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Abstract

This study employed integrative data analysis techniques to examine the long-term effects of the
Family Check-Up (FCU) on changes in youth suicide risk using three randomized prevention
trials, including one trial initiated in early childhood and two initiated in early adolescence. Data
were harmonized across studies using Moderated Nonlinear Factor Analysis, and intervention
effects were tested using an Autoregressive Latent Trajectory model examining changes in
suicide-risk across long-term follow-up. Across trials, significant long-term effects of the FCU

on reductions in suicide-risk were observed, although differences between intervention and control

group trajectories declined over time. No moderation of intervention effects was observed by
youth gender or race/ethnicity, or across samples. While results offer further support for the
benefits of the FCU for suicide-risk reduction, they also suggest that such effects may wane
over time, underscoring the need for continued development of the FCU to enhance longer-term
durability of effects on suicide-related behaviors.
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The identification of effective suicide prevention programs for children and adolescents
represents a critical public health goal. Between 10 — 20% of youth report significant
suicidal ideation across adolescence, and suicide is now the second leading cause of death
between the ages of 15 to 25 (see Turecki and Brent, 2016). Moreover, the age-adjusted
suicide rate in the United States increased 24% (from 10.5 to 13.0 per 100,000 people) over
the last 20 years, with the largest increases in suicide rates observed for females aged 10-14
(Curtin et al., 2016), and in African American children aged 5-11 (Bridge et al., 2015). Such
increases highlight the need for improved understanding of suicide risk development across
childhood and adolescence (e.g. Janiri et al., 2020), and underscore the need for effective
early prevention.

Self-injurious thoughts and behaviors (SITBs) are related to a complex array of risk

factors, including genetic and neurobiological, cognitive, and social processes (e.g., Cha

et al., 2018). In particular, family-level factors, including conflict, parental criticism and
low-support, and parental psychopathology, appear central to the development of SITBs
across childhood and adolescence (see Frey & Cerel, 2015; Janiri et al., 2020). Of note,
these familial risk factors are related to a broad array of emotional and behavior problems in
youth beyond SITBs (Rose et al., 2018), and they are commonly targeted in family-focused
prevention and intervention programs.

Indeed, most effective intervention programs for suicidal adolescents incorporate a focus on
improved parent and family functioning. A recent review by Glenn and colleagues (2019)
found that five of the six best-supported interventions for adolescent suicide incorporated
parent and family functioning as a core component. Common targets include parent and
family psychoeducation regarding suicide, support for emotion regulation skills, and training
in family communication and problem-solving skills. Further, although few studies have
tested mediation, a randomized trial of the Resourceful Adolescent Parent Program (RAP-P;
Pineda & Dadds, 2013), a parent-focused intervention emphasizing supportive parenting
strategies and conflict-reduction skills, found that intervention effects on adolescent suicidal
behavior over a 6-month follow-up were mediated by improvements in family functioning.

Emerging evidence also indicates that family-focused prevention programs may yield
long-term reductions in suicide-risk, even when SITBs were not directly targeted. For
instance, Familias Unidas, a family-based prevention program designed to reduce behavior
problems in Latinx youth, was found to reduce suicide attempts by 30-month follow-up

in large sample of Latinx families recruited when youth were in 81 grade (Vidot et

al., 2016). Comparable effects on reduced SITBs in youth have been reported in several
other prevention programs with significant family-focused components targeting conduct
problems (e.g. Kerr et al., 2014) and parental bereavement (Sandler et al., 2016), suggesting
that prevention programs targeting common family risk processes may lead to reductions in
SITBs across early development.
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Family Check-Up program

The current study examines effects of the Family Check-Up (FCU) prevention program on
suicide-risk across three randomized controlled trials, two of which were initiated in early
adolescence (age 11-12), and one of which was initiated in early childhood (age 2). The
FCU was originally designed to prevent the development of conduct problems and substance
use by enhancing positive parental support and parent management practices and fostering
effective family problem-solving and communication skills. At the core of the FCU program
is a comprehensive three-session assessment and feedback process, based upon Motivational
Interviewing principles. This process culminates in a family feedback session designed to
support positive parenting practices and motivate parents to modify their behavior on behalf
of their child’s welfare. Parents then have the option of engaging in follow-up treatment
sessions around effective family management, relationship practices, and addressing other
issues that compromise parenting quality (e.g. parent self-care, neighborhood safety).
Subsequent treatment sessions involve family-based intervention tailored to the individual
goals of the family, including positive parenting practices (e.g., positive reinforcement,
family-problem-solving), relational concerns (e.g., co-parenting), and contextual issues (e.g.,
school-communication).

