UC Santa Barbara
UC Santa Barbara Previously Published Works

Title

Implications of adverse childhood experiences screening on behavioral health services: A
scoping review and systems modeling analysis.

Permalink

https://escholarship.org/uc/item/71b6v9rj

Journal
The American psychologist, 76(2)

ISSN
0003-066X

Authors

Barnett, Miya L
Sheldrick, R Christopher
Liu, Sabrina R

Publication Date
2021-02-01

DOI
10.1037/amp0000756

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/71b6v9rj
https://escholarship.org/uc/item/71b6v9rj#author
https://escholarship.org
http://www.cdlib.org/

AMERIGAN
PSYCHOLOGICAL
ASSOCIATION

American Psychologist

2021, Vol. 76, No. 2, 364-378
https:/idoi.org/10. 1037/amp0000756

‘© 2021 American Psychological Association
ISSN: 0003-066X

Implications of Adverse Childhood Experiences Screening on Behavioral

Health Services: A Scoping Review and Systems
Modeling Analysis

Miya L. Barnett', R. Christopher Sheldrick?, Sabrina R. Liu’, Maryam Kia-Keating', and Sonya I\Inagriff3

' Department of Counseling, Clinical, and School Psychology, University of California, Santa Barbara
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Widespread implementation of adverse childhood experiences (ACEs) screening is occurring
in the United States in response to policies and practice recommendations. However, limited
research has established how these screening efforts impact the health care system and
ultimately health outcomes. This article examines the current knowledge base on screening
in medical settings. A scoping review of articles reporting on ACEs screening and prevalence
in the United States was conducted. Of the 1,643 unique studies across two decades, 12
articles meeting criteria included nine on routine screening in medical settings and three on
population-based surveys. A Monte Carlo simulation model was designed to synthesize
evidence, identify key areas of uncertainty, and explore service system implications. Results
indicated significant heterogeneity in the proportion of respondents who reported ACEs, with
6% to 64% of patients reporting 1+ ACEs and .01% to 40.7% reporting 4+ ACEs. Gaps in
the literature were identified regarding cut-scores for referrals and referral completion rates.
Three scenarios, modeled based on these data and past research on behavioral health
screenings in pediatric primary care, demonstrated how ACEs screening may differentially
impact behavioral health care systems. Priorities for future research were highlighted to refine
estimates of the likely impact of ACEs screening on health care delivery.

Public Significance Statement
Significant efforts are being made to screen for and respond to ACEs within primary care settings to
help mitigate the individual and public health impact of ACEs. A scoping review and simulation
modeling demonstrated the potential impacts of ACEs screening on the supply and demand for
behavioral health care services.
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Increasingly, screening for adverse childhood experiences
(ACEs) is being recommended within pediatric and adult

primary care in the United States to prevent and treat the
negative sequelae associated with ACEs (Koita et al., 2018).

Editor’s note.  This article is part of a special issue, “Adverse Child-
hood Experiences: Translating Research to Action,” published in the
February-March 2021 issue of American Psychologist. Sharon G. Port-
wood, Michael J. Lawler, and Michael C. Roberts served as editors of the
special issue.
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For example, in the state of California, a recent law provides
reimbursement for ACEs screening in the Medicaid popu-
lation and trainings for pediatric and adult primary care
providers (PCPs) are being offered to encourage uptake and
use (ACEs Aware, 2020; Underwood, 2020). These imple-
mentation efforts are occurring in the context of ongoing
debate about the utility of ACEs screening (Barnes et al.,
2019; Campbell, 2020; Dube, 2018; Finkelhor, 2018). Pro-
ponents argue that screening can lead to earlier detection of
patients at risk of mental and physical health challenges,
inform relevant referrals and follow-up, encourage support-
ive relationships with clinicians, prevent ACEs in children,
(Bethell, Solloway, et al., 2017; Koita et al., 2018), and
contain costs by reducing “super spenders” in health care
systems (Grimes, 2017; Miller et al., 2020). In turn, others
have emphasized the challenges of implementing ACEs
screening; including the difficulty of referral decisions after
positive screens (especially in the absence of current symp-
toms), inadequate referral sources for behavioral health care
and other resources to address adversities and other social
determinants of health, and concerns that ACEs screening
could be harmful, including increasing stigma or negative
expectancies for patients with high ACEs (Barnes et al.,
2019; Campbell, 2020; Finkelhor, 2018).

Evidence-Base for ACEs Screening

Large-Scale Survey Studies

Interest in screening for ACEs began with research con-
ducted within the Kaiser Permanente Health care System
(KP) in collaboration with the Centers for Disease Control
and Prevention (CDC), which demonstrated that among

adults ACEs are extremely prevalent and associated with
lasting health consequences (Felitti et al.,, 1998). In this
study, surveys were sent to members of KP’s large HMO,
with more than 17,000 respondents. Approximately 60% of
participants reported at least one of the 10 ACEs items
related to abuse (i.e., physical, sexual, and emotional), ne-
glect, or household dysfunction (i.e., household mental ill-
ness, household substance use, incarcerated household
member, parental separation or divorce, or household do-
mestic violence) and 12.5% reported 4+ ACEs. Subse-
quently, the Behavioral Risk Factor Surveillance System
(BRFSS), a nationally representative telephone survey con-
ducted by the CDC, included eight ACEs questions as an
optional module for states. In this larger, more demograph-
ically diverse sample, reported prevalence of ACEs was
shown to be similarly high, with 61.5% reporting 1+ ACE
and 16.5% reporting 4+ ACEs (Merrick et al., 2018). While
both of these studies were conducted with adults, the Na-
tional Survey of Children’s Health (NSCH) provides na-
tional prevalence data for children with questions about nine
different ACEs (abuse and neglect categories were not
included). The NSCH survey was administered to the care-
givers of 50,212 children ages 0-17 years, 46.3% of whom
reported their child was exposed to at least one ACE (Beth-
ell, Davis, et al., 2017).

