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Abstract

There is considerable evidence that stressful early life events influence a variety of physical health
problems later in life. Childhood adversity has been linked to elevated rates of morbidity and
mortality from a number of chronic diseases. Immune dysregulation may be one potential pathway
that explains this link. In this mini-review, we summarize human studies demonstrating that severe
early life stressors have lasting immune consequences. We propose a model outlining potential
biobehavioral pathways that explain how early life stressors leave people vulnerable to these
maladaptive outcomes. Finally, we suggest ideas for future work to test different aspects of this
model.

1. Introduction

There is mounting evidence that stressful early life events influence a variety of physical
health problems later in life. Indeed, childhood adversity has been linked to elevated rates of
morbidity and mortality from a number of chronic diseases (Miller, Chen, & Parker, 2011).
For example, people who experienced severe life stressors as children (e.g., abuse, neglect,
family conflict, low socioeconomic conditions) are at greater risk factor for cardiovascular
disease, type Il diabetes, cancer, and a variety of somatic difficulties than those who did not
have these early life experiences (Miller et al., 2011). Although adults who experienced
early life adversity often have poor health practices, the connection between severe
psychological stress early in life and adult health exists even after accounting for these
factors (Miller et al., 2011).

The pathways linking early adversity to adult health are clearly multifaceted. They include
both behavioral and physiological components. Emerging evidence suggests that immune
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dysregulation may be one potential pathway linking stressful early life events to physical
health problems.

In this mini-review, we summarize work demonstrating that severe early life stressors
explain some of the variation in immune responses seen in adults. Specifically, we review
work showing that early adversity is associated with elevated inflammation, telomere
shortening, latent herpes virus reactivation, and a poorer response to an immunogenic tumor.
We focus our review on these four markers because of their links to early adversity. We then
propose a model outlining potential biobehavioral pathways that explains how early life
stressors leave people vulnerable to these maladaptive outcomes. Finally, we suggest ideas
for future work to test different aspects of this model. Because of space constraints, the
focus of our review is entirely on human studies.

2. Early adversity and immune dysregulation

2.1 Inflammation

Inflammation has well-documented associations with early life stress. Inflammation is a risk
factor for cardiovascular disease, type Il diabetes, osteoporosis, periodontal disease, and
rheumatoid arthritis (Ershler & Keller, 2000; Libby, 2007). Children who were maltreated
have elevated inflammation compared with those who were not maltreated (Danese et al.,
2010). This association persists in adulthood. For example, in a large-scale longitudinal
prospective study, those who were neglected during the first decade of their life had higher
CRP levels at age 32 compared with those who were not neglected. Indeed, more than 10%
of adult low-grade inflammation was attributable to child maltreatment (Danese, Pariante,
Caspi, Taylor, & Poulton, 2007). Middle-aged adults who had harsh family environments as
children had higher CRP levels than those from healthy family environments (Taylor,
Lehman, Kiefe, & Seeman, 2006). African Americans, but not whites, who experienced
early life adversities had higher IL-6, fibrinogen, E-selectin, and SICAM-1 levels than those
who did not experience early life adversities (Slopen et al., 2010). Compared to controls,
women with childhood abuse-related posttraumatic stress disorder (PTSD) had increased
nuclear factor kB (NF-xB) activity (Pace et al., 2012), an intracellular signaling molecule
that regulates proinflammatory cytokine gene expression.

The association between early life experiences and elevated inflammation persists among
older adults. In a study of healthy older adult family dementia caregivers and noncaregivers
(average age of 70), those who had experienced emational, physical, or sexual abuse as
children were more likely to have higher IL-6 and TNF-a levels compared to those who
were not abused (Kiecolt-Glaser et al., 2011). Importantly, this association was detectable
even among distressed dementia caregivers.

