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Among people exposed to major psychological stressors in early life, there are elevated rates of morbidity
and mortality from chronic diseases of aging. The most compelling data come from studies of children
raised in poverty or maltreated by their parents, who show heightened vulnerability to vascular disease,
autoimmune disorders, and premature mortality. These findings raise challenging theoretical questions.
How does childhood stress get under the skin, at the molecular level, to affect risk for later diseases? And
how does it incubate there, giving rise to diseases several decades later? Here we present a biological
embedding model, which attempts to address these questions by synthesizing knowledge across several
behavioral and biomedical literatures. This model maintains that childhood stress gets “programmed”
into macrophages through epigenetic markings, posttranslational modifications, and tissue remodeling.
As a consequence these cells are endowed with proinflammatory tendencies, manifest in exaggerated
cytokine responses to challenge and decreased sensitivity to inhibitory hormonal signals. The model goes
on to propose that over the life course, these proinflammatory tendencies are exacerbated by behavioral
proclivities and hormonal dysregulation, themselves the products of exposure to early stress. Behavior-
ally, the model posits that childhood stress gives rise to excessive threat vigilance, mistrust of others, poor
social relationships, impaired self-regulation, and unhealthy lifestyle choices. Hormonally, early stress
confers altered patterns of endocrine and autonomic discharge. This milieu amplifies the proinflamma-
tory environment already instantiated by macrophages. Acting in concert with other exposures and
genetic liabilities, the resulting inflammation drives forward pathogenic mechanisms that ultimately
foster chronic disease.
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Across the behavioral and biomedical sciences, there is mount-
ing interest in the hypothesis that psychosocial stress in the early
years of life has a lingering influence on physical health (Gluck-
man & Hanson, 2006; Matthews, 2005; Matthews & Gallo, 2011;
Repetti, Taylor, & Seeman, 2002; Shonkoff, Boyce, & McEwen,
2009). This interest has been fueled by the results of several recent
studies showing that, among people exposed to major psycholog-
ical stressors in childhood, there are elevated rates of morbidity
and mortality from chronic diseases of aging. For instance, one
study compared the medical outcomes of 17,000� adults who did
versus did not experience stressors like familial violence, abuse,
and neglect as children. It found a 1.5–2.0-fold greater incidence of

cardiovascular disease, autoimmune disorders, and premature mor-
tality among those exposed to early adversity (Anda et al., 2009;
Dong et al., 2004; Dube et al., 2009). Another study tracked the
onset of coronary heart disease (CHD) over 40 years in medical
students enrolled at Johns Hopkins University (Kittleson et al.,
2006). Even among these educated, affluent physicians, childhood
adversity was associated with worse health in adulthood. The rates
of CHD by age 50 were 2.4 times higher in physicians who had
been raised in households that were low versus high in socioeco-
nomic status (SES). And recently, a study of cancer in Israelis who
had emigrated from Europe appeared (Keinan-Boker, Vin-Raviv,
Liphshitz, Linn, & Barchana, 2009). It found that cancer rates were
elevated in immigrants who arrived after World War II, many of
whom were Jews persecuted during the Holocaust. The largest
effects were seen in people born between 1940 and 1945, who
would have been exposed to horrific conditions before age 5. Their
cancer risk was elevated 3.5-fold, relative to same-aged immi-
grants who arrived pre-war.

Findings like these raise challenging theoretical questions. How
does psychosocial stress in childhood get under the skin, at the
molecular level, to affect risk for later diseases? And how is it able
to do so in a fashion that persists across multiple decades? Re-
searchers working at the interface of the behavioral and biomedical
sciences have developed models for explaining the mechanistic
basis of mind–body effects (Glaser & Kiecolt-Glaser, 2005; Kop
& Cohen, 2001; Miller, Chen, & Cole, 2009; Pressman & Cohen,
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2005). However, the focus of these models is generally on the
immediate biological sequelae of stress, and it is thus unclear how
they would explain pathology that develops over such a lengthy
incubation period (Baum, Cohen, & Hall, 1993; Miller, Chen, &
Cole, 2009; Mohr & Pelletier, 2006). By contrast, researchers
working in developmental psychobiology have made significant
progress in delineating how early events shape lifelong response
tendencies of the hypothalamic–pituitary–adrenocortical (HPA)
axis (Gunnar & Quevedo, 2007; Heim, Newport, Mletzko, Miller,
& Nemeroff, 2008; Levine, 2005; Zhang et al., 2006). However,
the focus of this work has been on how disrupted HPA axis
functioning could give rise to psychopathology. There has been an
implicit assumption that the HPA axis could also be a gateway to
medical problems (Cameron et al., 2005), but little effort has been
made to detail the pathophysiologic mechanisms by which such
effects might occur.

The current article has two primary objectives. The first is to
provide an overview of the literature on psychosocial stress in
childhood and vulnerability to chronic disease in adulthood. Draw-
ing on studies of humans exposed to socioeconomic disadvantage
and/or parental maltreatment and relevant animal models of early
stress, we ask whether there is evidence for a causal influence of
childhood adversity on later disease. The article’s second objective
is to present a model that attempts to explain how such effects
could occur mechanistically. To do that, we introduce a biological
embedding of childhood adversity model and go on to review
evidence for its major propositions. The model represents a syn-
thesis of thinking from various theoretical perspectives, including
the fetal-origins literature (Barker, 1992), life-course epidemiol-
ogy (Lynch & Smith, 2005), socioemotional development (Pollak,
2008; Repetti, Taylor, & Seeman, 2002), stress physiology
(McEwen, 1998), and behavioral immunology (Coe & Lubach,
2007; Raison & Miller, 2003). Briefly, it posits that childhood
stress establishes a proinflammatory phenotype in cells of the
immune system called monocytes/macrophages.1 As a result, these
cells are permanently endowed with proinflammatory tendencies,
as manifest in exaggerated responses to challenge and decreased
sensitivity to inhibitory signals. Over the life course, these proin-
flammatory tendencies are exacerbated by behavioral proclivities
and hormonal dysregulation, themselves the products of exposure
to childhood stress. Behaviorally, the model posits that early stress
fosters vigilance for threat and mistrust of others, traits that make
it difficult to form deep social ties. Early stress also impairs
self-regulation, creating a proclivity for unhealthy behaviors, and
alters patterns of endocrine and autonomic discharge. As a result of
the latter, release patterns of various hormones, transmitters, and
peptides are dysregulated, consigning monocytes/macrophages to
operate in a milieu that accentuates their proinflammatory tenden-
cies. The ensuing chronic inflammation drives forward pathogenic
mechanisms that ultimately contribute to chronic disease.

Background: Childhood Stress and Later Disease

The history of science is filled with debates about the best way
to define stress. Here we adopt an integrative definition advanced
by Cohen, Kessler, and Underwood (1995), which treats stress as
a process that entails a stimulus, appraisals of it, and a response.
This view draws on a classic model holding that when stimuli,
commonly referred to as stressors, are appraised as threatening and

unmanageable, they elicit a psychological state that is experienced
as stress, as well as a cascade of behavioral and biological adjust-
ments, commonly referred to as responses (Lazarus & Folkman,
1984). Thus, in the rest of the article we use stress as an umbrella
term, meant to capture times when a person has been exposed to a
stimulus and judged it to be a threat he or she cannot manage.
Given the article’s focus on early-life contributions to later health,
we deal with stress that is experienced during childhood. We focus
on stress that is both severe and chronic in nature. By severe, we
mean difficulties that fall outside the range of what children
normatively experience in developed countries (e.g., maltreat-
ment). We define chronic stress as an experience where the stim-
ulus remains present in a child’s life over a lengthy period of time
(e.g., recurring conflict between parents or a lack of material
resources due to poverty). Stress can also be chronic when the
threat posed by a stimulus looms for an extended period of time,
even if the stimulus itself does not (e.g., the sense of danger that
follows being physically abused; see Baum et al., 1993). We do not
discuss stressors of acute duration, as they generally do not make
lasting imprints on physiology (Dickerson & Kemeny, 2004;
Segerstrom & Miller, 2004). The exception is when acute stress
continues to be viewed as threatening (Baum et al., 1993), in which
case it falls under our definition of chronic. Finally, our focus is on
stress that is mainly psychological in nature. In adopting this focus
we omit a host of classically physical stressors, like inadequate
nutrition and infectious disease, which also play a role in shaping
disease risks. These exposures are important for health, both in
their own right and as potential mediators/moderators of psycho-
logical stress. However, they are beyond the scope of this article.

There are many severe chronic stressors to which children could
be exposed. However, nearly all of the extant research linking
early stress to adult health has focused on one of two experiences:
parental maltreatment and socioeconomic disadvantage. Although
both of these experiences are chronic psychological stressors under
the definition proposed above, they obviously differ in some
critical respects—the kind of threats they pose; the duration, fre-
quency, and severity of those threats; and the opportunities for
coping. On the other hand, it is clear that disadvantage and mal-
treatment co-occur more often than would be expected by chance
alone (Crouch, Hanson, Saunders, Kilpatrick, & Resnick, 2000;
Leventhal & Brooks-Gunn, 2000; J. Taylor, Spencer, & Baldwin,
2000). And they can share a number of overlapping features,
which may include cold, unresponsive parents who use harsh
discipline, routine exposure to conflict and violence in the home
and/or the neighborhood, and limited access to basic material
resources (Repetti et al., 2002). As we argue later, these features

1 Inflammation is the preliminary immunologic response to injuries and
infections. It occurs when white blood cells accumulate at the site of
damage and attempt to eliminate the pathogen and/or repair any tissue that
has been damaged. Some of the major cellular players in the inflammatory
response are monocytes and macrophages. Monocytes are the immature
form of these cells when they reside in the bloodstream. Once monocytes
migrate into tissue, they differentiate into macrophages. The inflammatory
response is essential for survival—without it, minor injuries or infections
would become lethal. However, its duration and magnitude must be care-
fully regulated; otherwise, the inflammation can become persistent and
contribute to emergence of multiple diseases of aging. For a nontechnical
background on inflammation, readers should consult Sompayrac (2008).
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could set into motion biobehavioral cascades with long-term health
implications. Consistent with this idea are the results of a recent
prospective study, focusing on whether various forms of childhood
stress presage the clustering of risk factors for CHD in adulthood
(Danese et al., 2009). It found that both maltreatment and disad-
vantage in early life were associated with risk factor clustering at
age 32. Covariance analyses showed the effects of these experi-
ences to be partially overlapping—suggesting that they operated to
some degree through common mechanisms, as we suggest they
should. But there was also evidence that each linked to CHD risk
through unique pathways, suggesting an element of equifinality, or
a similar outcome achieved via different mechanisms (Cicchetti &
Blender, 2006). To us, these patterns suggest that it is reasonable
to proceed on the assumption that maltreatment and disadvantage
share enough common features that they can be aggregated under
the rubric of chronic stress, at least for the purposes of generating
a broad mechanistic model to guide research in this nascent area.
Of course, as the field develops it will be important to reevaluate
this assumption and refine the model accordingly should the data
suggest it is necessary.

Because of the financial and logistical difficulties associated
with following participants over multiple decades, most studies
have used retrospective assessments of childhood stress. The in-
terpretational difficulties associated with this approach are well
known and should be kept in mind as the evidence is presented.
That said, we agree with the conclusions of two reviews of
retrospective assessments of early stress—that concerns about
their reliability and validity are often overstated, particularly when
people are being asked to report on salient things (e.g., whether or
not they were physically abused; what their father’s job was when
they were adolescents), and not the details or timing of a specific
event (Brewin, Andrews, & Gotlib, 1993; Hardt & Rutter, 2004).

On the health side of the equation, studies have assessed every-
thing from the frequency of minor physical symptoms like head-
aches and constipation to rates of and death from various condi-
tions. As much as possible we focus on morbidity (the diagnosis of
a disease or a clinical manifestation of it) and mortality (death,
either as a general outcome or traced to a specific cause). The
advantages of these endpoints are that they can be ascertained
objectively and viewed as reflecting differences in an underlying
disease process. This makes them much simpler to interpret than
outcomes reported by patient themselves, which tend to be heavily
shaped by individual differences in symptom perception, labeling,
and reporting (Feldman, Cohen, Doyle, Skoner, & Gwaltney,
1999; Pennebaker, 1982). Thus, by focusing on morbidity and
mortality, we can reduce the possibility that early stress is linked
to adult health because it alters symptom perception and reporting,
rather than influencing the underlying pathogenic mechanisms.
Because the article’s emphasis is on conditions that arise in adult-
hood, most of the evidence reviewed deals with what are known as
chronic diseases of aging, namely, CHD, stroke, diabetes, cancers,
and autoimmune disorders. Focusing on these core diseases is
important because they are a pressing public health concern in
developing countries today. They also have a reasonably well
understood pathogenesis, which can be leveraged here to construct
a biologically plausible model of mechanisms through which early
stress contributes to later disease.

Long-Term Health Effects of Maltreatment

Evidence. A recent meta-analysis examined the long-term
health consequences of childhood maltreatment (Wegman &
Stetler, 2009). Drawing on a group of studies that collectively
included 48,000 individuals, it considered exposure to childhood
neglect, as well as physical, sexual, and emotional abuse. The
disease endpoints included cardiovascular, respiratory, metabolic,
musculoskeletal, and autoimmune conditions. The aggregate effect
size across conditions was d � 0.42, meaning those maltreated as
children had outcomes that were almost 0.5 SD more severe or
more common than those not exposed. However, in some studies
the outcome was self-reported diagnosis or symptom severity,
raising questions about how much maltreatment contributed to the
disease process itself versus subjective perceptions of it. To ad-
dress this question, the authors stratified the studies according to
how health status was ascertained. Results indicated that the mag-
nitude of effect sizes was identical in studies that used objective
versus subjective methodology. Moreover, maltreatment had a
significant relationship with some fairly salient outcomes, like
history of stroke and myocardial infarction (d � 0.66), which
people could be expected to recall in a reliable fashion. These
findings help assuage concerns that the observed associations are
simply a reflection of maltreatment shaping the way that people
experience or communicate their symptoms.

The most rigorous work in this area has come from the Adverse
Childhood Experiences (ACE) Study, a large-scale project that
assessed maltreatment retrospectively in 17,337 adults. Partici-
pants were queried about whether they were exposed to various
kinds of abuse, neglect, and household dysfunction before the age
of 18. They also were asked a series of questions about their
history of CHD. There was evidence of a dose–response associa-
tion, with a 20% increase in CHD incidence for each additional
kind of early adversity experienced. Moreover, a 2–3-fold increase
in CHD was found among those who reported more than four types
of early-life adversity (Dong et al., 2004). The individual forms of
abuse and neglect (sexual, physical, and emotional) were associ-
ated with 1.3–1.7-fold increases in CHD risk. These associations
were independent of a variety of traditional CHD risk factors,
including demographics, smoking, exercise, adiposity, diabetes,
and hypertension.

The investigators of this project recently published further anal-
yses that provide a stronger basis for causal inference (Anda et al.,
2009). In this latest article the outcome variable was the extent of
premature mortality (before age 65, excluding suicides) among
family members of the respondent. The assumption here was that
the respondent’s siblings or parents would have been exposed to a
similar household environment, so any long-term adverse health
effects should be apparent in them as well. The analyses revealed
an odds ratio of 1.13, indicating that for every additional type of
adversity, the likelihood of premature death of a family member
rose by 13%. For those who had experienced four or more types of
childhood adversity, the odds of a premature death ranged from 1.5
to 2.9 depending on age. These effects were independent of age,
sex, race, and SES. Although these data are still based on the
self-report of a single respondent, they are more compelling be-
cause the outcome of interest was experienced by a third party.
This design feature makes it improbable that early stress simply
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biased the way respondents attend to, interpret, or report their
symptoms.

Another recent analysis from this data set used hospital dis-
charge records to explore the prevalence of autoimmune diseases
in a subset of the original cohort (Dube et al., 2009). It found that
the odds of a first hospitalization for any autoimmune disease were
higher among adults with two or three kinds of childhood adversity
compared to those with none; however, the relationship was sta-
tistically significant only for women. In linear trend analysis there
was a dose–response effect for both genders; for every additional
kind of childhood adversity, the odds of an adult hospitalization
rose by 20% for women and 10% for men. Because the outcome
here was based upon hospital records, it is again improbable that
biases introduced by self-report of health underlie the findings.

More recently, analyses from the Nurses’ Health Study II have
begun to appear. This large-scale study has followed 91,000�
females over 20� years. Recently a subset of 61,000� participants
reported on maltreatment experiences in childhood. Analyses sug-
gest that sexual and physical abuse during childhood increased
later risks for diabetes and hypertension (Rich-Edwards et al.,
2010; Riley, Wright, Jun, Hibert, & Rich-Edwards, 2010). Al-
though the endpoints used in these analyses were ascertained by
self-report, the authors presented validation studies testifying to
the veridicality of nurses’ accounts.

Interpretation. Collectively, this research is suggestive of
the conclusion that childhood maltreatment has long-term effects
on health. That said, the literature has some important weaknesses
that preclude a definitive interpretation. First, many of the studies
rely upon one-time assessments, during which early stress and later
health are measured via retrospective self-report. For many readers
these methods will raise concerns about the reliability of reporting.
This certainly has the potential to be a problem, especially if the
reporting of both predictors and outcomes is systematically biased.
However, the most likely scenario is that retrospective self-report
assessments lead to underreporting of maltreatment (Hardt &
Rutter, 2004). Assuming this is true, the net effects would be to
add noise to the data and artificially constrain variance on the
maltreatment variable. In both cases this would reduce statistical
power, making the study less likely to detect associations. Another
concern is that the associations observed reflect maltreatment-
related differences in the perception or reporting of symptoms,
rather than effects on disease per se. However, the ACE study data
on autoimmune disorders and premature mortality assuage these
concerns. And as we see below, the studies of low SES go a long
way toward doing so. More problematic from our perspective is
the possibility of associations being inflated by confounds. The
ACE studies measured and controlled for many of the more
plausible confounds, like age, race, SES, and medical history, but
there remains the possibility that other factors are playing a role,
like a familial genetic liability that contributes to abusive parenting
and disease vulnerability. Unless the locus of such an effect was
known, this explanation would be impossible to rule out in human
studies. But as we shall see below, in animal models, early stress
can be manipulated experimentally, and concerns like this can be
eliminated. Thus, we conclude that the evidence here is suggestive
of a causal influence of childhood maltreatment on later health
problems, but more work needs to be done to definitively rule out
alternative explanations and clarify what the associations reflect in
terms of underlying pathophysiology. More attention also needs to

be paid to what transpires between exposure to maltreatment and
later manifestations of disease; few studies have considered the
role of behavioral and biological processes that unfold during these
intervening years.

Long-Term Health Effects of Low SES

Evidence. There is a more extensive literature on childhood
SES and its implications for adult health. Galobardes and col-
leagues reviewed �40 studies of childhood SES and mortality in
adulthood (Galobardes, Lynch, & Smith, 2004, 2008). All were
prospective in the sense that health outcomes were tracked over
time, but in some instances early-life SES was assessed retrospec-
tively when respondents were adults. Most studies used paternal
occupation to index childhood SES and focused on individuals
who were born in the early to middle 20th century. The samples
were drawn from Europe, Asia, and North America and collec-
tively included millions of respondents. In most instances the
studies made a point of statistically controlling for SES in adult-
hood. When studying the long-term health effects of childhood
SES, this is an important explanation to consider. There are two
reasons for this. First, SES tends to be fairly stable over the life
course, with poor children becoming poor adults far more often
than would be expected by chance (Hertzman, 1999). Second, SES
in adulthood is strongly related to morbidity and mortality from the
chronic diseases we consider here (Adler & Rehkopf, 2008; Lynch
& Smith, 2005). Thus, to convincingly show that early-life SES is
shaping risks for disease later in life, studies need to establish that
childhood SES is not simply rendering people more or less advan-
taged in adulthood.

