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Abstract

Recent research shows that preschool children born to opioid-dependent mothers are at

increased risk for cognitive, psychomotor, attention, and social-emotional adjustment prob-

lems. But very little is known about their school-age functioning, particularly their educational

achievement. This analysis examined the educational outcomes of a regional cohort of 100

prenatally methadone-exposed children who were prospectively studied from birth to age

9.5 years alongside a comparison group of 110 randomly identified non-exposed children

born between 2003 and 2008. At age 9.5, as part of a comprehensive neurodevelopmental

evaluation, children’s teachers rated their achievement across the school curriculum, and

children completed the Woodcock Johnson-III Tests of Achievement (WJ-III). Detailed infor-

mation about the birth mother’s social background, pregnancy substance use, and mental

health was also collected during pregnancy/at term. Infant clinical data were collected after

birth. Methadone-exposed children performed less well than non-exposed children across

seven school curriculum areas rated by teachers (ps�.001), performed less well than non-

exposed children on all reading and mathematics subtests of the WJ-III, and had higher

rates of any educational delay on the WJ-III (57% vs. 15%), OR = 7.47 (3.71–15.02).

Results were similar when children with severe intellectual impairment were excluded. After

adjusting for confounding factors, methadone-exposed children had increased odds of edu-

cational delay, but this was only marginally significant (OR = 3.62, [1.01–13.01], p = .049).

Maternal educational attainment level (OR = 0.69, [0.50–0.89], p = .006), and maternal ben-

zodiazepine use during pregnancy (OR = 2.70 [1.03–7.12], p = .044) were also associated

with later educational risk. Findings suggest that children born to opioid-dependent women

enrolled in methadone maintenance are at high risk of educational delay by age 9.5 years.

Children’s academic difficulties appeared to reflect the effects of both adverse prenatal

exposures and postnatal social risk.
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Introduction

The impact of the recent opioid epidemic on children and families is of growing concern, with

recent data suggesting that the risks associated with maternal opioid use during pregnancy

likely extend beyond neonatal abstinence syndrome (NAS) and other neonatal complications.

For example, data from a 4 ½ year follow-up study found that, at school entry, children born

to opioid-dependent mothers were at increased risk for a range of health and neurodevelop-

mental difficulties [1]. These spanned behavioural, attention, visual-motor, and cognitive

domains. Although the mechanisms that account for these adverse outcomes are likely to be

complex, these early findings do raise serious concerns about the possible long term challenges

that these children will face, especially as they transition to school and the demands of the

classroom [2, 3]. Yet almost nothing is known about the school-age functioning, especially the

educational achievement, of children born to opioid-dependent mothers.

During pregnancy, methadone maintenance treatment (MMT) is the most common treat-

ment approach for opioid-dependent women. At optimal doses, it reduces opioid craving and

withdrawal, thus reducing the risk of relapse to illicit opioid use [4]. MMT is also associated

with a reduced risk of negative maternal and infant health outcomes linked with maternal

illicit opioid abuse and which have significant impacts on maternal and infant well-being and

health service use [5–8]. But nonetheless, methadone does cross the placenta during pregnancy

[9, 10] resulting in high rates (45% to>90%) of NAS (also referred to as Neonatal Opioid

Withdrawal Syndrome or NOWS) after birth [11, 12]. Preterm birth and intrauterine growth

restriction are also more common [11, 13, 14], and have been linked with later cognitive and

learning difficulties [15–17]. There is also growing suggestion that prenatal exposure to opioids

may have adverse effects on the developing brain that persist into childhood. Term born neo-

nates whose mothers used opioids during pregnancy are characterized by reduced whole brain

and basal ganglia volumes compared to general population means at birth [18]. Microstruc-

tural alterations in white matter tracts have also been observed [19, 20]. But even more impor-

tantly, several small-scale studies suggest that these neurological changes continue to be

observed at school age [21, 22, 23], reinforcing existing concerns about the potential long term

cognitive and educational outcomes for these children.

In addition to possible neurological impacts, methadone-exposed (ME) children are also

more likely to be raised in psychosocially adverse and chaotic home environments when com-

pared to children born to non-drug-dependent mothers, with these family experiences com-

pounding educational risks. Studies have shown that maternal opioid dependence tends to

occur in the context of multiple psychosocial risk factors that include educational under-

achievement, financial instability, high rates of unemployment and single parenthood, and

ongoing maternal substance use and comorbid mental health problems [24–27].

To date, only one small-scale, and somewhat dated (25-year-old), retrospective study has

assessed the reading and mathematics achievement of school-age children born to mothers

maintained on methadone during pregnancy [28]. They found no differences between ME

and non-ME children on a standardized achievement measure. However several limitations

suggest these results should be interpreted cautiously. Importantly, the small sample size

(n = 20) limited the statistical power to detect between-group effects. The exposed and com-

parison groups were also matched for low socioeconomic status (SES) and neonatal risk (pre-

term birth, growth restriction) which, whilst helpful in controlling for background risk factors,

does make it difficult to accurately determine the full extent of ME children’s educational risk

relative to the general population.

