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Background: Research suggests that adverse experiences in childhood affect the development of cardio-
vascular disease (CVD), and immune and inflammation dysregulation has been postulated to play role.
However, it is unclear whether the effects of social adversity on immune-related biomarkers are evident
in early life, and if these biomarkers may provide an early risk marker for targeting prevention and inter-
vention. The purpose of this review is to evaluate research on the relationship between adversity and
CVD-relevant immune biomarkers in youth, assess the consistency of the findings, and consider what
additional research is needed.

Methods: PubMed and PsycINFO searches were conducted through September 2011. Studies were
selected using criteria related to the childhood exposure, biomarker outcome, age range, and sample
Immune selection. Twenty articles were identified, examining associations between childhood adversity and
Adversity immune biomarkers (assessed during childhood) that are potential risk markers for CVD later in life.
Stress Results: Although childhood adversity was not consistently related to youth levels of inflammatory and
Systematic review other immune markers relevant to CVD, a trend toward positive findings was observed. No detectable
patterns were evident based on measure of adversity, biomarker, study design, or sample size.
Conclusions: Overall, our findings suggest this avenue of research is worth continued investigation. We
offer recommendations for future research related to (1) study design and sample, (2) definition and mea-
surement of adversity, (3) statistical analysis, and (4) outcomes that will help distinguish whether there
are immunologic alterations related to adversity and subsequent CVD risk that can be reliably detected in
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childhood.
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1. Introduction

Over the past several decades, researchers have produced com-
pelling evidence that adverse social conditions in early life strongly
effect the development and progression of disease over the life
course (Shonkoff et al., 2009). Evidence is particularly strong in
relation to cardiovascular disease (CVD). Empirical studies show
that children who experience various types of social adversity in
early life, such as poverty, abuse, or neglect, have increased risk
for CVD in adulthood, and have hypothesized that effects are due
to increased psychological stress (Felitti et al., 1998; Galobardes
et al., 2006). As research linking early life adversity to later cardio-
vascular health has advanced - in combination with an improved
understanding of the atherosclerotic process - investigators are
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now focused on clarifying the mechanisms that underlie these
associations (Taylor, 2010).

Accordingly, there is growing scientific interest in the relation-
ship between social adversity and pre-clinical precursors to CVD,
including biomarkers of systemic inflammation (Miller et al.,
2009a). A number of studies have documented relationships be-
tween early adversity, such as childhood maltreatment (Danese
et al, 2007) and family socioeconomic status (SES) (Brunner
et al., 1996; Pollitt et al., 2008) and CVD-relevant immune dysreg-
ulation in adult populations, but fewer studies have examined
these relationships within populations of children and adolescents.
At the present time, it is unclear whether adversity-related biolog-
ical alterations emerge close to the time of the adverse experiences
(i.e., during childhood or adolescence), or whether the negative ef-
fects of early adversity are stored in a latent (undetectable) form
and emerge as risk factors later in life (Ben-Shlomo and Kuh,
2002). This paper presents a systematic review of research that
has examined social adversity in relation to immune biomarkers
in youth that have been identified as either risk factors or risk
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markers for CVD. We use the term immune biomarker to refer to
objectively measured indicators of normal or pathogenic immuno-
logical processes, including inflammatory outcomes.

CVD is the leading cause of death for both women and men in
high (Kung et al.,, 2008) and middle to low income (Gazlano,
2007) nations. Social disparities in CVD are widely documented
such that socially disadvantaged individuals are significantly more
likely to develop CVD (Pollitt et al., 2005). Evidence suggests that
atherosclerosis or its precursors begins to develop in children
and adolescents, and progresses slowly into adulthood via hor-
monal, immunological, physiologic, and metabolic alterations
(Aiello and Kaplan, 2009; Kavey et al., 2003). Inflammation is part
of the immune response, and inflammatory and other immune-re-
lated markers have increasingly been recognized as playing an
important role in the atherosclerotic disease process (Hansson
and Hermansson, 2011; Pearson et al., 2003), as the development
and progression of atherosclerotic plaque are products of inflam-
matory response to injury.

In 2003, the Centers for Disease Control and Prevention and
American Heart Association jointly reviewed the literature and
developed a consensus statement on the potential utility of inflam-
matory biomarkers for identifying at-risk populations (Pearson
et al., 2003). While it is not yet fully established which markers
participate in the causal pathway leading to CVD, it is clear that
patterning in inflammatory biomarkers is evident with the disease
and therefore may serve as a valuable marker of early risk. In their
recommendations for research in population science, the joint
committee suggested that a firm understanding of the distribution
of inflammatory markers across populations is needed, and ur-
gently so in particular subgroups such as children (Pearson et al.,
2003). In addition, while recent research has begun to identify
early life determinants of systemic inflammation and other mark-
ers of immune function in adulthood (Pollitt et al., 2008; Slopen
et al., 2010), far less understanding is available among children. Gi-
ven the challenges in conducting this work among children, a sys-
tematic review of the current literature may identify fruitful
directions for future research by producing a more comprehensive
overview of whether effects of social adversity on immune system
processes are evident early in life and if these biomarkers may pro-
vide a useful early risk marker for evaluating potential effects of
prevention and intervention strategies.

Based on the work of the Early Experience, Stress, and Neurobe-
havioral Development Research Network we have adopted a defi-
nition of adversity as comprised of the experience of social
conditions or stressors that threaten, or are perceived to threaten,
physiological equilibrium (Loman and Gunnar, 2010). Our defini-
tion refers to stressors that can be assessed by measuring aspects
of the social environment or social experiences, such as low socio-
economic status, material hardships, stressful life events, institu-
tional rearing, and family conflict. Stressful experiences early in
life may be one mechanism by which the social environment be-
comes biologically embedded to increase risk for CVD among those
who are socially disadvantaged. Experimental studies show that
acute and chronic social stressors can produce biological stress
reactions, which may alter regulation of the hypothalamic pitui-
tary adrenal (HPA) axis and lead to stimulation of the sympathetic
nervous system (SNS). These processes may lead to excessive glu-
cocorticoid production, blunted HPA function, and excessive
inflammation as measured by C-reactive protein (CRP), interleu-
kin-6 (IL-6), and fibrinogen (McEwen, 1998). There is increasing
evidence that psychosocial stressors influence these immune bio-
markers, and that these biomarkers may mediate the influence of
psychosocial stressors on CVD-related pathophysiological pro-
cesses (Steptoe et al., 2007). Recently, investigators have proposed
a biopsychosocial model which delineates psychological stress
reactions as one important mechanism linking childhood social

adversity with increased adult CVD risk (Taylor et al., 2004,
2006). For example, adults who reported greater adversity in child-
hood had more depressive symptoms and less mastery, which in
turn were related to elevated concentrations of CRP (Taylor et al.,
2006).

