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Adverse childhood experiences (ACEs) are related to short- 
and long-term negative physical and mental health conse-
quences among children and adults. Studies of the last three 
decades on ACEs and traumatic stress have emphasized their 
impact and the importance of preventing and addressing 
trauma across all service systems utilizing universal systemic 
approaches. Current developments on the implementation of 
trauma informed care (TIC) in a variety of service systems call 
for the surveillance of trauma, resiliency, functional capacity, 
and health impact of ACEs. Despite such efforts in adult medi-
cal care, early identification of childhood trauma in children still 
remains a significant public health need. This article reviews 
childhood adversity and traumatic toxic stress, presents epide-
miologic data on the prevalence of ACEs and their physical and 
mental health impacts, and discusses intervention modalities 
for prevention.

CHILDHOOD ADVERSITY: DEFINITION AND SCOPE
Childhood adversity may potentially have detrimental effects 
on long-term health (1). Adversity may include discrete events 
or ongoing circumstances that are outside of the child’s control 
and are perceived as negative by the child (1,2). The cumulative 
burden of adverse experiences has been shown to cause nega-
tive effects on physiological, cognitive, behavioral, and psycho-
logical functions (2).

The Adverse Childhood Experiences (ACEs) study focused 
on most common types of adversity that are encountered in the 
United States. These 10 ACEs included child abuse (emotional, 
physical, or sexual), child neglect (emotional or physical), and 
household dysfunction (domestic violence, substance abuse, 
mental illness or criminal activity, or parental absence) (3,4). 
Subsequently, extreme economic adversity, bullying, school 
violence, and community violence have been described to be 
other commonly encountered ACEs (5). Other forms of adver-
sity described in the literature include traumatic loss of a loved 
one, sudden and frequent relocations, serious accidents, life-
threatening childhood illness/injury, pornography (exposure 
or participation), prostitution, natural disaster, kidnapping, 
torture, war, refugee camps, and terrorism (3–7). Other stud-
ies specifically focused on identifying ACEs in children in real 

time and reported that major childhood adversities, including 
growing up in poverty, peer rejection and lack of friends, poor 
school performance, property crime, and witnessing com-
munity violence, are associated with increased lifelong risk 
for negative life events and negative health outcomes as well. 
Measuring childhood adversities during childhood has been 
shown to offer improvements to the original ACE scale by 
examining more short-term behavioral and emotional symp-
toms that may serve as a link between ACEs and long-term 
health problems (8,9).

TRAUMATIC TOXIC STRESS: HOW ACEs AFFECT 
NEUROLOGICAL FUNCTIONING
Health care professionals are becoming continually more aware 
of the social and environmental determinants of health, and 
the multiple effects of the environment on health outcomes are 
becoming increasingly better defined.

Physiologic/Positive Stress, Tolerable Stress, and Traumatic Toxic 
Stress
Stressors encountered throughout life may be experienced 
in different ways (1,2): When a dog barks at a child, or when 
preparing for an examination, “fight or flight” reaction may 
help the child generate the inner resources to deal with the 
stressor, which helps survival and growth. Such stressors are 
positive/physiological stressors. When a child experiences 
an illness that requires multiple invasive interventions, this 
stressor may be perceived as tolerable stress in the presence of 
supporting environmental factors such as nurturing relation-
ships. Chronic/sustained stressors in the absence of a support-
ive environment on the other hand may lead to toxic stress as 
follows:

Stress response involves engagement of two primary sys-
tems: the hypothalamic–pituitary–adrenal (HPA) axis and the 
sympathetic nervous system (1,2,10,11). These systems work in 
collaboration to respond to both acute stressors and chronic/
sustained stressors. The activation of the HPA axis begins in 
the hypothalamus by the release of proinflammatory cytokines 
that trigger corticotrophin-releasing hormone, which stimu-
lates the release of adrenocorticotropin-releasing hormone 
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from the anterior pituitary. Adrenocorticotropin-releasing 
hormone leads to the release of cortisol, norepinephrine, and 
epinephrine from the adrenal cortex. These stress hormones 
stimulate a myriad of responses from various organ systems 
including hepatic (gluconeogenesis), cardiovascular (increas-
ing heart rate and blood pressure), respiratory (dilating the 
bronchioles), and many others (11,12). Once the HPA axis 
is activated and cortisol is released, a negative feedback loop 
works to mediate the response. This feedback loop acts as a 
moderator to keep the stress response from becoming harm-
ful. In physiologic and tolerable stress response, this feedback 
loop, as well as the elimination of the environmental stressor, 
helps the spike in stress hormones return to baseline quickly 
and easily (11,12).

