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Abstract

Introduction: Alternative measurement approaches for adverse childhood experiences (i.e., 

count score versus individual adverse childhood experiences measured dichotomously versus 

individual adverse childhood experiences measured ordinally) can alter the association between 

adverse childhood experiences and adverse outcomes. This could significantly impact the 

interpretation of adverse childhood experiences research.

Methods: Data were collected in 2018 (analyzed in 2020) via Amazon’s Mechanical Turk 

and from people incarcerated in 4 correctional facilities (N=1,451). Included adverse childhood 

experience questions measured the following: physical, emotional, and sexual abuse; physical and 

emotional neglect; household mental illness, substance use, domestic violence, and incarceration; 

and exposure to community violence before age 18 years. A total of 19 measured outcomes 

spanned 4 domains of functioning: general functioning, substance use, psychopathology, and 

criminal behavior.

Results: Regression models using the count score explained the least amount of variance in 

outcomes, whereas multivariable regression models assessing adverse childhood experiences on a 

continuum explained the most variance. In many instances, the explained variance increased by 

2–5 times across the predictive models. When comparing regression coefficients for multivariable 

regression models that measured adverse childhood experiences as binary versus ordinal, there 

were notable differences in the effect sizes and in which adverse childhood experiences 
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predicted outcomes. Disparities in results were most pronounced among high-risk populations 

that experience a disproportionate amount of adverse childhood experiences.

Conclusions: Alternative methods of measuring adverse childhood experiences can influence 

understanding of their true impact. These findings suggest that the deleterious effects of imprecise 

measurement methods may be most pronounced in the populations most at risk of adverse 

childhood experiences. For the sake of prevention, the measurement of adverse childhood 

experiences must evolve.

INTRODUCTION

Adverse childhood experiences (ACEs) can radically and permanently disrupt a child’s 

potential for well-being, health, and prosperity. ACEs comprise a broad range of potentially 

traumatic experiences occurring within the first 18 years of life1 and contribute substantial 

burden to public health.2 The burden of ACEs is disproportionately distributed and has 

particular salience among different populations and in different contexts (e.g., low-income 

communities).2−4 ACEs are related to a host of adverse social, behavioral, economic, 

psychological, and physical health outcomes across the lifespan.2,5 Moreover, evidence 

demonstrates a clear dose–response pattern between the number of ACEs and the likelihood 

and severity of adverse outcomes.2,6−8

Most research on ACEs has examined their impact using a simple count score (i.e., ACE 

score). Whether using the original ACE scale from the seminal Centers for Disease Control 

and Prevention–Kaiser study6 or 1 of the approximately 20 modified versions,9 researchers 

have summed binary responses to individual ACE questions to demonstrate associations 

with health outcomes. Some have argued that there is value in the simplicity of the ACE 

count score. For example, it has been used as an advocacy tool to bring attention to 

childhood adversities10 and prioritize upstream prevention efforts.4 However, there are many 

limitations in this measurement approach. For one, it does not highlight differences in the 

proportion of youth exposed to the distinct ACEs.11 Additionally, the count score equates 

all ACEs. The count score method assumes that living with someone who was depressed 

or experiencing parental separation/divorce, for instance, will have equivalent impact as 

being the direct victim of physical or sexual abuse. However, different forms of adversity 

do have differential impact.8,12–14 Moreover, it assumes a single mechanism through which 

ACEs lead to a specific outcome and precludes any test of how ACEs might operate in 

tandem or opposition to produce outcomes.14 For example, in some situations, parental 

divorce may protect the child from maltreatment, witnessing violence between parents, 

living with someone with mental illness, or someone who is abusing drugs.15 Likewise, 

it cannot illuminate potential cascade effects among ACEs (e.g., depressed mothers are 

more likely to perpetrate abuse and/or neglect16). It also assumes that these mediating 

processes are the same across various domains of outcomes (e.g., economic, social, physical 

health, psychiatric, behavioral). These limitations are problematic because this information 

is critical to informing the development and focus of prevention strategies. Thus, some have 

called for more research on which ACEs are related to specific outcomes.17
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A second problem with the common measurement of ACEs is that most measures have 

typically assessed ACEs as binary experiences (i.e., exposed versus unexposed). Even when 

measures of ACEs ask about frequency, they typically collapse responses into dichotomized 

outcomes.4 The practice of assessing the mere presence or absence of an ACE obscures 

the impact of frequency, intensity, or chronicity of that particular ACE.18 For example, the 

original Centers for Disease Control and Prevention–Kaiser ACE study asked respondents 

whether they had been emotionally or physically abused and neglected often or very 
often but asked if they had ever been sexually abused. This is problematic because it 

assumes that infrequent physical or emotional abuse does not have an adverse impact. It 

