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 The common stressful and traumatic exposures affecting the (neuro)development 

of our children are referred to herein as adverse childhood experiences (ACEs).  Key among the 

constellation of these experiences is growing up in households affected by alcohol abuse.  It also 

includes experiencing abuse (emotional, physical, sexual), or neglect (emotional, physical).  Also 

in this constellation is witnessing domestic violence, and growing up with parental substance 

abuse, mental illness, discord, or crime in the home. 

 As a member of the Board of Scientific Advisors to the National Association for Children 

of Alcoholics, Dr. Anda was asked by NACoA’s Board of Directors to provide a perspective on 

what has been learned from the Adverse Childhood Experiences (ACE) Study.  This included the 

frequency, interrelatedness, and lifelong consequences of ACEs and an attempt to place the 

meaning of the findings from this Study into a broad, societal perspective. 

           The information presented in this handout is in the public domain (reference list)1-41 and  
 
does not necessarily reflect the viewpoints of any organization(s) with which Dr. Anda may  
 
currently be, or has previously been affiliated. 
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                                                   Executive Summary 

    The Adverse Childhood Experiences (ACE) Study is a decade-long and ongoing study designed 
to examine the childhood origins of many of our Nation’s leading health and social problems.  The 
Study represents collaboration between the Nation’s leading prevention agency, the Centers for 
Disease Control and Prevention (CDC) and the Kaiser Health Plan’s Department of Preventive 
Medicine in San Diego, CA.1-41

    The key concept underlying the Study is that stressful or traumatic childhood experiences such 
as abuse, neglect, witnessing domestic violence, or growing up with alcohol or other substance 
abuse, mental illness, parental discord, or crime in the home (which we termed adverse childhood 
experiences—or ACEs) are a common pathway to social, emotional, and cognitive impairments 
that lead to increased risk of unhealthy behaviors, risk of violence or re-victimization, disease, 
disability and premature mortality (Figure A).1-4,36,37  We now know from breakthroughs in 
neurobiology that ACEs disrupt neurodevelopment and can have lasting effects on brain structure 
and function—the biologic pathways that likely explain the strength of the findings from the ACE 
Study.1 

 

Figure A.-Conceptual Framework for the ACE Study 
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  We found that ACEs are common, even in a relatively well educated population of patients 
enrolled in one of the Nation’s leading HMOs.1,13,18,2336,37  More than 1 in 4 grew up with 
substance abuse and two-thirds had at least one ACE!  More than 1 in 10 had 5 or more ACEs!  
And we found that ACEs are highly interrelated.13  In order to assess the relationship of  the 
ACEs to health and social problems we developed the ACE Score,36.37 which is a count of the 
number of ACEs designed to assess their cumulative impact on childhood development and 
therefore, their impact on a variety of health and social priorities in our country. 
     What we found, using the ACE Score, stunned us even more.  As the ACE Score increases so 
does the risk of numerous health and social problems throughout the lifespan (See Figure below).  
These problems are a “Who’s Who?” list of problems that encompass the priorities of many 
agencies, public and private, that are working to prevent and treat a vast array of problems.1-41  A 
summary of the problems strongly associated with the ACE Score follows.   
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Adverse Childhood Experiences
As a National Health Issue

ACEs have a strong influence on:
-adolescent health
-teen pregnancy

-smoking
-alcohol abuse

-illicit drug abuse
-sexual behavior
-mental health

- risk of revictimization
-stability of relationships

-performance in the workforce

 
 
                                                                             And… 
 

ACEs increase the risk of:

-Heart disease
- Chronic Lung disease

- Liver disease
- Suicide
- Injuries

-HIV and STDs
- and other risks for the leading

causes of death

 
 
      This vast array of problems that arise from ACEs calls for an integrated, rather than a separate 
or categorical perspective of the origins of health and social problems throughout the lifespan.  
This approach to growing up with alcohol abuse and related ACEs, and to the consequences of 
exposure to them, may unify and improve our understanding of many seemingly unrelated health 
and social problems that tend to be identified and treated as categorically separate issues in 
Western society.  Development of more integrated approaches will likely contribute to more 
meaningful diagnoses, improved treatment of affected persons, and better integration of research 
priorities, preventive and social services, and legal venues.1,3  
       