Galobardes et al. (2004, 2008) reported that 28/33 studies found
an increased risk of all-cause mortality, typically of 20%–40%,
among individuals reared in low- versus high-SES households.
Adjustments for adult SES generally attenuated these associations
but did not eliminate them. In terms of disease-specific outcomes,
low childhood SES emerged as a risk factor for CHD mortality in
7/10 studies and stroke mortality in 4/6 large studies. Again, these
effects were attenuated but not eliminated by adjustment for adult
SES. Deaths from violence, accidents, and drugs/alcohol were also
more common among those from low-SES backgrounds, particu-
larly if they were male offspring. There was some evidence of
childhood SES making independent contributions to cancer mor-
tality, particularly in stomach and smoking-related neoplasms.

The same group also reviewed studies of childhood SES and
cardiovascular disease (CVD; Galobardes, Smith, & Lynch, 2006).
The studies it drew upon were done in the United Kingdom,
Europe, and the United States and mainly used father’s occupation
to index childhood SES. Significant inverse associations were
found in 19/24 prospective studies, with the excess risk attributable
to low SES in the 30%–60% range. When SES in adulthood was
controlled, these associations were attenuated, but the excess CVD
risk persisted in the 20%–40% range. Mirroring the mortality data,
the effects were stronger for stroke than for CHD, though the latter
were reliable.

Interpretation. The studies of SES have notable strengths
compared with the maltreatment literature. They make use of large
and representative samples from multiple continents, use prospec-
tive designs, have objective SES indicators, and ascertain out-
comes through medical records or health care databases, eliminat-
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ing the concern that reporting styles are driving the observed
associations. They also generally control for the many plausible
alternative explanations for disease outcomes, like socially pat-
terned differences in lifestyle factors such as smoking, adiposity,
and so forth. And finally, the fact that findings emerge across so
many different countries suggests some universalism in the phe-
nomenon and makes it unlikely that culture-specific factors (like
class-related differences in access to health care in the United
States) are driving the findings. These study strengths bolster
confidence that the observed associations reflect a causal process,
though they do not prove it definitively.

Indeed, there are several weaknesses in this literature that com-
plicate its interpretation. The most important is the observational
design of the studies. The possibility remains that the observed
associations are due to unmeasured confounds, such as a common
genetic liability that predisposes offspring to low SES and poor
health. The only way to definitively evaluate this alternative ex-
planation is through an experimental manipulation of childhood
SES, which is neither ethical nor feasible in humans. That said, as
we shall see below, animal studies can be used to address these
concerns. Second, most of the studies are not fully prospective in
the sense that they do not assess childhood health at the point of
exposure to SES (Cohen, Janicki-Deverts, Chen, & Matthews,
2010). This would be difficult to do in many cases, however,
because the diseases of interest have either not begun yet or are in
preclinical stages where prognosis remains unclear. Nonetheless, it
would bolster confidence if these studies collected data on health
at the time SES was assessed, to address the possibility that poor
children start out life sicker, which affects both their parents’
earnings and their own long-term health.

A final limitation of the literature here is that it does not
specifically implicate childhood exposure to stress as critical for
later disease. Although studies link childhood SES with later
medical outcomes, it remains unclear whether these effects are
specifically attributable to early-life exposure in the way our
interpretation presupposes. In other words, the studies do not
answer questions like: Is childhood a sensitive period for expo-
sure? Could low SES at other junctures in the life course be
equally detrimental? And perhaps even more critically: Might
childhood SES predict outcomes because it is acting as a proxy for
cumulative disadvantage, which many argue is likely to be the
most influential sociodemographic determinant of disease and
disability (Cohen et al., 2010)?

Studies that have sought to address this question have generally
found support for the hypothesis that childhood is a sensitive
period, during which time low SES has potent and lasting effects
on health. This conclusion derives from analyses suggesting that
the excess disease risk associated with low childhood SES persists
even when people experience upward social mobility and is not
generally accounted for by their cumulative exposure to disadvan-
tage (Hart, Hole, & Smith, 2000; Kuh, Hardy, Langenberg, Rich-
ards, & Wadsworth, 2002; Ljung & Hallqvist, 2006; Pensola &
Martikainen, 2003; Power, Hypponen, & Smith, 2005; Smith,
Hart, Blane, & Hole, 1998). Such findings are seen as proof that “it
matters how and when” people are exposed to low SES (Ljung &
Hallqvist, 2006, p. 1082). But in reality these effects are exceed-
ingly difficult to disentangle (Hallqvist, Lynch, Bartley, Lang, &
Blane, 2004). That is because in most populations, it is impossible
to form mutually exclusive categories of individuals who had the

relevant exposures necessary for comparisons to be made, that is,
those who were low SES in childhood versus had upward mobility
in adulthood versus those who were persistently low SES across
the life span. That said, work in this area would be more informa-
tive if it mapped SES trajectories across the life course. Many
existing studies ignore the lengthy period between exposure to low
childhood SES and later disease outcomes.

All of these problems can be circumvented with experimental
studies of animals, which manipulate the timing of exposure to
stress to determine whether sensitive periods exist. Such work
suggests the existence of sensitive periods for a number of pro-
cesses and outcomes relevant to the current argument. For exam-
ple, in rodents the first eight days of life represent a specific
window during which variations in the quality of maternal care
shape subsequent responsivity of the HPA axis to stress (Meaney,
2001). Lower maternal care during this juncture leads animals to
have larger HPA responses to stress, which persist over the life
course. Mechanistically, this response tendency persists because
lower maternal care downregulates glucocorticoid receptor (GR)
expression in the hippocampus (Liu et al., 1997). Interestingly, the
influence of maternal care is especially potent during the first week
of life. When care quality is altered during Week 2 of life, the
effects on GR expression are significantly less pronounced. More-
over, care manipulations in Week 3 of life have no influence
whatsoever on long-term GR expression (Meaney & Aitken,
1985). Even more relevant to arguments about the potential influ-
ence of cumulative exposure, these studies revealed that care
manipulations had identical effects on adult GR expression regard-
less of whether they were restricted to Week 1 of life versus
persisted for Weeks 1–3. In both conditions the effects on GR were
larger than those produced by care manipulations during postnatal
Week 2 or Week 3 (Meaney & Aitken, 1985). Similar patterns
were found in studies where corticosteroid responses to stress in
adulthood were measured (Hess, Denenberg, Zarrow, & Pfeifer,
1969). Besides this work on HPA activity, studies of disease have
pointed to specific developmental windows during which maternal
separation enhances later vulnerability to peptic ulcers and im-
planted tumors (Ackerman, Hofer, & Weiner, 1975; Ader, Tatum,
& Beels, 1960). Collectively, this work suggests that early stress
has direct and lasting influences on some disease-relevant biolog-
ical processes, which are not simply a function of boosting total
lifetime exposure to stress. When coupled with human studies,
these results are suggestive of childhood being a sensitive period
for effects of stress to become “embedded” in some physiological
systems for the long term.

Early Stress and Adult Health in Animals

As noted above, it is difficult, and perhaps impossible, to eval-
uate whether early stress causally influences adult disease in
humans, because it would be unethical and unfeasible to manipu-
late the relevant human experiences. However, studies of this
nature can be done in animal models, and it is instructive to
consider what they have revealed, as this evidence can serve as
“proof of principle” that early stress can (or cannot) causally
influence later disease risk. So in this section we provide an
overview of the available research in this area, focusing on studies
that ask whether animals exposed to early-life stress have differ-
ential susceptibility to medical illness later in life.
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Most work in this area has modeled early stress through para-
digms that wean rodents from their mothers prematurely. Early
weaning is achieved by permanent removal of offspring from their
mothers. This manipulation deprives the offspring of maternal care
from an early stage in its life. But as Hofer has observed, when an
animal is weaned from its mother prematurely, it loses more than
just emotional nurturance. During the early postnatal period care-
givers function as external regulators, maintaining a homeostatic
equilibrium while the offspring’s physiology is too immature to
support itself. By providing body warmth, nutrients, and tactile
stimulation, mothers regulate their newborn offspring’s heart rate,
oxygen consumption, HPA axis activity, growth hormone secre-
tion, and other processes (Hofer, 1984, 1987). In this regard, the
manipulation has some parallels to disadvantage and maltreatment.
On the whole, children exposed to these stressors receive less
sensory, cognitive, and emotional stimulation and are more likely
to be deprived of basic necessities like food and heat than more
privileged youth (Evans, 2004; Maulik & Darmstadt, 2009;
McLoyd, 1998). That said, it is always difficult to ascertain how
closely deprivation in rodent models resembles the human expe-
rience. Permanent maternal separation is relatively uncommon in
humans, even in families where maltreatment and disadvantage are
present. So at best, the animal studies model what is fairly extreme
human stress. Species differences in development are another
major challenge. At the time of birth, rodents are much less mature
than humans. As a result, their physiology may need external
regulation by caregivers in a manner that is not paralleled in
full-term human newborns.

Those caveats aside, a number of studies indicate that premature
weaning can have long-term effects on animals’ vulnerability to
disease. In a typical study rats were permanently separated from
their mothers at either 15 or 21 days of life, corresponding to early
versus normal weaning (Ader & Friedman, 1965). A few weeks
later, all offspring were implanted with a tumor (Walker 256
carcinosarcoma) and followed to assess mortality. Analyses re-
vealed shorter times to death among prematurely separated ani-
mals. The early-weaned rats died a median of 21 days after tumor
receipt; the parallel figure was 25 days in rats separated from their
mothers at normal weaning age. In another study rats were placed
in a stressful situation at 100 days of life (corresponding to early
adulthood in humans). The situation required the rats to incur
electric shocks to obtain food and drink for 4 days (Ader et al.,
1960). Nearly all of the rats developed gastric ulcers following this
experience. However, the density of these ulcers was 5-fold greater
in rats who had been prematurely separated from their mothers at
15 days of life. In a follow-up study, a third group was added to
evaluate whether nutritional disparities were responsible for the
health effects of the separation manipulation. To test this hypoth-
esis, an additional group of rodents was tested: The mother was
removed from her offspring at 15 days, had her nipples cauterized
to prevent nursing, and was then returned until 21 days. The
median number of ulcers in this group was similar to the control
rats. Because both groups in which the mother remained present
had significantly fewer ulcers than the prematurely separated and
weaned rats, these data suggest the effects were due to the absence
of maternal nurturance rather than nutritional deficiencies per se
(Ader, 1962).

This pattern was later replicated and extended by Weiner and
colleagues (Ackerman et al., 1975; Ackerman, Hofer, & Weiner,

1978; Skolnick, Ackerman, Hofer, & Weiner, 1980). They focused
on gastric ulcers, which we now know to be caused by infection
with the bacterium helicobacter pylori and the inflammatory re-
sponses that it provokes (Portal-Celhay & Perez-Perez, 2006). This
work showed that early-life stress accelerates the emergence of
gastric ulcers in rodents. Among those prematurely separated and
weaned from their mothers, ulcer vulnerability peaked near 30
days of life (childhood in humans). Among those who were sep-
arated and weaned normally, ulcers tended not to appear until early
adulthood, at roughly 100 days (Ackerman et al., 1975, 1978).

More recent studies have focused on common infectious dis-
eases. In one study mice pups were separated from their dams for
6 hr daily over the first two weeks of life (Avitsur, Hunzeker, &
Sheridan, 2006). As adults, the mice were challenged intranasally
with an influenza virus. Compared with controls that remained
with their mothers until weaning, the separated mice had greater
viral replication and worse symptoms of infection. This was a
result of an overly aggressive inflammatory response to the virus.
Separated mice had a relative increase in proinflammatory medi-
ator expression in the lungs 5 days postinfection. Interestingly,
some of the inflammatory mediators continued to be elevated 9
days postinfection, a time when viral particles had declined to the
point of being almost undetectable. These findings suggest that
early stress calibrated the immune system to mount overly aggres-
sive and extended inflammatory responses to the influenza virus.

There also has been mounting interest in early-life influences on
asthma in animal models. One study randomized mice to one of
three conditions: one in which they received regular footshocks for
1 hr on 3 days during the fourth week of life; another in which they
watched and heard other mice undergo this experience but were
not shocked themselves; and a control arm in which mice remained
undisturbed in their home cages (Chida, Sudo, Sonoda, Hiramoto,
& Kubo, 2007). When the mice reached young adulthood (i.e., at
8 and 10 weeks of life) they were sensitized to ovalbumin, a
protein in eggs that causes allergic reactions. At 11 weeks all mice
were given airway challenges with ovalbumin. Relative to con-
trols, those that received or observed footshocks showed greater
airway inflammation and more bronchial reactivity to the chal-
lenge. Similar patterns were observed in another study of rats that,
over the first month of life, were either separated from their
mothers daily for 2 hr, and then reunited, or remained undisturbed
in their home cages (Kruschinski et al., 2008). When the rats were
5-month-old adults, asthma was induced by sensitizing subjects to
ovalbumin, and airway tissue was collected. Analyses revealed
striking differences. Adult rats that had been repeatedly separated
from their mothers early in life showed more severe airway pa-
thology than adult controls, with increased numbers of eosinophils,
T-cells, and other proinflammatory mediators found in their lungs
upon dissection.

Conclusions. Although the animal literature on this topic is
not extensive, the available studies provide consistent evidence
linking early stress and later health and do so across a broad array
of diseases. Because these studies used experimental manipula-
tions of stress, they provide leverage for making definitive causal
inferences in humans. And although the findings from animal
models do not prove that the human studies are capturing a causal
process, they do provide quite strong proof of the principle that
such effects can occur. When considered alongside the more
rigorous studies of maltreatment and disadvantage, which rule out
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the influence of a number of plausible confounders, the animal
studies lead us toward a cautious causal interpretation of the
human findings.

The Biological Embedding of Childhood Adversity
Model

The overview suggests that childhood stress has consequences
for vulnerability to chronic disease in adulthood. What is needed at
this point is a model to explain how and why this happens. To be
successful, such a model will have to address two questions raised
by the studies we have just reviewed. First, how does childhood
stress get under the skin, at the level of tissues and organs, to affect
risk for later diseases? To address this question, a model needs to
connect processes occurring at multiple levels of analysis. It will
have to consider the social and economic contexts in which chil-
dren develop and explain how and why they give rise to particular
behavioral and biological tendencies. The model will also have to
specify in a biologically plausible manner how these tendencies
give rise to pathogenic processes that result in excess morbidity
and mortality.

Second, the model will need to explain the lengthy incubation
period between exposure to childhood stress and the clinical man-
ifestation of disease. In some studies this interval lasted 4–5
decades. Existing models offer insights into the mechanistic basis
of mind–body interactions (Glaser & Kiecolt-Glaser, 2005; Kop &
Cohen, 2001; Miller, Chen, & Cole, 2009; Pressman & Cohen,
2005) but focus on the immediate biological sequelae of stress. To
explain how early stress operates, a model must specify how it
“incubates” in the body, manifesting in disease several decades
later.

Overview of Model

To address these issues we propose a biological embedding of
childhood adversity model (see Figure 1). As noted, it represents a
synthesis of theoretical perspectives from the fetal-origins litera-
ture (Barker, 1992), life-course epidemiology (Lynch & Smith,
2005), socioemotional development (Pollak, 2008; Repetti et al.,
2002), stress physiology (McEwen, 1998), and behavioral immu-
nology (Coe & Lubach, 2007; Raison & Miller, 2003). The mod-
el’s basic premise is that when stress occurs during sensitive
periods of development, it calibrates how certain bodily systems
operate going forward. This is the notion of biological program-
ming, which grew out of research on nutritional deprivation
(Barker, 1992) but now is applied to a variety of perinatal expe-
riences, including stress in the psychosocial domain (Cameron et
al., 2005; Cottrell & Seckl, 2009; Drake, Tang, & Nyirenda, 2007;
Hertzman, 1999; Wright, 2010). The focus in our model is on how
stress programs the response tendencies of cells of the monocyte/
macrophage lineage, which play a key role in initiating and main-
taining inflammation, a process that is central to a number of
chronic diseases of aging. The model specifies three mecha-
nisms—epigenetic markings, posttranslational modifications, and
tissue remodeling—responsible for this programming. As a result,
stress gets “embedded” in these immune cells, causing them to
mount excessive inflammatory responses to microbial challenges
and be insensitive to inhibitory hormonal signals. This fosters a
chronic inflammatory state in the body.

The model goes on to propose that over the life course, these
proinflammatory tendencies are exacerbated through behavioral
proclivities and hormonal dysregulation, themselves brought about
through exposure to childhood adversity. Behaviorally, early stress
leads people to become vigilant for threat and mistrusting of
others. These traits shape the manner in which people engage their
social worlds, making them more likely to elicit conflict and
rejection and less likely to garner warmth and support. They have
persistent difficulties forming and keeping relationships. Early
stress also leads people to develop poor self-regulation skills,
wherein the future is highly discounted in favor of immediate
gratification, and there is a resulting propensity to engage in
unhealthy behaviors. Together, these social difficulties and un-
healthy lifestyle serve to amplify the chronic inflammatory state.
Also contributing to this process are dysregulated patterns of
endocrine and autonomic discharge, which consign monocytes/
macrophages to operate in a milieu that accentuates their proin-
flammatory tendencies. Depending on the individual’s genetic
liabilities and other relevant exposures (e.g., to pollutants, toxi-
cants, carcinogens, etc.), the ensuing chronic inflammation drives
forward various mechanisms of pathogenesis. Those can include
high blood pressure, insulin resistance, plaque growth, tissue de-
struction, and tumor progression. These processes eventuate in
chronic diseases like diabetes, CHD, autoimmunity, and cancers.

Functional Significance

What would be the functional significance of programming a
child’s physiology in this manner upon exposure to chronic stress
early in life? To address this question we draw on the concept of
a predictive adaptive response (PAR) from behavioral ecology
(Gluckman & Hanson, 2006). PARs are biological adaptations
made in response to anticipated environmental circumstances.
They occur during sensitive periods of development, when bodily
tissues have maximal plasticity to environmental inputs. Typically
PARs become embedded in physiology on a permanent basis.
PARs’ function is to calibrate physiology in a manner that best
matches the demands of the ecology in which the organism will
ultimately reside. Functionally, PARs enable the organism to bet-
ter defend itself, make optimal use of resources, and reproduce
more successfully. In so doing, they confer enhanced fitness and,
at least through reproductive age, survival benefits (Gluckman &
Hanson, 2006).

We view the phenotype depicted in the embedding model as a
vestigial PAR, which evolved to meet the demands of perilous
ancestral ecologies (Zhang et al., 2006). Inherent in these ecologies
were a host of recurring difficulties that posed threats to survival
and reproductive fitness. These difficulties are likely to have
included predation, conflict with other humans and the ensuing
injuries, limited access to nutrients and resources, and accidents
and infections. To the extent that our ancestors’ bodies could have
anticipated these difficulties and made the phenotypic adjustments
specified in the model, they may have been better equipped to
survive and reproduce in a perilous environment. For example, in
a setting where predators abound, high vigilance for threat might
confer a survival advantage by helping the organism to more
rapidly perceive and respond to impending danger. Biologically,
when fighting and fleeing were necessary, robust endocrine activ-
ity would also prove valuable, providing metabolic support for
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these behaviors. Finally, when fighting occurred, organisms that
possessed the model’s proinflammatory tendencies might enjoy a
survival advantage, as these traits would accelerate the healing of
wounds and the clearing of secondary infections. From a metabolic
perspective, endowing monocytes/macrophages with these aggres-
sive tendencies would be relatively efficient, at least by compari-
son to the energetically costly lymphocytes that compose the
adaptive immune system (Segerstrom, 2010). Also, having stress
get embedded in innate immune cells such as monocytes/
macrophages would limit the scope of collateral damage the or-
ganism might incur; at least in the short term, overactivated adap-
tive immune cells can do far more damage to bodily tissue than
macrophages. Finally, in contexts where nutrients and resources
were scarce, the impulsive and appetitive tendencies the model
specifies would have adaptive value, motivating approach behav-
iors when resources are found and helping to sustain the organism
through periods of famine (by gorging when resources were avail-
able).