In traumatic toxic stress (TTS) however, chronic negative 
environmental factors can lead to chronic or sustained stress 
response system activation. This chronic activation has the 
ability to lead to the disruption of the structure and function 
of the neuroendocrine and immune systems (10). Thus, excess 
cortisol level in the circulation is sustained with subsequent 
chronic activation of the HPA axis (3). In the short term, this 
overactivation can result in an overload of cortisol, and in the 
long term, a relative lack of cortisol (2).

Both of these deviations may lead to negative health con-
sequences (10). Too much cortisol suppresses the immune 
response and increases the chance of infection, while too little 
cortisol leads to the inflammatory response persisting after it 
is no longer needed (3). Animal studies have linked poorly 
responsive HPA axis to a variety of autoimmune diseases 
including rheumatoid arthritis, systemic lupus erythemato-
sus, Sjogren’s syndrome, fibromyalgia, and chronic fatigue 
syndrome. In humans, TTS has been linked to prolonged 
wound healing, decreased antibody production after vaccina-
tion, and susceptibility to viral infection (2,13).

Neurologic Remodeling in the Context of TTS
The dysregulation of the HPA axis can also lead to long-term 
modifications on multiple organ systems, most notably in the 
brain (1,14). TTS has been shown to lead to changes, espe-
cially in the more susceptible young brain, which can lead to 
long-term effects on both physiology and behavior (2,14,15). 
The genes that determine how the body responds to stress are 
highly subject to epigenetic modifications (16). Epigenetic 
changes may occur via DNA methylation and histone acetyla-
tion that modify gene expression. While some of these modi-
fications are transient, others are programmed early in life and 
will remain embedded throughout the child’s lifetime with the 
potential to be passed on to the next generation (16). It was 
also shown that the three regions of the brain that are most 
prominently affected by TTS are laden with glucocorticoid 
receptors. These regions are the hippocampus, the prefrontal 
cortex, and the amygdala (10,11,13,14).

The hippocampus, intimately involved in the formation of 
new memories and learning, undergoes proliferation through-
out childhood. When the brain is subjected to remodeling 
via TTS in animals, hippocampal neuronal proliferation is 

significantly suppressed, which leads to significant long-
term impairments in learning and new memory formation 
(11,14,15).

Children who are victims of chronic abuse may experience 
remodeling in the amygdala as well. The amygdala, part of the 
limbic system, is activated in response to stress and has been 
shown to generate impulsive behaviors (11,15). In the context 
of TTS, dendritic growth and proliferation in the amygdala 
lead to an increase in impulsive behavior (11,14). Conversely, 
TTS causes the prefrontal cortex, the part of the brain that is 
dedicated to planning and impulse control, to be underde-
veloped and have fewer synaptic connections leading to poor 
impulse control (14,15).

These regional brain alterations can ultimately convert 
an individual’s physiologic stress responses into toxic stress 
responses, through which the person perceives benign experi-
ences as life-threatening events (2). These alterations in brain 
architecture may also promote the development of social and 
behavioral coping “skills” that are maladaptive with subse-
quent health consequences (1,2,17).

EPIDEMIOLOGY OF CHILDHOOD ADVERSITY
The original ACEs study on more than 17,000 adult partici-
pants showed 64% of the population surveyed reported at 
least one ACE (4). In 2010, five states, including Arkansas, 
Louisiana, New Mexico, Tennessee, and Washington, found 
similar results (18): Of 26,229 subjects that were surveyed, 
59% reported having experienced at least one ACE. A 2012 
survey of Iowans revealed that 55% of Iowa adult population 
had experienced at least one ACE (19).

