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Abstract

Objective: To develop an algorithm using administrative data to measure adverse

childhood experiences (ADM-ACE) within routinely collected health insurance claims

and enrollment data.

Data Sources: We used claims and enrollment data from Tennessee's Medicaid pro-

gram (TennCare) in 2018.

Study Design: We studied five types of ACEs: maltreatment and peer violence,

foster care and family disruption, maternal mental illness, maternal substance

use disorder, and abuse of the mother. We used diagnosis and procedure codes,

prescription drug fills, and enrollment files to develop the ADM-ACE, which

we applied to measure the prevalence of ACEs and to examine prevalence by

demographic characteristics among our sample of children in TennCare. We

compared ADM-ACE prevalence to child welfare records and survey results from

Tennessee.

Data Collection/Extraction Methods: Our study sample included children aged

0–17 years who were linked to their mothers if also enrolled in TennCare in 2018

(N = 763,836 children).

Principal Findings: Approximately 19.2% of children in TennCare had indicators for

ADM-ACEs. The prevalence of ACEs was higher among children who were younger

(p < 0.001), non-Hispanic white or black (compared to Hispanic) (p < 0.001), and chil-

dren residing in rural versus urban counties (p < 0.001). The prevalence of maltreat-

ment identified through the ADM-ACE (1.6%) falls between the percent of children

in Tennessee who were reported to child welfare authorities and the percent for

whom reports of maltreatment were substantiated. Comparison with survey reports

from Tennessee parents suggests an advantage in measuring maternal mental illness

with the ADM-ACE using health insurance claims data.

Conclusions: The ADM-ACE can be applied to health encounter data to study and

monitor the prevalence of certain ACEs, their association with health conditions, and

the effects of policies on reducing exposure to ACEs or improving health outcomes

for children with ACEs.
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What is known on this topic

• Adverse childhood experiences (ACEs) are prevalent.

• ACEs are important to monitor because they can have short-term implications for children's

health and are associated with worse health, social, and economic well-being in adulthood.

What this study adds

• ACEs can be identified through routinely collected administrative data.

• The algorithm using administrative data to measure ACEs (ADM-ACE) developed here can

enable surveillance and new research opportunities to inform care practices, programs, and

policies for children.

1 | INTRODUCTION

In a large and growing body of literature, researchers have identified,

constructed measures of, and recorded adverse childhood experiences

(ACEs) among children and adolescents.1,2 According to the 2019

National Survey of Children's Health (NSCH), approximately 40% of

children had been exposed to at least one ACE in their childhood;

these ACEs include dimensions of income insecurity, loss of or separa-

tion from a parent, living with someone with behavioral health needs,

and witnessing violence in the home or neighborhood. Almost one in

five children had been exposed to multiple ACEs.3

ACEs are important to monitor because they can have short-term

implications for children's health, learning, and development and are

associated with worse health, social, and economic well-being in adult-

hood.4 Prior research demonstrates that children exposed to ACEs are

more likely to experience worse mental and emotional health

outcomes,5 be involved in teen pregnancy,6 and develop physical health

conditions.7 An even larger body of literature demonstrates links

between ACEs and poor outcomes in adulthood: increased likelihoods of

mental8,9 and physical health conditions, including several leading causes

of death,10–13 substance use,14,15 arrest,16 lower educational attainment,

and reduced earnings.17 Importantly, the probability of adverse health

outcomes increases as the number of ACEs increases.18 Thus, having

granular surveillance data to monitor ACEs can inform locally tailored

policies and programs to prevent and treat the sequelae of ACEs.

ACEs are difficult to measure and to study in tandem with child

health metrics. At present, the most common methods for identifying

ACEs include the use of population-based cross-sectional surveys

with parent-reported questions on child maltreatment19 and house-

hold exposures20 or administrative data from child welfare records of

official reports of maltreatment.21 Some states have undergone years-

long efforts to develop linked administrative databases across state

agencies to enable identification of child and family ACEs,22,23 and

other researchers have used diagnosis codes from administrative

health encounter data to identify child maltreatment but no other

ACEs,24 which we seek to build on here. While surveys are important

tools for understanding population-level health, including the preva-

lence of ACE exposure, they are subject to social desirability and recall

bias, are expensive to administer, and it is infeasible to administer sur-

veys over the entire populations of interest.25 Further, neither surveys

nor official reports of maltreatment typically allow the longitudinal

study of ACEs and child health outcomes.

