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Abstract

Maternal depression is a well-established risk factor for the development of depression in offspring. As such, reducing
maternal depression may be key to effective prevention efforts to reduce offspring’s depression. Based on the broad risk
represented by maternal depression, examining cross-over effects of parent-focused interventions on maternal depression
is important. The present study examined improvements in maternal depression as a mediator of the long-term effects of
the Family Check-Up (FCU) prevention program on youth depression across three randomized controlled trials. The FCU
is a family-focused intervention originally designed to reduce youth problem behaviors, particularly conduct problems and
substance use, but has also been found to have cross-over effects on other youth problem behaviors, including internalizing
symptoms. We utilized integrative data analysis that allows for powerful tests of prevention effects across trials, specifically
moderated nonlinear factor analysis, to integrate data across three trials: one trial initiated in early childhood and two in early
adolescence. Using a latent growth modeling approach, we first examined direct effects of the FCU on changes in maternal
depression. Then we examined the mediating effect of maternal depression on changes in both parent and youth reports of
youth depression. A significant intervention effect on maternal depression was observed across the three trials, with the
FCU predicting improvements in maternal depression. In turn, such improvements predicted a reduction in the growth in
both parent and youth reports of youth depressive symptoms across 10 years post baseline. These results demonstrate the
utility in addressing cross-over effects of family-focused interventions in reducing the long-term development of depression
in youth through mediating pathways.
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Depression in adulthood is highly prevalent and associated
with substantial suffering. Indeed, depression is one of the
leading causes of worldwide disability as well as death (see
Kessler, 2012). It is also associated with tremendous social
and occupational disruption, and diminished quality of life
(see Richards, 2011). For instance, depression is associated
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with lower educational and occupational attainment (Ueno
& Krause, 2020), greater marital instability (Whisman &
Uebelacker, 2009), and diminished life expectancy (Pratt
et al., 2016). Therefore, identifying prevention and inter-
vention opportunities to reduce the burden of depression
represents a critical public health goal.

Daniel Shaw

danielshaw @pitt.edu

Case Western Reserve University, Cleveland, USA
University of Oregon, Eugene, USA

Oregon Research Institute, Springfield, USA
Arizona State University, Tempe, USA

3 University of Pittsburgh, Pittsburgh, USA

@ Springer


http://orcid.org/0000-0001-6765-4867
http://crossmark.crossref.org/dialog/?doi=10.1007/s11121-022-01471-4&domain=pdf

1524

Prevention Science (2023) 24:1523-1534

Depression in parents, more narrowly, includes additional
challenges. Maternal depression, in particular, is a well-
established risk factor for the development of emotional and
behavioral problems in youth (Goodman et al., 2011). Mech-
anisms of transmission are complex, for instance, Goodman
and Gotlib’s model (1999) highlights several critical path-
ways for the intergenerational transmission of depression risk
including genetic risk, neuroregulatory dysfunctions, height-
ened contextual stress, and altered parenting styles. This last
pathway is of particular importance for prevention efforts, as
it highlights the potential benefits of parenting interventions
for disrupting depression risk in offspring. Indeed, maternal
depression is related to disruption in a variety of facets of
typical parent—child functioning, putting youth an increased
risk for psychopathology (Goodman et al., 2011). For exam-
ple, parental depression has been associated with harsher
parenting and greater negative emotionality in parent—child
interactions (e.g. Shaw et al., 2006). These familial factors
in turn have been identified as risk factors for the develop-
ment of anxiety, depression, and suicidal ideation in youth
(Kingsbury et al., 2019).

Prevention of Depression

In light of the substantial public health ramifications of
depression in adulthood, and the specific risks associated
with maternal depression, identifying opportunities to allevi-
ate depression in mothers represents a critical goal. Moreo-
ver, successful reduction of depression in mothers may yield
benefits for youth. Indeed, two lines of research suggest that
parental depression has important implications for the pre-
vention of depression in youth. First, parental depression has
been associated with diminished responsiveness to youth-
focused interventions for depression. For instance, Brent
and colleagues (1998) found that the efficacy of a child-
focused CBT intervention was significantly reduced in the
presence of maternal depressive symptoms. Several other
trials with youth in middle to late childhood have reported
similar reduced effectiveness of interventions in the face of
elevated maternal depression (e.g., Eckshtain et al., 2018,
2019). This pattern of results suggests the importance of
attending to parental depression in the context of prevention
and intervention programs for youth.

Second, parenting interventions may lead to reductions
in parental depression, though literature has demonstrated
mixed findings on this issue (Easterbrooks et al., 2016).
For instance, parent training programs, designed to reduce
youth behavior problems, may give parents hope and a
sense of mastery (e.g., Wittkowski et al., 2016), and skills
to manage child behavior more effectively and positively.
These skills may reduce parent’s stress and depressed
mood. Indeed, Hutchings and colleagues (2012) found that
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improvements in parental depression partially mediated the
effects of the Incredible Years parent-training intervention
on youth behavior problems in a sample of parents of 3- and
4-year-old children. Identification and study of such second-
ary effects (in other words, on outcomes not originally the
target of the intervention, referred to as cross-over effects)
may hold important implications for youth depression treat-
ments. However, few other studies have directly examined
parental depression as a mediator of prevention or interven-
tion effects on improvements in youth emotional or behavior
problems.

