between
ELA and emotion dysregulation in adults.

Potential Factors Contributing to Associations Between
Early Life Adversity and Emotion Dysregulation
in Adulthood

Several reviews have discussed the neurobiological conse-
quences of ELA. Core findings regarding the development/
maturation and functional connectivity among the amygdala,
PFC, and hippocampus in relation to emotion dysregulation
are summarized here (for a review of other affected brain
regions, see Hein & Monk, 2017). ELA experienced during
sensitive periods of development can affect the maturation
of these neural structures, which are critically involved in
the appraisal and interpretation of potentially threatening
stimuli (see Krugers et al., 2016; Teicher et al., 2016). The
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PFC is particularly vulnerable to the negative effects of ELA
because of its prolonged development, which is in contrast to
the amygdala: The reactivity of the amygdala in childhood
leads to an early sensitive period consisting of heightened
vulnerability to stress (see Heim & Binder, 2012; Pechtel
& Pizzagalli, 2011). Further, ELA may increase amygdalar
responding to emotional stimuli, which may be adaptive in
early threatening environments (see Hein & Monk, 2017,
Teicher & Samson, 2016). ELA may also affect the size of
these neural structures: Adults with a history of ELA have
evidenced reduced hippocampal and PFC volumes (see
Danese & McEwen, 2012; Teicher et al., 2016). Amygdala
volume may increase in response to adversity experienced
in childhood yet decrease in response to greater sensitiza-
tion to stress in adulthood (see Teicher & Samson, 2016). It
thus seems clear that adversity experienced during critical
periods of development can disrupt the appropriate growth
and functioning of the PFC, amygdala, and hippocampus.

ELA may also disrupt the functional connectivity among
the hippocampus, PFC, and amygdala, subsequently alter-
ing emotion responding and stress sensitivity (see Herzberg
& Gunnar, 2020; Krugers et al., 2016; Teicher et al., 2016).
Amygdala reactivity to emotional or potentially threaten-
ing stimuli has been shown to be consistently heightened in
individuals with a history of ELA (see Teicher & Samson,
2016). Further, impairments in the amygdala-prefrontal (i.e.,
frontolimbic) circuitry may be linked with emotion dysregu-
lation in individuals with a history of ELA; whereas success-
ful emotion regulation is associated with greater functional
coupling between the PFC and amygdala (i.e., increased PFC
activity with decreased amygdala activity), ELA may reduce
this functional connectivity (see Cohodes et al., 2020; Dufty
et al., 2018; Kim et al., 2011; VanTieghem & Tottenham,
2018). Thus, ELA may wire the brain to manifest an exag-
gerated response to emotional stimuli.

Psychosocial factors may also help explain how ELA can
predispose emotion dysregulation in adulthood. ELA may
not only disrupt the attainment of appropriate emotion regu-
lation skills, but also exacerbate the potential neurobiologi-
cal sequelae of ELA (see Cicchetti & Rogosch, 2009; Dvir
et al., 2014). For example, a persistent threatening environ-
ment could maintain amygdala hyperreactivity, as well as the
habitual use of expressive suppression. Further, conflictual
families that invalidate emotions or make emotion expres-
sion seem inappropriate can lead to emotion dysregulation
throughout life (Repetti et al., 2002; Warner et al., 2020).
Neglectful environments can also affect the development of
secure attachments with caregivers, which can further con-
tribute to emotion dysregulation across the lifespan (Sroufe,
2005). Similar to the biological adaptations seen in response
to threatening environments, ELA can contribute to self-
regulation patterns that may be behaviorally and physiologi-
cally adaptive in unstable environments but maladaptive for
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mental and physical health in the long term (Wadsworth,
2015). Compelling evidence suggests that neurobiologi-
cal impairments, in addition to the environmental condi-
tions that can predispose emotion dysregulation, may affect
responding to emotional or threatening stimuli throughout
the lifespan.