Today, few Western children reside in settings that resemble the
ancestral ecology. However, we suspect that when such children
are reared in sufficiently perilous ecologies, a vestigial PAR is
cued that gives rise to the behavioral and biological phenotype
depicted in the model. These traits served to promote fitness in
ancestral ecologies and may continue to do so today. But these
traits also set into motion an ongoing inflammatory state that, over
the increased duration of a modern human life span, fosters patho-
genic mechanisms that eventuate in chronic diseases of aging. In
ancestral times this apparent downside would have been inconse-
quential from the perspective of natural selection, because these
humans both differentially reproduced and died of injuries, star-
vation, and infection decades before chronic diseases would typi-
cally manifest. In this regard the collection of tendencies our
model envisions can be understood as a classic life-history
tradeoff, wherein the organism allocates resources toward an es-
pecially defensive phenotype, in the service of managing threats
that would compromise reproductive success (McDade, 2005).
However, in doing so it leverages these potential benefits against
a greater long-term liability for chronic diseases of aging.

Insights From Other Models

Like most other models in psychology, ours is primarily a
synthesis of knowledge from other spheres, rather than a fully
novel set of propositions. We draw heavily on concepts from other
theories and assemble them into an elaborated, integrated frame-
work. Thus, before reviewing evidence for the model, we outline
a handful of other relevant theories, specifying where they have
provided insights critical to our thinking and where our model
builds upon their contributions.

The fetal-origins hypothesis grew out of research by David
Barker and his colleagues (Barker, 1992). This work showed that
children of low birth weight are at risk for obesity, metabolic
syndrome, and coronary disease in adulthood (Godfrey, 2006).
Barker and others have argued that low birth weight reflects
nutritional deprivation in utero, which arises because of poor
maternal diet and/or insufficient nutrient transfer across the pla-
centa (Barker, 1992; Gluckman, Hanson, Cooper, & Thornburg,
2008). The fetus responds to these deficiencies with metabolic
adjustments (e.g., changes in secretion of, sensitivity to, and break-

down of hormones that regulate growth) thought to optimize
development in a nutritionally compromised environment. These
adjustments spare critical organs like the heart, brain, and pancreas
and favor the emergence of offspring with small body size, low
skeletal muscle, and high visceral fat (Gluckman & Hanson, 2006).
Because the metabolic adjustments are programmed into physiol-
ogy during sensitive periods of development, they are thought to
persist over the life span in a fashion that is permanent and
immutable. In the original formulations of the model, physiolog-
ical adjustments were thought to cause wear and tear on organs
over time, which, acting with genetic liabilities, gave rise to
metabolic and coronary diseases. In recent updates, there has been
increasing emphasis on the interaction between the survival phe-
notype and its postnatal nutritional environment in shaping later
disease outcomes (Gluckman et al., 2008).

The fetal-origins hypothesis provides a valuable framework for
thinking about early-life experience. Through the concept of bio-
logical programming, it explains how and why nutritional imbal-
ances in utero could give rise to later disease. Our model draws
upon this concept to explain how stress could become “embedded”
in the immune cells of a developing child in a lasting manner.
(This parallels other models wherein stress is depicted as a pro-
gramming agent; e.g., Cameron et al., 2005; Cottrell & Seckl,
2009; Drake et al., 2007; Hertzman, 1999; Wright, 2010.) Where
our framework builds on these ideas is in its depiction of people as
active agents that continue to shape their environments throughout
life. That is, it suggests that the experiences people have in early
life shapes the kinds of environments they seek out (and create) for
habitation later in life (in adulthood), as well as the ways in which
they respond to challenges in those environments. From their early
social context people develop likes and dislikes, patterns of inter-
acting with others, and strategies for regulating their desires and
emotions (Bowlby, 1969; Cassidy & Shaver, 2008; Luecken &
Lemery, 2004). Across the life span these tendencies, and the
experiences that arise from them, modulate disease-relevant be-
havioral and biological processes in dynamic ways (Chen, Mat-
thews, & Boyce, 2002; Repetti et al., 2002; Shonkoff et al., 2009).

A second class of models that has been used to explain the
health effects of childhood stress comes from life-course epidemi-
ology (Lynch & Smith, 2005). These models emphasize the tra-
jectories that childhood experience sets people upon (Pollitt, Rose,
& Kaufman, 2005), which are referred to as “chains of risk” (Kuh
& Ben-Shlomo, 2004) and “accumulating chains of advantage or
disadvantage” (Blane, 1999). The notion inherent in these models
is that adversity begets adversity. A child raised in poverty is likely
to attend a school with limited financial resources and receive a
suboptimal education. This in turn makes it likely that he or she
will be a low-income adult, have a job with routine exposure to
pollutants and irritants, and live in a neighborhood where fresh
foods are hard to find, green spaces for exercise are not available,
access to health care is limited, and so on. These exposures are
presumed to accumulate over the life course such that the more
adversity a person experiences, the more likely he or she is to
become ill (Hertzman, 1999; Pollitt et al., 2005).

The life-course models are appealing in their emphasis on
trajectories. As such, our model draws on notions of “chaining” to
explain how early stress sculpts psychological tendencies that
influence the social environments people create for themselves.
However, our model also extends life-course concepts by blending
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them with notions of biological programming, in order to explain
why childhood is a sensitive period during which stress gets
embedded in monocytes/macrophages (Cameron et al., 2005;
Fenoglio, Brunson, & Baram, 2006; Hertzman, 1999; Lyons,
Parker, Katz, & Schatzberg, 2009).

Finally, the risky families model offers a psychosocial account
of how childhood stress impacts health (Repetti et al., 2002). It
posits that some families are “risky” places for children to develop,
because they tend to be unstable and conflictual, lacking in warmth
and support, and make use of harsh discipline. These familial
dynamics trigger a cascade of psychological vulnerabilities, in-
cluding deficits in social competence and emotion regulation and
a propensity to compensate for them with health-compromising
behaviors. They also lead to increased reactivity of the HPA axis
and the sympathetic nervous system (SNS). Frequent activation of
these circuits triggers the release of hormones like cortisol, epi-
nephrine, and norepinephrine. With time the impact of these hor-
monal surges accumulates, leading to wear and tear on bodily
systems known as allostatic load (McEwen, 1998) and subsequent
health problems. In support of this view, adults who report having
been reared in harsh family climates show relatively high levels of
circulating inflammatory markers, more components of the meta-
bolic syndrome, and increasing trajectories of blood pressure (Le-
hman, Taylor, Kiefe, & Seeman, 2005, 2009; S. E. Taylor, Leh-
man, Kiefe, & Seeman, 2006).

The risky families model provides a valuable heuristic frame-
work for considering the effects of early-life stress. Like the
pathway models discussed earlier, it is instructive in highlighting
the dependencies between experiences at different stages of the life
span. It goes beyond the previously reviewed models by stitching
together these experiences psychologically. For example, it pin-
points the features of early family climate that are likely to be
“toxic” for health, specifies how they manifest developmentally in
emotion-regulation and social-competence deficits, and suggests
that their effects are sustained through dispositions like hostility
over the life span. These concepts serve as a foundation for our
model. We build on them here by proposing that childhood stress
(a) gets programmed into the response tendencies of monocytes/
macrophages through specific molecular pathways and (b) favors
the emergence of certain behavioral proclivities early in develop-
ment, for example, vigilance for threat, mistrust of others, impul-
sivity, and poor self-regulation. These proclivities shape the kinds
of environments people create for habitation later in life and the
manner in which they respond to challenges in those environments.
(In other words, the proclivities serve as antecedents to the kinds
of emotion-regulation and social-competence difficulties featured
in the risky families model.) Finally, based on recent insights from
neuroimaging, our model builds on the risky families model by
highlighting some of the neural mechanisms likely to underlie
these behavioral proclivities.

Like the risky families model and a number of other accounts
(Evans, Kim, Ting, Tesher, & Shannis, 2007; Shonkoff et al.,
2009; Worthman & Panter-Brick, 2008), our model draws on the
concept of allostatic load physiologically. The core of this idea is
that during stress, the body attempts to restore balance through
change (allostasis; McEwen & Stellar, 1993). Allostatic maneu-
vers are viewed as being adaptive on an acute basis. But if they are
triggered repeatedly, dysregulation across multiple systems en-
sues, causing declines in physical health. Indeed, there is mounting

evidence that high levels of allostatic load presage declines in
physical functioning and premature mortality (Karlamangla,
Singer, McEwen, Rowe, & Seeman, 2002; Karlamangla, Singer, &
Seeman, 2006; Seeman et al., 2004; Seeman, McEwen, Rowe, &
Singer, 2001).

Our model draws on the allostatic load concept, particularly for
its explanation of how the biological consequences of stress accu-
mulate. We suggest that childhood adversities give rise to lifelong
behavioral proclivities, like vigilance for threat, poor social ties,
ineffective self-regulation, and unhealthy lifestyle choices. These
proclivities lead to frequent activation of the body’s stress–
response systems, creating a hormonal milieu that requires adap-
tations by the immune system. Ultimately, these adaptations serve
to exacerbate the proinflammatory tendencies already programmed
into cells by childhood stress. Our model extends the concept of
allostatic load, however, by positing a role for the biological
embedding of early stress. Thus, the model supposes that lasting
biological alterations can arise from relatively brief exposures if
they are timed correctly, even in the absence of the kind of
cumulative wear-and-tear that allostatic models depict as taxing
the body. As reviewed previously, there is robust evidence of such
effects in animal models (Hess et al., 1969; Meaney & Aitken,
1985). Our model also diverges from allostatic load in specifying
inflammation as a single, common, and necessary pathway linking
stress to disease.

Evaluating the Model

Having outlined the model’s structure, we now shift to assessing
its validity. In the sections below we critically review evidence for
each of its premises. Table 1 summarizes the key evidence.

The Social Climate of Adversity

There are many forms of childhood stress. But as we argued
earlier, they often have overlapping features, and this is particu-
larly true of disadvantage and maltreatment, the main foci of
research in this literature. These features can include cold, unre-
sponsive parents who use harsh discipline, routine exposure to
conflict and violence, and limited access to material resources
(Conger & Donnellan, 2007; Leventhal & Brooks-Gunn, 2000;
Repetti et al., 2002). Here we briefly review evidence that disad-
vantage and maltreatment are characterized by these challenges.

Parenting. Lower SES parents often face multiple demands
that affect the quantity and quality of time they can spend with
their children. These parents often work multiple jobs with unde-
sirable hours (Presser & Cox, 1997) and have to commute long
distances to work (Osterman, 1991). Low-SES parents often have
little control over their work schedules (Marmot, Bosma, Heming-
way, Brunner, & Stansfeld, 1997), which may limit their ability to
be at home with their children. In addition, they may have little
leeway to take time off without being fired (Albelda, 2001). At
home, low-SES parents deal with frequent stressors because they
are more likely to live in dilapidated housing (Evans, 2004). They
are also more likely to be single parents (Garfinkel & McLanahan,
1986). As a result of these demands, low-SES parents spend less
time each day with their kids (R. H. Bradley, Corwyn, McAdoo, &
Coll, 2001) and provide them with less support (Dodge, Pettit, &
Bates, 1994) and emotion socialization (McLoyd, 1998). Low-SES
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Table 1
Key Evidence for Propositions in the Biological Embedding of Childhood Adversity Model

Proposition and evidence Source of evidence

1. Disadvantage and maltreatment are chronic stressors for children. They have common
features that can include unresponsive parents, harsh discipline, routine exposure to
violence, and limited access to resources.
- Low-SES families have limited material resources, poor living conditions, low job control,

and limited coping options.
Albelda (2001); Evans (2004)

- Due to these constraints, low-SES parents have less time to spend with their children and
are less responsive and supportive.

R. H. Bradley et al. (2001); Dodge et al. (1994)

- Low-SES families tend to have more conflict, use harsher and more punitive discipline,
and have inconsistent parenting.

Leventhal and Brooks-Gunn (2000); McLoyd
(1990)

- Children in low-SES settings are more likely to witness and experience violence, both
inside and outside their homes.

Crouch et al. (2000); Schubiner et al. (1993)

- Maltreatment is a “toxic” relational environment, in which children can incur physical or
sexual abuse and neglect of their emotional or material needs. These different forms of
maltreatment co-occur in a sizeable minority of cases.

Arata et al. (2007); Cicchetti and Toth (2005);
Dong et al. (2003)

2. Chronic stress in childhood programs a proinflammatory phenotype in monocytes/
macrophages.
- Newborns exposed to maternal stress in utero have larger ex vivo inflammatory cytokine

responses to microbial challenges.
Wright et al. (2010)

- Adults raised in low-SES families display larger ex vivo inflammatory cytokine responses
to various microbial challenges.

Miller, Chen, Fok, et al. (2009)

- Adults raised in low-SES families show reduced cortisol-mediated signaling in peripheral
blood mononuclear cells, an indication of resistance to the anti-inflammatory properties of
cortisol.

Miller, Chen, Fok, et al. (2009)

- Over time, teenagers from harsh family climates display progressively larger ex vivo
inflammatory cytokine responses to LPS and greater resistance to cortisol’s anti-
inflammatory effects.

Miller and Chen (2010)

- Adults raised in low-SES families show higher circulating levels of biomarkers like CRP
and IL-6, which reflect the degree of chronic inflammation.

Danese et al. (2009); Lawlor et al. (2005);
Loucks et al. (2010); Phillips et al. (2009);
Pollitt et al. (2007); Schreier and Chen
(2010); Tabassum et al. (2008)

- Adults who were maltreated in childhood show higher levels of CRP, IL-6, and other
markers of chronic inflammation.

Danese et al. (2007); Kiecolt-Glaser et al.
(2011); Slopen et al. (2010)

- Adults raised in low-SES families show higher CRP, due in part to worse psychosocial
functioning imparted by a harsh family of origin climate.

S. E. Taylor, Lehman, et al. (2006)

3. Childhood stress gets embedded through epigenetic alterations to DNA,
posttranslational modification of proteins, and tissue remodeling.
- Rats who receive low maternal care in early life show more methylation in a stretch of

the glucocorticoid receptor gene promoter in the hippocampus. This change reduces
expression of the gene, and by doing so increases cortisol reactivity to stress by
interfering with negative feedback circuits.

Weaver et al. (2004)

- Cord blood cells of newborns exposed to maternal distress in utero show more
methylation of a stretch of glucocorticoid receptor promoter.

Oberlander et al. (2008)

- Postmortem, hippocampal slices of persons abused in youth show more methylation of a
stretch of glucocorticoid receptor promoter.

McGowan et al. (2009)

- In rat pups, less nurturant parenting on Days 2–8 of life triggers posttranslational
modifications to a kinase that regulates the expression of CRH, a key trigger of HPA axis
activity.

Fenoglio et al. (2006)

- In rat pups, less nurturant parenting on Days 2–8 of life results in more excitatory
glutamatergic innervation of hypothalamic area centrally involved in regulating HPA axis
activity.

Korosi et al. (2010)

- In rat pups, less nurturant parenting on Days 2–14 of life is associated with more
extensive dendritic branching in locus coeruleus, which plays a key role in regulating SNS
responses to stress.

Swinny et al. (2010)

(table continues)
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Table 1 (continued)

Proposition and evidence Source of evidence

4. Chronic stress in childhood gives rise to behavioral proclivities that accentuate
inflammation. One route for this includes tuning of the corticolimbic circuitry, which
leads to vigilance, mistrust, and subsequent difficulties with social relationships.
- Children from low-SES families read more threat into situations that are ambiguous. This

trait persists in adulthood.
Chen and Matthews (2003); Chen et al. (2003,

2004, 2006); Miller (2011)
- Maltreated children have selective attention for anger, perceive it more in ambiguous

situations, are slower to disengage from it, and orient toward others’ conflict.
Pollak and Kistler (2002); Pollak and Sinha

(2002); Pollak et al. (2005)
- Adults from low-SES backgrounds are more likely to endorse hostile and mistrusting

beliefs about others.
Barefoot et al. (1991); Lynch et al. (1997);

Scherwitz et al. (1991)
- Adults reared in low-SES families or maltreated as kids have smaller social networks,

more conflict, and less social support.
Graves et al. (1998); Repetti et al. (2002)

- Adults raised in low-SES families have larger amygdala responses when matching angry
faces to neutral targets.

Gianaros et al. (2008)

- During emotional labeling tasks in a scanner, adults from harsh families show ineffective
prefrontal regulation of amygdala.

S. E. Taylor, Eisenberger, et al. (2006)

- Mistrust is associated with greater ex vivo proinflammatory cytokine production following
LPS exposure, as well higher levels of the inflammatory markers CRP and IL-6.

Graham et al. (2006); Marsland et al. (2008);
Suarez et al. (2002, 2004)

- Abrasive social encounters and poor social ties are associated with higher levels of CRP
and IL-6 in circulation, activation of proinflammatory transcription control pathways, and
reduced cortisol-mediated signaling.

Cole et al. (2007); Fuligni et al. (2009); Loucks,
Berkman, et al. (2006); Loucks, Sullivan, et
al. (2006); Kiecolt-Glaser et al. (2005)

5. Chronic stress in childhood brings about behavioral proclivities that accentuate
inflammation. Another route for this includes tuning of the corticostriatal circuitry.
The resulting phenotype is impulsive, discounts the future, and has a proclivity for
unhealthy behaviors.
- Adults raised in low-SES families are more impulsive and tend to discount the future. Griskevicius et al. (2011); McLoyd et al.

(1994); Sweitzer et al. (2008)
- Adults from low-SES families are more likely to smoke, drink to excess, have poor diets

and inactive lifestyles, and be obese.
Lynch et al. (1997); Power, Graham, et al.

(2005)
- Impulsivity and discounting mediate a portion of the association between low SES and

unhealthy lifestyles.
J. Adams and White (2009); Wardle and

Steptoe (2003)
- Adults who were maltreated in childhood are more likely to smoke, be alcohol dependent,

use illicit drugs, and be obese.
Felitti et al. (1998)

- During a monetary gain task, adults from low-SES families show reduced activity in
lateral and dorsomedial prefrontal cortex and reduced connectivity of this area with left
ventral striatum.

Gianaros et al. (2011)

- An unhealthy lifestyle, in the form of smoking, heavy alcohol use, a poor diet, sedentary
behavior, and obesity, is associated with more systemic inflammation as marked by CRP
and IL-6.

Ghanim et al. (2004); Handschin and
Spiegelman (2008); Hotamisligil (2006);
Kiecolt-Glaser (2010); O’Connor et al.
(2009); Yanbaeva et al. (2007); Yudkin et al.
(2000)

6. Chronic stress in childhood alters autonomic and endocrine discharge in a durable
manner, creating a hormonal milieu that accentuates inflammation.
- Adults raised in low-SES families show greater diurnal output of salivary cortisol as they

go about day-to-day life.
Gustafsson et al. (2010); Li et al. (2007);

Miller, Chen, Fok, et al. (2009)
- Over time, low-SES children show progressively greater output of cortisol. Chen et al. (2010); Evans et al. (2007)
- Adults who were abused or neglected in childhood have altered cortisol output in daily

life. In most studies cortisol levels are reduced relative to nonexposed controls, though in
some cases increased output has been described.

Heim et al. (2000); Luecken and Lemery
(2004); Lupien et al. (2009); Meewisse et al.
(2007); Miller et al. (2007); Troxel and
Matthews (2004); van der Vegt et al. (2009)

- Prolonged exposure to altered cortisol output, whether low or high, can facilitate
inflammatory responding of macrophages.

Raison and Miller (2003); Sapolsky et al.
(2000); Sternberg (2006)

- Children from low-SES families have greater urinary levels of the SNS hormonal
endproduct epinephrine.

Evans and English (2002)

- Adults raised in low-SES families show increased expression of genes switched on by
SNS endproducts epinephrine and/or norepinephrine.

Miller, Chen, Fok, et al. (2009)

- SNS endproducts accelerate the departure of proinflammatory myeloid progenitors into
circulation.