Family Check-Up

One such parenting program with established cross-over
effects on both youth and maternal depression is the Fam-
ily Check-Up (FCU). The present study extends the work
of Connell and colleagues (2021), which demonstrated the
main effect of the FCU on youth depression, by examining
the indirect effect of maternal depression. The FCU is a pre-
vention program originally designed to reduce conduct prob-
lems, substance use, and other externalizing symptoms in
youth by targeting parent and family mechanisms (Dishion
& Stormshak, 2007). The FCU employs motivational inter-
viewing techniques to motivate parents to enhance effective
parenting skills utilizing an adaptive intervention framework
with intervention targets and techniques adapted to the goals
of individual families. Prior trials have demonstrated that the
FCU is effective at reducing externalizing problems and sub-
stance use when delivered in early childhood (Dishion et al.,
2008, 2014) and adolescence (Van Ryzin et al., 2012). The
FCU has also previously demonstrated cross-over effects. For
example, the FCU delivered in adolescence predicted reduced
symptoms of depression across adolescence (Connell et al.,
2018) and into early adulthood (Connell et al., 2016). Indeed,
intervention effects on depression have been observed regard-
less of age administered in and have been shown to endure for
several years after delivery (Connell et al., 2021). Similarly,
FCU delivery in early childhood was associated with reduc-
tions in co-occurring internalizing and externalizing problems
mediated by family environment (Wang et al., 2019). Further,
Connell and colleagues (2016) found that the FCU delivered in
adolescence was associated with reduced suicidal thoughts and
behaviors in young adulthood. Conceptually, similar results
were observed in an early childhood trial of the FCU, with
reductions in suicidal ideation in early adolescence mediated
by improvements in youth self-regulatory abilities (Connell
etal., 2019).

Several parent- and family-level mechanisms of inter-
vention effects on youth emotional and behavior prob-
lems have been documented, including reductions in fam-
ily conflict (Fosco et al., 2016; Smith et al., 2014) and
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improvements in positive parenting (e.g., Brennan et al.,
2013; Dishion et al., 2008; Gardner et al., 2007). Of rel-
evance to the present study, improvements in maternal
depression have also been shown to mediate the effects of
the FCU in early childhood on reductions in youth emo-
tional and behavior problems (e.g., Shaw et al., 2009). For
example, Reuben et al. (2015) found that reducing maternal
depression in early childhood was associated with lower
levels of parent-reported, youth depressive symptoms in
late childhood. Similarly, Wang and colleagues (2019)
found that reductions in maternal depression mediated risk
for co-occurring internalizing and externalizing symptoms
in youth at later follow-ups (age 14 years).

However, analyses of maternal depression as a media-
tor of intervention effects on youth depression, particularly
in other FCU trials, have been hampered by the limited
measurement of depression, and changes in measures of
depression that were employed over time within trials. For
instance, in the first trial of the FCU program in early ado-
lescence (the Project Alliance 1 study), measures of depres-
sion in parents and youth were initially only administered to
a subset of youth identified by teachers as being at high-risk
for conduct problems. Although these measures were later
administered to the entire sample, the complex early meas-
urement plan limited statistical power for tests of mediation
(see Connell & Dishion, 2008). Similarly, changes in meas-
urement approaches in the individual trials have limited lon-
gitudinal analyses. For instance, in both the Project Alliance
1 and 2 studies, different measures of youth depression were
used in early adolescence versus later assessments.

Present Study

To date, the mediating role of maternal depression has only
been examined in one trial of the FCU initiated in early
childhood, and there is scant evidence of broader mediat-
ing effects of maternal depression in other prevention pro-
grams beyond childhood. The present study seeks to extend
this work by incorporating evidence across three trials of
the FCU, one initiated in early childhood and two in early
adolescence, to provide a comprehensive test of improve-
ments in maternal depression as a mediator of intervention
effects on youth depression over time and across trials. We
employed integrative data analysis (IDA) techniques to
synthesize data across three trials of the FCU. IDA allows
researchers to synthesize results across multiple trials, pro-
viding a powerful test of general prevention effects. Such
techniques also provide opportunities to address the pre-
viously described measurement challenges that may limit
the examination of mediation in individual trials. There-
fore, IDA approaches allow researchers to leverage existing

prevention trial datasets to address novel questions, includ-
ing the examination of mediating pathways of intervention
effects across multiple trials.