Studies also showed that ACEs are likely to co-occur (4,18–
20). The original ACEs study revealed that 13% of the respon-
dents had four or more ACEs during childhood compared to 
15% of the respondents in both the 2010 Centers for Disease 
Control and Prevention multistate study and the Iowa study 
(4,18,19).

The International Society for the Prevention of Child Abuse 
and Neglect created child abuse screening tools for global 
use, which provide opportunity to screen for ACEs as well 
(21,22). These tools were used in the multinational Balkan 
Epidemiology of Child Abuse and Neglect study, which 
revealed the presence of at least one ACE in 65–83% of the 
42,272 children surveyed in nine Balkan countries (22).

IMPACT OF CHILDHOOD ADVERSITY AND TTS ON HEALTH
The original ACEs study by Felitti et al. in 1998 set out to test 
the cumulative and long-term effect of several types of ACEs, 
not just one type of childhood victimization, on adult well-
being. This study, which has led to over 50 publications, has 
profoundly changed the focus of the child maltreatment field 
by shifting the focus from the effect of individual types of 
childhood victimization to the cumulative effect of ACEs on 
child and adult well-being (3,4,20,23–33).

Other researchers have also shown that ACEs predict higher 
rates of negative health outcome (3,4,20,24–32,34–44). These 
outcomes can be loosely divided into (i) health risk behaviors 
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(ii) leading causes of death and other chronic health problems, 
(iii) poor mental health, and (iv) other impacts (4,18,42).

Health Risk Behaviors
The number of ACEs has been found to be related to several 
health-risk behaviors, including substance abuse (alcohol and 
illicit substances) (4,18–20,28–30), tobacco use (4,18,19,28,30), 
sexual behaviors that contribute to unintended pregnancy and 
sexually transmitted diseases (28,32), and obesity (4,18,20,33). 
Having experienced four or more ACEs increases the rate of 
smoking (2.2 times), alcoholism (7.4 times), substance abuse 
(4.2 times), intravenous illicit substance abuse (11.3 times), 
severe obesity (1.6 times), and sexual intercourse with 50 or more 
partners (3.2 times) with a clear dose–response relationship 
between the number of ACEs and the adoption of these high-
risk behaviors (4,18–20). These behaviors have been referred 
to as a “trauma organized” lifestyle and predispose individu-
als to mental and physical illness throughout life (23,45). Thus, 
the neurological changes that are mediated by TTS, a “trauma 
organized lifestyle,” and the circumstances that are associated 
with limited access to health care, together are believed to lead 
to increased risk of morbidity and mortality (4,34,44).

Leading Causes of Disease and Other Chronic Diseases
Childhood trauma can also lead to several leading causes of 
death among adults, including heart disease and stroke (25,28), 
liver disease (28), lung cancer (34), and chronic obstructive 
pulmonary disease (26,28), the relationship becoming more 
apparent with four or more ACEs. An increasing number of 
ACEs has also been found to be related to autoimmune dis-
eases, such as rheumatoid arthritis (27,28), frequent headaches 
(35,40), primary insomnia (36), and several metabolic risk 
biomarkers (obesity, high blood pressure, high total choles-
terol, low high-density lipoprotein cholesterol, high glycated 
hemoglobin) (37). Some of these health outcomes have also 
been found to be associated with changes in immune function 
as a result of TTS (2,3,13).

Mental Health
There is an extensive empirical literature on the relationship 
between the cumulative number of ACEs and mental health 
challenges. Researchers have found a relationship between 
the number of ACEs and learning and behavioral problems 
among children and adolescents (20,23,28–31), and somatic 
disorders (39,40), hallucinations (3,28), anxiety and obsessive–
compulsive disorders (30,41), depression, and suicide attempts  
(28–31) among adults. Specifically, four or more ACEs 
increased the risk of depression (4.5 times) and suicide 
attempts (12.2 to 15.3 times) (4,19).

