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Introduction: Over the last two decades, drug use epidemics have occurred

across the world, including in countries with well-funded services for

treatment and recovery, underscoring the need to bolster primary prevention.

Moreover, substance use (SU) and SU disorders (SUDs) contribute to the

etiology and exacerbation of many medical and psychiatric illnesses. The first

step in providing selective/indicated prevention for SU/SUD is identifying high

liability (overall risk). We evaluated the Youth Risk Index© (YRI) screening tool,

which measures liability to SU and related behaviors, frequently before they

are initiated, at ages 8–14.

Methods: Using data from five previously recruited samples of youth, psychometric

analyses consisted of (1) confirmatory factor analyses comparing two latent

structures, (2) non-invariance tests between sexes and purposes for using the YRI

(research or screening), and (3) concurrent and predictive validity. Reports from

4,495 youths aged 8–13 were analyzed, with approximately half of the sample

representing each sex, each research purpose, and a Caucasian identity.

Results: A latent structure with one second-order factor (Overall Liability) and

three first-order factors (Disinhibition, Peer Conduct Problems, and Social

Contagion) best fit the observed data and was well-replicated within sexes and

purposes. Partial scalar non-invariance between purposes occurred for Overall

Liability involving two items. Disinhibition had partial non-invariance between

sexes and purposes involving the same item. Greater non-invariance was

found for Peer Conduct Problems and Social Contagion. Traditional and non-

invariance-adjusted scores correlated highly, with values of 0.96 for Overall

Liability, 0.99 for Disinhibition, 0.89 for Peer Conduct Problems, and 0.93 for

Social Contagion. Traditional scoring provided a good to excellent area under

the receiving operating characteristic curve for concurrent and 1-year SU and

conduct problems. Greater YRI scores were associated with greater youth-

reported depression, sensation seeking, substance use, conduct disorder

behaviors, and parental problems from SU and/or legal problems, as well as

less self-management and parent fortification and poorer performances in

planning, problem-solving, and low-load working memory tasks. YRI scores

correlated less with parent reports on youths than with youth self-reports.
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Discussion: In sum, YRI scores encapsulate many segments of risk for SU/SUD and

related behavior problems, which is critical to accurately identify the need for and

provision of selective/indicated prevention because of the manifold risk factors for,

and complex etiology of, SU/SUD.

KEYWORDS

conduct problems, screening, disinhibition, social contagion, validity, substance use

and misuse, substance use disorder liability

1 Introduction

Over the last decade, multiple drug use epidemics have

impacted disparate regions of the world, such as

psychostimulants in Europe and the Middle East, opioids in

North America and Asia, and inhalants in South and Central

America, with consequential or associated epidemics in mental

health or drug overdose and societal burdens such as crime and

medical illness (1–4). Substance use (SU) specifically contributes

to the risk for and exacerbation of many medical and psychiatric

illnesses (5–8). The medical, mental health, and societal burdens

from SU continue even in countries where large investments

have been made to expand drug treatment, recovery, and

overdose prevention (9, 10), underscoring the need to bolster

primary prevention.

Although adolescent SU has decreased over the last 30 years,

the burden of disease from adolescent SU has increased and

continues to greatly outstrip the resources that are dedicated to

prevention and treatment. From 1990 to 2019, alcohol and drug

use prevalence decreased on average in 31 European countries

among those between the ages of 10 and 19 (11). For example,

the prevalence of adolescent past-month alcohol use has declined

since 1995 on average across 39 higher-income countries, even

though the magnitude of change varied considerably among

nations (from increased use to an 83.9% decrease) (12). In

contrast, the years lived with a disability due to drug use

increased by 17.7% among Europeans aged 15–24 (11).

Evaluating the change in Global Burden of Disease due to

adolescent substance use disorders (SUDs) over roughly the same

period, Yu and Chen (13) demonstrated a growing international

need for the prevention and treatment of adolescent SUDs,

especially in higher-income countries and where the prevalence

of adolescent SUDs is already high. Moreover, the relative dearth

of evidence on SU among children and adolescents who reside

outside of these nations illustrates the critical need for research

on the international etiology of, early detection of risk for, and

prevention of SUDs.

Recent US trends demonstrate how the burden of

disease increased in this country despite its overall decrease in

adolescent SU. The burden has grown exponentially over the last

10 years, specifically due to the misuse of opioids, stimulants,

and fentanyl, along with the latter’s derivatives and lacing, and

the resultant overdoses and deaths (14, 15). These trends

occurred despite large investments to expand drug treatment,

recovery, and overdose prevention (9, 10). In contrast, funding

to prevent early adolescent SU was reduced, which presages

the misuse of high-potency life-threatening drugs, drug

overdoses (that disproportionately impact teens and young

adults), SUDs, and other developmental “snags” that contribute

to SU-related problems, including poor school attendance and

performance, conduct problems, and unsafe sex (16–21).

Moreover, early adolescent SU is common in the US; in 2022,

the prevalence of lifetime SU among 8th graders was 23.1% for

alcohol, 18.1% for vaping, 11.0% for marijuana, and 32.9%

for any SU.

With the goal of developing prevention specifically for children

and early adolescents with a high risk for SU-related problems, this

study expanded prior research to more rigorously evaluate an

innovative tool to detect high risk for SU and related behaviors

among those aged 9–14. Screening with this tool could, in turn,

allow youths with increased vulnerability to receive selective/

targeted prevention, frequently years before problematic SU

might otherwise occur.

The instruments that have most closely measured high risk for

SU-related problems prior to SU initiation has been tools used to

measure specific SU risk factors to evaluate prevention programs

(22). Historically, SU/SUD measurement has emphasized forms

of use (e.g., to track prevalence and trends), international

development of diagnosis and nomenclature tools, and use-

related pathology (23, 24). In the US alone, three nationally

representative, annual, and decades-long surveys monitor

adolescent SU patterns (25–27). Perhaps a testament to the

severity of SU harm, burden to society, resistance to treatment,

and complexity in etiology, thousands of instruments have been

developed to measure features of SU, its risk factors, clinical

outcomes, and its effects (28–31).

The Youth Risk Index© [YRI (32)] was created to detect high

risk for SU in late childhood and early adolescence before or

soon after SU is initiated to facilitate selective/indicated

prevention for these youths (33–35). The YRI is based on the

liability-threshold model, the preeminent transtheoretical model

of SUD etiology (36, 37). The liability-threshold model states that

the overall risk (liability) for SU and SUD is normally distributed

due to manifold biopsychosocial factors that can sway

individuals’ development toward or away from SU (38). Once an

individual’s liability surpasses a hypothetical threshold, the

corresponding level of SU or SU-related problems occurs. The

most pertinent SU thresholds during early adolescence

correspond to the initiation and escalation of use (e.g., regular or

binge SU), and less prevalent SUDs.

The YRI’s 23 items were selected from the Assessment of

Liability and Exposure to Substance use and Antisocial behavior,

Revised© (ALEXSA-R©) system based on how well they predict

SU or conduct problems (defined as two or more conduct
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disorder behaviors) up to 1 year later. The ALEXSA-R is a youth-

reported psychological assessment system composed of well-

validated measures of SU vulnerabilities and resiliencies, early

clinical forms of SU, externalizing behaviors, and internalizing

symptoms for youth aged 8–14 (34, 35, 39). It is an illustrated

computer-administered self-interview platform with audio, and

its choreographed presentation of stimuli allows it to be

completed by youth with illiteracy or other reading difficulties.

Scores include standardized norms from a US nationally

representative sample. ALEXSA-R subscales are organized into 10

domains of risk that were identified in factor analyses

(Disinhibition, Family Discord, Parental Fortification, Risk

Behavior Perceptions, School Protection, Self-management,

Sensation Seeking, Social Contagion, Social Support, and

Neighborhood Risks), or as “stand-alone” subscales (e.g.,

boredom, pubertal status, and religiosity). Its clinical measures

include Aggression, Anxiety, Conduct Disorder Behaviors,

Delinquency, Depression, Suicidal Ideation, and SU Risk Indexes.

