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Abstract: The accumulation of adverse childhood experiences (ACEs) has been found to be highly associated with long-term chronic health outcomes and health risk behaviors in adulthood. The 2009-2010 Allegheny County Health Survey (ACHS) allowed for the detailed analysis of ACE burden in Allegheny County. For the first time, ACE exposures were studied in Allegheny County using exposure definitions established in the original ACE Study. Using a mixture of frequency and multivariate logistic regression analysis, the prevalence ACEs, interrelatedness of exposures, and the cumulative effect of ACEs on health outcomes were studied. ACEs were prevalent in Allegheny County. Nearly 2 in 5 respondents reported at least one trauma category. All exposure categories were highly interrelated with one another, with emotional and physical abuse being the most interrelated. Sexual abuse was also found to accumulate the most additional exposures. The accumulation of ACE exposures greatly increases the odds of developing CHD, suffering current mental distress, and having self-rated fair or poor health. However, differing individual exposures were found to be more important than others in the development of certain health outcomes. Increased understanding of the relationship between ACE exposures and long term chronic health outcomes and health risk behaviors has important public health significance, as it will lead to further refined and targeted interventions and heightened awareness.
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[bookmark: _Toc280521033]Section 1: Background
	Life course perspective is a conceptual framework connecting poor health outcomes and health behaviors in adulthood to the accumulation of emotional and physical stressors early in life.1 Depending on the timing, frequency, and severity of these experiences, an individual may be at an increased risk for poor health status as an adult.1 A collection of childhood exposures known as Adverse Childhood Experiences (ACEs) has been developed to assess the lasting impact of childhood abuse and trauma. In the original 1997 ACE Study, completed in San Diego by Felitti, et al., seven ACE categories comprising ten questions were created using a collection of existing published childhood trauma instruments.2 The exposure categories included psychological, physical, and sexual abuse questions, as well as household dysfunction categories including substance abuse, mental illness, domestic violence against the mother, and criminal behavior of a household member.2 Over 17,000 adults in the Kaiser Permanente health-maintenance organization (HMO) were surveyed about their current health status and ACE exposures that occurred before the age of 18.3 The study found associations between these exposures and numerous health risk behaviors and chronic health conditions later in life.2 In addition, the accumulation of multiple exposures produced a strongly graded dose-response effect for many of the outcomes studied.2
The ACE study and its significant findings paved the way for monitoring ACEs at the national level in the United States. The 2009 Behavioral Risk Factor Surveillance System (BRFSS) marked the first time the Centers for Disease Control and Prevention’s (CDC) included ACE questions in optional questionnaire modules.4 Arkansas, Louisiana, New Mexico, Tennessee, and Washington were the initial five states to query survey respondents on ACE exposures. Since the ACE module’s introduction in 2009, numerous additional states have opted to include the ACE module in more recent BRFSS surveys.5
The Allegheny County Health Department (ACHD) became one of the first local health departments to collect county-level ACE data as part of the 2009-2010 Allegheny County Health Survey (ACHS).6 The collection of ACE data at the local level offers a unique opportunity to assess the current burden of ACEs in Allegheny County and the impact these adverse exposures are having on the health of the region.
[bookmark: _Toc280521034]1.1 Current Literature
The ACE study was designed to assess long-term health effects of cumulative exposures to physical, emotional, and sexual abuses, household dysfunction, and in later studies, additionally neglect and divorce.2 In addition to the original ACE study, the Centers for Disease Control and Prevention has identified 55 further publications that analyze adverse childhood experiences exposure outcomes.7 Nineteen of these studies detail chronic disease and mental health outcomes, and a further ten assess health risk behaviors.7 Numerous other studies analyze associations between ACE exposures and reproductive health and intimate partner violence.7 The “ACE Score” is a critical focus of nearly all studies as it allowed the cumulative effect of multiple exposures to be captured in relation to health outcomes. However, limited analysis of the effect of individual and combinations of ACE exposures on outcomes has been done.
[bookmark: _Toc280521035]1.1.1 Initial Study Findings
A San Diego, CA medical weight loss clinic designed for quick weight loss in the morbidly obese offered initial insight into the connection between detrimental childhood experiences and poor health in adulthood.8 The clinic successfully treated thousands of patients, yet a small subset of 286 patients either dropped out of the program for no explained reason or exhibited strong emotional or physical intolerance to the quick weight loss.8 Exploration into the life history of these cases by Dr. Vincent Felitti, a medical doctor at the clinic and future primary investigator of the ACE Study, found a high prevalence sexual abuse and household dysfunction while growing up. 8 For these participants, obesity and compulsive eating was found to merely be a coping mechanism for past traumatic experiences and the loss of that protective barrier during the weight loss program was both physically and sexually traumatizing.8 Obesity was a physical sign of psychosocial conflicts plaguing the patient.8 Such a counterintuitive finding generated further interest in the role of childhood trauma on poor quality of wellbeing later in life. The ACE Study was developed and carried out shortly thereafter to describe these associations.
The initial findings of the ACE Study found individual ACE exposures to be highly prevalent in the Kaiser Permanente population.2 Frequent emotional abuse and physical abuse were found to have prevalences of 11.1% and 10.8% respectively, while 22.0% reported being sexually abused at least once as a child.2 Over 25.2% of respondents reported alcohol or drug use in the home when growing up and 18.8% reported they grew up with someone was who mentally ill.2 The reported prevalence of being a frequent witness to domestic abuse was 12.5%. The least prevalent ACE category was imprisonment of a household member, with only 6.0% reporting the exposure.2 The mean respondent age was 56.1 years. Just over half of respondents were women and 79.4% were white.3 One important aspect of these findings is every participant in the study population had access to health care.3 Additionally, the group was overall highly educated.3 Over 76% of participants had at least some college education and only 7% failed to complete high school.3 Surveyed participants were described as “doing better” than the general population.3