Fig. 1 illustrates potential interconnections between early life
adversity, immune-related biological changes, and development
of CVD. We recognize the importance of other pathways that might
either directly (e.g., metabolic, cardiovascular) or indirectly (e.g.,
lack of physical activity, poor diet) mediate the effects of social
adversity on CVD risk. To address directly the call for research on
immune-related processes and CVD and to maintain a feasible
scope for the present review, we focus on research directly linking
adversity with immune mechanisms (linked to atherosclerosis) in
childhood; however, we note the importance of considering other
mechanisms with which adversity may interact to alter immuno-
logic processes and recommend these as topics for further reviews.

Recent studies of adults have provided evidence that childhood
adversity is significantly related to incident CVD (Fig. 1, path a)
(Felitti et al., 1998; Galobardes et al.,, 2004), and suggest that
inflammation and other immune-related changes are mechanisms
by which early adversity may contribute to incident CVD (paths b
and c) (Albert et al., 2006; Graham et al., 2006; Ridker et al., 2002;
Sorlie et al., 2000). Thus, one question is how early in life dysregu-
lation in immune processes become evident (path e). Another
question is whether early dysregulation provides early indication
of CVD risk (path d). At present, there is limited work clearly dem-
onstrating that immune or inflammatory dysregulation assessed in
childhood influences CVD in adulthood. However, investigations
using child and adolescent samples show that several immune bio-
markers are correlated with traditional cardiovascular risk factors
also measured in childhood (e.g., BMI, cholesterol, blood pressure)
that are (a) known to track into adulthood and (b) common among
adults with CVD (da Silva et al., 2010; Ford, 2003; Juonala et al.,
2006; Steene-Johannessen et al., 2010). For example, among chil-
dren ages 3-17 in the National Health and Nutrition Examination
Survey, higher CRP was associated with greater BMI, systolic blood
pressure, and triglyceride concentrations in both sexes. Other work
shows that elevated CRP in children is associated with important
preclinical indicators of atherosclerosis in children, including lower
brachial artery flow-mediated dilation and greater carotid intima-
media thickness (Jarvisalo et al., 2002). Taken together, these find-
ings suggest that inflammation and other immune system dysreg-
ulation during childhood may provide a valid indication of early
risk for (or of pathophysiologic processes involved in) the develop-
ment of CVD in adulthood. Thus, although the other pathways de-
picted in Fig. 1 are not fully established, numerous studies have
begun to investigate whether early adversity may lead to dysregu-
lation in immune and inflammatory processes, predicated on the
assumption that early dysregulation is linked to subsequent dis-
ease risk.

From a mechanistic perspective, it is important to gain an
understanding of when the effects of early adversity on immune
biomarkers can be expected to emerge. Early identification of risk
or pre-disease processes may suggest the possibility of sensitive
periods for risk of developing CVD and would facilitate develop-
ment of more targeted and appropriately timed prevention and
intervention strategies. Knowledge of biological alterations in
childhood related to subsequent CVD risk could also be valuable
for identifying children who should be prioritized for intensive so-
cial or medical intervention, or measuring the effectiveness of pre-
vention efforts. Thus, greater understanding of how to assess risk
and early onset of relevant pathophysiologic processes early in life
is urgently needed.

The aims of the present review are to evaluate the published re-
search on the relationship between social adversity and CVD-rele-
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Fig. 1. Conceptual model: adverse experiences in childhood or adolescence, immune-related biological alterations, and incidence of cardiovascular disease. Notes: Arrow in
black is the focus of the current literature review; solid lines are associations that have a substantial empirical basis; dashed lines are associations that require further

empirical support.

vant immune biomarkers in child and adolescent populations, sys-
tematically assess the consistency of the findings, and consider
what additional research is needed. To our knowledge, this is the
first systematic review on this topic. We focus on immune bio-
markers that are likely risk markers for CVD later in life. These in-
clude cytokines, acute-phase proteins, coagulation and adhesion
molecules, and other markers of immune control that have been
documented as risk markers for early and later atherosclerosis
(Hansson and Hermansson, 2011; Stassen et al., 2006). Thus, we
consider any markers that have previously been explored and doc-
umented as relevant to CVD risk and also considered in relation to
adversity. Fig. 2 illustrates the central hypothesized biological
pathways linking these biomarkers to CVD. Of note, a variety of
other biological systems are involved in the up- and down-regula-
tion of immune biomarkers that are not represented in Fig. 2; more
extensive description of these systems can be found elsewhere
(Black, 2003; Black and Garbutt, 2002). We do not review studies
of cortisol (or glucocorticoid receptors) which is theorized to be
more indirectly related to the etiology of CVD (Kubzansky and Ad-
ler, 2010; McEwen, 2007). For interested readers, the relationship
between childhood adversity and cortisol has been discussed

Childhood Adversity

extensively in other recent review articles (Gunnar and Quevedo,
2007; McCrory et al., 2010).

2. Methods

We conducted systematic searches of PubMed and PsycINFO
through September 2011 (see Fig. 3). PubMed includes coverage
of the National Library of Medicine’s bibliographic database, and
PsycINFO is the American Psychological Association’s bibliographic
database; together, they provide comprehensive coverage of the
life sciences and social science literature. We searched PubMed
using the Medical Subject Heading (MeSH) terms ‘Interpersonal
Relations’ ‘Stress, Psychological’, ‘Socioeconomic Factors’, ‘Life Change
Events’, ‘Social Environment’, ‘Family Relations’, ‘Conflict (Psychol-
ogy), ‘Aggression’, ‘Violence’, ‘Prejudice’, ‘Inflammation’, Biological
Markers/blood’, ‘Biological Markers/immunology’, ‘Acute-Phase Pro-
teins’, ‘Cytokines’, ‘Cytomegalovirus’. MeSH is a vocabulary thesaurus
for indexing articles in PubMed, developed and updated by the Na-
tional Library of Medicine. MeSH terms allow users to locate rele-
vant articles when several terms may be used to refer to the same
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Fig. 2. Childhood adversity, immunological biomarkers examined in existing pediatric research, and development of atherosclerosis (Aiello and Kaplan, 2009; Black and
Garbutt, 2002). Note: A variety of other biological systems are involved in the up- and down-regulation of immune biomarkers that are not represented; more extensive
description of these systems can be found elsewhere (Black, 2003; Black and Garbutt, 2002).
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Fig. 3. Collection of studies for inclusion in systematic review.