Early adversity is also associated with larger acute stress-induced increases in inflammation.
In a study comparing males with a history of early life stress and major depression with
controls, major depression patients who experienced early life stress had a more pronounced
IL-6 response to an experimental laboratory stress task than controls (Pace et al., 2006). In
another study of healthy adults without depression or post-traumatic stress disorder, plasma
IL-6 levels were higher in response to an experimental laboratory stressor among those who
reported childhood trauma compared with those who did not report childhood trauma
(Carpenter et al., 2010). Likewise, in a study of older adult family dementia caregivers and
noncaregivers, those with a history of childhood abuse had greater IL-6 responses to
naturally occurring daily stressors compared with those without a history of childhood abuse
(Gouin, Glaser, Malarkey, Beversdorf, & Kiecolt-Glaser, in press).
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In addition to having higher levels of systemic inflammation, chronic stress in childhood
may also program a proinflammatory phenotype in monocytes and macrophages. Indeed,
newborns exposed to maternal stress in utero had larger ex vivo inflammatory responses to
microbial challenge compared with those not exposed to maternal stress (Wright, 2010).
Teenagers who were raised in harsh family environments as children had progressively
larger ex vivo inflammatory cytokine responses to lipopolysaccharide (LPS) stimulation
than those from supportive family environments (Miller & Chen, 2010). In adulthood, those
who were raised in lower SES environments as children also displayed larger ex vivo
cytokine responses to microbial challenges (Miller et al., 2009).

Maternal warmth may buffer some of the negative consequences of growing up in a low
SES environment. Adults who were disadvantaged (low SES) early in life but had mothers
who were more warm and caring exhibited less Toll-like receptor-stimulated production of
IL-6 compared with those who were in lower SES environments as children but did not
experience maternal warmth (Chen, Miller, Kobor, & Cole, 2010).

2.2 Telomeres

Early adversity may also facilitate cell aging by reducing telomere length. Elevated
inflammation can activate T-cell proliferation, which shortens telomeres (Aviv, 2004;
Kiecolt-Glaser & Glaser, 2010). Shorter telomeres have been linked to mortality (Epel et al.,
2004).

Those who were institutionalized for a greater length of time as young children had
significantly shorter telomere length in middle childhood compared with those who were
institutionalized for less time (Drury et al., 2011). Likewise, young adults who were
maltreated as children had shorter telomeres in peripheral blood mononuclear cells than
those who reported no maltreatment (Tyrka et al., 2010). Furthermore, adults who reported
more childhood adverse life events had shorter telomeres than those who reported fewer
childhood adversities (Kananen et al., 2010). Reported exposure to childhood trauma was
also associated with shortened telomeres among those with and without posttraumatic stress
disorder (PTSD) (O’Donovan et al., 2011). Indeed, childhood trauma accounted for the
PTSD group difference such that only participants with PTSD and exposure to multiple
categories of childhood trauma had significantly shorter telomeres than control subjects.

This association between early adversity and telomere length can even be detected among
older adults who are experiencing considerable current stress. In a study of healthy older
adult family dementia caregivers and noncaregivers, those who experienced emotional,
physical, or sexual abuse as children had shorter telomeres compared with those who were
not abused (Kiecolt-Glaser et al., 2011). Accordingly, early life stress has been linked to
shorter telomeres in a several different populations.

2.3 Latent herpesvirus reactivation

Research on latent herpesviruses has provided evidence that stressful early life events can
dysregulate cellular immune function. Herpesviruses are able to evade destruction by the
immune system; after people are infected with a herpesvirus, they carry the virus(es) with
them in a latent state for the rest of their lives. Under normal circumstances, these viruses
produce asymptomatic infections. However, reactivation of the latent virus may occur when
cellular immunity is compromised. With a less competent cellular immune response,
herpesviruses can replicate more readily, as reflected by increased antibody titers to the
virus. Psychological stress and depression can also dysregulate cellular immunity, and
enhance herpesvirus reactivation (Stowe et al., 2010).
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Stressful events early in life can promote herpesvirus reactivation in children and
adolescents. Adolescents who were abused or institutionalized had higher antibody titers to
herpes simplex virus type-1 (HSV-1), reflecting poorer cellular immune system control over
the latent virus, compared to individuals who were not abused or institutionalized (Shirtcliff,
Coe, & Pollak, 2009). Likewise, adolescent girls who experienced traumatic life events had
elevated Epstein-Barr virus (EBV) antibody titers compared with girls who did not
experience trauma (McDade et al., 2000). Furthermore, children and adolescents growing up
in poverty had elevated cytomegalovirus (CMV) antibody titers compared with those from
higher income families (Dowd, Palermo, & Aiello, 2011).