[bookmark: _Toc280521036]1.1.2 Exposure Associations with Health Risk Factors
Health risk factors, such as obesity, smoking, alcohol consumption, and various forms of risky drug and sexual behaviors, were all found to be associated with ACE exposures.2 One study assessing alcohol consumption by Dube, et al. found a significant and graded relationship between ever consuming alcohol and the accumulation of ACE exposures. Those who suffered 4 or more exposures were 3.2 times more likely to have ever consumed alcohol compared to someone with no exposures.9 Of particular interest is age at initiation of alcohol use. The odds of initiating alcohol consumption before age 14 were 6.2 times higher for those with 4 or more exposures compared to 0 exposures.9 Additionally, every individual exposure was significantly associated with initiation before age 14.9 When looking at generational effects, there was a strong graded relationship for both ever-consuming alcohol and beginning in early adolescence with increasing ACE Score dating back to 1900.9 This indicates there is no generational effect associated with alcohol consumption.9
Smoking was only moderately associated with individual ACE exposures for both the odds of early initiation before age 18 and currently smoking, with most effect sizes lying below 2.0 for both analyses.10 However, a strong graded cumulative relationship exists for early initiation and ever smoking.10 Just two exposures increased the odds of initiating smoking before age 18 by 2.2 times and 5.4 times given 5 or more exposures.10 Five or more exposures increased the odds of ever smoking by 3.1 times.10 Interestingly, no apparent cumulative trend was seen for initiating smoking after age 18.10 However, the authors failed to hypothesize why. Like smoking, obesity increases the risk of numerous chronic health conditions.11 Adults who reported sexual and verbal abuses, as well as fear of physical abuse and actual physical abuse, were generally 0.6 to 4.0 kg heavier than someone without the abuses.11 The relative risk of a BMI ≥30 with 4 abuse exposures of any severity was 1.22 and 1.80 for a BMI ≥40.11
A 2003 study by Dube, et al. found a 2 to nearly 4-fold increased likelihood of initiation of illicit street drug use before age 14 with every ACE exposure category and an increased likelihood of any illicit drug use in one’s lifetime. The odds of illicit drug initiation before age 14 were 9.9 times higher for someone reporting 5 or more exposures compared to someone with no exposures.12 The ACE score exhibited a graded dose-response trend with addiction to illicit drugs.12 Those who reported 5 or more exposures were 7.7 more likely to report ever having an illicit drug addiction and 6.5 times more likely to report every having a drug problem.12 Little difference in ACE Score trends between birth cohorts indicates the strong graded effects of the accumulation of exposures transcend secular change between generations. 12
[bookmark: _Toc280521037]1.1.3 Exposure Associations with Select Health Outcomes
The first published article of the original ACE study found significant associations between cumulative ACE Scores and many chronic health outcomes.2 Three conditions, ischemic heart disease (IHD), chronic obstructive pulmonary disease (COPD), and lung cancer, are of particular importance as they are associated with high rates of mortality and morbidity.13 One ACE study focusing on IHD found significant, yet modest associations between the development of the disease and every individual exposure, except for parental divorce.14 The odds of IHD ranged from 1.3 times higher for those reporting substance abuse to a 1.7 for those reporting either emotional abuse or crime in the household when adjusting for demographic confounders.14 ACE exposures were also found to be significantly associated with known risk factors of IHD, such as diabetes, hypertension, smoking, obesity, physical inactivity, anger, and depression.14 After adjusting for these known risk factors, cumulative exposures were still significantly associated with the development of IHD beginning with an ACE score of 3 (OR=1.3) and steadily increasing to an adjusted odds ratio of 2.3 for those reporting 7-8 exposures.14 
In a study of ACE associations with COPD, a graded dose-response was seen with the accumulation of ACE exposures for both occurrence of self-reported COPD and hospitalization for COPD, even after adjustment for known risk factors of COPD.15 Those with 5 more ACE exposures were found to be at a 2 times higher risk of hospitalization due to COPD.15 Interestingly, the results indicated that smoking is not the primary mediator between the ACE and COPD relationship.15 One interesting finding of the study is that the mean age of hospitalization for COPD decreased as the ACE score increased.15 Occurrence of lung cancer followed similar trends to those seen in COPD patients.16 A grade ACE score response was seen for smoking status.16 Those reporting 6 or more exposures had 7.06 times higher odds of early smoking initiation and 3.27 times higher odds of ever smoking compared to someone with no exposures.16 After adjusting for smoking history, the relative risk of lung cancer incidence once again followed a graded response to ACE score, with those reporting the most exposures being at a 2.14 times high risk.16 
The likelihood of hospitalization with an autoimmune diseases, such as rheumatoid arthritis and insulin-dependent diabetes mellitus, rises by 20% for each increase of the ACE score and the odds of frequent headaches increase two-fold for someone with an ACE Score of 5 or more compared to someone with 0 exposures.17,18 Significant positive associations of lifetime history and current depressive disorders in both men and women with emotional abuse, physical abuse, and sexual abuse have been found.19 In line with previous literature on depression, associations for women were generally stronger than men, with the odds of a lifetime depressive disorder being highest for emotional abuse (men OR=2.5; women OR=2.7).19 When adjusting for growing up with someone who was mentally ill in the home, the odds of a lifetime history of depressive disorder is 3.7 times higher for someone exposed to 5 or more exposures among women and 1.7 times higher among men.19 A strong graded relationship was seen across exposure levels.19 The authors argue that ACEs are a strong indicator of later-life depression.19
[bookmark: _Toc280521038]1.1.4 Exposure Interrelatedness and the Basis of the ACE Score
In a 2003 study by Dong et al. utilizing the full 10-exposure category ACE questionnaire, all ACE exposure categories were found to be significantly associated with one another.20 Persons who reported one exposure had a 2 to 18 fold higher likelihood of reporting an additional exposure.20 A person with any one reported exposure was likely to have two to four additional reported exposures.20 The authors also computed the expected distribution of ACE Scores under the assumption that exposures were independent from one another.20 A U-shaped distribution ratio between observed and expected ACE score prevalences was found, indicating persons with no ACE exposures and persons with higher accumulations of exposures were observed more frequently.20 The co-occurrence of multiple ACE exposures indicates that exposures are not isolated incidents and instead are more likely to occur in clusters.20 The U-shaped distribution finding was argued as validation of the ACE Score as an accurate measure of the cumulative effect of ACE exposures.20
