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Abstract: Increasing evidence suggests that prenatal exposure to opioids may affect brain develop-
ment, but limited data exist on the effects of opioid-exposure on preschool language development.
Our study aimed to characterize the nature and prevalence of language problems in children pre-
natally exposed to opioids, and the factors that support or hinder language acquisition. A sample
of 100 children born to pregnant women in methadone maintenance treatment and 110 randomly
identified non-exposed children were studied from birth to age 4.5 years. At 4.5 years, 89 opioid-
exposed and 103 non-exposed children completed the preschool version of the Clinical Evaluation
of Language Fundamentals (CELF-P) as part of a comprehensive neurodevelopmental assessment.
Children prenatally exposed to opioids had poorer receptive and expressive language outcomes at
age 4.5 years compared to non-opioid exposed children. After adjustment for child sex, maternal
education, other pregnancy substance use, maternal pregnancy nutrition and prenatal depression,
opioid exposure remained a significant independent predictor of children’s total CELF-P language
score. Examination of a range of potential intervening factors showed that a composite measure of
the quality of parenting and home environment at age 18 months and early childhood education
participation at 4.5 years were important positive mediators.

Keywords: opioid; methadone; CELF-P; language; child; outcome; neonatal abstinence syndrome

1. Introduction

The use of prescribed and illicit opioids has increased dramatically in the last decade,
particularly in the US, but also more recently in Australia, New Zealand and Europe [1-5].
As a consequence, opioid use during pregnancy has also increased which is concerning
given the importance of the intrauterine environment for fetal and child development [6,7].
Thus, there has been growing interest in the effects of prenatal opioid exposure and other
correlated pre and postnatal risk factors on both the short- and long-term outcomes for
children born to women with an opioid use disorder (OUD). Existing evidence suggests
increased risks for a range of adverse neonatal outcomes, including poorer fetal growth
and Neonatal Abstinence Syndrome, as well as the possibility that child risks may extend
into early and middle childhood [3,8-13]. However, longer-term follow-up studies are
limited and remain somewhat inconclusive [10,12,14].

Language acquisition is an important developmental milestone during the early child-
hood years [15]. Language-specific speech perception typically begins to develop around
6 months postpartum, with vocabulary and syntactic abilities growing rapidly from age 1.5
to 3 years [16,17]. These skills are also critically important for children’s longer term social
and educational development, with receptive and expressive oral language competencies
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being strongly predictive of children’s written language abilities and educational achieve-
ment at school, as well as their longer term academic and socioeconomic achievement
during adolescence and early adulthood [18-21]. To date, few studies have examined
the language development of children born to women with OUD, with findings often
mixed due to methodological issues such as small sample sizes, high attrition, and the
measurement of language abilities using global developmental measures such as the Bayley
Scales of Infant and Toddler Development or older measures such as the Reynell Develop-
mental Language Scales [22-29]. Nonetheless, existing evidence does tend to suggest that
opioid-exposed children may be at increased risk of language delay [23-26,30-32]. Thus,
there is a need for well-controlled investigations examining the nature of these children’s
language difficulties using psychometrically sound, standardized measures of early lan-
guage performance such as the Clinical Evaluation of Language Fundamentals—Preschool
(CELF-P) [33]. Such information is important to help guide early education and health
practices to better support the needs of these children and their families.

Another important issue concerns the mechanisms that may place opioid-exposed
children at an increased risk of language difficulties, and even more importantly, the
identification of both (a) prenatal factors that may help explain later child risks, and (b)
modifiable postnatal factors which might buffer them from later risk. On average, research
shows that pregnant women who use/abuse opioids are more likely to come from lower
socioeconomic backgrounds [24,25], to have fewer educational qualifications, and to be
subject to higher rates of other mental and physical health problems [24,25,34-36]. Greater
physical and mental stress among these women can translate to poorer prenatal care, which
coupled with prenatal opioid exposure and associated poorer prenatal nutrition, may
negatively impact fetal development [37,38]. These factors may also have an indirect effect
on child language development through family functioning and parenting [24,25,39,40].

Postnatally, in addition to these ongoing influences, for some of these women and in-
fants, additional family challenges correlated with maternal opioid use/abuse may further
impede their ability to provide the sensitive and rich linguistic interactions and experiences
that are most conducive to fostering a child’s early language development [26,30,32]. Incar-
ceration [40] and involvement with child protection services is also more common [26,40,41],
with these problems often being intergenerational and limiting women'’s access to family
social supports [26,40]. For example, findings suggest that children raised in families
affected by parental drug use are exposed to lower levels of responsive parenting and
less stimulating learning environments [26,35,40,42], factors that are relevant for language
development.

Although the impact of these risk factors on children’s development is quite well-
documented, less is known about the potential buffering role of positive postnatal family
and preschool experiences on mitigating these environmental risks. There is good evidence
that parents and families can also greatly support their children’s language development
by providing culturally enriched and stimulating environments that facilitate rich language
interactions inside and outside the home [26,30,35,43-45]. Engagement in early childhood
education has also been shown to improve child language outcomes [46].

Collectively, these findings raise the need to consider the effects of other adverse
prenatal exposures, family socioeconomic circumstances and children’s postnatal family
life and environmental experiences on the language [23-27,30,31] and other developmental
outcomes of opioid-exposed (OE) children [36,40,47]. Thus, the aims of this study were as
follows. First, to characterize the language outcomes at age 4.5 years of children prenatally
exposed to opioids relative to their non-opioid exposed (NE) same-age peers. Language
will be assessed using the CELF-P [33] which assesses a range of receptive and expressive
language abilities including linguistic concepts, sentence structure, sentence recall, word
structure and label formulation. Second, to examine the extent to which observed between-
group differences in language development can be explained by the effects of confounding
factors correlated with maternal opioid use/abuse during pregnancy. Third, to identify
parenting, family functioning and early childhood education/intervention factors that
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might mitigate the risk of language problems in children prenatally exposed to opioids.
We hypothesized that OE children would have poorer language outcomes compared to
NE children at 4.5 years and that this difference would remain after controlling for the
effects of other prenatal confounding risk factors. Finally, we hypothesized that protective
family and environmental factors such as positive parent—child interactions and early
childhood education (ECE) center attendance would reduce the adverse effects of prenatal
opioid exposure on language development at 4.5 years. These aims and the corresponding
hypothesized pathways are illustrated in Figure 1.

Prenatal
Confounding Factors
Prenatal Opioid .| CELF-P Total Score
Exposure (4.5 year)
=~ -~
S -
- -
S -~
~ Intervening Postnatal -~
- Family and o - -
Environmental Factors > Direct effects
—— Confounding relationships

= = == Mediating pathways

CELF-P = Clinical Evaluation of Language Fundamentals - Preschool

Figure 1. Hypothesized pathways.

