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Significance

A substantial body of research has shown ACEs are detri-
mental to child health and negatively affect health outcomes 
in adulthood. Additionally, this research established that 
experiencing more than one ACE has a cumulative, nega-
tive effect on a variety of health outcomes. The current study 
extends this work by examining ACE combinations and their 
associations with child health. Through understanding the 
impact of ACE combinations, clinicians and practitioners 
in various disciplines can direct intervention and preven-
tion strategies to address the specific ACEs reported and 
prioritize interventions for children who report the most-
problematic combinations.

Introduction

Felitti et al. (1998) seminal study on adverse childhood 
experience (ACEs) was the first rigorous examination 
of the impact of traumatic events experienced during 
childhood on health status in adulthood. Among sev-
eral groundbreaking findings, their study found ACEs 
were common among the general population. The survey 
respondents were largely White and middle class; more 
than half of the sample (N = 9508) reported exposure 
to at least one ACE category, and one-quarter reported 
exposure to two or more ACE categories. Additionally, 
Felitti et al. found a strong graded relationship between the 
extent of ACE exposure (i.e., number of ACE categories 
experienced) and negative health outcomes in adulthood 
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ranging from heart disease to cancer to skeletal fractures. 
The findings from this study—known as the CDC-Kaiser 
ACE study—and the proliferation of studies that replicated 
and extended this work led to a wider understanding of the 
long-lasting effects of childhood experiences, profoundly 
impacting medicine, public health, and social work.

The majority of ACE research has taken a cumulative 
risk approach and continued to use an additive count meas-
ure in studies of ACEs and health (e.g., Anda et al. 1999; 
Dong et al. 2003, 2004; Dube et al. 2001; Ramiro et al. 
2010). Such research has shown a strong link between the 
accumulation of ACEs and negative health outcomes, but 
has generally treated the different ACE categories as hav-
ing equivalent health risks. When translating these find-
ings to clinical settings, clinicians might find it helpful 
to know which ACE category a child experienced, from 
which the clinician can draw insights to tailor interven-
tions to a patient’s needs. However, the existing research 
has not explored whether specific ACE categories repre-
sent different levels of risk or whether certain ACE com-
binations or “constellations” confer different outcomes. To 
help advance the translation of ACE research to practice, 
the present study proposes a new approach for understand-
ing the impact of ACEs on child health outcomes.

ACEs and Health

The CDC-Kaiser ACE study included ten categories of 
adverse experiences: emotional abuse, physical abuse, 
sexual abuse, emotional neglect, physical neglect, wit-
nessing violence against the mother, household member 
with mental illness, household substance abuse, parental 
separation/divorce, and household member with history 
of incarceration. The literature broadly supports the con-
nection between ACEs and negative health outcomes. 
Exposure to four or more ACE categories was associated 
with significantly elevated risk levels for substance abuse, 
mental illness, sexually transmitted infections, cigarette 
smoking, and obesity in adulthood. Additionally, a signifi-
cant graded relationship was found between the number of 
ACE categories a child experienced and serious illnesses 
in adulthood. Similarly, other researchers using data from 
the CDC-Kaiser ACE study have found a graded relation-
ship between ACEs and other negative health outcomes, 
including paternity in teen pregnancy (Anda et al. 2002) 
and suicidality (Dube et al. 2001). Further, Dong et al. 
(2004) showed exposure to one ACE category significantly 
increased the likelihood of exposure to additional ACE 
types. Researchers using adapted versions of the ACE 
questionnaire have reported finding similar graded rela-
tionships between the extent of ACE exposure and multi-
ple health risks (Ramiro et al. 2010).

Cumulative Risk

Across disciplines, researchers have asserted hypotheses 
related to the accumulation of risk and its negative impact 
on a variety of outcomes (for a review of cumulative risk 
factor exposure and child development, see Evans et al. 
2013). Numerous studies have detected a linear relationship 
such that each additional risk factor (e.g., child maltreat-
ment, parental domestic violence) worsens child outcomes 
(e.g., behavior; Appleyard et al. 2005; Rutter 1979; Sameroff 
2000). This hypothesis appears to hold for the connection 
between ACEs and negative adult health outcomes given the 
evidence of graded relationships described above.