concept. The terms are organized hierarchically by subject catego-
ries with more specific terms below the broader terms; narrower
terms are automatically included in searches of broader terms.
We supplemented the MeSH terms with similar words for key
terms in the title or abstract, in order to identify any relevant re-
cent publications that had not been indexed by MeSH. We also ap-
plied limits to the search to restrict the results to studies published
in English, and studies with child and adolescent samples (i.e., less
than 18 years). This search returned 1073 studies. In PsycINFO, we
searched using a similar set of subject headings, keywords in the
title/abstract, and limits, which resulted in 68 studies. After remov-
ing 21 duplicate studies, our searches returned a total of 1120
studies. We also searched our personal libraries for potential arti-
cles, and consulted with experts in this topic area.

All returned abstracts were read, and we selected studies using
four criteria. The first criterion was that studies had to include a
measure of adversity in childhood or adolescence (i.e., birth to
age 18). We define adversity as a condition or experience marked
by misfortune (either relative or absolute, as described above);
however, this criterion was not met if the stressor is a part of the
process of normal expected healthy child development, such as
starting kindergarten. The second criterion required that the sam-
ple was not selected based on an existing physical illness (i.e., asth-
matic children). The third criterion required that the study
included a biological measure of the immune or inflammatory pro-
cesses in childhood or adolescence. This criterion was met by
inclusion of an enumerative or functional immune assay. Of note,
clinical disease outcomes did not meet this criterion. The fourth
criterion required that the immune outcome is a recognized risk
marker for CVD. This criterion was met if a given inflammatory
(Hansson and Hermansson, 2011; Hansson, 2005) or viral (Aiello
and Kaplan, 2009; Galkina and Ley, 2009; Stassen et al., 2006) im-
mune marker has been identified as relevant to atherosclerotic
processes in peer-reviewed literature. Our search was ‘data-driven’
in the sense that used very broad MeSH terms to identify all stud-
ies with potentially relevant biomarkers, and then examined
whether the markers in a given study fit the criteria necessary
for inclusion.

For the selected studies, we searched the reference sections for
additional relevant publications. We then reviewed the full manu-
scripts of the selected studies for key information: study design,
source of population, sample size, age, nationality, type and mea-
surement of adversity and immune outcomes, statistical methods,
stratification and control variables, and findings. In light of the

marked variation in study designs, participants, predictor vari-
ables, and outcomes across the identified studies, we describe
the studies and their results using a qualitative synthesis, rather
than a quantitative meta-analysis to aggregate effect sizes across
studies.

3. Results

We identified 20 studies for inclusion in this review. This in-
cludes studies from North America (n=11), Europe (n=38), and
South America (n=1). Sample sizes for studies ranged from 54
(Birmaher et al., 1994) to 7772 (Howe et al., 2010) participants
(median, n=282). Approximately one third of the studies used
samples where all participants were under the age of 13, while
nearly one third of the studies used samples where all participants
were between 13 and 18 years of age; the remaining studies in-
cluded both child and adolescent aged children. The majority of
studies in the current review were cross-sectional (n=14). Four
of the 20 studies were longitudinal and had repeated measures
of the outcome (Caserta et al., 2008; Gimeno et al., 2008; Miller
and Chen, 2010; Miller et al., 2009c). Of the remaining studies,
one used a case-control design (Danese et al., 2011) and one study
used a daily diary design, which required participants to complete
a checklist about their experiences for 14 days (Fuligni et al., 2009).
The samples for these studies were recruited from schools (n = 8),
some form of area-probability sample (n=7), or were recruited
through clinics or another type of convenience sampling (n = 5).

There was extensive variation in the types and measures of
adversity among the selected studies. Approximately half of the
studies utilized a measure of family SES as a primary exposure var-
iable (i.e., parental occupation, educational attainment, income;
n=10), while other studies utilized measures of interpersonal
stressors and/or life events (n=10), and area-level measures of
economic deprivation (n = 2) as the primary exposures. The studies
examined adversity in relation to a variety of immunologic bio-
markers, including CRP; cytokines (IL-4), IL-6 interferon-y (IFN-
v), and tumor necrosis factor-o. (TNF-at); fibrinogen; natural killer
(NK) cell function; and, markers of immune control of cytomegalo-
virus (CMV). Of the 21 identified studies, 15 examined adversity in
relation to one immune biomarker that met criteria for inclusion in
the current review; five studies assessed two or more relevant bio-
markers. In the following paragraphs, we present the results of our
review organized by type of biomarker examined; the results are
also summarized in Table 1.

3.1. Adversity and CRP

CRP is a pro-inflammatory molecule that is associated with in-
creased risk for CVD (Ridker et al., 2002); it modulates leukocyte
activities and endothelial functions, and has been shown to in-
crease inflammation by catalyzing monocyte activation (Aiello
and Kaplan, 2009; Galkina and Ley, 2009). Eleven studies investi-
gated the association between adversity and CRP among children
or adolescents; seven of these studies were cross-sectional, two
studies had longitudinal designs with repeated measures (Gimeno
et al., 2008; Miller et al., 2009¢), one study used a prospective case-
control design (Danese et al., 2011), and one study used the daily
dairy method (Fuligni et al., 2009) Seven of the eleven studies used
a measure of family SES as the primary exposure. In three of the
eleven studies, adversity was associated with increased concentra-
tion of CRP (Fuligni et al., 2009; Howe et al., 2010; Murasko, 2008).
For example, in a cross-sectional study of 7772 children (age
10 years) in Avon County, England, Howe and colleagues found
that lower maternal education was associated with higher CRP
(Howe et al., 2010). Similarly, using a daily diary study design,



Table 1
Published research examining adversity/psychosocial stress and immune and inflammatory biomarkers of cardiovascular disease among healthy youth, organized by outcome and study design.