Early Life Adversity and Cognitive Reappraisal

Studies investigating associations between ELA and
the specific emotion regulation strategy of cognitive
reappraisal are also presented in Table 1. These studies
examined cognitive reappraisal as a moderator of various
health indicators. A quasi-experimental study examined
cognitive regulatory skills in adults with a history of
foster care relative to a comparison group; greater levels
of inhibitory control, which involves regulating undesired
thoughts or actions, were associated with higher reported
use of cognitive reappraisal and, in turn, decreased anxiety
and cortisol production (Johnson & Tottenham, 2015).
The cross-sectional study previously discussed also found
that self-reported reappraisal use attenuated associations
between low to moderate reported ELA and perceived
chronic stress (Kalia & Knauft, 2020). Finally, E1 Khawli
et al. (2018) examined resting-state functional connectivity
(RSFC) between the left centromedial amygdala (CMA)
and the left ventrolateral PFC; investigating functional
networks at rest enables an understanding of the degree to
which the coupling of these brain regions affects effortful
emotion regulation (Kim et al., 2011). They found that
the relatively negative RSFC between the left CMA and
the left ventrolateral PFC was associated with higher self-
reported reappraisal use among adults with a higher degree
of reported childhood emotional abuse. The amygdala-
centered RSFC was, in turn, associated with a dampening
of negative mood (El Khawli et al., 2018). Taken together,
these studies suggest beneficial associations between
cognitive reappraisal use and several health indicators.

Potential Factors Contributing to Associations Between
Early Life Adversity and Cognitive Reappraisal Use
in Adulthood

Recent research has begun to identify neural processes
underlying adaptive emotion regulation use in individuals
who experienced ELA. Adults with a history of ELA
who demonstrate effective emotion regulation abilities
may develop larger hippocampal volumes, as well as
larger volumes of the medial PFC, relative to adults
with ELA who do not demonstrate resilient functioning
(Moreno-Loépez et al., 2020; Norbury et al., 2019).
Additionally, adaptive emotion regulation abilities in
adults who experienced ELA may be associated with

enhanced functional connectivity between the PFC and
the amygdala, to the extent that the PFC may inhibit
amygdalar responding to emotional stimuli while
increasing its habituation to stress (Moreno-Ldpez
et al., 2020; Norbury et al., 2019; Taylor et al., 2011).
Reappraisal appears to differentially affect amygdala-
centered functional connectivity based on the degree
of ELA, such that reappraisal may act as a protective
factor for individuals with a history of ELA (E1 Khawli
et al., 2018). It is worth testing whether amygdala
hyperreactivity to emotional stimuli is protective for
adults with a history of ELA because some research
indicates that hyperreactivity may provide an enhanced
ability to process emotional information, as compared to
strategies that involve distraction or avoidance (Yamamoto
et al., 2017). Current evidence suggests that individuals
demonstrating resilient patterns of emotion regulation
may manifest appropriate development of critical neural
structures, as well as adaptive frontolimbic responding to
emotional stimuli.

The ELA-specific factors presented in Fig. 1 may also
help explain resilient outcomes in individuals with a history
of ELA. Some of these factors relate to the perception of
the adverse experience(s). For example, the controllability
of early adverse experiences may modulate their effects on
functional connectivity between the PFC and limbic structures,
such that controllable stressors may promote resilience (see
Cohodes et al., 2020; Feder et al., 2019). Additionally, a
moderate amount of adversity may have a stress inoculation
(or “toughening”) effect, such that it leads to frequent
reappraisal use, compared to experiencing either no adversity
or an extreme amount of adversity (see Seery et al., 2010;
Zhang & Zhang, 2018). As such, Kalia and Knauft (2020)
did not find moderating effects of reappraisal in individuals
with very high ELA. The existence of contextual psychosocial
factors is also clearly relevant. Meng et al. (2018) reviewed
protective factors among adults with a history of ELA, which
included not only individual (e.g., coping skills) but also
familial (e.g., positive parenting) and societal (e.g., school
safety) level factors. Furthermore, interventions such as the
ACE [adverse childhood experience] Overcomers Program can
teach effective emotion regulation skills, promote resilience,
and improve mental and physical health problems (Cameron
et al., 2018). Other emotion regulation enhancing interventions
include hardiness training, mindfulness-based stress reduction
(MBSR), and neurofeedback to improve frontolimbic
connectivity (see Andersen et al., 2021; Feder et al., 2019). It is
also possible that individuals switch to using healthier emotion
regulation strategies throughout the lifespan (John & Gross,
2004). Thus, the specifics of the early adverse experience(s),
as well as any associated protective factors, can help explain
how some individuals are able to habitually employ adaptive
emotion regulation strategies despite enduring ELA.