Early vulnerabilities also have lasting consequences for latent herpesvirus reactivation. In a
study of 108 breast cancer survivors, those who experienced more childhood adversities had
higher EBV and CMV antibody titers than those with fewer childhood adversities
(Fagundes, Glaser, Malarkey, & Kiecolt-Glaser, in press). Indeed, these associations were
not explained by health behaviors, suggesting that those who experienced major stressors
early in life are more vulnerable to immune dysregulation in adulthood independent of their
subsequent health behaviors. Accordingly, stressful early life events leave both children and
adults more vulnerable to latent herpesvirus reactivation.

2.4 Tumor environment

Work from our lab has provided evidence that early life stress may impact the immunogenic
tumor environment. A minority of cancers are immunogenic, meaning the immune system
plays a prominent role in their appearance and progression (Fagundes, Glaser, Johnson, et
al., in press). Basal cell carcinoma (BCC), the most common form of skin cancer, is highly
immunogenic (Fagundes, Glaser, Johnson, et al., in press). Among BCC patients who
experienced a severe stressor in the past year, those who were emotionally maltreated by
their mothers or fathers as children were more likely to have poorer immune responses as
reflected by lower levels of mMRNA for CD25, CD3e, ICAM-1, and CD68 to their BCC
tumors (Fagundes, Glaser, Johnson, et al., in press). Because few tumor types are
immunogenic, caution is warranted when considering these results in the context of cancer
more broadly. There are many different causes and types of cancer, and some are more
affected by developmental processes, environmental exposure, and immune dysregulation
than others.

3. Mechanisms

In sum, severe early life stress may have lasting long-term consequences for immune
dysregulation. There are likely many different mechanisms that underlie these associations.
Adults who experienced severe stressors as children are more likely to develop poorer health
habits, including poorer sleep patterns and nutrition, less exercise, and greater alcohol and
cigarette use (Miller et al., 2011). The effects appear to remain significant even after
controlling for health behaviors (Miller et al., 2011).

According to biological embedding models of childhood adversity, early life stress during
sensitive periods may dysregulate the development of certain physiological systems (Miller
etal., 2011). Therefore, those who experienced major stressors early in life may be more
vulnerable to immune dysregulation in adulthood regardless of their subsequent health
behaviors. Drawing upon insights from this perspective, Miller and colleagues (Miller et al.,
2011) developed an excellent model to help explain why those who experienced early life
stress have an exaggerated cytokine response to microbial challenge. They argue that early
life stress (a) programs monocytes/macrophages to mount an excessive inflammatory
response to microbial stimulation, and (b) promotes resistance to inhibitory mechanisms
designed to dampen inflammation (primarily by making immune cells insensitive to the anti-
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inflammatory effects of cortisol). This model considerably advances our understanding of
how early life stress leads to a heightened inflammatory state, especially as a result of
microbial challenge. Nevertheless, it remains unclear how early adversity impacts other
aspects of immune dysregulation.

Building upon theoretical work from developmental psychology, stress physiology, and
psychoneuroimmunology, we propose that early adversity leads to lasting changes in
immune function that are enhanced in the context of more recent life stressors because of
greater stress sensitivity. Those who experience severe early life stress show enhanced
emotional and physiological stress sensitivity to subsequent stress (Dougherty, Klein, &
Davila, 2004). They also have fewer social and psychological resources to manage stress
(Fagundes, Bennett, Derry, & Kiecolt-Glaser, 2011). As a result, those who experienced
early life stressors may exhibit greater immune dysregulation when a stressor occurs in
adulthood (see figure 1). We outline evidence for this model below.