Individuals who have experienced multiple traumas and 
resultant emotional dysregulation may present with post-
traumatic stress disorder characterized with dissociation and 
increased automatic reactivity (46–49). Patients with disso-
ciative posttraumatic stress disorder also exhibit emotional 
under-engagement creating barriers in establishing and main-
taining healthy and supportive relationships, which is the basis 

for recovery from stress. Thus, these individuals may have dif-
ficulties in responding to traditional treatment (47).

Other Impacts
Finally, researchers have found that people who reported more 
ACEs were more likely to report poor or fair health (33,42), or 
a lower sense of well-being (43), have poorer access to medi-
cal/mental health services (4,19,42), be less satisfied with their 
lives (30), have higher work-related problems/unemployment 
(4), and die prematurely by as much as 20 years earlier (4,34,43) 
than people who reported fewer ACEs. Finally, an increasing 
number of ACEs was found to be related to an increase in 
health care utilization/costs (28,42).

APPROACHES TO REDUCING THE BURDEN OF ACEs
The high population prevalence of ACEs and their association 
with a wide variety of negative outcomes support the need to pri-
oritize ACEs prevention. Given the complex interplay between 
the individual, the family, the community, and the larger socio-
political structure, the socio-ecological model provides a good 
conceptual framework to guide prevention. To have the desired 
multilevel effect, strategies to prevent the occurrence of ACEs 
and their adverse impacts are needed at every level (50).

Following the general public health approach, primary pre-
vention includes efforts to prevent ACEs so that children grow 
up with less exposure to adversity and are less likely to have 
children of their own who experience ACEs (Table 1) (51). 
Secondary prevention includes efforts immediately after an 
ACE to reduce the immediate and short-term consequences. 
Tertiary prevention includes efforts to treat and reduce long-
term consequences of ACEs (51).

Understanding ACE prevalence and risk factors as well 
as identifying individuals who have experienced ACEs is a 
critical element in a comprehensive approach to prevention. 
However, a focus on primary prevention of ACEs, in which the 
incidence of ACEs is reduced at the population level, will have 
the greatest individual and societal impact (52,53). In order to 
accomplish this, the interventions should focus on strength-
ening individual and community resilience rather than solely 
identifying and responding to individual ACEs by strengthen-
ing communities and reducing resource disparity. For example, 
child abuse prevention programs such as emergency nurseries, 
programs that provide referrals to services such as homeless 
shelters and food pantries, and increased availability of mental 
health and substance abuse treatment can reduce the risk for 
ACE events at the population level.

An increasing number of prevention and intervention 
approaches are becoming available at various levels: At the 
individual and family levels, primary prevention programs 
such as Circle of Security that improve parent–child attach-
ment can reduce ACE experiences such as child abuse and 
neglect (54). Other programs, such as the Period of Purple 
Crying prevent specific types of abuse, such as shaken baby 
syndrome (55).

Targeted primary prevention programs at the community 
and societal levels are rare. Three of 17 studies evaluating 
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universal campaigns measured child abuse as an outcome, and 
of these, two of the three studies found significant decreases 
(52). Triple-P or Positive Parenting Program is an example of a 
universal program that supports positive parenting at the indi-
vidual, family, community, and societal levels through targeted 
education and social campaigns (1).

Secondary strategies have been primarily focused at the 
individual and family levels. Child protective service agencies 
are one example, which are widespread but vary markedly in 
different countries and states and often address the most severe 
cases of child maltreatment. New programs that attempt to 
identify and respond to adverse experiences earlier, and before 
they are severe enough to require hospital treatment or an offi-
cial agency response, are growing in priority such as home vis-
iting programs that are found to be effective in reducing child 
abuse and neglect and improving family function (56).