This epidemiologic research has limitations when trans-
lated to clinical settings, particularly in guiding work with 
trauma-exposed children. When clinicians lack knowledge 
about how ACE combinations differentially affect health 
outcomes, they are limited to a “one size fits all” approach 
when providing services. This approach assumes all individ-
uals exposed to a given number of ACEs will receive equal 
benefit from a given intervention regardless of the distinct 
nature of the trauma experienced. Examining the impact 
of ACE combinations on health outcomes holds promise 
toward enabling clinicians to provide interventions tailored 
to individual needs.

Alternate Approaches to Understanding ACEs

Although much of the existing ACE research has examined 
the cumulative effect of exposure to multiple ACEs, a siz-
able number of studies have investigated the associations of 
separate ACEs with health outcomes. Studies have found 
that each ACE was independently associated with self-
reports of poor health outcomes, including adolescent and 
adult smoking behavior (Anda et al. 1999; Font and Magu-
ire-Jack 2016), suicidality (Dube et al. 2001), depression, 
binge drinking, obesity, and self-reported health status (Font 
and Maguire-Jack 2016). However, Dietz et al. (1999) found 
unintended pregnancy in adulthood was associated with only 
three of the original ACE categories: emotional and physical 
abuse, and witnessing domestic violence. A study using a 
variation of the original ACE categories found physical and 
sexual abuse, witnessing parental marital conflict, parental 
psychopathology, poor parent–child relationship, and low 
parental education attainment were individually associated 
with adult self-reports of overall poor health, pain, and high 
rates of healthcare use (Chartier et al. 2010).

Understanding the impact of individual ACEs is essen-
tial for targeted screening and for informing the selection 
of interventions for patients. Equally important, given that 
exposure to one ACE significantly increases the likelihood 
of experiencing at least one more ACE (Dong et al. 2004), 
clinicians must also understand the impact of ACEs in 
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various combinations. However, no available studies have 
examined the impact of ACE combinations on child health 
outcomes.

ACEs in Practice Settings

As dissemination of the findings from the CDC-Kaiser 
ACE study has continued, the study questionnaire (or vari-
ations) has been used with increasing frequency in popula-
tion health and clinical settings. Many states now include 
ACE questions in their Behavioral Risk-Factor Surveillance 
System surveys (see Bynum et al. 2010), allowing states to 
systematically track ACE prevalence over time, and provid-
ing researchers with new data to explore the connections 
between ACEs and health outcomes. Additionally, many 
studies have called for universal ACE screening to guide 
clinical interventions (e.g., Injury Prevention Center n.d.; 
Wisconsin Children’s Trust (2014). Although the ACE ques-
tionnaire has potential as a useful clinical tool, a summary 
ACE score alone is insufficient to guide intervention efforts; 
clinicians must also understand the impact of ACEs sepa-
rately and in specific combinations to fully understand the 
effect of ACEs on health.

Current Study

The current study sought to extend the prior work on ACEs 
in two important ways. First, using latent class analysis, 
we provide an alternative measure of the prevalence of 
unobserved subgroups of ACEs. Second, we intentionally 
focused on the association of these combinations of ACEs 
on childhood health outcomes. By understanding the differ-
ential impact of ACE combinations, professionals can tailor 
intervention strategies to address exposure to specific ACEs. 
Despite a large body of research on the impact of ACEs on 
adult health, only limited information is available on the 
more-immediate impact of ACEs on child health. We sought 
to address this critical gap because understanding how child 
health outcomes are effected by ACE exposure is essential 
for enhancing intervention and prevention strategies that aim 
to improve child health outcomes.

Methods

This study had two methodological aims. The first aim, 
was to use latent class analysis (LCA) to examine whether 
children could be grouped into unobserved subpopula-
tions (latent classes) based on each child’s observed (i.e., 
reported) ACEs. Given that numerous prior studies have 
found strong correlations between individual ACEs, we 
hypothesized that unobserved latent classes of ACE clus-
ters would exist in this sample. As an exploratory LCA, we 

had no specific hypotheses regarding the number of classes 
or class membership profiles. The second aim was, once we 
specified a LCA model, to assess predictive validity of class 
membership by examining the association between latent 
classes and child health outcomes using regression models. 
Since classes emerged through the first study aim, we had 
no specific a priori hypotheses regarding the relationship 
between classes and health outcomes.

