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Objective To test the impact of the fully integrated Smart Beginningsmodel on parental support of cognitive stim-
ulation from 6 to 24 months across infancy and toddlerhood.
Study design This was a single-blind, 2-site randomized clinical trial of the Smart Beginnings intervention. Enroll-
ment took place at birth in postpartum units of hospitals in New York City and Pittsburgh, Pennsylvania, with
a consecutive sample of 403 mother–infant dyads. Smart Beginnings combines a Video Interaction Project—
14-session universal primary prevention program delivered in the pediatric clinic at the time of well-child visits
birth-36 months—with potential for Family Check-Up—3-4 sessions targeted secondary prevention home-
visiting program. The principal outcome was parental support of cognitive stimulation assessed via parent survey
and video-recorded observations of parent–child interactions. Ordinary least squares and mixed effects regres-
sions were conducted.
Results Families were mostly Black/African-American (50%) or Latinx (42%); all were Medicaid eligible (100%).
Smart Beginnings significantly promoted cognitive stimulation during infancy and toddlerhood for most survey out-
comes across time, including StimQ common total (effect size [ES] = 0.25, P = .01) and READ Quantity (ES = .19,
P = .04) and Quality (ES = .30, P = .001). For the observations, the impact of Smart Beginnings varied by time, with
significant impacts at 6 (ES = 0.37-.40, P < .001) and 24 (ES = 0.27-.30, P < .001) months, but not 18 months.
Conclusions Smart Beginnings positively promotes cognitive stimulation from infancy through toddlerhood using
the integrated model. This study adds to the body of research showing preventive interventions in pediatric primary
care and home visiting can support early relational health including parental support of cognitive stimulation. (J Pe-
diatr 2023;255:159-65).
Trial registration NCT02459327.

T
he impact of poverty on child development has been documented including reduced opportunities for early learning and
long-term disparities in school readiness and educational achievement.1-6 These disparities are exacerbated by systemic
race-related inequities that operate at both the individual7 and community levels.8,9 This can cause “toxic stress,” the

biological process that occurs after prolonged activation of the body’s stress response systems in the context of chronic adver-
sity.10 Parent–child early relational health, which includes parent–child relationship quality, creating/maintaining structure,
and providing positive child experiences, including practices such as cognitive stimulation, has been shown to support resil-
iency in the context of disparities resulting from poverty, racism, and toxic stress.11,12 Early relational health is a modifiable
target for early childhood interventions seeking to support primary prevention of these disparities.10

Early childhood preventive interventions have shown potential in promoting children’s school readiness by supporting early
relational health during the infant and toddler years, including the Nurse–Family Partnership and Early Head Start pro-
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grams.13-15 However, such approaches face challenges that limit impact at the in-
dividual and population level, specifically in their ability to identify and engage
families16; be cost effective17; and address heterogeneity of risk within low-
income families.18

The Smart Beginnings model addresses these challenges by integrating 2 inter-
ventions with demonstrated efficacy: a health care–based universal primary pre-
vention program and a home-based selective secondary prevention program.
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The Video Interaction Project (VIP)19 uses pediatric well-
child visits to connect families with a coach who facilitates
parent–child interactions through provision of learning ma-
terials and real-time feedback on families’ video-recorded
play and reading sessions. The Family Check-Up (FCU)20

uses home visiting beginning during infancy to deliver addi-
tional, targeted services to families identified as having
increased needs based on screening performed at that time.
The FCU assesses family strengths and vulnerabilities
through motivational interviewing and family management
training to support positive parent and child behavior.

The Smart Beginningsmodel uses the pediatric platform to
identify families with young children before school entry and
builds on existing infrastructure to reduce cost. Heterogene-
ity in family risk is addressed by tailoring intervention mo-
dalities to individual families’ needs, with less-intensive
services offered to families universally (VIP) and more-
intensive services offered as needed to those with greater
stressors (the FCU). Both Smart Beginnings programs sup-
port parents with early relational health across the develop-
mental stages of infancy and toddlerhood.21 The Smart
Beginnings model increases potential for obtaining
population-level reach and maximizing impact for families
with young children.22

We have documented the effectiveness of the VIP program
of Smart Beginnings in engaging traditionally hard-to-reach
families and increasing their participation,23 as well as
improving parental support of cognitive stimulation at
6 months.24 However, there has been no study to date docu-
menting impacts of the fully integrated Smart Beginnings
model, in which FCU delivery begins at 6 months for eligible
families. The current tests the impact of the fully integrated
Smart Beginnings model on parental support of cognitive
stimulation at each of three assessment waves; and tests these
impacts longitudinally from 6 to 24 months through the
developmental stages of infancy and toddlerhood.