3.1 Early adversity and psychological stress sensitivity

There is a clear link between early adversity and increased psychological vulnerability to
stressful life events in adulthood. For example, women who had a history of childhood
sexual abuse were more likely to suffer from depression after experiencing a severe stressful
life event in adulthood (Dougherty et al., 2004). Furthermore, those who were abused as
children or come from low SES backgrounds are more likely to perceive ambiguous
situations as more threatening (Miller et al., 2011). As a result, these individuals experience
stressors more frequently and intensely than others.

3.2 Early adversity and physiological stress sensitivity

Severe early life stress has also been associated with physiological stress sensitivity.
Childhood maltreatment disrupts neurobiological development and thus alters the brain’s
response to stress (Heim et al., 2000). As a result, childhood abuse has been linked to more
pronounced stress-induced HPA activity in adulthood (Heim et al., 2000). Although cortisol
acutely inhibits inflammation, chronically high cortisol levels can sometimes lead to
glucocorticoid insensitivity. Glucocorticoid insensitivity allows immune cells to produce
proinflammatory cytokines in an unregulated environment, thus raising inflammation
(Miller et al., 2011).

Childhood abuse has also been linked to more pronounced stress-induced autonomic activity
(Heim et al., 2000). The autonomic stress response is typically characterized by enhanced
sympathetic activity and dampened parasympathetic activity, consistent with alterations in
inflammation. Norepinephrine enhances the production of proinflammatory cytokines
(Bierhaus et al., 2003). On the other hand, higher parasympathetic activity results in lower
levels of inflammation via the cholinergic anti-inflammatory pathway that facilitates
acetylcholine release (Tracey, 2009). Catecholamines also have other effects on a variety of
immune responses (Glaser & Kiecolt-Glaser, 2005).

3.3 Early adversity and stress-buffering resources

In addition to being more psychologically and physiologically sensitive to adult stress, those
who experienced early adversities also have fewer social and psychological resources to rely
upon in order to help them cope with stress (Fagundes et al., 2011). Considerable evidence
suggests that social support can help reduce stress-induced immune dysregulation. People
who believe others will provide necessary resources for them are better able to cope with
stressful situations compared with their counterparts who do not hold these beliefs
(Fagundes et al., 2011). However, those who were abused or neglected as children report
receiving less social support as adults (Fagundes et al., 2011). Children who come from

Brain Behav Immun. Author manuscript; available in PMC 2014 January 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Fagundes et al.

Page 6

highly distressed households are less likely to develop social and emotional skills that are
crucial for establishing supportive close relationships in adulthood (Fagundes et al., 2011).
Compared to people with positive early relationship experiences, those who were abused or
neglected are more likely to report receiving less social support later in life (Fagundes et al.,
2011).

Early adversity also shapes adults’ characteristic style of coping with stress (Fagundes et al.,
2011); those who were maltreated as children are more likely to use maladaptive strategies
such as avoidance, wishful thinking, and social withdrawal (Hyman, Paliwal, & Sinha,
2007). These strategies have all been linked to elevated stress (Hyman et al., 2007).
Accordingly, when a stressor occurs, those who experienced early life adversities use fewer
adaptive coping strategies to minimize the negative psychological and physiological
consequences of the event.

3.4 Epigenetics

Epigenetics offers another possible mechanism linking early adversity to immune
dysregulation. Epigenetics refers to modifications in DNA and its associated histone
proteins that help regulate gene transcription (Jones & Takai, 2001). DNA methylation is the
most likely epigenetic mechanism underlying gene-environment interactions, and may
underlie many of the associations between adverse early life events and subsequent mental
and physical health problems (Crews, 2010; McGowan et al., 2009).