Interventions such as psychological first aid (PFA) imple-
mented in nonfamily settings, such as schools or health facili-
ties, may provide the opportunity to identify effected children 
early and to increase program reach. Although originally devel-
oped as a response to disasters, PFA provides a framework that 
has been applied to other personal adverse experiences such as 
interpersonal violence and family trauma (57). PFA identifies 
children and their caregivers immediately after a life stressor 
and provides information, education, comfort, and support, 
which results in acceleration of recovery, promotion of mental 
health, and increased resiliency (58,59). Recently, the World 
Health Organization published “Psychological first aid: Guide 
for field workers,” which describes crises ranging from “war to 
natural disasters, accidents, fires, and interpersonal violence.” 
(60). Adults trained in PFA report increased knowledge, skills, 
and self-efficacy in applying skills to support youth with his-
tories of trauma (61,62). One study also reported PFA being 
effective in improving connectedness and stress among youth 
traumatized by a disaster, bullying, death or illness of a family 
member, or injury (59). Thus, PFA is an ideal program that 
may be delivered by all members of a trauma-informed organi-
zation, even by those without advanced mental health training.

In addition, parent-child interaction therapy (PCIT) and 
child parent psychotherapy (CPP) are also emerging evidence-
based treatment modalities to prevent and manage ACEs and 
their impact on the intrafamilial relationships as early as pos-
sible via a two-generational approach (63,64).

Cognitive behavioral therapy is the most common approach 
to reduce psychological symptoms from trauma that can be 
directed at all family members. Systematic reviews of the effec-
tiveness of cognitive behavioral therapy on adults show that is 
has some effect on reducing symptoms of posttraumatic stress 
disorder, depression, and anxiety and has the potential to 
change dysfunctions of the nervous system (65,66). New evi-
dence suggests that family approaches are best (67). Evidence 
for cognitive behavioral therapy for children is mixed, and 
increasing knowledge about the pediatric brain may help 
inform child-based approaches (68).

Other tertiary approaches are found predominantly in edu-
cational, medical, child welfare, and justice settings. TIC, which 
is being integrated in settings such as health care, service agen-
cies for high-risk families, and in correctional facilities, help 
service providers become aware of the effects of ACEs and how 
to integrate compassionate care. Although TIC is among the 
most prevalent strategies to address ACEs, few outcome evalu-
ation studies have been conducted (51,69–71).

Critical gaps exist in the evidence base for responding to 
ACEs, especially for primary prevention at the community 
and sociopolitical levels. Gaps in our foundational knowl-
edge about the global prevalence and cultural differences in 
response to ACEs also hinder prevention.

TRAUMA INFORMED CARE
TIC is considered a comprehensive multilevel approach that 
shifts the way organizations view and approach trauma. 
According to the Substance Abuse and Mental Health Services 
Administration (SAMHSA) (72),

“A program, organization, or system that is trauma-informed  
realizes the widespread impact of trauma and understands 

Table 1.  Primary, secondary, and tertiary response to adverse childhood events

Phase Goal Examples

Primary prevention Prevent the occurrence of adverse 
childhood events so that fewer children 
experience ACEs

•  Programs that prevent child abuse and neglect

•  Programs that increase family and community stability and resilience

•  Programs that teach positive and effective parenting skills

Secondary prevention Reduce the severity and acute 
consequences of the child adverse 
experience, thereby reducing the 
incidence of adverse outcomes 
associated with ACEs

•  �Programs that identify and intervene on families experiencing violence and abuse

•  Trauma informed care to identify and immediately intervene on ACEs

•  Psychological first aid that reduces psychological impact of trauma

Tertiary prevention Treat and reduce the long-term 
consequences of ACEs

•  �Trauma informed care in health care and service agencies that integrate past 
traumatic experiences into, for example, care for chronic illnesses

•  Programs that identify and reduce risky health behaviors associated with ACEs

•  Social marketing campaigns that build empathy with ACE consequences

These phases are cyclical and can influence each other. For example, an individual who has an ACE-related health outcome may be less likely to introduce ACEs into the life of their 
child if they have received trauma informed care to reduce the consequences of their health outcome.
ACE, adverse childhood experience.
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potential paths for recovery; recognizes the signs and 
symptoms of trauma in clients, families, staff, and others 
involved with the system; and responds by fully integrat-
ing knowledge about trauma into policies, procedures, and 
practices, and seeks to actively resist re- traumatization.”