However, the ACE Score is still just merely a sum of reported exposure categories and will treat the effect each individual exposure on health and behavior outcomes equally. While the basis of the ACE Score is built on the life course perspective that the accumulation of stressors will ultimately lead to poor outcomes, such a simplified cumulative model loses import information regarding the effect of the specific abuses being reported. Some research has shown individual and combinations of exposure categories in the ACE study in to be inherently worse than others and may illicit stronger effects on outcomes. One study of common child abuse categories found the combination of physical neglect, physical abuse, and verbal abuse to have the greatest impact on children developmentally.21 Additionally, the ACE Score is unable to fully quantify the severity or degree of the abuse. Adult health outcomes are not solely dependent on the type of abuse, but also the extent of abuse.22 More aggressive and frequent abuse has been reported with higher incidence of adult trauma symptoms.22 This has lead one researcher to state that it would be more meaningful to focus on the degree and severity of abuse, rather than the type, as these measures appear to be driving health outcomes.22 An additional study analyzing outcomes at different severity levels of physical and sexual abuse found similar associations.23 The ACE Study questionnaire only quantifies the frequency of the abuse, not the severity of the abuse. While the interrelatedness between exposures does allow the ACE Score to remain meaningful, there is an important level of detail that is not met by the purely cumulative measure. 
[bookmark: _Toc280521039]1.2 Previous Findings in Allegheny County
	ACE burden in Allegheny County has previously been described for select health outcomes and health risk behaviors.24 The results of the analysis reveal ACE exposures are associated with many health and behavioral risk factors in Allegheny County. A graded dose-response is seen with the accumulation of ACE exposures for CVD, diabetes, cancer, and obesity.24 Four or more exposure categories increase the odds of cancer and diabetes by 38%, while the odds of obesity increase by 57%.24 The effect of the increasing accumulation of ACE exposures is much more pronounced in the development of CVD, with the odds of CVD 2.7 times higher in those with 4+ exposures compared to those with no exposures.24
	The odds of serious mental illness, multiple sex partners, ever having smoked, having a venereal disease, life dissatisfaction, and alcohol abuse all have strong graded positive associations with the accumulation of ACE exposures.24 Reduced perceived quality of wellbeing measures and mental illness are the most strongly associated with ACE exposures.24 Population attributable risk (PAR) calculations found ACE exposures to be a main driver of poor health and health behaviors in Allegheny County.24 Over 41.3% of serious mental illness can be attributed to ACE exposures, as well as 26.1% of CVD.24 The elimination of ACE exposures would significantly reduce the prevalence and burden of many common health outcomes and health risk factors in Allegheny County.24
[bookmark: _Toc280521040]1.3 Public Health Significance
The public health significance of ACE exposures is twofold: the abuse itself and the outcomes of that abuse. When analyzing the results of ACE data it is easy to focus solely on the effect sizes and fail to realize the real life trauma suffered by respondents during childhood. The high prevalence of ACE exposures reported in the Kaiser Permanente studies only reaffirm the fact that trauma of abuse during childhood remains a rampant social issue in the United States. However it is the toxic mix of high exposure prevalences in addition to the strong associations with risky behaviors and health outcomes that make ACEs such a threat to public health. These exposures are highly interrelated and produce a graded cumulative risk when multiple exposures occur. With such a large number of individuals having been exposed to abuses that have strong associations with long-term chronic illness and reduced wellbeing, ACEs place an excessive burden on the US healthcare system and social welfare programs. Addressing this public health threat should be a top priority for health agencies nationwide.
[bookmark: _Toc278140042][bookmark: _Toc280521041]Section 2: Objective
	The aim of this study is to build on previous ACHS ACE analysis and examine the prevalence, interrelatedness, and associations with health outcomes utilizing exposure definitions established in the original ACE Study. Such analysis will allow the most direct comparisons of the results between the ACE Study and ACHS to date. The usefulness of the ACE Score will also be assessed in the form of multivariate logistic regression. Results from this study will permit the further understanding of ACE exposure dynamics in Allegheny County and allow public health agencies, healthcare centers, and community welfare agencies to better address this public health threat though the refinement of targeted childhood trauma interventions and policies.
[bookmark: _Toc278140043][bookmark: _Toc280521042]Section 3: Methods
[bookmark: _Toc278140044][bookmark: _Toc280521043]3.1 ACHS Overview
The 2009-2010 ACHS was conducted in an effort to acquire detailed and representative health, behavioral, socioeconomic, and demographic data for Allegheny County.6 The ACHS questionnaire was developed from the CDC BRFSS 2009 core module questionnaire, select CDC BRFSS 2009 optional module questionnaires, and questions requested by community partners and survey funders. Interviews were conducted via landline telephone with adults ages 18 years and older.6 The sample design was based on the disproportionate stratified sampling scheme used by the CDC BRFSS.6 Marketing Systems Group (MSG) developed 100-series telephone number banks containing at least one known Allegheny County residential landline telephone number.6 A total of 81,403 telephone numbers were compiled for sampling.6 Random digit dialing methodology was used to sample the telephone banks, with higher sampling rates of listed residential lines.6 Oversampling of telephone banks associated with areas known to have a higher incidence of minority and low-income respondents was also performed to ensure accurate and representative response data was collected for these groups and to allow for comparative and sub-population analyses.6 Once a household was selected, an algorithm randomly selected one person over the age of 18 in the household to interview.6 A total 5,442 phone interviews were conducted over a 13-month period from August 2009 to September 2010.6