Methods

This study was part of the single-blind, 2-site randomized
clinical trial of Smart Beginnings with 403 families in New
York City (New York City Health+Hospitals [H+H]/Belle-
vue) and in Pittsburgh (University of Pittsburgh/University
of Pittsburgh Medical Center). Informed consent was ob-
tained from all study participants. Institutional review board
approval was obtained (New York University [FY2016-408],
New York University Grossman School of Medicine [S14-
01764], and University of Pittsburgh [STUDY19040158]),
and the study is registered in clinicaltrials.
gov (NCT02459327).

Intervention Design
The Integrated Smart Beginnings Model. Smart Begin-
nings is an integrated approach to address socioeconomic
status–based disparities in school readiness through 2
tiers—a health care–based universal program (VIP) and a
selective prevention program through home visiting (the
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FCU). Figure 1 (available at www.jpeds.com). Here, we
present findings during which families received
intervention delivery from birth through 24 months and
were assessed at enrollment, 6 months, 18 months,
and 24 months.

VIP. VIP is an evidence-based primary prevention program
aimed at promoting early child development and school
readiness through facilitating responsive parent–child inter-
actions,19,25 building on Reach Out and Read.26 VIP consists
of 14 sessions between birth and 3 years, scheduled at well-
child appointments. During each session, the family meets
with a bachelor’s level coach for�25 minutes. The coach first
supports the parent as an active observer and then video-
records the parent–child dyad playing or reading together
for approximately 3 minutes. The coach immediately reviews
the video in real time with the parent to identify and reinforce
responsive parenting behaviors, and identify additional op-
portunities for these behaviors. Finally, the parent is provided
with a copy of the video and a personalized pamphlet with
plans for interacting with their child at home. In the current
study, families could have completed a maximum of 10 ses-
sions through 24 months.

The FCU. The FCU is an evidence-based, home-visiting
program designed to reduce early disruptive behaviors by
promoting child self-regulation skills. The FCU addresses
limitations of traditional parent training programs by incor-
porating motivational interviewing to focus on concerns
most paramount to parents, thereby allowing intervention-
ists to target parents’ most pressing issues, leading to brevity
and reduced cost.20,27 The FCU comprises the following: (1)
a get-to-know-you initial interview designed to develop a
collaborative framework for intervention with the parent
consultant, using motivational interviewing to promote par-
ents’ readiness to change; (2) an ecological assessment of the
family’s strengths and challenges based on data from the get-
to-know-you, parent-reported questionnaires, and video-
recorded observations of parent–child interaction; and (3)
a 90-minute feedback session in which the parent consultant
discusses strengths and challenges, then identifies family
goals. Following the feedback, follow-up family management
sessions with the parent consultant are offered to address
family goals, with some families choosing to address goals
without the assistance of the parent consultant. In the current
study, families could have completed all three components
by 24 months.

Enrollment and Randomization
We used a 2-phase enrollment process with consecutive sam-
pling. Mothers and infants were enrolled in the postpartum
units of NYC H+H/Bellevue from June 2015 to January
2017 and University of Pittsburgh Medical Center Magee
Women’s Hospital from June 2016 to October 2017. In phase
one, families eligible for Medicaid were offered enrollment
and informed consent was obtained if they met the following
inclusion criteria: (1) child: full-term, singleton, normal birth
Miller et al
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weight without significant prenatal or perinatal medical
complications, ineligible for early intervention at birth, plans
to receive pediatric care at the institution; and (2) parent: pri-
mary caregiver/legal guardian, plans to stay in the birth city
for 3 years, primary language English or Spanish, no known
significant impairment (eg, intellectual disability) or medical
complication, no plans to stay in a shelter, baby discharged to
mother, no previous participation in VIP or FCU. In phase
two, occurring through 6 weeks of age in the outpatient
setting, families attending a study visit who continued to
meet inclusion criteria were randomized by study personnel
to treatment or control groups within site (see Figure 2;
available at www.jpeds.com).