The YRI items were selected from the ALEXSA-R vulnerability

and resiliency subscales (collectively “risk factors”) using

longitudinal data from 640 youths, aged 9–13, who were

experiencing chronic stress. Item selection was based on how

well it predicted either (1) co-occurring SU (tobacco, alcohol,

and/or cannabis) or having at least two conduct disorder

behaviors (termed conduct problems), or (2) experiencing these

behaviors during the subsequent year (32, 35). The YRI’s overall

score predicted SU and/or conduct problems with large odds

ratios. The YRI screening tool does not include questions about

SU or other potentially stigmatizing topic (a priority for many

healthcare providers); can be administered by behavioral

specialists or nurses; has an 8-min administration time; does not

disrupt the “flow” of a Well-child Check-up; and has ratings of

almost universal acceptability to patients, parents, and pediatric

staff (32, 33). The YRI is traditionally scored using the mean of

the raw item scores with a possible range of 0–3.5.

For screening purposes, two YRI score thresholds identify

the low-, moderate-, and high-risk ranges. Scores above the

high-risk threshold (1.55) have 80% sensitivity for SU and/or

conduct problems, while scores below the moderate-risk

threshold (0.87) have 80% specificity for not experiencing SU

and/or conduct problems (32). In two samples of patients

recruited during well-child office check-ups, the YRI was

evaluated as a screening tool to detect youths with moderate

to high risk for SU. In the first sample, high-risk youths and

their parents were referred to family counseling (32). In the

second sample, they were invited to enter a clinical trial in the

Family Check-Up prevention program (32, 33). Near universal

approval of the screening and referral protocol was reported

by parents, youths, and pediatric staff, in terms of its overall

acceptability (96%, 89%, and 100%, respectively), the importance

of pediatricians helping youths to behave safely (96%, 93%, and

100%, respectively), and specific features of the screening

protocol. All pediatricians reported that the screening and

referral protocol did not impede patient “flow.” Of the

parents who were offered the Family Check-Up prevention

program, 93.5% enrolled in and completed it; exposure to

the program was associated with youths having less SU,

less initiation of new substances, less anxiety, and other

lower vulnerabilities (33).

In the present study, we evaluated three assumptions

underlying the YRI’s measurement model and scoring. First, we

tested the assumed YRI latent structure, which has traditionally

consisted of a single latent variable onto which all YRI items

load (Figure 1a). This Overall Liability model was based on the

liability-threshold model and the fact that all the items were

selected because they statistically predicted common outcomes

(SU and/or conduct problems). However, an alternate latent

structure could also be consistent with the liability-threshold

model, potentially providing a better fit of the observed data and

yielding more complete information for providers. This alternate

Liability and Subdomains model adds three first-order factors

consisting of the ALEXSA-R domains of risk from which the

YRI items were drawn (Disinhibition, Peer Conduct Problems,

and Social Contagion) (Figure 1b). All the item loadings onto

their corresponding first-order factor were hypothesized to

exceed 0.40, and the first-order factor loadings onto liability were

hypothesized to be large (i.e., at least 0.60).

To evaluate the need for a more nuanced latent structure, we

tested measurement invariance [i.e., no differential item

functioning (DIF)] of YRI items across sex (youths reporting to

be a boy or a girl) and the purpose for which the YRI was

completed (research study vs. intervention screening). If non-

invariance was found, it was hypothesized to be limited to a few

items (partial non-invariance) that could be resolved in future

research. Measurement invariance testing progressed from

general to more specified models (40). Configural invariance

indicates that the general latent structure (number of factors and

significant item loadings) does not differ across groups. Metric

invariance requires equivalent factor loadings across groups.

Scalar invariance requires equivalent factor loadings and

intercepts across groups. Partial non-invariance was indicated

when specific items could be identified that were the source of

metric or scalar non-invariance so that subsequent adaptations to

the YRI score could account for the non-invariance.

Second, we hypothesized that the best-fitting YRI measurement

model has concurrent and predictive validity in the form of

large odds ratios and area under the receiving operating

characteristic (ROC) curve for SU (concurrent and at 12-month

follow-up), conduct problems (concurrent and at 12-month

follow-up), and a breadth of risk factors. Moreover, concurrent

and predictive validity were hypothesized for scores that

were and were not adjusted for any differential item functioning

that was found.

Our third hypothesis was that the YRI scores would account for

variation in certain dimensions of neurocognitive functioning (and

their corresponding neural substrates) that have previously been

found to predict SU and SUDs in adolescents (41, 42).

Specifically, cognitive and neuroimaging studies have shown that

working memory (43), impulse control (43, 44), and emotion

regulation (45–48) are potent predictors of initiation and

subsequent escalation of SU in adolescents. Relative deficits in

these functions have also been identified in children and
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adolescents with behavioral problems known to antedate SUD,

such as attention deficit hyperactivity disorder [ADHD (49)],

hedonia coupled with low cognitive control (50), and other

externalizing behaviors (51, 52), further illuminating the potential

developmental and behavioral pathways to SUDs. Delineating

the association between the YRI and the neurocognitive

functions found to predict adolescent SUD would be consistent

with the YRI’s validity in discriminating among individuals’

levels of SU liability, including “under the skin” factors.

The biological underpinnings of the liability-threshold model

and the corresponding large body of literature attest to the

sizable neurobiological, genetic, physiological, and cognitive

contributions to SUD liability, which YRI screening could detect

without the need for invasive or extensive testing.

2 Materials and methods

All study methods, recruitment and consenting, confidentiality

protections, and data storage procedures followed the reviews and

approvals of IRBs at the institutions where the original studies were

conducted. The datasets selected for our secondary analyses were

chosen to afford us large subsamples of each sex and of two

purposes for administering YRI (either research or clinical

screening), which were required to evaluate the latent structure

of the YRI and to sufficiently test for measurement equivalence.

Collectively, the studies represented diverse study designs:

convenience community sampling, elevated risk sampling (for

SUD), and a clinical trial. Participants were not randomly

selected from the population of US youths; rather, they were

recruited for the original studies’ purposes, which are described

below. The samples were also selected partly because of the

range of validity criteria that they provided, spanning youth

reports, parent reports, and cognitive tasks with known

neurophysiological underpinnings that are associated with SUD.

2.1 Samples

Data from five previously recruited samples of youth who

completed the YRI were analyzed (Table 1). Four of these

samples, the “Research Samples” and “Screening Samples,”

collectively offered nearly equivalent numbers of participants of

both sexes and of youths who completed the YRI for research

purposes or screening for intervention. No data were collected

from the Sixth Graders Sample other than the YRI. Hence, the

tests of the YRI’s concurrent and predictive validity in association

with well-known SU/SUD risk factors included data from only

three of these samples. The fifth sample’s data specifically tested

YRI validity compared to neurocognitive functioning.

FIGURE 1

Competing latent structures for the Youth Risk Index measurement model. (a) Overall Liability model. (b) Liability and Subdomains model.
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2.1.1 Chronic Stress sample
Between 2004 and 2010, 9- to 13-year-olds (N = 1,535)

attended a summer camp in the northeastern US that was

designed for youths experiencing chronic stress. Based on an

adult sponsor letter and interview with a school staff member

who knew the youth, camp staff categorized sources of a youth’s

chronic stress as family poverty, serious family problems (e.g.,

incarcerated parent), social problems (e.g., severe peer rejection),

poor academic performance, or emotional problems (e.g., mood

disorder but diagnoses were not made during the study), but did

so without using standardized tools. Camp staff ratings suggested

that the youths had a mean of 2.4 (SD = 1.3) of these stressors.

The participants were from urban, suburban, and rural

residences (the data for which were not quantified). The youths

completed the YRI and other ALEXSA-R subscales while

attending camp as part of the program evaluations. Although

many youths attended the camp over multiple years, the data

analyzed here were only from the youths’ first year of camp

attendance. More details regarding camp eligibility, data

collection, and longitudinal findings are reported in previous

studies (35, 39, 53–55). Chronic Stress sample data were analyzed

to evaluate the YRI’s latent structure and validity.