Avitsur et al. (2005); Engler et al. (2005);
Katayama et al. (2006)
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parents are also more likely to have mental health problems of
their own (Conger & Donnellan, 2007), reducing their ability to
attend to their children’s needs. These types of family environ-
ments have been characterized as “cold” and “neglectful” (Repetti
et al., 2002), although it is important to note that while the
descriptive labels may be accurate, the behaviors they refer to
often stem from the life circumstances that low-SES families face,
rather than representing intentional parenting styles.

Maltreatment is by definition a toxic relational environment
(Cicchetti & Toth, 2005), though it can take a number of different
forms. These manifestations include physical abuse, in which a
child is injured by nonaccidental means; sexual abuse, which
involves sexual contact between a child and adult for the latter’s
gratification; and neglect, in which a child does not receive ade-
quate care from his or her parental figures. A child can also be
emotionally maltreated, when his or her basic affective needs go
unmet by caregivers (Cicchetti & Toth, 2005). A sizeable minority
of maltreated children are subjected to multiple forms of abuse and
neglect (Arata, Langhinrichsen-Rohling, Bowers, & O’Brien,
2007; Dong, Anda, Dube, Giles, & Felitti, 2003).

Harshness, conflict, and violence. Lower SES families have
more frequent conflict and poorer quality interactions compared
with higher SES families (Conger & Elder, 1994). Low-SES
parents also discipline their children differently. They are more
likely to use harsh strategies, like corporal punishment (R. H.
Bradley et al., 2001; Dodge et al., 1994; McLoyd, Jayaratne,
Ceballo, & Borquez, 1994), and to impose demands on their
children without explaining why. Low-SES parents also tend to be
inconsistent in their parenting, punishing sometimes but not others
for the same offense (Conger & Donnellan, 2007; McLoyd, 1990).
Finally, in low-SES families conflict is more likely to escalate,
resulting in marital violence or abusive behavior toward children

(Crouch et al., 2000; Leventhal & Brooks-Gunn, 2000; J. Taylor et
al., 2000). These patterns likely stem from the social constraints
under which parents live (McLoyd, 1990). The multiple demands
that low-SES parents face, and the reduced time and energy they
have for their children, make it difficult for them to explain the
reasoning behind every punishment and to apply rules consistently.
In addition, parenting approaches may also stem from different
philosophies about what is best for children. Whereas high-SES
parents often encourage independent thinking and questioning,
lower SES parents often see obedience as critical (B. N. Adams,
1998; Kohn, 1977; McLoyd, 1990), reasoning that it helps ensure
that children avoid danger, do not stray into bad behaviors, or fall
under the influence of delinquent peers.

Low-SES children are also exposed to more outside-the-home
conflict and violence than their high-SES counterparts. Low-SES
children are more likely to witness violence and personally expe-
rience it. By the time children reach their teenage years, 50% of
low-SES children have witnessed at least one violent attack on
another person, and 24% have themselves been the victim of a
physical assault (Crouch et al., 2000). Rates of experiencing vio-
lence are about half that level among higher SES children (Crouch
et al., 2000). Low-SES children also subjectively rate their neigh-
borhoods as more stressful (Overstreet & Braun, 2000; Wright,
2006). For example, 50% of low-SES children report concerns
about being attacked in their neighborhood (Schubiner, Scott, &
Tzelepis, 1993). Furthermore, low-SES parents are more likely to
keep their children indoors because of concerns about violence
(Wright, Mitchell, et al., 2004), resulting in greater exposure to
family conflict and other adverse features of the home environ-
ment described above (Overstreet & Braun, 2000).

Maltreatment often entails harsh parenting, conflict, and vio-
lence. In sexual and physical abuse, violence is by definition

Table 1 (continued)

Proposition and evidence Source of evidence

- Norepinephrine upregulates proinflammatory gene expression in monocytes.
Catecholamines have mixed effects on cells engaged with microbial stimuli, in some cases
enhancing production of inflammatory cytokines, but in others doing the opposite.

Cole et al. (2010); Grisanti et al. (2010);
Gruber-Olipitz et al. (2004); Mohamed-Ali et
al. (2001); Röntgen et al., 2004; von Patay et
al. (1998)

- Maltreatment is associated with lower heart-rate variability, an index of PNS regulation of
cardiac rhythms. There is some evidence that these links persist into adulthood.

Dale et al. (2009); Miskovic et al. (2009);
Oosterman et al. (2010); Shenk et al. (2010)

- Cholinergic signaling inhibits macrophage production of inflammatory cytokines in mice.
In humans, markers of PNS activity associate inversely with CRP and IL-6 production.

Haensel et al. (2008); Marsland et al. (2007);
Pavlov and Tracey (2005)

- Oxytocin concentrations are lower in individuals who have experienced maltreatment
relative to controls.

A. B. W. Fries et al. (2005); Heim et al. (2009)

- Oxytocin attenuates magnitude of in vivo inflammatory response to LPS in humans. Clodi et al. (2008)
- Oxytocin reduces inflammation and atherosclerosis in mice at risk for CHD. Nation et al. (2010); Szeto et al. (2008)

7. Inflammation accelerates pathogenesis of chronic diseases of aging.
- Inflammation contributes to the development of components of the metabolic syndrome. Hotamisligil (2006)
- Inflammation plays a role in each stage of atherosclerosis, the condition underlying

myocardial infarctions and some strokes.
Libby and Theroux (2005)

- Inflammation contributes to the growth and spread of some tumors. Mantovani et al. (2008)
- Inflammation promotes a “frailty syndrome” marked by softening of bone; loss of muscle

mass, strength, and function; and a decline in cognitive functions.
Chung et al. (2009)

Note. CHD � coronary heart disease; CRH � corticotropin releasing hormone; CRP � C-reactive protein; HPA axis � hypothalamic–pituitary–
adrenocortical axis; IL-6 � interleukin-6; LPS � lipopolysaccharide; PNS � parasympathetic nervous system; SES � socioeconomic status; SNS �
sympathetic nervous system.
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involved, or at least the threat of it. Children who are neglected are
not necessarily treated violently by caregivers. However, neglect
often co-occurs with other conditions, like alcohol and substance
disorders, marital difficulties, and intimate partner violence, where
the child witnesses conflict and aggression between others (Leon-
ard & Eiden, 2007).

Resources. According to most theories, low SES is defined
by limited access to material resources (Lynch & Kaplan, 2000).
As Evans (2004) described, this is particularly true for poor chil-
dren. In comparison to their more advantaged peers, children from
low-SES families are more likely to live in run-down housing, with
poor quality water, heating, and sewage. Their homes tend to be
noisy, crowded, and unsafe, as do the schools they attend and the
neighborhoods in which they reside. Low-SES children have lim-
ited access to toys, books, computers, learning materials, and
recreational activities in the community. Healthy food is also
scarcer in low-SES households, due to its high costs and its
absence in local markets. In sum, although most low-SES families
residing in Western society today have their most basic needs for
food and shelter met, they still face a good deal of material
deprivation relative to the expected standards of modern industri-
alized nations.

Maltreatment and disadvantage co-occur far more often than
expected by chance alone, meaning that many children who are
abused or neglected will also lack material resources (Crouch et
al., 2000; Leventhal & Brooks-Gunn, 2000; J. Taylor et al., 2000).
And a central feature of neglect is the caregiver’s failure to meet
basic needs like food, shelter, and emotional warmth for the child.
All that said, not all maltreated children will experience depriva-
tion. Particularly in cases of abuse, the child may have ready
access to good housing, nutrition, resources, and activities.

Programming of Proinflammatory Tendencies

The model’s central premise is that childhood stress gets em-
bedded in the operating tendencies of the cells that regulate in-
flammation. It suggests that to the extent that children spend their
early years in settings where parenting is harsh, conflict and
violence are common, and material resources are scarce, their
monocytes/macrophages will develop response tendencies that
give rise to a chronic proinflammatory state. Because the stress
occurs during a sensitive period when immune function is highly
plastic, we further maintain that such tendencies become embed-
ded in a durable manner. In the section that follows we review
evidence for this proposition, focusing on human studies linking
childhood stress and later inflammatory responding. Before turn-
ing to the evidence, however, we provide a brief primer on in-
flammation.

When bodily tissue has been injured by trauma or infected with
a pathogen, the immune system launches an inflammatory re-
sponse, which causes white blood cells to accumulate at the
afflicted site. The major players in this response are cells of the
innate immune system, principally neutrophils, dendritic cells, and
macrophages. (Some of the macrophages will have been present in
tissue already, whereas others will have been recruited from cir-
culation, where they were residing in an immature form as mono-
cytes. Upon migrating into tissue spaces monocytes differenti-
ate into macrophages.) Together the innate cells work to eliminate
the pathogen, rid the body of infected tissue, repair any damage

the pathogen has caused, and begin the process of healing. These
activities are coordinated by molecules called proinflammatory
cytokines, which are released by damaged tissues and infiltrating
immune cells. The most critical cytokines are interleukin-1�
(IL-1�), interleukin-6 (IL-6), and tumor necrosis factor-�
(TNF-�). They have wide-ranging functions that include facilitat-
ing the migration of cells to sites of infection/injuries, signaling
them to proliferate and differentiate, activating effector functions
like killing and repair, and initiating systemic adaptations such as
fever and changes in fluid balance.

The acute inflammatory response is essential for survival—
without it, minor injuries or infections would become lethal. How-
ever, its duration and magnitude must be carefully regulated, so
that it ends once the infection is cleared or the wound is healed. If
this regulation does not take place or the stimulus itself persists,
the inflammation can become chronic, maintained by macrophages
caught in cytokine-mediated positive-feedback loops. (T-cells also
frequently become involved in chronic inflammation.) To slow
down inflammation, bodily tissues release a number of inhibitory
molecules, many of which emanate from immune cells. However,
an especially powerful strategy the body uses to regulate inflam-
mation is to systemically release cortisol. (This happens when
cytokines like IL-1� trigger the HPA axis to release cortisol.) In a
classic negative feedback circuit, cortisol binds to glucocorticoid
receptors (GRs) located within macrophages and other immune
cells and slows down the inflammatory processes. Mechanisti-
cally, this happens because the ligated GR moves into a cell’s
nucleus and ties up a protein called nuclear factor-kappa B
(NF-�B), a key part of the molecular machinery that switches on
proinflammatory genes.

In recent decades, it has become evident that early life repre-
sents a period of marked plasticity for the immune system. Starting
in utero and lasting through the early years of childhood, long-term
patterns of immune responding are established by exposures
to pathogens, allergens, and irritants (Finch & Crimmins, 2004;
Prescott, 2006). These findings have fueled interest in whether the
psychosocial environment might also have a role in calibrating the
immune system’s response tendencies (Bilbo & Schwarz, 2009;
Coe & Lubach, 2005, 2007; Finch & Crimmins, 2004; McDade,
2005; Prescott, 2006; Wright, 2007). Our model builds on this
work by positing that early stress acts as a programming agent that
shapes the operating tendencies of monocytes/macrophages. This
programming manifests in two ways: The cells show more pro-
nounced inflammatory responses when exposed to challenge, and
they are less able to terminate these responses because they have
reduced sensitivity to inhibitory hormonal signals. As a conse-
quence, persons exposed to early stress show chronic inflammation
throughout life.

Increased microbial reactivity. The model’s assertions
about childhood influences on long-term monocyte/macrophage
responding are supported by recent studies. One study enrolled
healthy adults aged 25–40 who were either low or high in child-
hood SES, as defined by the prestige of their parents’ occupations
(Miller, Chen, Fok, et al., 2009). To prevent early and later SES
from becoming confounded, the groups were balanced on the
prestige of participants’ current occupations. Participants’ white
blood cells were cultured in vitro with a series of microbial products,
and the magnitude of the cell responses to these stimuli was indexed
by subsequent production of IL-6, which is one of the primary
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cytokines that orchestrates inflammation. Those participants who had
been reared in low-SES families showed more pronounced IL-6
production in response to flagellin, a bacterial product, and to poly
I:C, a viral analogue, compared with participants from high-SES
families. These associations persisted after adjustment for vari-
ous demographics and biomedical confounds. And as noted
above, the study’s design eliminated the possibility that partic-
ipants’ current SES was responsible for these associations.
These findings suggest that low childhood SES may program
monocytes to have more pronounced inflammatory responses to
certain microbial stimuli. (Monocytes are probably responsible
for the observed disparities because they are present in human
peripheral blood, whereas macrophages are found only in tis-
sue. Moreover, monocytes are known to generate much of the
IL-6 in cultures stimulated with flagellin and poly I:C.)

Other research has begun to trace the developmental trajectories
of inflammatory responding as a function of variations in early
stress. One project collected cord blood cells from newborns,
cultured them with microbial products, and measured subsequent
production of proinflammatory cytokines (Wright et al., 2010).
During pregnancy the newborns’ mothers had been assessed for
chronic stress, and these data were used to form a cumulative
indicator reflecting persistent interpersonal, housing, and neigh-
borhood problems. To the extent that their mothers were high in
chronic stress prenatally, the newborns displayed greater produc-
tion of TNF-� (following stimulation with a viral RNA analogue)
and IL-8 (following stimulation with bacterial DNA). Another
project from the same team measured stimulated cytokine produc-
tion in 2-year-old children at risk for asthma (Wright, Finn, et al.,
2004) whose parents had completed bimonthly reports of per-
ceived stress from the time of their birth. Children from families
who reported higher cumulative stress produced more TNF-�
following stimulation of their cells with allergic triggers. Because
neither project followed participants in adulthood, it remains un-
clear whether the observed phenotype persists in the manner our
model envisions. Nevertheless, the findings are provocative in
suggesting that even very early stress may establish a trajectory of
proinflammatory responding.

Effects of early stress were also observed in a recent project on
trajectories of inflammatory responding in adolescents (Miller &
Chen, 2010). One hundred and thirty-five teenage females reported
on the degree of parental harshness in their early years of life.
Every 6 months for the next 1.5 years, blood was collected to
assess monocyte IL-6 production following in vitro challenge with
lipopolysaccharide (LPS), a component of gram-negative bacteria.
To the extent that participants were reared in harsh families, they
showed increasingly pronounced IL-6 responses over time. (That
is, their cells seemed to become progressively more responsive to
LPS as the study went on.) These associations persisted after
adjustment for SES, demographic and biomedical characteristics,
and depressed mood. Because these findings derive from prospec-
tive longitudinal analyses, they provide fairly strong evidence that
family climate plays a role in establishing the monocyte response
tendencies the model envisions. That said, because the follow-up
period ended when participants were still in adolescence, the
durability of the phenotype over the life course remains unclear.

Resistance to inhibitory signals. The embedding model also
specifies that childhood stress renders macrophages relatively in-
sensitive to inhibitory hormonal signals. Two of the projects de-

scribed above directly evaluated this hypothesis by examining the
anti-inflammatory effects of cortisol. In the study of healthy adults
who were low versus high in childhood SES, Miller, Chen, Fok, et
al. (2009) also conducted genome-wide transcriptional profiling of
peripheral blood mononuclear cells. This technology enabled them
to quantify how “loudly” cortisol signals were being registered by
the genomes of these cells. Levels of RNA for more than 18,000
transcripts were quantified. Bioinformatic techniques were then
used to quantify the prevalence of transcription factor binding
motifs in the promoters of genes that were differentially expressed
according to childhood SES. These analyses revealed that among
participants from low-SES families, there was significant upregu-
lation of genes with response elements for the transcription factor
NF-�B. As mentioned previously, NF-�B is a key part of the
molecular machinery that switches on proinflammatory genes.
Participants from low-SES backgrounds also showed a significant
downregulation of genes with response elements for GR. As noted
above, one of GR’s key roles in the immune system is to transduce
cortisol’s anti-inflammatory signals for cells; it does so by inhib-
iting the production and activation of NF-�B and molecules like it.
These findings led the authors to conclude that early-life SES
calibrates the sensitivity of GR in monocytes, such that children
reared in disadvantaged environments become resistant to anti-
inflammatory signals transmitted via this pathway. The conse-
quence of a phenotypic adjustment like this would be to amplify
and extend the inflammatory response through reciprocal, permis-
sive activation of NF-�B.

In the study of early family climate in teenagers, Miller and
Chen (2010) more directly assessed monocyte sensitivity to corti-
sol inhibition. As noted above, blood was drawn from the 135
participants four times over a 1.5-year period. On each occasion
whole blood was cultured with the bacterial product LPS in the
context of varying dosages of cortisol. Subsequent production of
IL-6 was measured as a reflection of cellular sensitivity to cortisol
inhibition. Analyses suggested an influence of family climate. To
the extent that participants reported being raised in a harsh early
family climate, they showed progressive desensitization to corti-
sol’s anti-inflammatory properties over the follow-up period. In
other words, the inflammatory response of their monocytes be-
came increasingly resistant to inhibition by cortisol. These asso-
ciations persisted following adjustment for SES, demographic and
biomedical characteristics, and depressed mood. Again, because
these findings derive from prospective longitudinal analyses, they
provide fairly strong evidence that early stress can establish the
kind of inflammatory phenotype the model proposes.

Consequences for chronic inflammation. Next, the model
suggests that by programming these response tendencies into mac-
rophages, childhood stress fosters a chronic inflammatory state in
the body. There is mounting evidence to support this hypothesis,
from studies that measure cytokines like IL-1�, IL-6, and TNF-�
in circulation. However, because these proteins have short half-
lives, research usually focuses on C-reactive protein (CRP) as a
proxy. CRP is an acute phase protein released by the liver in
response to IL-6. Though its precise biological activities are not
well understood (Gabay & Kushner, 1999), CRP is widely used as
a marker of inflammation (Ridker, 2003). It has a long half-life,
can be detected at low levels, and values across the observed range
are useful prognostically. For example, even in apparently healthy
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adults with normal CRP values, there is a dose–response relation-
ship with CHD morbidity and mortality (Ridker & Cook, 2004).

Consistent with the model’s assumptions, there is a good deal of
evidence showing that markers of inflammation are relatively
elevated in persons exposed to childhood stress, even when they
reach older ages. For example, in a study of 12,000� U.S. adults
from diverse backgrounds, early-life SES was inversely associated
with CRP independent of current SES (Pollitt et al., 2007). Similar
patterning of inflammatory biomarkers by childhood SES has been
observed in numerous other studies (Danese et al., 2009; Lawlor,
Smith, Rumley, Lowe, & Ebrahim, 2005; Loucks et al., 2010;
Phillips et al., 2009; Schreier & Chen, 2010; Tabassum et al.,
2008), though not all (Gimeno et al., 2008; Miller, Chen, Fok, et
al., 2009).

Research on family climate has also yielded evidence of a
linkage between childhood adversity and subsequent inflamma-
tion. One project followed 972 members of a birth cohort from
Dunedin, New Zealand into adulthood (Danese et al., 2009;
Danese, Pariante, Caspi, Taylor, & Poulton, 2007), periodically
gathering reports of maltreatment from subjects and their parents
and via behavioral observations. Analyses revealed that log-CRP
values at age 32 were 3-fold higher in those who had versus had
not been maltreated in the first decade of life. Maltreatment was
broadly defined in this project to include maternal rejection, harsh
discipline, and caregiver changes, as well as abuse. Those who
came from low-SES backgrounds and were socially isolated as
children were also more likely to show high CRP, and these effects
were independent of each other. The same group recently provided
evidence that maltreatment’s link with inflammation emerges quite
early in life. In that study, CRP was measured in 12-year-olds
whose family climate had been assessed repeatedly since birth.
CRP values were nearly twice as high in maltreated versus non-
exposed children, but only if those in the former group also
endorsed depressive symptoms (Danese et al., 2011).