[bookmark: _Toc279819328]Table 1: ACHS Demographic Composition
	
	Raw N
	Adj %

	Total
	5442
	100%

	
	
	

	Gender
	
	

	Male
	1790
	46.96%

	Female
	3652
	53.04%

	
	
	

	Age
	
	

	18-24
	191
	12.09%

	25-34
	517
	13.27%

	35-44
	701
	16.06%

	45-54
	1038
	20.01%

	55-64
	1203
	16.76%

	65+
	1792
	21.80%

	
	
	

	Race
	
	

	White
	4259
	84.22%

	Black
	1058
	11.73%

	Asian
	53
	2.42%

	All Other
	72
	1.63%



	Weighting of the survey data was necessary to correct for sampling biases, differential nonresponse bias, and under coverage of certain demographic groups.6 Variables used to create survey weights included age, gender, race, ethnicity, and education.6 Missing data imputation for weighting variables was performed using the “hot-deck” imputation procedure and completed prior to computing sample weights.6 Missing data was imputed using known responses from another respondent with a similar demographic profile.6 The “WgtAdjust” procedure in SUDAAN was used to compute sampling weights using the “Iterative Proportional Fitting” method.6 Auxiliary population data was used to in the determination of weights to produce a more representative sample of Allegheny County.6 The final weighted demographic composition of the study population is presented in Table 1.6
[bookmark: _Toc278140045][bookmark: _Toc280521044]3.2 Self-Report ACE Questions
The 2009-2010 ACHS was the first iteration of the survey to collect ACE data. The purpose of asking ACE questions was to determine the burden of childhood trauma in Allegheny County. The six ACE questions asked in ACHS were modeled after the optional CDC BRFSS 2009 Adverse Childhood Experiences module and the ACE Study questionnaire. Due to funding and space limitations, questions dealing with household member incarceration, parental divorce, and emotional and physical neglect were omitted. Table 2 reports the wording of ACHS ACE questions and responses and the ACE Study questions for comparison. 
The ACHS used Likert scale responses for physical abuse, emotional abuse, sexual abuse, and domestic violence. Responses for these exposures were dichotomized into exposed and never exposed categories. Physical and emotional abuse exposures were defined with responses of “often” or “very often,” while being a witness to domestic violence was defined as response of “sometimes”, “often”, or “very often.”2 Exposure to sexual abuse was defined by any frequency of exposure.2 A response of “don’t know” was recoded as never exposed for all ACE questions. An ACE Score was computed via summing the number of ACE exposures for a respondent. Possible ACE Score values range from 0 exposures (unexposed) to 4+ exposures. ACE Scores were not computed for survey respondents missing one or more ACE category responses.




[bookmark: _Toc279819329]Table 2: Survey Questionnaire Comparisons, ACHS (2009-2010) and ACE Study (1997)
	ACHS6
	ACE Study6

	Physical Abuse
When you were growing up, how often did a parent or adult living in your house hit, beat, kick, or physically hurt you?

Responses: Never, once/twice, sometimes, often, very often, don’t know, refused
	Physical Abuse
Did a parent or other adult in the household often or very often push, grab, shove, or slap you?
OR
Often or very often hit you so hard that you had marks or were injured?

	Emotional Abuse
When you were growing up, how often did a parent or adult living in your house swear at you, insult you, or put you down?

Responses: Never, once/twice, sometimes, often, very often, don’t know, refused
	Emotional Abuse
Did a parent or other adult in the household often or very often swear at, insult, or put you down?
OR
Often or very often act in a way that made you afraid that you would be physically hurt?

	Sexual Abuse
When you were growing up, how often did a parent or adult living in your house touch you sexually or try to make you touch them sexually?

Responses: Never, once/twice, sometimes, often, very often, don’t know, refused

	Sexual Abuse
Did an adult or person at least 5 years older ever . . .
Touch or fondle you in a sexual way?
OR
Have you touch their body in a sexual way?
OR
Attempt oral, anal, or vaginal intercourse with you?
OR
Actually have oral, anal, or vaginal intercourse with you?

	Mental Illness
When you were growing up, was anyone living in your home depressed, mentally ill, or suicidal?

Responses: Yes, no, don’t know, refused
	Mental Illness
Was a household member depressed or mentally ill?
OR
Did a household member attempt suicide?

	Substance Abuse
When you were growing up, did you live with anyone who was a problem drinker, alcoholic, or drug user?

Responses: Yes, no, don’t know, refused
	Substance Abuse
Live with anyone who was a problem drinker or alcoholic?
OR
Live with anyone who used street drugs?

	Domestic Violence
When you were growing up, how often did a parent or adult living in your house push, grab, slap, or throw something at your mother?

Responses: Never, once/twice, sometimes, often, very often, don’t know, refused
	Domestic Violence
Was your mother (or stepmother) sometimes, often, or very often pushed, grabbed, slapped, or had something thrown at her?
OR
Sometimes, often, or very often kicked, bitten, hit with a fist, or hit with something hard?
OR
Ever repeatedly hit over at least a few minutes?
OR
Ever threatened with, or hurt by, a knife or gun?