2.1.2 Sixth Grader sample

Sixth-grade students (N = 1,661) completed the YRI to

screen for their eligibility to receive preventive intervention

from 2017 to 2021. They were from rural, suburban, and urban

public schools across a Midwestern state. Parents of students

with moderate or high risk were offered a brief preventive

intervention and referral to additional behavioral health services

for the student at no cost to the family. Sex was the only variable

collected other than YRI screening. The YRI was group-

administered to students in classrooms using tablets and website-

based surveys. Student responses and YRI scores were stored

remotely to protect student confidentiality, and parents were

notified by mail of their eligibility to receive the preventive

intervention. The Sixth Grader Sample data were included only

in the analyses of the YRI’s latent structure.

2.1.3 Standardization sample
From 2014 to 2015, 641 youths, aged 8–13, were recruited from

contiguous US regions other than the Northeast to derive standard

scores that were normalized to the US population (standardization

analyses included data from previously recruited participants from

the Northeast). Participants were recruited from areas around

Atlanta, GA; Boston, MA; Chicago, IL; Dallas, TX; Durham, NC;

Fort Smith, AR; Los Angeles, CA; San Francisco, CA; and

Washington, DC. Participants were recruited by private, for-

profit survey companies from their pool of parents and youths

who were interested in participating in research. Parents

responded to advertisements for the study sent out by the survey

companies to their pool of pre-registered, eligible participants.

The sole exclusion criterion for youths (in addition to age) was

having a severe developmental delay. Standardization Sample

data were used in the analyses of the YRI’s latent structure and

concurrent validity.

2.1.4 Well-child Check-up sample
From 2012 to 2018, two subsamples of patients attending Well-

child Check-ups were recruited from the same healthcare system to

in part evaluate the acceptability and feasibility of using the YRI for

screening within primary care (32, 33). The first subsample of 61

TABLE 1 Sample demographics.

Sample characteristic Research samples Screening samples Aggregated
invariance
sample

Validity only

Standardization Chronic Stress Sixth-grade
Studentsa

Well-child
Check-up

CogNIT

Sample size 641 1,535 1,661 625 4,462 33

Sex (% female): 49.8 50.0 48.4 52.0 49.7 39.4

Age (�X, SD): 10.6 (1.69) 10.5 (1.48) — 11.3* (1.17) 10.7b (1.50) 13.7 (2.01)

Race/ethnicity (%)c

African American 14.9% 11.6% — 77.8%* 27.1%b 30.3

American Indian 0.8 0.9 — 2.2 1.2b 0.0

Asian American 2.7 0.9 — 0.7 1.3b 0.0

Caucasian 45.3 60.7* — 11.0 46.1b 60.6

Latin American 9.6 4.0 — 7.2 6.0b 9.1

Mixed 23.3 18.0 — 12.6 18.0b 3.0

Other 3.4 3.9 — 2.9 3.6b 0.0

YRI score (�X, SD)d 0.88 (0.47) 1.13* (0.58) 0.85 (0.47) 1.07* (0.56) 0.98 (0.54) 2.22 (1.56)

YRI alpha 0.86 0.87 0.87 0.87 0.87 —

Alpha = Cronbach’s alpha estimate of internal consistency. Cell values within a demographic may not sum to 100 due to rounding error. Respondents could have selected “Do Not Know,”

“Refuse to Answer,” or simply not responded to the question; those who did not provide either “male” or “female” responses were not included in the gender invariance analyses in part due to

the small subsample size. Cell value was greater than samples that are not denoted with * at p < 0.001 (χ2 = 122.72 for African Americans, 54.42 for Caucasians; Dunnett T3 multiple

comparisons indicated greater YRI means for the Chronic Stress and Well-child Check-up samples compared to the other two).
aSchool classroom screening was conducted without explicitly collecting age or other demographics.
bDoes not include the Sixth-grade Students sample because race/ethnicity was not collected in that sample.
cRace/ethnicity percentages that do not sum to 100% are due to rounding error.
dYRI score computed using the traditional mean of item scores.
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patients, aged 9–12, was recruited at a suburban pediatric private

practice (72.2%) or a rural hospital (27.8%) to evaluate the

feasibility of the screening protocol. Youths and parents were

consented and screened by nurses while they waited for

physicians in an examination room. Inclusion criteria required

participants to be English-speaking and not have a moderate or

severe intellectual disability (per patient records). The parents of

youths who scored in the moderate- or high-risk range were

provided with contact information for a family therapist who had

agreed to work with families to reduce the youths’ risk. This

subsample’s data were included in the analyses of the YRI’s

latent structure and concurrent validity.

The second well-child subsample of 564 patients, aged 10–13,

was recruited for a clinical trial at a hospital-based pediatric

practice that served patients residing in low-resource, urban

neighborhoods (33). After the pediatric staff obtained verbal

consent for research contact, the study staff approached families

in exam rooms to obtain parent and youth assent and conduct

YRI screening. If a youth’s (or parent’s) screening score was in

the elevated risk range, the family was invited to participate in a

clinical trial in the Family Check-Up prevention program. The

other inclusion criterion was that the child had received needs-

based Medicaid or the family income was at or below 150% of

poverty guidelines. Exclusion criteria included an inability to

speak English or the child having a moderate or severe

intellectual disability. Data from this sample were included in the

latent structure and validity analyses. The CONSORT diagram

for the participant recruitment process is presented in Figure 2.

2.1.5 CogNIT sample
This community sample of 60 youths, aged 9–18, participated

in a neurodevelopmental study on the impacts of stress and trait

anxiety on the maturation of neural circuitry that underlies stress

regulation, emotion, and reward processing. A subsample of 33

participants completed the YRI, which was added to the protocol

after the study was underway. Inclusion criteria were a higher-

than-average level of stress, increased risk of psychosis, and a

familial background of schizophrenia or bipolar disorder.

Participant data were analyzed to evaluate the YRI’s validity for

capturing the neurocognitive risk of SU/SUD.

2.2 Instrumentation

The YRI consists of 23 items from the ALEXSA-R© assessment

system (34, 35) that most accurately predicted the use of alcohol,

FIGURE 2

CONSORT diagram for the second Well-child Check-up sample (33).
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tobacco, and/or cannabis or having 2+ conduct disorder behaviors

1 year later in 9- to 12-year-olds (Table 2) (32). The YRI items were

from subscales that measure anger coping, distractibility,

impulsivity, friends’ conduct problems, tobacco accessibility,

social disinhibition, and peer pressure susceptibility. Five items

were recoded for our analyses based on their raw score

distribution departures from skewness = 0 and kurtosis = 3 so

that they better aligned with the assumed underlying normal

distribution (56). For the psychometric analyses, all the YRI

items were handled as ordinal variables.

2.2.1 Youth reports
Youth reports of the risk factors that were used for the validity

analyses were collected in the Chronic Stress, Standardization, and

Well-child Check-up samples using other measures from the

ALEXSA-R. The ALEXSA-R is an illustration-based computer-

assisted self-interview with audio that measures risk factors for,

and early manifestations of, youth SU and problem behaviors. Its

items are organized into domain scores and individual subscales

(based on factor analyses), which are reliable and valid for youth

ages 7–19 of different races, genders, and literacy levels (34, 57).

Self-management quantifies learnable skills that reduce the

probability and severity of harmful consequences from mistakes,

emotional dysregulation, or behavioral disinhibition, including

SU, using three subscales: Concentration, Planning, and Problem

Solving (54). The Sensation Seeking domain is based on

Zuckerman’s theory and research, using measures that were

adapted for late childhood and early adolescence: Gambling,

Social Disinhibition, and Thrill Seeking (34, 58). Parent

Fortification is composed of three subscales that quantify facets

of parent–offspring relationships that are negatively associated

with SU/SUD: Parental Monitoring, Parental Attachment, and

Parental Nurturance (34). The School Protection domain’s four

subscales quantify aspects of youths’ academic performance and

school-based relationships that are negatively associated with

SU/SUD: Academic Competency, School Bonding, School

Commitment, and School Atmosphere: Adults (the last measures a

youth’s perception of how supportive school staff are of students)

(34). Some individual ALEXSA-R subscales were also analyzed:

Depression, Count of Substances Used, Conduct Disorder

Behaviors (a count of behaviors), Parental Problems with the Law

(binary), and Parental Problems from SU (binary) (34).