@ Springer
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Emotion Regulation and Inflammation
Emotion Dysregulation and Inflammation

Table 2 presents all of the empirical studies examining
associations between emotion dys/regulation and inflam-
matory markers in adults as demonstrated by our litera-
ture searches. Similar to Table 1, this table summarizes
study type (e.g., prospective-longitudinal, cross-sectional,
experimental), sample type (noting age, gender, race, and
other demographic details if specified), exclusion crite-
ria if used, and covariates used. Table 2 also summarizes
the type of emotion dys/regulation measure utilized in the
study (noting the age the measure was applied if appli-
cable), and the specific inflammatory marker measured.
Lastly, Table 2 summarizes the main results with regard to
direction of the association between emotion dys/regula-
tion and inflammation.

Two studies found that emotion dysregulation meas-
ured in childhood prospectively predicted higher plasma
CRP levels in adults (Appleton et al., 2011, 2012). Greater
self-reported use of expressive suppression in adulthood
has also been linked to higher levels of blood-based pro-
inflammatory markers cross-sectionally (Appleton et al.,
2013; Ellis et al., 2019; Lopez et al., 2020). These stud-
ies suggest an association between self-reported emotion
dysregulation and elevated inflammatory activity in adult-
hood. Seemingly in contrast, an experimental study did
not find a relationship between baseline self-reported use
of expressive suppression and nasal cytokines (e.g., IL-6
and IL-8) triggered in response to rhinovirus exposure
(Brown et al., 2020). It is possible that self-reported use
of habitual suppression does not link to experimentally
induced inflammatory activity, but more studies would be
needed before any distinctions between cross-sectional and
experimental studies can be generalizable.

Potential Factors Contributing to Associations Between
Emotion Dysregulation and Inflammation

Emotion dysregulation can lead to heightened physiological
reactivity to stress and thus greater risk for chronic disease
(see Miller et al., 2011; Taylor et al., 2011). For example,
persistent use of maladaptive emotion regulation strategies
(e.g., suppression) has been linked to increased amygdala
activity, which, in turn, can activate a stress response
leading to higher inflammation (see Black, 2002; Crowell
et al., 2015; Gross, 2015). Further, adults with a history of
childhood maltreatment have evidenced greater HPA axis
activation and elevated levels of inflammatory markers
relative to non-maltreated individuals (Danese & McEwen,
2012). Ellis et al. (2019) found expressive suppression to
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contribute to inflammation through heightened perceived
stress. Therefore, exacerbations of the psychological and
physiological correlates of stress represent key potential
pathways by which habitual emotion dysregulation can
elevate inflammation in adulthood. Although not the focus
of this proposed framework, emotion dysregulation may
heighten inflammation through other pathways as well,
such as via pain responding (e.g., see Edwards et al., 2008;
Graham-Engeland et al., 2019).

Cognitive Reappraisal and Inflammation

Table 2 also presents studies examining associations
between the specific emotion regulation strategy of cog-
nitive reappraisal and inflammation in adulthood. Greater
self-reported use of cognitive reappraisal in adulthood was
associated with lower levels of blood-based inflammatory
markers in two cross-sectional studies previously discussed
(Appleton et al., 2013; Ellis et al., 2019). However, in con-
trast, one cross-sectional study previously discussed did not
find an association between self-reported use of reappraisal
and multiple proinflammatory markers in recently bereaved
adults (Lopez et al., 2020). Together, these cross-sectional
findings suggest that greater tendencies toward cognitive
reappraisal can be linked with lower inflammatory markers.
The relevant experimental literature is mixed, albeit scant:
One experimental study previously discussed found that
adults who reported more frequent use of cognitive reap-
praisal evidenced an attenuated local inflammatory response
measured by nasal cytokines (e.g., IL-6 and IL-8) to rhinovi-
rus exposure (Brown et al., 2020). However, an experimental
neuroimaging study found a positive association between
induced reappraisal efforts, measured by dorsal anterior
cingulate cortex (dACC) activity, and higher plasma IL-6
levels (Gianaros et al., 2014). It is possible that active use
of cognitive reappraisal in the moment could link to height-
ened inflammatory activity, at least in the short term, despite
relatively consistent associations between self-reported use
of reappraisal strategies and lower inflammatory markers.
However, this existing literature is small, and there remain
multiple untested possibilities; pre-existing individual dif-
ferences in mental and physical health may relate to con-
nections between emotion regulation, or activity in specific
brain regions, and inflammatory processes.