      The ACE Study calls for an integrated approach to intervene early on children growing up 
with   alcohol abuse in the home and the abuse, violence, neglect, and the other ACEs that 
frequently co-occur in these homes.  Prevention and treatment of one ACE frequently can mean 
that similar efforts are needed to prevent and treat multiple persons in affected families.   
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Introduction 
 
     This overview focuses on key findings from the ACE Study, published in peer-reviewed 
scientific journals, with an emphasis on how growing up with alcohol abuse and/or illicit drug use 
in the home becomes part of a spectrum of damaging childhood experiences. These childhood 
traumas lead to a wide array of negative health and social consequences.   
    The key concept behind the design of the ACE Study is that risk factors for health and social 
problems are not randomly distributed in the US population.  We hypothesized that the 
experiences of childhood—specifically stressful or traumatic experiences that can negatively 
affect childhood development were fundamental underpinnings of the occurrence of these 
problems.  We sought to fill the “scientific gaps” using a whole life model as depicted in Figure 1, 
below.36,38

                                  

Figure 1-Conceptual Framework for the ACE Study. 
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It is important to recognize that: 

• Adverse childhood experiences (ACEs) are common. 
• ACEs tend to occur in clusters, rather than single experiences. 
• The cumulative impact of multiple exposures can be captured in an “ACE Score”. 
• The ACE score likely captures the cumulative (neuro)developmental consequences of 

traumatic stress. 
•  The ACE Score has a strong, graded relationship to numerous health, social, and 

behavioral  problems throughout a person's lifespan 
• These ACE-related problems tend to be co-morbid or co-occurring 

 
These points will be highlighted in the course of this review. 
 

 



 5
Design of the ACE Study 

     The Adverse Childhood Experiences (ACE) Study is the largest of its kind ever conducted both 
in size and scope of information collected.  It examines the health and social effects of adverse 
childhood experiences throughout the lifespan and is an ongoing, decade-long collaboration 
between the Division of Adult and Community Health at the Centers for Disease Control and 
Prevention (CDC) and Kaiser Permanente’s Department of Preventive Medicine in San Diego.  
The relationship of these experiences to a wide range of health and social problems throughout the 
lifespan has been, and continues to be, described by the ACE Study team.1,36,38 

         During two survey “waves” conducted during 1995 to 1997, 17,337 predominantly well 
educated, middle-class members of the Kaiser Permanente Medical Care Program in San Diego, 
California agreed to participate in the Study, as part of a comprehensive medical evaluation.38   
Prospective assessment of the relationships of ACEs to health care utilization, rates of 
pharmaceuticals prescribed, disease incidence, and causes of death is an ongoing focus of the 
Study (Figure 2).   

Figure 2.—Design of the ACE Study 
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     The ACE study population included 9,367 (54%) women and 7,970 (46%) men (total 
sample=17,337). Their mean age was 56 years.  Seventy-five percent were white, 39% were 
college graduates, 36% had some college education, and 18% were high school graduates.  Only 
7% had not graduated from high school.1,13

      The Study assessed 10 categories of stressful or traumatic childhood experiences.13  The 
experiences chosen for study were based upon prior research that has shown them to have 
significant adverse health or social implications, and for which efforts in the public and private 
sector exist to reduce the frequency and consequences of their occurrence.   
       Prior research into the effects of childhood maltreatment and related experiences (including 
witnessing domestic violence) has tended to focus on only one or two categories of experience, 
such as physical or sexual abuse or domestic violence, and has generally focused on a limited 
range of outcomes.  The ACE Study is unique not only because of its size, but because it was also 
designed to assess the relationships of a broad range of adverse childhood experiences (ACEs) to 
a wide range of health and social consequences.   
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The 10 ACEs studied are as follows: 

• Childhood abuse  
 -Emotional 
 -Physical 
         -Sexual 
•  Neglect  
 -Emotional 
 -Physical 
•  Growing up in a seriously dysfunctional household as evidenced by: 