2.2.2 Parent reports
Parent participants in the larger Well-child Check-up

subsample completed well-established and widely used

instruments. While useful for testing whether parent reports are

associated with YRI scores, we expected small correlations at

best, based on (1) the well-replicated finding that parent and

youth reports on youth characteristics are largely discrepant (59)

and (2) parents reported on different characteristics than those

that are measured by the YRI items. The Child Behavior

TABLE 2 Youth Risk Index item characteristics.

Item N Mean SD Skewness Kurtosis Notes Item description

YRI01 4,155 2.13 0.82 0.70 0.22 Gets mad at people

YRI02a 4,157 1.47 0.74 1.70 2.62 Trichotomized Takes frustration out on someone else

YRI03 4,170 1.30 0.58 2.26 5.73 When upset, criticizes or blames other people

YRI04 4,172 1.60 0.78 1.31 1.37 When upset, yells or screams at someone

YRI05 4,076 1.58 0.86 1.46 1.31 When upset, does something exciting or risky

YRI06 2,468 1.47 1.83 0.92 −0.64 Count Friends have broken curfew

YRI07 2,647 0.76 1.41 1.96 2.78 Count Friends have skipped school

YRI08 2,716 1.43 1.70 1.04 −0.22 Count Friends have started fights

YRI09 3,742 0.86 1.51 1.79 1.96 Count Friends have scared someone to get them to do what they wanted

YRI10a 3,817 0.26 0.90 4.11 16.85 Dichotomized Friends have trespassed

YRI11 3,688 0.62 1.31 2.35 4.55 Count Friends have vandalized property

YRI12a 3,673 0.42 0.88 2.05 2.91 Dichotomized Level of access to tobacco

YRI13 4,115 0.57 0.85 1.51 1.52 Bothers other students when they are trying to work

YRI14 4,150 1.26 1.07 0.44 −1.05 Easily distracted from schoolwork

YRI15 4,089 0.84 0.95 1.01 0.07 Gets frustrated over difficult tasks and quits

YRI16 4,084 1.30 1.05 0.41 −1.00 Has trouble staying focused

YRI17 4,015 1.00 1.01 0.79 −0.46 Does things without stopping to think

YRI18 3,965 0.95 0.97 0.85 −0.23 Gets involved in things that later regrets

YRI19 4,016 0.85 0.94 0.96 0.04 Gets into trouble for doing things without thinking

YRI20b 2,284 0.69 0.96 1.30 0.63 How much do you like movies with lots of kissing in them?

YRI21a 4,274 0.12 0.47 4.47 21.37 Dichotomized Would tear a page out of a library book on a dare

YRI22 4,184 0.77 0.93 1.09 0.26 Would watch a movie with a friend when needing to study for a test

YRI23a 4,274 0.07 0.39 6.27 40.61 Dichotomized Would smoke with a friend even if parents were against it

Curran et al. (56) and others have suggested that departure from normality is indicated by skewness outside of −2 to 2 or kurtosis outside of −4 to 10 (compared to normal distribution with

skewness = 0 and kurtosis = 3). Respondents could have selected “Do Not Know,” “Refuse to Answer,” or simply not responded to the question; for the analysis of YRI items, these responses

were recoded as missing.

N, number of respondents; SD, standard deviation.
aItem was recoded for scoring and analyses due to departure from normality.
bItem was omitted from the sixth-grade students’ screening.
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Checklist subscales of internalizing symptoms and externalizing

behaviors were hypothesized to correlate positively with YRI

scores (60). The three parent report measures, which are

included in the Family Check-Up assessment battery, were

Parental Monitoring, Parent Supports Good Behavior, and

Parental Rule Setting (61).

2.2.3 CogNIT measures

To estimate the degree to which YRI scores reflect cognitive

functioning and underlying neural substrates that contribute to

SU/SUD liability, a subset of the CogNIT study measures was

analyzed. The Wechsler Abbreviated Scale of Intelligence’s (WASI)

Forward Digit Span measures attention deficits. The subscales of

the Delis–Kaplan Executive Function System (D-KEFS) included

the Planning-sequencing Tower Test [quantifying planning and

problem-solving abilities (62)] and the Color-Word Interference

Test [processing speed and executive functioning (63)]. A fractal

(N-back) test quantified working memory (64, 65, 94). The

CogNIT participants completed the YRI in person, along with

the neurocognitive tests, prior to MRI or EEG recordings.

2.3 Analyses

The descriptive summaries of samples (Table 1) included

analyses of variance with Dunnett T3 multiple comparisons tests

because the sample variances were heterogeneous. Data from 14

participants were removed because their ages were outside the

8–13 age range. Cases in which age was not reported (n = 1,681,

almost entirely from the Sixth Graders Sample) were assumed to

fall within the 8–13 age range. Data were managed in R Studio

and then analyzed using Mplus (66).

2.3.1 YRI item distributions
Most of the YRI items are ordinal, four-option Likert items,

whereas YRI06–YRI11 are six-option count variables. Several YRI

items were right-skewed and some were extremely zero-inflated,

including YRI02 (takes out frustrations on others), YRI04 (yells at

someone), YRI08 (friends start fights), YRI09 (friends bully

others), YRI10 (friends have trespassed), YRI11 (friends have

vandalized), YRI12 (access to tobacco), YRI13 (bothers students

who are working), YRI21 (minor illegal dare), and YRI23 (would

smoke). Two items had bimodal distributions: YRI07 (friends have

skipped school) and YRI09 (friends bully others, which was also

zero-inflated). When possible, item recoding was avoided to retain

maximum item information and retain consistency with prior

research and uses, and because the YRI has traditionally been

scored using item means (32, 33). Items with extreme L-shape

distributions were recoded for consistency with factor model

assumptions (56, 67) while balancing the retention of the variance

in responses against severely violating normality assumptions as

much as possible (i.e., maintaining skewness at less than ±2

and kurtosis between −4 and 10). Specifically, YRI02 was

trichotomized while YRI10, YRI12, YRI21, and YRI23 were

dichotomized. In addition, a log link function modeled count

items (YRI6–YRI11), except YRI10, which had been dichotomized.

2.3.2 Latent structure: factor analysis

Figure 1 presents the two latent structure models that were

compared using relative indices of model fit based on Akaike’s

Information Criterion (AIC), n-adjusted Bayesian Information

Criterion (nBIC), log-likelihood (LL), and inspection of factor

loadings. Confirmatory factor analyses were conducted using

maximum likelihood with robust standard errors (MLR), assuming

normal distributions for all factors, which unfortunately does not

provide indices of absolute model fit. The alternative weighted

least squares with mean and variance adjustments estimator is not

appropriate for count data. The best-fitting model factor loadings

were estimated for the aggregate sample, then separately by sex

(boys vs. girls) and again separately by YRI application purpose

(research vs. screening for intervention) to investigate any latent

structure differences.

2.3.3 Latent structure: measurement invariance
After determining the YRI’s best-fitting latent structure,

measurement invariance was tested first between sexes and then

between YRI application purposes using moderated non-linear

factor analyses (68, 69). Measurement invariance testing was

conducted by sequentially comparing the fit to the metric

invariance, configural invariance, and scalar invariance data.

Competing models were compared using the Rutkowski and Svetina

(70) criteria for invariance [−0.02 comparative fit index (CFI)

change and 0.03 root mean square error of approximation

(RMSEA) change for metric; −0.01 CFI and 0.01 RMSEA for scalar].

When non-invariance was found, we identified the item(s) that

contributed to the non-invariance. For each model, we constrained

the variance of the factor to one and freely estimated all the factor

loadings. When testing for partial metric invariance, we

constrained parameters for all but one item at a time. After we

identified partial metric invariance, we tested scalar invariance

only for the items for which metric invariance was satisfied.

Testing for measurement non-invariance involves many

hypothesis-free statistical tests, so we used a criterion of α = 0.01

to reject the null hypothesis of invariance to balance Type I and

Type II error rates.