Potential Factors Contributing to Associations Between
Cognitive Reappraisal Use and Inflammation

There is some evidence that frequent use of cognitive
reappraisal may reduce inflammation via changes in
activity within and functional connectivity (e.g., mPFC-
amygdalar downregulation) among frontolimbic regions that
support successful emotion regulation (Lopez et al., 2018;
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Moreno-Lopez et al., 2020). Further, cognitive reappraisal
may reduce inflammation via decreasing negative emotions
or increasing positive emotions (see DeSteno et al., 2013;
Lopez et al., 2018; Tabibnia, 2020). It is also possible that
adaptive emotion regulation strategies may have indirect
effects through health promoting behaviors: For example,
individuals who are better at managing emotions may
experience better sleep, as well as utilize social support and
limit substance use and unhealthy eating (see Appleton et al.,
2013; Bergeman et al., 2020; Ellis et al., 2019). Connections
between adaptive emotion regulation, health promoting
behaviors, and physiological responding are worthy of
further investigation.

Psychosocial interventions, such as cognitive-behavioral
therapy (CBT) focused on stress and negative affect manage-
ment (Mennin et al., 2013; Shields et al., 2020) and MBSR
focused on training attention and fostering acceptance (see
Chin et al., 2019; Lenaert et al., 2016; Lindsay et al., 2018,
2021), may also help decrease proinflammatory activity. For
example, when utilized as an emotion regulation strategy,
mindfulness training was linked to lower CRP in one study,
and this association was stronger in vulnerable groups such
as older adults and individuals with high body mass index
(BMI; Villalba et al., 2019). Reappraising potentially threat-
ening stimuli as manageable stressors may have downstream
physiological consequences that result in decreased proin-
flammatory activity.

Discussion

The literature discussed in this conceptual framework sup-
ports emotion regulation as a potential driver of vulnera-
bility or resilience to inflammation in adults with a history
of early life adversity (e.g., maltreatment and neglect).
ELA may program a proinflammatory state and disrupt
the development and functional connectivity among brain
areas critical for emotion regulation, namely the amygdala,
prefrontal cortex (PFC), and hippocampus (see Chiang
et al., 2015; Danese & McEwen, 2012; Miller et al., 2011).
Such neurobiological disruptions, as well as the psycho-
social factors affecting the attainment of appropriate emo-
tion regulation skills, can predispose threat sensitivity and
heighten stress reactivity throughout adulthood and, in
turn, increase proinflammatory activity (see Crowell et al.,
2015; Repetti et al., 2002; Taylor et al., 2011). In contrast,
the generally adaptive emotion regulation strategy of cog-
nitive reappraisal may help prevent activation of the physi-
ological stress response by reducing negative emotions and
the perception of threat (DeSteno et al., 2013; Feder et al.,
2019; Troy & Mauss, 2011). Factors specific to adverse
experiences (e.g., their intensity or controllability), as well
as protective psychosocial factors and interventions, can

promote adaptive emotion regulation in adults with a his-
tory of ELA (see Cameron et al., 2018; Cohodes et al.,
2020; Meng et al., 2018; Seery et al., 2010). Consequently,
cognitive reappraisal use has been associated with lower
proinflammatory activity (e.g., see Appleton et al., 2013;
Lopez et al., 2018). Despite the support for these plausible
relationships, more empirical studies are needed to better
understand the extent to which emotion regulation tenden-
cies in adulthood can mediate and/or moderate associa-
tions between ELA and inflammation.