All families randomly assigned to the treatment condition
were offered the VIP component of Smart Beginnings. In
addition, treatment families were assessed for eligibility to
be offered the FCU. Eligibility for the FCU was determined
through annual screening as part of the study’s assessments
at 6 and 18 months. Treatment families could be eligible
for the FCU based on either primary or secondary criteria
known to compromise parenting quality.28 Families met pri-
mary criteria if they had 1 of the following: clinical threshold
for maternal depressive symptoms, reports of family
violence, reports of child welfare agency involvement with
the study target child, very low levels of maternal literacy
(ie, below sixth-grade reading level19,29). Families met sec-
ondary criteria if they had elevated scores in screening instru-
ments for 2 of the following domains: child behavior (eg,
regulatory/externalizing behaviors), family well-being and
support (eg, maternal stress), caregiving (eg, low supportive
parenting), and family capital (eg, food insecurity).

Families randomly assigned to the control condition
received routine pediatric care.

Outcome Measure: Parental Support of Cognitive
Stimulation
Parental support of cognitive stimulation was assessed by
research assistants blinded to treatment status—through sur-
vey measures and coded video-recorded observations of
mother–child interactions at 6, 18, and 24 months. The
6- and 24-month assessments were conducted in laboratory
settings, whereas the 18-month assessment was conducted
in the target child’s home when possible. Families were pro-
vided with a modest incentive ($50) for participating in
each assessment.

Survey Measures. The StimQ2 is a structured interview
measure of caregiver cognitive stimulation (sample
a = 0.76). It was developed and validated in English and
Spanish for populations with low incomes.30,31 In the current
randomized clinical trial, we administered 3 subscales of the
StimQ2: (1) Parent Verbal Responsivity (PVR), measuring
verbal interactions across 2 components (Everyday Routines,
Play and Pretend); (2) Parental Involvement in Develop-
mental Advance (PIDA), measuring teaching activities; and
(3) Reading Activities (READ), with 3 components (Quan-
tity, Quality, Diversity of Concepts). A StimQ2 Total score
Promoting Cognitive Stimulation in Parents Across Infancy and T
was calculated by summing the subscales and components
administered at each wave. In addition, we calculated a
StimQ common total score of the 2 subscales of the StimQ2

that were administered at all 3 time points: PVR in Everyday
Routines; and READ Quantity and Quality.

Observational Measures. At 6 months, mother–child dyads
participated in a structured free play task. At 18 and
24 months, mother–child dyads also participated in addi-
tional tasks: clean-up, free play, and 2 teaching tasks. All lab-
oratory- and home-based interactions were video-recorded
for later coding. As previously described,24 coding of the
videos was subsequently performed using an adaptation of
the Parent–Child Interaction Rating Scales–Infant Adapta-
tion for a global rating of parent–child interactions. Three
domains of the Parent–Child Interaction Rating Scales–
Infant Adaptation relevant to cognitive stimulation were
coded: (1) cognitive development (intention to support
learning); (2) language quantity (amount of verbal stimula-
tion); and (3) language quality (quality of verbal stimula-
tion). We then generated a composite measure of
“cognitive stimulation” from these 3 domains based on
exploratory and confirmatory factor analysis (root mean
square error of approximation = 0.00; a = 0.91).

Statistical Analyses
Intent-to-treat analyses followed 2 steps and were conducted
in Stata 15 (StataCorp LLC).32 First, ordinary least square re-
gressions were conducted separately at each wave by regress-
ing each cognitive stimulation outcome on treatment status,
controlling for site. Second, as participants were assessed
longitudinally at 6, 18, and 24 months, mixed-effects models
were used, including participants with data from at least one
wave on a given outcome.33 Time was coded 0, 2, and 3 for 6,
18, and 24 months. A random-intercept model and a
random-intercept-and-trend model (ie, random slope of
time) were compared using model fit statistics. Random ef-
fects are assumed to be normally distributed, independent
of the Level-1 errors, but are correlated at Level 2, as is com-
mon in linear mixed effects models.33 A quadratic term of
time and its random effects was also tested if inclusion of
such terms improved model fit. Lastly, as there were multiple
outcomes, the Benjamini–Hochberg procedure34 was used to
control for the false discovery rate in computing multi-
ple comparisons.