In this paper, we use routinely collected health encounter data to

develop an algorithm of Administrative Data to Measure Adverse

Childhood Experiences (abbreviated as “the ADM-ACE,” pronounced

“admin ace,” when referring to the algorithm and “ADM-ACEs” when

referring to ACEs measured using the algorithm). This approach facili-

tates the surveillance of ACE prevalence and the examination of ACEs

and subsequent changes in child health as responses to exposures,

health care interventions, or policy. Claims data are frequently used in

health services research and have previously been used to develop

algorithms to identify children with special health care needs25 and

individuals with chronic conditions,26 for example.

A few states have developed administrative data infrastructures to

examine social determinants of health and health care costs by engaging

in multiyear efforts to link child welfare records and several other state

administrative databases with Medicaid data. For example, Washington

and Oregon each have developed integrated client databases, including

data from state health services (to identify parental mental illness and sub-

stance use disorder), departments of corrections (to identify parental

involvement in the criminal punishment system), and departments of

health (to identify parental death through death certificates) along with

child welfare records (to identify maltreatment and foster care), and Med-

icaid records (to correlate these ACEs with medical complexity).22,23 These

integrated client databases contain rich information on children's circum-

stances and health and have provided important insights such as the prev-

alence of ACEs by age groups within Oregon23 and showing that child

maltreatment and instability in foster care placements were most predic-

tive of higher health care costs for children in Washington, compared to

ACEs from parent risk factors.22 However, the development of these

state-level linked administrative databases required years of interagency

coordination to share and link data; thus, measures developed with these
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databases are not replicable in other states which have no linked data or

by health services researchers with access to claims data but no state

interagency datasets. Meanwhile, other new studies have used a similar

approach to the ADM-ACE by using diagnosis codes for injuries or ill-

nesses to identify maltreatment, including work by the Centers for Dis-

ease Control and Prevention to identify child maltreatment from

emergency department visits reported to the National Syndromic Surveil-

lance Program24 and research by Rosen et al. to identify elder mistreat-

ment with diagnosis codes in claims data.27

The primary objective of this study was to develop an algorithm

of Administrative Data to Measure Adverse Childhood Experiences

(ADM-ACE) for use in surveillance of trends in ACE prevalence at

granular levels, health services research, epidemiology studies, and

policy evaluation.

2 | METHODS

2.1 | Study sample and data

We used administrative data from children and mothers enrolled in Ten-

nessee's Medicaid program (called TennCare) in 2018. TennCare covers

about 50% of children in Tennessee.28 In 2018, children and pregnant

women in households with incomes up to 255% of the federal poverty

level and other parents with incomes up to 98% of the federal poverty

level were eligible for TennCare coverage.29,30 Our cohort included all

enrolled children aged 0–17 years who could be linked to their mothers'

TennCare enrollment records in 2018. We followed the mother–child

linkage algorithm described in prior research using Tennessee adminis-

trative data31,32 and applied it to study child health.33,34 The algorithm

requires that children were enrolled in TennCare by age one and had

birth records from the Tennessee Department of Health. TennCare

enrollment files contain demographic information, and TennCare claims

data include diagnoses and procedure codes from inpatient, outpatient,

and physician visits in addition to outpatient pharmacy claims for filled

prescriptions. Among the population of children aged 0–17 years and

enrolled in TennCare in 2018 (N = 1,110,109), 69% (N = 763,836) had

mothers who were also enrolled in TennCare in 2018 and were linked

to their mothers' records—this is our study sample. While the study sam-

ple was enrolled in Medicaid for the full year, individuals would not have

insurance claims during the study period if they did not receive any

health care (doctor office visits, hospital visits, prescription drug fills)

reimbursed by Medicaid insurance during the year. Among this sample

of children with linked mothers in TennCare, 66% had any medical or

pharmacy claims in 2018, 52% had mothers with medical or pharmacy

claims in 2018, and 44% had medical or pharmacy claims for both them-

selves and their mothers. The percentage of children who had any medi-

cal or pharmacy claims filed on their behalf and who had mothers with

claims filed varied by demographic subgroups. Most notably, only 13%

of Hispanic children had claims for themselves and their mothers

(Supplement A, eTable 1). Across the linked sample, the average number

of medical claims per child from doctor's office or hospital visits was

15, and the average number of medical claims for mothers was 22.