Separate analyses from the individual trials have documented the effects of the FCU on a
broad range of child and family outcomes, including those that were originally targeted

as well as additional outcomes that were not the primary focus. In trials initiated in

early adolescence, the FCU led to improvements in conduct problems and substance use
development (Veronneau et al., 2016), as well as a broader range of youth outcomes, such
as sexual-risk behavior and academic performance (Caruthers et al., 2014; Stormshak et
al., 2009). The adolescent version of the FCU also resulted in improvements in parent
monitoring and communication, and reductions in family conflict in adolescence (e.g.,
Stormshak, et al., 2011; Fosco et al., 2016). Similarly, a version of the FCU adapted for
early childhood led to improvements in a range of child and parental outcomes, including
emotional and behavior problems from early childhood through adolescence (e.g., Dishion
et al., 2008, 2014), in part mediated by improvements in positive parenting (Dishion et al.,
2008), and maternal depression (Shaw et al., 2009).

We have also observed effects on youth internalizing problems in both adolescent and
early-childhood FCU trials (e.g. Connell et al., 2008, 2018; Shaw et al., 2009). Although
these were not original targets of the FCU program, there is considerable overlap between
family-risk processes associated with conduct problems and depression / suicidality, so
programs targeting such family-risk mechanisms may have a broad array of collateral
benefits for children and adolescence. Of note, analyses of individual trials have found
effects of the FCU on suicide-related outcomes. In an adolescent trial, Complier Average
Causal Effect analyses yielded large intervention effects on a cumulative suicide-risk score
(aggregating thoughts of death, ideation, and attempts) in late adolescence and early
adulthood, specifically among youth whose families engaged with the FCU (Connell,
McKillop, & Dishion, 2016). In a trial initiated in early childhood, analyses comparing
suicide-related behaviors in the intervention versus control conditions examined summary
scores reflecting chronicity and severity of suicide-related behavior across parent, teacher,
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and youth-reports from ages 7.5 to 14 years. Although main effects of the FCU on suicide-
related outcomes were generally observed at the level of statistical-trend, mediation analyses
found significant indirect effects of the FCU on reductions in suicide risk by age 14 via
improvements in youth inhibitory control across early childhood.

One challenge in individual trial analyses of FCU effects on suicidality, however, is the
limited measurement of suicide-related outcomes, constraining our understanding of the
potential benefits of the FCU across developmental periods. In particular, changes in
measurement approaches in the individual trials have limited the scope of longitudinal
analyses. For instance, in the Early Steps Multisite study, different measures were
administered in early childhood versus early adolescence, and data from different informants
were available in different developmental spans (e.g. child reports of SITBs were not
collected until early adolescence). Individual trial analyses also suffer from statistical power
challenges associated with the examination of lower base-rate outcomes such as SITBs.
These measurement and power challenges may be addressed by modern Integrative Data
Analysis (IDA) techniques.

Current Study

The goal of the current work was to employ IDA techniques to harmonize depression data
across three trials of the FCU, to enhance statistical power to examine prevention effects
on suicidality across late middle childhood and adolescence. Specifically, we employed
Moderated Nonlinear Factor Analysis (MNLFA; Bauer & Hussong, 2009) to facilitate
item-level analyses across trials, despite the use of different measures and items across
studies. MNLFA provides a robust means to examine Differential Item Functioning (DIF)
across subgroups of participants (e.g., by gender), and to create scale scores based on all
available items while accounting for DIF. Therefore, MNLFA enables the estimation of a
common latent variable across samples that incorporates all of the available information
across measures, even if there are differences in available measures over time and across
studies. In the current analyses, the latent variable estimate is a continuous suicide-risk score
that reflects youths’ underlying severity of suicidal thoughts and behaviors. It captures the
constellation of youth, parent, and teacher reports of thoughts of death, suicidal ideation,
self-harm, and suicide attempts that were included as categorical observed variables in the
latent variable estimation process, as these are all signs that the youth is at elevated risk for
completed suicide.