Strengths of the Literature and Ideas for Future
Research

Many advancements in ELA research have occurred in the
past few years. Novel studies have begun to differentiate
the effects of ELA on the brain by its type, developmental
timing, and duration (Cassiers et al., 2018; Cohodes et al.,
2020; Dunn et al., 2018; Herzog et al., 2020; Teicher &
Samson, 2016). Further, recent research is categorizing
ELA into the dimensions of harmful input/threat (e.g.,
abuse) or deprivation/inadequate input (e.g., neglect), with
distinct effects on neural development and physiological
stress responding (Hostinar et al., 2017; Kuhlman et al.,
2017; Sheridan & McLaughlin, 2014). New research has
also compared cumulative risk scores of adverse experi-
ences with single adversities, as well as retrospective and
prospective measures of ELA, using latent class analysis
(e.g., Lacey et al., 2020). Additionally, some of the recent
studies examined here considered multiple inflamma-
tory biomarkers in the same study (e.g., Ellis et al., 2019;
Lopez et al., 2020), while others included biomarkers that
have been less well examined in stress-focused research
(Moore et al., 2020; Rasmussen et al., 2019). These con-
ceptual and methodological advancements can be further
tested using the model presented in Fig. 1 to enhance
understanding of the role of emotion regulation in adap-
tive and maladaptive functioning following ELA.

Recent research has also better characterized neural pro-
cesses among individuals demonstrating resilience to ELA
(see El Khawli et al., 2018; Moreno-Lépez et al., 2020;
Norbury et al., 2019; Yamamoto et al., 2017). Addition-
ally, investigations that consider the ELA-specific factors
presented in Fig. 1 continue to improve our understanding
of moderators that can lead to vulnerable or resilient out-
comes following ELA. For example, novel studies suggest
that the pubertal period can recalibrate differences in stress
physiology in individuals with a history of ELA (e.g., King
et al., 2017; Méndez Leal & Silvers, 2020). Future research
should integrate such findings to examine the extent to which
emotion regulation tendencies can confer vulnerability or
resilience to proinflammatory activity in adults with a his-
tory of ELA.

@ Springer
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Limitations and Future Directions

Despite the recent developments and exciting new research
discussed above, there are several limitations that pervade
most research examining resilience to ELA and thus limit
which conclusions can be drawn currently. Prospective studies
that consider baseline volumes of critical neural structures
are needed to map trajectories of biological embedding to
better characterize vulnerability or resilience to negative
health outcomes following ELA (Heim et al., 2019; Ioannidis
et al., 2020). Such mapping should also consider curvilinear
models to examine possible toughening effects of ELA on
particular mental and physical health outcomes (see Sapolsky,
2015; Seery et al., 2010). In addition, inconsistencies remain
in defining resilience to ELA, examining resilient outcomes
over time, and understanding the mechanisms by which
psychosocial resources can contribute to adaptive functioning
in adults with a history of ELA (Meng et al., 2018; Yoon et al.,
2019). Although many resilience factors have been examined
in the context of ELA (e.g., see Meng et al., 2018; Norbury
et al., 2019; Yoon et al., 2019), it is not well understood how
these factors affect neural and physiological processes and/
or interact with each other to promote adaptive emotion
regulation. For example, it remains to be determined whether
resilient individuals have innately larger hippocampus and/or
mPFC volumes. Moreover, it is possible that individuals may
demonstrate resilience to some stressors but not others (see
Mathur et al., 2018; Rutter, 1987). The phenomenon of ““skin-
deep resilience” exemplifies the importance of examining
domain-specific resilience because it represents the possibility
that seemingly protective psychological and behavioral factors
(e.g., self-control) may take a toll on the body, with potentially
worse downstream physical health outcomes for particular
racial and socioeconomic groups (see Brody et al., 2016). As
researchers continue to investigate resilience to ELA, it will
be important to test a variety of pathways and examine both
self-reported and objective indicators of health over time, as
well as differences based on race, ethnicity, socioeconomic
status (SES), and other demographic characteristics.