2.3.4 Validity: concurrent and predictive analyses

The YRI total and subscale scores’ concurrent and predictive

validity were estimated using bivariate associations, with the

specific statistic based on the distribution of the validity criterion

(Pearson’s r, Spearman’s rho, or odds ratio). To estimate YRI

thresholds’ improvement over chance as a screening tool, the

area under the receiver operating characteristic curve was

estimated (71). To preliminarily evaluate the impact of revising

the traditional YRI scoring algorithms to account for non-

invariance, associations were estimated for both the traditional

scores and adjusted scores accounting for non-invariance.

Validity analyses were conducted separately within study samples

because the specific validity criteria varied among samples,

to replicate validity tests, and to inspect the robustness of

bivariate associations across different populations. Analyses of

neurocognitive functioning were considered preliminary due to
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the relatively small number of participants, emphasizing effect

sizes rather than p-values, and were repeated using multiple

regression to statistically control for age as a proxy for

developmental variability among participants. Single analysis

and/or Benjamini and Hochberg’s false discovery rate (72)

p-values were presented.

3 Results

3.1 Participants

Overall, the aggregate sample was diverse in sex, race, and

ethnicity. The four samples analyzed for YRI latent structure

were each composed of approximately half girls and boys. As

noted, demographics other than sex were not collected from the

Sixth Graders Sample, but screening occurred in diverse school

districts, and youths were approximately 12 years old on average.

The Well-child Check-up sample had a greater proportion of

Black youths than other samples (p < 0.001), whereas the

Chronic Stress sample had a greater proportion of White youths

(p < 0.001). Compared to the Standardization and Sixth Graders

samples, the Chronic Stress and Well-child Check-up samples

had greater mean YRI scores (all Dunnett T3 multiple

comparisons test, p < 0.001).

3.2.1 Latent structure: factor analysis

In the aggregated sample, the Liability and Subscales model

better fit the data (AIC = 120,353; nBIC = 120,529;

LL =−60,112.49; df = 64) than the Overall Liability model

(AIC = 123,190; nBIC = 123,551; LL =−61,533.77; df = 61); the

two models were not nested, precluding a likelihood ratio χ
2

comparison. The Liability and Subscales standardized factor

loadings are shown in Table 3. Each first-order factor loaded at

least 0.7 onto Liability in the aggregated sample. At the item

level, the Disinhibition item loadings were greater than 0.4. The

Peer Conduct Problems item loadings were larger at 0.6 or

greater. The Social Contagion item loadings were at least 0.5

except for YRI20 (loading = 0.343). When estimated separately

for boys vs. girls or research vs. screening purposes using

unconstrained two-group models, all factor loadings closely

resembled results from the aggregated sample, suggesting that the

Liability and Subscales model offers a robust latent structure

(configural invariance) across subgroups.

3.2.2 Latent structure: measurement invariance
Measurement invariance was tested separately for each latent

factor because screening traditionally is based on YRI’s total

score (i.e., Overall Liability), while interpreting each first-order

subscale enhances the information garnered from a youth’s

TABLE 3 Youth Risk Index standardized factor loadings for the best-fitting factor model for the aggregated sample by sex and purpose, respectively.

Factor Item Aggregated sample Sex Purpose

Boys Girls Research Screening

Disinhibition 0.82 0.87 0.78 0.76 0.87

YRI01 0.57 0.60 0.54 0.59 0.52

YRI02a 0.57 0.60 0.56 0.66 0.44

YRI03 0.57 0.56 0.59 0.66 0.44

YRI04 0.58 0.60 0.55 0.64 0.50

YRI05 0.42 0.39 0.45 0.44 0.36

YRI13 0.54 0.57 0.52 0.56 0.58

YRI14 0.60 0.63 0.58 0.62 0.63

YRI15 0.57 0.58 0.57 0.55 0.57

YRI16 0.60 0.62 0.57 0.58 0.65

YRI17 0.47 0.48 0.46 0.34 0.60

YRI18 0.54 0.55 0.53 0.46 0.59

YRI19 0.67 0.69 0.65 0.64 0.68

Peer conduct problems 0.71 0.65 0.74 0.71 0.69

YRI06a 0.98 1.08 0.87 0.93 0.96

YRI07a 1.44 1.43 1.45 1.52 1.35

YRI08a 0.96 1.05 0.86 0.88 0.96

YRI09a 1.51 1.54 1.50 1.30 1.65

YRI10a 0.81 0.84 0.79 0.79 0.81

YRI11a 1.85 2.05 1.68 1.66 1.90

Social contagion 0.83 0.82 0.83 0.85 0.84

YRI12a 0.59 0.59 0.58 0.59 0.58

YRI20 0.35 0.40 0.31 0.37 0.35

YRI21a 0.77 0.73 0.80 0.75 0.79

YRI22 0.59 0.63 0.56 0.57 0.62

YRI23a 0.86 0.86 0.86 0.85 0.85

“Purpose” indicates why the youths completed the YRI (for research or screening). All factor loadings reached p <. 001. Loadings corresponding to disinhibition, peer conduct disorder

behaviors, and social contagion represent the loadings of these lower-order factors onto the higher-order risk construct.
aStandardized subfactor loadings are in logit, cumulative logit, or log scale.
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screening results. In addition, the fit of the second-order factor is

identical to the fit of the three-factor model with correlated

factors (because the three off-diagonal elements of the factor

correlation matrix are reparametrized into the three second-order

loadings). As such, the second-order factor also supports the

three-first-order-factor model as a better fit to the data than the

traditional single first-order factor. The primary benefit of

the second-order factor is that it allows estimation of the higher-

order factor score, which incorporates differential loadings at the

item and first-order factor levels. Moreover, the second-order

factor corresponds to the traditional overall YRI score on which

screening decisions are based. Since the data do not support

item-level unidimensionality, we explored invariance for each of

the three first-order factors in addition to the second-order factor.

For Overall Liability, measurement invariance was found

between sexes, but partial scalar non-invariance occurred

between purposes (Table 4). Compared to applying the YRI for

research, when used for screening, the YRI scores were lower by

0.367 on average. Differential item functioning occurred for two

items, YRI13 and YRI14, both of which were originally designed

to measure distractibility within school settings. When the YRI13

and YRI14 intercepts were free to vary, measurement invariance

was met for the remaining YRI items (the change in fit from

metric to scalar invariance was −0.017 for CFI and 0.000

for RMSEA).

When evaluating first-order factor scores in isolation, more

items contributed to partial non-invariance compared to Overall

Liability (Tables 5, 6). For Disinhibition, YRI01 had partial

metric non-invariance between sexes and purposes. The three

items for Peer Conduct Problems had partial metric and scalar

non-invariance across purposes. Social Contagion’s YRI12 had

metric invariance across sexes and purposes, while YRI20 and

YRI23 had metric invariance across sexes. The current results

cannot indicate whether scoring refinements to account for non-

invariance due to these items might meaningfully and clinically

improve YRI scoring because even non-consequential differential

item functioning may be statistically significant with a large

enough sample size (74, 75).

Although full practical impact analyses were beyond the scope

of this study (75, 76), a preliminary evaluation of the impact of

differential item functioning was conducted by comparing

traditional YRI scores to scores that were adjusted to account for

non-invariance, which were both standardized for comparisons

in the same metric. Means and ranges were similar for

traditional and adjusted scores, respectively (�X = 0.00 for both;

minimum =−1.41 vs. −1.46; maximum = 3.29 vs. 4.93). The

differences between individuals’ traditional and adjusted scores

were negligible on average (�X = 0.04, SD = 0.28) but were sizable

for some youths (ranging from −0.77 to 2.07). Similar results

were found for the three first-order factors (Table 7). Overall, the

score distributions differed little between traditional and adjusted

scoring, whereas the adjusted score distributions had smaller

ranges, with the greatest differences in persons who had high

liability scores using the traditional YRI algorithm.

The rank order of scores changed little due to adjusting for

non-invariance, as the two scoring algorithms correlated highly

for Overall Liability (Pearson’s r = 0.96), Disinhibition (r = 0.99),

Peer Conduct Problems (r = 0.89), and Social Contagion

(r = 0.93). Similarly, large correlations were found within both

sexes and purposes (Table 8). Hence, predictive accuracy and

validity were reported when only using traditional YRI scores.