In the current analyses, we sought to examine the long-term effects of the FCU on suicide-
risk across three randomized trials of the FCU. These trials cover a broad developmental
span with one trial beginning at age 2 and the other two trials beginning at approximately
age 11. Although there are differences in ages at baseline, there are overlapping ages across
all three trials in early to mid-adolescence. Further, significant FCU effects on suicidality
have been observed in trials initiated in both early childhood and early adolescence (Connell
et al., 2016, 2019), supporting the possibility of harmonizing data across these trials

to examine pooled prevention effects. However, we also examined possible differential
treatment effects across trials to further examine the feasibility of aggregating data across
these samples.
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The trials included long-term follow-up assessments, with the current analyses examining
the durability of FCU effects on suicide-risk over more than a decade. We also examined
differences in outcomes in relation to youth gender and race/ethnicity. Surprisingly few
suicide-prevention studies have examined such moderators of program effects (see Musci et
al., 2018). However, the identification of factors associated with variability in response to
suicide prevention programming is an important public health goal, which may highlight
opportunities for further program development to better meet the needs of different
populations of youth. Based on the sparsity of evidence regarding possible gender or race/
ethnicity differences in prevention effects on suicide-related outcomes, these analyses were
considered exploratory.

Early Steps.—This prevention trial includes 731 mother—child dyads, recruited between
2002 and 2003 from Pittsburgh, Pennsylvania, Eugene, Oregon, and Charlottesville, Virginia
(for complete details see Dishion et al., 2008). The sample included diverse racial/ethnic
representation (54.4% White, 28.2% African American, 10.7% Latinx, and 6.7% multiracial
or other), and 49.5% of youth were female. Families with children between the ages of 2
years 0 months and 2 years 11 months were recruited from Women, Infants, and Children
Nutritional Supplement (WIC) centers. Following screening, high-risk status on at least two
of three risk domains was required for study inclusion: (a) child behavior (conduct problems,
high-conflict relationships with adults), (b) family problems (maternal depression, daily
parenting challenges, substance use problems, teen parent status), or (c) socio-demographic
risk (low educational achievement and low family income using WIC criteria). Families
completed assessments at 10 study waves, from child ages 2 through 16 years. Retention
was above 80% for most assessments, including at ages 14 and 16 (82%), with 73%
retention at the lowest point (age 7.5).

At baseline, families were individually randomized to intervention (50.2%) or control
conditions (49.8%). Control families completed assessments but were not offered
intervention services. Intervention families were offered the FCU and follow-up services as
warranted, on eight occasions from age 2 to 10.5 years. Of the 367 families randomized

to the intervention condition, 343 (93.5%) took part in the FCU (an initial interview,
assessment and feedback sequence) at least once by age 10.5 years. The percentage of
families receiving the FCU at each wave ranged from 66% (at age 5) to 76% (age 2), and
most of these families elected to receive follow-up sessions on parenting, child development,
and behavior management. The percentage of FCU-completing families opting for further
sessions ranged from 65% (age 7.5) to 74% (age 4), with the average number of sessions
ranging from 2.3 (age 10.5) to 3.5 sessions (age 5).

Project Alliance 1 (PAL1).—This trial includes 998 adolescents and their families,
recruited in 6! grade from three middle schools within a metropolitan community in

the northwestern United States. Parents of all 6! grade students were invited, and 90%
consented to participate. In the sample, 50.6% of youth were female, with diverse racial/
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ethnic representation (49.2% White, 29.2% African American, 6.8% Latinx, and 14.8%
multiracial/other). In the spring of 6! grade, youth were randomly assigned at the individual
level to either control (498 youth) or intervention classrooms (500 youth). Families
completed assessments at 10 study waves, from youth ages 11 to 28. Retention was above
80% for most timepoints, with 75.6% retention at the last assessment. Control participants
completed assessments but were not offered intervention services.

In the intervention condition, 115 families (23%) received the FCU in grades 7-9, and

88 families (17.6%) received further intervention services after the FCU. FCUs also were
offered in grades 10-11, and 170 families (34%) received the FCU at that time, 109 of
whom had not received it previously. Therefore, 224 families (45%) received the FCU across
the study.

Project Alliance 2 (PAL2).—This trial includes 593 families recruited in 6! grade from
three urban middle schools in the northwestern United States. Parents of all 6! grade
students were approached, and 76% consented to participate. In the sample, 48.5% of

youth were female, with diverse racial/ethnic representation (36% White, 15.2% African
American, 18% Latinx, and 30.8% multiracial or other). Families were randomly assigned
to “school as usual” (n=207; 35%) or to the intervention condition (7= 386; 65%), using
unbalanced design to increase the power to examine patterns of intervention engagement.
Families completed assessments at seven study waves, from youth ages 11 to 23. Retention
was above 80% for most assessment points, with 78% of participants completing at least one
early-adult assessment.