2.2 | Measures

2.2.1 | Adverse childhood experiences

We considered all types of maltreatment and household adversity that

were identifiable in Medicaid administrative data and thus studied the

following five ACEs: childhood maltreatment and peer violence (neglect,

abuse, and assault whether by a caregiver or other person), foster care

and family disruption, maternal mental illness, maternal substance use

disorder, and abuse of the mother. These ACEs were surveyed in the

original ACE Study in the 1990s,18 with the exception of foster care,

which is now commonly considered an ACE22,35 and is included in the

ACE questionnaire approved for reimbursement when administered by

Medicaid providers in California.36 In addition, our childhood maltreat-

ment and peer violence measure is more inclusive than the California

ACE Study measure restricted to maltreatment by a caregiver. Impor-

tantly, peer violence during childhood has been recognized as an ACE

and remains a significant predictor of childhood trauma symp-

toms.19,36,37 To identify these ACEs, we leveraged an algorithm of diag-

nosis codes for probable maltreatment by Schnitzer et al., which was

informed by medical chart reviews,38 in addition to diagnostic definitions

for maternal health conditions from the Chronic Conditions Data Ware-

house (CCW) developed by the Centers for Medicare and Medicaid Ser-

vices (CMS).26 We extended these algorithms as described below to

broaden the ability to capture ACEs, for example, by incorporating proce-

dure codes for exams to identify sexually transmitted infections or sexual

trauma and prescription drug use to identify maternal health conditions.

Childhood maltreatment and peer violence

We defined childhood maltreatment and peer violence as physical or

supervisory neglect by a caregiver, emotional abuse by a caregiver, and

physical or sexual abuse—whether perpetrated by a caregiver or not.

Claims data generally do not identify the perpetrator. We identified

childhood maltreatment and peer violence by the presence of at least

one claim within inpatient, outpatient, or physician office visits with

corresponding diagnosis or procedure codes. In Supplement B, see e-

Table 4 for an overview of the algorithm for each ADM-ACE. Diagnosis

of child abuse is challenging, and diagnostic protocols may vary across

countries39; thus, the ADM-ACE maltreatment measure largely repre-

sents “probable maltreatment” through illnesses or injuries suggestive

of maltreatment, as identified by prior chart reviews,38 or exams for

sexually transmitted infections or sexual abuse administered to children

of prepubescent ages. We used diagnosis codes from the International

Classification of Diseases, Tenth Revision (ICD-10-CM) to identify child-

hood maltreatment and peer violence both through codes explicitly

indicating maltreatment40 and through injuries or illnesses suggestive

of abuse or neglect, identified as probable maltreatment from medical

chart reviews by Schnitzer et al.38 We adapted the maltreatment algo-

rithm by Schnitzer et al. using ICD-9-CM data to ICD-10-CM codes by

using the general equivalence mapping for the fiscal year 2018 from

CMS41 and searching the long description field for any codes not

mapped through this system.Wemodified the Schnitzer et al. algorithm

by including a more expansive set of assault codes and dropping the
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age restriction of age under 10 years, which was their study sample,

to include both childhood maltreatment and peer violence.

See Supplement B, eTables 5–8 for diagnosis codes and restrictions.

We further expanded upon the Schnitzer et al. algorithm of diagnosis

codes by adding procedure codes from theHealth care Common Proce-

dure Coding System (HCPCS). We designated child sexual abuse for

children under age 10 who had HCPCS codes for screenings for sexu-

ally transmitted infections,42,43 colposcopies,44,45 or pregnancy tests.45

See Supplement B, eTable 9 for procedure codes used to identify child-

hoodmaltreatment and peer violence along with other ACEs.

Foster care and family disruption

We identified children in foster care using eligibility codes in the Ten-

nCare enrollment files. All children in foster care in the United States

are eligible for their state Medicaid programs. We grouped foster care

and family disruption together because separation from parents may

be due to foster care placement. We identified this broader measure

of family disruption using “Z codes” in the ICD-10-CM, which are used

to record circumstances other than injuries or illnesses that result in

the health care encounter or influence care. We identified children

experiencing family disruption who had at least one claim of any ser-

vice type with ICD-10-CM codes indicating changes in the composi-

tion of household members due to separation (including due to

parental divorce or separation), extended absence from family mem-

bers, family member return from military deployment, or death of a

family member. See Supplement B, eTable 5 for diagnosis codes.