2. Materials and Methods
2.1. Study Participants

The participants were drawn from a prospective longitudinal study of two groups
of children born between 2003 and 2008 at Christchurch Women’s Hospital, New
Zealand [11,13,34]. The first study group consisted of 100 infants (58 male) born to women
with OUD who were maintained on methadone during pregnancy. The second reference
or control group of children recruited were not exposed to opioids, and were randomly
selected from the hospital booking schedule during the same period. The reference or
non-exposed (NE) group consisted of 110 infants (48 male) who were born into families
whose socioeconomic profiles were representative of the regional population at the time
of birth [11,14]. Mothers from both groups were recruited during the third trimester or at
birth. Exclusion criteria included inability or refusal to consent, HIV diagnosis, delivery
outside the region, very preterm birth (gestation of 32 weeks or less), suspected fetal alcohol
syndrome, congenital anomalies, and non-English speaking. Retention to age 4.5 years
was 89% for the OE group and 94% for the NE group. Figure 2 provides the overall study
participation and retention from birth to 4.5 years. Further details about recruitment and
study women pregnancy course and personal histories are available in previous publica-
tions [11,34]. Key family social background information and infant neonatal characteristics
are summarized in Table 1.
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Figure 2. Participant recruitment and retention from birth to 4.5 years. n = number of participants.

Table 1. Maternal and infant characteristics.

Opioid- Non-Exposed 1
Measure Exposed (= 103) p
(n=289)
Maternal characteristics at birth
Young mother, 1 (%) 3(3.4) 5 (4.9) 0.620
Minority ethnicity, n (%) 21 (23.6) 18 (17.5) 0.290
Maternal schooling level, mean (SD) 1.44 (1.11) 3.85 (1.94) <0.001
Low socioeconomic status, 1 (%) 72 (81.8) 23 (22.3) <0.001
Single parent, 1 (%) 43 (48.9) 10 (9.7) <0.001
Maternal wellbeing during
pregnancy
Average methadone dose mg/d, 62.25 (35.08) 0.0 (0.0) <0.001
mean (SD)
Nutrition during pregnancy score,  5¢ 4g () 75) 90.82 (25.52) <0.001
mean (SD)
Maternal depression symptoms,
ml:;an D) ymp 13.87 (6.09) 6.91 (4.81) <0.001
Any cigarette use, 11 (%) 82 (92.1) 16 (15.7) <0.001
Any alcohol use, 1 (%) 15 (16.9) 21 (20.6) 0.510
Any cannabis use, 1 (%) 42 (47.2) 1(1.0) <0.001
Any benzodiazepine use, 1 (%) 24 (27.0) 0.0 (0.0) <0.001
Any stimulant use, 1 (%) 18 (20.2) 0.0 (0.0) <0.001
Any additional opioid use, 1 (%) 23 (25.8) 0.0 (0.0) <0.001
Prenatal risk composite, mean (SD) 0.62 (0.59) —0.58 (0.44) <0.001
Infant neonatal characteristics
Female, n (%) 36 (40.9) 58 (56.3) 0.030
Gestational age in weeks, mean (SD) 38.78 (1.78) 39.23 (1.71) 0.090
Preterm (<37 weeks gestation), n (%) 10 (11.4) 7 (6.8) 0.270
Birthweight in grams, mean (SD) 3058.79 (470.15) 3412.85 (586.74) <0.001
Body length (cm), mean (SD) 50.17 (3.08) 51.73 (5.25) 0.020
Pharmacologic treatment for 78 (87.6) 0(0.0) <0.001

neonatal abstinence syndrome, 1 (%)

! t-test or Chi-squared test of independence. 1 = number of participants; SD = standard deviation.

2.2. Procedure

Infant perinatal characteristics and medical treatment history were extracted from
hospital records. Detailed information about mothers’ family social backgrounds, preg-
nancy nutrition, physical and mental health was also collected as part of a comprehensive
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maternal interview in the late third trimester or at birth. As shown in Figure 2, each
study child and their primary caregiver were invited to participate in a detailed child
neurodevelopmental evaluation and family assessment at ages 18 months, 2 years and 4.5
years. The 18-month follow-up consisted of a home visit to allow additional contextual
information on parenting and the child’s home environment to be collected. Our primary
language outcome measure was administered by research staff blinded to children’s group
assignment at age 4.5 years as part of a half-day neurodevelopmental assessment. All study
protocols were approved by the Upper South B Regional Ethics Committee, Canterbury,
New Zealand (Ref: URB/07/10/042). Written informed consent was obtained from all
primary caregivers at each assessment point. Key study measures used in this analysis are
briefly described below.

2.3. Study Measures
2.3.1. Child Language Outcomes at Age 4.5 Years

Children’s language development was assessed at age 4.5 years using the CELF-P
UK [33]. The CELE-P is suitable for children aged 3 to 6 years. It consists of six subtests that
were combined to form standardized composite scores for receptive language, expressive
language and total language ability. The receptive language index measures the listening
comprehension ability and is computed based on the sum of scores on three subtests:
(1) linguistic concepts, a measure of the child’s ability to interpret spoken directions
and concepts related to logical operations; (2) sentence structure, the ability to interpret
spoken sentences; and (3) basic concepts, the knowledge of concepts such as number, size,
direction and location. The expressive language index is an overall measure of expressive
language skills and is computed based on the sum of scores of three subtests: (1) recalling
sentences in context, a measure of the child’s ability to imitate and repeat spoken sentences;
(2) formulating labels, the ability to name objects, actions, etc.; and (3) word structure,
the ability to apply word structure rules and use appropriate pronouns. The scores on
each subtest were scaled using the test age-equivalent population-norms and converted
to standardized scores with a mean of 10 and standard deviation (SD) of 3. Finally, the
CELF-P total language score was created by combining children’s composite receptive
and expressive language scores as described in the manual. Composite expressive and
receptive scores and total language scores were standardized to have a mean of 100 and SD
of 15.

The CELF-P UK was standardized on 588 British children aged 3 to 7 years, who were
representative of the UK population in terms of gender, race/ethnicity, socioeconomic
status, and geographical region. The UK version was used as the Australian and New
Zealand version had not been developed and was not available at the time of the assessment.
The version used has good construct validity, with moderate intercorrelations (0.37 to 0.56)
between subtests suggesting that they each measure a distinct, yet related, language skill. It
is also internally consistent, with composite score reliability coefficients ranging from 0.76
to 0.91 across age groups. The subtest intercorrelations and internal reliability coefficients
were also in line with those from the larger US normative sample [33]. Overall language
delay was defined as a total CELF-P score greater than one SD below the reference group
mean. The cut-points derived from the reference group data aligned well with the test
norms, and the results obtained from the analysis of total and each subscale scores were
similar regardless of which criteria were applied. Table 2 describes children’s performance
in CELF-P.
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Table 2. Prenatal opioid exposure and language development at age 4.5 years: CELF-P scores.