likewise equates 1 instance of sexual touching with repeated violent rape victimizations. Yet, 

overwhelming evidence avers that frequency and chronicity of these forms of victimization 

does matter.13,14,19–21 The examination of ACEs as binary, whether separately or combined 

into a count score, limits the ability to understand the context in which ACEs occur and the 

differential impact these contextual factors may have on subsequent outcomes.22

Fortunately, there is growing consensus about the need to increase the precision of ACE 

measurement and to consider the best way to measure different ACEs.3,10 This study begins 

to fill this gap. The purpose of this study is to explore how altering measurement schemes 

can impact the interpretation of research on ACEs. In doing so, predictive models using 

the traditional ACE count score versus models that account for the differential ACEs (i.e., 

multiple regression) are compared. Additionally, measurement models where individual 

ACEs are measured as dichotomous versus a model where ACEs are conceptualized as 

occurring on a continuum are compared. These comparisons are made across a host of 

outcomes falling into 4 domains: general functioning, substance use, psychopathology, and 

violent crime. The intent of these analyses is not to make inferences about associations 

among specific ACEs and specific outcomes that are generalizable to the population, nor is 

it to develop clinical or diagnostic measures. Rather, the purpose is to illustrate how these 

seemingly simple variations in measurement can alter analytic results and interpretation, 

thereby impacting generalizations to the broader population. To do so, a large convenience 

sample of adults in the U.S. is utilized.

METHODS

Study Sample

The sample (N=1,451) was recruited from Amazon’s crowdsourcing platform Mechanical 

Turk (n=1,286)23,24 and 4 prisons (n=165). Individuals were recruited from prisons to 

oversample for ACEs and criminal behaviors that have low base rates in general population 

samples.25 Recruitment was restricted to individuals residing in the U.S. Demographic data 

are presented in Table 1. All materials and procedures were approved for this study by the 

IRB of the American Institutes for Research and by the Office of Management and Budgets. 

Additional details about procedures are provided in the Appendix (available online).

Measures

Adverse childhood experiences.—ACE items from prior research were modified to 

have ordinal response scales.3,6 A total of 13 items were measured on a 5-point scale, 
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ranging from 0 (never) to 4 (very often), and an additional 4 items included the response 

options no (coded 0) and yes (coded 1). Exact survey items and response options are listed 

in the Appendix (available online).

General functioning.: Participants reported their highest level of school completed among 

6 ordinal options: 8th grade or less; some high school, but did not graduate; high school 

graduate or GED; some college or 2-year degree; 4-year college graduate; and more than 

4-year college degree. Participants were asked: What is the longest you have held a job? 

Response options included: less than 6 months, 6–11 months, 1–2 years, 3–5 years, 6–10 

years, and 10 or more years.

Psychopathology.: Items assessing psychopathology were adapted from previous 

research.26 Participants were asked: Has a doctor, therapist, or other health professional 
ever told you that you have any of the following conditions? They were provided 2 response 

options: no (coded 0) and yes (coded 1). Specific diagnoses included post-traumatic stress 

disorder (PTSD), anxiety, depression, oppositional defiant disorder/conduct disorder, and 

borderline personality disorder.

Substance use.: A modified version of the National Institute on Drug Abuse–Modified 

Alcohol, Smoking, and Substance Involvement Screening Test27 was used to assess current 

substance abuse. Participants were asked to report use in number of days during a typical 

month for cannabis products (e.g., marijuana), cocaine, illicit opioids, amphetamines, and 

prescription pain medicine. Participants also reported number of days during a typical month 

that they drink alcohol until intoxicated. Response options ranged from 0 (never) to4 (very 
often).

Violent crime.: Participants were provided with 8 response options to assess how many 

times they had been arrested for various offenses (ranging from 0 times to 40+ times). 

Specific arrest outcomes included the following: (1) total number of arrests, (2) arrests 

for sexual violence (SV), and (3) arrests for violence against a dating partner or spouse. 

Participants also self-reported the number of violent assaults they had committed in their 

lifetime. Respondents indicated the number of times they had (1) attacked someone with a 

weapon, (2) attacked and injured someone so badly they needed medical care, and (3) forced 

or attempted to force someone to have sex when they did not want to or could not consent. 

Response options ranged from 0 (never) to5 (9+ times).