Defining ACHS exposures as closely as possible to the original ACE Study allows for the most accurate and direct comparisons of the Allegheny County and the Kaiser Permanente ACE studies. Yet, there are important differences in question design between the two surveys. The original ACE Study used multiple questions for each exposure category to identify an exposure, while the ACHS only used one question per category. In addition, the ACHS sexual abuse question combined two ACE Study questions and only asked of sexual abuse that occurred in the home, while the ACE Study asked of any sexual abuse. This is a critical difference that alters the interpretation of sexual abuse occurrence between the two studies. Similar to the ACHS sexual abuse question, both in-household substance abuse and mental illness questions were also combinations of two ACE Study questions. However, the interpretation of these two exposures during ACHS analysis is not affected due to the exposures definitions used in the ACE Study.
[bookmark: _Toc278140046][bookmark: _Toc280521045]3.3 Self-Report Health Outcome Questions
	Impaired mental health status, coronary heart disease, and self-rated health status were analyzed as health outcomes. Impaired mental health status (mental distress) was assessed using the “Kessler Screening Scale for Psychological Distress.” 6 A score of 13 or higher indicated probable mental distress, while a score lower than 13 indicated no probable mental distress.6 Answers of “don’t know” and “refused” were classified as missing. Coronary heart disease (CHD) was defined as a report of a health professional ever telling the respondent they had the disease. Answers of “don’t know” were classified as not having the disease, while “refused” was classified as missing. Self-rated health status was defined as fair or poor self-rated health equating negative health status, while good, very good, and excellent self-rated health equating positive health status. Responses of “don’t know” and “refused” were classified as missing.
[bookmark: _Toc278140047][bookmark: _Toc280521046]3.4 Statistical Methods
Analysis of ACHS data was conducted using SAS Institute’s SAS 9.3 Survey Sampling and Analysis Procedures package (SAS).25 Bivariate frequency models with 95% confidence intervals were computed using PROC SURVEYFREQ, with weighting and stratification options to control for sampling design. Exposure interrelatedness and health outcome analysis was performed using multivariate logistic models. Main effects and 95% confidence intervals were computed using PROC SURVEYLOGISTIC, with weighting and stratification to control for sampling bias. Logistic models analyzing exposure interrelatedness tested one exposure as the independent variable, with an alternative ACE exposure as the dependent variable and were adjusted for the effects of age, race, and education attainment. Two logistic models were used to describe associations between health outcomes and ACEs. The first model tested a dichotomous health outcome as the dependent variable with ACE Score as the predictor. A second model included each individual exposure as a predictor of the dependent health outcome, allowing the effects of individual exposures on outcomes to be quantified independently of other exposures. Models were adjusted for age, race, gender, and education attainment. Covariates used for adjustment in all logistic models were chosen due to their known confounding effects and use in prior ACE studies.2, 20 
[bookmark: _Toc278140048][bookmark: _Toc280521047]Section 4: Results
[bookmark: _Toc278140049][bookmark: _Toc280521048]4.1 ACE Exposure Prevalence
There is a high prevalence of ACE exposures in Allegheny County, with 38.95% of respondents reporting at least one ACE exposure category (Table 3). Substance abuse and mental illness are the two most prevalent exposures, with 24.95% and 18.46% reporting the exposures respectively. Prevalence of any household dysfunction category is more than double than the prevalence of any abuse category. Exposure to emotional abuse was the most prevalent direct abuse, with 10.77% respondents reporting the exposure. Sexual abuse was found to be the least prevalent with only 4.77% of respondents reporting any sexual abuse by an adult living in the home. 




[bookmark: _Toc279819330]Table 3: Prevalence of ACE Exposures
	Exposure Category
	
	 % Prevalence (95% CI)*

	 
	Abuse
	14.59 (13.25, 15.93)

	 
	When you were growing up did a parent or adult living in your house…
	

	Physical Abuse
	...hit, beat, kick, or physically hurt you?
	6.8 (5.78, 7.83)

	Emotional Abuse
	…swear at you, insult you, or put you down?
	10.77 (9.68, 11.86)

	Sexual Abuse
	…touch you sexually or try to make you touch them sexually?
	4.11 (3.22, 5.01)

	
	 
	 

	
	Household Dysfunction
	35.47 (33.74, 37.2)

	
	When you were growing up...
	 

	Mental Illness
	...was anyone living in your home depressed, mentally ill, or suicidal?
	18.46 (16.97, 19.96)

	Substance Abuse
	…did you live with anyone who was a problem drinker, alcoholic, or drug user?
	24.95 (23.34, 26.57)

	Domestic Abuse
	When you were growing up did a parent or adult living in your house push, grab, slap, or throw something at your mother?
	9.13 (8.15, 10.11)

	 
	 
	 

	 
	Any Category
	38.95 (37.2, 40.71)

	*Excludes missing or refused
 



[bookmark: _Toc278140050][bookmark: _Toc280521049]4.2 Interrelatedness of ACE Exposures
Percentages of additional exposure categories are listed in Table 4 for each individual exposure category. Interestingly, nearly 40% of those who grew up with someone who was a substance abuser reported no additional adverse exposure categories. Those who suffered frequent physical abuse reported the most additional exposures, with 89.13% having one or more additional exposures. Sexual abuse showed the lowest reduction in additional categories over time. Over 10% of respondents reporting sexual abuse also reported an exposure to every other category. The prevalence of direct abuses and domestic abuse with one additional exposure were all similar and much higher than substance abuse and mental illness in the household. Three distinct groupings of ACE exposures can be seen in Figure 1 as exposures begin to accumulate. Substance abuse and mental illness exposures track together with a rapid drop between 1 and 2 additional exposures. Emotional abuse and domestic abuse both exhibit a near linear decline together, while physical abuse and sexual abuse maintain the highest additional exposure prevalences together.
[bookmark: _Toc279819331]Table 4: Additional ACE Exposures
	ACE Category
	N
	Additional ACE Exposures (%)
	