Opioid- Non-
CELF-P Scores at 4.5 Years Exposed Exposed t p
(n=89) (n=103)
Receptive language composite, g3 57 (14 56) 10000 (17.51) 693 <0.001
mean (SD)
Linguistic concepts, mean (SD) 6.20 (2.92) 9.65 (3.22) —7.66 <0.001
Basic concepts, mean (SD) 8.17 (3.05) 10.36 (2.30) —4.94 <0.001
Sentence structure, mean (SD) 7.53 (3.06) 10.27 (3.41) —5.75 <0.001
Expressive language composite, g5 4 (15 08) 10077 (14.31) —7.24 <0.001
mean (SD)
Recalling sentences, mean (SD) 6.93 (3.09) 9.89 (3.36) —6.25 <0.001
Formulating labels, mean (SD) 7.36 (2.61) 10.02 (2.70) —6.85 <0.001
Word structure, mean (SD) 8.07 (3.45) 10.66 (2.90) —5.61 <0.001
Total language score, mean (SD) 83.62 (14.85)  100.46 (15.97) —7.45 <0.001
Delayed total language, 1 (%) 29 (32.6) 11 (10.7) 13.89 1 <0.001 1

1 Chi-squared test of independence. CELF-P = Clinical Evaluation of Language Fundamentals-Preschool; 7 = num-
ber of participants; t = t-statistics.

2.3.2. Potential Prenatal Confounding Factors
Prenatal Risk Exposures

The extent of prenatal stress and risk exposures was measured using a composite
measure of several factors. These included (a) the extent to which pregnant mothers used
(and the infant was exposed to) other licit and illicit substances; (b) extent of maternal
depressive symptoms during pregnancy reported by mothers at birth; and (c) the quality
of maternal pregnancy nutrition. A cumulative risk score indexing the overall exposure to
the above three factors was computed by first transforming all factors into a common scale,
reverse-coded when necessary, then taking the average of those values. A brief description
of each of the measures contributing to this overall prenatal risk index is provided below.

(a) Other maternal licit and illicit substance use during pregnancy was assessed using
three independent measures to determine the extent of each child’s poly-substance
exposure. First, detailed information about mothers’ substance use was collected
as part of a comprehensive maternal interview completed in the late third trimester
or at birth. All mothers reported the frequency and duration of tobacco, alcohol,
cannabis, opiates, benzodiazepine, and stimulant use for each pregnancy trimester.
Second, women in the methadone group provided random urine samples over the
course of their pregnancies that were analyzed for the presence of illicit substances
(cannabis, opiate, benzodiazepine and stimulants). Finally, meconium samples were
collected from a subsample of methadone-exposed (81%) and comparison (46%)
infants at birth. The results from the maternal urine and infant meconium tests were
used to assess the reliability of maternal self-reported data on their use of cannabis,
benzodiazepines, stimulants, opiates and antidepressants. This analysis showed
strong concordance (>80%) between toxicological and self-report data. Based on
this combined information, for the purposes of this analysis, a diversity score was
computed to describe the total number of different types of licit/illicit substances
other than opioids, that women used during their pregnancy.

(b) The extent of maternal depressive symptoms during pregnancy was measured either
in the late third trimester or at birth using the Edinburgh Postnatal Depression Scale
(EPDS) [48]. The EPDS is a widely used screening tool for depressive symptoms and
contains 10 statements that describe symptoms such as “I have felt sad or miserable”
and “I have been so unhappy that I have been crying”. The women were asked to
rate each item using a 4-point Likert-type scale based on their symptomology during
the last two weeks. Each item can be scored 0 to 3 with 3 indicating a greater extent
of depressive symptoms. Scale internal consistency in this sample was reasonable at
alpha = 0.79.
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(c) A self-reported measure of the nutritional quality of each study woman’s diet during
pregnancy was collected as part of the third trimester/birth maternal interview.
Women were questioned about their weekly intake of fruit, vegetables, meat, milk,
bread, other cereals, and eggs. An overall quality of maternal pregnancy nutrition
score was estimated from the average total number of weekly servings consumed
from each of these food groups.

Child Sex

Children’s biological sex was recorded at birth and included in this analysis given
known sex differences in early language and pre-literacy skill development [49].

Level of Maternal Education

Maternal educational attainment was correlated with maternal opioid use and other
parental social background variables such as single parenthood, being a young parent
and having a lower socioeconomic status. After analyzing each of their bivariable associ-
ations with language outcomes, maternal education was selected to represent the social
background as the variable had the highest effect size when used to predict language
development. Maternal educational attainment was measured on a 6-point scale ranging
from 1 to 6, with 1 being “left school before age 16 years without any qualifications” and 6
being “attainment of university degree”.

2.3.3. Protective Postnatal Family and Environmental Factors

In order to capture the extent of responsive parenting, cultural/social enrichment
and stimulation in a child’s environment at 18-24 months, and to test our hypothesis
that positive parenting and environmental factors might mitigate language delay risk, a
composite variable was created using items from parent interview and direct observational
data. A wide range of postnatal measures were considered. These spanned (a) parental
mental health and ongoing drug use, (b) parenting, (c) family functioning, (d) the quality of
the home environment, (e) child physical health including vision and hearing problems, and
(f) children’s early childhood education attendance and any early intervention exposures.
The final set of measures were selected based on their mediating effects and representation
of non-overlapping yet related aspect of parenting and family environment.

First, the overall level of exposure to stimulating environment and activities was
measured using a 22-item, 5-point Likert-type scale that measures children’s exposure to
different types of activities. For example, “be read a story” with responses ranging from
0: “never” to 4: “daily”. The original scale was designed for New Zealand families by
the Dunedin Multidisciplinary Health and Development Study [50]. See Supplementary
Table S1 for the individual items.

The infant and toddler Home Observation for Measurement of the Environment
(HOME) [51] was also used in the composite to provide a measure of caregiver acceptance
of the child. Of the six HOME subscales, the acceptance subscale, a measure of nonpunitive
or non-intrusive parenting practice, was chosen as it contained items that were non-
overlapping with the customized cultural capital measure. Higher scores on this scale
indicated greater parental acceptance for the child’s behavior with fewer instances of verbal
and physical punishment. The internal reliability measured using Cronbach’s alpha was
0.74 for the sample.

Finally, a direct observational measure of mother—child emotional connection during a
free and structured play session at age 18-24 months was included. This dyadic rating was
completed by trained assessors blinded to child history and group membership, with inter-
rater reliability assessed between independent raters for at least 20% of all observations and
found acceptable with intraclass correlation coefficient estimates in the range of 0.784-0.961.

The overall composite measure of positive parenting and environmental factors at
18-months-2 years was constructed using the above three measures by transforming the
scores into a common scale then taking the average of the scores. A composite rather
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than individual scores was used in the analysis to assess the cumulative effect, improve
estimation efficiency and obtain accurate estimates of variability.

2.3.4. Early Childhood Education Center Attendance at Age 4.5 Years

Participation in ECE at age 4.5 years was measured based on the maternal report of
average number of hours a week the child attended the ECE center.

Table 3 provides a summary of variables included in the analysis along with a selection
of variables that were considered as potential intervening factors.

Table 3. Intervening child, parenting and environmental factors from age 18 months to 4.5 years.