Within the intervention condition, 42% (7= 163) of families received the FCU between

grades 7-9, 80% of whom received follow-up intervention services (average intervention
duration = 5.62 hours). The FCU was offered to families again at age 20, and 34.7% (n=
134) of intervention families received the FCU (average intervention time = 1.92 hours).

Details

The FCU includes a 3 session FCU-Assessment, based on Ml principles, and age-
appropriate follow-up services based upon the Everyday Parenting Curriculum (EPC;
Dishion et al., 2012).

Early Steps.—Potential intervention targets and topics were adapted to be appropriate for
early childhood, including topics on parenting practices, family management concerns (e.g.,
co-parenting), and contextual issues (e.g., child care, partner relationship, housing, parent
self-care).

PAL1 and PAL2.—PAL1 and PAL2 were both school-based prevention trials employing a
multilevel prevention framework. The universal intervention focused on supporting positive
parenting practices and engaging parents of high-risk youth for the selected intervention, and
included the establishment of a Family Resource Center (FRC) in each school, offering brief
parent consultations, feedback to parents on their student’s behavior at school, and access to
videotapes and books. The selected intervention was the three-session FCU assessment. The
FCU feedback leads to a collaborative decision with parents on indicated services consistent
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with their goals, including a parent group intervention and individually based behavior
family therapy, grounded in the EPC (Dishion et al., 2012), and focused on building
positive parenting skills (e.g., positive reinforcement, limit-setting, problem-solving, and
communication skills).

Supplemental Table 1 lists measures administered in each sample at each assessment point.

PAL1—A stratified assessment approach was used at the age 11, 12, and 13 assessments,
with the Child Behavior Checklist for Ages 6-18 (CBCL; Achenbach, 1991) and Child
Depression Inventory (CDI; Kovacs, 1992) only collected for an elevated-risk subset of
youth. Risk-stratification was based upon teacher-reports of behaviors related to the risk
for conduct problems (see Connell & Dishion, 2008). This elevated-risk subsample was
identified using a brief teacher-report measure that assessed behavioral and emotional
problems (but did not assess suicide-related behaviors; see Connell & Dishion, 2008).
Students identified by this brief teacher-report screening measure as exhibiting risk-
behaviors were asked to complete additional survey measures, including those assessing
depression and suicide-related behaviors.

At ages 11 to 13 (elevated-risk only), and 18 (entire sample), youth completed the CBCL -
ages 6-18 (Achenbach, 1991). Parents also completed the CBCL at youth ages 11 to 13
(elevated risk only), 18 and 23 (entire sample), while teachers completed the CBCL at youth
ages 11 to 13 (elevated risk only). The CBCL includes two items reflecting suicidal ideation
(e.g., youth-report: “I think about killing myself”) and self-harm/suicide attempts (e.g.,
youth-report: “I deliberately try to hurt or kill myself”) in the prior six months. Teacher-
reports of self-harm/suicide attempts were not included in harmonization analyses due to
sparse endorsement (3 endorsements across assessment waves), although teacher-reported
ideation was included.

Youth completed the CDI (Kovacs, 1992) at ages 11, 12, and 13 (elevated-risk only), which
includes one item assessing suicidal ideation in the past two-weeks. At age 11, 12, 13
(elevated-risk), and 16 (full sample), youth completed a self-report health measure with

one item reflecting past-year suicide attempts. Youth completed the Life Events Coping
Inventory (LECI; Dise-Lewis, 1988) at ages 11, 12, 13 (elevated-risk), 16, 18, 22, and 23
(full sample), with two items reflecting ideation and self-harm in response to stress. At ages
16, 22, and 23, youth completed the Brief Symptom Inventory (BSI; Derogatis & Spencer,
1982), assessing past-week ideation.

Participants completed the Composite International Diagnostic Interview (CIDI; World
Health Organization, 1997), administered by trained staff blind to intervention status, at
ages 18 and 28 years. Analyses included suicide-related items from the depression module.