3.3.1 Validity: criterion validity

YRI total score (when used for screening) associations were

large for SU and conduct problems (2+ conduct disorder

behaviors), both concurrently and up to 1 year later (Table 9).

Overall predictive accuracy was good in all analyses, based on the

area under the receiver operating characteristic curves, with

stronger accuracy for conduct problems compared to SU. The

results observed in the Chronic Stress sample, in which the YRI

items were originally identified, were replicated in the general

population (Standardization) and clinical (Well-child Check-up)

samples. Moreover, similar results were observed between youths

who identified as girls vs. boys (Table 9).

TABLE 4 Measurement invariance of the Youth Risk Index’s

overall liability.

Model: Fit index Invariance type

Configural Metric Scalar Partial
scalara

Sex

χ
2 6,093.586 6,239.410 6,608.303 —

df 460 483 505 —

CFI 0.747 0.742 0.726 —

RMSEA 0.075 0.074 0.075 —

SRMR 0.070 0.074 0.074 —

Δ df — 23 22 —

Δ χ
2

— 145.824b 368.893b —

Δ CFI — −0.005 −0.016 —

Δ RMSEA — −0.001 0.001 —

Δ SRMR — 0.004 0.000 —

Purpose

χ2 5,732.261 6,252.640 7,005.655 6,646.414

df 460 483 505 503

CFI 0.760 0.737 0.704 0.72

RMSEA 0.072 0.074 0.076 0.074

SRMR 0.071 0.090 0.092 0.092

Δ df — 23 22 20

Δ χ
2

— 520.379b 753.015b 393.774b

Δ CFI — −0.023 −0.033c −0.017

Δ RMSEA — 0.002 0.002 0.000

Δ SRMR — 0.019 0.002 0.002

Configural invariance indicates that the general latent structure (number of factors and

significant item loadings) does not differ across groups. Metric invariance indicates

equivalent factor loadings across groups. Scalar invariance indicates equivalent factor

loadings and intercepts across groups. Partial invariance indicates that specific items are

identified as the source(s) of metric or scalar non-invariance so that subsequent

adaptations to the measure can account for the non-invariance.

SMSR, Square root mean square residual.
aRutkoski and Svetina’s (70) criterion was met after freeing YRI13 and YRI14 to vary between

research and screening purposes.
bp < 0.001 (metric: −0.023 CFI change and 0.002 RMSEA change; scalar: −0.017 CFI change

and 0.000 RMSEA change).
cFailed to meet a Rutkoski and Svetina (70) criterion for invariance (−0.02 CFI change and

0.03 RMSEA change for metric; −0.01 CFI and 0.01 RMSEA for scalar);
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TABLE 5 Measurement invariance of the Youth Risk Index’s first-order factors.

Fit statistic Invariance by sex Invariance by purpose

Configural Metric Scalar Configural Metric Scalar

Disinhibition

LL −58,799.30 −59,105.72 −59,256.02 −59,108.87 −59,777.87 −60,062.27

Parameters 75 63 50 75 63 50

AIC 1,17,748.59 1,18,337.44 1,18,612.03 1,18,367.74 1,19,681.73 1,20,224.54

nBIC 1,17,987.84 1,18,538.41 1,18,771.53 1,18,608.08 1,19,883.61 1,20,384.76

p-value — <0.001 <0.001 — <0.001 <0.001

Peer conduct problems

LL −22,373.92 −22,383.79 −22,390.03 −22,653.36 −22,665.93 −22,696.44

Parameters 23 18 13 23 18 13

AIC 44,793.83 44,803.57 44,806.07 45,352.72 45,367.86 45,418.88

nBIC 44,866.24 44,860.23 44,846.99 45,425.45 45,424.78 45,460.00

p-value — 0.00 0.07 — <0.001 <0.001

Social contagion

LL −14,795.56 −14,802.30 −14,806.84 −14,952.68 −14,957.55 −14,986.32

Parameters 27 22 17 27 22 17

AIC 29,645.11 29,648.61 29,647.68 29,959.37 29,959.11 30,006.63

nBIC 29,731.32 29,718.85 29,701.96 30,045.97 30,029.67 30,061.16

p-value — 0.01 0.05 — 0.04 <0.001

The p-values are for the Satorra–Bentler-corrected likelihood ratio tests comparing more constrained models to the adjacent less-constrained models (73).

TABLE 6 Items yielding the measurement invariance of the Youth Risk Index’s first-order factors.

Item Sex Purpose

Loading Intercept/threshold(s) Loading Intercept/threshold(s)

Disinhibition

YRI01 Girls > boysa Girls > boys Research > screeninga Screening > research

YRI02

YRI03

YRI04

YRI05

YRI13

YRI14

YRI15

YRI16

YRI17

YRI18

YRI19

Peer conduct problems

YRI06 —

YRI07 —

YRI08 —

YRI09 — Screening > researcha Research > screening

YRI10 — Screening > researcha

YRI11 — Research > screeninga

Social contagion

YRI12 Girls > boysa Girls > boys Research > screeninga Screening > research

YRI20 Girls > boysa Boys > girls

YRI21 —

YRI22 —

YRI23 Boys > girlsa Girls > boys

— indicates that partial threshold invariance was not tested for these items because the fully scalar invariant model did not fit significantly worse than the fully metric invariant model.
aNon-invariant effects are significant after applying the Benjamini–Hochberg correction (72).
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3.3.2 Validity: convergent and discriminant
analyses

Table 10 presents bivariate associations between YRI scores

and youth self-reports of well-known risks and resiliencies to SU

and conduct problems. YRI scores correlated positively with risk

factors (Sensation Seeking, Parental Problems with the Law,

Parental Problems from SU, and Depression symptoms), with

mostly medium-sized associations. YRI scores correlated

negatively with resiliencies (Self-management, Parent

Fortification, and School Protection), with small to medium-sized

coefficients. In addition to predicting binary coding of any SU

and conduct problems (2+ conduct disorder behaviors) (Table 9),

the YRI scores correlated with the Counts of the Number of

Different Substances Used and Conduct Disorder Behaviors. No

TABLE 8 Correlations between traditional scores and scores adjusted for non-invariance.

Participants Overall liability Disinhibition Peer conduct problems Social contagion

r between adjusted and non-adjusted scores

Aggregate sample 0.96 0.99 0.89 0.93

Girls 0.97 0.99 0.89 0.94

Boys 0.96 0.98 0.88 0.93

Research purpose 0.97 0.99 0.89 0.93

Screening purpose 0.96 0.99 0.91 0.94

Prior to comparing the traditional and non-invariance-adjusted scores, they were both standardized with mean = 0 and SD = 1. r = Pearson’s correlation, all of which reached p < 0.001.

TABLE 7 Comparison of the distributions of traditional Youth Risk Index standardized scores vs. standardized scores that are adjusted for DIF.

Descriptive statistic Overall liability Disinhibition Peer conduct problems Social contagion

Descriptive statistics of traditional vs. adjusted score distributions

�X 0.00 vs. −0.02 0.00 vs. 0.04 0.00 vs. −0.15 0.00 vs. −0.01

SD 1.00 vs. 0.86 1.00 vs. 0.92 1.00 vs. 0.88 1.00 vs. 0.74

Minimum −1.46 vs. −1.41 −1.57 vs. −1.44 −0.81 vs. −1.47 −0.80 vs. −0.75

Maximum 4.93 vs. 3.29 4.09 vs. 3.52 4.00 vs. 1.64 5.56 vs. 2.74

Differences between individuals’ scores

�X 0.04 −0.04 0.17 0.01

SD 0.28 0.18 0.47 0.41

Minimum −0.77 −0.46 −0.81 −1.13

Maximum 2.07 0.73 2.41 2.97

The traditional and DIF-adjusted YRI scores were first converted to standard scores for comparisons in the same metric. N = 3,375 because participants with more than four missing items were

excluded. Difference scores were computed using TraditionalStandard Score –AdjustedStandard Score.

TABLE 9 Concurrent and predictive criterion validity and area under the receiver operating characteristic curve of the Youth Risk Index in three samples.