Opioid- Non-
Intervening Factors. Exposed Exposed t p
(n=89) (n =103)
Child factors (18mth)
Any ear infection, 1 (%) 31 (35.6) 48 (46.6) 2341 0.1261
Any hearing problems, 1 (%) 1(1.1) 3(2.9) 0.711 0.399 1
Any vision problems, 1 (%) 10 (11.5) 16 (15.5) 0.651 0.4201
Sleep disturbances, 1 (%) 14 (16.1) 18 (17.6) 0.081 0.776 1
Maternal illicit drug use (18 mth), n (%) 42 (47.2) 5 (4.9) 45.821 <0.0011
Protective factors composite (2 yr) —0.22 (0.68) 0.26 (0.54) —5.18 <0.001
Acceptance—HOME (2 yr) 6.62 (1.28) 6.99 (1.05) —-2.19 0.030
Nurturance—Parent-Child (2 yr) 15.09 (2.84) 16.38 (2.60) —-3.22 0.002
Cultural capital (2 yr) 63.62 (7.06) 67.88 (5.78) —4.56 0.001
ECE hours a week (4.5 yr) 18.53 (9.26) 21.89 (9.23) —2.50 0.010

! Chi-squared test of independence. n = number of participants; mth = month; yr = year.

2.4. Statistical Analysis

Maternal and infant characteristics were first summarized using mean and SDs for
continuous variables and the percentage of each sample for categorical variables using
either independent samples t-test or chi-squared test of independence (results shown
in Table 1). Second, between-group differences in children’s CELF-P scores were then
compared using a similar approach (see Table 2).

Third, we examined the extent to which between-group differences might be explained
by confounding factors. The set of potential confounding variables was selected based on
(a) previous research findings, (b) temporal considerations (i.e., during pregnancy) relative
to the opioid-exposure and the outcome, and (c) the strength of associations between each
of these measures and opioid-exposure and our primary language outcomes. Potential
confounding variables were then analyzed by examining their associations with the expo-
sure and then again with the language outcome. Key covariates included the prenatal risk
composite, comprised of prenatal exposure to other substances, maternal depression and
the quality of nutrition during pregnancy, child sex and maternal educational attainment.

Fourth, once covariates were refined and included in the analysis, we then examined
the intervening or mediating role of a similarly refined set of postnatal factors. This was
done by first examining whether opioid-exposure predicted the candidate mediator, and
then again whether the mediator predicted the study outcome [52]. The mediation analysis
was performed using multiple regression [53]. The model selection was aided by the
explained sum of squares measure adjusted for multiple regressors and the mean squared
error (MSE) statistic computed using the 10-fold cross validation technique. Descriptive
statistics and regression analyses were performed using R version 4.0.3 (The R Foundation,
Vienna, AT) and SPSS version 26 (IBM Corp., NY, USA), and alpha = 0.05 defined statistical
significance.
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3. Results
3.1. Child Language Outcomes at Age 4.5 Years

Table 2 describes children’s performance on the standardized CELF-P test at age
4.5 years. Across all subscales and composites, OE children scored lower on average than
NE children. OE children scored more poorly in receptive (p < 0.001), expressive (p < 0.001)
and overall language scores (p < 0.001) indicating pervasive delays/deficits in language
competencies compared to their NE peers. This was further reflected in rates of overall
language delay, with OE children being almost three times more likely than NE children to
meet criteria for significant language delay (29% vs. 11%).

3.2. Effects of Potential Confounding Factors

The results in Table 2 suggest that prenatal opioid exposure is associated with perva-
sive language difficulties, and an increased risk of delayed language development before
school entry. However, it is also possible that these observed language difficulties may,
either in part or in full, reflect the effects of other confounding factors correlated with
maternal opioid use during pregnancy rather than the direct effects of opioid exposure.

To examine this issue, the between-group differences in OE and NE children’s overall
language scores were adjusted for the effects of child sex, maternal education and exposure
to other prenatal risk factors. The results from this analysis are shown in the covariate
adjusted model in Table 4. They show that although the inclusion of the prenatal risk
composite in multivariate models significantly reduced the association between prenatal
opioid exposure and children’s total CELF-P scores at age 4.5 years (p = 0.04), it did not
fully explain the between-group difference in OE and NE children’s total language scores
(p =0.03).

Table 4. Mediation analysis of prenatal opioid exposure and language development at age 4.5.

Model Predictor Coef. Est. (95% CI) P
Bivariable
Group: Non-Exposed 17.35 (12.74, 21.96) <0.001
Adjusted R? = 0.241, MSE = 241.23
Covariate Adjusted

Group: Non-Exposed 7.87 (0.78, 14.97) 0.03
Prenatal Risk Composite —4.74 (—9.22, —0.25) 0.04
Child Sex: Female 4.18 (—0.33, 8.70) 0.07
Maternal Education 1.32 (—0.13,2.77) 0.07

Adjusted R? = 0.287, MSE = 227.18

Mediation Model

Group: Non-Exposed 6.27 (—0.50, 13.03) 0.07
Prenatal Risk Composite —4.51 (—8.76, —0.25) 0.04
Child Sex: Female 3.49 (—0.82,7.78) 0.11
Maternal Education 0.16 (—1.30, 1.62) 0.83

Protective Factor
Composite (2 yr)
Hours a Week of ECE
Attendance (4.5 yr) 0.32 (0.08, 0.56) 0.01

Adjusted R? = 0.359, MSE = 203.73
% Mediated = 20.33

Coef. Est. = coefficient estimate; MSE = mean squared error.

7.81 (4.06, 11.57) <0.001

3.3. Role of Family and Environmental Factors

From a wider range of potential mediating and moderating factors, the key quality
of environment and parent-child relationship factors that mediated the effects of prenatal
opioid exposure on children’s language development at age 4.5 years were selected based
on the criteria described in the Methods. Between-group comparisons in Table 3 show
that OE children were being raised in postnatal family environments characterized by
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lower levels of nurturant parenting, and had fewer opportunities to experience stimulating
activities both within and outside the home as toddlers. Their overall score on the combined
protective environment variable was significantly lower (p < 0.001) than that of their NE
peers. The average weekly hours of attendance at the ECE centers were also lower for the
OE children (p = 0.01) compared to the NE children at age 4.5 years.

To examine whether more positive parenting, family functioning and early educa-
tion indicated by these factors can potentially buffer children from developing preschool
language problems, a mediation analysis was performed. Using multiple regression, a
mediation model was constructed using the group indicator and both sets of confounding
and mediating variables described above as the explanatory variables. Then, the model
was used to examine the effects of mediating factors on the between-group differences in
the total language scores. The results of the mediation model are described in Table 4 and
Figure 3.

vs. Opioid
Exposure

Prenatal Risk
Composite
t-test on coefficient
estimates
3 *p=0.05
Child Fernale . “*p<0.01
Sex =2 5 < 0,001
Maternal |-
Education S _ ~—
Non-Exposure |« T
6.27 CELF-P Total
*| Score (4.5 year)
Sensitive .
D.48%** Parenting + FE: i
- Stimulating ,
“ | Emvironment
*®E
3.52* (2 year) 0.32 Confounding Relationships
Mediating Pathways
Avg. Weekly ; Direct Effect = 6.27
. Hours at ECE Indirect Effect = 11.09
Centre Total Effect = 17.35
(4.5 year)

Figure 3. Mediation model.