Several recent studies have assessed inflammation in samples of
adults who were asked to report on experiences of childhood
adversity retrospectively. One study compared older adults who
did versus did not endorse being abused as children. The former
group showed higher circulating IL-6 and TNF-� levels than the
latter (Kiecolt-Glaser et al., 2011). Remarkably, these patterns
were detectable even though some participants were dealing with
a severe chronic stressor—caring for a family member with de-
mentia—at the time their blood was collected for the assessment of
inflammation. In another study, the authors formed a composite
indicator of early-life adversity, based on respondents’ recollec-
tions of the quality of their relationships with parents, other stres-
sors the family may have faced, and more traditional items that
assess maltreatment (Slopen et al., 2010). Higher scores on the
adversity composite were positively associated with four markers
of inflammation: IL-6, fibrinogen, endothelial leukocyte adhesion
molecule-1, and soluble intercellular adhesion molecule-1 (but not
CRP). Interestingly, these associations were evident among Afri-
can American participants, but not those of European descent, a
pattern the authors attributed to accelerated physiological aging
brought on by institutionalized discrimination. Finally, another
study used structural equation modeling to explicate the life-course
pathways linking early adversity with later inflammation (S. E.
Taylor, Lehman, et al., 2006). Focusing on 3,671 middle-aged
adults in the Coronary Artery Risk Development in Young Adults

(CARDIA) Study, it reported that low SES in childhood was
related to higher CRP in adulthood. Structural modeling was
consistent with the hypothesis that low SES fostered a harsh
family-of-origin environment, which in turn led to diminished
psychosocial functioning in adulthood, and then to chronic low-
grade inflammation as indexed by CRP. These findings are helpful
in pointing to the kinds of life-course psychosocial trajectories that
children reared in stress get set upon.

Conclusions. The model posits that childhood stress pro-
grams monocytes/macrophages to have proinflammatory tenden-
cies. The evidence from studies of disadvantage and maltreatment
is consistent with this notion. To the extent they have been exposed
to childhood stress, adults display heightened cytokine responses
to certain microbial stimuli and are less sensitive to cortisol-
mediated signals that shut down this process. Presumably as a
consequence, these adults also display evidence of mild, chronic
inflammation, as marked by CRP and IL-6 levels in circulation.

Adaptive immunity. Though our model focuses on how
childhood stress affects the function of monocytes/macrophages, it
is important to keep in mind that these cells do not operate in
isolation. How they respond to stimuli has important consequences
for the behavior of other leukocytes, particularly the T- and B-cells
that orchestrate adaptive immune responses. These responses come
into play when cells of the innate immune system cannot eradicate
a pathogen from the body. They provide a more targeted and
powerful response to the pathogen. Moreover, a subgroup of these
cells is maintained in circulation as an immunologic memory of
previously encountered pathogens, so that the next time the in-
truder is encountered a swifter and stronger response can be
mounted.

There is much crosstalk between innate and adaptive immune
cells. The details of these exchanges are beyond the scope of this
review. However, it does bear noting that the chronic inflamma-
tory state our model posits would likely have consequences for the
way adaptive immune cells behave. In particular, there is mounting
evidence that with persistent exposure to inflammatory cytokines,
some routine functions that T-cells perform are partially sup-
pressed (Baniyash, 2006). This has fostered speculation that by
suppressing adaptive immune functions, chronic inflammation ren-
ders the host vulnerable to infection and tumor growth (Baniyash,
2006).

Consistent with this reasoning, there is abundant evidence from
animal models that early-life stress exposure can disrupt adaptive
immune functions (Coe & Lubach, 2005, 2007). However, nearly
all this work has assessed immune outcomes in childhood, so
whether stress has the kinds of durable effects our model supposes
remains unclear. Two relevant studies of humans have touched on
this issue, though indirectly. For instance, in one study adults were
exposed to rhinoviruses that cause the common cold and quaran-
tined for 5 days while illness symptoms were monitored (Cohen,
Doyle, Turner, Alper, & Skoner, 2004). To the extent they were
reared in low-SES households, participants were more likely to
become infected with the rhinovirus and to develop symptoms that
physicians judged as clinically significant. The study did not
measure the functions of T- or B-cells directly. However, it is
highly likely that SES exerted some of its influence by affecting
the behavior of these cells, as they are integral to the immune
system’s capacity to resist infection with rhinoviruses. Other in-
direct evidence for early-life influences on adaptive immunity
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comes from a recent study of maltreatment and herpes virus
activity (Shirtcliff, Coe, & Pollak, 2009). This study assessed three
groups of adolescents: those who had been reared in foreign
orphanages but were later adopted into American families (earlier
adversity), those who had experienced sustained maltreatment but
remained living with their families (ongoing adversity), and
healthy control participants who were similar demographically.
Saliva was collected repeatedly to assess levels of immunoglobulin
A (sIgA) to the herpes-simplex 1 (HSV-1) virus. Levels of these
antibodies rise when HSV-1, which is usually maintained in a
latent state, begins to replicate within the oral cavity. This reacti-
vation is often caused by impaired T-cell control of the virus and,
if unchecked, can result in the formation of oral lesions known as
cold sores (Glaser & Gottlieb-Stematsky, 1982). The results sug-
gested that adversity has lingering influences on HSV-1 activity, as
participants who had been exposed to either earlier or ongoing
adversity had elevated virus-specific sIgA levels relative to healthy
controls, even after the influence of various potential confounds
was considered.

Both of these findings suggest that childhood stress may have
lasting effects on adaptive immune functions. However, as we
noted above, this evidence is indirect and must be corroborated
with specific measures of T- and B-cell function before any
definitive conclusions are made. That said, if durable influences of
childhood stress are detected, it will be important to incorporate
adaptive immunity into future versions of the model. In the mean-
time, these findings are important to keep in mind for another
reason: They suggest that early stress enables viruses to replicate
more extensively. If these infections become chronic, even at a low
level, they could function as a further stimulus for inflammation
(Leinonen & Saikku, 2002; Shirtcliff et al., 2009).

Mechanisms of Embedding

Having shown childhood stress endows monocytes/macro-
phages with proinflammatory tendencies, we now turn to the
question of how this programming occurs mechanistically. Three
potential mechanisms are highlighted: epigenetic alterations to
DNA, posttranslational modification of proteins, and remodeling
of tissue. Through these pathways early stress gets embedded in
the cells, setting the bounds of how they operate going forward.
Note that the model does not suggest that monocytes/macrophages
get locked into a functional setpoint from which they cannot
deviate. Rather, it assigns early stress a role in setting the upper
and lower bounds of how these cells will deal with challenge going
forward. Within these programmed boundaries, later experiences
are assumed to fine-tune these operating tendencies to meet more
immediate demands.

Epigenetic pathways. Epigenetics describes stable changes
in the activity of a gene that arise without changes to its DNA
sequence (Jirtle & Skinner, 2007; for a nontechnical background
on the how genes work, see Clark & Russell, 2005). (The absence
of changes to the DNA sequence is what distinguishes epigenetics
from polymorphisms and other forms of allelic variation that
influence the activity of genes.) A primary function of epigenetic
alterations is to allow cells to develop and maintain specialized
functions. This is necessary because all the cells in a person’s
genome have an identical DNA sequence, which is established at
conception and fixed for life, save for acquired mutations. The

DNA sequence serves as a blueprint for transcription, the process
whereby cells synthesize RNA molecules. This process is also
called gene expression. RNA molecules are later translated into
proteins, which cells use for structural and functional purposes.
Epigenetic alterations modify a cell’s ability to transcribe a par-
ticular gene into RNA. Because RNA serves as a template and
catalyst for translation, these alterations have downstream influ-
ences on how much of the gene’s protein is ultimately synthesized.
When this process takes place across many different genes, it can
give rise to significant phenotypic diversity among cells of the
body.

Epigenetic alterations occur in two main ways: methylation of
the DNA itself or remodeling of the chromatin structure (Whitelaw
& Garrick, 2006). In methylation, enzymes cause methyl groups to
bind to cytosine residues, often in a stretch of the gene’s DNA
called the promoter, which controls whether the gene is switched
on. The methyl groups can prevent regulatory molecules from
binding to the promoter, the effect of which is to either suppress or
enhance the rate of transcription. Chromatin remodeling involves
various chemicals attaching to (or detaching from) the histone
proteins around which DNA is wrapped in the cell’s nucleus.
These chemicals cause the DNA near the gene to become more or
less tightly wrapped around the histones. This affects how easily
regulatory molecules can access the promoter to initiate transcrip-
tion. As is evident, both types of epigenetic alterations operate by
changing the rate at which a particular gene is transcribed and, as
a result, the amount of its mRNA and protein that will be available
to the cell.

Over the course of development, the DNA of mammalian spe-
cies undergoes several phases of epigenetic remodeling (Reik,
2007). This process enables the organism to modulate the activa-
tion of specific gene expression routines at developmentally ap-
propriate junctures, that is, to keep a gene silent until the time
comes to build some tissue, and then switch it on briefly so that the
task can be completed. It also enables cells that are initially
pluripotent to mature into specialized phenotypes with divergent
functions. Some of the epigenetic alterations that occur during the
later stages of embryonic development appear to be mitotically and
meiotically heritable (Richards, 2006). This means that they can be
passed across generations of both somatic and germline cells and
potentially have long-term effects on the function of the cells in
which they are embedded. The highly stable nature of these
changes makes epigenetics a conceptually attractive mediating
process for researchers focused on early-life influences on later
health. They offer a solution to the problem of “incubation” we
outlined at the outset of the article, that is, how stress in early life
can “get inside the body” in a manner that is sufficiently persistent
to bring about disease many decades later.

Epigenetic alterations have become even more attractive to
researchers in recent years, as evidence has mounted that they can
be induced by some early-life physical and social exposures. For
example, studies in animals have shown that perinatal exposures to
cigarette smoke, vitamin B12, and folic acid can induce epigenetic
alterations in metabolic processes that persist through the life
course (Jirtle & Skinner, 2007). In some cases these alterations
contribute to phenotypic differences and vulnerability to disease
(Dolinoy, Das, Weidman, & Jirtle, 2007). A recent study found
that human monozygotic twin pairs were epigenetically similar
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during early life but showed diverging patterns of DNA methyl-
ation and histone acetylation as they aged (Fraga et al., 2005).

Most germane herein is a research program by Meaney and Szyf
(Szyf, McGowan, & Meaney, 2008). This work built upon a long
line of studies showing that variation in maternal care produces
permanent alterations in the offspring phenotype. Of particular
interest to this audience, neonatal rodents who receive low mater-
nal care in the first week of life have exaggerated cortisol re-
sponses to stress when they reach adulthood (see review by
Levine, 2005). In studies aimed at elucidating the mechanisms
underlying this pattern, Meaney’s group found that low maternal
care attenuates expression of GR in the hippocampus (Liu et al.,
1997). As noted earlier, GR in this structure plays a key role in
regulating cortisol output during stress. Using techniques from
molecular biology, they later showed that DNA methylation and
histone deacetylation in the GR gene were among the mechanisms
responsible for this phenomenon (Weaver et al., 2004). These
epigenetic modifications occurred along a stretch of DNA in the
GR promoter where nerve growth factor inducible protein A
(NGFIA) usually binds to initiate transcription. To verify the
causal structure of these findings, the authors later performed
cross-fostering studies, in which the offspring of low- or high-care
dams were reared by “adoptive” mothers who themselves had been
identified as low or high in maternal care. These studies yielded a
similar pattern of findings, providing the basis for a strong causal
inference that via epigenetic mechanisms, low maternal care in
early life can have long-lasting influences on hippocampal gene
expression, which manifests in greater HPA axis reactivity to
stress.

Two recent studies have extended these findings to humans. In
one, hippocampal tissue from suicide victims was assessed post-
mortem (McGowan et al., 2009). Greater methylation of GR’s
exon 1F was detected in sections of those who had versus had not
been abused as children. (Exon 1F contains a promoter thought to
be active in the hippocampus and is the human homologue of the
locus Meaney’s group studied in rodents.) These methylation
differences appeared to be functionally significant, as abuse vic-
tims had less GR mRNA and less efficient NGFIA binding to the
GR promoter. However, the methylation findings are difficult to
reconcile with other studies of postmortem hippocampal tissue,
which have reported that exon 1F of the GR is completely un-
methylated (Alt et al., 2010; Herbeck, Gulevich, Amelkina, Ply-
usnina, & Oskina, 2010; Moser et al., 2007). Because the latter
reports were postmortem studies of other psychiatric conditions, it
is possible that 1F methylation is a consequence unique to child
abuse. This does not seem especially likely, however, as control
brains in the abuse study had some methylation of IF. Until these
discrepancies are resolved, it is difficult to know how to interpret
these epigenetic findings on childhood abuse.

The other study of humans assessed maternal mood during
pregnancy and its association with offspring GR methylation
(Oberlander et al., 2008). To the extent that they were exposed to
depressed/anxious mood states in the third trimester of pregnancy,
newborn children tended to show greater methylation of GR exon
IF at a predicted binding site for NGFIA, the same locus identified
in the rodent studies by Meaney and colleagues. Methylation at
this locus was in turn related to greater cortisol reactivity to stress
at 3 months of age, suggesting that it may have functional impli-
cations for HPA axis regulation. These findings are provocative in

suggesting that in utero exposure to dysphoria can potentially
influence the epigenetic landscape of the offspring’s GR promoter
and do so in a manner that is similar to the effects seen in tightly
controlled studies of animals. That being said, these results are
somewhat difficult to interpret because DNA methylation was
assessed in cord blood, and it is unknown how well readouts in
these cells would map onto those taken in hippocampal neurons.
Also, the fact that methylation analyses were done in bulk pools of
cord blood cells introduces some potential alternative explana-
tions. Specifically, it is known that (a) there are individual differ-
ences in the balance of cell types that compose the cord blood
population, (b) low mood and life stress are known to shift that
balance, at least in the peripheral blood cell pool, and (c) the
degree of methylation at a site often varies from one cell type to
another (Herbert & Cohen, 1993; Ohgane, Yagi, & Shiota, 2008;
Segerstrom & Miller, 2004). Thus, the observed associations could
be driven by mood-related variations in the balance of cell types
analyzed, rather than methylation per se. Follow-up studies that
assess these relations in isolated cell populations, or control sta-
tistically for variations in cell type balance, are needed to sort out
this issue.

Together, these studies are provocative in suggesting that epi-
genetic markings can operate as a mechanism through which early
stress gets programmed into the genome of certain tissues in a
lasting way. From the perspective of our model it is particularly
noteworthy that epigenetic modifications to GR have been found,
because this protein conveys the anti-inflammatory signals of
cortisol to monocytes and macrophages. That being said, the issues
raised above complicate interpretation of the human findings.
Moreover, these data come from neural tissue and cord blood.
Given that epigenetic markings are often tissue specific (Ohgane et
al., 2008), similar patterns in monocyte/macrophages cannot be
assumed. Nonetheless, studies have found that epigenetic pro-
cesses are active in cells of the immune system and have a role in
regulating expression of genes that orchestrate inflammation, in-
cluding GR and NF-�B (Vanden Berghe et al., 2006). Research is
now needed to determine whether exposure to childhood stress
influences these processes.

Posttranslation modifications. After protein molecules have
been synthesized, they often undergo chemical alterations, known
as posttranslation modifications (PTMs), that expand their func-
tional repertoire. PTMs occur when a molecule attaches to one or
more of the amino acids that compose the protein. Dozens of
different molecules can attach to a target, the most common of
which are salts like phosphate and proteins like ubiquitin. These
additions can modify a protein’s binding capacity, change its
ability to pass through membranes, accelerate its degradation, or
recruit new molecules toward it. PTMs can have a marked impact
on cellular behavior by altering the dynamics of higher level
processes like signal transduction, transcriptional efficiency, DNA
replication, and cell cycle progression (Hochstrasser, 2009). (The
chromatin remodeling process outlined earlier, whereby chemicals
attach to the histones that package DNA, and in doing so affect
how tightly it is coiled, is an example of a PTM catalyzed by acetyl
or methyl groups.)

Research indicates that a number of the molecules relevant to
the arguments made here are subject to PTMs, including GR,
NF-�B, and receptors for other hormones released during stress
(Galliher-Beckley & Cidlowski, 2009; Tobin, Butcher, & Kong,
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2008; Vanden Berghe et al., 2006). For instance, the attachment of
phosphate groups to specific amino acid residues on the GR has a
marked influence on the efficiency of cortisol-mediated signaling
(Barnes, 2004; Pace, Hu, & Miller, 2007). Recall that after cortisol
is released into circulation, it must bind to GRs in the cytosol of
target tissues. The ligand-receptor complex then undergoes a com-
plex series of changes in structure, after which it can migrate into
the cell’s nucleus to regulate gene expression (Sternberg, 2006).
Studies in human cell lines have shown that phosphorylation of
one GR residue, Serine 203, can block the later stages of this
process by inhibiting nuclear migration (Galliher-Beckley & Ci-
dlowski, 2009). This means that even when cortisol levels rise in
a tissue, this signal would not necessarily be propagated into the
genomes of its cells. In other words, the cells would become
unresponsive to signals they receive from cortisol. As noted, a
pattern like this is seen in persons exposed to childhood stress, who
fail to show appropriate cortisol-mediated suppression of inflam-
matory cytokine production (Miller & Chen, 2010; Miller, Chen,
Fok, et al., 2009). PTMs like Serine 203 phosphorylation could
mediate such effects.

There is indirect evidence from animal models suggestive of a
role for PTMs. In one study, rat pups were removed from their
cages and handled for 15 min daily over the first week of life
(Fenoglio, Chen, & Baram, 2006). This procedure elicits high
levels of care from the pups’ dams (in the form of licking,
grooming, and arched-backed nursing) and as a consequence
dampens their cortisol reactivity to future stressors in adulthood
(Levine, 2005). This particular study aimed to elucidate the be-
havioral and molecular mediators of this effect. It found that
relative to a nondisturbed control condition, handling reduced
mRNA for corticotropin releasing hormone (CRH) in the paraven-
tricular nucleus (PVN). CRH released from this region instigates
HPA axis activity. The study also found that handling reduced the
degree of phosphorylation of extracellular-signal regulated kinase,
a transcription factor that plays a key role in initiating expression
of the CRH gene. These findings are provocative in suggesting a
role for PTMs in programming the effects of early handling into
the molecular machinery that drives the HPA axis. Whether similar
dynamics occur in monocytes/macrophages remains unclear, but
research of this nature is needed.

A question that arises about the role of PTMs is how they can be
maintained over time. Most cells in the body, with exception of
those in the CNS, have fast rates of turnover. And even in stable
tissues like the CNS, proteins usually degrade within weeks/
months. So how might a PTM induced by early stress get embed-
ded in cells in a lasting manner? The most plausible answer to this
question is that PTMs initiate positive-feedback loops in cells that
become self-sustaining. For example, cytokine exposure can in-
duce phosphorylation of some GR residues in white blood cells
(Pace et al., 2007). As noted above, PTMs of this nature have the
capacity to render cells functionally unresponsive to cortisol-
mediated signaling. Because cortisol is one of the body’s primary
agents for regulating inflammation, the downstream consequence
of this PTM would likely be to facilitate cytokine release. This
process would induce more GR phosphorylation, and presumably
the cycle would begin again (Miller, Chen, & Cole, 2009). More-
over, because cytokines can have paracrine influences—that is,
effects on cells that are nearby—this cycle of inflammation and
phosphorylation could spread.

Tissue remodeling. The other plausible mechanism through
which early stress could become embedded in monocytes/
macrophages is tissue remodeling. Mounting evidence suggests
that in some bodily tissues, exposures during sensitive periods of
development can trigger a local restructuring process and do so in
a manner with lasting functional implications. Effects of this
nature have been repeatedly documented in studies of airway
disease (Prescott, 2006). This work suggests that exposure to
noxious stimuli early in life, such as cigarette smoke, viral infec-
tions, and air pollution, can damage the epithelial lining of the
airways. These injuries trigger a local immune response aimed at
repairing the damage. However, in some cases the immune re-
sponse overshoots, which causes scarring beneath the epithelium,
thickening of the walls of the airway, and the growth of new blood
vessels. These changes not only reduce the person’s resting lung
function but also render his or her airway more reactive to future
stimuli (see review by Prescott, 2006).