In particular, we employed moderated nonlinear factors
analysis (MNLFA; Bauer & Hussong, 2009), which allows
for item-level harmonization analyses of multiple meas-
ures of the same construct across trials. MNLFA provides
a method of accounting for possible differential item func-
tioning (DIF) across covariates and creating scores for the
construct of interest based on all available items. With this
technique, we can provide an overarching test of the medi-
ating effects of the FCU on reductions in youth depression
via improvements in maternal depression, across three ran-
domized trials covering a broad developmental span.

Methods

The present study employs harmonization analyses drawing
data from three separate intervention trials of the FCU'!. The
methods section includes description of the original studies
as well as the IDA methods employed in the present study.
First, we discuss the samples collected for each study, the
protocol section reviews how the FCU was implemented,
and measures section details the assessment methods from
the different trials that were used for the harmonization.
Next, we describe the analytic plan for both the harmoniza-
tion analyses and the structural equation modeling employed
using the new, harmonized variables.

Samples

Early Steps This trial included 731 low-income families
recruited from three different locations: Pittsburgh, Penn-
sylvania, Eugene, Oregon, and Charlottesville, Virginia.
The youth sample was 49.5% female and were racially/
ethnically diverse: 54.4% White, 28.2% African American,
10.7% Latinx, and 6.7% multiracial or other. Families were
recruited when youth were between the ages of 2 years and
0 months and 2 years 11 months from Women, Infants, and
Children Nutritional Supplement (WIC) centers. Families
were screened to ensure they met study criteria.

Families were randomized to two conditions, intervention
(50.2%) or control conditions (49.8%) at baseline. Control
families completed yearly assessments and intervention
families completed assessments and the FCU as well as
follow-up services as warranted which typically included
annual visits on eight occasions when youth were ages 2
to 10.5 years old. Of the 367 families randomized to the
intervention condition, 343 (93.5%) took part in the initial

! Data will be made available by request, please contact Arin M. Connell.
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FCU assessment (interview, assessment, feedback) at least
once between ages 2 and 10.5. Families who elected to
receive follow-up sessions focused on parenting, child
development, and behavior management. The percentage
of families in the intervention condition receiving addi-
tional sessions ranged from a low of 65% (age 7.5) to the
high of 74% (age 4), and average number of sessions at
each wave ranged from 2.3 (age 10.5) to 3.5 (age 5) across
waves.

Project Alliance 1 This trial included 998 families
recruited in sixth grade from three middle schools in low-
income neighborhoods in a metropolitan area in the north-
western United States. The sample included 50.6% female
youth, and was racially/ethnically diverse: 49.2% White,
29.2% African American, 6.8% Latinx, and 14.8% multi-
racial or other. Families were recruited when youth were
11 years old and followed through ages 28-30 years old.
Families were randomized to two conditions, intervention
(50.1%) or control conditions (49.8%) at baseline. Control
families completed yearly assessments. Intervention fami-
lies completed assessments and the FCU as well as follow-
up services as warranted. Retention remained above 80%
for most assessment points, with 75.6% retention at the
final assessment point. In the intervention condition, 224
families (45%) received the FCU at least once between
grades 7-11.

Project Alliance 2 This trial included 593 families recruited
in sixth grade from three middle schools in low-income
neighborhoods in a metropolitan area in the northwestern
United States. The youth sample was 48.5% female and
was racially/ethnically diverse: 36% White, 15.2% Afri-
can American, 18% Latinx, and 30.8% multiracial or other.
Families were recruited when youth were 11 years old and
followed through age 23 years old. Families were screened
to ensure they met study criteria.

Families were randomized to two conditions, intervention
(65%) or a school-as-usual control condition (35%) at base-
line. This trial used an unbalanced randomization in order
to increase power to detect heterogeneous patterns of inter-
vention effects. Control families completed yearly assess-
ments, and intervention families completed assessments and
the FCU as well as follow-up services as warranted which
typically included annual visits at seven assessment waves
when youth were age 11 years to age 23 years. For the full
sample, retention was above 80% for most assessment points,
with 78% of participants completing at least one of the early-
adult assessments. Within the intervention condition, 42%
(n=163) of families received the FCU between grades 7-9,
80% of whom received follow-up intervention services. Aver-
age duration of intervention services was 337 min (approxi-
mately 6 h). The FCU was offered to families again in early
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adulthood (age 20), at which 34.7% (n=134) of those in the
intervention condition families received the FCU, with an
average of 1.92 h of intervention time.