Maternal mental illness

To identify maternal mental illness, we used diagnosis codes on the

mother's inpatient, outpatient, or physician claims submitted to Ten-

nCare, as well as prescription drug codes for treatment of mental ill-

ness on the mother's outpatient prescription drug file. Building off of

algorithms for mental health conditions from the CCW, we identified

maternal mental illness when mothers met the criteria of one inpatient

claim with a diagnosis or two nondrug claims with diagnoses, and

additionally searched pharmacy claims to identify mental illness for

mothers with at least two pharmacy fills for medications to treat men-

tal illness.26 We used diagnosis codes for health conditions from the

CCW in addition to codes for suicidal ideation, suicide attempt, and

intentional self-harm. From the CCW, we adopted the algorithm of

codes for anxiety disorders (including post-traumatic stress disorder),

bipolar disorder, depression and depressive disorders, personality dis-

orders, schizophrenia, and other psychotic conditions.26 Drugs

included treatments for depression, anxiety, other mood disorders,

schizophrenia, and other psychoses. In Supplement B, see eTable 5 for

diagnosis codes and eTable 10 for included drugs. We flagged visits to

the emergency department as a more severe mental illness in sensitiv-

ity analyses.

Maternal substance use disorder

We identified maternal substance use disorder with diagnosis codes

and procedure codes on mothers' inpatient, outpatient, or physician

claims submitted to TennCare, as well as with prescription drug fills for

substance use disorder treatment. Adopting the CCW algorithm for

drug use disorders,26 we identified children exposed to maternal sub-

stance use disorder whose mothers had one inpatient claim with a diag-

nosis, two nondrug outpatient claims with diagnoses, one encounter of

any service type with a procedure code, or, extending the CCW algo-

rithm, two pharmacy fills for medications to treat substance use disorder.

We added procedure codes from the HCPCS, as well as diagnosis codes

for alcohol use disorder. We included drugs for emergency treatment of

overdose, such as naloxone, as well as medications used to prevent

relapse, such as naltrexone. In Supplement B, see eTable 5 for diagnosis

codes, eTable 9 for procedure codes, and eTable 10 for included drugs.

We flagged visits to the emergency department as more severe sub-

stance use disorders for sensitivity analyses.

Abuse of the mother

We identified children exposed to adult abuse of their mothers through at

least one claim for their mother for any service type with a diagnosis code

or procedure code for abuse. The diagnosis codes identified adult physical,

emotional, or sexual abuse. The HCPCS codes included here were for

anogenital exams in adults suspected of trauma. In Supplement B, see

eTable 5 for diagnosis codes and eTable 9 for procedure codes.

2.2.2 | Demographic characteristics

We used information from the TennCare enrollment file on children's

age, sex, and race/ethnicity. When self-reported race/ethnicity was

missing from the enrollment file, we imputed race from the child's

linked hospital discharge records or mother's race as self-reported on

the birth certificate when available, both from the Tennessee Depart-

ment of Health. In addition, we classified the places where children

lived as urban or rural by using their residential addresses from the

TennCare enrollment file and rural–urban continuum codes from the

US Department of Agriculture.46

2.3 | Statistical analysis

Using the ADM-ACE, we measured the 1-year prevalence of these

ACEs in 2018.Wemeasured the prevalence of any ACEs and each ACE

type by demographic subgroups, using chi-square tests for differences

by demographic characteristics. We examined the prevalence of ACEs

by race/ethnicity to consider how social and cultural factors might be

protective against ACE exposure; how impacts of discrimination and

marginalization might be passed on to children through maternal men-

tal and behavioral health conditions, family disruption, or inter-

generational transmission of stress and violence; and whether there is

differential detection of ACE exposure by race/ethnicity in our admin-

istrative data approach. All analyses were conducted in Stata

(StataCorp. 2021. Stata Statistical Software: Release 17. StataCorp

LLC, College Station, TX). This study was approved by the institutional

review boards at Vanderbilt UniversityMedical Center and the Tennes-

see Department of Health.
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3 | RESULTS

3.1 | Prevalence of ACEs

Figure 1 displays the prevalence of ADM-ACEs among the study

cohort of 763,836 children who, along with their mothers, were

enrolled in TennCare in 2018. The 1-year prevalence of any ACEs was

19.2%, and 4.1% of children experienced multiple types of ACEs. The

most commonly recorded exposure from the ADM-ACE was maternal

mental illness (15.1%). See Supplement A, eTable 2 for demographic

characteristics of the cohort.