PAL2—Youth completed the CDI (Kovacs, 1992) at ages 11, 12, and 13, as part of the FCU
assessment. At ages 20, 21, and 22, parents and youth completed the CBCL (Achenbach,
1991), with items measuring ideation and self-harm/suicide attempts.
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Early Steps—~Parents and teachers completed the CBCL-ages 6 — 18 (CBCL; Achenbach,
1991) during the age 7.5, 8.5, 9.5, 10.5, 14, and 16-year assessments. Due to IRB concerns,
only the suicide ideation item was administered in Early Steps. Parents and children
independently completed the computerized Diagnostic Interview Schedule for Children IV
(DISC-1V; Shaffer et al., 2000) at age 10.5. Analyses included suicide-related items from the
depression module.

Analytic plan

Data Harmonization—Data harmonization analyses employed MNLFA (see Hussong,
Curran, & Bauer, 2013), which facilitates item-level analyses across datasets when items
from different measures have been used across trials. MNLFA permits the estimation of a
final latent-variable reflecting the construct of interest, adjusting for DIF when observed.
Analyses included six indicators, aggregated across available measures by reporter at

each study wave, including three youth-report indicators (Thoughts of Death, Suicidal
Ideation, and Self-harm/Suicide Attempt), two parent-report indicators (Suicidal Ideation
and Self-harm/Suicide Attempt; parents did not report on children’s thoughts of death across
studies), and one teacher-report indicator (Suicidal Ideation). All indicators were recoded
into dichotomous scores (0 = not endorsed, 1 = endorsed).

We employed the R-based aMNLFA package (Gottfredson et al., 2019), with MNLFA
analyses conducted in Mplus 8.5 (Muthen & Muthen, 2020). Following Gottfredson and
colleagues (2019), a single time-point of data for each participant was randomly selected
for a calibration sample to establish measurement properties. Using the calibration sample,
an iterative series of analyses examined covariates effects on factor means, variances,

and item intercepts/factor loadings to obtain item parameter estimates adjusting for DIF.
Harmonization analyses included the following covariates: 1) Youth gender (-1 = male,

1 = female), 2) ethnic minority status (-1 = European American, 1 = racial/ethnic
minority), 3) age at assessment, 4) Years Post Baseline, 5) intervention-assignment (-1 =
Control condition, 1 = Intervention condition), and 6) study (with two orthogonal contrasts,
comparing Early Steps with PAL1 and PAL2, and PAL1 with PAL2). We also tested 2-way
and 3-way interactions involving Study x Age x Treatment, and Study x YPB x Treatment
in separate analyses. When 3-way interactions were not significant, we tested all two-way
interactions. When these were not significant, we tested a simpler main-effects-only model,
presented in the results section.

First, separate analyses examined covariate effects on overall mean and variance in suicide
risk, as well as in item factor-loadings (reflecting the extent to which individual items
reflected risk severity) and item intercepts (reflecting the likelihood of item-endorsement
across covariate levels for individuals at the same level of risk severity). Second, results from
these analyses were included in a full model, simultaneously testing invariance across these
model parameters for all covariates with significant effects in the initial analyses. Third, to
protect against type-1 errors, a Benjamini-Hochberg (1995) correction was applied to results
from the second-stage analysis to generate a final scoring model that included significant
effects that survived correction. Finally, MNLFA estimates were fixed to the parameter
estimates from this final model, to generate a scoring model. This final scoring model was
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then used to generate suicide risk estimates using the full longitudinal data set, which were
used in subsequent analyses. The latent suicide-risk variable was scaled to have mean =0
and variance = 1 in all MNLFA models.

Longitudinal models—Estimates of suicide risk generated from MNLFA were analyzed
using an Autoregressive Latent Trajectory Model (ALT; Bollen & Curran, 2004). Growth
models used “Years Post-Baseline” as the time-factor, with a score of “0” reflecting the
pre-treatment baseline. The baseline assessment was not included in the estimation of

the latent intercept or slope parameters but was allowed to predict subsequent suicidality.
The autoregressive paths captured time-specific variability around the underlying latent
trajectory. Intervention assignment was not allowed to predict the baseline time-point but
was allowed to predict latent intercept and slope parameters. All other covariates were
allowed to predict baseline, intercept and slope parameters. Post-hoc tests of differential
intervention effects by gender, race/ethnicity, or study-membership employed multiplicative
interaction terms between intervention assignment and gender, ethnicity, or the two study-
contrasts (ES vs PAL1/2, and PAL1 vs PAL2). Analyses employed Full Information
Maximum Likelihood (FIML; Rubin & Little, 2002) estimation to accommodate missing
data. Acceptable model-fit is indicated by non-significant Chi-square value, CFl and TLI
values above .90, and RMSEA values less than .08 (Hu & Bentler, 1999).