Data and Measures

Survey Data

Data were obtained from the 2011/2012 National Survey 
of Children’s Health (NSCH), which was conducted by the 
National Center for Health Statistics State and Local Area 
Integrated Telephone Survey program (Centers for Disease 
Control and Prevention 2013). The NSCH was designed 
to assess the physical and emotional health of children 
(0–17 years) and identify factors related to child well-being. 
Survey respondents were parents or guardians, who provided 
responses for one child in their household randomly cho-
sen as the survey subject. The NSCH is a cross-sectional 
telephone survey using random-digital-dial for both land-
line (list-assisted) and cell-phone (independent) numbers. 
Surveys were administered from July 2011 through January 
2012. Sampling weights adjust for nonresponse and unequal 
selection bias. Using weighted data, national and state-spe-
cific results are representative of all noninstitutionalized 
children. The NSCH screened 847,881 households for eli-
gibility. Of these households, 187,422 reported age-eligible 
children in the home, and 95,677 of households completed 
the survey in one of six languages (about 1800 per state).

Variable Selection Approach

There were three types of variables used in this study: pre-
dictors of class membership (child/parent characteristics 
and other sociodemographic variables); measures of class 
membership (the ACEs); and outcomes of class membership 
(child health outcomes). The predictors of class member-
ship are identified in Table 1 to describe the NSCH sam-
ple. The NSCH asks about nine ACEs, which we use as 
measures of class membership: extreme economic hard‑
ship, parental divorce/separation, parental incarceration, 
witness to domestic violence in the home, victim/witness 
of neighborhood violence, lived with anyone with a drug 
or alcohol problem, lived with anyone with a mental illness 
or was suicidal, parent/guardian death, and treated unfairly 
due to race/ethnic group (discrimination). Dichotomous 
yes/no responses are used to measure each ACE with two 
exceptions: responses for economic hardship and discrimi-
nation were first measured using 4-point scale (very often, 
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somewhat often, rarely, never) and then dichotomized 
(yes/no). Although similar to the CDC-Kaiser ACE ques-
tionnaire, the NSCH survey differs in two ways: the NSCH 
added a question on racial discrimination and did not assess 
child abuse and neglect. The survey first introduces this 
module by stating “I’d like to ask you some questions about 
events that have happened during [subject child’s] life.” The 
items also state either “Since [subject child] was born…” or 
“Did [subject child] ever…” indicating that these items were 
meant to assess lifetime ACE exposure.

Prior studies using NSCH data have consistently found 
a link between ACE exposure and childhood health status 
(Bethell et al. 2014; Moore and Ramirez 2016; Slopen et al. 
2016). The present study used three measures of childhood 

health as outcomes of class membership: general health sta-
tus, special healthcare need, and chronic health condition. 
The first measure asked parents to use a 5-point scale (poor 
to excellent) to describe their child’s health; we combined 
responses to create a dichotomous general health status vari-
able (fair/poor vs. good/very good/excellent). The second 
measure, special healthcare needs, was included in NSCH as 
a screener to assess use of health services for physical, emo-
tional, and behavioral health needs. Last, the NSCH asked 
whether a healthcare provider had diagnosed the child as 
having one or more chronic physical health conditions (e.g., 
asthma, diabetes, cerebral palsy) or behavioral health con-
ditions (e.g., depression, anxiety, learning disability). We 
created a dichotomous chronic condition variable to identify 
the presence of diagnosed conditions.

Analysis

Aim 1 Analysis: Latent Class Analysis

The first step in the LCA was to fit the ACEs data to a series 
of models specified with increasing numbers of latent classes 
using Mplus 7.4 (Muthén and Muthén 1998–2012). Next, 
we used a model selection process to identify the model 
with the best fit to the data. Models were compared using 
Akaike’s information criterion, Bayesian information crite-
rion (BIC), sample-size adjusted BIC, model interpretability, 
and the accuracy of classification using the entropy value. 
We followed Nylund et al. (2007) recommendation that the 
BIC is the best empirical justification for number of classes. 
Although the bootstrap likelihood ratio test (BLRT) would 
have been ideal to assess the improvement in model fit, this 
test is not available for complex survey designs, such as the 
NSCH.