Statistical Analysis

Analysis was conducted in 2 stages. First, a series of 3 ordinary least square regression 

models was computed for each outcome variable. Model 1 regressed outcomes on the 

continuous ACE count score as the sole predictor of variance. The count score was derived 

by dichotomizing each of the ACE items (0=never experienced ACE versus 1=experienced 

ACE rarely to very often), summing the number of ACEs endorsed (range=0–17). In Model 

2, multiple regressions were computed wherein an individual outcome was simultaneously 

regressed on the 17 binary ACEs as predictors. In Model 3, outcomes were regressed on 

the 17 ordinal ACE predictors (i.e., 0=never–4=very often). Adjusted R2 (R2
adj) values 
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are reported as the measure of explained variance in outcomes to account for potential 

overfitting of regression models.28–30 R2
adj is a measure of shrinkage and more accurately 

reflects the population values of R2 that would be detected if new samples were repeatedly 

drawn from the population and fit the same model.29 As such, it is a more accurate estimate 

of the true population explained variance. R2
adj modifies the traditional R2 by applying a 

penalty for each additional predictor added to the model and only increases if the new term 

improves the model more than would be expected by chance. If the predictor improves the 

model by less than expected by chance, R2
adj will decrease. Consequently, it is possible to 

obtain negative values of R2
adj in models where few predictors are significantly associated 

with the outcome. In these instances, the value of R2
adj is reported as 0.

In Stage 2, individual effect sizes (i.e., standardized regression coefficients) were computed 

to compare the binary and ordinal ACE predictors. Because of space constraints, only 

results for 1 outcome from each domain are presented: job length, PTSD, opioids, and SV 

arrests. Regressions were computed using maximum likelihood estimation in Mplus, version 

8.4. Maximum likelihood produces parameter estimates that are robust to violations of 

normality.31 Bootstrapping analysis with 10,000 replications was conducted to account for 

instability in SEs. Given the low prevalence for some measured outcomes (e.g., SV arrests), 

0-inflated Poisson and 2-part random effects models were also conducted.32,33 These models 

had equivalent results to regression models, so only the regressions are reported.

Of note, some of the response scales are binary in nature. However, traditional linear 

regression methods are reported to maintain consistency of metric in the measures: 

generalized linear regressions do not provide R2
adj or regression coefficients that are readily 

interpretable. Fortunately, the estimates from linear regressions are robust to violations of 

normality because of large sample sizes, the use of R2
adj, maximum likelihood estimation, 

and bootstrapping procedures.29,31,34

RESULTS

Table 2 shows the R2
adj estimates for the regression models comparing the count score 

(Model 1), binary multiple regression (Model 2), and ordinal multiple regressions (Model 

3). A pattern emerged wherein the amount of variance in the outcome explained by ACEs 

generally increased with each successive model. For many of the outcomes, the amount of 

explained variance increased by 2–5 times. Findings may be more pronounced when looking 

at certain subsets of at-risk individuals. Table 3 shows the results conducted among only the 

racial/ethnic minority participants (who are at higher risk for experiencing more ACEs2). 

Here again, the amount of explained variance tended to significantly increase with the 

successive predictive models. Results comparing models for White participants, Mechanical 

Turk participants, and correctional participants separately can be found in the Appendix 

(available online). Across all subgroup analyses, results demonstrated a consistent pattern of 

increased explained variance as ACE measurement became more fine grained.

Next, the standardized regression coefficients with the binary ACE predictors and ordinal 

ACE predictors to predict job stability, PTSD, illicit opioid use, and arrests for SV among 

the racial/ethnic minority subsample were computed. As can be seen in Table 4, using the 
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binary assessment of ACEs can lead to different interpretations as to which individual 

ACEs contribute to outcomes. For example, in looking at SV arrests, ACE Items 2 

(emotional abuse) and 3 (physical abuse) were nonsignificant and nil when measured as 

binary. However, these both became significant and moderately large when measured on 

the ordinal scale. Alternatively, living with someone who attempted suicide (Item 16) and 

feeling unloved (Item 7) were significantly related to the outcome of PTSD when measured 

as binary. When ACEs were measured dimensionally, these predictors were no longer 

significant, suggesting an illusory association when measured dichotomously.35

DISCUSSION

The goal of this research is to illustrate how variations in measurement of ACEs influence 

analytic results and, consequently, interpretation. Results highlight the importance of the 

way ACEs are measured in understanding their impact on health, behavior, and quality 

of life outcomes. In almost all instances, measuring ACEs individually, rather than as 

a sum score, substantially improved the amount of variance explained in the overall 

outcome, especially when the individual ACE variables were measured on an ordinal rather 

than a dichotomous scale. Measuring ACEs individually has the added benefit of being 

able to examine the unique contributions of each ACE to the explained variance in the 

outcome. However, this analysis makes clear that whether ACEs are measured as binary 

(experienced/did not experience) versus on an ordinal scale indicating frequency/chronicity 

alters interpretation of how these variables contribute to the outcomes. These patterns were 

observed across both men and women, incarcerated and general population participants, 

and White and racial/ethnic minority participants. These results underscore suggestions that 

measuring ACEs distinctly, rather than as a count score, will help to better understand 

the influence of ACEs on subsequent outcomes and suggest that better measurement of 

ACEs might help identify which ACEs are most critical to certain outcomes when designing 

prevention strategies.