Descriptive Statistics

The aggregated sample included data from 2322 families, although the number of parents
and youth providing suicide-related data at each study wave is shown in Table 1. The
combined sample included 49.7% female youth, and 47.5% were White, 25.4% were
African American, 10.9% were Latinx, and 16.3% were multiracial or other race/ethnicity.
Frequencies of endorsement for suicide-related items are shown in Supplemental Table 2.

Data Harmonization

Preliminary analyses examining 2-way and 3-way interactions between Age, Study, and
Treatment, or between YPB, Study, and Treatment, yielded no significant 2- or 3-way
interaction effects for DIF in latent variable means, variance, or item-intercepts/factor
loadings. These interactions were removed, and the final series of analyses included only
main effects of all covariates (Age, YPB, Treatment, Gender, Race/Ethnicity, and Study
contrasts), although no significant main effects for DIF were observed, either. Factor
loadings and item intercepts from the final iteration of MNLFA models are shown in
Supplemental Table 3, along with estimates of covariate effects on the latent variable

mean, although none were significant. Although teacher-reports of suicidal ideation did

not significantly load on the latent variable, they were retained in the final model to enhance
data coverage across samples. Estimates of suicide-risk variables from MNLFA results over
studies and timepoints are shown in Supplemental Table 4.
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Latent growth model

Preliminary analyses yielded poor model-fit and negative residual variance estimates for

the final two timepoints (14- and 17-years post baseline). Of note, these time-points each
included data from only one sample (ES and PAL1, respectively), and data from only one
informant. When these time-points were removed from the analysis, the final ALT model
provided acceptable model fit (x2 = 229.03, df = 87, p <.05, CFI = .93, TLI = .91, RMSEA
=.03). The latent intercept (estimate = .10, SE =.03) and linear slope (estimate = -.03,

SE =.01) parameters were significant, as were the residual variances for both parameters
(intercept variance = .02, SE = .003; Slope variance = .001, SE = .00). Autoregressive
parameters were positive, with unstandardized estimates ranging from .19 to .60 (all p’s <
.001).

Random assignment to intervention was significantly related to both the intercept (estimate
=-.07, SE =.01, p <.001) and slope parameters (estimate = .009, SE = .002, p < .001).
These intervention effects represent small to medium effects (Intercept: Cohen’s d = -.47;
Slope: Cohen’s d = .33). The intervention effect, depicted in Figure 1, shows that random
assignment to the FCU condition predicted stronger declines in suicide-risk over time.
However, these intervention effects also waned over time, such that intervention and control
conditions showed similar levels of suicide-risk by 10 years after the baseline assessment. To
probe the time-course of intervention effects, a series of post-hoc tests were conducted by
re-specifying the ALT model to locate the latent intercept at different time-points, providing
a test of time-specific intervention effects. The intervention effect was only significant at
from 1 to 7 years post-baseline (intervention effect estimates: 2 YPB (estimate = —.06, SE =
.01, p <.001), 3 YPB (estimate = -.05, SE = .01, p <.001), 5 YPB (estimate = —.04, SE =
.01, p <.001), 6 YPB (estimate = -.03, SE = .01, p <.01), 7 YPB (estimate = .02, SE =
.01, p <.05).

With respect to study contrasts, the Early Steps sample had a significantly lower intercept
relative to the combined adolescent samples (estimate = -.04, SE = .01, p< .01), and a more
negative slope (estimate = —.004, SE =.002, p < .05), both representing small differences
(Cohen’s d = —.23 and = —.16). Additionally, the intercept for PAL2 was more negative
(estimate = —.07, SE = .02), a small to moderate effect (Cohen’s d = .49). Female gender
was significantly associated with higher baseline suicide-risk (estimate = .12, SE = .06, p
=.02), a more positive intercept (estimate = .10, SE = .01, p< .001), and a more negative
linear slope (estimate = -.005, SE =.002, p=.02). Racial/ethnic minority status predicted
lower baseline suicide-risk (estimate = —.19, SE = .06, p < .001), and a more negative
intercept (estimate = -.05, SE = .01, p<.001).