As shown, results confirm the study hypothesis that together these protective factors
fully mediated the relationship between prenatal opioid exposure and preschool language
development. None of the intervening factors were moderators based on analyses of
interaction terms. An assessment of model fit also demonstrated the superior fit of the
mediation model (adjusted R? = 0.36, MSE = 203.73) compared to either the bivariable (ad-
justed R? = 0.24, MSE = 241.23) or the covariate adjusted (adjusted R? = 0.29, MSE = 227.18)
models, indicating that the mediation model better explains the exposure and language
outcome relationship given the number of predictors. The direct effect of opioid exposure
on language was 6.27, while the indirect effect was 11.08, resulting in the total effect of
17.35 and mediation of 20.3% of the differences. Finally, both the protective parenting and
environmental factor at 2 years (p < 0.001) and weekly hours of attendance at the ECE
center at age 4.5 years (p = 0.01) were significant mediators.
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4. Discussion

Study findings demonstrate that women treated with methadone for an OUD are
characterized by multiple risk factors that at least in part contribute to the poorer preschool
language outcomes of their children. However, our findings also show that positive
postnatal factors such as sensitive parenting, enriched cultural environment and ECE can to
some extent reduce the adverse effects of prenatal opioid exposure on preschool language
development. The results that children born to women with OUD have, on average, poorer
receptive, expressive and overall language abilities than children non-exposed to opioids
are consistent with limited but increasing evidence that OE children may be at higher
risk of language delays compared to their NE peers [9,23-26,30-32]. However, where
previous research has mostly focused on the global assessment of development, and
language considered as an auxiliary measure, this study utilized a well-established and
appropriately normed measure of preschool language development.

A consideration of relevant sociodemographic variables on preschool language devel-
opment also revealed the following. Although female children obtained better language
scores in a bivariable association model, this sex difference was no longer statistically signif-
icant once other risk factors were considered in the multivariate model. Previous research
has indicated that male children may be more susceptible to the adverse effects of prenatal
substance exposure and consequently achieve poorer developmental outcomes [47,54,55].
The results in this study suggest that child sex may have developmental implications, but
neural and environmental mechanisms through which it influences language develop-
ment are complex as illustrated by the mixed findings in a recent review [49], and more
research is needed in order to understand these mechanisms in the context of prenatal
opioid exposure.

The level of maternal education is an important indicator of the quality of cognitive
stimulation and early learning environment a child experiences in their daily life. Not
surprisingly, a higher level of maternal education was positively associated with children’s
language outcomes at 4.5 years. However, this effect was attenuated once other risk factors
were taken into account, which indicates that the educational background alone does not
negate the impact of opioid exposure on children’s language development. The multiple
risk factors that accompany opioid exposure such as maternal depression, poor nutrition
and exposure to other substances continue to impede language development even after
adjusting for positive environmental factors at age 2 and 4.5 years. Thus multi-domain
wrap-around support may be needed to improve the overall quality of pre- and antenatal
conditions for mothers with a substance use disorder. Although previous research has
looked at the importance of multiple risk factors on the development of children prenatally
exposed to opioids, few studies to date have investigated the additive effects of these risks
on language outcomes.

More importantly, the role of sensitive parenting, a stimulating home environment
and ECE attendance has not been investigated previously with a well-controlled, reason-
ably sized, and regionally representative sample. The results of the mediation analysis
indeed reveal the striking role of parenting, daily stimulation and ECE on OE children’s
language development. These environmental factors when combined, fully mediated
the clear disadvantages in language development of OE children compared to their NE
peers. The importance of caregiver warmth and positive dyadic relationships on language
development has also been shown in an earlier study [26].

The positive effect of non-intrusive and nurturant parenting and a culturally enriched
environment on children’s language development seen here is especially important consid-
ering the developmental trajectory of these high-risk children. A recent study using the
same population of children studied here has shown persistent developmental risks across
multiple domains of psychosocial development [14]. These findings combined with those
from the present study highlight the need for early identification and support for these
children and their families to optimize these children’s developmental opportunities. Lan-
guage and preliteracy skills strongly predict later literacy and educational success [18,19,21].
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Therefore, providing appropriate support for caregivers and access to high quality ECE
may further help in buffering these children from long-term educational and associated
social disadvantages.

Previous research has also suggested that the different developmental patterns be-
tween OE and NE children become more apparent around age 18-24 months when lan-
guage abilities become increasingly more important in many of the cognitive developmental
tasks [30]. Both this observation and our results suggest that targeted support in early
childhood would be important in mitigating the risks of language delay and potential
literacy problems. A very limited number of the studies that have looked at the outcomes of
home-based interventions for families affected by drug dependence showed some improve-
ment in child neurodevelopment and suggested cautious optimism around the efficacy
of these measures [36,56,57]. The results of our study provide a clear rationale for further
studies aimed at identifying the most effective and appropriate ways to support sensitive
parenting and improving ECE outcomes for these high-risk children and families.

Despite some compelling results, this study is not without limitations. Given our
necessarily observational research design, study results reflect associations rather than a
direct cause and effect. Although the sample size is larger than most previous studies,
the choice of confounders and mediators were carefully weighed in order to achieve the
most parsimonious model appropriate for testing the hypothesized pathways. Hence,
some important confounding variables such as the role of fathers and family stability
may not have been included in the model. Despite our best efforts to follow-up on all
cases and the rather impressive retention rate for a very high-risk population, there were
missing responses, which may have introduced bias in the estimation. However, a careful
examination of key participant characteristics for previous research suggests that the
observations are likely to be missing at random [14].

Overall, this study adds valuable insight into preschool language development of OE
children in a well characterized and largely unselected cohort of children born to women
with OUD, with excellent sample retention. Findings suggest that these children are at
higher risk of language delay at school entry relative to their same-age typically developing
peers. The mechanism leading to later language problems is complex, representing the
cumulative effects of a range of adverse prenatal exposures correlated with maternal
OUD, family social background factors, and children’s postnatal rearing environments.
Importantly, the results show that sensitive, non-intrusive parenting and engagement in
ECE can help to buffer these children against early language difficulties. Further follow-up
of the longer-term language-related outcomes of this high-risk group of children is needed,
along with studies examining the effects of early intervention strategies aimed at better
supporting these children and families both antenatally and postnatally.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/ children8040268/s1, Table S1: Customized Child Rearing Environment Questionnaire—
Adapted from the Dunedin Multidisciplinary Health and Development Study.

Author Contributions: Conceptualization, HM.K,, BM., G.G., S.J.L.,, RM.B. and L.J.W.; method-
ology, HM K., BM.,, G.G,, SJ.L.,, RM.B. and L.J.W.; validation, HM.K,, S.J.L., RM.B. and LJ.W,;
formal analysis, HM.K., S.J.L.,, RM.B. and L.].W.; data curation, HM.K., S.].L.,, RM.B. and L.J.W.;
writing—original draft preparation, HM.K,; writing—review and editing, S.J.L, RM.B., G.G., BM.
and L.J.W,; funding acquisition, HM.K.,, B.M., G.G., S.J.L. and L.J.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Cure Kids (#9518), The Wayne Francis Trust, Child Well-being
Research Institute, University of Canterbury, and the New Zealand Lottery Grants Board (#AP91256).