Participants Substance use Conduct problems

Concurrent By 1 year later Concurrent By 1 year later

OR (CI) ROC (SE) OR (CI) ROC (SE) OR (CI) ROC (SE) OR (CI) ROC (SE)

ALEXSA-R standardization

Aggregate 5.0 (3.8–6.6) 0.73 (0.02) — — 44.7 (23.8–84.0) 0.88 (0.01) — —

Girls (n = 584) 6.9 (4.6–10.4) 0.78 (0.02) — — 45.7 (17.9–117.0) 0.89 (0.02) — —

Boys (n = 569) 4.1 (2.8–5.9) 0.70 (0.02) — — 39.8 (16.8–94.2) 0.87 (0.02) — —

Chronic Stress

Aggregate 6.7 (3.7–12.1) 0.78 (0.03) 3.8 (2.3–6.1) 0.71 (0.03) 18.3 (9.2–36.3) 0.85 (0.03) 7.6 (4.1–14.2) 0.75 (0.03)

Girls (n = 308) 8.7 (3.4–22.4) 0.76 (0.06) 5.8 (2.6–12.5) 0.72 (0.04) 69.1 (15.8–302.6) 0.90 (0.03) 17.2 (5.3–55.9) 0.81 (0.04)

Boys (n = 331) 5.1 (2.4–11.1) 0.74 (0.04) 2.6 (1.4–4.8) 0.65 (0.04) 8.9 (4.1–20.0) 0.78 (0.04) 4.0 (1.9–8.6) 0.68 (0.04)

Well-child Check-up

Aggregate 3.1 (2.0–4.9) 0.67 (0.03) 2.7 (1.7–4.1) 0.64 (0.03) 7.6 (4.5–13.1) 0.78 (0.03) 5.1 (3.1–8.3) 0.71 (0.03)

Girls (n = 186) 3.8 (2.0–7.2) 0.69 (0.04) 3.2 (1.7–6.0) 0.66 (0.04) 7.8 (3.6–16.7) 0.77 (0.04) 5.0 (2.5–10.0) 0.72 (0.04)

Boys (n = 171) 2.6 (1.4–4.8) 0.65 (0.05) 2.1 (1.2–3.9) 0.62 (0.04) 7.4 (3.5–15.9) 0.78 (0.04) 5.1 (2.5–10.3) 0.71 (0.04)

OR, odds ratio; CI, confidence interval; ROC, area under the receiver operating characteristic curve; SE, standard error.

Substance use = any lifetime use of alcohol, tobacco, or cannabis. Conduct problems = lifetime experiencing of two or more conduct disorder behaviors. YRI items were originally derived from

the Chronic Stress sample based on how strongly an item predicted SU and/or conduct problems 1 year later.
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consistent differential associations with vulnerabilities or

resiliencies were observed across the YRI first-order factor scores.

As expected, compared to youth self-reports, the YRI scores

correlated to a smaller degree with parent reports of youths’

externalizing in the Well-child Check-up sample (Table 10).

Parent reports of youth externalizing correlated strongest with

Disinhibition subscale scores, even compared to Overall Liability.

For the parent reports of their own parenting, only Parental

Monitoring correlated negatively with YRI Overall and

Disinhibition scores (small effect sizes). Unlike the youth reports

of Depression, the YRI scores did not correlate with parent

reports of youths’ internalizing symptoms.

3.3.3 Validity: neurocognitive functioning
In the CogNIT sample, the YRI Overall Liability scores were

associated with several measures of cognitive functioning with

small to moderate effect sizes (albeit needing a larger sample size

to attain traditional critical p-values) (Table 11). After controlling

for age as a proxy measure of the considerable developmental

maturation in both cognitive functioning and liability to SU/SUD

TABLE 10 Concurrent validity of unadjusted Youth Risk Index scores with risk factors for early adolescent substance use.

Validity comparator Overall liability Disinhibition Peer conduct problems Social contagion

ALEXSA-R Standardization sample

ALEXSA-R measures (youth reports)

Self-management domain (α = 0.75) −0.33*** −0.35*** −0.14** −0.28***

Sensation seeking domain (α = 0.82) 0.52*** 0.38*** 0.42*** 0.61***

Parent fortification domain (α = 0.89) −0.51*** −0.46*** −0.37*** −0.39***

Parental problems with the lawa 0.30b,*** 0.29b,*** 0.23** 0.14b,**

Parental problems from substance useb 0.17b,** 0.14b,** 0.17b,** 0.10b,**

Depression (α = 0.87) 0.49*** 0.48*** 0.39*** 0.20**

Count of substances used (alcohol, tobacco, cannabis, inhalants) 0.27b,*** 0.21b,** 0.15b,** 0.38b,***

Count of conduct disorder behaviors 0.63b,*** 0.56b,*** 0.49b,*** 0.44b,***

Chronic stress sample

ALEXSA-R measures (youth reports)

Self-management domain (α = 0.78) −0.44*** −0.45*** −0.20** −0.29***

Sensation seeking domain (α = 0.73) 0.33*** 0.21** 0.25*** 0.38***

School protection domain (α = 0.66) −0.29*** −0.25*** −0.17** −0.26***

Parent fortification domain (α = 0.86) −0.32*** −0.25*** −0.27*** −0.20**

Parental problems with the lawa 0.31b,*** 0.27b,*** 0.24b,*** 0.23b,***

Parental problems from substance usea 0.28b,*** 0.23b,*** 0.23b,*** 0.23b,***

Depression (α = 0.87) 0.41*** 0.42*** 0.28*** 0.04

Count of substances used (alcohol, tobacco) 0.45b,*** 0.35b,*** 0.35b,*** 0.37b,***

Count of conduct disorder behaviors 0.66b,*** 0.42b,*** 0.37b,*** 0.55b,***

Well-child Check-up sample

ALEXSA-R measures (Youth reports)

Self-management domain (α = 0.69) −0.25*** −0.29*** −0.08 −0.29***

Sensation seeking domain (α = 0.79) 0.38*** 0.27*** 0.32*** 0.38***

Parent fortification domain (α = 0.89) −0.32*** −0.29*** −0.16 −0.40***

Depression (α = 0.88) 0.35*** 0.38*** 0.21 0.20**

Count of substances used (alcohol, tobacco, cannabis) 0.31b,*** 0.23b,** 0.27b,*** 0.29b,***

Count of conduct disorder behaviors 0.69b,*** 0.51b,*** 0.67b,*** 0.49b,***

Parent ratings

CBCL: aggression 0.11* 0.19** 0.02 0.05

Attention problems 0.10 0.13* 0.06 0.01

Conduct 0.15* 0.23** 0.03 0.07

Rule breaking 0.16* 0.25*** 0.04 0.06

Withdrawn/depressed 0.07 0.10 0.01 0.01

Anxious 0.04 0.09 0.04 −0.06

Parental monitoring (α = 0.80) −0.16* −0.14* −0.09 −0.07

Parent supports good behavior (α = 0.76) −0.02 −0.06 0.03 0.00

Parental rule setting (α = 0.78) −0.10 −0.07 −0.07 −0.02

α, Cronbach’s alpha internal consistency (measures lacking an α either did not have item-level data available, were single-item measures, or didn’t meet distributional assumptions); CBCL,

ASEBA Child Behavior Checklist, parent rating scales (60).
aBinary variable.
b
ρ, Spearman’s rho.

Cell entries are Pearson’s correlations unless otherwise noted.

*p < 0.05; **p < 0.01; ***p < 0.001.
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that occurs from ages 9 to 17, the Overall Liability scores were still

associated with performance on the Planning/Sequencing Tower

and the 0-back fractal test with medium-sized associations

(correcting for multiple analyses using the false discovery rate).

Importantly, controlling for age presents a stringent criterion

because age encompasses not only maturation in cognition but

also many increasing age-related risk factors that are known to

be strongly associated with SU/SUD (35).