ACEs Screening in Medical Settings

Research specific to screening for ACEs in medical set-
tings has primarily focused on the feasibility and accept-
ability of implementing routine screening, with a recent
scoping review on adult ACEs screening identifying 15
articles (Ford et al., 2019). This review found that research
to date has predominately focused on provider and patient
perspectives on the acceptability and feasibility of ACEs
screening, with no studies reporting on service utilization as
a result of screening. The authors conclude that additional
research is needed to elucidate the impact of the screening
tools used, referrals for positive screening, uptake of refer-
rals, the impact on workload for the health care system, and
consequences on health outcomes. Notably, this review did
not include pediatric populations, which are often targets for
ACEs screening. For example, the Healthy Steps program
screens infants and their parents for ACEs to inform refer-
rals for intensive behavioral health services (Briggs et al.,
2016). Screening in children is preliminary, as ACEs by
definition accumulate over time, but it has the potential to
prevent additional ACEs and prevent or reduce negative
sequelae. In practice, California policy recommends that
ACEs screening lead to personalized treatment plans for
children and adults, including linkage to resources that
promote safe and supportive relationships, regular exercise,
good sleep hygiene, and healthy nutrition, as well as mental
health treatment if indicated. Thus, these recommendations
acknowledge the need for cross-sector collaborations across
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medical providers, behavioral health care, and social ser-
vices. Yet, there are currently no published estimates of the
impact that widespread ACEs screening may have on the
availability of these limited resources.

Behavioral Health Screening

Given evidence gaps with respect to ACEs screening, the
potential impact on behavioral health care delivery can be
informed by prior behavioral health screening research. For
example, systematic reviews conducted by the U.S. Preven-
tive Services Task Force on screening for problems that
include autism and depression provide evidence-based de-
terminations regarding the balance of harms and benefits
attributable to screening (Siu & the US Preventive Services
Task Force [USPSTF], 2016a; Siu & the US Preventive
Services Task Force [USPSTF], 2016b). Although consid-
ered a gold standard, large trials that randomly assign pa-
tients to either receive screening or not are seldom available.
Therefore, recommendations are typically based on evi-
dence supporting the accuracy of screening questionnaires
and the effectiveness of screening at linking patients to
available and effective services. Prior screening models
suggest that multiple factors directly influence the number
of patients who seek and complete referrals, including (a)
the number of patients who complete screenings, (b) prev-
alence, (c) the accuracy of the screening instrument, (d)
clinical decisions about when to refer to services, and (e)
uptake of referrals (Sheldrick et al., 2015, 2019).

ACE-specific research offers evidence about only some
of these variables. For example, various demographic, so-
cial, and economic factors influence the prevalence of ACEs

BARNETT, SHELDRICK, LIU, KIA-KEATING, AND NEGRIFF

within a patient population, including age, geographic lo-
cation (e.g., some areas may be more likely to experience
community violence), and socioeconomic status (Crouch et
al., 2020; Kuhlman et al., 2018; Merrick et al., 2018).
Furthermore, belonging to a population that faces interper-
sonal and systemic discrimination, as is true of ethnic and
racial minority populations, is associated with greater risk of
ACEs (Liu et al., 2019; Merrick et al., 2018).

ACE-specific findings can be supplemented by research
on other types of pediatric screening. For example, past
research on behavioral health screening offers evidence on
rates of referral and referral completion (Gleason et al.,
2016; Wissow et al., 2013). Research also suggests that
reported prevalence of ACEs in medical screenings is in-
fluenced by contextual factors such as willingness to dis-
close as well as the actual prevalence in the patient popu-
lation. Disclosure rates may differ based on trust of the
provider and how the measure is administered, including
whether the measure is completed by a caregiver or their
child, where the measure is administered (i.e., waiting room
or in private), and whether responses to individual items or
only a total summary score (i.e., de-identified) is requested
(Nguyen et al., 2019; Purewal et al., 2016). For example,
California allows providers to choose if they want to have
patients report on individual items or provide a “de-identified
score,” with the resource website stating that the, “de-identified
format may facilitate higher rates of disclosure and greater
patient comfort in pediatric settings” (ACEs Aware, 2020).
Finally, screening typically includes the use of a cut-off score
to guide referrals to resources, including behavioral health.
Under new policy changes, California recommends follow-up
and referrals for patients with four or more ACEs or one to
three ACEs and associated symptoms (ACEs Aware, 2020).
However, others (Finkelhor, 2018) suggest that mental health
treatment is not indicated for those with high ACEs but no
symptoms. Given the limited data on how ACEs screening
impacts health care service, it is important to understand the
current state of the science to inform the large-scale implemen-
tation efforts that are occurring.