A unique consideration of our LCA analysis was the 
approach used to handle the 54% of the sample that reported 
zero ACEs. This no ACEs group did not represent a latent 
class because the respondents had not experienced any 
ACEs; however, we chose to keep these observations in 
the sample to maintain the structure of the complex survey 
design and to preserve the no ACEs group for use as the 
reference group in the subsequent regression analyses.

Aim 2 Analysis: Multivariate Regression to Assess 
Predictive Validity

Following the LCA, we used the posterior probabilities of 
class membership to assign a class membership to each 
respondent. We then conducted a series of regression 
analyses with three child health outcomes as the depend-
ent variable: reported child poor health, special healthcare 
need, and chronic health condition. Each health outcome 
was regressed on the latent class as an independent variable. 

Table 1  Nationally representative descriptive statistics for total sam-
ple (N = 95677)

HS high school, ACE adverse childhood experience

n

Child age 95,677 8.59 (SE = 0.03)
Child gender (male) 95,568 51.15%
Child race 93,384
 Hispanic 23.66%
 White, non-Hispanic 52.53%
 Black, non-Hispanic 13.54%
 Multi-racial/Other, non-Hispanic 10.27%

Parent reported below poverty line 95,677 22.45%
Child premature birth 94,799 11.55%
No. of Children in the home 95,677
 1 23.23%
 2 38.33%
 3 26.31%
 4+ 12.13%

Mother’s education 87,370
 Less than HS 14.32%
 HS 21.90%
 More than HS 63.77%

Mother’s self-reported health 88,460
 Excellent/very good 64.02%
 Good 24.00%
 Poor 11.98%

Family structure 94,512
 Two parent-bio or adopted 65.58%
 Two parent-step family 8.77%
 Single mother-no father present 18.96%
 Other family type 6.69%

Parent-reported child ACE score 94,516
 0 54.10%
 1 25.13%
 2 9.98%
 3+ 10.80%
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For comparison purposes, each health outcome was also 
regressed on the cumulative ACE score as an independ-
ent variable, yielding a total of six regression models. The 
models were adjusted to control for a set of nine covariates, 
including the child’s race, age, gender, premature birth; 
family income (above or below the federal poverty line); 
number of children in the home; family structure; and the 
mother’s education and health status. The purpose of this 
modeling approach was to determine whether ACE latent 
class membership was associated with child health out-
comes. Further, this side-by-side model comparison helps 
assess the utility of these two different approaches to analyz-
ing the association between ACEs and child health.

Results

Sample Characteristics

Descriptive statistics for the weighted sample are presented 
in Table 1. As a nationally representative study, the demo-
graphic profile of the NSCH sample is reflective of the U.S. 
population of noninstitutionalized children. The average age 
of study children was 8.6 years (range: 0–18 years). The 
majority of the sample was White (53%), with large propor-
tions of Hispanic (24%) and Black (14%) children. Most 
children lived in a home with two parents (biological or 
adoptive; 66%) and more than 76% of children had at least 
one sibling in the home. Although most mothers reported 
educational attainment beyond a high-school diploma (64%), 
an estimated 22% of the children lived below the federal 
poverty line.

The prevalence of ACEs in the NSCH sample has been 
reported in detail elsewhere (e.g., Bethell et al. 2014; Moore 
and Ramirez 2016; Slopen et al. 2016). To summarize, more 
than half of the children in the sample had zero ACEs (52%) 
or reported only one ACE (25%). The most prevalent type of 
ACE was financial hardship (21%) whereas the least preva-
lent was parental death (5%).

Aims 1 Results: Latent Class Analysis Results

We measured class membership using seven of nine ACE 
indicators. Two indicators (parent/guardian death and dis-
crimination) did not meaningfully differentiate latent classes, 
so we removed these indicators to improve model parsimony 
and interpretation. We assessed model fit for 2-class through 
10-class models. Fit statistics for class comparison indicated 
the 7-class solution had the best model fit (see Table 2). The 
BIC was lowest for the 7-class model; prior studies indicate 
the BIC is the best indicator of fit for this type of analysis 
(Nylund et al. 2007). Class interpretability was also seen 
in the 7-class model, and this model’s entropy score (0.71) 
indicated greater precision in class prediction than either the 
6-class or 8-class model. Figure 1 displays the proportion 
of each measure of class membership (ACE) in each class 
identified.

