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ackground
n May 2009, the WHO and the National Center for
Chronic Disease Prevention and Health Promotion
(CDC, Atlanta GA) met in Geneva, Switzerland, to

egin a collaborative effort to build a framework for pub-
ic health surveillance that can be used to defıne the global
ealth burden of adverse childhood experiences (ACEs).
n addition toWHO andCDC staff, meeting participants
ncluded people working in the fıelds of public health and
arly child development from Canada, China, the former
ugoslav Republic ofMacedonia, Philippines, Saudi Ara-
ia, SouthAfrica, Switzerland, andThailand. Participants
rticulated their goal of forming a network aimed at ad-
ancing global understanding andmeasurement of ACEs
hrough the exchange of information and the provision of
echnical expertise and support.1

Viewing childmaltreatment and related experiences as
set of exposures that have broad implications for human
evelopment and prevention of public health problems is
relatively new concept. Only since 2004 has child sexual
buse been included in the global burden of disease esti-
ates of death and disability attributable to particular
voidable risk factors,2 and medical journals have re-
ently begun to acknowledge the concept of abuse and
elated it as a major public health issue by raising aware-
ess of the body of literature that supports this concept.3,4
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hy Adverse Childhood Experiences?
e use the term adverse childhood experiences (ACEs) as
way of moving toward understanding the public health
mplications of childhoodmaltreatment and related experi-
nces. The experiences referred to herein include (but
hould not be conceptually limited to) abuse (emotional,
hysical, sexual); neglect (emotional, physical); and grow-
ng up in households where domestic violence is wit-
essed, members abuse alcohol or drugs or have mental
llnesses, there is relational stress (such as separation or
ivorce), or members exhibit criminal behaviors. An im-
ortant recommendation from theMay 2009 expert con-
ultation in Geneva was to expand these sets of experi-
nces to include the ACEs that occur in both developing
nd developed nations. Specifıcally, to ensure that the
ontributions of criminality and organized violence to
hildhood adversity are adequately addressed, additional
uestions on forced marriage, witnessing criminal and
ollective violence in the community, and early conscrip-
ion were added. Acknowledging that other children can
e a notable source of adversity, exposure to bullying,
ther forms of peer-to-peer violence, and sibling physical
nd emotional violencewere also added. Expansion of the
ets of experiences not only adds new concepts and mea-
ures to consider but also requires thought on the rela-
ionships among multiple social dimensions that may be
nvolved.
This choice of terminology andmeasures of childhood

xperience is largely based on the fındings from the ACE
tudy, an ongoing collaboration between CDC and Kai-
er Permanente (San Diego CA). The present study com-
ines retrospective reports of ACEs at baseline and pro-
pective follow-up of the study cohort to examine the
revalence and incidence of diseases, healthcare utiliza-
ion, prematuremortality, and causes of death.5–8 Table 1
ummarizes the breadth of the published fındings.9

In 2008, the CDC developed questions similar to those
sed in the ACE Study for incorporation into the behav-

oral risk factor surveillance system (BRFSS). The BRFSS
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s the largest ongoing health survey in the world and has
roved useful to defıne the prevalence of health behaviors
nd other determinants of health in the U.S.10 Currently
in 2009), fıve state health departments are using these
uestions (www.cdc.gov/brfss/questionnaires/pdf-ques/
009brfss.pdf) in their BRFSS to determine the preva-
ence of ACEs and their relationship to major public
ealth problems. The states, funded by the CDC to collect
hese new data, were chosen because of their sociodemo-
raphic diversity. Initial fındings from ACE BRFSS data

able 1. Health and social problems and the ACE score

Problems from the
baseline data

Outcomes associated with
the ACE score

Prevalent diseases Ischemic heart disease, cancer,
chronic lung disease, skeletal
fractures, sexually
transmitted diseases, liver
disease

Risk factors for common
diseases/poor health

Smoking, alcohol abuse,
promiscuity, obesity, illicit
drug use, injection drug use,
multiple somatic symptoms,
poor self-rated health, high
perceived risk of AIDS

Mental health Depressive disorders, anxiety,
hallucinations, panic
reactions, sleep
disturbances, memory
disturbances, poor anger
control

Sexual and reproductive
health

Early age at first intercourse,
sexual dissatisfaction, teen
pregnancy, unintended
pregnancy, teen paternity,
fetal death