It is also important to avoid making causal claims solely
from observational data (see Appleton et al., 2011; Danese,
2020; Kraemer et al., 2000). Most of the empirical studies
discussed here were cross-sectional and had other important
limitations. For example, a few studies measured emotion
dysregulation in childhood only (Appleton et al., 2011,
2012), yet were included because of the limited empirical
research examining associations between emotion regulation
and inflammation. Similarly, many of the empirical studies
discussed here relied on self-reported emotion regulation
use at a single time point, which may not accurately
capture actual variation in emotion regulation tendencies.
Longitudinal studies that assess momentary variation in
emotion regulation are needed to better understand the
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utility of cognitive reappraisal (e.g., see Southward &
Cheavens, 2020). It can be difficult for individuals to recall
how they tend to respond to difficult circumstances, and such
recollections can be influenced by memory bias and broad
issues of self-perception, especially among individuals who
experienced ELA and/or manifest psychological conditions
(see Danese, 2020; Green et al., 2010). Studies that either
assess naturally variable emotion regulation in real-time
or experimental induction of emotion regulation strategies
would help strengthen understanding of the precursors and
consequences of emotion regulation. The only empirical
study that manipulated emotion regulation found a positive
association between cognitive reappraisal use and IL-6 levels
(Gianaros et al., 2014). Additionally, Brown et al. (2020)
did not find an association between self-reported expressive
suppression use and inflammatory activity in response to a
viral challenge, which underscores the importance of more
experimental studies that can better elucidate the effects of
emotion regulation on physical health (Ford & Troy, 2019).

Although psychosocial therapies utilizing emotion
regulation strategies such as CBT, expressive writing, and
mindfulness meditation are promising (see Andersen et al.,
2021; Cameron et al., 2018; Korotana et al., 2016; Mennin
et al., 2013; Shields et al., 2020), it would be valuable for
more research to examine specific interventional targets
for adults with a history of ELA and proinflammatory
phenotypes. More clinical trials should examine
pharmacological therapies that target neurobiological and
physical health outcomes (Feder et al., 2019; Korotana
et al., 2016). Randomized controlled trials targeting emotion
regulation strategies specifically would provide a better
understanding of the causal relationships between emotion
regulation and health-related outcomes. Further research
investigating these psychosocial therapies in healthy
and clinical populations, such as breast cancer survivors
(Boyle et al., 2017; Dutcher et al., 2021) or patients with
Generalized Anxiety Disorder (GAD; Hoge et al., 2017),
will help broaden our understanding of mechanisms
underlying resilience (see Aldao et al., 2010). Furthermore,
preventive interventions beginning in childhood, such as
those focused on parenting and family stability, may also
help mitigate maladaptive psychological and physical
functioning by optimizing brain plasticity (Feder et al., 2019;
Heim & Binder, 2012; Taylor et al., 2011). Variability exists
in physical and psychological symptoms, even in healthy
populations, and it is important to recognize that the same
emotion regulation strategy might be more or less helpful
based on an individual’s history and social/environmental
context.

Although much of the present review focused on cog-
nitive reappraisal, given the strength of findings linking it
with ELA and, separately, with inflammation, it represents
only one emotion regulation strategy. Moreover, cognitive
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reappraisal may not always be the most adaptive across all
situations. Reappraisal has been shown to be less effective
when the situation eliciting the emotion is controllable or of
high intensity (see Gross, 2015; Lopez et al., 2020; McRae,
2016; Troy et al., 2017). McRae and Gross (2020) provide
a more extensive discussion of the moderators of cognitive
reappraisal use. In addition to the situation-centered factors
of controllability and intensity, individual-centered factors
such as reappraisal skill and capacity may also influence
the success of using reappraisal (Ford & Troy, 2019). Even
emotion regulation behaviors that are normally considered
maladaptive, such as memory suppression, can be benefi-
cial in healing from trauma (Mary et al., 2020). Further,
recent research suggests the importance of polyregulation,
which involves flexibly using multiple strategies to regu-
late emotions within an emotion episode (Ford et al., 2019).
To this point, similar but operationally distinct strategies
like acceptance and attention monitoring may be differen-
tially effective at reducing inflammation (Manigault et al.,
2018). It will be very valuable for future research to deter-
mine whether and how such strategies (and polyregulation)
foster resilience and attenuate inflammatory responses, and
how they differ in doing so from cognitive reappraisal. For
example, reappraisal utilizes cognitive change to reframe
the meaning of a thought and may have a greater impact on
immediate subjective experiences; acceptance, an attitude of
receptive and non-interfering openness to experiences and
thoughts without changing them, may have a greater down-
stream impact on physiological responses to stress (Lindsay
et al., 2018; Troy et al., 2018). Moreover, it will be impor-
tant to consider different subtypes of cognitive reappraisal
(see Shiota & Levenson, 2012), in addition to reappraisal
of stress and arousal states (e.g., see Brooks, 2014; Crum
et al., 2020), which may also relate to ELA and inflamma-
tion. While the current literature generally supports a link-
age between cognitive reappraisal and lower inflammation,
further research will help elucidate the unique complexities
of other emotion regulation strategies.