There have been a handful of studies with animals showing that
early stress can trigger remodeling of neural tissues. In one study
rats were briefly separated from their mothers daily for the first
two weeks of life, using the handling procedure known to increase
maternal licking and grooming and that subsequently dampens
stress responding in adult offspring (Swinny et al., 2010). When
offspring reached early adolescence, brain sections were collected
from the CNS region that houses the locus coeruleus (LC), a
structure that plays a key role in regulating autonomic responses to
stress. Compared with undisturbed controls, the rats handled in
early life had less extensive dendritic branching and shorter den-
drites in general. And when those rats’ LC slices were treated with
CRH (a hormone that initiates HPA and autonomic responses to
stress), their firing rate did not increase significantly. Another
study used this paradigm to explore the morphology of CRH-
releasing neurons (Korosi et al., 2010). Results indicated that
handled rats had lower PVN CRH during adolescence than con-
trols. This was in part due to a handling-induced reduction in
excitatory glutamatergic innervation of the PVN. Together, these
findings are provocative in suggesting that early social context can,
to some degree, shape the architecture of the developing hypothal-
amus, with implications for how neurons in this structure propa-
gate stress-related signals.

Besides shaping the architecture of circuits within the brain
itself, childhood stress could also influence functional connections
between the nervous system and the lymphoid organs where im-
mune cells mature and/or respond to microbes. Through the fibers
of the autonomic nervous system (ANS), the brain has connections
with almost every organ in the periphery. And recent studies
indicate that stress itself can modify the density of these connec-
tions. One study assigned rhesus macaques to 39 weeks of social
interactions with a peer group that was either constant or changed
daily (Sloan et al., 2007). At the end of the manipulation, ma-
caques in unstable conditions had significantly greater SNS inner-
vation of the parenchyma of axillary lymphoid nodes, a change
that allowed more stress-induced norepinephrine signal to reach
these structures. To evaluate the functional significance of this
change, the authors infected animals with simian immunodefi-
ciency virus (SIV), a monkey analogue of the pathogen that causes
AIDS in humans. They found that SIV replicated more rapidly at
lymph node sites adjacent to the new SNS fibers. These findings
suggest that stress can “rewire” functional connections between
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the nervous and immune systems (Cole, 2009), and in doing so
modify the host’s capacity to resist the progression of a serious
infection.

One kind of remodeling that could be especially relevant here
involves sympathetic innervation of bone marrow. The bone mar-
row is where myeloid progenitor cells are born and mature into
monocytes prior to being released into circulation. Recent studies
show that signals emanating from SNS neurons, in the form of
norepinephrine, can accelerate the departure of myeloid progeni-
tors from bone marrow (Katayama et al., 2006). In mice, stress has
been shown to mimic these effects (Engler, Bailey, Engler, &
Sheridan, 2004). Notably, the monocytes that egress from bone
marrow under stress tend to have exaggerated proinflammatory
cytokine responses upon exposure to LPS and be relatively insen-
sitive to inhibition by glucocorticoids (Avitsur, Kavelaars, Hei-
jnen, & Sheridan, 2005; Engler et al., 2005). Together, these
findings suggest a plausible remodeling scenario, wherein child-
hood stress boosts the density of SNS fibers entering the bone
marrow, allowing more norepinephrine signal to reach myeloid
progenitors there. These signals favor the migration of specific
progenitor subtypes into circulation, which are disposed toward
aggressive, prolonged inflammatory responding.

Childhood Adversity Engenders Behavioral Tendencies
That Accentuate Inflammation

The second major premise of our model is that childhood stress
engenders behavioral proclivities that persist across the life course
and accentuate the proinflammatory tendencies that have been
programmed into monocytes/macrophages. This process serves to
perpetuate and exacerbate chronic inflammation. Specifically, we
argue that early stress fosters vigilance for threat, mistrust of
others, and poor self-regulation of appetitive behaviors. Mecha-
nistically, this occurs because stress molds the corticolimbic cir-
cuits that process threat and the corticostriatal pathways that sup-
port self-regulation. Below we review evidence for these
propositions.

Corticolimbic circuitry, vigilance, and mistrust. The
model suggests that by molding the response tendencies of the
brain’s corticolimbic circuitry, childhood stress will engender vig-
ilance for threat and mistrust of others. These tendencies will
render people more likely to read threat into ambiguous situations,
be more sensitive to recognizing and responding to anger, and be
cynical about others’ intentions and behaviors. Over the long term,
these traits will give rise to abrasive social exchanges and make it
difficult to garner support from others. As noted above, the risky
families model envisions a similar cascade, wherein harsh family
climates undermine children’s social competence and emotion-
regulation skills, and in doing so predispose them to interpersonal
difficulties (Repetti et al., 2002). Here we identify antecedents to
the constructs featured in the risky families model by proposing
that deficits in emotion regulation and social competence stem
from heightened vigilance for, and appraisal of, threat. We also
build on recent discoveries from functional neuroimaging to sug-
gest that the neural basis of these effects resides in disrupted
communication between the amygdala and the prefrontal cortex
(PFC).

Though multiple brain systems are involved in processing
threat, research on its neural underpinnings has emphasized the

role of corticolimbic circuits. Of special relevance within these
circuits is the amygdala. This cell complex plays a role in evalu-
ating the biological significance and emotional salience of stimuli,
shaping the way ambiguous information is processed, and orga-
nizing biobehavioral responses to situations perceived as threaten-
ing (Davis & Whalen, 2001; Phelps, 2006; Whalen et al., 2001).
Also of importance here are regions like the ventromedial
(vmPFC) and ventrolateral (vlPFC) prefrontal cortices, which ex-
ert top-down influences on the amygdala and the messages it
exchanges with output centers elsewhere in the brain (Price &
Drevets, 2010).

The amygdala is composed of multiple reciprocally connected
nuclei (Davis & Whalen, 2001; Ernst & Fudge, 2009). The lateral,
basal, and accessory nuclei receive most of the amygdala’s input.
Visual, auditory, and olfactory stimuli registered in the sensory
cortices are transferred to these nuclei via excitatory glutamatergic
projections. Input about the biological relevance and emotional
salience of stimuli arrives from regions of the PFC and limbic
structures like the hippocampus. These signals are aggregated and
integrated in cell groups acting under the influence of GABA,
norepinephrine, dopamine, serotonin, acetylcholine, and glucocor-
ticoids (Rodrigues, LeDoux, & Sapolsky, 2009). These molecules
“gate” the delivery of signals to the amygdala’s major output
regions, the medial and central nuclei. Ultimately, these cell
groups project to brain stem circuits involved in movement, to
striatal circuits that process reward, and to PFC regions that
mediate appraisal, self-regulatory efforts, decision making, and
other processes. Most critically for the discussion here, cell groups
in the amygdala project to hypothalamic centers that regulate
outflow from the ANS, the HPA axis, and other neuroendocrine
circuitry. By altering patterns of outflow from these systems, the
amygdala shapes the hormonal milieu in which monocytes/
macrophages operate in the periphery. As we discuss later, this has
implications for inflammation.

Research suggests that corticolimbic circuits undergo significant
maturation in the early postnatal years and are subject to both
experience-expectant (species typical) and experience-dependent
(species atypical) modulation (Leppänen & Nelson, 2009). There
is structural variation in the timing and duration of this process,
with nuclei in the amygdala maturing in childhood and prefrontal
regions continuing through adolescence and early stages of adult-
hood (Ernst & Fudge, 2009). Given this developmental plasticity,
researchers have speculated that the long-term structure and func-
tion of these circuits could be shaped by stress in the early years of
life, via the kinds of epigenetic and remodeling processes dis-
cussed earlier (Cicchetti & Blender, 2006; Pollak, 2005).

Consistent with this view, recent studies have linked childhood
stress to patterns of corticolimbic activity in adulthood. For exam-
ple, one study had college students perform an emotion-matching
task in the scanner (Gianaros et al., 2008). Participants had to
match a target face, which was either angry, surprised, or neutral,
with a face at the bottom of the monitor. Early adversity was
indexed by subjective reports of childhood SES, using a standard
measure that depicts parental social status on a 10-rung ladder
(Goodman et al., 2001). Analyses revealed an inverse linear gra-
dient such that, to the extent that participants were raised in a
low-SES household, they had greater amygdala activity when
matching the angry faces in particular, presumably reflecting
heightened sensitivity to threatening emotional information. This
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association persisted after adjustment for participants’ current
SES, neuroticism, and distress, consistent with the hypothesis that
the response tendencies of amygdalar circuitry is shaped, to some
degree, by childhood SES.

Another study examined whether being reared in a harsh family
context was associated with neural responses to a similar task
(S. E. Taylor, Eisenberger, Saxbe, Lehman, & Lieberman, 2006).
In a within-subject design, adults viewed faces bearing negative
emotions and, depending on the trial, were asked to assign emotion
labels, assign gender labels, or merely observe. During the observe
condition those from harsh families had lower amygdala reactivity,
which the authors hypothesized was a result of habituation to, or
detachment from, negative emotional stimuli. Early family climate
was unrelated to amygdala reactivity during the emotion-labeling
condition. It was also unrelated to activity in the right vlPFC, a
structure typically engaged by this task, and that can exert top-
down effects on the amygdala. However, follow-up analyses of
connectivity between these structures revealed disparities related
to family climate. Among participants reared in warmer families,
there was a negative correlation between amygdala and vlPFC
activity. This relationship was strongly positive among persons
from harsher families, a pattern the authors suggested is indicative
of a failure to effectively recruit the relevant areas for top-down
regulation of the amygdala.

Vigilance for threat. Behaviorally, the model proposes that in
molding corticolimbic circuitry, childhood adversity engenders
heightened threat vigilance. Consistent with this view, research
shows that both disadvantage and maltreatment are associated with
greater vigilance. Pollak (2008) argued that physically abused
children develop increased perceptual sensitivity for anger, which
leads them to identify this emotion more readily and rapidly in
others’ faces, even when limited contextual information is avail-
able to support these judgments (Pollak & Sinha, 2002). This
account has been consistently supported in studies using a variety
of paradigms to capture different features of emotional processing.
Specifically, physically abused youngsters have selective attention
for angry facial displays (Pollak, 2008) and are slower to disen-
gage from them than unexposed controls (Pollak & Tolley-Schell,
2003). They also more readily identify anger in faces with ambig-
uous expressions (Pollak & Kistler, 2002) and in situations where
there is minimal supporting perceptual information (Pollak &
Sinha, 2002). Physically abused children also orient their attention
toward others’ conflictual interactions more so than controls (Pol-
lak, Vardi, Putzer Bechner, & Curtin, 2005).

In a similar vein, Chen has argued that because children from
low-SES backgrounds are frequently exposed to life events that are
both uncontrollable and at times unpredictable, they come to view
the world as a threat-laden place that requires high levels of
vigilance (Chen, Langer, Raphaelson, & Matthews, 2004). This
belief makes them more likely to appraise situations as threatening,
particularly when the outcomes are ambiguous (i.e., when it is
unclear whether another person is intentionally acting negatively).
This hypothesis has been evaluated by having adolescents watch a
series of videos with outcomes that are ambiguous (e.g., a sales
clerk paying close attention to a shopper). During subsequent
interviews about the storyline, consistent SES differences in inter-
pretation emerge (Chen, Fisher, Bacharier, & Strunk, 2003; Chen
et al., 2004, 2006; Chen & Matthews, 2003). Participants from
low-SES families read more threat into the situation (e.g., “she

thinks I’m about to steal something”) than do those from high-SES
families (e.g., “she is trying to be helpful and make a sale”). Chen
argued that this appraisal style reflects an underlying vigilance,
wherein low-SES children closely monitor their world for danger
and maintain a low threshold for judging situations as threatening.

Because all the findings from Chen’s work come from studies of
adolescents, it remains unclear whether the appraisal tendencies
persist through the life course in the manner proposed by our
model. To resolve this issue, we had 246 adults (mean age � 45.3
years, SD � 6.6) watch the videos and report on their parent’s
educational attainment. A robust SES gradient was apparent. To
the extent that they were raised in less educated households,
middle-aged adults made more threatening appraisals of the am-
biguous situations: for omnibus effect, F(4, 241) � 4.63, p � .001;
for linear trend, contrast � .69, SE � .21, p � .001. Because social
class tends to be fairly stable from childhood to adulthood, one
alternative explanation is that any differences in appraisal tenden-
cies are rooted in participants’ current SES, and not their level of
early disadvantage. However, a reanalysis controlling for current
familial SES (indexed by the highest degree of educational attain-
ment) suggests this is not the case. Even with the covariate
included in the model, the disparities related to early SES per-
sisted, F(4, 240) � 2.93, p � .02. These findings suggest that
appraisal tendencies are shaped by people’s early SES and persist
in a fairly stable fashion across the life span.

Mistrust of others. The model also proposes that children
reared in stress will develop and maintain negative beliefs about
others. There is much evidence to support this proposition. In
large-scale studies across multiple countries, individuals who
come from lower SES backgrounds are more likely to endorse
hostile beliefs (e.g., believing that others will take advantage of
them and mistreat them if they can; Barefoot et al., 1991; Lynch,
Kaplan, & Salonen, 1997; Scherwitz, Perkins, Chesney, &
Hughes, 1991). This is true not only among adults. Even in
children SES and hostility are inversely related, suggesting that
these beliefs are established early in life (Gump, Matthews, &
Raikkonen, 1999). These patterns can even be seen at the neigh-
borhood level: In communities that are more deprived of material
resources, greater proportions of residents endorse the view that
others cannot be trusted (one component of social capital; Drukker,
Kaplan, Feron, & van Os, 2003; Kawachi, Kennedy, & Wilkinson,
1999). Taken together, these findings suggest that living in an
environment with few resources promotes mistrust in others.

Influences on social interactions. The model suggests that
vigilance and mistrust form the starting point of a self-promoting
cycle that culminates in poor social relationships. The idea here is
that these traits lead people to perceive and engage their social
worlds in a manner that brings about conflict and rejection and
renders them less able to receive support and warmth from others.
This pattern of exchanges serves to perpetuate the traits them-
selves, as people come to view their beliefs about others as
justified by experience. Those beliefs provide the fuel for more
abrasive encounters and, over the long term, make it difficult for
individuals to develop close social ties.

These notions come out of models of children’s social-
information processing (Crick & Dodge, 1994). Such models posit
a cyclical process, wherein appraisals shape behavior toward oth-
ers, and in so doing elicit particular responses, which themselves
shape future appraisals. For example, when children attribute
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hostile intent to others, they are more likely to respond aggres-
sively, and by doing so cause others to escalate (Dodge & Pettit,
2003). The escalation is then taken as proof that the initial ap-
praisal was accurate. The notion that individual styles and social
interactions are inextricably and reciprocally linked is found in
other theoretical perspectives as well. It is a central tenet of
interpersonal approaches to personality (Kiesler, 1996) and the
literature on continuities and consequences of interaction styles
(Caspi, Bem, & Elder, 1989).

Consequences for social relationships. We suggest that as a
result of the way they engage the social world, persons exposed to
childhood stress will have trouble developing and maintaining
high-quality social bonds. As noted, a similar assumption lies at
the core of the risky families model (Repetti et al., 2002). Consis-
tent with both frameworks, research shows that children who are
reared in harsher families have smaller social networks, more
conflict with family and friends, and perceive less social support
(Repetti et al., 2002). These effects persist across the life course.
One study followed youth prospectively from kindergarten
through adolescence and reported that over 12 years, children who
had been maltreated in early life were twice as likely to develop
major social problems as their peers (Lansford et al., 2002).
Another study measured childhood SES in 539 medical students
(Graves, Wang, Mead, Johnson, & Klag, 1998). More than 30
years later the quality of their social networks was assessed.
Individuals who came from lower SES households or lost a parent
in childhood were less engaged with community organizations at
midlife. Moreover, those who reported less closeness in their
family of origin while in medical school reported at midlife that
they had fewer friends and family whom they could “feel at ease
with, can talk to about private matters, or can call for help”
(Graves et al., 1998, p. 1333). Of course, these findings could
reflect the underlying influence of neuroticism or other individual
differences that shape feelings about (or reporting on) social ties.
But these findings are nonetheless consistent with the broader
argument being made here, and in several other parallel literatures,
that children’s early familial experiences have long-lasting effects
on their capacity to form bonds with others (Bowlby, 1969;
Cassidy & Shaver, 2008; Reis, Collins, & Berscheid, 2000).

Consequences for inflammation. Finally, the model suggests
that vigilance and mistrust, and the social problems they create,
will accentuate the tendencies programmed into monocytes/
macrophages and thereby amplify chronic inflammation. There is
a good deal of evidence to support the proposed linkages in this
chain of events, though no studies have woven them all together in
a single data set. For example, many studies have focused on the
construct of hostility, a core feature of which is cynical mistrust of
other people. To the extent that healthy young adults endorse the
trait of hostility, their monocytes produce larger volumes of pro-
inflammatory cytokines following ex vivo LPS stimulation (Su-
arez, Lewis, Krishnan, & Young, 2004; Suarez, Lewis, & Kuhn,
2002). Hostility is also positively related to CRP and IL-6 in
circulation, suggesting that it is accompanied by mild, chronic
inflammation (Graham et al., 2006; Marsland, Prather, Petersen,
Cohen, & Manuck, 2008). Moving to social interactions, there is
evidence that acute bouts of marital conflict increase levels of IL-6
and TNF-� in circulation, which are still evident 24 hr later
(Kiecolt-Glaser et al., 2005). Research suggests that when abrasive
social interactions occur regularly, they have longer lasting effects

on inflammation. For example, to the extent that adolescents
experience difficult interactions with others, they show higher
levels of CRP (Fuligni et al., 2009) and increased expression of
NF-�B (Miller, Rohleder, & Cole, 2009), the transcription factor
that switches on genes that regulate inflammation. (Presumably,
abrasive social interactions contribute to worsening inflammation
through an allostatic process, wherein macrophages are attempting
to restore balance after repeated exposure to conflict-related auto-
nomic and endocrine discharge.) Finally, if a pattern of abrasive
interactions renders the individual socially isolated, this state
might also amplify proinflammatory dynamics. Social network
diversity is inversely associated with CRP and IL-6 in circulation,
particularly in men (Loucks, Berkman, Gruenewald, & Seeman,
2006; Loucks, Sullivan, et al., 2006). Subjective reports of social
isolation, as reflected in loneliness, are also related to elevated
CRP. Moreover, microarray profiling of leukocytes shows that
loneliness is associated with the same pattern of proinflammatory
genomic activity as childhood stress. This profile is marked by
upregulation of genes with response elements for NF-�B and
downregulation of genes with response elements for GR (Cole et
al., 2007).

Conclusions. The studies reviewed in this section are consis-
tent with the predictions in the embedding model. Their findings
suggest that children exposed to stress mature into adults with
altered corticolimbic responsivity to emotional stimuli. These in-
dividuals also tend to be vigilant for threat and mistrusting of
others. They engage others in a manner that leads to abrasive
exchanges and makes it difficult to garner social support from
others. They have persistent difficulties forming and keeping close
social ties. These proclivities accentuate the tendencies already
programmed into monocytes/macrophages, further contributing to
the chronic inflammatory state in the body. (As noted earlier, this
is possible because early stress is not assumed to “lock” cells at a
permanent setpoint. Rather, early stress calibrates the parameters
of how cells deal with challenge going forward, with later expe-
riences fine-tuning these operating tendencies.) Despite the pleth-
ora of support for the model’s predictions, it is important to
remember that all of the relevant empirical evidence has been
established in separate literatures. To determine whether the con-
structs are linked in the causal fashion our model suggests, future
research that makes use of multimethod, longitudinal strategies
will be necessary.