Study Objectives

Historically, screening for a wide range of conditions has
been widely implemented despite unresolved debates re-
garding effectiveness (Siu & the US Preventive Services
Task Force [USPSTF], 2016). Likewise, ACEs screening is
being implemented throughout California despite unre-
solved debates in the research literature (Dube, 2018; Fin-
kelhor, 2018). The overarching objective of this article is to
synthesize what is known about ACEs screening in medical
settings and leverage that knowledge to improve care for
impacted individuals. First, the methods and results of a
scoping review on ACEs screening are presented. The ob-
jectives of the scoping review were to (a) compare reported
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prevalence of ACEs between survey-based population stud-
ies and screening procedures and (b) describe procedures
and outcomes of ACEs screening in medical settings. Next,
methods and results are presented from simulation models
of screening and intervention for pediatric behavioral health
problems, which were informed by the scoping review. The
objectives of the simulation models were to demonstrate (a)
the range of potential outcomes that may result from imple-
mentation of ACEs screening, (b) the utility of existing data
to inform specific decisions necessary for implementation,
and (c) evidence gaps that can be addressed to demonstrate
effectiveness and promote further systems improvement.

Scoping Literature Review

Method
Search Strategy and Eligibility Criteria

The study followed recommendations for scoping review
methodology (Arksey & O’Malley, 2005; Levac, Colquhoun,
& O’Brien, 2010). The scope of inquiry was to identify
empirical research from January 1998 to April 2019 that
reported results of ACEs screening within medical settings.
Because the research question focused on how reported
prevalence rates based on routine screening in medical
practices compared with epidemiological surveys of ACEs
within the United States, we included broad search terms of
“Adverse Childhood Experiences” and “Adverse Childhood
Events.” We searched PsycINFO and PubMed on April 10,
2019. To be included, studies needed to: (a) report on ACEs
screening within medical settings or one of the three large
population-based surveys in the United States (i.e., KP-

CDC, BRFSS, and the NSCH), (b) include self or caregiver
report of at least four ACEs, (c) report at least two out of
three domains of ACEs (i.e., abuse, household dysfunction,
community violence), (d) report prevalence of ACEs, and
(e) include at least 100 participants. Results from screening
studies were compared with those reported from survey-
based research conducted in the United States. In cases
where multiple articles written on each survey study (e.g.,
KP-CDC = 39 articles) reported different sample sizes (and
also variations in the prevalence reported), we extracted
prevalence rates from the earliest article with the full sam-
ple. All searches were entered into Covidence (2019), on-
line software for systematic reviews that tracks duplicates,
screening results, and data extraction.

First, abstracts and titles were screened for inclusion
criteria. To ensure reliability in screening, four coders
double-screened the first 60 articles and met to reach con-
sensus and clarify screening rules. Agreement was 93%
based on screening, and consensus was reached on the four
articles with disagreements. Then coders screened all titles
and abstracts to identify relevant articles. The full-text of
remaining articles were reviewed, with specific attention to
the methods section, to guarantee that articles met all inclu-
sion criteria. Reviewers met regularly throughout the ab-
stract and full-text review process to discuss any challenges
or uncertainties related to study selection. To identify other
potentially relevant studies, reference lists and works citing
the studies meeting eligibility were reviewed following
initial screening in January 2020. Three additional articles
meeting eligibility criteria were identified.

Data Extraction and Coding Procedures

A codebook with definitions of each construct was cre-
ated. At least two coders independently reviewed and ex-
tracted data from each article. Consensus meetings were
held between the coders to determine final codes.

Results

Of 1,643 unique studies that were screened, nine articles
met the inclusion criteria for screening in medical settings
and three articles were included that reported on prevalence
within the KP-CDC, BRFSS, and NSCH samples. The flow
of studies from initial search to ultimate inclusion in the
final sample is included in Figure 1. Table 1 describes
characteristics of the medical screening studies, including
the clinics, patients, screeners used, and reported prevalence
in each study. Note that only one study reported confidence
intervals (Cls), so we estimated 95% Cls using a binomial
distribution.

Characteristics of Medical Settings

ACEs screening was conducted in various settings,
including adult primary care, adult integrated behavioral
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health, prenatal, sexual health, and pediatric clinics. Of
the studies that reported on insurance, two identified as
primarily serving clients with private insurance, three
predominately served clients with Medicaid, and one
study had a nearly even representation of individuals with

Figure 1

private, state, and no insurance. We noted considerable
clinical heterogeneity that may influence results. For
example, Kia-Keating et al. (2019) reported implemen-
tation of ACEs screening in the context of broader prac-
tice change, including increased provision of embedded
behavioral health services (i.e., wellness navigation and
parenting interventions). In contrast, Marie-Mitchell et
al. (2019) reported on implementing ACEs screening
without concurrent efforts to change behavioral health
care access. Given that prior system dynamics modeling
based on systematic reviews of behavioral health screen-
ing suggest that accessibility of behavioral health ser-
vices may influence referral decisions, we note that clin-
ical heterogeneity of this kind may contribute to
statistical heterogeneity (Sheldrick et al., 2016).

Patient Samples

The sample sizes ranged from 111 to 2,569 patients
screened. Adults were screened in six studies, with two
studies screening caregivers at their infant’s well-child visit.
Children were screened in a total of four studies, with one
study screening infants, one study screening 5- to 11-year-
olds, and two studies screening all ages. The racial/ethnic
diversity of patients was reported in six studies, ranging
from predominately non-Hispanic White to predominately
patients of color.