Protocol

The FCU is an ecological, family-centered intervention pro-
gram which utilizes motivational interviewing techniques to
enhance parent application of skills and maintenance of ben-
efits (Dishion & Stormshak, 2007). The ecological framework
includes an in-depth assessment of the youth’s environment
including socioemotional, peer relational, and familial and
parenting factors. Interventions are then tailored to address the
individual needs of the child, making them developmentally
sensitive and individualized to the level of care required by
the child and family. The intervention is conducted in sev-
eral parts, including an initial get-to-know-you session that
in clinical practice is followed by the assessment sessions
noted above?. Following the assessment, a consultation and
feedback session are conducted to highlight the intervention-
ists” observations from both the get-to-know-you interview
and assessment, highlighting both strengths and challenges
of the child and family. Whereas previous work across trials
indicates the benefits of participating in these 3 sessions (get-
to-know-you, assessment, and feedback), families have the
option of engaging in follow-up treatment sessions tailored
to parent’s goals identified in the feedback session. These
options often include in-person/remote family management
sessions, phone check-ups, and specific community referrals.
Therefore, the FCU is a relatively brief, ecologically valid,
individualized intervention program designed to support fam-
ily and youth adjustment. The present study examined three
randomized-control trials of the FCU in three separate sam-
ples, including long-term follow-ups. First, Early Steps was
initiated to families beginning when children were age 2, with
developmentally appropriate targets chosen for intervention
(e.g., parenting practices, child self-regulation). Project Alli-
ance 1 and Project Alliance 2 were school-based prevention
trials initiated when children were in 6th grade and included
a multilevel prevention framework.

Measures

Supplemental Table 1 lists the measures administered at
each assessment point. Of note, the Center for Epidemiolog-
ical Studies—Depression scale (CES-D; Radloff, 1977) was

2 In clinical trials of the FCU, the assessments are often conducted
by trained research assistants, while the get-to-know-you sessions are
conducted by FCU interventionists. Therefore, contrary to clinical
practice, in clinical trials, the assessment precedes the get-to-know-
you session in order to maintain blindness of intervention group
assignment during the assessment.
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administered to parents across all three trials of the FCU:
Early Steps, PAL1, and PAL2. The CES-D is a 20-item self-
report measure assessing past week symptoms of depression
on a scale from O to 3.

Early Steps The CES-D was administered to parents at the
following youth ages: 2, 3, 4, 5, 7.5, 8.5, 9.5, 10.5, 14, and
16 years old. Children completed diagnostic interviews
using the computerized Diagnostic Interview Schedule
for Children IV (Shaffer et al., 2000) at age 10.5. Current
analyses focused on symptoms from the depression mod-
ule. At ages 14 and 16, youth completed the Child Depres-
sion Inventory (CDI; Kovacs, 1992), a 27-item self-report
measure of depressive symptoms in youth over the past
2 weeks. Parents completed the Child Behavior Checklist
for Ages 1.5-5 (CBCL; Achenbach, 1991), at ages 2, 3, 4,
and 5, and the CBCL for Ages 6-18 (Achenbach, 1991)
during the age 7.5, 8.5, 9.5, 10.5, 14, and 16 assessments,
which includes depression-symptoms rated on a 3-point
scale (O=not true, 1 =somewhat/sometimes true, 2 = very
true/often true), with a 6-month time-frame.

PAL1 A stratified assessment approach was used at the age
11, 12, and 13 assessments, such that depression data was
only collected for an elevated-risk subset of youth and par-
ents, based upon teacher reports of behaviors related to the
risk for conduct problems (see Connell & Dishion, 2008).
Parents completed the CES-D when youth were ages 11,
12, 13, 16, and 18 years old. At ages 11, 12, 13, and 18,
parents and youth completed the CBCL-ages 6—18 (Achen-
bach, 1991). Youth also completed the CDI (Kovacs, 1992)
at ages 11, 12, and 13, and the Brief Symptom Inventory
(Derogatis & Spencer, 1982) at ages 16, 22, and 23, which
includes items assessing depression symptom severity in the
prior week. At four time-points (age 11, 12, 13, and 16),
youth completed a self-report health measure that included
items regarding past-year occurrence of suicide attempts.
Youth completed the Life Events Coping Inventory (Dise-
Lewis, 1988) at ages 11, 12, 13, 16, 18, 22, and 23, which
includes two items reflecting suicidal ideation and self-harm
in response to stress. Participants also completed the Com-
posite International Diagnostic Interview (World Health
Organization, 1997), administered by trained research staff
blinded to intervention status at age 18. Participants com-
pleted a range of diagnostic modules, and current analyses
focused on symptoms from the depression module.

PAL2 Parents completed the CES-D at youth ages 11, 12,
13, 20, 21, and 22 years old. Youth completed a depression
symptom checklist at ages 11-14 that includes 14 items
reflecting past-month severity of symptoms associated with
depression diagnoses (Klostermann et al., 2016). Youth also
completed the CDI (Kovacs, 1992) at ages 11, 12, and 13,

as part of the FCU assessment. At ages 20, 21, and 22, par-
ents and youth completed the CBCL (Achenbach, 1991),
measuring symptoms of depression in the past 6 months.