The impetus for TIC stems from a realization that systems 
of care that serve children are often unaware of trauma expe-
riences of their clientele, which may lead to re-traumatiza-
tion and failure to provide appropriate referrals (73,74). TIC 
involves validation and recognition of the effects of traumatic 
events, common coping strategies, and effective treatments. 
Transforming organizations into trauma-informed systems 
entails organizational changes and the development of cultur-
ally sensitive infrastructure that is responsive to the needs of 
traumatized individuals (74).

The SAMHSA promotes the use of six broad principles for 
TIC (74):

1.	 Safety. Promoting a sense of safety involves a conscious 
effort to ensure that all members and clients of an orga-
nization are physically and emotionally safe.

2.	 Trustworthiness and transparency. Organizations must 
approach decisions with transparency and engender 
trust of staff and their clientele.

3.	 Peer support. Peers, which include family of traumatized 
children as well as individuals who have lived with his-
tories of trauma, can be critical resources for support.

4.	 Collaboration and mutuality. All members of an organi-
zation can equally contribute to the healing of children 
impacted by adverse experiences.

5.	 Empowerment, voice, and choice. Developing plans of 
action for clients requires patient-centered approaches 
that empower clients.

6.	 Cultural, historical and gender issues. Efforts must be 
culturally sensitive and free of prejudices based on biases 
and stereotypes.

Efforts to integrate these principles require support at the 
top levels of an organization and the implementation of poli-
cies and protocols to assure that trauma-informed activities 
are carried out by staff (51). As an example, the architecture of 
patient rooms and the physical environment must be inviting 
and pose no risk for re-traumatization.

Another essential component of TIC identified by SAMHSA 
and other researchers is the implementation of screening, 
assessment, and trauma treatment services to identify children 
who have experienced adversity (72,74). Adoption of trauma-
screening procedures should be coupled with screening for 
resiliency, family functional capacity, community-based 
resources, behavioral and neuropsychological assessments, 
and previous interventions for trauma (74).

Trauma-informed organizations must adopt trauma-specific 
interventions that work in concert with screening for trauma. 
Although SAMHSA provides a list of known trauma-specific 
interventions, most of which are based on psychosocial 

educational empowerment principals and require professional 
therapists for delivery, none are currently being endorsed as 
for use in concert with TIC (75). Others, however, are discuss-
ing the need for integrating specific evidence-based strategies 
such as parent-child interaction therapy and child parent psy-
chotherapy into trauma-informed systems that service youth 
who may have histories of trauma (64,72).

Implementation of TIC
A number of communities have embraced TIC to support 
children with adverse experiences. In 2000, Tarrant County 
in Texas formed a “mental health connection” collaboration 
of medical, county, city, and child health agencies and devel-
oped a strategic plan that involved the development of “learn-
ing communities” engaged in implementing local efforts in 
prevention, which included education and training; screening 
and referral through service agencies; and implementation of 
trauma-focused cognitive behavioral therapy sessions (33). 
The community State agencies are now beginning to adopt 
trauma-informed approaches, including the Oregon Health 
Authority and New York’s juvenile justice system (72).

In 2005, the National Center for Trauma Informed Care was 
created by SAMHSA to provide training and technical assis-
tance to support communities and organizations interested in 
becoming trauma-informed via in-person consultation and 
through virtual networks, and by providing materials, curricula, 
and resources (75). The Child Welfare Information Gateway is 
another agency providing support specifically to child welfare 
agencies to develop trauma-informed systems (76).

New research is emerging on the effectiveness of TIC in 
improving health care delivery. One study reported that pri-
mary care providers trained in TIC had increased patient-
centered interactions and patient satisfaction (69). Suarez et 
al. (77) reported early results of improved outcomes among 
at-risk girls serviced by Project Kealeahou in Hawaii. Centers 
from California, Massachusetts, Ohio, Wisconsin, Iowa, 
among others, are also implementing TIC in medical set-
ting with promising positive outcome results (64). Additional 
research is needed to fully understand the impacts of trauma 
informed approaches on children.
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