4 Discussion

To summarize, we evaluated the YRI’s latent structure,

measurement invariance, and several forms of validity using data

from multiple samples of youth who were recruited for different

study purposes. The results consistently documented strong

psychometric properties for Overall Liability and the three first-

order factor scores. The results identified certain items to have

statistical non-invariance between sexes and/or testing purposes,

which yielded little impact on the rank ordering of the scores

(and thus the validity of the YRI factor scores). Even so, some

individuals’ standard scores changed considerably between the

traditional and non-invariance-adjusted scores. In the future,

complete impact analyses could determine whether and what

corrections may be needed for scoring YRI factor scores based

on non-invariance results (74–76). Until impact analyses are

completed, caution is warranted regarding the interpretation of

first-order YRI factor scores. While the Overall Liability scores

had the best measurement properties, supporting the traditional

screening approach using information from all the YRI items,

accounting for non-invariance in YRI13 and YRI14 might

improve the generalization of research findings when using the

total YRI score for screening purposes. All the YRI factor scores

consistently demonstrated concurrent and predictive validity for

SU, conduct problems, risk and resiliency factors, depression,

working memory, and attention. The YRI’s predictive accuracy

was better for conduct problems than for SU, likely due in part

to varying accessibility to substances among youths and the

lower prevalence of SU than conduct problems in the age groups

of our samples.

4.1 Non-invariance by sex

Understanding and accounting for the non-invariance

observed between girls and boys for Disinhibition and Social

Contagion may facilitate linking sex-specific screening and

prevention strategies with epidemiology trends. Historically,

pronounced sex differences have been observed in adolescent and

young adult SU/SUD prevalence and etiology in the US;

however, these differences have diminished over the last two

decades (77–79). Less evidence is available regarding sex

differences in SU/SUD overall liability during late childhood and

early adolescence. Our results suggest that in cohorts from the

last 10 years, little difference exists between youths who identify

as boys or girls in their average overall liability and in the risk

stemming specifically from disinhibition and peer conduct

problems, whereas greater differences exist between them

regarding social contagion. Delineating sex differences in liability

to SU/SUD during late childhood and early adolescence has the

potential to reveal important insights for screening and

prevention strategies (79, 80). If the sex differences are

meaningful and can be delineated within YRI screening,

forecasting accuracy may be improved and risk factor profiling to

individualize prevention strategies could be adopted accordingly.

4.2 SU/SUD liability

First and foremost, YRI scores are highly associated with

initiating SU before high school (whether prior to or after the

YRI is completed). In addition to documenting the concurrent

and predictive validity of the YRI, our convergent validity results

demonstrate the scope of liability to SU/SUD that the YRI scores

epitomize. The breadth of SU/SUD risk and resilience factors

that YRI scores account for include behavior problems,

disinhibition, depression, sensation seeking, familial substance

TABLE 11 The Youth Risk Index’s concurrent validity with neurocognitive measures of attention, executive functioning, and working memory.

Variables n Mean SD Bivariate r Multiple regression

Multiple Rage, YRI Partial rYRI Partial rage
WASI digit span forward 25 10.44 2.97 0.38 0.55a 0.13 0.47

D-KEFS

Color-word inhibition/switching 35 9.86 2.98 0.21 0.46 0.05 0.44

Planning/sequencing tower 35 16.31 3.23 0.52b 0.58b 0.40 0.27

Fractal N-back test

0-back, pre-stressor 27 0.78 0.20 0.35 0.65b −0.56 0.58

2-back, pre-stressor 27 0.44 0.22 0.23 0.38 0.03 0.37

Emotional N-back test d′ 27 2.06 0.68 0.18 0.39 −0.08 0.43

Multiple regression analyses included age and YRI scores as predictors. Bivariate r results are regressions of YRI scores on the row variable. Partial r results present partial coefficients

(standardized b) from the multiple regression of a row variable on predictors of age and YRI scores.
aFalse discovery rate-corrected p < .05 (72).
bFalse discovery rate-corrected p < .01.
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use problems, parental problems with the law, friends’ behavior

problems, protective parenting practices, protective self-

management behaviors, neurocognitive risk, and vulnerability to

social contagion. Encapsulating this breadth of liability sources is

essential to accurately measure overall liability prior to SU/SUD-

related problems or even SU initiation because of the highly

diverse trajectories leading to the equifinality of SUD.

4.3 Neurocognitive risk

The correlation between YRI Overall Scores and D-KEFS

Tower total performance suggests that YRI scores discriminate

among levels in planning and problem-solving that are associated

with SU/SUD liability. Remarkably, despite the small sample, this

correlation maintained a p-value < 0.05 even with age as a

covariate. Regression analysis with the 0-back pre-stress task

performance suggested that the low-load working memory

deficits that are associated with SU/SUD risk are reflected in YRI

scores, although this association did not maintain p < 0.05 after

accounting for maturational changes from ages 9 to 17. The

specific characteristics that the YRI items query and are

associated with include deficits in planning, problem-solving,

working memory, impulsivity, anger coping, distractibility,

and friends’ behavior problems (54, 81–83). Future research

that clarifies which ALEXSA subscale scores are associated

with specific underlying neurophysiological and genetic risks

could facilitate identification and primary prevention to

counter individuals’ biological predispositions toward SU/SUD.

To illustrate, certain ALEXSA profiles of risks may reveal

neurobiological risk without requiring neuroimaging or

genetic testing.

An ongoing longitudinal study led by this research team is

investigating youths, aged 12–14, who are experiencing anxiety to

identify factors that are associated with trajectories toward and

away from SU through middle adolescence (R01DA057312,

Fishbein, Belger, and Ridenour, MPIs). Stratified recruitment is

in part based on the youths’ YRI scores. Maturation of functional

brain connectivity, emphasizing fronto-limbic subsystems and

physiological stress responsivity, and well-known risk factors will

be studied over 24-month follow-ups. We anticipate that data

from this study will clarify associations between YRI scores and

underlying neurobiological risk for SU/SUD.

4.4 Limitations

The multiple strengths of this study include large sample sizes

representing epidemiological, clinical, and enriched at-risk youths;

balanced subsample proportions of sexes and YRI purposes to

evaluate measurement invariance; and varied criteria for testing

validity. Even so, the results ought to be interpreted within the

context of the study’s limitations to help guide future research.

While this study was the first to investigate subscales for the YRI,

the results indicated that further evaluation of the partial non-

invariance is needed before the subscale scores can be interpreted

for clinical purposes. Specifically, impact analyses are needed to

evaluate if there is a need for, and how to, resolve non-

invariance associated with sex and YRI purpose. In addition,

because of the small CogNIT sample size, the YRI subscale

scores were not reported, but we expect they will be differentially

associated with specific neurocognitive deficits and related

neurological underpinnings. Finally, YRI scores’ predictive

accuracy was only assessed for 1-year outcomes; longer-term

follow-ups in age groups when SU becomes more prevalent

could improve screening thresholds to identify which youths may

benefit from primary prevention.

4.5 Next steps

In addition to addressing this study’s limitations, our results

support pursuing several lines of investigation to elevate the

YRI’s utility as a screening tool for selective/indicated primary

prevention. Fully developing each of the first-order factors/

subscales could aid in matching a prevention strategy to

individual youths’ sources of risk, although a broader assessment

of risk factors (e.g., the ALEXSA-R) following screening is more

likely to succeed in coupling youths’ individual needs to an

impactful program (79, 84, 85). To illustrate, a similar approach

of matching intervention programs to personality type in middle

adolescents has effectiveness in reducing rates of harmful alcohol

use (86). Numerous efficacious prevention programs exist for

pre- or early adolescents that target specific sources of risk, such

as emotional and behavioral disinhibition (45, 46, 87), reactive

aggression and anger coping (88, 89), parenting skills for at-risk

youths (33, 90), peer network influences (91), and boredom (92,

93). However, there is a dearth of studies that have evaluated the

efficacy of offering multiple prevention programs or of matching

programs to youths based on their specific sources of risk for

SU/SUD. The ongoing research by our team will investigate the

associations among YRI scores, ALEXSA subscales, and

variations in fronto-limbic functioning and physiological stress

responsivity. Finally, based on the broad mediating role(s) that

SU/SUD plays in exacerbating many medical and mental illnesses

(5–8), it is important to evaluate the potential role(s) that YRI

screening could play in the prevention of or early intervention

for mental illness.
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