Results

Descriptive Analyses
The Smart Beginnings sample was composed of mothers with
low incomes, with about one-third primiparous. There were
no significant differences on baseline sociodemographic
characteristics or psychosocial stressors at birth between
treatment and control groups within each site (the unit of
randomization; F(9, 350) = 1.11, P = .35; see Table I).
However, there were several notable between-site
differences. The majority of mothers in New York City
oddlerhood: A Randomized Clinical Trial 161

http://www.jpeds.com


Table I. Baseline equivalence of treatment and control
groups by site

Characteristics

New York city
(N = 200) Pittsburgh (N = 203)

Smart
Beginnings
(N = 101)

Control
(N = 99)

Smart
Beginnings
(N = 100)

Control
(N = 103)

Mean (SD)/Proportion of sample

Child characteristics
Sex—female 45% 54% 51% 50%

Mother characteristics
Race/ethnicity

Asian 2% 4% 0% 0%
African-American 11% 4% 80% 83%
White 2% 2% 12% 13%
Latinx 81% 88% 5% 2%

Marital status
Married 33% 31% 6% 3%
Cohabitating

partner
45% 53% 38% 35%

Noncohabitating
partner

13% 8% 32% 38%

Bio. father current
partner

97% 99% 92% 96%

Education
High school grad 62% 51% 86% 82%
Some college 36% 27% 43% 31%

Primiparous birth 37% 34% 30% 35%
Teenage mother 4% 4% 5% 13%

Family household
characteristics

Income-to-needs
ratio*

0.87 (0.67) 0.77 (0.53) 0.68 (0.60) 0.60 (0.60)

Crowding ratio† 1.38 (0.54) 1.43 (0.61) 0.85 (0.30) 0.87 (0.32)
Interview in Spanish 58% 65% 0% 0%

Joint test of all baseline sociodemographic characteristics: F(9, 350) = 1.11, P = .35.
*Income-to-needs ratio of 1.00 indicates that a family is right at the poverty threshold; 2.00
indicates that a family is 200% above that threshold.
†The crowding ratio indicates how many people live per room in the dwelling. A ratio greater
than 1 indicates household crowding.
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were Latinx (84%), whereas in Pittsburgh they were
predominantly Black/African-American (81%, P < .001).
Furthermore, mothers in New York City also had much
greater rates of marriage (32% vs 4%, P < .001) and
cohabitation (49% vs 37%, P < .05), but were less likely to
be high school graduates (56% vs 83%, P < .001) compared
with mothers in Pittsburgh. Participant retention across
time was high; retention rates at the 6-, 18-, and 24-month
assessments were 90%, 81%, and 82%, respectively.
Families with and without complete survey and
observational data across all 3 assessment waves were
compared on baseline characteristics at birth; there were no
differences based on an omnibus F-test.

Research Question 1: Treatment Impact Analyses
by Each Wave
Table II (available at www.jpeds.com) shows the observed
means of the treatment and control groups, Smart
Beginnings impacts estimated from ordinary least square
regressions, and effect sizes (ES) at each wave separately
(results at 6 months previously published24). ES were
calculated by dividing the treatment impact by the SD of
162
the control group. For survey outcomes, the Smart
Beginnings intervention had significant positive impacts on
StimQ2 total at 6 (ES = 0.28, P = .006), 18 (ES = 0.21,
P = .049), and 24 (ES = 0.31, P = .003) months; on StimQ
common total at 18 (ES = 0.21, P = .05) and 24 (ES = 0.31,
P = .003) months; on READ Quantity at 24 months
(ES = 0.23, P = .03); on READ Quality at 6 (ES = 0.26,
P = .01) and 24 (ES = 0.38, P < .001) months; on PVR Play
and Pretend at 6 (ES = 0.21, P = .04. and 24 (ES = 0.25,
P = .04) months; and on PIDA at 6 (ES = 0.25, P = .01)
and 24 (ES = 0.35, P < .001) months.
For observational measures, the Smart Beginnings inter-

vention had significant positive impacts on cognitive devel-
opment at 6 (ES = 0.36, P = .001) and 24 (ES = 0.29,
P = .02) months, on language quantity at 6 months
(ES = 0.40, P < .001), on language quality at 6 (ES = 0.37,
P = .001) and 24 (ES = 0.28, P = .03) months, and the cogni-
tive stimulation factor at 6 (ES = 0.40, P < .001) and
24 (ES = 0.27, P = .03) months. No significant treatment im-
pacts were found on any observational outcomes
at 18 months.
As a robustness check for results for both survey and obser-

vational measures, a false discovery rate of .1 was applied to
the 9 comparisons at each of the three time points. All signif-
icant findings were robust to the Benjamini–Hochberg
correction except the treatment impact on StimQ2 total
and StimQ common total at 18 months.