Moderation analyses

Moderation by youth gender and race/ethnicity was examined in separate follow-up
analyses. For gender, interaction effects for intercept (estimate = .01, SE = .02, p=.65)

and slope (estimate = .00, SE =.003, p=.95) parameters were not significant. Similarly, for
race/ethnicity, interaction effects for intercept (estimate = —.03, SE = .02, p=.22) and slope
(estimate = .001, SE = .003, p = .85) parameters were not significant.
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Finally, two interaction effects were tested, comparing intervention effects in Early

Steps compared to the adolescent samples, and comparing intervention effects in PAL1
versus PAL2, with interaction effects allowed to predict intercept and slope parameters.
Comparisons of intervention effects in Early Steps versus adolescent samples on intercept
(estimate = -.02, SE = .02, p=.37) and slope (estimate = .002, SE = .002, p=.43)
parameters were not significant. Similarly, for the comparison of PAL1 and PAL2, intercept
(estimate = —.04, SE = .05, p=.48) and slope (estimate = .003, SE = .007, p=.71) effects
were not significant.

Discussion

The present findings demonstrate the long-term effects of the FCU prevention program

on SITBs in childhood and adolescence across three randomized trials. Although we have
previously documented FCU effects on suicide-related outcomes in two of these trials
(Connell et al., 2016; 2019), research using individual trials is challenging due to the
relatively low base-rates of SITBs, and differences in available assessments over time. The
use of integrative data analytic techniques such as MNLFA provides a powerful opportunity
to address these measurement issues by enabling the estimation of a common latent variable
across samples over time despite differences in available measures, thereby facilitating the
examination of long-term effects of the FCU on suicide-related outcomes across trials.

Significant prevention effects on SITBs were observed using harmonized data across trials,
and these effects were sustained over 7 years following study initiation. In particular, we
observed a small to moderate effect of the intervention on the intercept of the SITB
trajectory (Cohen’s d = -.47), reflecting a change of nearly half a standard deviation in

the underlying suicide-risk scores for youth in the intervention versus control condition.
The magnitude of the intervention effect on the intercept compares favorably to typical
suicide prevention effects in this age-range. For instance, a meta-analysis of school-based
prevention programs for from early elementary school through college-age showed small
effects on suicidal ideation or attempts at short-term follow-up (equivalent to Cohen’s d
=.17; Brann et al., 2021), although larger effects have been reported in meta-analyses of
suicide prevention programs in other settings and with broader age-ranges (e.g. Cohen’s d =
.41 for post-treatment ideation; Robinson et al., 2018).

However, the effects of the FCU declined over time, becoming non-significant by 9-years
following the initiation of the trials. Of note, families in each prevention trial were offered
the FCU at multiple occasions over time. In Early Steps, families were offered the FCU
through child age 10.5 years. Similarly, in PAL1, families were offered the FCU through
high school (grades 10-11), while PAL2 families were offered the FCU throughout middle-
school, with a subsequent offering in early adulthood (approximately age 20 years). The
pattern of results suggests that FCU effects on SITBs may benefit from ongoing availability
of services. In light of the relatively brief but targeted nature of the FCU intervention,
offering “booster-sessions” over time may represent a cost-effective approach to sustaining
prevention effects on SITBs.
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Of note, FCU effects on SITB trajectories did not differ by gender or race/ethnicity, or
across the three samples. Little attention has been paid to the identification of factors that
moderate prevention effects on suicide-related outcomes in youth (e.g., Musci et al., 2018),
and the results of the few available studies have been inconsistent. Our results suggest that
the FCU effects on SITBs is relatively consistent across gender and racial/ethnic groups. It
will be important for future work to examine factors such as co-occurring conduct problems
or substance use, or the intensity of family-level risk factors (such as the level of family
conflict) that may be associated with variability in intervention effects. Such work may also
point to future refinements of the FCU program to better meet the needs of different groups
of families.

Although moderation effects were not observed, there were several covariate effects on
suicide-risk trajectories that merit discussion. First, gender differences in suicide-risk
trajectories were observed, as girls generally showed higher levels of risk, although gender
differences waned over time. The literature on gender differences in SITBs is complex,
although studies of adolescents have found greater prevalence of SITBs in females across
earlier adolescence, with gender differences in diminishing by later adolescence (Lewinsohn
et al., 2001). Second, racial and ethnic minority youth generally exhibited lower initial
levels of risk compared to non-minority youth, although rates of change did not differ

across groups. Such differences are consistent with trends observed in adolescence and early
adulthood, although recent research has highlighted growing suicide-risk among black youth
across childhood (e.g. Ramchand et al., 2021). Despite evidence of such gender and racial/
ethnic differences in SITB rates in these trials, the FCU appeared to offer consistent benefits
across gender and racial/ethnic groups.