                                 -Witnessing domestic violence 
                                 -Alcohol or other substance abuse in the home 
                                - Mentally ill or suicidal household members 
                                - Parental marital discord (as evidenced by separation or divorce) 
                                - Crime in the home (as evidenced by having a household member       
                                   imprisoned)                                    

ACEs Are Common 

     The first important conclusion to be drawn is that  adverse childhood experiences are very 
common, even in this well-educated, predominantly middle-class study sample (Figure 3, 
below).1,13,36,38  Moreover, ACE Study estimates of the prevalence of childhood exposures to 
physical and sexual  abuse are similar to population-based surveys.  A national telephone survey 
of adults conducted by Finkelhor et al.43 used similar criteria for childhood sexual abuse and 
determined that 16% of men and 27% of women had been sexually abused; in the ACE Study 
cohort 16% of men and 25% of women in our sample had experienced contact childhood sexual 
abuse. In our study, 30% of the men had been physically abused as boys; this closely parallels the 
31% prevalence recently found in a similarly structured population-based study of Canadian men44 
The similarity of the estimates from the ACE Study to those of population-based studies suggests 
that our findings would be applicable in other settings.    

 

Figure 3. – Prevalence of Adverse Childhood Experiences1,13 

Adverse Childhood Experiences Are Common
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Emotional                                  15%
Physical                                     10%



 7
ACEs are Highly Interrelated 

     Probably as a result of the categorical approaches to the various ACEs, at the time that the ACE 
Study was designed relatively little was known about the co-occurrence of the 10 ACE categories 
chosen for study.  Even less was known about the cumulative impact of multiple different 
exposures.  Because initial analyses of the data showed that ACEs tended to be highly 
interrelated,13,36,38 we described their co-occurrence in detail.13  Figures 4 and 5 illustrate how 
growing up with alcohol abusing parents is strongly related to the risk of experiencing other 
categories of ACEs.13    

     
Figure 4.-Alcohol Abuse and the Risk of Childhood Abuse 
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Figure 5.-Alcohol Abuse in the Home and the Risk of Other ACEs 
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The Occurrence of One ACE Should Evoke a Search for Others 

   Table 1 shows the probability (%) of experiencing additional ACEs based upon the occurrence of 
each individual category of ACE.5   In the case of persons who had grown up with household 
substance abuse,  81% reported at least one additional ACE and the majority had experienced 2 or 
more ACES. In the entire study population, 81%-98% of respondents who had experienced one 
ACE reported at least one additional category of ACE (median: 87%).13    
 
Table 1.-Prevalence of Each Category of Adverse Childhood Experience and Likelihood of Other 
ACEs13

Additional ACEs (%) 

      ACE category 0 ≥ 1 ≥ 2 ≥ 3 ≥ 4 ≥ 5 ≥ 6 

Abuse        

Emotional 2 98 90 77 62 42 25 

Physical 17 83 64 46 32 20 12 

Sexual 22 78 58 42 29 19 12 

Neglect        

Emotional 7 93 79 63 47 32 19 

Physical 11 89 75 61 50 37 24 

Household dysfunction        

Parental separation or divorce 18 82 61 43 30 19 12 

Household substance abuse 19 81 60 41 29 18 11 

Household mental illness 16 84 65 48 34 21 13 

Battered Mother 5 95 82 64 48 32 20 
Crime 10 90 74 56 43 30 23 

    Median 13.5 86.5 69.5 52.0 38.5 25.0 16.0 
    Range 2-22 78-98 58-90 41-77 29-62 18-42 11-25 

 
 
   Thus, ACEs are highly interrelated; the occurrence of one should evoke a search for others.  
In addition, this interrelatedness made assessment of the effects of single ACEs on health and 
social well-being illogical. 
 