Design, N Country Sample, age Adversity Findings Expected
direction
CRP
Gimeno et al. (2008) Longitudinal, N = 1484 Finland Cardiovascular Risk in Young Finns Parental occupation No social class variation in CRP observed at No
Study; 3-9 years at childhood childhood or adolescent assessments
measure, 12-18 years at adolescent
measure
Miller et al. (2009c) Longitudinal, N =103 Canada Subsample from study on depression Chronic interpersonal stress No association between chronic interpersonal  No
and CVD risk in women at risk for stress and CRP
affective disorders; 15-19 years at
baseline
Danese et al. (2011) Prospective, N =174 England and Subsample from the Environmental Physical maltreatment Children who experienced maltreatment and Conditional
Wales Risk Longitudinal Twin Study; depression had greater CRP, while those who
12 years at baseline experienced maltreatment but no depression
did not show elevated CRP
Cook et al. (2000) Cross-sectional, N = 699 England and Recruited from schools in 5 towns; Parental occupation No social class variation in CRP No
Wales 10-11 years
Dowd et al. (2010) Cross-sectional, N = 6004 us NHANES; 3-16 years Family income and Lower household income associated with Mixed
education greater CRP; no association for parental
education
Howe et al. (2010) Cross-sectional, N = 7772 England Avon Longitudinal Study of Parents Maternal education Higher maternal education was associated Yes
and Children; 10 years with lower CRP
Marin et al. (2007) Cross-sectional, N = 104 Canada Subsample from study on depression Acute events and chronic Statistical interaction between acute events Conditional
and CVD risk in women at risk for interpersonal stress and chronic interpersonal stress: as chronic
affective disorders; 15-19 years interpersonal stress increased, an inverse
association between # of acute events and CRP
increased in magnitude
McDade et al. (2005) Cross-sectional, N = 536 Bolivia Census sample from Bolivian Family economic resources  Greater household wealth associated with Mixed
Amazon, 2-15 years lower CRP; no association for other indicators
of economic resources (i.e., agricultural plots,
wages, goods bartered)
Murasko (2008) Cross-sectional, N = 4788 United States NHANES; 12-17 years Family income Lower income associated with greater CRP in  Yes
full sample; association greater for females
compared to males
Thomas et al. (2005) Cross-sectional, N = 208 Britain Children recruited from 2 schools; SES of school High SES boys had higher CRP than low SES No
mean age = 12.9 years girls & boys; pattern not present when CRP
values > 10 removed
Fuligni et al. (2009) Daily diary, N=69 us Subsample from larger study of high  Interpersonal stress Greater frequency of daily interpersonal stress Yes
school students; mean associated with greater CRP
age = 17.8 years
Cytokines
Interleukins
Miller and Chen (2010) Longitudinal, N =135 Canada Subsample from study on depression Family climate; life events Circulating IL-6 not associated with harsh Mixed
and CVD risk in women at risk for family climate. Harsh family climate positively
affective disorders; 15-19 years associated with (a) production of IL-6
following lipopolysaccharide (LPS) stimulation,
and (b) resistance to gluccocorticoids (sample
coincubated by LPS and cortisol). Interaction
between harsh family climate and life events
for IL-6 following LPS stimulation but not other
IL-6 outcomes (i.e., effect of acute events on
stimulated IL-6 greater among females in harsh
family environment)
Miller et al. (2009c) Longitudinal, N = 103 Canada Subsample from study on depression Chronic interpersonal stress Greater chronic interpersonal stress was Mixed

and CVD risk in women at risk for

associated with increased stimulated IL-6

(continued on next page)
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Table 1 (continued)

Design, N Country Sample, age Adversity Findings Expected
direction
affective disorders; 15-19 years at production; however, no association with
baseline circulating IL-6
Herberth et al. (2008) Cross-sectional, N =234 Germany Leipzig participants in the Life style Life events Divorce/separation of parents in past year Mixed
Immune System Allergy Study; associated with higher concentrations of IL-4;
6 years no associations for death or disease in family,
or parental unemployment
Howe et al. (2010) Cross-sectional, N = 7772 England Avon Longitudinal Study of Parents Maternal education Higher maternal education associated with Conditional
and Children; 10 years lower IL-6 among males; marginal association
among females
INF-y
Herberth et al. (2008) Cross-sectional, N = 234 Germany Leipzig participants in the Life style Life events Parental unemployment in the past year Mixed
Immune System Allergy Study; associated with lower INF-y; no association for
6 years divorce/separation, or death or disease of a
family member
TNF-o
Dixon et al. (2009) Cross-sectional, N=112 us School children from three Life events Stressful events score associated with higher Yes
communities in South Florida; 5- TNF-o
10 years
Fibrinogen
Cook et al. (1999) Cross-sectional, N = 641 England and Children recruited from schools in 5  Parental occupation No social class variation in fibrinogen No
Wales towns; 10-11 years
Thomas et al. (2005) Cross-sectional, N = 208 Britain Children recruited from 2 schools; SES of school In gender stratified analyses, males at high SES  Conditional
mean age = 12.9 years school had greater fibrinogen than males at
low SES school; no difference identified among
females
Goodman et al. (2005) Cross-sectional, N = 758 us Students recruited from high schools  Parental education No social class variation in fibrinogen No
in a suburban Midwest; 13-19 years
Morley et al. (2000) Cross-sectional, N = 330 England Sample of students from 7 high Area-level deprivation Area-deprivation score associated with Yes
schools; 11-15 years increased fibrinogen; association was stronger
for females compared to males
Natural killer cells
Caserta et al. (2008) Longitudinal, N = 169 us Children identified from a larger Parental psychopathology; Parental psychiatric symptoms was associated Mixed
study through a hospital, 5-10 years life events; family conflict with enhanced NK cell activity, while family
conflict had significant negative association
with NK cell activity; no association for
stressful life events
Birmaher et al. (1994) Cross-sectional, N = 54 us Adolescents recruited from a Life events; family SES Past year and lifetime events negatively No
psychiatric clinic; 11-18 years associated with NK cell activity; no association
between NK cell activity and SES. No
associations between past year or lifetime
events or SES and lymphocyte proliferation in
response to PHA
Immune control of CMV
Caserta et al. (2008) Longitudinal, N = 169 us CMV seropositive children (N = 40) Parental psychopathology; Greater parental psychiatric symptoms Mixed
identified from a larger study through life events; family conflict associated with increased CD8+CD28-
a hospital; 5-10 years CD57+ cells; no associations for stressful life
events or family conflict
Dowd et al. (in press) Cross-sectional, N = 2272 us CMV seropositive children from Family income Poverty associated with increased CMV Yes

NHANES; 6-16 years

antibodies; threshold effect (i.e., no association
with continuous income)

44
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Abbreviations: CMV = cytomegalovirus; CRP = C-reactive protein; IFN-y = interferon-gamma; NHANES = National Health and Nutrition Examination Survey; NK = natural killer; PHA = phytohaemagglutinin; TNF-o = Tumor Necrosis
Factor-alpha.