Alternative linkages between ELA, emotion regulation,
and inflammation other than those emphasized here are pos-
sible. To test interactions between emotion regulation and
person-level characteristics (Aldao, 2013), ELA could be
tested as a moderator in the model presented in Fig. 1. For
example, Appleton et al. (2012) found that low early SES
exacerbated linkages between childhood emotional problems
and high CRP levels in adulthood. Our proposed conceptual
model could also be tested using low early SES as a pre-
dictor of emotion regulation tendencies and inflammation
in adulthood. Additionally, inflammatory activity may help
explain connections between ELA and emotion regulation,
as it is well established that heightened proinflammatory
activity can drive changes in mood and well-being (Maier
& Watkins, 1998; Raison et al., 2006). Further, bidirectional

communication between the brain and immune system may
also affect vulnerability or resilience to the sequelae of ELA
(see Kraynak et al., 2019; Nusslock et al., 2019; Redlich
et al., 2015; Shields et al., 2017). Gianaros et al. (2014) may
have found greater inflammatory activity following reap-
praisal efforts due to such bidirectional associations: An
increase in IL-6 levels may have heightened negative affect,
which, in turn, could have been more challenging for partici-
pants to regulate. Similarly, grief among recently bereaved
spouses may have weakened any beneficial associations
between cognitive reappraisal use and immune functioning
in the study by Lopez et al. (2020). Testing the effects of
inflammation on the central nervous system will improve our
knowledge of the possible mechanisms by which ELA can
affect health outcomes. It will also be important to exam-
ine lifestyle factors that can influence all of the aforemen-
tioned relationships between ELA, emotion regulation, and
inflammation, such as health behaviors and perceived stress,
including distress linked to the current COVID-19 pandemic
(e.g., see Baldwin & Danese, 2019; Duffy et al., 2018; Salari
et al., 2020).

Conclusion

Adversity experienced in childhood or adolescence can pro-
foundly increase risk for mental and physical health con-
ditions throughout the lifespan (Herzog & Schmahl, 2018;
Suglia et al., 2018). We presented a theoretical model that
considers emotion regulation as a potential driver of either
vulnerability to inflammation (e.g., via emotion dysregula-
tion) or resilience to inflammation (e.g., via cognitive reap-
praisal) in adults with a history of ELA. Although the body
of research examining resilience following ELA is more
limited than that showing negative health consequences, evi-
dence suggests that individuals who have experienced ELA
are not necessarily destined to a life of chronic mental and
physical health problems. Important research is examining
ways to prevent ELA given that it is a largely avoidable risk
factor for many negative health outcomes (Bellis et al., 2019;
van lJzendoorn et al., 2020). Meanwhile, as emotion regula-
tion skills represent malleable targets to increase resilience
to the sequelae of ELA (e.g., Cameron et al., 2018), future
studies should continue to untangle the specific factors and
processes that mitigate pathways of vulnerability and facili-
tate positive adaptation. Importantly, the burden for achiev-
ing resilience to the sequelae of ELA should not just be on
the individual: A better understanding of the role of emotion
regulation in the pathway between ELA and inflammation
may uncover novel targets for prevention and intervention
not only at the individual level, but even more broadly at the
community level (e.g., see Ellis & Dietz, 2017).
Note: IL-6, interleukin-6; CRP, C-reactive protein.
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