The ACE Score 
 
     Because adverse childhood experiences are highly interrelated, we developed the ACE Score as 
a measure of the cumulative exposure to abuse, neglect, alcohol and other substance abuse, 
domestic violence and other forms of serious household dysfunction.1,13,36,38 Exposure to any ACE 
category (Table 1, above) counted as one “point” on the Score; the number of categories of adverse 
experience were then summed.  The ACE Score therefore ranged from 0 to 10. The ACE Score 
indicates, in summary form, the amount of exposure to the ten categories of adverse experience in 
childhood and adolescence.  There was no further scoring within a category.  Statistical analysis has 
confirmed that the observed number of respondents with high ACE scores was notably higher than 
the expected number under the assumption of independence of ACEs (p<.0001).13  The prevalence 
of the ACE Scores by gender is presented in Table 4.13  Two-thirds of participants reported at least 
one category of ACE.   One in ten people had an ACE Score of 5 or more; higher ACE Scores are  
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somewhat more common in women.  Even in this well educated population of HMO patients, less 
than one-third had an ACE Score of 0!  Or from the perspective of a provider of health or social 
services in this population 1 or 2 out of every ten adults seen have an ACE Score of 5 or more! 
 
Table 4.  Prevalence of the ACE Score by Gender 

 Prevalence (%) 
 Women Men Total 
ACE Score    
  0 31.3 34.2 32.7 
  1 24.2 27.3 25.6 
  2 14.8 16.4 15.5 
  3 10.4  9.3  9.9 
  4  6.8  4.8  5.9 
  >5 12.5  8.0 10.5 
 
 
    

The ACE Score Has a Graded Relationship to Numerous Health and Social Outcomes: 
An Indicator of the Effects of Cumulative Stress on (Neuro)Development 

 
 The relationship of the ACE Score to a wide range of health, emotional, and social 
outcomes has been described.1-41   It is noteworthy that the use of the ACE Score as a measure of 
the cumulative exposure to traumatic stress during childhood is consistent with more recent 
understanding, from the neurosciences1,45 of the effects of traumatic stress on neurodevelopment.  
Neuroscientists have linked childhood maltreatment--using experimental animal models as well as 
case-control studies in humans--to long-term changes in brain structure and function, involving 
several inter-connected brain regions including the prefrontal cortex, hippocampus, amygdala, 
corpus callosum, and cerebellum.46-51  Early stress is also associated with lasting alterations in 
stress-responsive neurobiological systems, including the hypothalamic-pituitary-adrenal axis and 
monoamine neurotransmitter systems; these lasting effects on the developing brain would be 
expected to affect numerous human functions into adulthood including (but not limited to) 
emotional regulation, somatic signal processing (body sensations), substance abuse, sexuality, 
memory, arousal, and aggression.52-57 
   Numerous publications have documented a graded or “dose-response” relationship between the 
number of categories of ACEs (ACE Score) and a wide variety of health and social problems of 
national importance.1-41  I consider the “dose-response” findings quite literally; the ACE Score 
appears to capture cumulative exposure of the developing brain to the activated stress response, 
which is the pathway by which ACEs exert their neurobiological impact.  This “dose response” 
relationship is evident in the figures that follow in the next section; as the ACE Score goes up, so 
does the risk of problems from adolescence to adulthood. 
  
Relationship of the ACE Score to Alcohol Use and Abuse 
     One of the strongest relationships seen was between the ACE score and alcohol use and abuse 
(Figure 5).2,25   Given recent research indicating the negative impact of alcohol use on 
neurodevelopment of adolescents, the relationship of ACEs to early initiation of alcohol use is 
particularly worrisome. The negative health and social consequences of alcohol abuse and 
alcoholism constitute a major public health problem—and ACEs have a particularly strong 
association with alcohol abuse.  In addition, it is notable that the perpetuation of the cycle of 
alcohol abuse appears to be tightly interwoven with the number of ACEs, including marriage to an 
alcoholic. 
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Figure 6.- Relationship of the ACE Score to Alcohol Use and Abuse 
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The ACE Score and Risk Factors for HIV/AIDs 
 

  The risk factors for transmission of the Human Immunodeficiency Virus (HIV), the causative 
agent of the AIDS epidemic are now well known.  What appears to be less well known is that ACEs 
are a major hidden “engine” underlying these preventable risk factors for the transmission of HIV 
(Figure 6).  Injected drug use, promiscuity (defined as having had 50 or more lifetime intercourse 
partners), and ever having a sexually transmitted disease (including AIDs), all increase dramatically 
as the ACE Score increases.11,16,29,35,38  