Analytic Plan

Overview of Data Harmonization Data harmonization analy-
ses employed MNLFA (Hussong et al., 2013), which facili-
tates 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 Differential Item
Functioning. Parent and youth reports of depression were
analyzed separately using the R-based MNLFA package
(Gottfredson et al., 2019) to draw calibration samples and
iteratively format Mplus command files. MNLFA analyses
were conducted in Mplus 8.4 (Muthen & Muthen, 2020).
Following Gottfredson and colleagues (2019), a single time-
point of data for each participant was randomly selected to
generate a calibration sample for establishing measurement
properties. Using the calibration sample, an iterative series
of analyses was conducted to examine invariance across
covariates for factor means, variances, and item intercepts/
factor loadings to obtain valid item parameter estimates
adjusting for DIF. Covariates were included as follows:
youth gender (0 =male, 1 =female), ethnic minority status
(0=European American, 1 =racial/ethnic minority), age at
assessment, intervention assignment (0= Control condition,
1 =Intervention condition), and study (with two orthogo-
nal contrasts, comparing PAL1 with PAL2, and PAL1 with
Early steps).
First, in a series of separate analyses, we examined potential
covariate differences in overall mean and variance in depres-
sion severity to assess the extent to which individual items
reflected depression severity (i.e., factor loadings) and the
likelihood of item endorsement across levels of the covariate
for individuals at the same level of depression severity (i.e.,
item intercepts). Second, results from these analyses were
then included in a full model, simultaneously testing invari-
ance across these model parameters for all covariates with
significant effects in the first-step analyses. Third, to protect
against type I errors, a Benjamini-Hochberg (1995) family-
wise error correction was applied to results from the second-
stage analysis, to generate a final scoring model including
only significant effects that survive correction. Finally,
MNLFA estimates were fixed to the parameter estimates
from this final model using the calibration sample results to
generate a scoring model. This final scoring model was then
used to generate depression estimates using the full longitu-
dinal data set, which were used in subsequent analyses.

We conducted separate MNLFA analyses for parental
depression, and for parent and youth reports of youth depres-
sion. For parental depression, as all studies employed the
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CES-D to assess depressive symptoms, harmonization anal-
yses included all 20 items on this measure, with responses
ranging from O (“Rarely or none of the time”) to 3 (“Most
or all of the time”). For youth depressive symptoms, based
on the array of measures employed over time across stud-
ies, a more complex approach to data harmonization was
employed to capture the range of depressive symptoms while
also prioritizing feasibility in the face of data complexity
(for example, harmonizing meaningfully similar constructs
like low mood assessed in slightly different ways). Follow-
ing a comprehensive examination of available items for
youth depression and consideration of diagnostic criteria, we
mapped items from all available measures onto 17 depres-
sion symptoms. Symptoms were as follows: (1) sad/blue,
(2) irritable/moody, (3) anhedonia, (4) appetite disturbance,
(5) sleep disturbance, (6) restless/agitated, (7) low energy,
(8) overtired, (9) feeling worthless/inferior, (10) feelings
of guilt, (11) concentration problems, (12) suicidal idea-
tion, (13) self-harm/suicide attempt, (14) thoughts of death/
dying, (15) hopelessness, (16) loneliness, (17) cries a lot.
For complete details, see Connell and colleagues (2021).
Given the different response scales used across measures,
item responses for youth depression were dichotomized to
represent the endorsement of a given symptom across avail-
able measures at a given age (0=no, 1 =yes). The latent
parent and youth depression variables were scaled to have
mean =0 and variance =1 in all MNLFA models.

Longitudinal Models Longitudinal analyses were con-
ducted in several steps. First, separate growth models were
examined for parental depression and youth depression to
establish the necessary growth parameters in separate anal-
yses. Once a good-fitting model was achieved, covariates
(gender, ethnic minority status, intervention assignment,
and orthogonal contrasts comparing PAL1 with PAL2, and
with Early Steps) were added to the models for parent and
youth depression. Trajectories of parental depression were
estimated using an Autoregressive Latent Trajectory Model
(ALT; Bollen & Curran, 2004), due to poor fit of a model
without autoregressive paths. Therefore, the time-score of
zero (i.e., the latent intercept) was used to reflect 1 year post
baseline in the ALT model. Baseline depression was not
included in the estimation of the latent intercept or slope
parameters. However, baseline depression was allowed to
predict subsequent depression through both an autoregres-
sive path predicting 1-year post-baseline, and a path pre-
dicting the intercept (Bollen & Curran, 2004). The autore-
gressive paths captured time-specific variability around the
underlying latent trajectory. Intervention assignment was not
allowed to predict the pre-treatment baseline assessment but
was allowed to predict latent intercept of parent depression
(reflecting depression at 1-year post-baseline) and the lin-
ear slope in depression over time. All other covariates were
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allowed to predict both the latent intercept and slope param-
eters, as well as depression at the pre-treatment baseline.