	
	
	0
	≥1
	≥2
	≥3
	≥4
	5
	Mean
	Median

	Physical Abuse
	306
	10.87
	89.13
	74.06
	50.59
	21.4
	6.25
	48.29
	50.59

	Emotional Abuse
	491
	11.37
	88.63
	63.69
	34.45
	14.09
	3.94
	40.96
	34.45

	Sexual Abuse
	212
	15.27
	84.73
	67.33
	48.47
	22.08
	10.24
	46.57
	48.47

	Mental Illness
	797
	32.29
	67.71
	35.4
	19.8
	7.84
	2.31
	26.61
	19.80

	Substance Abuse
	1155
	39.94
	60.06
	31.04
	16.84
	6.05
	1.69
	23.14
	16.84

	Domestic Abuse
	431
	11.89
	88.11
	59.96
	36.61
	15.69
	4.66
	41.01
	36.61

	Median
	
	13.58
	86.42
	61.82
	35.53
	14.89
	4.3
	40.59
	35.53



Probabilities of exposure to one category given an exposure to another category after adjustment for age, race, and education attainment are reported in Table 5. For example, of those who were sexually abused, 38.24% also reported being physically abused, while 5.41% who were not sexually abused reporting physical abuse. The odds of physical abuse were 9.55 times higher when sexually abused compared to when not sexually abused. All exposure categories are   [bookmark: _Toc405805297][bookmark: _Toc406339489]Figure 1: Trends of Additional ACE Exposures


[bookmark: _Toc279819332]Table 5: ACE Exposure Interrelatedness
	
	
	
	Direct Abuse
	Household Dysfunction

	ACE Exposure
	
	
	Physical Abuse
	Emotional Abuse
	Sexual Abuse
	Mental Illness
	Substance Abuse
	Domestic Abuse

	
	
	N
	%
	ORa  (95% C.I.)
	%
	ORa  (95% C.I.)
	%
	ORa  (95% C.I.)
	%
	ORa  (95% C.I.)
	%
	ORa  (95% C.I.)
	%
	ORa  (95% C.I.)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Physical Abuse
	No
	4733
	
	
	6.36
	Reference
	2.74
	Reference
	16.39
	Reference
	22.72
	Reference
	6.62
	Reference

	
	Yes
	309
	
	
	71.66
	45.47 (32.08, 64.44)
	23.35
	9.36 (6.07, 14.43)
	46.39
	4.31 (3.18, 5.85)
	57.01
	3.62 (2.7, 4.85)
	43.86
	9.35 (6.87, 12.73)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Emotional Abuse
	No
	4549
	2.16
	Reference
	
	
	2.75
	Reference
	14.87
	Reference
	20.94
	Reference
	5.69
	Reference

	
	Yes
	495
	45.08
	44.95 (31.62, 63.9)
	
	
	15.58
	6.23 (4.22, 9.2)
	47.92
	4.8 (3.72, 6.2)
	58.99
	5 (3.92, 6.37)
	37.79
	9.26 (7.03, 12.21)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sexual Abuse
	No
	4829
	5.41
	Reference
	9.43
	Reference
	
	
	16.83
	Reference
	23.25
	Reference
	7.99
	Reference

	
	Yes
	212
	38.24
	9.55 (6.2, 14.73)
	40.45
	6.16 (4.13, 9.18)
	
	
	55.86
	6 (3.98, 9.04)
	64.15
	5.08 (3.49, 7.42)
	34.15
	5.59 (3.69, 8.46)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mental Illness
	No
	4258
	4.47
	Reference
	6.88
	Reference
	2.23
	Reference
	
	
	18.39
	Reference
	6.44
	Reference

	
	Yes
	811
	17.12
	4.38 (3.2, 5.99)
	28.01
	4.8 (3.71, 6.2)
	12.47
	5.96 (3.94, 9.01)
	
	
	53.96
	4.96 (4.04, 6.09)
	21.03
	3.74 (2.87, 4.87)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Substance Abuse
	No
	3901
	3.90
	Reference
	5.89
	Reference
	1.97
	Reference
	11.33
	Reference
	
	
	3.88
	Reference

	
	Yes
	1167
	15.48
	3.65 (2.72, 4.9)
	25.38
	5 (3.92, 6.37)
	10.59
	5.07 (3.48, 7.4)
	39.94
	4.99 (4.06, 6.14)
	
	
	24.88
	7.67 (5.97, 9.86)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Domestic Abuse
	No
	4609
	4.20
	Reference
	7.37
	Reference
	2.99
	Reference
	16.04
	Reference
	20.68
	Reference
	
	

	
	Yes
	434
	32.59
	9.46 (6.95, 12.88)
	44.51
	9.32 (7.07, 12.28)
	15.53
	5.62 (3.72, 8.49)
	42.51
	3.74 (2.87, 4.88)
	68.14
	7.71 (5.99, 9.92)
	