PRISMA Flow Diagram of Literature Search and Selection Process

Records identified through
database searching

Additional records identified
through other sources

Duplicates removed

(n=2595) (n=13) — (n=955)
Records screened
(n=1,643) Records excluded
—b (n=645)
Y
Full-text articles
assessed for eligibility Full-text articles excluded (n = 986)
(n=998) — Prevalence not reported (n =240)
Not United States (n =143)

v

Screening studies included
in synthesis
(n=9)

Survey studies included in
synthesis (n = 3)

Not medical setting (n=127)
Not systematically collected from caregiver or
self-report (n =63)
N <100 (n=45)
Not English (n=27)
Inadequate items (n = 101)
Not screening (n = 27)
No data (n=19)
Duplicate survey or screening sample (n =139)
Other Population Survey (n = 65)
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Screening Measures and Procedures

Different screening measures were used across the stud-
ies, ranging from eight to 19 items in length. The most
frequently used screeners were the 10-item version from
Felitti and colleagues’ (1998) original ACEs study for
adults, and an extended pediatric version by the Center for
Youth Wellness (Purewal et al., 2016), which adds adverse
community experiences, including bullying, discrimination,
neighborhood violence, or separation from caregivers.

Administration methods varied widely. Self-report was
used for screening adults and adolescents and caregiver
report was used when screening children under age 12.
Scoring methods and thresholds also varied. Five studies
had patients report only de-identified total scores, whereas
three studies had patients report item-by-item responses.
After noting that prevalence of ACEs was lower than would
be expected based on the state BRFSS, one study switched
from item-level to de-identified score reporting (Gillespie et
al., 2017). Another study by Marcus et al. (2009) investi-
gated differences in reporting when screeners were anony-
mous (i.e., not linked to any patient information and not
shared with the provider) versus confidential (included in a
confidential field in the patient’s medical chart).

Screening Outcomes

Screening Completion Proportions. Among the seven
studies that reported relevant data, completion proportions
varied widely, ranging from 28% to 92.1% of eligible
patients who completed the ACEs screener. Challenges with
workflow and patient refusal to complete screenings were
identified as reasons for poor completion rates. Facilitators

to higher screening rates included providing all staff train-
ing, organizational support, and developing workflows re-
garding administration of the ACEs screener and the
follow-up plan.

ACEs Reported Prevalence Rates. Prevalence of self-
reported ACEs was also investigated to identify if patient
reports based on medical screenings were consistent with
population-based studies. Figure 2 depicts results. Reported
prevalence of ACEs varied across studies, ranging from 6%
to 64% of patients reporting 1+ ACEs and .01% to 40.7%
of patients reporting 4+ ACEs. As expected (given that they
had less time in which to be exposed), the proportion of
infants and children with reported ACEs was generally
smaller than that of adult retrospective reports. This finding
includes one study that assessed both infants and adults and
found that while 23.2% of parents reported that they them-
selves had experienced four or more ACEs, only 0.01% of
parents reported that their infants had four or more ACEs
(Kia-Keating et al., 2019). Another study of children ages
0-17 found that only 0.2% of parents reported that their
children had 3+ ACEs (4+ ACEs were not reported; Sel-
varaj et al., 2019). Somewhat higher prevalence was re-
ported when screening was administered anonymously,
meaning that data were never linked to the patient (46.3%
reported 1+ ACESs), than when the provider knew the
patient’s responses (38.8% reported one or more ACEs;
Marcus et al., 2009). The highest prevalence rates of 1+
(79%) and 4+ ACEs (40.7%) were reported when screening
happened in the context of a behavioral health clinic (i.e.,
consultation or referrals to the affiliated outpatient clinic;
Koball et al., 2019; not included in Figure 2 as screening did
not take place in primary care). The fact that confidence
intervals for prevalence estimates in different studies sel-
dom overlapped offers evidence that self-reported preva-
lence 1s sensitive to context.

Follow-Up Procedures. Across studies, limited infor-
mation was provided on follow-up to positive ACEs
screens. Only two studies reported the cut-off for when
referrals to services would be made. Six studies reported
details regarding their follow-up procedure, which most
frequently involved providing individuals with resource
lists, including parenting classes, behavioral health services,
childcare, and other social services. Four studies referenced
making additional referrals to social work, parenting inter-
ventions, behavioral health, or psychiatry. ACE-related re-
ferrals were made in 2% of well-child visits in one pediatric
study (Selvaraj et al., 2019). In another study, which sought
to promote resiliency with prevention interventions focused
on positive parenting, patients were eligible if the infant had
1+ ACE and/or the caregiver had 2+ ACEs. Of the patients
screened, 47% were referred to parenting programs as part
of a research study, with 77.5% of patients enrolling in
services (Kia-Keating et al., 2019).
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Figure 2

Proportion of Population Reporting Different Numbers of ACEs in Population Surveys and

Screening-Based Studies in Primary Care Settings
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Simulation Models

Method
Natural History Model

A natural history model was developed to represent
the expected proportion of children who would exceed the
recommended threshold of 4+ ACEs at any given age as the
primary outcome of interest. Consistent with past evidence
demonstrating that ACEs are interrelated and that the pres-
ence of one ACE significantly increases the risk of an
additional ACE (Dong et al., 2004), a simple simulation
model was developed, in which all children are born with a
given probability of experiencing an ACE in their first year
of life. Thereafter, their chance of having an additional ACE
as they age is a function of the number of ACEs they have
already accrued (for child i, the probability of an ACE in
time t = p * xACEs@),

Behavioral Health Care Delivery Model (Hereaffter,
“Delivery Model”)

A simulation model was developed to represent the pro-
cess by which screening leads to delivery of behavioral
health care services. Originally designed to address the
needs of state-level policymakers working to implement
trauma-informed screening, this model simulates demand

for treatment that results from screening as well as work-
force capacity to provide that treatment (Sheldrick, Stad-
nick, et al., 2019; Sheldrick et al., 2020). Below, we de-
scribe the model’s structure, outcomes, and parameters. To
estimate variability in potential outcomes, 20 Monte Carlo
simulations were conducted.