For youth depression trajectories, a latent growth model
that included latent intercept, linear slope, and quadratic
slope provided good fit to the data, and so the ALT mod-
eling approach was not employed. Therefore, in these youth
depression LGMs (both parent and youth report), time was
modeled as “Years Post-Baseline,” with a time-score of “0”
representing the pre-treatment baseline, and intervention
assignment was allowed to predict the linear and quadratic
slope parameters. Next, the mediating effect of improve-
ments in parental depression was examined using parallel
process growth models that included both parental and youth
depression trajectories in the same analysis, with separate
analyses for parent and youth reports of youth depression.
In these final two models, we examined the indirect effect of
intervention on changes in youth depression via the effect of
intervention on the intercept of parental depression (param-
eterized as 1 year post-baseline as described previously).
Standard errors for indirect effects were calculated using the
delta method (MacKinnon et al., 2002). Acceptable model
fit is indicated by non-significant chi-square value, CFI val-
ues above 0.90, and RMSEA/SRMR values less than 0.08
(e.g., Hu & Bentler, 1999).

Results
Descriptive Statistics

The aggregated sample included data from 2322 families.
The number of parents and youth providing depression-
related data at each study wave is shown in Table 1. The
sample included 49.7% female youth, and was racially/ethni-
cally diverse (47.5% White, 25.4% African American, 10.9%
Latinx, and 16.3% multiracial/other). The CES-D mean
scores were M= 14.43 (SD = 10.9) at baseline, with 37% of
the sample above the clinical cutoff score of 16 at baseline.

Data Harmonization Results

Due to space constraints, we present full results for har-
monization analyses for parental depression, only. Com-
plete details regarding harmonization analyses for youth
depression are presented in the Connell and colleagues
(2021) study. Full results for the parental depression model
are shown in Supplemental Table 2. The factor mean was
significantly negatively associated with youth age at assess-
ment. The factor variance was positively associated with
youth age at assessment, and was more positive in the Early
Steps sample versus the PAL1 sample. While no signifi-
cant covariate effects on item discrimination were observed,
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Table 1 Sample sizes by study at each assessment wave
Years post-baseline
Study Reporter 0 1 2 3 5 6 7 9 10
PAL1 Parent: 131 137 75 640
Youth: 389 407 239 796 808
Youth age: 11 12 13 16 18
PAL2 Parent: 180 119 54 322 271
Youth: 585 524 508 482 415 388
Youth age: 11 12 13 14 20 21
ES Parent: 728 656 620 197 567 556 580 561 29
Youth: 450
Youth age: 2 3 4 5 7.5 8 9.5 10.5 12
Depression ~ Parent self-report: ~ —.16(.85) —.25(.87) —.26(.91) —.23(93) —.42(.93) —-.35(97) —.41(.92) —.63(.92) —.49(.93)
estimates
Youth self-report: ~ .43(.89)  .46(.88)  .55(1.00) .70(1.08) .14(.90) 27(.92)  .03(.86)  .37(.86)
Parent report of A7(74) 3177 .27(.78) —.13(.72) 21(.79)  .19(.82)  .05(91)  .12(.88) —.14(.97)

youth:

several significant covariate effects on item difficulty were.
Difficulty estimates for items 1 (“I was bothered by things
that usually don’t bother me”) and 2 (“I did not feel like eat-
ing; My appetite was poor’”’) were negatively associated with
youth age. Difficulty estimates for items 5 (“I had trouble
keeping my mind on what I was doing”) and 20 (“I could
not get going”’) were positively associated with youth racial/
ethnic minority status. Item 5 difficulty was higher in PAL2
versus PALI1.

Latent Growth Model for Parental Depression

The unconditional ALT model for maternal depres-
sive symptoms provided good fit to the data (y*=54.95,
df=36, p=0.02, CFI=0.99, TLI=0.99, RMSEA =0.02,
SRMR =0.06). The intercept (estimate= —0.18, SE=0.02)
and slope parameters (estimate =-0.02, SE=0.004) were
both significant, and the intercept (representing depression
at one year post-baseline) was significantly predicted by
baseline depression (estimate =0.31, SE=0.02). Significant
and positive autoregressive effects were observed across
all adjacent assessment waves from 1 year post baseline to
8 years post baseline (estimates ranging from 0.16 to 0.26),
although the autoregressive effects from 8 to 9 years (esti-
mate=0.14, SE=0.09) and from 9 to 10 (estimate =0.11,
SE =0.07) years were both nonsignificant.

With covariates added to the ALT model for mater-
nal depression, model fit remained strong (y>=57.73,
df=70, p=0.85, CFI=1.00, TLI=1.00, RMSEA =0.00,
SRMR =0.07). Random assignment to the FCU versus
control condition was significantly negatively associated
with the intercept (estimate = —0.10, SE=0.04), showing

that the FCU predicted early reductions in maternal depres-
sive symptoms (Fig. 1a). Intervention was also positively
associated with the latent slope (estimate =0.02, SE=0.01),
indicating that FCU effects waned over time.