The final model contained seven classes: Class 1—0–1 
ACE (76%); Class 2—1–2 ACEs (11%); Class 3—Domestic 
violence, no mental illness (3%); Class 4—Mental illness 
and poverty (1%); Class 5—Substance use and incarceration 
(2%); Class 6–Substance use, no incarceration (4%); and 
Class 7—High ACEs (≥ 3 ACEs; 2%).

Child and parent characteristics for each class are pre-
sented in Table 2. All characteristics were significantly asso-
ciated (p < .05) with class membership, with the exception 
of child gender and premature birth. Children in Classes 
1, 2, 4, and 7 tended to be older than the sample mean and 
other latent classes. Children in Class 1 (0–1 ACE) were the 
youngest group by 2 years. Compared with other race/eth-
nicities, Whites were overrepresented in Class 6 (substance 
use, no incarceration; 66%). Similarly, Hispanics were over-
represented in Class 3 (domestic violence, no mental illness; 
35%). All groups except Class 1 (0–1 ACE) and Class 6 
(substance use, no incarceration) were more likely to report 
living below the federal poverty line. Generally, the num-
ber of children in the home did not vary between classes; 
however, 23% of the total sample reported being the only 
child in the home, whereas only 2% of Class 7 (High ACEs) 

Table 2  Latent class analyses 
fit statistics

AIC Akaike’s information criterion, BIC Bayesian information criterion, SSABIC Sample-size adjusted BIC

No. of 
classes

AIC BIC SSABIC Log likelihood No. of free 
parameters

Entropy

1 471592.57 471658.76 471636.52 −235789.28 7
2 421043.12 421184.97 421137.30 −210506.56 15 0.82
3 418838.53 419056.03 418982.93 −209396.26 23 0.73
4 418125.86 418419.01 418320.49 −209031.93 31 0.76
5 417892.25 418261.06 418137.12 −208907.13 39 0.75
6 417623.44 418067.90 417918.53 −208764.72 47 0.67
7 417502.06 418022.17 417847.37 −208696.03 55 0.71
8 417432.97 418028.73 417828.51 −208653.48 63 0.69
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reported only child status. More than three-quarters of Class 
1 reported living in a two-parent home (77%), with all other 
classes less likely to live in a two-parent home; notably, only 
14% of Class 7 (High ACEs) reported living in a two-parent 
home (χ2 = 17.2, p < .001). Mothers in Class 4 (mental ill‑
ness, poverty) reported the worst health, with 37% of these 
mothers indicating poor health.

Aim 2 Results: Multivariate Regression Results

When controlling for covariates, the cumulative number of 
ACEs was a significant predictor of the three health indi-
cators: child poor health status, special healthcare need, 
and chronic health condition (p < .001; see Table 3). We 
then examined the association of the health indicators with 
the latent classes, using Class 1 (0–1 ACE) as the refer-
ence group (see Table 4). The indicators were predicted 
at varying levels dependent on class membership. A sig-
nificant increased risk of parent-reported poor child health 
(p < .05) was found for children in Class 7 (High ACEs), 
Class 2 (1–2 ACEs), and Class 4 (mental illness, poverty). As 
compared with the reference group (Class 1, 0–1 ACE), all 
other classes had an increased risk of experiencing a chronic 

health condition (p < .05). Similarly, with the exception of 
Class 3 (domestic violence, no mental illness) all classes had 
elevated risk for special healthcare needs (p < .05), with the 
highest risk found for children in Class 4 (mental illness, 
poverty; p < .001; adjusted odds ratio [AOR] 3.10), and a 
slightly higher effect than Class 7 (High ACEs; AOR = 2.95).

Post‑hoc Sensitivity Analysis

We selected 7-class solution because of the low BIC, face 
validity, class interpretability, and predictive validity in the 
regression models. We also explored other class solutions to 
assess the implications of alternative model selection. The 
4-class solution also had support based on the Lo-Men-
dell-Rubin (LMR) test. The 4-class solution was similar to 
the 7-class solution in that there were 0–1 ACE and High 
ACEs classes that were very similar to the low and high 
ACE classes identified in the 7-class solution. The other two 
classes in the 4-class solution had moderate levels of ACEs 
and were characterized as either having mainly clusters of 
family-level ACEs (e.g., substance use, mental illness) or 
community-level ACEs (e.g., discrimination, poverty). Simi-
lar to the 7-class solution, the 4-class solution had similar 

Fig. 1  Lines represents the response patterns for each of the seven latent classes identified in the analysis, described across the seven measures 
of class membership (ACEs). The vertical axis displays the proportion of each ACE found in each latent class
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results in predicting child health outcomes. That is, the High 
ACEs class had the worse health outcomes, but the combi-
nation of ACEs in the moderate ACE classes had different 
impacts on child health. Similar patterns were identified for 
the 5-class and 6-class models.