Although there is growing recognition across disciplines and among the public of the 

need to prevent childhood adversity, these data suggest that the urgency with which such 

prevention efforts need to be prioritized is drastically underestimated. In a systematic 

review and meta-analysis of ACEs across Europe and North America, ACEs had population 

attributable fractions (population attributable fraction is the proportion of disease or death in 

a population that would be prevented if exposure to a risk factor [e.g., ACEs] was prevented) 

rangingfrom 30% to 40% for depression, anxiety, and illicit drug use.36 Surveillance data 

from 25 U.S. states indicated population attributable fractions of 5% and 15% for education 

and unemployment, 13% and 15% for heart disease and stroke, 24% and 33% for being 

a heavy drinker and current smoker, and 44% for depression.2 However, results of the 

varying measurement models presented here suggest that the traditional ACE count score 

may significantly underestimate the amount of attributable variance in many outcomes. This 

measurement difference may be most critical in the highest-risk populations. For instance, 

among racial/ethnic minority male individuals in this sample, the ACE count score predicted 

3% of the variance in monthly frequency of intoxication; however, this number jumped 

to 19% when accounting for the individual effect of each ACE and their frequency in 

the multiple ordinal predictor model. Educational attainment increased from 2% to 11% 
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explained variance, illicit opioid use increased from 11% to 35% explained variance, and 

perpetrating assault with a weapon increased from 11% to 60% explained variance. Thus, 

it is possible that the population attributable fractions for ACEs on the various health 

outcomes could be even higher than estimated in the overall population. Public health 

communication strategies that effectively articulate the magnitude of ACEs to policymakers, 

practitioners, and lay audiences may facilitate needed resources, policies, and laws that 

mobilize prevention efforts targeting systemic and structural causes of ACEs (e.g., poverty, 

racism).

Beyond just understanding the magnitude of the over-all impact on one’s functioning, ACE 

measurement has implications for how prevention strategies are developed and resources for 

tertiary responses are allocated. Realistically, even the most comprehensive of prevention 

efforts cannot address all forms of adverse experiences for all children. Often, prevention 

efforts must be triaged, implementing only those strategies that target the most critical risk 

factors. This requires understanding which ACEs may be the most adversely impactful 

and for which populations. These results suggest that the measurement scheme can alter 

interpretations of which ACEs are most critical in leading to adverse outcomes. For 

example, from analyses on these data, SV prevention experts could be led to believe 

that experiencing physical abuse is not relevant when using a binary ACE measurement 

model. Yet, when measured on the ordinal scale to capture the frequency of occurrence, 

physical abuse was the most impactful ACE in predicting SV arrests in these data (Table 

4). Conversely, the binary ACE measurement model would suggest that, in this study, 

living with someone who attempted suicide or went to prison and experiencing injurious 

physical abuse were related to the frequency of opioid use as an adult. However, when 

the frequency of ACEs was measured in an ordinal nature, none of these ACEs were 

related to opioid use, suggesting that measuring them as though they are dichotomous 

can lead to illusory associations. Normally, dichotomizing phenomena that are naturally 

dimensional can reduce variance, thereby reducing effect sizes and power to detect a 

significant association. However, statisticians have highlighted how such a practice can 

have the exact opposite effect in certain circumstances, wherein the sample correlation is 

increased and is now significant because of dichotomization.35,37

Limitations

Several limitations must be noted. These data are cross-sectional, they rely on retrospective 

self-reported sensitive information, they do not represent the entire spectrum of adversities 

or critical dimensions (e.g., age at onset), and the sample is a convenience sample. Thus, 

these statistical findings should not be used as evidence of the true magnitude of ACEs’ 

impact in the overall population, nor should they be used to argue which ACEs are most 

influential for various adverse outcomes. Moreover, there are numerous other structural and 

developmental variables (e.g., poverty, social support) that would need to be considered a 

priori before resolving such questions. The goal of this research was not to resolve such 

questions, but to explore how different models of measurement can lead to differences in 

knowledge about the contribution of ACEs to a variety of outcomes.
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CONCLUSIONS

Despite limitations, this research contributes to the knowledge base about ACE 

measurement. Results demonstrate potentially drastic differences in the interpretation of 

the association between ACEs and outcomes based on the chosen measurement model. The 

results demonstrate clearly that the way ACEs are measured has substantial implications for 

this field of research and that a great deal more attention needs to be paid to the best way to 

measure ACEs to clearly understand their vast impacts and consequences. It seems evident 

that ACE measurement must evolve.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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