Delivery Model Structure. The delivery model is com-
prised of several submodels, beginning with rwe separate
screening submodels that determine demand for behavioral
health treatment— one for children with the target condition
(hereafter, high ACEs), and the other for children without
the target condition (hereafter, low ACEs; see Figure 3).
Structure is identical across submodels for both high and
low ACEs groups, regarding steps in the process (i.e.,
screening, prevalence, referrals, and referral completion).
However, parameters can vary to reflect different experi-
ences of the same process, including the number of children
screened each month, the probability of screening positive
and of engaging in treatment given a positive score. In turn,
a separate workforce submodel simulates the availability of
appointments as a function of (a) workforce size (i.e., the
number of treatment providers) and (b) provider capacity
(i.e., the number of patients a provider can treat per week).
The number of treatment providers at any given time is
influenced by the *“quit rate” (i.e., turnover) and “hiring
rate.” Notably, waitlists emerge at the intersection of the



This document is copyrighted by the American Psychological Association or one of its allied publishers.

personal use of the individual user and is not to be disseminated broadly.

This article is intended solely for the

372

Figure 3
Simulation Model Structure

Model parameters
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screening and workforce submodels whenever demand for
appointments exceeds the capacity of the workforce to
supply appointments.

Delivery Model Qutcomes. The model facilitates esti-
mation of a number of outcomes that are of interest to
clinicians and policymakers, including the proportion of
children with and without ACEs who receive treatment (i.e.,
process sensitivity and false positive rate, respectively),
demand for services (i.e., the number of children who are in
need of services each month), capacity for services (i.e., the
number of children to whom treatment can be successfully
delivered each month), and waitlists. Equally important, the
model highlights the degree to which estimates are sensitive
to prior assumptions, including assumptions about parame-
ters (e.g., prevalence, sensitivity and specificity of the
screening questionnaire, and probability of referral condi-
tional on screening result) but also regarding model struc-
ture (e.g., whether the model accounts for referrals subse-
quent to negative screens) and scope (e.g., focus on
behavioral health care delivery). To facilitate use by a wider
audience, the simulation model was executed in Microsoft
Excel and is included in online supplemental materials.

Delivery Model Parameters. As is common in simula-
tion modeling, our expectation was that available evidence
would be insufficient to fully specify the model. We identified
direct evidence about ACESs screening to inform model param-
eters based on prior literature and the scoping review. When
direct evidence was unavailable, we sought indirect evidence;
for example, from prior reviews and professional recommen-
dations for pediatric screening (Gleason et al., 2016; Wissow et

al., 2013). When no direct or indirect evidence was available to
inform parameter estimates, we calibrated the model to de-
velop credible estimates. For example, lacking evidence on the
size and dynamics of the workforce needed to provide
follow-up care, we anticipated the need to calibrate a model to
achieve equilibrium under various assumptions regarding cur-
rent practices for screening and referral and subsequent waitlist
for services.

The scoping review documented significant evidence
gaps. For example, heterogeneity in the proportion of re-
spondents who report ACEs across studies suggests that no
one simulation model is likely to offer valid representation
of demand across all settings. Moreover, the proportion of
respondents who report ACEs is sensitive to how the
screener is administered and to the sensitivity and specific-
ity of the questionnaire. Therefore, we used the following
strategy with the goal of elucidating delivery system dy-
namics. First, we generated a baseline model (Scenario A)
designed to depict behavioral health screening in a typical
health care system. Next, we relied on results of the scoping
review to develop two alternative scenarios that might plau-
sibly reflect implementation of ACEs screening and com-
pared how these scenarios would impact demand for behav-
ioral health care as compared with the baseline scenario.

Scenario A: Baseline. To estimate parameters for the
baseline scenario, we relied on prior literature on pediatric
behavioral health screening to choose values consistent with
a high-quality screening process. Thus, we assumed an
accurate screener (e.g., sensitivity = 80%; specificity =
90%), and we selected a value of 13% to represent the
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proportion of children who score positive on a typical
behavioral screener (Jellinek et al., 1999). Noting that the
proportion of respondents who screen positive is a function
of sensitivity, specificity, and actual prevalence, we calcu-
lated true prevalence based on the assumptions above using
the following formula:

Yepositive + specifiicity — 1
sensitivity + specificity — 1

prevalence =

Assumptions regarding sensitivity, specificity, and the
proportion of patients who screen positive imply a true
prevalence of 4%. Moreover, based on a prior systematic
review of behavioral health screening (Wissow et al., 2013),
we assumed that PCPs referred 80% of children who score
positive and 5% who score negative. In the one study of
ACEs screening that reported relevant data, 77.5% of pa-
tients completed referrals (Kia-Keating et al., 2019). Be-
cause this value is generally consistent with a prior system-
atic review of behavioral health screening (Wissow et al.,
2013), we used this estimate across all scenarios. Based on
the level of demand implied by the parameters assumed in
this baseline scenario, workforce numbers were calibrated
to yield persistent waitlists for treatment services averaging
1-2 months, as is typical in many health care systems.