Table 1 presents the prevalence of any ADM-ACEs by demo-

graphic characteristics. The prevalence of any ACEs was higher among

children who were younger, lived in rural counties, and were non-

Hispanic white (compared to other races/ethnicities). There was no

difference in the prevalence of any ACEs by sex. The largest dispar-

ities, by both absolute and proportional differences, were by race/eth-

nicity: ADM-ACEs were identified for 3.8% of Hispanic children,

which was lower compared to 24.2% of non-Hispanic white children.

Table 2 presents the prevalence of the five distinct ADM-ACE types

by demographic characteristics, demonstrating that differences by age

in the prevalence of any ACEs were driven by a higher prevalence of

maltreatment, maternal mental illness, and maternal substance use

disorder among children aged 0–5, compared to older children. Rural–

urban disparities were largest for maternal mental illness, which was

recorded for 19.3% of children in rural counties and 13.7% of children

in urban counties. As for the summary measure of any ADM-ACEs

(Table 1), and for each of the five ADM-ACE subtypes (Table 2), the

prevalence was highest among non-Hispanic white children and low-

est among Hispanic children. Females were slightly more likely to have

records of maltreatment, while males were more likely to have records

of foster care and family disruption (Table 2).

3.2 | Sensitivity analyses

Potential bias from differential health care-seeking behaviors could

lead families who are more likely to seek health care to be more likely

to have ACEs captured through the ADM-ACE (prevalence estimates

from ADM-ACE would be higher than population level); at the same

19.2%

4.1%

1.6%

2.4%

15.1%

4.6%

0.2%

Any ACEs

Multiple ACEs

Maltreatment and peer violence

Foster care and family disruption

Maternal mental illness

Maternal substance use disorder

Abuse of the mother

F IGURE 1 Prevalence from the algorithm of Administrative Data
to Measure Adverse Childhood Experiences (ADM-ACE): Children
aged 0–17 years in TennCare with linked mothers, 2018
(N = 763,836). This figure displays the prevalence of ACEs as
measured with the ADM-ACE among the study cohort of children
aged 0–17 enrolled in TennCare in 2018, linked with mothers also
enrolled in TennCare in the year

TABLE 1 Prevalence of any ADM-
ACEs by demographic characteristics:
Children aged 0–17 years in TennCare
with linked mothers, 2018 (N = 763,836)

Denominator for demographic group Any ACEs

No. No. (%) p

Age <0.001

0–5 212,829 49,017 (23.0%)

6–11 286,985 52,811 (18.4%)

12–17 264,022 45,104 (17.1%)

Sex 0.357

Female 371,929 71,386 (19.2%)

Male 391,907 75,546 (19.3%)

Urbanicity <0.001

Rural 190,931 45,577 (23.9%)

Urban 572,905 101,355 (17.7%)

Race/ethnicity <0.001

Hispanic 49,003 1869 (3.8%)

Non-Hispanic black 224,459 32,499 (14.5%)

Non-Hispanic white 443,791 107,462 (24.2%)

Not listed or unknown 46,583 5102 (11.0%)

Note: Urbanicity was defined using RUCC from the US Department of Agriculture (version 2013). RUCC

1–3 were classified as “urban;” RUCC 4–9 were classified as “rural.” p Values are reported from chi-

square tests.

Abbreviation: RUCC, Rural–Urban Continuum Codes.

HENKHAUS ET AL. 967Health Services Research



T
A
B
L
E
2

P
re
va
le
nc

e
o
f
A
D
M
-A

C
E
s
by

ty
pe

an
d
de

m
o
gr
ap

hi
c
ch

ar
ac
te
ri
st
ic
s:
C
hi
ld
re
n
ag
ed

0
–1

7
ye

ar
s
in

T
en

nC
ar
e
w
it
h
lin

ke
d
m
o
th
er
s,
2
0
1
8
(N

=
7
6
3
,8
3
6
)

M
al
tr
ea

tm
en

t
an

d
pe

er
vi
o
le
nc

e
Fo

st
er

ca
re

an
d
fa
m
ily

di
sr
up

ti
o
n

M
at
er
na

lm
en

ta
li
lln

es
s

M
at
er
n
al

su
b
st
an

ce
u
se

d
is
o
rd
er

A
b
u
se

o
f
th
e
m
o
th
er

N
o
.