Research Question 2: Treatment Impact Analyses
Across Time
Table III (available at www.jpeds.com) shows the estimated
treatment impacts from mixed effects models across time.
Random effects of intercept and linear time and the fixed
effect of the quadratic term of time improved model fit and
were therefore included in all models. The final models for
survey outcomes did not include treatment by time and
time2 interactions (Panel A), whereas the final models for
observational measures included these interactions to
improve model fit (Panel C).
For the survey outcomes (Table III, Panel A), the

coefficient for treatment shows the overall impact across 6-
24 months for each outcome. As these models did not
include time by treatment interactions and were
longitudinal in nature, ES were calculated as an overall
average over time by dividing the estimated difference
between the Smart Beginnings intervention and control
groups by the square root of the sum of the Level-1 error
variance of the control group and the variance of the
random intercept. Results show that the Smart Beginnings
intervention had significant positive impacts over time on
StimQ common total (ES = 0.25, P = .01), READ Quantity
(ES = 0.19, P = .04), and READ Quality (ES = 0.30,
P = .001) over time. As an example, Figure 3, A, shows the
Smart Beginnings treatment impact on StimQ common
total at 6, 18, and 24months, favoring the intervention group.
For the observational measures, Table III, Panel B shows

the overall impact across 6-24 months for each outcome.
Miller et al
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Figure 3. A, Treatment impact on StimQ common total, 6-24 months. B, Treatment impact on observed cognitive stimulation
factor, 6-24 months.
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As with the survey measures, the results show that the Smart
Beginnings intervention had significant positive impacts over
time on cognitive development (ES = 0.24, P = .001),
language quantity (ES = 0.20, P = .004), language quality
(ES = 0.19, P = .004), and the cognitive stimulation factor
(ES = 0.21, P = .002) over time.

However, interaction terms between treatment and time
improved model fit for the observational measures (allowing
treatment impacts to vary over time), and thus these interac-
tion terms were included in the final models. Consequently,
Table III, Panel C shows 3 treatment coefficients and ES for
each outcome, corresponding to 6, 18, and 24 months. The
ES for observational measures were calculated by dividing
the estimated mean differences at each wave by the SD of
the control group at each corresponding wave (similar to
calculations in Table II). Findings show that the Smart
Beginnings intervention had significant positive impacts for
all 4 observational measures at 6 months (cognitive
development [ES = 0.37, P = .001], language quantity
[ES = 0.40, P < .001], language quality [ES = 0.37,
P < .001], and the cognitive stimulation factor [ES = 0.40,
Promoting Cognitive Stimulation in Parents Across Infancy and T
P < .001]), with no significant positive impacts for any of
the measures at 18 months. At 24 months, the impact of
the Smart Beginnings intervention had significant positive
impacts on cognitive development (ES = 0.30, P = .001),
language quality (ES = 0.27, P < .001), and the cognitive
stimulation factor (ES = 0.27, P < .001). As an example,
Figure 3, B, shows the Smart Beginnings treatment impact
on the cognitive stimulation factor at 6, 18, and 24 months,
favoring the intervention group at 6 and 24 months only.
Similar to previously, as a robustness check for results for

both survey and observational measures, a false discovery rate
of 0.1 was applied to eight comparisons at each of the 3 time
points. All of the significant findings were robust to the
Benjamini–Hochberg correction.

Discussion

The Smart Beginnings intervention was significant in pro-
moting cognitive stimulation during infancy and toddler-
hood for almost all survey outcomes, including the StimQ2

Total score, the StimQ common total, and 2 components
oddlerhood: A Randomized Clinical Trial 163
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of the READ subscale–Quantity and Quality. In addition,
these impacts and corresponding ES for the surveys did not
vary by time. However, for the observational measures of
parent–child interactions, the impact of the Smart Begin-
nings intervention varied by time, with significant impacts
at 6 and 24 months, but not 18 months. Results from the lon-
gitudinal analyses were consistent with results from the wave-
specific analyses.