In addition to the empirical justification, the 7-class 
model is also further justified by reflecting more of the 
nuances of the variation in the moderate ACE clusters. In 
the 4-class solution, the two moderate-ACE classes were 
distinguished largely by parental substance use. Alterna-
tively, in the 7-class solution, Class 5 (Substance use and 

incarceration) and Class 6 (Substance use, no incarcera‑
tion) were differentiated, in terms of ACE profile, primar-
ily in whether the parent was also incarcerated. Knowing 
whether a child experiences parental substance use alone, 
or in combination with incarceration, is likely a meaning-
ful distinction in terms of the experience of the child, the 
impact on well-being, and intervention strategies. Taken 
together, these findings indicate that although the 7-class 
solution was the best fit for this data, the broader implica-
tion is that regardless of the number of classes, the com-
bination of ACEs matters.

Table 3  Descriptive statistics for latent class groups (n = 94,516)

ACE adverse childhood experience, DV domestic violence, MI mental illness, SA substance abuse, HS high-school diploma
All covariates were significantly different at the p < .05 level between groups, with the exception of covariates for gender and premature birth

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7

Class label 0–1 ACE 1–2 ACEs DV No MI MI, poverty SA jail SA no jail High ACEs
% of total sample 75.8% 11.2% 3.3% 1.3% 2.3% 3.9% 2.2%
Child age 8.05 10.06 10.21 11.06 10.24 10.64 11.05
Child gender (boy) 51.2% 51.6% 49.5% 50.5% 49.6% 51.9% 53.3%
Child race
 Hispanic 24.0% 22.9% 34.8% 16.3% 18.7% 16.5% 22.4%
 White, non-Hispanic 53.5% 45.4% 37.4% 50.3% 54.7% 65.8% 54.1%
 Black, non-Hispanic 11.9% 23.8% 18.0% 18.7% 16.6% 9.0% 12.0%
 Multi-racial/Other 10.6% 7.9% 9.8% 14.7% 9.9% 8.8% 11.4%
 Below poverty line 19.0% 36.0% 39.5% 40.2% 34.2% 16.2% 35.7%
 Child premature birth 11.4% 12.2% 12.1% 13.7% 11.6% 10.6% 13.1%

Total children in the home
 1 22.5% 26.1% 24.4% 27.6% 22.8% 28.1% 2.3%
 2 39.8% 33.5% 29.5% 34.0% 30.8% 39.5% 31.4%
 3 26.4% 24.4% 28.8% 22.8% 32.6% 24.4% 27.1%
 4+ 11.3% 16.0% 17.4% 14.6% 13.8% 8.0% 18.8%

Mother’s education
 Less than HS 13.5% 17.3% 27.9% 20.1% 16.6% 8.0% 17.3%
 HS 20.7% 28.5% 23.6% 23.8% 32.0% 19.2% 22.9%
 More than HS 65.8% 54.2% 48.5% 56.1% 51.5% 72.8% 59.8%
 Mother’s health
 Excellent/very good 68.9% 46.8% 42.3% 30.2% 48.7% 58.4% 42.3%
 Good 22.3% 29.9% 29.8% 33.3% 32.4% 26.9% 31.5%
 Poor 8.8% 23.2% 27.9% 36.5% 18.9% 14.7% 26.3%

Family structure
 Two parent-bio or adopted 77.3% 35.0% 18.9% 19.2% 18.7% 38.5% 14.0%
 Two parent-step family 5.6% 17.0% 20.5% 19.1% 24.1% 16.1% 23.4%
 Single mother-no father 13.1% 36.7% 48.8% 48.5% 35.2% 30.1% 31.7%
 Other family type 4.0% 11.4% 11.7% 13.3% 22.0% 15.3% 30.8%