General health and social
problems

High perceived stress, impaired
job performance, relationship
problems, marriage to an
alcoholic, risk of perpetrating
or being a victim of domestic
violence, premature mortality
in family members

Problems from the
longitudinal follow-up
of the study cohort

Prescribed medications Total prescriptions, prescribed
multiple classes of drugs,
psychotropics,
bronchodilators

Diseases Chronic obstructive pulmonary,
autoimmune, lung cancer

Mortality Premature mortality, lung
cancer

ote: A complete bibliography of ACE Study publications listed by
opic area is available online at www.cdc.gov/nccdphp/ace/.
CE, adverse childhood experience
ill be available in winter/spring of 2010. Additional h
tates will be collecting ACE data in 2010. The BRFSS
CE data will serve as a frame of reference for construct-
ng similar measures in other countries.

he ACE Concept and Primary Prevention
he emergence of ACEs as topic of research in public
ealth is a natural evolution in the fıeld of health promo-
ion and disease prevention. This brief background pro-
ides a short historical and conceptual framework for
nderstanding this evolution.
The seminal work of McGinnis and Foege, titled “Ac-

ual Causes of Death in the United States,”11 quantifıed
he contribution of alcohol, smoking, and other health
isk behaviors to mortality in the U.S. In addition, the
rowth in popularity of the BRFSS10 as a tool to monitor
he prevalence of health-related behaviors reflects the
omentum generated by studies documenting the influ-
nce of behavior on health. However, these important
ources of health information do not tell us why the
ehaviors are present.
The U.S. Surgeon General’s Report on Smoking and
ealth12 and the attendant decline in the prevalence of
moking over the ensuing decades provide an example of
oth the success and shortcomings of health information
nd promotion campaigns. The success is obvious, but if
nformation about the risk of smokingwas suffıcient, why
o so many Americans continue to smoke?13 And why is
he prevalence of smoking so high in developed countries
n Europe and Asia?14 If the “addictive” properties of
icotine are the major determinant of continued smok-
ng, why can some smokers quit whereas others cannot?
partial explanation for the latter questions can be found

n the evidence linking depression—a common noncog-
itive factor in many people’s lives—to smoking. People
ho are depressed are more likely to be smokers, and
hen followed prospectively, have been less likely to
uit.15,16 A convincing explanation for this fınding is that
he properties of nicotine that reduce anxiety and de-
ressed affect lead to the use of cigarettes as a logical, but
robably unconscious, adaptation to depression. Affect
egulation is an important human capacity; apparently
epressed people will use smoking as an adaptive re-
ponse to facilitate this capacity—despite the negative
ell-known long-term health consequences.17

As this example illustrates, cognitive approaches to
ehavioral change are limited. In this paradigm, what is
he actual cause of death for depressed smokers dying
rom emphysema? Is it smoking or depression?Why are
hey depressed? These questions represented the scien-
ifıc gap in understanding the “root” origins of common

ealth risk factors that the ACE Study addresses.18
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In the case of child maltreatment, historically, most
tudies have focused on single types of childhood abuse,
uch as sexual or physical abuse, in relation to a limited
umber of outcomes. The ACE Study examines a broad
ange of early childhood traumatic stressors and their
elationship to numerous clinical, public health, and so-
ial problems throughout the life span.5–9Measuring this
ide array of adversities and their public health outcomes
s suited to the broad public health missions of CDC and
HO.
The concept in using ACEs as a framework for the
rimary prevention of public health problems is that
tressful or traumatic childhood experiences such as
buse, neglect, or forms of household dysfunction are a
ommon pathway to social, emotional, and cognitive im-
airments that lead to increased risk of unhealthy behav-
ors, violence or revictimization, disease, disability, and
remature mortality. Breakthroughs3,19 in neurobiology
how that ACEs disrupt neurodevelopment and have
asting effects on brain structure and function—the bio-
ogic pathways that likely explain the strength of the
ındings from the ACE Study. Importantly, research20–23

n the perpetration of sexual violence and intimate part-
er violence in impoverished settings of low- andmiddle-
ncome countries suggest that being a victim of child
exual and physical abuse, and witnessing intra-parental
iolence, are positively associated with both the perpetra-
ion of such violence bymen and the likelihood of victim-
zation in women.
This suggests that childhood adversities, though in all

ikelihood more frequent and intense in impoverished
ettings, make their own specifıc contribution to the de-
elopmental trajectory of individuals growing up in such
nvironments. However, the likely bidirectional relation-
hip between poverty and adverse childhood experiences
emains poorly researched and represents a knowledge
ap that the current international initiative is well placed
o fıll.