This study adds to the body of research showing that pre-
ventive interventions offered through pediatric primary care
and home visiting have utility in supporting early relational
health, and in particular, parental support of cognitive stim-
ulation.35,36 These findings also extend previous work on the
Smart Beginnings sample demonstrating improved parental
support of cognitive stimulation at 6 months, before the
receipt of FCU services for eligible families.24 The Smart Be-
ginnings intervention continues to positively promote cogni-
tive stimulation outcomes from infancy through
toddlerhood using the integrated Smart Beginnings model.
These finding show longitudinal impacts of a tiered parenting
intervention on parental support of cognitive stimulation, a
critical mediator of children’s school readiness,37 across 2
child developmental stages. This finding is notable based
on the major changes in child behavior and cognition that
occur from infancy to toddlerhood; warm, secure, and trust-
ing relationships with primary caregivers in infancy give way
to children’s emerging independence and autonomy in
toddlerhood.21 The Smart Beginnings intervention straddles
these developmental stages and supports parents through
these major transitions. In addition, the study population
included 2 sites representing both Latinx and Black/
African-American families. Findings therefore support broad
generalizability of Smart Beginnings across populations
affected by disparities resulting from poverty, systemic
racism, and toxic stress.

One of the goals of interventions focused on enhancing
parent–child early relational health is to support parents in
providing cognitive stimulation that is developmentally
appropriate for each stage of childhood. Based on previous
evidence demonstrating associations between parent-
reported and observed cognitive stimulation,38 and consis-
tent with previous findings from this trial,24 we expected to
find converging results across the survey and observational
measures in the current study. Although the impact of the
Smart Beginnings intervention was consistent across time
for survey measures, it varied by time for observational mea-
sures. Significant positive effects during laboratory observa-
tions of parenting were evident at 6 and 24 months, but
primarily home-based observations at 18 months did not
reveal such effects; however, results still favored the Smart
Beginnings intervention group. The literature largely support
the generalizability of laboratory-based parent-child interac-
tions to the home39-41; however, it is possible that the change
in location of observations contributed to the attenuation of
treatment effects. It is also possible that the lack of impacts on
observational measures at 18 months are the result of norma-
tive challenges in child autonomy seeking in the first half of
164
the second year of life, suggesting that interventions should
continue to be maximally responsive to parent needs during
this period.
Policy statements by the American Academy of Pediat-

rics10,42 highlight the need to promote early relational health
by layering programs to meet the heterogeneity in needs
among families with low incomes and intervening across
public health sectors (eg, pediatrics, home visiting, early ed-
ucation) to provide broad, community-level support.43

Based on the increased recognition that programs should
target families across platforms, a number of multilevel, mul-
tisector initiatives have been introduced (eg, Get Ready Guil-
ford in North Carolina, First 5 California, NYC H+H 3-2-1
IMPACT, Together Growing Strong), and there is acknowl-
edgment that universal scaling and accessibility of such pro-
grams is needed for population-level impact.
Smart Beginnings is well aligned with these recommenda-

tions, using a tiered, multisector approach to address early
relational health through programs synergistic and efficient
in impact and delivery. Smart Beginnings is poised to reach
a large number of families in supporting early relational
health and in turn, child development, by reducing tradi-
tional barriers to engagement (eg, cost, reach). It builds off
existing infrastructure, using pediatric primary care as an
initial point of contact, and addresses heterogeneity in
strengths and risks by offeringmore intensive services to fam-
ilies facing additional challenges that often compromise the
quality of caregiving. Further, Smart Beginnings directly sup-
ports positive childhood experiences recognized as critical for
all families both in presence and absence of adverse child-
hood experiences.44 Expansion of VIP to new Reach Out
and Read sites, delivery of FCU in multiple states, countries,
and platforms), and implementation of Smart Beginnings in
a county-wide implementation of evidence-based parenting
programs (The Pittsburgh Study) lend further support for
program scalability.22,45,46 Findings from the current study
provide strong support for the efficacy of the integrated
Smart Beginnings model. n
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Figure 1. Population-level conceptual model: Smart Beginnings tiered intervention, mechanisms of action.
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Analyzed at 6m (n = 178)
• Excluded from analysis (n = 0)