ACE score
 0 71.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
 1 28.6% 20.2% 0.0% 0.0% 0.0% 30.3% 0.0%
 2 0.0% 65.8% 31.9% 6.3% 11.3% 31.1% 0.2%
 3+ 0.0% 14.0% 67.7% 93.7% 88.7% 38.6% 99.8%
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Discussion

Felitti et al. (1998) innovative work created a new under-
standing of the importance of childhood experiences on 
physical and behavioral health. The acknowledgment that 
trauma experienced during childhood can have lifelong 
consequences has shifted conversations among scholars 
in many fields. Findings from the CDC-Kaiser ACE study 
have also changed clinical practice, with many clinics and 
hospitals now including an ACE assessment in their clini-
cal protocol. The current study advances this conversation 
as it examined whether various ACE combinations have 
differential impacts on health outcomes by using person-
centered analyses. Our study identified that while exposure 
to a high number of ACEs was associated with poor health 
outcomes, certain combinations of ACEs are associated 
with more deleterious outcomes than other combinations. 
This finding provides a better understanding of which ACE 
combinations present greater risks to health and has the 
potential to inform the selection and tailoring of clinical 
interventions for individuals.

Considerable research has shown the cumulative effects 
of ACE exposure are detrimental to health outcomes (Felitti 
et al. 1998; Anda et al. 2002; Dube et al. 2001; Dong et al. 
2003). The research indicates ACE exposure increases like-
lihood of negative health outcomes, and that exposure to 
more categories of ACEs increases the negative effects on 
health (Felitti et al. 1998). Our study not only supports these 
prior findings but also found class membership predicted 
child health outcomes of interest (child poor health, special 
healthcare need, and chronic health condition) with vary-
ing risk. This finding demonstrates an important connec-
tion between ACE combinations and differential effects on 
health; this information has not been available from studies 
that used a simple, continuous ACE measure. Our findings 
suggest that it is not only the number of ACEs that is related 
to health outcomes, but specific combinations of ACEs can 
be important when comparing individuals with moderate 
levels of ACEs.

The study identified several important distinctions 
between latent group membership related to health out-
comes. For example, as compared with children who 

Table 4  Reported Child health outcome by latent class membership and ACE score

ACE adverse childhood experience, AOR adjusted odds ratio, CI confidence interval, MI mental illness
*p < .05, **p < .01, ***p < .001

Child poor health
Class compared with class 1: 0–1 aces AOR [95% CI] AOR [95%CI]
 Class 2: 1–2 ACEs 1.49 [1.12, 1.99]**
 Class 3: Domestic violence, no MI 1.01 [0.60, 1.69]
 Class 4: Parental MI, poverty 1.98 [1.16, 3.36]*
 Class 5: Substance use, no incarceration 0.74 [0.41, 1.33]
 Class 6: Substance use, incarceration 0.66 [0.44, 1.00]
 Class 7: High ACEs (≥ 3) 2.39 [1.36, 4.20]*
 Cumulative ACE score 1.16 [1.08, 1.24]***

Chronic Condition
 Class 2: 1–2 ACEs 1.61 [1.43, 1.80]***
 Class 3: Domestic violence, no MI 1.37 [1.09, 2.24]**
 Class 4: Parental MI, poverty 2.95 [2.21, 3.93]***
 Class 5: Substance use, no incarceration 2.01 [1.60, 2.54]***
 Class 6: Substance use, incarceration 1.43 [1.20, 1.70]***
 Class 7: High ACEs (≥ 3) 2.25 [1.76, 2.90]***
 Cumulative ACE score 1.24 [1.20, 1.28]***