Institutional Review Board Statement: The study was conducted according to the guidelines
of the Declaration of Helsinki, and approved by the Upper South B Regional Ethics Committee
(URB/07/10/042).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.


https://www.mdpi.com/article/10.3390/children8040268/s1
https://www.mdpi.com/article/10.3390/children8040268/s1

Children 2021, 8, 268 13 of 15

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. Some restrictions may apply. The data are not publicly available due to
privacy and ethical concerns.

Acknowledgments: The authors wish to express their gratitude to the study participants and their
families for their time and participation in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bedene, A.; van Dorp, E.L.A.; Faquih, T.; Cannegieter, 5.C.; Mook-Kanamori, D.O.; Niesters, M.; van Velzen, M.; Gademan, M.G.J.;
Rosendaal, ER.; Bouvy, M.L,; et al. Causes and consequences of the opioid epidemic in the Netherlands: A population-based
cohort study. Sci. Rep. 2020, 10, 15309. [CrossRef] [PubMed]

Lam, T.; Kuhn, L.; Hayman, J.; Middleton, M.; Wilson, J.; Scott, D.; Lubman, D.I.; Smith, K.; Nielsen, S. Recent trends in heroin
and pharmaceutical opioid-related harms in Victoria, Australia up to 2018. Addiction 2020, 115, 261-269. [CrossRef] [PubMed]
Monnelly, V.J.; Hamilton, R.; Chappell, EM.; Mactier, H.; Boardman, J.P. Childhood neurodevelopment after prescription of
maintenance methadone for opioid dependency in pregnancy: A systematic review and meta-analysis. Dev. Med. Child Neurol.
2019, 61, 750-760. [CrossRef] [PubMed]

Morrow, P.L. The American opioid death epidemic—Lessons for New Zealand? NZ Med. ]. 2018, 131, 59-63.

Shipton, E.A. The opioid epidemic—A fast developing public health crisis in the first world. NZ Med. J. 2018, 131, 7-9.
Barrero-Castillero, A.; Morton, S.U.; Nelson, C.A.; Smith, V.C. Psychosocial stress and adversity: Effects from the perinatal period
to adulthood. Neoreviews 2019, 20, e686—696. [CrossRef] [PubMed]

Bergman, N.J.; Ludwig, R.J.; Westrup, B.; Welch, M.G. Nurturescience versus neuroscience: A case for rethinking perinatal
mother-infant behaviors and relationship. Birth Defects Res. 2019, 111, 1110-1127. [CrossRef] [PubMed]

Conradt, E.; Flannery, T.; Aschner, ].L.; Annett, R.D.; Croen, L.A.; Duarte, C.S.; Friedman, A.M.; Guille, C.; Hedderson, M.M.;
Hofheimer, J.A.; et al. Prenatal opioid exposure: Neurodevelopmental consequences and future research priorities. Pediatrics
2019, 144, €20190128. [CrossRef]

Lee, SJ.; Bora, S.; Austin, N.C.; Westerman, A.; Henderson, ].M.T. Neurodevelopmental outcomes of children born to opioid-
dependent mothers: A systematic review and meta-analysis. Acad. Pediatrics 2020, 20, 308-318. [CrossRef] [PubMed]

Lee, S.J.; Woodward, L.J.; Henderson, ]. M.T. Educational achievement at age 9.5 years of children born to mothers maintained on
methadone during pregnancy. PLoS ONE 2019, 14, e0223685. [CrossRef] [PubMed]

Levine, T.A.; Davie-Gray, A.; Kim, H.M.; Lee, S.J.; Woodward, L.J]. Prenatal methadone exposure and child developmental
outcomes in 2-year-old children. Dev. Med. Child Neurol. 2021. preprint. [CrossRef]

Oei, ].L.; Melhuish, E.; Uebel, H.; Azzam, N.; Breen, C.; Burns, L.; Hilder, L.; Bajuk, B.; Abdel-Latif, M.E.; Ward, M.; et al. Neonatal
abstinence syndrome and high school performance. Pediatrics 2017, 139, €20162651. [CrossRef] [PubMed]

Wouldes, T.A.; Woodward, L.J. Neurobehavior of newborn infants exposed prenatally to methadone and identification of
a neurobehavioral profile linked to poorer neurodevelopmental outcomes at age 24 months. PLoS ONE 2020, 15, e0240905.
[CrossRef]

Jaekel, J.; Kim, H.M.; Lee, S.J.; Schwartz, A.; Henderson, ]. M.T.; Woodward, L.J. Emotional and behavioral trajectories of 2 to 9
years old children born to opioid-dependent mothers. Res. Child Adolesc. Psychopathol. 2021. preprint. [CrossRef]

National Academy of Sciences (US); Shonkoff, ].P,; Phillips, D.A. (Eds.) Communicating and Learning. In Committee on Integrating
the Science of Early Childhood Development, Board on Children, Youth, and Families. From Neurons to Neighborhoods: The Science of Early
Childhood Development; National Academies Press (US): Washington, DC, USA, 2000; Chapter 6; pp. 124-162. Available online:
https:/ /www.nap.edu/read /10067 /chapter/4 (accessed on 5 March 2021).

Kuhl, PK. Early language acquisition: Cracking the speech code. Nat. Rev. Neurosci. 2004, 5, 831-843. [CrossRef] [PubMed]
Kuhl, PK. Brain Mechanisms in Early Language Acquisition. Neuron 2010, 67, 713-727. [CrossRef] [PubMed]

Morgan, P.L.; Hillemeier, M.M.; Farkas, G.; Hammer, C.S.; Maczuga, S. 24-month-old children with larger oral vocabularies
display greater academic and behavioral functioning at kindergarten entry. Child Dev. 2015, 86, 1351-1370. [CrossRef] [PubMed]
Network NECCR. Pathways to reading: The role of oral language in the transition to reading. Dev. Psychol. 2005, 41, 428—442.
[CrossRef] [PubMed]

Sparks, R.L.; Sparks, R.L.; Patton, J.; Patton, J.; Murdoch, A.; Murdoch, A. Early reading success and its relationship to reading
achievement and reading volume: Replication of ‘10 years later’. Read. Writ. 2014, 27, 189-211. [CrossRef]

Suggate, S.; Schaughency, E.; McAnally, H.; Reese, E. From infancy to adolescence: The longitudinal links between vocabulary,
early literacy skills, oral narrative, and reading comprehension. Cogn. Dev. 2018, 47, 82-95. [CrossRef]

Baldacchino, A.; Arbuckle, K; Petrie, D.].; McCowan, C. Neurobehavioral consequences of chronic intrauterine opioid exposure
in infants and preschool children: A systematic review and meta-analysis. BMC Psychiatry 2014, 14, 104. [CrossRef]

Hunt, RW,; Tzioumi, D.; Collins, E.; Jeffery, H.E. Adverse neurodevelopmental outcome of infants exposed to opiate in-utero.
Early Hum. Dev. 2007, 84, 29-35. [CrossRef] [PubMed]