(%
)

p
N
o
.

(%
)

p
N
o
.

(%
)

p
N
o
.

(%
)

p
N
o
.

(%
)

p

A
ge

<
0
.0
0
1

0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

0
–5

5
7
3
2

(2
.7
%
)

5
0
8
6

(2
.4
%
)

3
7
,7
4
5

(1
7
.7
%
)

1
1
,9
7
6

(5
.6
%
)

6
9
3

(0
.3
%
)

6
–1

1
4
4
5
6

(1
.6
%
)

6
5
6
8

(2
.3
%
)

4
1
,2
3
1

(1
4
.4
%
)

1
3
,0
9
1

(4
.6
%
)

7
0
3

(0
.2
%
)

1
2
–1

7
1
8
9
4

(0
.7
%
)

6
4
3
4

(2
.4
%
)

3
6
,6
5
3

(1
3
.9
%
)

9
9
3
9

(3
.8
%
)

4
8
5

(0
.2
%
)

Se
x

0
.0
0
2

<
0
.0
0
1

0
.5
3
3

0
.4
1
3

0
.2
9
0

F
em

al
e

6
0
8
2

(1
.6
%
)

8
4
7
5

(2
.3
%
)

5
6
,4
0
0

(1
5
.2
%
)

1
7
,1
2
0

(4
.6
%
)

8
9
3

(0
.2
%
)

M
al
e

6
0
0
0

(1
.5
%
)

9
6
1
3

(2
.5
%
)

5
9
,2
2
9

(1
5
.1
%
)

1
7
,8
8
6

(4
.6
%
)

9
8
8

(0
.3
%
)

U
rb
an

ic
it
y

<
0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

0
.0
1
3

R
ur
al

3
1
6
8

(1
.7
%
)

5
4
2
8

(2
.8
%
)

3
6
,8
8
9

(1
9
.3
%
)

1
0
,5
3
4

(5
.5
%
)

5
1
7

(0
.3
%
)

U
rb
an

8
9
1
4

(1
.6
%
)

1
2
,6
6
0

(2
.2
%
)

7
8
,7
4
0

(1
3
.7
%
)

2
4
,4
7
2

(4
.3
%
)

1
3
6
4

(0
.2
%
)

R
ac
e/
et
hn

ic
it
y

<
0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

<
0
.0
0
1

H
is
pa

ni
c

4
0
3

(0
.8
%
)

2
6
0

(0
.5
%
)

1
2
0
6

(2
.5
%
)

2
3
0

(0
.5
%
)

3
3

(0
.1
%
)

N
o
n-
H
is
pa

ni
c
bl
ac
k

3
2
0
4

(1
.4
%
)

4
0
3
0

(1
.8
%
)

2
4
,4
5
3

(1
0
.9
%
)

6
7
5
9

(3
.0
%
)

5
5
3

(0
.2
%
)

N
o
n-
H
is
pa

ni
c
w
hi
te

8
0
2
7

(1
.8
%
)

1
3
,3
7
6

(3
.0
%
)

8
5
,8
1
8

(1
9
.3
%
)

2
7
,1
0
1

(6
.1
%
)

1
2
2
2

(0
.3
%
)

N
o
t
lis
te
d
o
r
un

kn
o
w
n

4
4
8

(1
.0
%
)

4
2
2

(0
.9
%
)

4
1
5
2

(8
.9
%
)

9
1
6

(2
.0
%
)

7
3

(0
.2
%
)

N
ot
e:
D
en

o
m
in
at
o
rs

fo
r
de

m
o
gr
ap

hi
c
gr
o
up

s
ar
e
re
po

rt
ed

in
T
ab

le
1
.p

V
al
ue

s
ar
e
re
po

rt
ed

fr
o
m

ch
i-
sq
ua

re
te
st
s.