Special healthcare need
 Class 2: 1–2 ACEs 1.58 [1.40, 1.79]***
 Class 3: Domestic violence, no MI 1.24 [0.98, 1.57]
 Class 4: Parental MI, poverty 3.10 [2.33, 4.12]***
 Class 5: Substance use, no incarceration 1.46 [1.07, 1.99]*
 Class 6: Substance use, incarceration 1.40 [1.63, 1.69]***
 Class 7: High ACEs (≥ 3) 2.95 [2.33, 3.75]***
 Cumulative ACE score 1.25 [1.21, 1.29]***
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reported 1 or no ACE, we found a significantly greater like-
lihood for poor health among children who reported high 
ACEs (≥ 3 ACEs), moderate ACEs (1–2 ACEs), or the com-
bination of mental illness and poverty ACEs. This finding 
indicates that the combination of caregiver mental illness 
and poverty has similar association to poor health as having 
three or more ACEs. Additionally, although most classes 
had an increased risk of experiencing a special healthcare 
need, we found children exposed to domestic violence but 
not mental illness (Class 3) were not at an increased risk 
for poor health as compared to Class 1 (0–1 ACE). Last, a 
finding that further emphasizes the differential health risk of 
class groups was that the class exposed to ACEs of mental 
illness and poverty (Class 4) had the highest risk of expe-
riencing a special healthcare need—an effect higher than 
even that of the high ACE class. This last finding is espe-
cially important because the extant research suggested that 
children with multiple ACE exposures were most at risk; 
however, our work suggests that important qualitative differ-
ences exist in these childhood experiences depending on the 
types and combination of ACEs. Overall, these findings have 
important clinical implications given that the prior research 
suggests directing more intensive interventions to highest 
ACE groups; in contrast, the findings of the current study 
may suggest triaging intensive interventions to children who 
experience a combination of poverty and a parent with men-
tal illness, regardless of additional ACE exposure.

Important socioeconomic differences (race, income, 
and maternal education) appear to correspond with class 
membership, suggesting the likelihood of group differences 
beyond the differing experiences of ACEs. For example, as 
compared with nearly a quarter of the NSCH sample who 
reported being the only child in the home, only a very small 
proportion of children in the high ACE class reported only 
child status (2%). Additionally, children in the referent class 
(0–1 ACE) were significantly more likely than all other 
classes to report living in a two-parent home. These find-
ings highlight the nuanced pattern of ACE indicators that 
would be unavailable in a cumulative index.

Our study supports prior findings that the cumulative 
index of ACEs was highly predictive of all studied child 
health outcomes. Cumulative risk is an important phenom-
enon that holds across numerous populations, including a 
nationally representative sample of children. Screening for 
ACEs is a quick and accessible way to identify children who 
may be at greatest risk for poor health outcomes. Indeed, 
understanding a child’s ACE score provides clinicians an 
easy metric for targeting prevention and intervention. How-
ever, a count number of ACEs provides little information 
regarding how best to intervene. For example, an ACE score 
of three likely does not provide enough useful information 
for a clinician to suggest or select an appropriate evidence-
informed intervention. Knowing not only the count of ACEs 

but understanding the compilation of ACEs is needed for 
both intervention development and deployment. As this 
study identified the combination of caregiver mental ill-
ness and poverty as particularly impactful on child health, 
it would be helpful for a clinician to know these specific 
ACE indicators to select an evidence-informed interven-
tion to address caregiver mental health. Future research 
may identify that specific interventions are more effective 
in reducing child health problems for different groupings of 
ACE indicators. Understanding ACE constellations can help 
clinicians select appropriate and effective interventions for 
the individual child and family needs.

These findings should be considered in light of several 
limitations. First, as a cross-sectional study, it is not possible 
to determine the true causal order of ACEs and health status. 
However, since the NSCH asks about lifetime ACE exposure 
and current health status, there is some indication that tem-
porality is implied such that ACEs preceded the measured 
health outcomes. Nevertheless, temporality is a necessary 
but not sufficient condition for establishing causality, and 
we have been careful not to suggest that these findings are 
causal. Second, binary variables may hide further nuance 
in the experience of ACEs in terms of frequency or devel-
opmental timing of the adverse experience. Last, the latent 
class memberships were based on posterior probabilities, 
and assigning children to their highest probability class may 
increase associations and attenuate standard errors.

Conclusions for Practice

The current study suggests that LCA is a helpful method for 
teasing out the pathways by which ACE exposure negatively 
affects health outcomes. Cumulative number of ACEs is a 
useful measure to identify and triage patient populations 
based on a broad dimension of risk. However, as greater 
numbers of clinicians begin to routinely assess ACEs, it will 
be essential to pinpoint specific interventions for patients 
presenting with exposure to specific ACEs or combinations 
of ACEs. Identifying the classes at elevated risk for poor 
outcomes can help guide the selection of interventions to 
improve population health.
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