Ornoy, A. The impact of intrauterine exposure versus postnatal environment in neurodevelopmental toxicity: Long-term
neurobehavioral studies in children at risk for developmental disorders. Toxicol. Lett. 2003, 140, 171-181. [CrossRef]


http://doi.org/10.1038/s41598-020-72084-6
http://www.ncbi.nlm.nih.gov/pubmed/32943678
http://doi.org/10.1111/add.14784
http://www.ncbi.nlm.nih.gov/pubmed/31465131
http://doi.org/10.1111/dmcn.14117
http://www.ncbi.nlm.nih.gov/pubmed/30511742
http://doi.org/10.1542/neo.20-12-e686
http://www.ncbi.nlm.nih.gov/pubmed/31792156
http://doi.org/10.1002/bdr2.1529
http://www.ncbi.nlm.nih.gov/pubmed/31148386
http://doi.org/10.1542/peds.2019-0128
http://doi.org/10.1016/j.acap.2019.11.005
http://www.ncbi.nlm.nih.gov/pubmed/31734383
http://doi.org/10.1371/journal.pone.0223685
http://www.ncbi.nlm.nih.gov/pubmed/31600325
http://doi.org/10.1111/dmcn.14808
http://doi.org/10.1542/peds.2016-2651
http://www.ncbi.nlm.nih.gov/pubmed/28093465
http://doi.org/10.1371/journal.pone.0240905
http://doi.org/10.1007/s10802-020-00766-w
https://www.nap.edu/read/10067/chapter/4
http://doi.org/10.1038/nrn1533
http://www.ncbi.nlm.nih.gov/pubmed/15496861
http://doi.org/10.1016/j.neuron.2010.08.038
http://www.ncbi.nlm.nih.gov/pubmed/20826304
http://doi.org/10.1111/cdev.12398
http://www.ncbi.nlm.nih.gov/pubmed/26283023
http://doi.org/10.1037/0012-1649.41.2.428
http://www.ncbi.nlm.nih.gov/pubmed/15769197
http://doi.org/10.1007/s11145-013-9439-2
http://doi.org/10.1016/j.cogdev.2018.04.005
http://doi.org/10.1186/1471-244X-14-104
http://doi.org/10.1016/j.earlhumdev.2007.01.013
http://www.ncbi.nlm.nih.gov/pubmed/17728081
http://doi.org/10.1016/S0378-4274(02)00505-2

Children 2021, 8, 268 14 of 15

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Ornoy, A.; Segal, J.; Bar-Hamburger, R.; Greenbaum, C. Developmental outcome of school-age children born to mothers with
heroin dependency: Importance of environmental factors. Dev. Med. Child Neurol. 2001, 43, 668—675. [CrossRef] [PubMed]
Salo, S.; Kivistd, K.; Korja, R.; Biringen, Z.; Tupola, S.; Kahila, H.; Kivitie-Kallio, S. Emotional availability, parental self-efficacy
beliefs, and child development in caregiver-child relationships with Buprenorphine-exposed 3-year-olds. Parent. Sci. Pract. 2009,
9, 244-259. [CrossRef]

Serino, M.A.D.; Peterson, M.D.B.S.; Rosen, M.D.T.S. Psychological functioning of women taking illicit drugs during pregnancy
and the growth and development of their offspring in early childhood. J. Dual. Diagn. 2018, 14, 158-170. [CrossRef]

Skovlund, E.; Handal, M.; Selmer, R.; Brandlistuen, R.E.; Skurtveit, S. Language competence and communication skills in
3-year-old children after prenatal exposure to analgesic opioids: Development after Prenatal Opioid Exposure. Pharmacoepidemiol.
Drug Saf. 2017, 26, 625-634. [CrossRef] [PubMed]

Skovlund, E.; Selmer, R.; Skurtveit, S.; Brandlistuen, R.E.; Handal, M. In utero exposure to analgesic opioids and language
development in 5-year old children. Pharmacoepidemiol. Drug. Saf. 2020, 29, 736-744. [CrossRef] [PubMed]

Baar, A.; Graaff, B.M.T. Cognitive development at preschool-age of infants of drug-dependent mothers. Dev. Med. Child Neurol.
1994, 36, 1063-1075. [CrossRef] [PubMed]

Beckwith, A.M.; Burke, S.A. Identification of early developmental deficits in infants with prenatal heroin, methadone, and other
opioid exposure. Clin. Pediatr. 2015, 54, 328-335. [CrossRef] [PubMed]

Konijnenberg, C.; Sarfi, M.; Melinder, A. Mother-child interaction and cognitive development in children prenatally exposed to
methadone or buprenorphine. Early Hum. Dev. 2016, 101, 91-97. [CrossRef] [PubMed]

Wiig, EH.S.W.; Semel, E. Clinical Evaluation of Language Fundamentals—Preschool UK: Examiners Manual;, The Psychological
Corporation: London, UK, 1992.

Davie-Gray, A.; Moor, S.; Spencer, C.; Woodward, L.J. Psychosocial characteristics and poly-drug use of pregnant women enrolled
in methadone maintenance treatment. Neurotoxicol. Teratol. 2013, 38, 46-52. [CrossRef] [PubMed]

Hans, S.L. Studies of prenatal exposure to drugs: Focusing on parental care of children. Neurotoxicol. Teratol. 2002, 24, 329-337.
[CrossRef]

Nair, P.; Schuler, M.E.; Black, M.M.; Kettinger, L.; Harrington, D. Cumulative environmental risk in substance abusing women:
Early intervention, parenting stress, child abuse potential and child development. Child Abus. Negl. 2003, 27, 997-1017. [CrossRef]
Kakko, J.; Heilig, M.; Sarman, I. Buprenorphine and methadone treatment of opiate dependence during pregnancy: Comparison
of fetal growth and neonatal outcomes in two consecutive case series. Drug Alcohol Depend. 2008, 96, 69-78. [CrossRef] [PubMed]
Soyka, M. Buprenorphine use in pregnant opioid users: A critical review. CNS Drugs 2013, 27, 653-662. [CrossRef] [PubMed]
Bernstein, V.J.; Hans, S.L. Predicting the developmental outcome of two-year-old children born exposed to methadone: Impact of
social-environmental risk factors. J. Clin. Child Psychol. 1994, 23, 349-359. [CrossRef]

Salo, S.; Politi, J.; Tupola, S.; Biringen, Z.; Kalland, M.; Halmesméki, E.; Kahila, H.; Kivitie-Kallio, S. Early development of
opioid-exposed infants born to mothers in buprenorphine-replacement therapy. J. Reprod. Infant Psychol. 2010, 28, 161-179.
[CrossRef]

Lean, R.E,; Pritchard, V.E.; Woodward, L.J. Child protection and out-of-home placement experiences of preschool children born to
mothers enrolled in methadone maintenance treatment during pregnancy. Child Youth Serv. Rev. 2013, 35, 1878-1885. [CrossRef]
Swanson, K.; Beckwith, L.; Howard, J. Intrusive caregiving and quality of attachment in prenatally drug- exposed toddlers and
their primary caregivers. Attach. Hum. Dev. 2000, 2, 130-148. [CrossRef] [PubMed]

Bingham, G.E.; Jeon, H.].; Kwon, K.A.; Lim, C. Parenting styles and home literacy opportunities: Associations with children’s
oral language skills. Infant Child. Dev. 2017, 26, €2020. [CrossRef]