Analyzed at 18m (n = 159)
• Excluded from analysis (n = 0)

Analyzed at 24m (n = 156)
• Excluded from analysis (n = 0)

Did not receive 6m assessment (n = 23)
Did not receive 18m assessment (n = 42)
Did not receive 24m assessment (n = 45)

Allocated to SB (n = 201)
Eligible for VIP (n = 201)
• Received VIP (n = 197)
• Did not receive VIP (n = 4)

Did not receive 6m assessment (n = 18)
Did not receive 18m assessment (n = 35)
Did not receive 24m assessment (n = 26)

Allocated to control (n = 202)Allocation

Analysis

Follow-Up

Randomized (n = 403)

Enrollment

Further eligible for the FCU (n = 126)
• Received the FCU (n = 82)
• Did not receive the FCU (n = 44)

Assessed for potential eligibility (n = 1713)

Analyzed at 6m (n = 184)
• Excluded from analysis (n = 0)

Analyzed at 18m (n = 167)
• Excluded from analysis (n = 0)

Analyzed at 24m (n = 176)
• Excluded from analysis (n = 0)

Did not sign consent (n = 1220)
Not eligible (n = 799)• Birthweight < 2500g (n = 167)• Gestational age < 37 weeks (n = 142)• Multiple gestation (n = 64)• Medical complications (n = 49)• EI at birth (n = 27)• No plans to stay in birth city (n = 100)• Primary language not English or Spanish 

(n = 290)• Difficulty with contact (n = 24)• Baby not discharged to mother (n = 15)• Mother & baby staying in shelter (n = 31)• Previous participation VIP or FCU (n = 34)

Eligible but not enrolled (n = 163)• Declined (n =  158)• Lost to follow up prior to consent (n = 5)

Unknown eligibility (n = 258)• Unable to make contact with family (n = 102)• Family declined to complete screening (n = 156)

Not randomized (n = 90)
Declined to participate  (n = 12)
No longer eligible (n = 72)• No longer staying in birth city for 3 years (n = 4)• No longer had guardianship (n = 6)• Language (n = 1)• Medical complications (n = 2)• Caregiver impairment (n = 1)• Hearing/vision concerns (n = 1)• No longer receiving primary care at institution 

(n = 55)• Private insurance (n = 1)• Previous participation in VIP of FCU (n = 1)
Lost to follow up (n = 6)

Signed consent (n = 493)

Figure 2. Participant enrollment and assessment in Smart Beginnings. Note: participants whowere not eligible for the studymay
havemet more than 1 exclusion criterion and therefore the individual criteria numbers do not sum to the total number not eligible.
EI, early intervention.
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Table II. Observed means of treatment and control groups, treatment impacts, and ES at each wave separately

6 months 18 months 24 months

Treatment Control Impact (95% CI) P value ES Treatment Control Impact (95% CI) P value ES Treatment Control Impact (95% CI) P value ES

Survey outcomes
StimQ2 total*

17.16 15.51 1.65 (0.48- 2.82) .006 0.28 12.82 11.87 0.93 (0.002-1.86) .049 0.21 20.53 18.56 2.03 (0.76-3.74) .003 0.31
StimQ common
total†

8.47 7.71 0.76 (�0.004 to 1.53) .05 0.20 12.82 11.87 0.93 (0.002-1.86) .049 0.21 13.39 11.98 1.45 (0.50-2.41) .003 0.31
READ Quantity

3.46 3.11 0.35 (�0.09 to 0.79) .12 0.16 4.16 3.75 .41 (�0.07 to 0.89) .10 0.19 4.21 3.67 0.55 (0.06-1.05) .03 0.23
READ Quality

1.55 1.27 0.28 (0.06-0.50) .01 0.26 2.76 2.5 0.26 (�0.02 to 0.54) .07 0.19 3.05 2.52 0.54 (0.25-0.83) <.001 0.38
PVR Everyday Routines

3.43 3.33 0.11 (�0.26 to 0.48) .57 0.06 5.91 5.62 0.27 (�0.19 to 0.73) .25 0.13 6.12 5.79 0.35 (�0.11 to 0.81) .14 0.16
PVR Play and Pretend‡