Scenarios B and C—Changes in Demand. Next, we
relied on results from the scoping review to systematically
alter parameters in the baseline model in ways that could
plausibly depict a change resulting from implementation of
ACEs screening in different localities. Specifically, we se-
lected certain studies that reported low values (Selvaraj et
al., 2019) and high values (Kia-Keating et al., 2019) with
respect to the proportion of patients screened, the proportion
who screened positive, and the proportion referred for ser-
vices. Positive screens were determined by the ACEs cut
scores used in the studies, and did not include the presence
of mental health symptoms as these data were not reported
in any studies. The two studies selected inform scenarios
that suggest mechanisms by which ACEs screening may
increase or decrease demands on the behavioral health care
delivery system.

Feedback Loops. Consistent with system dynamics re-
search on policy resistance (Sterman, 2006), we also con-
ducted sensitivity analyses to explore the possible effect of
feedback loops. Based on prior evidence that longer queues
predict higher patient dropout, we simulated effects of long
waitlists on referral rates. Based on research associating
higher work pressure with burnout and job turnover in
behavioral health care (Dantas et al., 2018; Johnson et al.,
2018; Sherman et al., 2009), we also simulated the possible
effect of long waitlists on provider quit rates. Specifically,
we ran two additional analyses. For the first analysis (here-
after, “negative feedback™), when average waitlists are
above a threshold of 150 days (over twice as high as the
average at baseline) for at least 6 months, the probability of

referral and the probability of referral completion each
decline by 0.1% per month until waitlists fall below the
threshold. In the second analysis (hereafter, “positive feed-
back™), feedback loops from waitlists to referral parameters
are still present but they are now weaker (instead of an
increment of 0.1% per month, they are now 0.01% per
month). In addition, this analysis includes an additional
feedback loop. When average waitlists are above a threshold
of 150 days for at least 12 months, the quit rate for treatment
providers increases by 0.01% per month.

Results
Natural History Model

We calibrated the natural history model to reflect the
results of our scoping review. If ACEs accrue with age as
the model suggests, positive screens on ACEs question-
naires will be heavily skewed toward older adolescents,
with comparatively fewer children screening positive at
younger ages. Notably, this finding is consistent with the
limited empirical evidence identified in the scoping review.
Also, the model suggests that experiencing ACEs at earlier
ages places children at higher risk for experiencing more
ACEs. For example, a child who experiences one ACE in
their first year of life has a 53% chance of experiencing four
or more ACEs by age 18. If a child experiences two ACEs
in the first year of life, the model suggests that the proba-
bility of experiencing four or more ACEs increases to 91%.

Behavioral Health Care Delivery Models

Scenario A: Baseline. Results of each scenario are
depicted in Figure 4. Scenario A represents plausible base-
line conditions in which behavioral health screening is
routine but ACEs screening has not been implemented.
Note that supply of treatment (i.e., the number of treatment
appointments available in any given month, as indicated by
the black line) consistently exceeds demand for treatment
(i.e., the number of treatment appointments required for
newly referred patients, as indicated by the red line), yet
relatively short average waitlists (with occasional spikes in
individual simulations) persist throughout the modeling pe-
riod. Also note that process sensitivity—that is, the propor-
tion of children with the condition of interest (i.e., a behav-
ioral problem or high ACEs) who ultimately receive
treatment is consistently below 50%, even though screening
sensitivity is assumed to be 80%. This finding reflects the
fact that process sensitivity is influenced not only by screen-
ing accuracy, but also by provider and patient factors,
including the likelihood of a physician making a referral and
a patient contacting the referral source, remaining on the
waitlist, and attending an appointment. Finally, note that
lighter lines represent outcomes for each of 20 individual
model simulations. These lines represent the variation in
trajectories that is possible given the probabilistic nature of
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Figure 4
Results of Model Scenarios
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the model. Each of these trajectories is equally likely given
the assumptions of each model scenario.

Scenario B: Potential for Lower Demand. Compared
with our baseline scenario, Selvaraj et al. (2019) reported
much lower values for the proportion of patients screened
(56%), the proportion who screened positive (0.2%), and the
proportion referred for services (2%). These screening and
referral rates are substantially lower than would be expected
from population-based surveys, especially as these ACEs
screenings were conducted in clinics that served urban,
low-income, and racially diverse clients. Using these as-
sumptions, Scenario B illustrates impact on behavioral
health care that might occur in situations where, as the
authors state, “self-report questionnaires completed during
well child visits may not be an effective strategy for the
identification of ACEs in pediatric medical homes™ (Sel-
varaj et al., 2019, p. 248).

Because 90% specificity is not possible given that 0.2%
screen positive, we adjusted the former parameter by rear-
ranging Equation 1:
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except: 56% screened; 0.2% screen

positive [therefore implying higher
specificity, estimated at 99.9%;
sensitivity also adjusted to 30%];
2% of screen negatives referred

except: 73% screened; 19.3% screen
positive, specificity equivalent to
scenario B. Note that parameters
reported by Kia-Keating were more
extreme, resulting in demand >> supply

Jepositive — sensitivity X prevalence
(1 — prevalence)

specificity =1 —

Note that if prevalence is zero, then this equation reduces
to:

specificity = 1 — %positive

For any value of prevalence greater than zero, specificity
is lower. Therefore, (1 minus % positive) represents an
upper bound for specificity and 99.8% is the lowest possible
value in this scenario. To allow for some true positives, we
selected a value of 99.9% and assumed sensitivity = 30%,
resulting in 0.2% screening positive overall.