Kingston, S.; Huang, K.Y.; Calzada, E.; Dawson-McClure, S.; Brotman, L. Parent involvement in education as a moderator of
family and neighborhood socioeconomic context on school readiness among young children: Parent involvement as a moderator
of school readiness. J. Community Psychol. 2013, 41, 265-276. [CrossRef]

Madigan, S.P.H.; Graham, S.A.; Rodrigues, M.; Anderson, N.; Khoury, J.; Jenkins, ].M. Parenting behavior and child language: A
meta-analysis. Pediatrics 2019, 144, €20183556. [CrossRef] [PubMed]

Anderson, L.M.; Shinn, C.; Fullilove, M.T.; Scrimshaw, S.C.; Fielding, J.E.; Normand, J.U.; Carande-Kulis, V.G.; Task Force on
Community Preventive Services. The effectiveness of early childhood development programs: A systematic review. Am. J. Prev.
Med. 2003, 24, 32-46. [CrossRef]

Nygaard, E.; Moe, V.; Slinning, K.; Walhovd, K.B. Longitudinal cognitive development of children born to mothers with opioid
and polysubstance use. Pediatr. Res. 2015, 78, 330-335. [CrossRef] [PubMed]

Cox, J.L.; Holden, J.M.; Sagovsky, R. Detection of postnatal depression: Development of the 10-item Edinburgh Postnatal
Depression scale. Br. |. Psychiatry. 1987, 150, 782-786. [CrossRef] [PubMed]

Etchell, A.; Adhikari, A.; Weinberg, L.S.; Choo, A.L.; Garnett, E.O.; Chow, H.M.; Chang, S.-E. A systematic literature review of sex
differences in childhood language and brain development. Neuropsychologia 2018, 114, 19-31. [CrossRef] [PubMed]

Poulson, R.; Moffitt, T.E.; Silva, P.A. The Dunedin Multidisciplinary Health and Development Study: Overview of the first 40
years, with an eye to the future. Soc. Psychiatry Psychiatr. Epidemiol. 2015, 50, 679-693. [CrossRef] [PubMed]

Totsika, V.; Sylva, K. The Home Observation for Measurement of the Environment Revisited. Child Adolesc. Ment. Health 2004, 9,
25-35. [CrossRef] [PubMed]


http://doi.org/10.1017/S0012162201001219
http://www.ncbi.nlm.nih.gov/pubmed/11665823
http://doi.org/10.1080/15295190902844563
http://doi.org/10.1080/15504263.2018.1468946
http://doi.org/10.1002/pds.4170
http://www.ncbi.nlm.nih.gov/pubmed/28168770
http://doi.org/10.1002/pds.5009
http://www.ncbi.nlm.nih.gov/pubmed/32383248
http://doi.org/10.1111/j.1469-8749.1994.tb11809.x
http://www.ncbi.nlm.nih.gov/pubmed/7958521
http://doi.org/10.1177/0009922814549545
http://www.ncbi.nlm.nih.gov/pubmed/25189695
http://doi.org/10.1016/j.earlhumdev.2016.08.013
http://www.ncbi.nlm.nih.gov/pubmed/27614330
http://doi.org/10.1016/j.ntt.2013.04.006
http://www.ncbi.nlm.nih.gov/pubmed/23639593
http://doi.org/10.1016/S0892-0362(02)00195-2
http://doi.org/10.1016/S0145-2134(03)00169-8
http://doi.org/10.1016/j.drugalcdep.2008.01.025
http://www.ncbi.nlm.nih.gov/pubmed/18355989
http://doi.org/10.1007/s40263-013-0072-z
http://www.ncbi.nlm.nih.gov/pubmed/23775478
http://doi.org/10.1207/s15374424jccp2304_1
http://doi.org/10.1080/02646830903219109
http://doi.org/10.1016/j.childyouth.2013.09.003
http://doi.org/10.1080/14616730050085527
http://www.ncbi.nlm.nih.gov/pubmed/11707907
http://doi.org/10.1002/icd.2020
http://doi.org/10.1002/jcop.21528
http://doi.org/10.1542/peds.2018-3556
http://www.ncbi.nlm.nih.gov/pubmed/31551396
http://doi.org/10.1016/S0749-3797(02)00655-4
http://doi.org/10.1038/pr.2015.95
http://www.ncbi.nlm.nih.gov/pubmed/25978800
http://doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/pubmed/3651732
http://doi.org/10.1016/j.neuropsychologia.2018.04.011
http://www.ncbi.nlm.nih.gov/pubmed/29654881
http://doi.org/10.1007/s00127-015-1048-8
http://www.ncbi.nlm.nih.gov/pubmed/25835958
http://doi.org/10.1046/j.1475-357X.2003.00073.x
http://www.ncbi.nlm.nih.gov/pubmed/32797621

Children 2021, 8, 268 15 of 15

52.

53.

54.

55.

56.

57.

Baron, R.M.; Kenny, D.A. The moderator-mediator variable distinction in social psychological research: Conceptual, strategic,
and statistical considerations. . Pers. Soc. Psychol. 1986, 51, 1173-1182. [CrossRef] [PubMed]

VanderWeele, T.; Vansteelandt, S. Mediation analysis with multiple mediators. Epidemiol. Methods 2014, 2, 95-115. [CrossRef]
[PubMed]

Alaedini, K.; Haddadi, K.; Asadian, L. A review of neurobehavioral challenges in children exposed prenatally to intrauterine
opioid. J. Pediatr. Rev. 2017, 5, €9234. [CrossRef]

Skumlien, M.; Ibsen, 1.O.; Kesmodel, U.S.; Nygaard, E. Sex differences in early cognitive development after prenatal exposure to
opioids. |. Pediatr. Psychol. 2020, 45, 475-485. [CrossRef] [PubMed]

Black, M.M.; Nair, P; Kight, C.; Wachtel, R.; Roby, P; Schuler, M. Parenting and early development among children of drug-abusing
women: Effects of home intervention. Pediatrics 1994, 94, 440-448. [PubMed]

Dawe, S.; Harnett, PH.; Rendalls, V.; Staiger, P. Improving family functioning and child outcome in methadone maintained
families: The Parents under Pressure programme. Drug Alcohol Rev. 2003, 22, 299-307. [CrossRef] [PubMed]


http://doi.org/10.1037/0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://doi.org/10.1515/em-2012-0010
http://www.ncbi.nlm.nih.gov/pubmed/25580377
http://doi.org/10.5812/jpr.9234
http://doi.org/10.1093/jpepsy/jsaa008
http://www.ncbi.nlm.nih.gov/pubmed/32324876
http://www.ncbi.nlm.nih.gov/pubmed/7936850
http://doi.org/10.1080/0959523031000154445
http://www.ncbi.nlm.nih.gov/pubmed/15385224

	Introduction 
	Materials and Methods 
	Study Participants 
	Procedure 
	Study Measures 
	Child Language Outcomes at Age 4.5 Years 
	Potential Prenatal Confounding Factors 
	Protective Postnatal Family and Environmental Factors 
	Early Childhood Education Center Attendance at Age 4.5 Years 

	Statistical Analysis 

	Results 
	Child Language Outcomes at Age 4.5 Years 
	Effects of Potential Confounding Factors 
	Role of Family and Environmental Factors 

	Discussion 
	References