Notes: Mixed = significant association present for at least one of the adversity exposures examined, but not significant for at least one of the adversity exposures tested. Conditional = adversity is unrelated to the biomarker in the
overall sample, but an association exits only for some sub-group.
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investigators found that greater frequency of daily interpersonal
stressors in the past two weeks was associated with higher levels
of CRP in a small sample of high school students (n = 69) (Fuligni
et al., 2009). In contrast, however, another three of the eleven stud-
ies showed a null relationship between adversity and CRP (Cook
et al., 2000; Gimeno et al., 2008; Miller et al., 2009c) and one study
found a relationship opposite to the expected direction (i.e., boys
from high SES schools had higher CRP than boys and girls from
low SES schools) (Thomas et al., 2005).

In two of the eleven studies, the association between adversity
and CRP was conditional on some other individual characteristic
(Danese et al., 2011; Marin et al., 2007). For example, Danese
et al. (2011) found that physical maltreatment was associated with
elevated CRP, but only among children who were experiencing
depression. In the other study, investigators found a significant
interaction between episodic stressors (i.e., acute events) and
chronic interpersonal stress on levels of CRP in a sample of adoles-
cent females (n =104) (Marin et al., 2007); however, the pattern of
results was not in the expected direction. Among girls with low
chronic stress, there was no relationship between episodic stress-
ors and CRP; yet, in the context of high chronic stress, higher epi-
sodic stressors were associated with lower CRP (Marin et al., 2007).

In the remaining two studies, the presence of an association
varied depending on how the exposure was measured (Dowd
et al.,, 2010; McDade et al., 2005). For example, in a study of
6004 children (ages 6-13 years) in the National Health and Nutri-
tion Examination Survey (NHANES) that examined parental socio-
economic position in relation to child CRP, a significant negative
association between household income and CRP was evident, but
there was no association between parental education and CRP
(Dowd et al., 2010).

3.2. Adversity and pro-inflammatory cytokines

Pro-inflammatory cytokines are regulatory peptides that pro-
mote systemic inflammation, and can affect the expression of
adhesion molecules, endothelial permeability, lipid metabolism,
and other processes relevant to the development and progression
of CVD (Galkina and Ley, 2009). Five articles reported associations
between adversity and pro-inflammatory cytokines in youth (IL-6,
n=3; IL-4, n=1; INF-y, n=1; and TNF-o, n=1). One article (Her-
berth et al., 2008) examined both IL-4 and INF-v, therefore we refer
to six studies in this section. Two studies utilized a repeated mea-
sures design (Miller and Chen, 2010; Miller et al., 2009c) and the
other four studies were cross-sectional (Dixon et al., 2009; Her-
berth et al., 2008; Howe et al., 2010). Five of the six studies used
measures of interpersonal stressors and chronic or acute life
events, and the remaining study examined family SES as the pri-
mary exposure (Howe et al., 2010). One study showed a clear asso-
ciation between adversity and cytokine concentration in the
expected direction (Dixon et al., 2009) among 112 school children
(ages 5-10 years) in South Florida, Dixon and colleagues found that
a greater number of stressful life events was associated with higher
TNF-a levels (Dixon et al., 2009). In two separate studies using the
same sample of female adolescents (15-19 years) from Vancouver,
Canada, researchers documented positive associations between
chronic interpersonal stress (Miller et al., 2009¢) and harsh family
climate (Miller and Chen, 2010) and IL-6 production in response to
a bacterial stimuli; however, the associations between these expo-
sures and circulating levels of IL-6 were null.

The other studies showed mixed results. For example, in a study
of 7772 children (age 10 years), researchers found that lower
maternal education was significantly associated with higher con-
centration of circulating IL-6 among boys, but not among girls
(Howe et al., 2010). Herberth et al. (2008) examined both IL-4
and INF-y in 234 children (6 years of age) in Leipzig, Germany,

and found that associations varied by type of exposure and out-
come. Specifically, IL-4 concentration was positively associated
with parental divorce or separation, but not with the three other
stressful events that were considered (i.e., death of a family
member, illness of family member or parental unemployment).
In contrast, INF-y was positively associated with parental unem-
ployment, but not with parental divorce or separation, death of
family member, or illness of a family member.

3.3. Adversity and fibrinogen

Fibrinogen is a protein that contributes to clotting of blood and
blood thickness, is integral to thrombolytic events that trigger
stroke and myocardial infarction, and can indicate the level of
inflammation occurring in the body (Aiello and Kaplan, 2009; Da-
nesh et al., 1998). Four cross-sectional studies examined the asso-
ciation between adversity and fibrinogen concentration. Two of the
four studies used a measure of family SES as the primary exposure
(Cook et al., 1999; Goodman et al., 2005) while two studies used
area-level measures of social deprivation (Morley et al., 2000; Tho-
mas et al., 2005). One of the four studies documented a significant
association in the expected direction: greater area-level depriva-
tion was associated with elevated fibrinogen among high school
students (11-15 years) (n = 330), and this association was stronger
among females compared to males (Morley et al., 2000). Two stud-
ies found no association between family SES and fibrinogen (Cook
et al., 1999; Goodman et al., 2005). The remaining study found a
conditional association, whereby higher school-level SES was asso-
ciated with greater fibrinogen among boys (i.e., opposite to the ex-
pected direction), while no association was present among girls
(Thomas et al., 2005).