Corticostriatal circuitry and appetitive behaviors. The
model postulates that childhood stress also shapes the functioning
of the neural circuitry that underlies self-regulation of appetitive
behaviors. This shaping process gives rise to a phenotype that
highly discounts the future, behaves in an impulsive fashion, and
readily seeks out appetitive stimuli. As a consequence, the indi-
vidual has a propensity for engaging in health-compromising be-
haviors, like smoking cigarettes, eating high-fat foods, avoiding
physical activity, and drinking excess alcohol.

There is mounting evidence to implicate the brain’s corticos-
triatal circuitry in the cognitive and behavioral elements of these
appetitive tendencies (Kable & Glimcher, 2009; Somerville &
Casey, 2010). Studies in animal models and patients with brain
lesions, as well as functional neuroimaging paradigms, point to a
key role for corticostriatal circuitries in mediating a variety of
processes involved in the self-regulation of appetitive behavior.
They include encoding motivationally relevant stimuli, judging
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their reward value, weighing alternative courses of action, plotting
a strategy for stimulus pursuit, and, finally, directing motor regions
to implement the plan (Haber & Knutson, 2010; Kable & Glim-
cher, 2009). The corticostriatal circuitry is composed of anatomi-
cal and functional connections between regions of the prefrontal
cortex (PFC) and the ventral striatum. Of particular importance is
the nucleus accumbens (NAcc), a structure within the ventral
striatum ascribed a key role in guiding behavior toward motiva-
tionally relevant stimuli. The NAcc receives excitatory glutama-
tergic inputs from multiple PFC regions and limbic structures such
as the amygdala and hippocampus. Cell groups within the NAcc
integrate these messages through dopamine signaling. In essence,
dopamine functions to modulate the influence of other brain re-
gions on the NAcc; it does so by differentially suppressing versus
enhancing synaptic activity in cell groups activated by excitatory
glutamatergic inputs. After integrating messages, cell groups in the
NAcc can relay information back to the PFC via palidal-thalamic
loops and/or direct signals to the hindbrain structures that control
motoric activity (Ernst & Fudge, 2009; Grace, Floresco, Goto, &
Lodge, 2007). In this way, the NAcc serves as an interface between
cortical, limbic, and motoric regions, helping the organism select
and realize behavioral priorities (Floresco, 2007).

Ontogenic studies have found that corticostriatal circuits un-
dergo significant maturation during childhood (Ernst & Fudge,
2009; Somerville & Casey, 2010). There appears to be variation
across structures in the onset and length of this period, with
maturation of striatal and limbic regions occurring through late
childhood and early adolescence. By contrast, maturation of the
PFC is thought to continue well into the early stages of adulthood
as mentioned previously.

Building on evidence of developmental plasticity in these cir-
cuits, a recent functional neuroimaging study examined whether
early stress might have long-term effects on corticostriatal reward
processing (Gianaros et al., 2011). Seventy-six adults engaged in a
monetary gain/loss paradigm in the scanner. To index childhood
SES, the participants were queried about their parents’ educational
attainment and occupations, and these data were used to stratify the
sample into those reared in high- and low-SES families. Analyses
revealed that childhood SES was associated with cortical activity
during monetary reward processing. During reward processing,
those from lower childhood SES backgrounds exhibited reduced
activity in the lateral and dorsomedial PFC, as well as the peri-
genual anterior cingulate and inferior parietal cortex. There was
also evidence of reduced functional connectivity between the
dorsomedial PFC and the left ventral striatum among adults from
low-SES backgrounds. These associations persisted following ad-
justment for participants’ own SES. Interestingly, childhood SES
was not associated with neural responses to monetary loss or
directly related to activity in ventral striatal circuits during either
gain or loss trials. In interpreting these results the authors sug-
gested that early stress may bias maturational processes in these
structures in a fashion that leads to “ineffective top-down regula-
tion of limbic and forebrain circuits driving reward-processing in
later life” (Gianaros et al., 2011, p. 905). These are provocative,
albeit preliminary, findings. If replicated in future research, they
could provide major insights about how and why early stress
shapes behavioral proclivities around reward processing.

Manifestation in impulsivity. The model posits that by mold-
ing the corticostriatal circuitry, early stress brings about a tendency

for impulsive behavior. There is mounting evidence to support this
view. One study of 743 adults found inverse relationships between
childhood SES and temporal discounting of monetary rewards
(Sweitzer, Donny, Dierker, Flory, & Manuck, 2008). To the extent
that their parents had lower education, participants preferred
smaller immediate over larger postponed rewards. These effects
persisted following adjustment for the participants’ own educa-
tional attainment. Similar patterns emerged in three studies of
college students, which linked temporal discounting with child-
hood disadvantage, particularly under conditions of mortality
threat (Griskevicius, Tybur, Delton, & Robertson, 2011). Other
studies have also found evidence of temporal discounting in low-
SES individuals, in parallel with greater cognitive impulsivity,
marked by a failure to plan ahead, a present-minded orientation,
and brief time horizons (de Wit, Flora, Acheson, McCloskey, &
Manuck, 2007; McLoyd, 1998; White et al., 1994). However,
much of the latter research has focused on concurrent associations
between these constructs, rather than testing whether early stress
has lasting effects of impulsivity.

Implications for health practices. Consistent with the mod-
el’s chain-of-events concept, there is robust evidence that prefer-
ences for present over future rewards have implications for health
behaviors. Children who are more future oriented are less likely to
use drugs and alcohol (Robbins & Bryan, 2004; Wills, Sandy, &
Yaeger, 2001). Conversely, adolescents with higher impulsivity
are more likely to smoke and drink alcohol (Robbins & Bryan,
2004). Across numerous samples of adolescents and young adults,
present time perspective likewise predicts more frequent alcohol,
drug, and tobacco use (Keough, Zimbardo, & Boyd, 1999). Fur-
thermore, this present focus partially explains disparate health
behaviors across the SES gradient (J. Adams & White, 2009;
Wardle & Steptoe, 2003).

In addition, there is evidence that childhood stress can have
long-lasting effects on unhealthy lifestyle choices. Studies have
found that across multiple countries, low childhood SES predicts a
greater risk of current and persistent smoking, a lower probability
of quitting smoking, and increased risk of obesity in adult women,
even after controlling for current SES (Jefferis, Power, Graham, &
Manor, 2004; Power, Graham, et al., 2005). Low childhood SES
also is associated with more episodes of drunkenness, decreased
physical activity, and poorer diets in adulthood (Lynch et al.,
1997). In a large birth cohort study, Poulton and colleagues found
that to the extent that individuals were raised in low-SES house-
holds, at the age of 26, they displayed higher body mass index and
great waist:hip ratios and were more likely to have a history of
alcohol dependence (Poulton et al., 2002). These disparities were
independent of the respondents’ achieved SES in adulthood. Sim-
ilar patterns are evident for early-life adversity defined by mal-
treatment. For example, the ACE study assessed maltreatment
retrospectively in 9,500� adult members of a health maintenance
organization (HMO). In nearly a dose–response fashion, childhood
adversity was associated with cigarette smoking, severe obesity,
infrequent exercise, alcohol dependence, and illicit drug use (Fe-
litti et al., 1998).

Consequences for inflammation. The model proposes that
unhealthy lifestyles amplify the chronic inflammation found in
persons exposed to childhood stress. Consistent with this view,
studies have found that smokers display low-grade inflammatory
activity, which is still present 10–20 years after quitting (Yan-
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baeva, Dentener, Creutzberg, Wesseling, & Wouters, 2007). Diets
that are high in fats and sugar also promote inflammation (Yudkin,
Kumari, Humphries, & Mohamed-Ali, 2000). There are also in-
triguing suggestions that diet and stress may act synergistically,
together fostering more pronounced inflammation than either does
alone (Kiecolt-Glaser, 2010). Excess weight is also associated with
inflammation (Hotamisligil, 2006). NF-�B is upregulated in the
monocytes of overweight individuals, suggesting these cells are
primed for proinflammatory responding (Ghanim et al., 2004).
Adipose tissue itself is one of the body’s major reservoirs of
inflammatory mediators, accounting for almost one third of the
IL-6 that is present in circulation (Mohamed-Ali et al., 1997). By
contrast, regular exercise can reduce inflammation and do so even
when the individual’s weight remains stable (Handschin &
Spiegelman, 2008).

Conclusions. The studies reviewed are consistent with the
propositions in the model. There is initial evidence to suggest that
adults who come from low-SES families show altered corticos-
triatal responses to appetitive stimuli. There also seems to be a
lingering impulsivity in adults exposed to childhood adversity,
marked by tendencies to discount the future and pursue immediate
gratification. One of the implications of this style is that individ-
uals develop unhealthy lifestyles, characterized by smoking, poor
diet, physical inactivity, and obesity, which are likely to persist
over the life course and contribute to a proinflammatory environ-
ment. All of that said, most of these strands of evidence have
emerged from separate literatures, so it remains to be seen whether
they are connected in a manner that the model specifies.

Childhood Adversity Engenders a Proinflammatory
Hormonal Milieu

The model’s last major premise is that childhood stress has an
enduring influence on everyday patterns of autonomic and endo-
crine discharge. As a consequence the tonic release patterns of
various hormones, transmitters, and peptides is dysregulated, con-
signing monocytes/macrophages to operate in a milieu that accen-
tuates their proinflammatory tendencies. Below we discuss five
signaling molecules that could plausibly be involved in such
dynamics—the adrenal steroid cortisol; the ANS neurotransmitters
epinephrine, norepinephrine, and acetylcholine; and the hypotha-
lamic peptide oxytocin. We focus on these molecules for two
reasons, the first being that stress can modulate their activity. But
more important, each has a cognate receptor in/on macrophages,
which allows it to regulate the magnitude of these cells’ inflam-
matory responses to challenge.2

Cortisol. The model posits that childhood stress has a durable
influence on HPA activity, causing dysregulated patterns of cor-
tisol output through the life course. There is mounting evidence to
support this assertion. For example, a handful of studies have
monitored adults’ diurnal cortisol output for brief epochs of 1–3
days and examined whether it associates with their childhood SES
(Gustafsson, Janlert, Theorell, & Hammarstrom, 2010; Li, Power,
Kelly, Kirschbaum, & Hertzman, 2007; Miller, Chen, Fok, et al.,
2009). The results of these studies are consistent with the notion
that being reared in a low-SES household leaves a long-lasting
imprint on tonic HPA axis activity, which is manifest in greater
diurnal cortisol output, though there is some inconsistency across
studies about which time(s) of day this is most pronounced. More

definitive evidence comes from a recent multiwave prospective
study that followed teenagers over 2 years (Chen, Cohen, & Miller,
2010). Every 6 months they collected salivary cortisol four times
daily over 2 days. To the extent that their families were low in
SES, participants displayed increasing daily cortisol output over
the five waves of follow-up. These findings provide prospective
evidence that low SES precedes, and possibly instigates, age-
related increases in daily output of cortisol over 2 years.

Assuming low childhood SES does heighten cortisol output in a
lasting manner, what might be the downstream consequences for
inflammatory responding? At first blush one might expect the
result to be salutary, because cortisol generally suppresses inflam-
mation (Sternberg, 2006). However, as noted above, low child-
hood SES seems to desensitize monocytes to cortisol’s anti-
inflammatory properties (Miller & Chen, 2010). This causes the
genomes of these cells to “hear” less cortisol signal than would be
expected on the basis of hormonal availability (Miller, Chen, Fok,
et al., 2009). As a result of this dampened cortisol-mediated
signaling, proinflammatory transcription factors like NF-�B are
reciprocally activated. This phenomenon illustrates how elevated
cortisol output and a chronic inflammatory state could occur
simultaneously.

But how a child exposed to severe stress might arrive at this
juncture is less clear. One plausible hypothesis is that stress ini-
tially activates the HPA axis. But with persistent exposure to high
levels of cortisol over time, bodily tissues mount a counterregula-
tory response of the kind envisioned by allostatic load models
(McEwen, 1998). This would involve downregulation of GR, the
receptor that binds cortisol under most conditions (E. Fries, Hesse,
Hellhammer, & Hellhammer, 2005; Miller, Chen, & Zhou, 2007).
If this downregulation occurred in the hippocampal centers that
regulate HPA outflow, it might enable cortisol to partially escape
negative feedback inhibition and lead to the relative increase in
cortisol seen in persons from low-SES families. A similar dynamic
in cells of the immune system would diminish GR’s capacity to
inhibit NF-�B, as well as other proinflammatory transcriptional-
control pathways. The result would be that an allostatic maneuver
intended to restore balance (McEwen, 1998) accentuates the pro-
inflammatory tendencies already present in monocytes/macro-
phages.

In addition to the work on SES, there is a large corpus of
research that examines whether childhood maltreatment has lasting
influences on patterns of cortisol release. However, much of this
work is difficult to interpret for our purposes, because the influ-
ences of earlier maltreatment and current psychopathology cannot
be separated (Heim et al., 2008). A handful of studies have sought
to isolate the role of maltreatment by studying adults without
current mental illness. In these samples 24-hr urinary cortisol is

2 Note that in this section, we limit discussion to molecules that are
released into circulation and once there could plausibly ligate receptors
in/on monocytes/macrophages. For this reason, we do not cover studies of
end-organ response, for example, heart rate and blood pressure, which are
sometimes used as surrogates for ANS activity. We also limit our focus
here to studies of tonic activity, as these everyday patterns give a “readout”
of the milieu in which immune cells typically operate. Reactivity is by
definition a departure from the norm. For literature reviews of the evidence
on adversity and reactivity, readers can seek out articles by Cameron et al.
(2005), Luecken and Lemery (2004), and Lupien et al. (2009).
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usually lower in persons with histories of childhood maltreatment
versus nonexposed controls (see reviews by Heim, Ehlert, &
Hellhammer, 2000; Meewisse, Reitsma, de Vries, Gersons, & Olff,
2007; Miller et al., 2007). Lower cortisol output has also been
found in studies of other potent childhood stressors, like parental
conflict, loss, and divorce (Luecken & Lemery, 2004; Lupien,
McEwen, Gunnar, & Heim, 2009; Troxel & Matthews, 2004). On
the other hand, some work has linked maltreatment with greater
cortisol output, as it is in the research on low SES. Probably the
most ambitious research in this area collected salivary cortisol
from 623 adults who had been adopted internationally as children
(van der Vegt, van der Ende, Kirschbaum, Verhulst, & Tiemeier,
2009). To obtain accurate reports, participants’ adoptive parents
were asked whether they believed their child had been subjected to
maltreatment prior to adoption, based on his or her physical
condition and any documentation parents had received from au-
thorities. Those who allegedly had been abused or neglected prior
to adoption had greater overall cortisol output, relative to those
without a history of maltreatment. The largest disparities were
among persons who had been both abused and neglected. Impor-
tantly, these findings persisted after adjustment for age, gender,
and psychiatric difficulties, suggesting they stemmed from the
effects of early stress per se.

The mixed nature of these findings makes it difficult to specu-
late about consequences for inflammation. If maltreatment does
cause the HPA axis to become hypoactive (Heim et al., 2000), it
might create a lymphoid milieu that is permissive of inflammation
(Raison & Miller, 2003; Sapolsky, Romero, & Munck, 2000). By
contrast, a relative excess of cortisol in maltreated individuals
might be expected to counter inflammatory tendencies. All of that
said, even if a uniform and durable HPA response to maltreatment
could be established, its consequences would hinge on how sen-
sitive the GRs of monocytes/macrophages were to cortisol, and
how efficiently signals through this pathway were transmitted to
the genome. In other words, the consequences for inflammation
are likely to hinge more on how “loudly” cells register cortisol
signals than the amount of hormone released per se. To clarify
these issues, future studies could perform genome-wide transcrip-
tional profiling in maltreated populations. As described above, this
technique has proven quite useful in studies of SES, revealing
much about how cells process cortisol signals and the implications
for inflammation.

Catecholamines. The model also suggests that childhood
stress has a durable influence on the SNS, resulting in greater tonic
release of its catecholamine endproducts, epinephrine and norepi-
nephrine. Surprisingly, this hypothesis has received little direct
attention over the years (Matthews & Gallo, 2011). Some of the
best work available comes from a study of rural youth in New
York, in which researchers collected overnight urine samples to
measure cumulative output of epinephrine and norepinephrine.
This study found higher levels of epinephrine among children
whose family incomes were below the poverty line versus in the
middle-class range (Evans & English, 2002). There were no dis-
parities in norepinephrine. A portion of this sample was followed
over the next 3–4 years. The primary question was whether
cumulative adversity (a composite of poverty, family turmoil,
crowding, poor housing, etc.) was associated with accelerated
progression of allostatic load over time (an index of dysregulation
in multiple physiologic systems). Results suggested a prospective

linear relationship between these processes. Children who had
more cumulative risk at study entry showed larger increases in
allostatic load scores over the follow-up, of which epinephrine and
norepinephrine were constituents (Evans et al., 2007). There are a
handful of studies reporting higher tonic epinephrine and norepi-
nephrine in adults with a history of childhood maltreatment (Bun-
evicius et al., 2005; De Bellis et al., 1999; Girdler et al., 2003).
However, in much of this work the participants have comorbid
psychiatric conditions at the time of assessment, which make it
difficult to ascertain whether the SNS dysregulation stems from
earlier maltreatment or current symptomatology. (To be fair, pars-
ing these influences was not the goal of the authors.)

Other relevant evidence comes from the study of childhood SES
that performed transcriptional profiling of peripheral blood mono-
nuclear cells of adults (Miller, Chen, Fok, et al., 2009). This study
found that among participants reared in low-SES households, there
was significant upregulation of genes with response elements for
cyclic AMP response element binding (CREB) protein. Because
one of CREB’s actions is to convey adrenergic signals to the
genome of white blood cells, it can be viewed as a rough marker
of tissue exposure to SNS endproducts like epinephrine and nor-
epinephrine. Accordingly, these findings suggest that the circulat-
ing immune cells of individuals raised in low-SES households
have greater in vivo exposure to catecholamines, even in adult-
hood.

What consequences would increased catecholamine signaling
have for inflammation? Recall from the section on tissue remod-
eling that SNS fibers innervate bone marrow, and via norepineph-
rine accelerate the departure of myeloid progenitors into circula-
tion (Katayama et al., 2006). The monocytes that egress under
these conditions have exaggerated proinflammatory cytokine re-
sponses to LPS and are relatively insensitive to inhibition by
glucocorticoids (Avitsur et al., 2005; Engler et al., 2005). Mono-
cytes continue to be sensitive to SNS products after entering
circulation. In fact, norepinephrine upregulates the expression of a
variety of proinflammatory genes in monocytes (Cole et al., 2010;
Gruber-Olipitz et al., 2004), most of which code for proteins
involved in activation and trafficking. Increased expression of
these genes facilitates the migration of monocytes into tissues that
have been injured or infected. The findings on cytokine activity are
more complex. Exposure to SNS products causes IL-6 to be
released in greater quantities (Mohamed-Ali et al., 2001) but has
mixed effects on cells engaged with microbial stimuli. Some
articles have reported that in cells cultured with LPS, co-
incubation with catecholamines enhances inflammatory cytokine
production (Grisanti et al., 2010; von Patay, Loppnow, Feindt,
Kurz, & Mentlein, 1998). However, others have found the opposite
effect (Röntgen, Sablotzki, Simm, Silber, & Czeslick, 2004). That
said, the general patterns suggest that a bodily milieu rich in SNS
endproducts would contribute to chronic inflammation, partly by
selectively mobilizing aggressive monocytes from bone marrow
into damaged tissue, and partly by shifting cellular activation
patterns in these contexts (Kaplanski, Marin, Montero-Julian,
Mantovani, & Farnarier, 2003).

Cholinergic activity. Childhood stress might also have on-
going effects on the immune milieu by shaping cholinergic dis-
charge from the parasympathetic nervous system (PNS). Maltreat-
ment has been linked to lower heart-rate variability (HRV), both at
rest and during stress (Miskovic, Schmidt, Georgiades, Boyle, &
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MacMillan, 2009; Oosterman, De Schipper, Fisher, Dozier, &
Schuengel, 2010). HRV is viewed as an index of PNS regulation
of cardiac rhythms via the vagus nerve, whose signals are propa-
gated by acetylcholine. There is initial evidence that maltreatment-
related alterations in HRV can persist into adulthood (Dale et al.,
2009; Shenk, Noll, Putnam, & Trickett, 2010). Reduced HRV has
also been found in studies of low-SES adults (Hemingway et al.,
2005; Lampert, Ickovics, Horwitz, & Lee, 2005), but it is unclear
whether childhood SES has a parallel association.