Assumptions from the Selvaraj et al. study demonstrated
how ACEs screening could result in fewer children with
high ACEs receiving services if other behavioral health
screenings were replaced. With the low screening sensitiv-
ity assumed from this study, fewer children would be re-
ferred to behavioral health services, leading to almost non-
existent waitlists. These data suggest the possibility that a
much lower proportion of children with high ACEs receive
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behavioral health services (i.e., lower process sensitivity),
with only 10-20% receiving treatment to address high
ACEs.

Scenario C: Potential for Higher Demand. We based
Scenario C, which reflects higher demand for services, on
findings from Kia-Keating et al. (2019), including that
92.1% of patients are screened, 23.3% of infants screen
positive (cut-score = 1 + ACE for infants), and 47% of
patients are referred overall (referrals also based on care-
giver ACEs score). However, these parameters led to ex-
tremely high estimates of demand for treatment that far
exceeded supply. Because Kia-Keating et al. (2019) also
reported implementation of behavioral health services in the
primary care setting that may have increased the efficiency
of their overall process, we adjusted model estimates to
assume a more moderate increase in demand. Specifically,
we assumed that 73% of children were screened and that
19.3% screened positive. Consistent with the baseline val-
ues, we assumed that 80% of positive screens were referred
as were 5% of negative screens, thereby resulting in a lower
referral proportion than was reported by Kia-Keating et al.
(2019). In addition, we assumed that screener specificity
was 99.9% and screener sensitivity was equivalent to base-
line (80%).

In this scenario, supply of treatment still exceeds demand
for treatment, the gap is no longer as large, resulting in
waitlists that rapidly increase over the implementation pe-
riod (see Figure 4). As compared with the baseline scenario
with regular behavioral health screening, but no ACEs
screening, the number of patients with high ACEs referred
to treatment increase over time (higher demand), however,
because waitlists limit access to treatment, the proportion of
patients who receive treatment is lower than baseline.

Sensitivity Analyses—Feedback Loops. Sensitivity
analyses demonstrate how negative feedback loops can
lower rates of referral and referral completion, thereby
regulating demand. Compared with Scenario C, waitlists
display an initial rise but then begin to fall as negative
feedback loops exert their influence. In contrast, a second
set of sensitivity analyses demonstrate how positive feed-
back loops can increase work pressure and risk of burnout
among treatment providers, thereby increasing the quit rate.
As a result, supply of treatment is lower and more variable
as agencies attempt to hire new clinicians, and waitlists rise
even faster than in Scenario C. While the strength and
timescale of such feedback loops is unknown, their presence
is plausible given evidence linking the length of waitlists to
the probability of dropout in the case of positive feedback
loops, and from evidence demonstrating the system-level
factors that can increase work pressure and burnout (Dantas
et al., 2018; Johnson et al., 2018). See online Supplemental
Materials Figure A for the impact of feedback loops on
waitlists.

Discussion

By conducting a scoping review and systems modeling,
this study aimed to inform ACEs screening implementation,
research, and policy at a critical time during which all three
of these areas are growing rapidly. The scoping review
demonstrated heterogeneity in ACEs screening processes
and outcomes, which will likely impact implementation
efforts. This heterogeneity may result from differences in
underlying ACEs prevalence, but it may also be related to
differences in ACEs screening methodology (e.g., de-
identified vs. item scores), which are likely impacted by
health literacy and willingness to disclose. In turn, these
factors influence sensitivity and specificity. For example,
Scenario B and Scenario C demonstrate how screening and
referral outcomes from two studies could inform model
assumptions. Scenario B, based on screening and referral
outcomes reported by Selvaraj et al. (2019), illustrates how
referrals for behavioral health services for high ACEs would
be limited if the proportion of patients screened and sensi-
tivity of screeners were low. In fact, this could decrease
demand for services if ACEs screening was prioritized
above other types of behavioral health screening or referral
processes. On the other hand, Scenario C, based on the
study by Kia-Keating et al. (2019), illustrates the potential
for consistent screening to lead to increased demand for
behavioral health services, which could lead to waitlists in
systems that did not expand appropriate services. Given the
lack of a gold standard assessment for life events such as
ACEs, attempts to triangulate results of ACEs screening and
surveys with other types of data may offer the most prag-
matic method to begin to understand the sensitivity and
specificity of ACEs questionnaires. For example, Gillespie
and Folger (2017) compared rates of reported ACEs to
population-level data in the state from the same items used
in the BRFSS, and found lower reported prevalence rates of
ACEs than expected.

One way to address the lack of consensus about ACEs
screening (Dube, 2018; Finkelhor, 2018) may be to identify
the types of evidence that are most important to resolve
disputes and optimize systems (Sheldrick, Hyde, et al.,
2019). Advocates for ACEs screening believe that it has the
potential to help primary care providers accurately identify
patients who may benefit from treatment while increasing
trust and understanding between patients and providers
(Bethell, Solloway, et al., 2017; Dube, 2018). In turn, critics
argue that ACEs screening could overwhelm the behavioral
health care system with referrals (Finkelhor, 2018). Simu-
lation modeling suggests that these perspectives are not
necessarily mutually exclusive—indeed, improved accu-
racy, greater engagement, and increased referrals could all
occur simultaneously. If so, benefits realized in one part of
a system (e.g., early detection) may lead to challenges in
other parts of that system (e.g., long waitlists). In a similar
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way, if arguments that ACEs screening will lead to a mas-
sive reduction in costs at the societal level are true (Miller
et al., 2020), then it is likely that the increase in services
needed to realize this benefit will lead to shorter term
inflation in costs for health care (Srivastav et al., 2017). A
holistic understanding of how various elements function as
a system is necessary to ensure benefit on the population
level.