3.4. Adversity and natural killer cells

NK cells are lymphocytes that are believed to play a role in pro-
moting both earlier and later stages of atherosclerotic lesion devel-
opment (Galkina and Ley, 2009; Whitman and Ramsamy, 2006).
Two studies examined adversity in relation to NK cell function (Bir-
maher et al., 1994; Caserta et al., 2008). In both studies, the results
were mixed. Using a longitudinal design over a three year period,
Caserta and colleagues examined parental psychiatric symptoms,
family conflict, and stressful life events in relation to NK cell activ-
ity among 169 children (ages 5-10 years at baseline) (Caserta et al.,
2008). Parental psychiatric symptoms significantly predicted en-
hanced NK cell activity, family conflict was significantly negatively
associated with NK cell activity, and no association between stress-
ful life events and NK cell activity was evident. In a cross-sectional
study of adolescents (11-18 years), Birmaher et al. (1994) found
that having more adverse life events (past year and lifetime) was
significantly associated with lower NK cell activity, even after
adjustment for mental health status and family SES; there was
no association between family SES and NK cell activity.

3.5. Markers of immune control of viruses

Immune activation following CMV infection may promote the
development and progression of atherosclerosis (Stassen et al.,
2006), and elevated CMV antibodies have been identified as risk
marker for the development of CVD (Sorlie et al., 2000; Stassen
etal., 2006; Zhu et al., 2001). We identified two studies of adversity
in relation to markers of immune control of CMV: one study of
CMV antibodies (Dowd et al., in press), and one study of percent-
ages of CD4 and CD8 cells (CD8+CD28-CD57+ cells which are asso-
ciated with immune control of CMV) (Caserta et al., 2008). In a
cross-sectional study of 2272 CMV seropositive youth (6-16 years)
in NHANES, Dowd and colleagues (Dowd et al., in press) found
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poverty status was significantly associated with greater CMV anti-
body levels; however, a threshold effect was detected, whereby
additional income beyond the poverty line was not associated with
CMV antibody levels (i.e., there was no association when a contin-
uous variable for income was used). In another study, the associa-
tion between adversity and percentages of CD8+CD28-CD57+ cells
depended on the measure of adversity that was used (Caserta et al.,
2008). In the same longitudinal study described above, Caserta
et al. (2008) found that parental psychiatric symptoms was associ-
ated with increased levels of CD8+CD28-CD57+ cells among 40
children seropositive for CMV over the three-year study (ages 5-
10 years at baseline), but this association was not evident with
family conflict or stressful life events.

4. Discussion

The aim of the current review was to assess systematically the
scientific literature describing the relation between early adversity
and immune biomarkers associated with risk for CVD in children
and adolescents. We provide a condensed summary of the results
in Table 2. While the overall evidence for a relationship between
adversity and immune biomarkers of CVD risk in youth is some-
what inconsistent, there seems to be a trend toward positive find-
ings suggesting this is an avenue of research that is worth
continuing to investigate. Among the studies reviewed, CRP was
the most common biomarker investigated, while the other im-
mune biomarkers have received less research attention. The small
number of studies for several of the biomarkers limited our ability
to form conclusions about the consistency of results for each out-
come, particularly in light of the variation in study designs and
measures.

The less than definitive results of this review point towards
three possible conclusions: (a) adversity is not related to immune
alterations related to CVD risk in a manner that can be reliably de-
tected in childhood or adolescence; (b) adversity is related to at
least some immune alterations that can be reliably detected in
children and adolescents, however these associations are difficult
to detect in the current literature due to methodological issues in
existing studies; or, (c) adversity is related to immunologic dys-
function in youth, but this dysfunction is reflected by immune
parameters other than the ones considered in the present review.
Additional research is needed to discern which of these possibili-
ties is correct. Based on our review, we offer recommendations
for future research that will help distinguish whether there are
immunologic alterations related to adversity and subsequent
CVD risk that can be reliably detected in childhood. We discuss is-
sues related to (1) study design and sample, (2) definition and
measurement of adversity, (3) statistical analysis, and (4)
outcomes.

4.1. Study design and sample

Only a minority of studies in this review had a longitudinal de-
sign with multiple waves of follow-up. The majority of studies

Table 2
Summary of findings.

used a cross-sectional design; in this design it is not possible to di-
rectly assess whether exposure to adversity actually causes change
in immunologic functioning, the fundamental hypothesis of this
research. While concerns about reverse causality are not high (it
is unlikely that dysregulated immune functioning leads to
childhood adversity), it is possible that adversity does not influ-
ence dysregulated immune functioning but rather there is a third
underlying factor driving both childhood adversity and immune
dysregulation (e.g., poor parental health). To address this concern,
future research should examine change in adversity in relation to
changes in immune biomarkers over time; this design allows for
a temporal assessment of the hypothesized relationship between
the exposure and the outcome, and can decrease bias in non-ran-
domized studies by reducing variability caused by stable individual
traits since the comparisons are within individuals (Raudenbush,
2001). It may also be valuable to evaluate trajectories of immune
biomarker levels within a randomized control design that includes
an intervention to address some form of childhood adversity. For
example, researchers have shown that interventions for foster par-
ents can improve their ability to regulate the level of stress in their
child (Fisher et al., 2006). In one randomized trial of a family-based
therapeutic intervention, diurnal cortisol activity among foster
children (ages 3-6 years) in the intervention condition became less
dysregulated and more similar to the comparison group over the
12 months of the study (Fisher et al., 2007).

There was large variation in the sample sizes across the studies,
and it is possible that some of the inconsistency in the existing lit-
erature can be attributed to inadequate statistical power. Due to
the limited amount of previous research and knowledge about ex-
pected effect sizes, there are no established guidelines for optimal
sample sizes in this field of research. According to Cohen (1992), a
multiple regression analysis with conventional levels of alpha
(0.05) and beta (0.20), a small effect size (d = 0.02) and three con-
trol covariates would require a sample of 599 individuals. On this
basis, more than half studies in the present review were not pow-
ered to detect associations if the effect sizes were small. Also re-
lated to sample design, we recommend that researchers continue
to investigate the relationship between adversity and immune
function across the spectrum of child and adolescent ages; it is
important to include children and adolescents at varying stages
of maturation (e.g., especially pre- and post-puberty), in order to
observe whether associations are present at some periods of devel-
opment, but not others.