Mediation Models for Youth Depression

Two final models were examined that incorporated a latent
growth model for youth depressive symptoms from baseline
to 10 years post baseline, including latent intercept, linear
slope, and quadratic slope parameters. Separate models were
conducted for parent and youth reports of youth depression.
Parameters for youth depression trajectories were regressed
on all covariates (although the intercept was not regressed
on intervention), and on the latent intercept and slope param-
eters for maternal depression. Strong model fit was observed
for the youth report model (y*>=234.18, df =156, p <0.001,
CF1=0.98, TLI=0.97, RMSEA =0.02, SRMR =0.09).
Intervention assignment was not significantly related to the
linear slope (estimate =0.02, SE=0.02) or quadratic slope
(estimate = — 0.002, SE=0.002; Fig. 1b). However, the lin-
ear rate of change in youth depression was significantly posi-
tively associated with the latent intercept of maternal depres-
sion (estimate= —(0.02, SE=0.008). The indirect effect of
the FCU intervention on the linear slope of youth-reported
depression outcomes via intervention effects on the mater-
nal depression intercept was significant (estimate = —(0.002,
SE=0.001).

Acceptable model fit was also observed for the parent-report
model (y*=387.50, df=74, p<0.001, CFI=0.94, TL1=0.93,
RMSEA =0.03, SRMR =0.09). Intervention assignment was
significantly related to the linear slope (estimate= —0.05,
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«Fig. 1 a Intervention effects on maternal depression (estimated
means) trajectory. b Intervention effects on youth depression (esti-
mated means) trajectory (youth report). ¢ Intervention effects on
youth depression (estimated means) trajectory (parent report)

SE =0.02) and quadratic slope (estimate=0.005, SE=0.002)
of youth depression (Fig. 1c), showing a significant direct
effect of intervention on parent reports of youth depression
that waned over time. Further, the linear rate of change in
youth depression was significantly positively associated with
the latent intercept of maternal depression (estimate= —0.02,
SE=0.008). The indirect effect of the FCU intervention on the
linear slope of parent reports of youth depression via interven-
tion effects on the maternal depression intercept was signifi-
cant (estimate= —0.005, SE=0.002).

A separate supplement results section (Supplemental
Results 3) presents the same analyses but examines potential
differences in intervention effects between the Early Steps
sample and the PAL1 and PAL2 samples, given differences
in ages across these studies. Of note, significant differences
in intervention effects across trials were not observed.

Discussion

The present study examined the effects of three separate
trials of the Family Check-Up on reductions in maternal
depression, and further examined whether such improve-
ments led to improvements in youth depression across early
childhood and adolescence. Utilizing integrative data analy-
sis, effects across three randomized trials of the FCU were
examined, providing a powerful test of mediation across
multiple samples. This work builds on the emerging lit-
erature showing the utility of IDA for leveraging existing
trial data to address novel questions regarding intervention
effects (Leijten et al., 2018). In the following sections, we
first discuss our harmonization efforts and results, and then
discuss findings of mediation analyses using harmonized
estimates of parent and youth depression.

Data Harmonization

IDA presents a number of methodological novel strengths,
challenges, and choices for researchers. First, prior to har-
monization analyses, decisions are required at the level of
front-end data aggregation. As an example, for developing
the youth depression construct, we decided to focus on 17
common symptoms of depression, which was guided by
diagnostic criteria and a comprehensive review of avail-
able measures and items across the trials. Subsequently, we
aggregated responses to each item administered at a specific
assessment point that asked about a specific symptom. This

process required meticulous care reviewing each measure
item by item, discussions among researchers on conceptual
overlaps, and developing a comprehensive data-map con-
necting items to symptoms (see Connell et al., 2021).

Next, we addressed challenges involving the heterogene-
ity of response scales across measures (e.g., with measures
using 2, 3, or 4 point scales), coupled with sometimes-sparse
endorsement of responses indicating more severe symp-
toms. Ultimately, we addressed such issues by dichotomiz-
ing responses for youth symptoms across measures, which
allowed for a streamlined process for aggregating responses
across measures (a choice also employed by Curran and
colleagues, 2014). Such decisions may have implications
for subsequent analyses. Dichotomizing scores may result
in a loss of construct variability, washing out differences
related to symptom severity. These decisions are also var-
iable-specific, and researchers engaged in complex IDA
projects with multiple outcomes will need to weigh such
decisions for every variable examined. For instance, these
decisions were less complex in the current study for mater-
nal depression because the same measure (i.e., CES-D) was
used across trials and waves. Because the same measure was
used, harmonization analyses simply included all 20 items
on the measure and employed the full response scale, rather
than dichotomizing scores. As IDA becomes more common,
researchers might facilitate future harmonization efforts by
planfully employing common measures across trials.