968 HENKHAUS ET AL.Health Services Research



time, families who are more likely to seek health care may be those in

which children have greater support and are less likely to experience

ACEs (prevalence estimates from ADM-ACE would be lower than

population level). To address possible bias from families' different

health care-seeking behaviors, in sensitivity analyses, we used the

modified ADM-ACE measures to eliminate or reduce the role of choice

in health care utilization. Here we focused on three modified ADM-

ACEs: (1) foster care from the TennCare enrollment file, (2) maternal

mental illness presented in emergency departments, and (3) substance

use disorders presented in emergency departments. Results were quali-

tatively similar: sensitivity analyses indicated that the prevalence of

ADM-ACEs was significantly higher among non-Hispanic white children

compared to Hispanic children (Supplement A, eTable 3).

4 | DISCUSSION

In this study, we present a novel measure of ACEs using administrative

data from health insurance claims for children and their mothers. The

ADM-ACE utilizes standard codes for diagnoses and procedures

received by the child or mother along with information on prescription

medications received by the mother. Almost one in five children in our

sample of Medicaid-enrolled children in Tennessee had at least one

ADM-ACE in 2018, reflecting maltreatment and peer violence, foster

care and family disruption, maternal mental illness, maternal substance

use disorder, or abuse of the mother. By using demographic information

from the Medicaid enrollment file, we found that the prevalence of

ACEs was highest among children aged 0–5 years compared to older

children, children in rural versus urban counties, and children from non-

Hispanic races/ethnicities. Our findings are consistent with survey-

based research that documents a much lower prevalence of traditionally

studied ACEs among Hispanic children compared to non-Hispanic white

and black children,47 including in other Medicaid-eligible populations.48

Studies using the NSCH show that the lower observed rates of ACEs

among Hispanic children were driven by lower rates reported for

children who are immigrants,47,49 while the measured prevalence of

ACEs among third or higher generation Hispanic children was similar to

the prevalence for third or higher generation non-Hispanic white and

non-Hispanic black children.47 For childhood maltreatment and peer

violence, part of the difference by age is mechanical, as the algorithm

for diagnoses suggestive of child maltreatment contains age restrictions

because it may be ambiguous whether the injuries or illnesses included,

when observed in older children, are due to maltreatment or accident

while in young children would at a minimum be considered physical or

supervisory neglect (and possibly abuse).

Our study builds upon previous surveillance research on ACEs by

defining children's exposures with administrative health data, includ-

ing information from mothers' records. We leverage a data system

routinely available to study children's health outcomes that are not

subject to the same reporting bias or burden as survey data or any

bias in reports to child welfare services. In our sample of all children in

Tennessee's Medicaid program who could be linked to mothers also

enrolled in 2018, the ADM-ACE yielded the prevalence of

maltreatment (1.6%) falling between the percent of all children in Ten-

nessee who were investigated as victims of child maltreatment by the

Department of Children's Services (2.3%), and the percentage of chil-

dren whose cases were substantiated with available evidence (0.6%)

in 2018.50 The ADM-ACE captured much higher levels of maternal

mental illness in a 1-year period than measured from the NSCH par-

ent survey reports of children's exposure to any household member

having had mental illness ever (from the subset of Tennessee children

with public insurance in 2018–2019 NSCH) (15.1% vs. 9.5% [95% CI:

6.1%–14.6%]). Other survey reports of depression, specifically in the

perinatal period, show that, in 2019, 15.1% (14.5–15.7) of pregnant

people in Tennessee reported depression in the 3 months before

pregnancy, as collected by the Pregnancy Risk Assessment Monitoring

System (PRAMS).51 The 1-year prevalence of maternal substance use

disorder measured with the ADM-ACE was more than a third of that

reported for exposure through any household member ever at the time

of survey (4.6% vs. 12.2% [8.4%–17.4%]).52 Abuse of the mother

identified by medical claims with the ADM-ACE was only a small frac-

tion of the prevalence of children ever witnessing domestic violence,

as reported by Tennessee parents in the NSCH (0.2% vs. 11.4%

[7.4%–17.3%]).52 From PRAMS in Tennessee, 3.0% (2.8–3.3) of preg-

nant people reported intimate partner violence in the 12 months

before pregnancy.51 These discrepancies highlight the tradeoffs of

using data from health care encounters to define maternal health and

domestic violence instead of relying on survey reports. Our results

suggest an advantage in using the ADM-ACE to identify children's

exposure to maternal mental and behavioral health conditions, as indi-

viduals living with mental illness may not be aware of their diagnoses

or may decline to self-report this information in telephone or in-

person surveys due to mental health stigma. While the ADM-ACE

would miss maternal mental illnesses and substance use disorders

among mothers who did not have any health care encounters related

to these health conditions, our approach overcomes false-negative

reporting in surveys, which may be substantial for behavioral health

conditions.