4.2. Measurement and definition of adversity

In the present review, we defined adversity broadly, and in-
cluded any type of stressful experience or material hardship that
is not considered to be a normative part of child development.
The identified studies included a wide range of stressors, the most
common being family SES, stressful life events, and chronic inter-
personal stress. There was also substantial variation in how the dif-
ferent stressors were measured, with some studies using
dichotomous indicators (to reflect high or low SES, or discrete

Biomarker Number of studies that % of those (N) studies that found % of those (N) studies % of those (N) studies % of those (N) studies
included marker significantly higher level that found mixed that found conditional that found null
associated with adversity results® associations associations
CRP 11 27.27 3) 18.18 (2) 27.27 3) 27.27 3)
Cytokines 5 60.00 3) 20.00 (1) 20.00 (1) 0.00 (0)
Fibrinogen 4 25.00 (1) 0.00 (0) 25.00 (1) 50.00 (2)
Natural kKiller cells 2 0.00 (0) 100.00 (2) 0.00 (0) 0.00 (0)
Immune control of CMV 2 50.00 (1) 50.00 (1) 0.00 (0) 0.00 (0)

4 “Mixed” refers to inconsistent results across multiple measures of adversity.
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interpersonal events), while other studies used multiple-item
scales, or inventories to assess cumulative adversity. Variation in
the types of adversities based on chronicity and severity, combined
with differences in the specific measures that were used, likely
contributed to the inconsistent findings. The current review did
not suggest that acute stressors are more strongly related with
changes in immunologic functioning than chronic stressors, or vice
versa, but this may be due in part to the fact that few studies con-
sidered the effects of acute stressors or compared effects of acute
and chronic stressors directly. Given the potential implications of
this information from both a mechanistic and intervention stand-
point, future studies should examine this issue directly. It will also
be useful to further investigate how acute and chronic adversities
combine to affect immune processes; although several studies in
our review examined interactions between acute and chronic
forms of adversity (Marin et al., 2007), more research is needed
to characterize the nature of these relationships.

The majority of studies in the review considered stressors for
which severity level was unspecified. Given that many studies used
SES as a proxy measure for adversity, it is likely that exposure to
adversity ranged broadly across these studies from relatively min-
or to more substantial. However, we were generally unable to
determine which studies were capturing a more versus less severe
adversity experience. In one study that examined physical mal-
treatment as the exposure this was more easily assessed, and this
study found a positive association with CRP (Danese et al., 2011).
Further support of the relevance of severity may be provided by
findings from another study which found that poverty, but not a
continuous measure of household income, was associated with ele-
vated concentration of CRP among youth (Dowd et al., 2010) Thus,
our review suggests that the severity of the adversity may be
important. Research is needed to establish whether there is some
kind of threshold effect such that adversity influences immuno-
logic dysregulation in a more consistent manner at severe levels
but not at lesser levels. Finally, it will be important for future stud-
ies to clarify the expected temporal relationship between adverse
exposure and outcomes (i.e., the “incubation period” (Miller
et al., 2009c)). For example, how soon after an adverse event can
we expect to observe a change in biological functioning, and will
this change persist for a limited time, or indefinitely? Longitudinal
studies with multiple waves will be required to address this issue.

4.3. Statistical analysis

Our review also highlighted a high degree of variability in the
potential confounders that were included in each study, and in
consideration of potential effect modifiers of the association. Such
heterogeneity makes it difficult to compare findings across studies.
For increased comparability between studies and an improved
understanding of the relationship between adversity and CVD-re-
lated immune functioning in youth, researchers will need to adjust
for a consistent set of potential confounders and consider relevant
effect modifiers. Thus, we first recommend that researchers devel-
op guidelines for standard control variables to be used in research
on adversity and immune functioning in youth (e.g., age, race, gen-
der, medications); for now, researchers can adapt guidelines that
have been developed for adult populations (O’Connor et al.,
2009) Based on the existing literature, we also recommend that
at a minimum, researchers test and report interactions between
adversity and sex and psychological functioning, and consider
other relevant theoretically-identified characteristics (e.g., age as
a potential effect modifier in a study of parental divorce on immu-
nologic markers). If moderating factors exist and are not accounted
for, true associations that are specific to a subset of the sample may
be obscured (Fitzmaurice, 2000). In the present review, several
studies provided evidence that the association between adversity

and biological functioning varied based on an individual character-
istic (i.e., sex (Howe et al., 2010; Thomas et al., 2005), mental
health (Danese et al., 2011)); however, not all studies found evi-
dence of effect modification, and many simply did not test the pos-
sibility. Related, in studies that have samples with a wide range of
ages, researchers should test for interactions between adversity
and pre- and post-pubertal age, in the case the relationships of
interest vary depending on stage of physical development. This
will allow researchers to determine whether there are sensitive
periods when effects of adversities may be particularly potent.

4.4. Immune biomarkers of CVD risk

Our search identified studies that examined adversity in rela-
tion to CRP, pro-inflammatory cytokines, fibrinogen, natural killer
cells, and markers of immune control of viruses. It is a priority to
establish which of these immune biomarkers measured in child-
hood and adolescence are in fact related to long-term risk for
CVD in adulthood. One challenge for addressing this is the need
for prospective data on individuals followed over many decades.
Some research has investigated the value of CRP measured in child-
hood or adolescence for predicting other risk factors for CVD in
youth (da Silva et al., 2010; Guran et al., 2007). We are not aware
of similar research for any of the other biomarkers, but this might
be an alternative approach to assessing these relationships when
longitudinal data are not available. If child or adolescent measures
of these immune parameters are confirmed as valuable markers of
health, risk-thresholds may be developed for use by clinicians, as
well as researchers. Clinical risk thresholds will improve the inter-
pretability and practical implications of research in this area.

Another challenge for researchers studying inflammation and
other immune activity in childhood is that because injury and
infections are frequent occurrences among children, acute eleva-
tions in immune markers are common and may not be indicative
of, and in fact may obscure ability to detect the presence of, low
grade chronic inflammation. However, a number of techniques
may be used to address this concern. For example, researchers
may ask about recent infection (Caserta et al., 2008) and control
for this or exclude anyone with relevant history of infection from
the analysis. Investigations can also exclude individuals whose
inflammation levels are suspected to be indicative of infection
when relevant cut-points for those markers are available (e.g.,
CRP > 10 mg/L) (Jaye and Waites, 1997). Another approach is to as-
sess and control for body temperature in order to account for the
potential effect of unrecognized injury or infection (Danese et al.,
2011).