Once these decisions were made, harmonization analyses
were conducted using MNLFA, which facilitates the exami-
nation of several aspects of differential item functioning, and
ultimately provides a means to estimate constructs of inter-
est across independent samples while accounting for DIF
across covariates. Although a full discussion of these effects
is beyond the scope of this paper, several illustrative results
are worth highlighting. For instance, for maternal depres-
sion, several effects of youth age were observed, including
age effects on the factor mean and variance, with average
levels of maternal depressed mood highest for mothers of
younger children, but more variable for parents of older chil-
dren. Although not the primary goal of the current project,
these kinds of MNLFA results may inform our understand-
ing of the measurement of important traits of interest (such
as depression) over time and across studies.

Intervention Effects

Our primary goal was to employ MNLFA to provide an
overarching test of maternal depression as a mediator of
the effects of the FCU on youth depression across trials.
Indeed, across the three samples, we found that random
assignment to the FCU was associated with reductions in
maternal depressive symptoms over time. This finding for
maternal depression is consistent with previous work which
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has shown that interventions focusing on developing parent-
ing skills in parents of young children and adolescence have
effects on parents’ sense of self-efficacy (Glatz & Koning,
2016; Wittkowski et al., 2016). Similarly, family-focused
interventions aimed at improving parent—child interactions
(e.g., increasing warmth, praise, positivity) may also lead to
improvements in family climate and reductions in parenting
stress. Improvements in parental self-efficacy and reduc-
tions in parenting stress may help to explain FCU effects on
parental depression across the current studies.

However, the strongest benefits for improvements in
maternal depression were observed in the early years of these
trials, and declined thereafter, suggesting that improvements
in maternal mood were somewhat transient across studies.
It is possible that we may see an early benefit for maternal
depression as parents learn new skills and feel more hopeful,
which may lead to early reductions in depressive symptoms.
It is also worth noting that families were offered the FCU on
multiple occasions over time in each of the trials (between 6
and 9 years post baseline). It is possible that more sustained
“booster sessions” of the FCU may help to maintain effects
across a longer time-span.

Of note, early improvements in maternal depression still
appeared to have long-lasting benefits for improvements in
youth symptoms, assessed by either youth or parent report,
underscoring the benefits of even shorter-term reductions in
maternal symptoms. Although the direct effect of the FCU
intervention differed by rater (with a significant direct effect
on youth depression observed only for parental reports), a
significant indirect effect of the FCU on youth depression
via treatment effects on maternal depression was observed
for both parent and youth reports of youth depression. These
results are consistent with literature documenting maternal
depression as a long-term risk for youth (Goodman et al.,
2011). Moreover, the current findings highlight that preven-
tion-related improvements in maternal depression can have
long-term benefits for youth even when maternal depression
was not directly targeted. Augmenting the FCU program to
include booster sessions and/or more directly target mater-
nal depression (e.g., adding mood regulation modules) may
enhance these effects on parents and youth. Clinically, the
effect sizes for reductions in maternal depression are gener-
ally small to moderate. However, they were achieved with
a relatively brief prevention program not directly targeting
parental depression, but rather targeted parental motivation
and provided support for effective parenting skills. Because
the parenting intervention is relatively brief, it may be
widely disseminated to achieve public health benefits with
respect to improvements in parental depression, even with
relatively modest effect sizes.

@ Springer

Summary and Future Directions

The present study contains several limitations that are
important to acknowledge. First, the FCU was not designed
specifically to reduce depression in either parents or youth,
but rather was originally designed to prevent conduct prob-
lems and substance use. The current results showed that
prevention effects on maternal depression and on parent
reports of youth depression waned over time. Future work
may be warranted to adapt the FCU program to incorporate
elements focused directly on depression (e.g., incorporating
CBT elements). Second, there was substantial variability in
in recruitment setting (school-based vs. WIC-recruited), in
youth ages at baseline across trials, and the consistency of
youth report. Although age effects and study membership
were controlled for in harmonization analyses, the hetero-
geneity across studies may decrease the precision of inter-
vention estimates in the current analyses. Third, all trials
recruited either lower-income families (Early Steps) or from
schools in lower-income neighborhoods (PAL1 and PAL2),
and results may not generalize to middle and upper SES
families. Fourth, a challenge exists in cleanly interpreting
standard tests of mediation in randomized trials because
the mediator is not generally randomly assigned (and so the
mediated path may be biased due to the possible presence of
unmeasured confounders; Imai et al., 2010). Future research
employing newer developments in causal mediation mod-
eling may further enhance our understanding of maternal
depression as a common mediating factor across trials of
the FCU. Finally, our examination of mediation was limited
to parental depression, although there are likely numerous
important mechanisms through which the FCU may lead to
improvements youth depression, including improvements in
parental support, reductions in family conflict, or improved
peer relational functioning. Future research is needed to
examine a broader range of mediating pathways of FCU
effects on youth depression. Despite such limitations, our
results provide evidence across multiple trials that improve-
ments in maternal depression resulting from the FCU can
have long-term effect on reducing youth depression.
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