 
Figure 7.- The ACE Score and Risk Factors for HIV/AIDs 
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The ACE Score, Smoking, and Chronic Obstructive Pulmonary Disease 
 

      Cigarette smoking is the leading cause of preventable morbidity and mortality in the United 
States. Unfortunately, as with initiation of alcohol use, ACEs increase the likelihood of early 
smoking initiation.36  Moreover, ACEs lead to continued smoking and the risk of Chronic 
Obstructive Pulmonary Disease (COPD; one of the 10 leading causes of death in the US).36,38

 
Figure 8.--Relationship of the ACE Score to Smoking and COPD 
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ACEs, Depression, and Suicide Attempts (Figure 8) 
 

     Depression is now recognized to be a leading cause of disability worldwide, and ACEs bear a 
strong relationship to this common mental health problem; the relationship is equally strong for 
both men and women.15  Suicide is a leading cause of death in the US with a “bimodal” age pattern 
of attempts—one peak in adolescence and one in middle age.  Here also, ACEs have a powerful 
graded relationship to the risk of suicide attempts; this holds for attempts by men and women and 
attempts during adolescence or adulthood.34
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         Figure 9, - Relationship of the ACE Score to Depression and Suicide Attempts 
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 By now it should be obvious that the long term human costs of ACEs are enormous and that the 
problems associated with these problems also translate into costs of health care, disability, and 
social services.  Now, let’s turn to two examples where the costs—in economic terms—are most 
obvious. 
 

 
 

ACEs Affect Worker Performance 
      
     Inasmuch as ACEs affect the health and well-being of the workforce, they are a hidden drain on 
profitability for corporate America.  The human and economic costs of the long-term effects of 
adverse childhood experiences on the workforce are likely major and merit attention by the 
business community in concert with the modern practice of medicine and public health. Recent 
studies estimated annual costs as high as $28 billion for chronic back pain for US businesses,58 $30-
$44 billion for depression and related absenteeism, reduced productivity, and medical expenses,59 
and $246 billion for chemical dependency in the workforce.60  These massive losses occur despite 
safety programs and the most expensive medical care system in the world.61   If these areas are 
indeed related to the performance of the workforce, profitability of businesses and even national 
productivity are likely to be affected as well.   
    Absenteeism, financial problems, and self-reported problems on the job are all indicators of 
impaired productivity that are expensive and are also indicators of ACE related problems such as 
alcohol abuse, chronic pain, mental health disorders, and others.  Figure 9 displays the relationship 
of ACEs to these indicators of reduced worker productivity.10

 
 

 
 

Figure 10.-ACEs and Indicators of Impaired Worker Performance 
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ACEs and Direct Health Care Costs—Prescription Pharmaceuticals 
 

      Nearly $180 billion were spent on prescription drugs in the United States in 2003.  This 
represents approximately 11% of total national health expenditures and was more than four times 
the amount spent in 1990.62  One of the most rapidly rising set of prescribed drugs is 
antidepressants; how do ACEs affect their use? 

 
Figure 11.-The ACE Score and Rates of Antidepressant Prescriptions4
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       Given the results of the ACE Study, what are the human, social, and economic costs of 
the high prevalence, interrelatedness, and long-term consequences of Adverse Childhood 
Experiences? 
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Implications 