If these patterns are indicative of a more general reduction in
cholinergic signaling, they could affect how inflammation is reg-
ulated. Tracey and colleagues have described a “cholinergic anti-
inflammatory pathway” in rodents (Pavlov & Tracey, 2005),
whereby acetylcholine inhibits production of inflammatory cyto-
kines via ligation of the �7 subunit of nicotinic receptors. Studies
have attempted to generalize these findings to humans by using
HRV as a surrogate for cholinergic signaling. Resting HRV does
associate inversely with CRP, IL-6, and other inflammatory mark-
ers (Haensel, Mills, Nelesen, Ziegler, & Dimsdale, 2008). More-
over, at least one study has linked higher vagal activity during
paced respiration with lower stimulated production of IL-6 and
TNF-� (Marsland et al., 2007). However, it remains unclear
whether these associations reflect operation of a “cholinergic anti-
inflammatory pathway” in humans or are being driven by a dif-
ferent underlying mechanism altogether.

Oxytocin. Oxytocin (OT) is another molecule through which
childhood stress could shape ongoing inflammatory dynamics, as
well as some of their long-term disease consequences. OT is a
hypothalamic neuropeptide implicated in a broad array of inter-
personal processes, including affiliation, nurturant behavior, social
cognition, emotion recognition, and feelings of love, trust, and
security (H. E. Ross & Young, 2009). There is mounting evidence
to suggest that OT levels in peripheral circulation rise when people
experience feelings of warmth, trust, and security (Grewen,
Girdler, Amico, & Light, 2005; Light, Grewen, & Amico, 2005).
These are precisely the states that our model suggests are missing
in the internal lives of persons reared in stress. (Others have also
speculated that OT has a role in mediating the effects of childhood
stress; see Cameron et al., 2005; Pollak, 2005.)

Consistent with this line of reasoning, a handful of recent studies
have found deficits in OT release and/or signaling among persons
exposed to stress. For example, one recent project measured OT in
the cerebrospinal fluid of adult women (Heim et al., 2009). Those
with a history of childhood maltreatment had lower OT levels than
nonexposed controls, particularly if they experienced emotional
abuse. Another study measured the OT responses of 5-year-old
children as they engaged in a brief physical contact task with their
mothers (A. B. W. Fries, Ziegler, Kurian, Jacoris, & Pollak, 2005).
Half of the participants had spent their first year of life in an
orphanage, after which they were adopted into the family caring
for them at the time of assessment. The others had been reared by
their biologic mothers. Analyses revealed that following the phys-
ical contact period with mothers, orphanage-reared children had
lower urinary OT than family-reared controls. The groups had
similar “baseline” OT levels in daily life, as reflected in samples
from overnight urine collections. These findings are provocative in
suggesting that adversity in the very early years of life dampens
the OT response to warm interactions. If such a tendency influ-
ences children’s proclivity for affiliative behavior, it could help

explain the persistent social difficulties those reared in adversity
experience.

More central to our model, reduced OT in lymphoid compart-
ments could foster a milieu permissive of inflammation. OT is
recognized as having anti-inflammatory properties. For example, a
recent study treated adults with the bacterial component LPS and
found that peripheral OT administration significantly ameliorated
the magnitude of their in vivo inflammatory responses (Clodi et
al., 2008). OT likewise reduced inflammation and retarded the
progression of atherosclerosis in mice at risk for CHD due to social
isolation (Nation et al., 2010; Szeto et al., 2008). There is also
initial evidence that OT counteracts some of the pathogenic pro-
cesses inflammation sets into motion. For example, studies in
animal models have revealed that peripheral OT treatment reduces
obesity, facilitates glucose control, and improves insulin sensitiv-
ity (Camerino, 2009), all of which are components of the meta-
bolic syndrome that precedes and contributes to CHD.

Conclusions. As the model posits, there is mounting evidence
that childhood stress has a durable influence on everyday patterns
of endocrine and autonomic discharge. This results in altered
quantities of cortisol, epinephrine, norepinephrine, and OT in
circulation. (And presuming that HRV accurately indexes PNS
activity, stress affects bioavailable acetylcholine, too.) There is
also convincing evidence that these molecules have regulatory
influences on inflammation, mediated through effects on the dis-
tribution and activation of monocytes/macrophages. However,
these strands of evidence have emerged from separate literatures,
so it remains to be seen whether they are connected in a manner
that the model specifies.

Inflammation and Disease

The model’s final aspect posits that chronic inflammation, act-
ing in concert with the host’s genetics and history of exposures,
drives forward pathogenic mechanisms that result in disease. Over
the last decade evidence for this assertion has grown dramatically.
Scientists now recognize excessive and persistent inflammation as
a contributor to the metabolic syndrome, CHD and stroke, auto-
immune conditions, some cancers, and premature aging (Chung et
al., 2009).

The metabolic syndrome is a cluster of features that includes
high blood pressure, impaired glucose control, abdominal adipos-
ity, and lipid dysregulation (National Cholesterol Education Pro-
gram, 2002). Its presence markedly increases the risk of morbidity
and mortality due to both diabetes mellitus and coronary disease
(Isomaa et al., 2001; Ridker, Buring, Cook, & Rifai, 2003;
Trevisan, Liu, Bahsas, & Menotti, 1998). Although the root causes
of the metabolic syndrome are obesity, inactivity, and genetics,
recent evidence suggests that inflammation plays a key pathogenic
role as well (Hotamisligil, 2006). Persons with high levels of CRP
show increases over time in metabolic syndrome components
(Dandona, Aljada, Chaudhuri, Mohanty, & Garg, 2005) and are
more likely to progress from this condition into formal diseases
like hypertension and Type 2 diabetes (Bertoni et al., 2010; Prad-
han, Manson, Rifai, Buring, & Ridker, 2001; Sesso et al., 2003;
T. J. Wang et al., 2007). These effects are probably bidirectional in
nature, with inflammation one feature of a complex and cyclical
process that leads to the metabolic syndrome and its components.
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There is increasing recognition that atherosclerosis, the patho-
logical condition underlying CHD and many ischemic strokes, is a
chronic inflammatory response to arterial injuries (Libby & Ther-
oux, 2005; R. Ross, 1999). Inflammation contributes to each stage
of the atherosclerotic process, from the growth of fatty streaks to
the formation of full-blown plaques, and from the erosion and
rupture of plaques to the formation of thrombi that occlude arteries
and ultimately trigger CVD events (Libby, Ridker, & Maseri,
2002). Because the inflammatory response is orchestrated by cy-
tokines, studies have examined whether their presence forecasts
disease. This work has shown that high levels of circulating
inflammatory molecules, particularly IL-6 and CRP, confer risk
for adverse outcomes through each stage of atherosclerosis. For
instance, these markers have been prospectively associated with
more rapid thickening of the carotid arteriesm, increased risk for
myocardial infarction and cerebral vascular accidents in healthy
persons, elevated rates of mortality in patients with acute coronary
syndromes, and greater risk for all-cause mortality (Blake & Rid-
ker, 2003; Cesari et al., 2003; Hashimoto et al., 2001; Kuo et al.,
2005; Lindmark, Diderholm, Wallentin, & Siegbahn, 2001; Prad-
han et al., 2002; Ridker, Cushman, Stampfer, Tracy, & Hennekens,
1997; Ridker, Hennekens, Buring, & Rifai, 2000; Ridker, Rifai,
Stampfer, & Hennekens, 2000; Willerson & Ridker, 2004).

Chronic inflammation contributes to the development and ex-
pression of other aging-related diseases. Autoimmune conditions
like multiple sclerosis and rheumatoid arthritis arise when immune
cells attack the body’s own tissues, after having lost tolerance to
them or mistaking them for those of invaders. T- and B-cells have
long been assigned blame for these conditions. However, it is
becoming increasingly clear that chronic inflammation driven by
macrophages and neutrophils also contributes to maintaining dis-
ease activity (Choy & Panayi, 2001; McGonagle & McDermott,
2006). Cancer is a diverse set of diseases that involve abnormal
cell proliferation, and each has a distinct mechanism of pathogen-
esis. But mounting evidence indicates that inflammation plays a
contributory role in many forms of cancer. Following a carcino-
genic event that gives rise to an abnormally proliferating cell mass,
inflammation can accelerate the tumor’s progression and metasta-
sis to other tissues. Much of inflammation’s influence seems to be
due to its tendency to foster a local environment that is favorable
for tumor growth and spread. It helps the tumor cell divide rapidly,
gain access to a blood supply, subvert detection by the immune
system, and migrate to new tissues (Coussens & Werb, 2002;
Mantovani, Allavena, Sica, & Balkwill, 2008). Finally, inflamma-
tion is increasingly recognized as a major cause of premature
aging. Evidence suggests that it promotes a “frailty syndrome”
marked by bone softening; loss of muscle mass, strength, and
function; and a decline in cognitive functions (Chung et al., 2009;
Ershler & Keller, 2000).

Limitations of the Model

Having outlined evidence for the model, we now consider its
weaknesses. One limitation is that although the model suggests
that childhood stress calibrates monocytes/macrophages during a
sensitive period, it fails to specify when this window opens and
closes. The extant research does not provide much guidance in this
regard. The SES literature typically indexes exposure with indica-
tors like parental education or occupation. Because these markers

of status generally remain stable across childhood, they cannot be
used to differentiate the impact of early versus later exposures. The
experience of maltreatment also tends to be fairly stable, preclud-
ing researchers from identifying sensitive periods. That said, two
recent studies have begun to shed light on issues of timing. In both
cases, the studies indexed SES by having respondents report on
whether their parents owned versus rented their homes each year
and found evidence to suggest that Years 2–3 of life were a
sensitive period for stress-related calibration of immune responses
(Cohen et al., 2004; Miller & Chen, 2007). These findings provide
some initial evidence that the toddler years are a sensitive period
for stress-related influences on the immune response. Substantiat-
ing these findings should be an important priority for future
research, as should examining how well they generalize to other
processes depicted in the model.

Another weakness of the model is that it depicts unidirectional
relations among its components. The ANS and HPA axis engage in
much crosstalk, and both readily exchange signals with inflamma-
tory cells (Sternberg, 2006). Proinflammatory cytokines released
peripherally can act on the CNS and thereby evoke significant
changes in behavior, as well as alterations in cognitive and affec-
tive functioning (Dantzer, O’Connor, Freund, Johnson, & Kelley,
2008). Revisions of the model will need to feature this crosstalk
and specify its role in linking early stress and later disease.
Relatedly, there may be value in considering a multisystem ap-
proach here. Some authors have argued that stress contributes to
disease by creating “imbalances” amongst systems, rather than
affecting any singular biological process (McEwen & Stellar,
1993; Thayer & Sternberg, 2006). Our model takes the opposite
perspective, treating inflammation as a mechanistic superhighway.
We see value in this approach because it calls attention to a
pathogenic mechanism that is both affected by early stress and
common across multiple diseases of aging. However, other bio-
logical mediators almost certainly come into play during the evo-
lution of disease, and it will be important for later versions of the
model to specify the degree to which they are necessary and/or
sufficient.

Notably, the model does not acknowledge a host of physical
exposures that could mediate the effects of early-life stress. Being
raised in a low-SES family boosts the chances a child will be
exposed to pollutants, toxicants, and infections with long-term
health consequences (Evans, 2004; Wright & Subramanian, 2007)
and, at least in America, receive suboptimal access to medical care.
Maltreated children are likely to have these exposures as well,
because their parents are unlikely to be proactive about health
promotion. Thus, to fully account for the effects of early stress,
future work must consider social and physical “pollutants.” Work
like this has begun and shows that these exposures can have
synergistic influences on disease risks (Chen, Schreier, Strunk, &
Brauer, 2008; Clougherty et al., 2007; Shankardass et al., 2009).
More work on how social and physical exposures intersect, and
interact, in shaping health outcomes should be an important pri-
ority in future research.

The model also fails to consider hereditary influences. There is
allelic variation in many of the genes that orchestrate inflamma-
tion, regulate autonomic and endocrine discharge, and affect cor-
ticolimbic and corticostriatal signaling (Cole et al., 2010; DeRijk
& de Kloet, 2005; McCaffery et al., 2006). There is also growing
evidence that such variation explains variability in how early stress
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affects mental health (Belsky & Pluess, 2009; Binder et al., 2008;
R. G. Bradley et al., 2008; Caspi et al., 2002; Gillespie, Phifer,
Bradley, & Ressler, 2009). As this work extends to processes more
relevant to physical health (Poole, Snieder, Davis, & Treiber,
2006; X. Wang et al., 2009), the influences of genetic variation
will need to be added to the model. But at present such moderating
influences are outside the scope of our framework.

Some readers may wonder why the model does not assign a
more prominent role to psychopathology. Of particular relevance
in this regard is depression. Early stressors like maltreatment
increase vulnerability to major depression, as well as subsyndro-
mal affective difficulties (Heim & Nemeroff, 2001). Moreover,
depression is sometimes accompanied by processes featured in our
model, like chronic inflammation, excessive HPA discharge, and
social difficulties (Coyne, 1976; Glassman & Miller, 2007; How-
ren, Lamkin, & Suls, 2009; Stetler & Miller, 2011). Despite this
overlap, we do not view depression as a necessary step on the
causal pathway from early stress to later disease. There is much
evidence that even without lowering mood, early stress can trigger
the model’s behavioral and biological features. For example, one
study found that familial harshness presaged trajectories of inflam-
matory responding (Miller & Chen, 2010) and did so in a manner
that was completely independent of depressive symptoms. Simi-
larly, work from the Dunedin birth cohort found that at age 32
clinical depression was associated with greater inflammation.
However, further analysis revealed that this association disap-
peared when childhood maltreatment was entered into equations.
The authors then stratified the sample according to maltreatment
(presence vs. absence) and depression (presence vs. absence).
Participants who were maltreated and depressed had higher in-
flammation, relative to nonexposed controls. There was also
heightened inflammation among participants exposed to maltreat-
ment alone. However, levels of inflammation in participants who
were depressed but had not been maltreated were statistically
indistinguishable from controls (Danese et al., 2008). These pat-
terns were echoed in the 40-year study of medical students from
Johns Hopkins University (Kittleson et al., 2006), which found that
low childhood SES presaged CHD risk at age 50, net of depressive
symptoms. In other studies like ACE, the effects of childhood
adversity were attenuated, but not eliminated, by controls for
depressed mood (Dong et al., 2004). Together, these findings
suggest that childhood stress brings about inflammation, and per-
haps disease, through mechanisms largely independent of depres-
sion.

Of course, other mood states and/or psychiatric conditions could
be important mediators here. Consistent with this view, several
articles have suggested a role for broader clusters of negative
emotions (Lehman et al., 2005, 2009). However, structural equa-
tion models have revealed that such clusters provide little incre-
mental explanatory power beyond a model that does not include
them (Lehman et al., 2009). In other articles, negative emotions
have formed part of a broader “psychosocial functioning” con-
struct that includes social contacts, so it is difficult to ascertain
their specific contribution (Lehman et al., 2005; S. E. Taylor,
Lehman, et al., 2006). In the broader literature, there is fairly
limited evidence for mood as a mediator of the health effects of
SES (Matthews & Gallo, 2011). All of that said, a fairly narrow
range of affective mediators has been considered to date, and the
field would benefit from a more thorough look at other candidate

states (e.g., shame, anxiety) and disorders (e.g., posttraumatic
stress, antisocial personality).

Finally, the model does not address the issue of resilience, or
why some individuals exposed to early stress remain healthy. Data
show that even among children with lengthy and severe maltreat-
ment, only a fraction go on to develop chronic disease. In the ACE
cohort, for example, only 20% of those in the most profound
adversity category went on to develop CHD as adults (Dong et al.,
2004). Of course, this value could be low because not all respon-
dents were in the age range in which CHD manifests, and the
condition has a fairly low base rate. But even under conditions
where all participants are exposed to a known disease-causing
agent, the same pattern of resilience emerges. For instance, in the
study where adults were exposed to viruses that cause the common
cold, participants from low-SES backgrounds were more likely to
become sick (Cohen et al., 2004). But even among those from the
lowest SES category, fewer than 50% actually manifested diag-
nosable symptoms of disease, suggesting that resilience was the
normative outcome.

Thus, a crucial task for the next wave of research in this area
will be to specify why some individuals succumb but others are
protected from the health consequences of early stress. There are
hints from several recent articles that maternal nurturance may be
an especially influential source of resilience, capable of offsetting
some of the risky hormonal, metabolic, inflammatory, and cardio-
vascular profiles that tend to develop in persons exposed to child-
hood adversity (Chen, Miller, Kobor, & Cole, 2011; Evans et al.,
2007; Fisher, Gunnar, Chamberlain, & Reid, 2000; Luecken &
Appelhans, 2006; Miller et al., in press). Certain genetic variants
also seem to confer protection against stress (Belsky & Pluess,
2009; Binder et al., 2008; R. G. Bradley et al., 2008; Caspi et al.,
2002; Gillespie et al., 2009). As work like this matures, our model
will need to be refined so that it offers pathways to both resilience
and vulnerability (Chen & Miller, 2011; Cicchetti & Blender,
2006).

Apart from the limitations of the model itself, it is important
to recognize weaknesses in our assessment of it. Despite the
fact that children are exposed to many different kinds of chronic
stressors, our evaluation of the model was based only on studies
of disadvantage and maltreatment. We made the assumption
that these experiences shared enough common features that they
could be aggregated under the rubric of chronic stress. There
were many instances where this proved to be a tenable assump-
tion—people who were exposed to either stressor early in life
tended to become adults who were vigilant, mistrusting, and
socially isolated. They also tended to have poor health prac-
tices, high levels of inflammation, and be at risk for CHD. But
there were cases where the consequences of these experiences
diverged, particularly in studies of HPA axis activity. It will be
important in future research to more thoroughly evaluate the
similarities and differences between these stressors and simul-
taneously identify the biobehavioral residue of other adversities
that children face more routinely but have not been the subject
of much research (e.g., chronic parental conflict, severe illness
in the family). Once more data like these become available, they
can be used to evaluate the model more rigorously and guide
any necessary revisions to it.
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Conclusions

Despite these weaknesses, the model has some important
strengths. At the outset we suggested that to be successful, the
model would need to specify mechanisms and explain incubation.
We believe that it does so, at least in broad strokes. It suggests a
cascade of events through which early stress “gets under the skin”
at the level of tissues and organs. These events culminate in mild
but persistent inflammation, which in concert with the host’s
genetic makeup give rise to adult chronic diseases. It also suggests
a plausible mechanistic resolution to the “incubation” problem,
highlighting the ability of epigenetic processes, posttranslational
modifications, and tissue remodeling to bring about lasting
changes in the operation of monocytes/macrophages. In addressing
these issues, the model builds upon existing theories and moves us
closer to a mechanistic understanding of the effects of childhood
stress.

However, we are still far away from a thorough understanding
of this phenomenon. In the coming decade more research will need
to be done so that we can fill gaps in the model, discern how its
elements relate to each other, and evaluate the chain of events it
posits. This work will need to be done at multiple levels of
analysis, ranging from the molecular and the physiological to the
behavioral and the epidemiological, and then integrated into a
model by scholars working at the crossroads of these disciplines.
Studies of both animals and humans will be needed, and so will a
diverse array of approaches, ranging from laboratory paradigms to
longitudinal investigations in the field. Once data like these are in
hand, we will be better positioned to construct detailed accounts of
how childhood stress “gets under the skin” and use this informa-
tion to guide the development of interventions that ameliorate the
deleterious health consequences of early stress.
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