oving Beyond “Measurement”
ontroversy and Limitations
healthy controversy exists about the strengths and
eaknesses of using retrospective self-reports of ACEs
ersus reports validated by child protection services for
tudying effects of exposure to childhood maltreat-
ent.24,25 A tendency to focus on the differences in fınd-

ngs between studies using one versus the other of these
wo methods has overshadowed the fact that both meth-
ds have shown substantial effects in multiple areas and
re frequently concordant in terms of fınding negative

ealth effects of maltreatment.4 t

uly 2010
In addition, confusion surrounding terminology and
ssumptions about the strengths and weaknesses of “ret-
ospective versus prospective” designs (in terms of how
he ACEs are measured)24,25 has further clouded the fact
hat studies in a wide variety of settings with varying
esigns and measures of ACEs have demonstrated nega-
ive health, behavioral, and social effects.4 For example,
he ACE Study measured experiences retrospectively, yet
t has an ongoing longitudinal (prospective) follow-up
omponent that has demonstrated increased risk for neg-
tive outcomes—including hospitalization for diseases
autoimmune, chronic obstructive pulmonary), prescrip-
ion drug use prevalence, and premature mortality—
hat are not subject to concerns about temporality of
xposure and outcome or to biases in reporting of
utcomes.6–9

Maltreatment validated by child protection reports
reatly underestimates exposure to these types of experi-
nces, and self-reports or parent reports are probably
loser to the true (unobserved and unreported) preva-
ence of maltreatment, although they might still be un-
erestimates.4 So, as a practical matter, self-reports of
CEs are suited to population-based sampling to esti-
ate their prevalence and public health burden,26 and

hey have been successfully used to examine relationships
mong lifetime exposures to violence, health-risk behav-
ors, and health outcomes in a large sample of African
chool children.27

efining Exposure and Outcomes
second conceptual hurdle in the assessment of the

ublic health impact of ACEs is the tendency to view
eported maltreatment “events” as the public health out-
ome. Although such events constitute a key target for
reventive attention, only a small fraction have acute
onsequences of suffıcient severity to bring them to the
ttention of public authorities. By far, the largest propor-
ion of the burden of disease due to ACEs arises from the
umulative effect of chronic exposure to multiple adver-
ities whose lifelong consequences may often start to
ecome apparent onlymany years after exposure. Under-
tanding these broader implications of ACEs is necessary
o document their lifetime consequences and to highlight
he public health importance of investing in primary pre-
ention programs aimed at reducing them. A public
ealth approach should thus include the short-term con-
equences of ACEs (death, injury, emotional, social)
hile also assessing the wide array of emotional, behav-
oral, social, and health problems that occur as longer-

erm (up to decades later) consequences.28
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Cumulative Stressor Approach
he ACE Study has shown that stressors such as abuse,
eglect, witnessing domestic violence, and other forms of
ousehold dysfunction are common and frequently co-
ccur during childhood.29 Review of the literature on the
ublic health importance of child abuse emphasizes this
attern.4

The co-occurring nature of ACEs led to the use of an
ACE score,” which is an integer count of the number of
ategories of ACEs. The ACE score has repeatedly shown
positive graded relationship to a wide variety of health
nd social problems (Table 1).9 These fındings suggest
hat studies of the relationship of single types of ACEs to
ublic health outcomes are likely to overestimate the
ontribution of these single exposures to outcomes, miss
he broader context in which they occur, and underesti-
ate the public health impact of a wider array of ACEs.