 
    The effects of ACEs are long-term, powerful, cumulative, and likely to be invisible to health care 
providers, educators, social service organizations, and policy makers because the linkage between 
cause and effect is concealed by time, the inability to “see” the process of neurodevelopment, and 
because effects of the original traumatic insults may not become manifest until much later in 
life.1,3,36,38  When a child is wounded, the pain and negative long-term effects reverberate as an echo 
of the lives of people they grew up with—and then they grow up, at risk for taking on the same 
characteristics and behaviors—thereby sustaining the cycle of abuse, neglect, violence and 
substance abuse, and mental illness.   For example, ACEs greatly increase the risk of adult alcohol 
abuse or marriage to an alcoholic,25  perpetuating the adversities and their consequences.28 Thus, 
growing up with alcohol abuse contributes to many of the leading chronic health and social 
problems in the United States. 
        Information from the ACE Study suggests that traumatic stressors during childhood and 
adolescence represent a common pathway to a variety of important long-term behavioral, health, 
and social problems (see Appendix, page 22).   Thus, an integrated rather than a separate or 
categorical, perspective on the origins of health and social problems throughout the lifespan is 
needed.  This approach to alcohol abuse and related ACEs, and to the consequences of exposure to 
them, may unify and improve our understanding of many seemingly unrelated health and social 
problems that tend to be identified and treated as categorically separate issues in Western culture. 
     The ACE Score appears to be a robust of the cumulative, lifetime impact of traumatic stress on 
neurodevelopment in childhood.  Stressful and traumatic childhood and adolescent experiences 
literally become “biology” affecting brain structure and function (as well as endocrine, immune, 
and other biologic functions) thus leading to persistent effects.  Until now, these persistent effects 
were “hidden” from the view of both neuroscientists and public health researchers.   This is no 
longer the case.  In fact, with this information comes the responsibility to use it.40

     These links between childhood experience and adult health and social function have significant 
implications for health and social services.  We found that adults who reported any single category 
of adverse childhood experience were likely to have suffered multiple other categories during 
childhood.  Therefore, assessment of exposure to other ACEs is important when working with 
children or adults identified as having had any single type of ACE. Children experiencing alcohol 
abuse in the home should be screened for other types of maltreatment and traumatic stressors—and 
vice versa!  This information, if routinely gathered will likely contribute to more meaningful 
diagnoses, earlier and improved treatment of exposed children and their caretakers, and better 
integration of prevention, social services, and legal venues.        
     Facing the high prevalence and interrelatedness of ACEs is going to be tough.  Categorical 
approaches to the individual ACEs as well as the health and social problems strongly related to 
them tend to be “siloed”.  However, the professions, research priorities, organizations, and 
resources that are necessary to healing frequently exist in “silos”--separate, often competitive rather 
than collaborative, entities, each preserving and advancing the resources and work that is 
historically "theirs".  While this is understandable, to succeed, we must make this "ours", a team 
effort that reaches beyond traditional boundaries and borders. 
     Prevention and remediation of our nation’s leading health and social problems are likely to 
benefit from integrated approaches that incorporate information about their common origins in the 
enduring neurodevelopmental consequences of growing up with alcohol abuse and related adverse 
experiences during childhood. 
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Appendix—Detailed Listing of Health and Social Problems Shown to Have a Graded Relationship 
to the ACE Score.* 
 

Type of Problem Outcomes Associated with Adverse Childhood Experiences 

 
Prevalent Diseases 

 
Ischemic heart disease14,28 cancer,38 chronic lung disease,38 
skeletal fractures,38 sexually transmitted diseases,35,38 and liver 
disease11,38

 
 
Risk Factors for Common 
Diseases/Poor Health 

 
Smoking,1,36,38 alcohol abuse,1,2,11,19,25,38 promiscuity,1,29,35,38 
obesity,26,38 illicit drug use,1,16,38 injected drug use, 1,26,38  
multiple somatic symptoms,1 poor self-rated health,38 high 
perceived risk of AIDS29

 
 
Poor Mental Health 

 
Depressive disorders,1,14,15,36,38 anxiety,1 hallucinations,1,8 
panic reactions,1 sleep disturbances, 1 memory disturbances, 1,31 
poor anger control,1 risk of perpetrating or being a victim of 
domestic violence 1,17

 
 
Sexual and Reproductive Health 

 
Early age at first intercourse,1,38 sexual dissatisfaction,1 teen 
pregnancy,9 unintended pregnancy,27 teen paternity,27,32 fetal 
death9

 
 
General Health and Social 
Problems 

 
High perceived stress,1 difficulty with job performance,10 
relationship problems,10 marriage to an alcoholic25

 
 
 

* A complete bibliography of ACE Study publications listed by topic area is available online at 
http://www.cdc.gov/nccdphp/ace/  
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