Differences in trajectories across studies were also found. First, youth in the Early Steps
sample exhibited lower levels of SITBs relative to youth in the two adolescent trials,
differences that were small in magnitude, and likely driven by age as the prevalence of
SITBs is lower in childhood (Janiri et al., 2020). Second, youth in the PAL2 sample
exhibited lower initial levels of SITBs than youth in PAL1. This study difference may

be attributable to differences in methods, as in the first three waves of PAL1, a stratified
assessment approach was used, with suicide-related measures only administered to youth

at elevated risk for conduct problems, as assessed by teacher report. Given that conduct
problems are associated with elevated suicide-risk in this age-range (e.g. Linker et al., 2012),
this assessment approach may explain differences in SITB trajectories across these two
trials. Despite differences in overall levels of risk, it is worth emphasizing that no significant
differences in intervention effects were observed across studies, either in harmonization
analyses or in the final ALT model.

Summary and Future Directions

These results advance our understanding of the effects of the FCU prevention program
on SITBs across childhood and adolescence. Prior trial-level analyses were not able to
examine trajectories of SITBs given changes in available assessments over time, and so
the current results provide a more detailed examination of the durability of FCU effects
on suicidality than previously available. It is notable that these effects were achieved
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by a program targeting general family-risk factors to prevent youth behavior problems

and substance use. Family relationships are central settings for social and emotional
development, and common family-level risk factors are associated with a broad array of
problematic outcomes for children and adolescents. Programs like the FCU that target
such family-risk factors may promote a broad range of benefits for youth beyond the
original prevention targets, including reductions in suicide-risk. These results are consistent
with perspective that most effective interventions for reducing suicide-risk include a core
focus on improving parenting and family functioning (Glenn et al., 2019). The current
results are also consistent with the emerging literature on “cross-over” effects of family-
focused prevention programs on reducing suicide-risk across early development (Brent,
2016). Collectively, such results highlight that prevention and intervention programs that
emphasize the development of supportive and proactive parenting strategies, the cultivation
of effective family communication and problem-solving, and the establishment of healthy
family routines are likely to have broad effects on a range of youth outcomes including
suicide-risk.

As with any study, there are several limitations that point to future research directions.

First, these trials covered a broad developmental span, with one beginning in early
childhood and two in early adolescence. There may be developmental differences in risk and
protective factors for SITBs in childhood versus adolescence (see Ayer et al., 2020). Future
work examining whether different prevention targets are important in childhood versus
adolescence is warranted. Second, the current analyses focused on a broad “suicide-risk”
variable derived from harmonization analyses that incorporated a range of SITBs across
youth, parent, and teacher reports. While this approach allowed us to conduct long-term
longitudinal analyses across trials in the context of diverse measurement approaches and
sometimes sparse data associated with lower base-rate outcomes, we were not able to
examine specific effects on suicidal ideation versus attempts, or on youth- versus parent-
reported outcomes. Third, future work is needed to examine mechanisms of intervention
effects on SITBs. We suspect that prevention effects on suicide-risk may be mediated

by improvements in parental use of positive, proactive parenting strategies, reductions in
family conflict, and improvements in youth self-regulatory ability (e.g. Connell et al., 2019).
Fourth, suicide-related behaviors occur at a relatively low base-rate in youth, particularly
more extreme behaviors such as suicide attempts. A growing methodological literature
suggests that IRT modeling of low base-rate phenomena using techniques that assume
normal latent variable distributions, such as maximum likelihood estimation, may yield
biased estimates of IRT parameters (e.g. Wall et al., 2015). Although newer developments
such as IRT mixture modeling provide techniques to estimate IRT models with low base-rate
behaviors, their use for data synthesis purposes with complex longitudinal designs has not
been well-developed, and further work in this area is needed. Finally, future work adapting
the FCU program to directly address suicide-related outcomes in high-risk youth (e.g., those
displaying early symptom suicidality) may be warranted, and may yield stronger, more
durable benefits for youth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Intervention effect on suicide-risk trajectories across three prevention trials.
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