	

	a Logistic model odds ratios adjusted for age at time of ACHS survey, race, and education level achieved; all p<0.001 at alpha=0.05






highly interrelated, with physical abuse and emotional abuse being the most associated. The odds of physical abuse given emotional abuse were nearly 45 times higher compared to someone who was not emotionally abused. However, this association was extreme compared to others. 
[bookmark: _Toc403301857][bookmark: _Toc280521050]4.3 Health Outcomes
	The prevalence of mental distress and CHD are relatively low in Allegheny County, with only 4.43% and 4.68% of respondents reporting these conditions respectively (Table 6). These prevalences contrast to self-rated health, where over 16% of respondents felt their overall health was fair or poor. Current mental distress was significantly associated with the accumulation of 
[bookmark: _Toc279819333]Table 6: Health Outcomes by ACE Score
	Disease Condition
	# of Categories
	N
	Prevalence
	OR*
	95% C.I.*

	Mental Health
	0
	3141
	1.60
	1.00
	Referent

	
	1
	955
	5.44
	3.36
	2.07
	5.46

	
	2
	443
	10.03
	6.03
	3.57
	10.19

	
	3
	207
	10.54
	5.47
	2.82
	10.62

	
	4 +
	195
	19.28
	10.52
	5.91
	18.71

	
	Total
	4941
	4.43
	-
	-
	-

	
	
	
	
	
	
	

	Coronary heart disease
	0
	3183
	4.80
	1.00
	Referent

	
	1
	966
	5.17
	1.25
	0.89
	1.74

	
	2
	449
	2.78
	0.97
	0.54
	1.74

	
	3
	212
	4.13
	1.56
	0.81
	3.01

	
	4 +
	198
	5.79
	3.33
	1.85
	5.99

	
	Total
	5008
	4.68
	-
	-
	-

	
	
	
	
	
	
	

	Self-Rated Health
	0
	3179
	13.85
	1.00
	Referent

	
	1
	964
	16.46
	1.29
	1.02
	1.63

	
	2
	448
	20.14
	2.00
	1.46
	2.72

	
	3
	211
	25.55
	2.54
	1.60
	4.02

	
	4 +
	198
	29.85
	3.47
	2.39
	5.04

	
	Total
	5000
	16.28
	-
	-
	-

	* Adjusted for age at time of ACHS survey, gender, race, and education attainment.



exposures, yet a graded effect was not seen. The odds of mental distress were higher for an ACE Score of 2 compared to an ACE Score of 3. An ACE score of 4+ increased the odds of mental distress by 10.52 times compared to someone with an ACE Score of 0. CHD also failed to exhibit a dose-response effect with the ACE Score. Yet, an ACE Score of 4+ increased the odds of CHD 3.33 times compared to someone with an ACE Score of 0 (Table 6). A strong dose-response effect was seen with the cumulative effect of exposures indicating overall poorer health. Those with 4 or more ACE exposures were 3.47 times more likely to feel their health was fair or poor. 
[bookmark: _Toc279819334]Table 7: Multivariate ACE Exposure Analysis
	 
	Mental Health
	Coronary Heart Disease
	Self-Rated Health

	 
	OR*
	95% C.I.*
	OR*
	95% C.I.*
	OR*
	95% C.I.*

	Physical Abuse
	0.97
	0.51
	1.85
	1.38
	0.75
	2.54
	1.15
	0.75
	1.76

	Emotional Abuse
	1.83#
	1.09
	3.07
	1.74#
	1.02
	2.96
	1.59#
	1.05
	2.42

	Sexual Abuse
	0.78
	0.43
	1.42
	1.49
	0.79
	2.82
	1.83#
	1.27
	2.8

	Mental Illness
	3.78#
	2.56
	5.57
	1.50
	1.00
	2.24
	1.23
	0.94
	1.62

	Substance Abuse
	1.59#
	1.08
	2.35
	0.96
	0.68
	1.35
	1.18
	0.94
	1.50

	Domestic Abuse
	1.36
	0.81
	2.28
	0.65
	0.36
	1.19
	1.47#
	1.07
	2.02

	* Adjusted for age at time of ACHS survey, gender, race, and education attainment.
# p-value <0.005



Exposures to mental illness in the home, emotional abuse, and substance abuse were found to be significant predictors of impaired mental health in adulthood when adjusted for all ACE other exposures and demographic confounders (Table 7). In home mental illness was the strongest predictor of current impaired mental health with an odds ratio of 3.78. Emotional abuse and substance abuse were found to be significant predictors of CHD, with emotional abuse being the strongest predictor. Substance abuse, emotional abuse, and sexual abuse were all found to be significant predictors of fair or poor self-rated health. Once again, emotional abuse was a strong predictor of poor or fair self-rated health making emotional abuse an important predictor in all health outcomes studied.
[bookmark: _Toc278140051][bookmark: _Toc280521051]Section 5: Discussion
The findings of this report are the first examination of the interrelatedness of ACE exposures in Allegheny County and a vital step for further understanding the burden of traumatic childhood experiences in poor adult health outcomes. Overall, ACE exposures are highly prevalent in Allegheny County. Nearly 2 in 5 respondents reported experiencing at least one exposure category during childhood. Household dysfunction categories were reported the most frequently, with substance abuse in the household being reported by 25% of respondents. One in ten respondents reported emotional abuse, making frequent verbal assault the most prevalent form of direct child abuse suffered. While the occurrence of past sexual abuse in Allegheny County is fortunately low, it is critical to recall sexual abuse was only asked of assault perpetrated by an adult or parent living in the home, not by any individual, as asked by the original ACE Study. The question wording does not allow sexual assaults that occurred outside the home to be captured. Conventional wisdom may hold that abuse committed by a family member will result in more long-term trauma than abuse committed by a non-family member. Yet, research has found mixed results, with some studies indicating abuse by family members results in poorer outcomes, while other studies have found equivalent impacts by both relative and non-relative committed abuse.26 What is most important appears to be how close the offender is to the victim and the extent of betrayal felt by the victim. 
In questions that can be compared directly (physical abuse, emotional abuse, and domestic violence), extremely similar prevalences are seen between the ACHS and ACE Study, with the largest being a 4% lower occurrence of witnessing domestic abuse in Allegheny County (Figure 2). Due to similarities of reported frequencies in all directly comparable exposures, it is not unfounded to believe the ACHS survey missed many occurrences of sexual abuse that occurred by a person not in the home. Based on the concordance of the other ACEs, the true prevalence of sexual abuse during childhood in Allegheny County is expected to be much higher. 