Early adversity may alter the expression and DNA methylation of certain genes linked to
adult immune dysregulation. For example, methylation of the exon 1F NR3C1 promoter was
higher, and hippocampal NR3C1 gene expression was lower in male suicide victims with
troubled childhood relationships compared to controls (McGowan et al., 2009). Lower
NR3CL1 gene expression has been linked to more pronounced HPA axis activity (Ridder et
al., 2005). Adolescents who were raised in lower SES environments as children had higher
levels of Toll-like receptor 4 (TLR4) mRNA compared to their higher SES counterparts
(Miller & Chen, 2007). Those with higher levels of TLR4 mRNA are more likely to have
excessive inflammation compared to those with lower levels.

4. Future Directions

In sum, our model suggests that those who experienced severe early life events are at greater
risk for immune dysregulation compared with those who did not experience such adversities
because they (a) are more psychologically and physiological sensitive to stress, and (b) have
fewer social and psychological resources available to help them cope with stress.
Accordingly, they exhibit greater immune dysregulation. Although evidence supports
different aspects of this model, more research is clearly needed.

Our model’s primary premise is that early adversity leads to greater stress sensitivity, which
in turn puts people at greater risk for immune dysregulation. There are two ways to test this
component of the model. First, researchers can present individuals with an acute stressor,
and evaluate differential stress-induced physiological changes. Those who experienced early
adversity show greater increases in inflammation and greater stress-induced autonomic and
HPA activation to laboratory stressors (Carpenter et al., 2010; Heim et al., 2000). Second,
researchers can evaluate whether those who experienced early adversity show more
pronounced immune dysregulation when confronted with a stressful life event. This is
particularly important to understand if this model applies to more chronic stressors. Because
severe chronic stressors have long-lasting influences on people’s physiology, this approach
has particular promise for understanding how early adversity impacts physical health (Miller
etal., 2011).
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Presumably, early adversity is associated with more pronounced immune dysregulation
because of greater stress-induced autonomic and neuroendocrine activation. However, there
are no studies in humans to show that the association between early adversity and any
marker of immune dysregulation exists because of more pronounced autonomic stress and/or
neuroendocrine activity. Evaluating this pathway by assessing autonomic, neuroendocrine,
and immune markers simultaneously is an important direction for future research. Although
this review is focused on human work, we note that animal models allow for more fine
grained mechanistic explanations of these processes.

The model also suggests that those who experienced early adversities are less likely to
benefit from supportive relationships in adulthood. However, there is not substantial data to
support this aspect of the model. There is clearly an association between early adversity and
less self-reported social support (Fagundes et al., 2011). However, there are no studies to
date that have actually demonstrated that those who experienced early adversities show less
physiological benefits from supportive individuals compared with those who did not
experience early adversities.

Up to this point, researchers have characterized all adult stressors similarly. However, those
who experienced early adversities may find certain events more stressful than others. For
example, relational conflicts in adulthood may be particularly stressful for those who
experienced more relational adversities as children. In future work, it would be interesting to
see if different types of stressors elicit different physiological responses.

Research linking early adversity to immune dysregulation has not substantively considered
whether the timing of adverse early events moderates the immunological implications of
these experiences. It stands to reason that the body’s stress-regulatory systems are more
vulnerable to permanent dysregulation during certain developmental periods than others.
Future work should investigate if there are specific developmental periods where adversities
have the greatest consequence for subsequent long-term immune dysregulation.

Finally, future work should explore novel treatment options for those exposed to early life
adversity. Selective serotonin reuptake inhibitors, a class of drugs typically used to treat
depression and anxiety, can inhibit the production of 1L-6 (Vogelzangs et al., 2012).
Cognitive behavioral therapy, a well-established treatment for depression, may also reduce
inflammation. These treatments may be particularly beneficial for those who experienced
early adversity.

In sum, there is strong evidence that adverse early experiences make people more vulnerable
to immune dysregulation in adulthood. However, we are only beginning to understand the
pathways by which this phenomenon occurs in humans. More research is needed to
understand why the consequences of early adversity persist across the lifespan.
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Model depicting how early adversity leads to adult immune dysregulation. The basic
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premise of this model is that those who experienced early adversities show enhanced stress
sensitivity, and have fewer social and psychological resources available to help them cope
with stress in adulthood.
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