The ADM-ACE can be used to measure and monitor changes in

the prevalence of ACEs over time and in response to programs and

policies. For example, researchers could apply the ADM-ACE to

measure the impacts of maternal depression screenings and follow-

up on child maltreatment among young children. The ADM-ACE is

also a useful tool for researchers to study the effects of interven-

tions on children with ACEs. While the ADM-ACE does not have

the sensitivity to capture all ACE events, the algorithm can be used

to identify a high-priority subset of children with ACEs to include in

research. For example, the ADM-ACE could be used to investigate

the effects of family resource centers or statewide policy interven-

tions on the health outcomes of children with ACEs. Researchers

using the ADM-ACE to study ACEs and health measures or dispar-

ities in ACE prevalence should exercise caution due to potential bias

by varying individual and group levels of engagement with the

health care system. Cohort requirements for observation of any

health care claims or some volume of claims can reduce this bias.

While the ADM-ACE was developed as a tool for researchers to
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identify children with ACEs, it could also be implemented in health

care systems and public health programs to flag ACEs within chil-

dren's electronic health records for consideration by their health

care providers.

4.1 | Limitations

There are several limitations to measuring ACEs using health encoun-

ter data. While the ADM-ACE is valuable for examining ACEs

within child health data, other approaches are needed to examine

community, neighborhood, and systemic burdens on children, such as

community violence, school suicides, and racial discrimination.53,54

Among exposures identified through the ADM-ACE, we capture only

those documented in health care claims data (or other health data

recording diagnosis codes). The ADM-ACE will not capture child mal-

treatment and abuse of the mother when not recorded in medical

encounters; thus, ADM-ACE measures of child maltreatment and

abuse of the mother likely represent exposures among the most

severe occurrences. While the ADM-ACE measure of foster care and

family disruption includes family disruption where recorded, the rele-

vant “Z codes” are inconsistently used across health systems; thus,

this measure largely represents foster care as identified through the

eligibility field in the TennCare enrollment file. Unfortunately, the

ADM-ACE measure may undercount family disruptions due to

divorce, separation, and the loss of a family member. Further, while in

our application to Tennessee Medicaid data, we observe enrollment

codes for foster care status, as all children in foster care are eligible

for Medicaid, these codes may not be available in other types of

health encounter data or may not be updated within state Medicaid

administrative data as soon as children leave foster care, in which

case, the measure captures current placement or history of foster

care placement, which is identified in research and practice as an

ACE.22,35,36 We limited the set of drugs used to identify maternal

mental illness to drugs with approved indications for mental illness

and most often used for the treatment of mental illness. However, we

acknowledge the possibility for some of these drugs to be prescribed

for other reasons, including in off-label use. Finally, we linked children

with mothers but, in our application to Medicaid data, are not able to

observe mental illness, substance use disorders, or domestic violence

experienced by other household members (such as other parents or

siblings) consistently due to Medicaid coverage rules. The ADM-ACE,

however, can be applied to other data sets with diagnoses from health

encounters, including commercial health insurance claims data, which

commonly contain household identifiers that would allow the consid-

eration of other members of a child's household.

5 | CONCLUSION

Prevention, detection, and support for children with ACEs remain pub-

lic health priorities. The ADM-ACE, developed here, can facilitate

much-needed research and surveillance data to identify best practices

in each of these areas, utilizing routinely recorded health encounter

data rather than relying on the collection of survey reports. Diagnoses,

procedures, and pharmacy fills captured with the ADM-ACE allow

identification of children who have experienced ACEs, thereby

enabling allocations of support or targeted policy interventions. The

algorithm can also be used to evaluate the short- and long-term

impacts of programs and policies aimed to mitigate the negative

outcomes for children. By identifying ACEs during childhood, the

ADM-ACE can enable much needed progress to advance care prac-

tices, programs, and policies for children.
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