4.25 3.88 0.37 (0.02-0.72) .04 0.21 3.42 3.00 0.43 (0.10-00.94) .04 0.25
PIDA‡

2.92 2.59 0.33 (0.06-0.59) .01 0.25 3.77 3.31 0.45 (0.19-0.70) <.001 0.35
Observational measures

Parental support for cognitive development
3.62 3.25 0.37 (0.15-0.60) .001 0.36 3.51 3.41 0.11 (�0.10 to 0.31) .30 0.11 3.58 3.32 0.26 (0.03-0.48) .02 0.29

Parental support for language quantity
4.23 3.61 0.63 (0.29-0.96) <.001 0.40 4.71 4.56 0.13 (�0.16 to 0.41) .39 0.10 4.48 4.27 0.22 (�0.07 to 0.51) .15 0.17

Parental support for language quality
4.02 3.47 0.56 (0.24-0.87) .001 0.37 3.58 3.43 0.15 (�0.08 to 0.38) .21 0.14 3.75 3.48 0.27 (0.03-0.51) .03 0.28

Cognitive stimulation factor
3.95 3.44 0.51 (0.24-0.78) <.001 0.40 3.93 3.8 0.13 (�0.09 to 0.34) .24 0.13 3.94 3.69 0.25 (0.02-0.47) .03 0.27

All analyses account for site. ES were calculated using the SD of the control group. Values in bold indicate statistical significance.
*Impact based on difference in raw scores.
†StimQ common total included PVR – Everyday Routines (8 items), and READ – Quantity and Quality (9 items).
‡PVR Play and Pretend and PIDA only administered at 6 and 24 months.
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Table III. Treatment impacts 6-24 months from mixed-effects models

Panel A: Survey outcomes (without interactions of treatment by time and time2)

Treatment 6-24 mo (95% CI) P value ES across waves

Survey outcomes (without interactions of treatment by time and time2)
StimQ common total

0.90 (0.22-1.59) .01 0.25
READ Quantity

0.39 (0.02-0.76) .04 0.19
READ Quality

0.33 (0.14-0.52) .001 0.30
PVR Everyday Routines

0.19 (�0.13 to 0.51) .24 0.11

Panel B: Observational measures (without interactions of treatment by time and time2)

Treatment 6-24 mo (95% CI) P value ES across waves

Observational measures (without interactions of treatment by time and time2)
Parental support for cognitive development

0.25 (0.10-0.41) .001 0.24
Parental support for language quantity

0.32 (0.10-0.54) .004 0.20
Parental support for language quality

0.27 (0.09-0.66) .004 0.19
Cognitive stimulation factor

0.27 (0.10-0.44) .002 0.21

Panel C: Observational measures (with interactions of treatment by time and time2)

Treatment 6 mo (95% CI) P value ES Treatment 18 mo (95% CI) P value ES Treatment 24 mo (95% CI) P value ES

Observational measures (with interactions of treatment by time and time2)
Parental support for cognitive development

0.38 (0.16-0.60) .001 0.37 0.12 (�0.08 to 0.33) .25 0.13 0.27 (0.05-0.48) .02 0.30
Parental support for language quantity

0.64 (0.31-0.96) <.001 0.40 0.16 (�0.12 to 0.45) .26 0.13 0.22 (�0.07 to 0.52) .14 0.17
Parental support for language quality

0.56 (0.25-0.86) <.001 0.37 0.13 (�0.10 to 0.37) .27 0.12 0.26 (0.02-0.50) .03 0.27
Cognitive stimulation factor

0.52 (0.25-0.78) <.001 0.4 0.14 (�0.08 to 0.35) .21 0.14 0.25 (0.03-0.47) .03 0.27

All analyses account for site. Values in bold indicate statistical significance.
For outcomes without interactions, ES were calculated by dividing the estimated difference between the Smart Beginnings intervention and control groups by the square root of the sum of the Level-1
error variance of the control group and the variance of the random intercept. Since time was coded as 0, 2, and 3, the Level 1 error variance of the control group and the variance of the random
intercept corresponded to 6 months. For outcomes with interactions, ES were calculated using the SD of the control group at each corresponding wave.
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