iologic Plausibility
se of the ACE Score as a measure of the cumulative
xposure to traumatic stress during childhood is consis-
ent with recent understanding of the effects of traumatic
tress on neurodevelopment.19,30 Neuroscientists, using
xperimental animalmodels aswell as case–control stud-
es with humans, have linked childhood maltreatment to
ong-term changes in brain structure and function in-
olving several interconnected brain regions.31–36 Early
tress is also associated with lasting alterations in stress-
esponsive neurobiological systems, and these lasting ef-
ects on the developing brain would be expected to affect
umerous human functions into adulthood, including
motional regulation, somatic signal processing, sub-
tance abuse, sexuality, memory, arousal, and aggres-
ion.37–42 The ACE Score appears to capture cumulative
xposure of the developing brain to the activated stress
esponse, which is likely the primary pathway by which
CEs exert their broad public health impact.

enetics, Epigenetics, and
hildhood Adversity
nclusion of genetic and biological evidence is necessary
or understanding the effects of ACEs and their intergen-
rational transmission.43 A growing body of epidemio-
ogic evidence suggests that genotypes can modify sensi-
ivity to environmental adversity. Promising avenues of
esearch in this arena include gene–experience interac-
ion,44 the influence of early life experience on genomic
xpression (epigenetics),45 and the role of inflammation.46

The complex interplay of gene–environment interac-

ions has been reviewed by an earlier study.47 It con- m
luded that the effects of genes and environments are not
s separate as was once supposed and epigenetic effects,
hrough influences on gene expression, canmoderate the
ffects of genes in importantways.Another study44 found
hat effects of life stress on depression weremoderated by
polymorphism in the 5-HTT gene. It was also repor-
ed48 that stressful life events may interact with a seroto-
in transmitter polymorphism to modify the likelihood
f experiencing depression as a response to such life
vents. Elegant studies45,47 demonstrate that the epige-
etic effects of the rearing behavior of maternal rats on
he subsequent behavior of their pups operates via DNA
ethylation of a promoter gene related to a glucocorti-
oid receptor in the hippocampus of the pups.
The inclusion of emerging genetic, epigenetic, and bi-
logical evidence will provide insights into the intergen-
rational transmission ofACEs and enhance understand-
ng of the pathways by which they lead to negative health
nd social outcomes. Studies of gene–adversity interac-
ion and epigenetic mechanisms by which life experience
an modify behavior and physiologic responses to early-
ife stressors46 are promising. However, these mecha-
isms are complex.47 Care is needed to avoid oversimplify-
ng this nascent research to conclude that the interaction of
dversitywith the genome is simple anddirect and that “X is
gene for Y.”49 Nonetheless, the growing body of research
evealing the relationships among genetic polymor-
hisms, genetic expression, and adversity are likely to
ead to more effective methods to prevent and treat the
ffects of ACEs.50

onclusion
uffıcient amounts of data exist to show that ACEs are
ommon and are associated with many public health
roblems. Although the bulk of these data are from stud-
es conducted in developed countries, a growing body of
esearch from developing countries suggests that the
ame relationships exist in these settings. Findings from
he Global School–Based Student Health Survey for a
ooled sample of 22,256 respondents from fıve African
ountries demonstrate signifıcant dose–response rela-
ionships between adversities such as forced sex and bul-
ying and risk behaviors such as smoking, alcohol abuse,
nsafe sex, andattempted suicide.51 Similarly, fındings from
ommunity-based surveys in mainland China, Hong Kong
AR, Taiwan, Singapore, and Malaysia also show that ado-
escents in these cultures experience a substantial health
urden from exposure to various adversities.52

Building a framework for global surveillance of the
revalence and broad public health impact of ACEs re-
uires moving beyond the dream of fınding the “perfect”

easures of these common exposures to implementing

www.ajpm-online.net
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ethods that are epidemiologically credible and feasible
ithin the U.S. and the often resource-poor environ-
ents of more global interest.
The practice of public health surveillance of ACEs and

heir wide array of health and social consequences is just
eginning atWHO and CDC. These practices will evolve
apidly as the U.S. state-level data from the BRFSS are
eviewed and critiqued and as public health practitioners
n the U.S. and countries involved in the WHO/CDC
ollaborative effort defıne and track the global burden of
xposure to ACEs and their public health sequelae.

he fındings and conclusions in this report are those of
he authors and do not necessarily represent the offıcial
osition of the CDC or the authors’ affıliated institutions.
The fındings and conclusions of this paper are those of

he authors and do not necessarily represent the deci-
ions, the stated policy, or the views of the WHO.
No fınancial disclosures were reported by the authors
f this paper.
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