[bookmark: _Toc406339490]Figure 2: Prevalence of Most Similar ACE Exposures, ACE Study (1997) & ACHS (2009-2010)
	ACE exposure categories were highly interrelated in Allegheny County, with the likelihood of persons with one exposure reporting an additional exposure ranging from 3.6 to nearly 45 times higher than someone without an exposure. Of the nearly 40% of respondents who reported an exposure, 86.42% reported at least one additional exposure, 35.53% reported 3 or more additional exposures, and 4.30% reported all 6 exposure categories. This indicates that the accumulation of multiple exposures is common in Allegheny County. Those who reported sexual abuse or physical abuse maintained the highest prevalence’s of additional accumulated exposures. Yet of the direct abuses, sexual abuse was the highest reported isolated abuse, as well as the highest prevalence of co-occurrence with the other 5 exposures. Over 10% of respondents who reported sexual abuse also reported the remaining 5 exposure categories. Comparing the occurrence of isolated exposures shows that sexual abuse occurred much less frequently as a single category of abuse for ACHS respondents compared to ACE Study respondents, while emotional abuse occurred much more frequently alone (Figure 3). Interestingly, substance abuse and mental illness occurred far more frequently as singular abuses for ACHS respondents. Such a finding denotes the frequency of direct abuse categories as a result of substance abuse and mental illness may be lower than one might first assume. In fact, the odds of suffering an additional direct abuse category are much lower for those who reported substance abuse in the home or mental illness compared to those who reported another form of direct abuse (Table 5). This finding indicates that direct abuse and domestic violence categories are far more interrelated than other forms of household dysfunction for Allegheny County residents.

[bookmark: _Toc406339491]Figure 3: Prevalence of ACE When No Other ACE Category was Reported, ACE (1997) & ACHS (2009-10)
	The health outcomes findings shown in Table 6 demonstrate the cumulative effect of additional ACE exposures increase the odds of a current impaired mental health status, CHD, and having fair or poor self-rated health. Each health outcome saw large increases in odds ratio effect sizes when 3 or more ACE exposures were reported. However, a consistent graded dose-response effect was missing for CHD and impaired mental health status. Given the size and representativeness of the sample population, we would expect on average an increase in ACE Score to increase the odds of a particular health outcome. Instead, the lack of a dose-response effect indicates that there are other forces at play and that the particular category of exposures present and in what combinations may ultimately be driving health outcomes.
Logistic models incorporating all exposures and demographic confounders indicate certain exposures are more important for predicting a health outcome than others and important exposures vary from outcome to outcome. For example, reported mental illness in the home, emotional abuse, and substance abuse were all significant predictors of current impaired mental health status, while emotional abuse, domestic abuse, and sexual abuse were all significant predictors of self-rated health. Moreover, the strength and magnitude of exposure effect sizes varied greatly between health outcomes. While not a direct repudiation of the ACE Score, the findings do call into question the overall applicability of the cumulative measure. The ACE Score offers a quick method to quantify ACE burden, but has the tendency to inflate or devalue the importance of an exposure in the development of a health outcome. It is important to look beyond just the sum of ACE exposures to truly understand the effect of ACEs in adult health outcomes and instead determine which exposures and their combinations elicit the strongest detrimental effects. The cumulative effect of ACE exposures is important, but so is which exposures are actually accumulating.

[bookmark: _Toc278140052][bookmark: _Toc280521052]Section 6: Limitations
	The ACHS was a robust and in-depth survey that captured detailed information on the health status of Allegheny County. However, the survey was not without its limitations. Data analysis is limited by the cross-sectional, retrospective study design and collection of self-reported data. Participants were queried on numerous personal and sensitive subject areas, which may lead to respondent bias. What’s more, and in particular interest to the ACE module of the ACHS, is questions asked about events that may have occurred decades prior and accurate recall of those events may not be possible. Responses to ACE questions were completely based on interpretation of the exposure by the respondent. The perception of an exposure to one person may not necessarily be perceived as an exposure to another person. Thus the possibility of response bias for both health outcomes and ACE exposures is real and must be taken into account when interpreting ACHS data. However, analysis of respondent bias during the ACE study found that child abuse survivors were overall very likely to cooperate and that the motivation for those who choose to answer ACE questions did not differ from those who choose not to, meaning the results were free from inflation due to respondent bias.27 Given similar study strategies between the ACHS and ACE Study, it can be inferred these results would generally apply to ACHS data as well. 
The ACHS was further limited by questionnaire design. As discussed earlier, differences in question wording and questionnaire design from the ACE Study make direct comparisons on all exposures nearly impossible. Sexual abuse posed the largest obstacle due to the question only asking of sexual abuse occurring in the home. Substance abuse and mental illness ACE questions also combined two ACE Study questions into singular questions respectively. In addition is the prevalence of reported CHD was lower than expected, indicating there may be respondent bias regarding health outcomes. The exclusion of cellphone numbers in the sampling scheme may have also introduced bias, as those without a landline telephone may be younger or have a different socioeconomic status than those with a landline telephone. Despite these limitations, the ACHS remains a powerful tool for examining and analyzing the overall health of Allegheny County residents.
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