Several immune biomarkers of CVD risk that have been exam-
ined in adults in relation to stressors were not included in any of
the studies identified for this review (e.g., soluble intercellular
adhesion molecule-1, monocyte chemoattractant protein-1 (Albert
etal., 2006; Loucks et al., 2006)). New research in youth populations
may reveal other immune biomarkers that are more directly af-
fected by adverse experiences. Progress in this research area may
occur through the consideration of other immune parameters that
can be measured with existing technology, development of tech-
niques for measuring immunologic parameters that are not cur-
rently measurable, or through use of alternative methods of
assessing known biomarkers (e.g., laboratory manipulations of
established immune biomarkers, such as exposure to a microbial
challenge). For example, two studies included in this review found
that harsh family climate was significantly related to cytokine re-
sponse to lipopolysaccharide exposure (a bacterial stimulus) but
not with ongoing inflammatory activity (i.e., circulating levels of
IL-6) under normal conditions (Miller and Chen, 2010; Miller
etal., 2009c¢) This work suggests that among young healthy individ-
uals, exposure to adversity may initially amplify the inflammatory
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response to exogenous immunologic stimuli but not alter basal lev-
els of inflammation. However, over time, repeated hyperinflamma-
tory responses may lead to chronically-elevated levels of
inflammation.

An emerging field of research has begun to examine more inte-
grated models of how psychosocial factors influence the develop-
ment and progression of disease, moving beyond the assessment
of individual biomarkers (Miller et al., 2009a). These models posit
that social stress induces epigenetic changes in neurobiological
signaling systems involved in regulating inflammation (Miller
et al., 2009a). It is these epigenetic changes that lead to the changes
in gene expression that increase susceptibility to cardiovascular
(and other) diseases. Thus, the long-term impact of childhood
adversity is posited to occur through early biological programming
of adult health.

Only a handful of studies have examined interactions between
the social environment and molecules that regulate inflammatory
processes (Cole et al., 2010, 2011; Marin et al., 2007; Miller and
Chen, 2007, 2010; Miller et al., 2009c). For example, in a cohort
of female adolescents, Miller and Chen (2007) examined associa-
tions of SES at various times in childhood and adolescence with
expression of genes that code for the glucocorticoid receptor
(GR) and toll-like receptor 4 (TLR4), which regulate inflammation.
They found that current SES (at the time of blood collection) did
not predict gene expression patterns; however, individuals from
lower socioeconomic conditions during years 2 and 3 of life had
reduced expression of GR and increased expression of TLR4, a pat-
tern which suggests poorer regulation of inflammatory responses.
In another study, Miller et al. (2009c) followed 103 healthy fe-
male adolescents over 6 months, and found that chronic interper-
sonal stress was associated with greater expression of pro-
inflammatory molecules (GR-B, nuclear factor-xB) and of inhibitor
of kB, a molecule whose activation facilitates pro-inflammatory
signaling. These findings are further complemented by research
which demonstrated an interaction between adverse socioenvi-
ronmental conditions and a genetic polymorphism in the IL-6
promoter among adolescents (Cole et al., 2011); one form of the
gene appeared to be protective with lower levels of inflammation
(measured by CRP) evident as compared with other forms of the
gene, in the context of greater social adversity. Taken together,
these studies suggest that considering interactions between the
social environment and genes that regulate inflammatory pro-
cesses may enhance our understanding how early life experiences
are embedded to affect immune system regulation and health
decades later.

5. Conclusions

The present review systematically examined published research
on the relationship between adversity and immune processes in
youth that may be related to the likelihood of developing CVD in
adulthood. Although we found tremendous variation across the
empirical studies in this area, we did identify a positive trend in
the findings suggesting that this is a promising avenue for re-
search. Moreover, this review clearly points to important method-
ological and substantive considerations that will strengthen future
studies and facilitate greater comparability among them. Such rec-
ommendations are based on the existing literature and thus must
be considered in light of several limitations of the existing litera-
ture. One limitation is the potential for publication bias towards
positive results, which may have led to over-representation of
studies with significant associations. Second, the quality of the
identified studies varied (e.g., sample selection criteria, measures
of adversity, etc.), which may account for some of the variability
in the results that are observed. Third, there were few studies for

some of the biomarkers that were considered, and it was not pos-
sible to assess our findings according to type of adverse exposure.

Also important to note is that given the broad range of types of
adversities that were assessed in this review, it is likely that there
are substantive differences in how various forms of adversity oper-
ate to affect immune and inflammatory markers. However, because
pathways were rarely evaluated in the studies included here, we
could not evaluate these potential differences. For example, the
association between elevated levels of immune biomarkers and
low SES could result in part from greater exposure to second-hand
cigarette smoke and higher incidence of acute illness. In contrast,
psychosocial stress reactions may play a stronger role in the rela-
tion between elevated levels of immune biomarkers and acute life
events. Future research will be informed by more explicit consider-
ation of the mechanisms by which adversity influences immune
and inflammatory dysregulation. Research in this area will also be
greatly enhanced by definitive evidence to support which biomark-
ers measured in childhood or adolescence have the strongest causal
or predictive relevance to cardiovascular outcomes in adulthood.

Our findings should be interpreted in light of the constraints we
imposed on the present review. For example, we restricted the
scope of our review to studies of healthy youth populations, there-
fore our conclusions may not generalize to youth populations with
chronic health conditions, such as samples of children with asth-
ma, which has been a focus for a substantial portion of the research
on this topic (Kang et al., 1998; Marin et al., 2009; Miller et al.,
2009b; Wolf et al., 2008). In addition, this review considered only
studies that assessed social adversities (i.e., those assessed by mea-
suring aspects of the social environment or social experiences), and
did not include studies with adversities defined by compromised
physiological health (e.g., under-nutrition, infectious disease). Of
note, physiological adversity, which can impact immune function
in childhood, may also be a consequence of social adversity and
therefore may be a worthy topic for a separate review.

In summary, to advance knowledge about the biological
consequences of adversity among youth, we recommend that fu-
ture research should: (1) utilize adequately-powered multi-wave
longitudinal samples to assess change within individuals; (2)
examine whether associations are limited to the most severe
and/or chronic forms of adversity; (3) explore individual and
contextual variables that may affect the strength of potential asso-
ciations; (4) develop clinically-relevant risk-thresholds for im-
mune-related biomarkers that can be used in both research and
clinical settings; and (5) explore alternative biomarkers that may
be more directly associated with adverse experiences among
youth. This work holds promise for addressing gaps in the litera-
ture regarding the mechanisms that link early life adversity to
CVD in adulthood, and developing strategies for early targeted pre-
vention and intervention strategies to reduce risk for CVD over the
life course.
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