Systems modeling can be useful in other ways that may
be helpful to decision-makers as they implement ACEs
screening. For example, we found that data on screening are
consistent with a natural history model of ACEs where risk
of additional ACEs is higher among children who have
already experienced ACEs and children accrue more ACEs
as they age (Dong et al., 2004; Kuhlman et al., 2018). This
has implications for secondary prevention efforts. If ACEs
screening policy adopts a constant threshold across ages
(e.g., 4+ ACE:s as recommended under current guidelines in
California), then screening is likely to disproportionally
affect adolescents as compared with younger children. Set-
ting high cut-points on ACEs levels in early childhood may
miss many families who could benefit from intervention.
Age-based thresholds may be worthwhile to consider in
preventing the accumulation of ACEs and decreasing health
risks.

Model results may also serve to broaden the future sce-
narios considered possible by policymakers. Very simply,
implementation of ACEs screening could decrease demand
for services if other forms of making referrals are replaced,
increase demand for services, or have no effect. Whichever
is the case, the possibility of feedback loops should not be
discounted. Decades of research in system dynamics docu-
ment the inability of most human beings to anticipate the
effects of feedback loops (Sterman, 2006). For example, a
recent National Academies of Sciences, Engineering, and
Medicine (2019) report highlights the profound effect of
provider burnout on the health care system. Therefore, the
possibility of increased work pressure resulting in greater
burnout and perhaps higher quit rates should be seriously
considered. Along these lines, if feedback from waitlists
leads to a reduction in the proportion of children who
receive and complete referrals, then demand can appear to
be stable even if actual need (as indicated by prevalence) is
higher. In such cases, approximately the same number of
children will receive treatment after ACEs screening as did
before ACEs screening. The question then becomes whether
these are the same children, or more likely, whether some
children who would have received treatment no longer do,
and whether other children who would not have received
treatment now do. The degree to which ACEs screening
influences referral patterns, and the degree to which these
changes confer benefit, is a question that deserves further
study.
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Finally, while the simulation model and the extant evi-
dence on which it is based are insufficient to make reliable
predictions, they do suggest possible targets for monitoring
the effect of ACEs screening on health care delivery and
disparities. This may be especially important for popula-
tions who are likely to experience greater exposure to
ACEs, but have disparities in accessing services. Though
there were inadequate data from the scoping review to
estimate such differences, our model provides a framework
to conceptualize how different groups experience of screen-
ing and health care delivery may vary. Data on model
parameters such as screening completion, the proportion of
children who screen positive, and referral rates are often
readily available in electronic health records, which can be
used to inform models to answer questions about specific
populations and localities. Perhaps more important, persis-
tent changes in behavioral health waitlists may signal shifts
in the relationship between supply and demand of services
needed by children with high levels of ACEs. Heterogeneity
in available data suggests that results may not generalize
across systems and that monitoring should occur at the local
level. We cannot discount the role of the provider as the
effectiveness of a screening program depends on more than
the questionnaire chosen—sound clinical and shared
decision-making are also essential to ensure benefit (Shel-
drick, Frenette, et al., 2019).

Limitations

In that the models were highly sensitive to model assump-
tions, the limitations of our results are readily apparent.
First, model parameters are, at best, broadly plausible in that
they are consistent with prior literature. They do not repre-
sent valid point estimates for any particular system, which
will be influenced by local data on estimated ACEs preva-
lence and average waitlist times at behavioral health clinics.
Second, model structure is inherently reductionist in that
parameters are frequently used as proxies for more compli-
cated processes. Thus, clinical decision-making is repre-
sented by a single parameter, and families’ decision-making
is represented by another parameter. Likewise, the work-
force responsible for screening is not represented. More
complex models may be needed to address questions in
these domains. Third, and most important, is model scope.
We focused the model on behavioral health care delivery.
The limits of this choice may be especially relevant when
considering that ACEs screening guidelines recommend a
range of responses that extend beyond behavioral health
services and include responses to other social determinants
of health, such as food and housing (ACEs Aware, 2020).
Furthermore, though the model is consistent with the per-
spective that the benefits of screening are predominantly
conferred by referrals to appropriate services, it may not do
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justice to other potentially valid perspectives, such as the
impact on the patient-provider relationship.

Conclusions

Though other outcomes that lie beyond this model’s
scope are important to investigate, understanding the impact
of ACEs screening on behavioral health care delivery is
essential to successful implementation and should be care-
fully considered by researchers, clinicians, and, policymak-
ers. Indeed, to fully inform ACEs screening policy and
research, it is critical to take a systems level perspective. In
recent years, recommendations have been made to leverage
learning health care systems and systems engineering meth-
ods (like the model presented here) to understand the impact
of practice and policy changes throughout the health care
system (Whicher et al., 2018). In the spirit of these recom-
mendations, we hope that the results and models we pre-
sented will facilitate dialogue and deliberation about how
best to ensure the wellbeing of patient populations as the
implementation of ACEs screening progresses.
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