Although a better understanding of the educational needs of children born to mothers who

were maintained on methadone during pregnancy is clearly needed, findings from other
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studies of opioid-exposed groups lend further support to concerns about the potential poorer

academic achievement of these children. A population data linkage study by Oei et al. (2017)

examined the school curriculum-based achievement of children with a NAS diagnosis [29]

and found that across middle childhood, they obtained poorer numeracy and literacy scores

than demographically matched children without NAS. Associations between NAS and later

educational delay remained significant after covariate adjustment for infant (male, preterm

birth) and socio-familial factors (young motherhood, low parental educational attainment,

ethnic minority) [29]. However, due to the reliance on medical records to identify the partici-

pants in this study, the authors were unable to accurately take account of the extent of other

illicit substances during pregnancy. Also unclear was the extent to which children were subject

to co-occurring or pervasive educational problems. Importantly, reading and mathematics dif-

ficulties often co-occur, and children who are affected in both of these academic domains typi-

cally have a more problematic educational trajectory than children with difficulty in one, or

neither, domains [30–32].

Oei and colleagues’ findings are in some agreement with the results of Ornoy et al., (2001),

who found large differences between the standardized reading and mathematics test perfor-

mance of children who were born to heroin-addicted mothers, and a group of control children

from average SES families [33]. Of interest, smaller differences in reading and mathematics

scores were found when exposed children who were adopted into average SES families were

compared with the controls, indicating that growing up in a more advantaged family environ-

ment may potentially help ameliorate some of the negative impacts of prenatal opioid exposure

on children’s educational achievement. However, this study was also limited by a small sample,

retrospective design, and no adjustment for covariate factors.

Against this background, the key aims of the current study were:

1. To describe the educational achievement of a cohort of 9.5-year-old ME children compared

to a regionally representative non-ME group. Educational achievement was assessed using

a multi-method approach that included teacher report and independent standardized edu-

cational testing.

2. To assess the extent to which any between-group differences in educational achievement

reflected the direct effects of prenatal methadone exposure after adjustment for confound-

ing factors spanning other prenatal substance exposures, infant medical risks, and maternal

social background factors.

Materials and methods

Study design and participants

This study draws data from a prospective longitudinal study of two groups of children born in

Christchurch, New Zealand. All mothers were recruited during their third trimester of preg-

nancy, or at birth, between 2003 and 2008. Exclusion criteria across both groups included very

preterm birth (�32 weeks), congenital abnormality, HIV diagnosis, suspected fetal alcohol

syndrome, intent to deliver outside the region, maternal inability to provide informed consent,

and non-English speaking mother. A detailed description of the study cohort recruitment pro-

cedure is provided in an earlier publication [25].

Methadone-exposed group. The first group comprised 100 children who were born con-

secutively to opioid-dependent mothers enrolled in MMT during pregnancy. All ME infants

were born at Christchurch Women’s Hospital, the largest maternity care provider in the Can-

terbury region of New Zealand. The 100 ME infants and their mothers who were successfully
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recruited to the study represented 83% of all ME infants born in the Canterbury region during

that time period. There were 85 ME child-caregiver dyads who participated in the study at age

9.5 years (85% retention). Reasons for participant loss to age 9.5 included declined participa-

tion (n = 11) and infant death (n = 4). One additional child could not complete the educational

measures due to severe neurodevelopmental delay, and therefore this paper reports educa-

tional achievement data for 84 ME children. There were no differences between the partici-

pants and non-participants on any maternal psychosocial or infant clinical characteristics.

Non-exposed comparison group. The second group comprised 110 non-ME children

whose mothers were identified at random from the delivery schedule of Christchurch Wom-

en’s Hospital. Control participants were born during the same time period and matched for

expected birth date with children in the ME group (65% recruitment rate). Comparison of the

socioeconomic profile of the recruited comparison families with regional census data showed

that they were representative of families living in the region [34]. At age 9.5, 99 non-ME child-

caregiver dyads were followed up (90% retention). Reasons for participant loss to age 9.5 years

included declined participation (n = 5), relocation overseas (n = 3) and were subsequently

excluded from analysis due to congenital anomaly or neurological disorder and severe neuro-

developmental delay (n = 3). There was a significantly higher proportion of children with

mothers who had no educational qualifications among the non-participants, compared to the

participants (p = .004).

Procedure

Current study data were drawn from two time points: late pregnancy/birth and at age 9.5

years. During the third pregnancy trimester or at birth, all mothers provided informed consent

to participate in the study, and a senior research nurse specialist administered a maternal psy-

chosocial interview about each woman’s personal background, pregnancy nutrition, mental

health, substance use/dependence, and current social and economic circumstances. In addi-

tion, maternal urine samples were collected at random across pregnancy, and infant meco-

nium samples were collected at birth. Approximately 6 weeks following the child’s 9th

birthday, all children and their primary caregivers were invited to attend a comprehensive

neurodevelopmental follow-up assessment that included standardized reading and mathemat-

ics achievement tests. All measures were administered in a laboratory setting by clinical

research staff and graduate students who were blinded to the children’s group status where

possible. Children’s classroom teachers were then sent a questionnaire about their school

achievement and special education involvement. Teachers were not informed about the design

of the study, and were therefore blinded to the child’s prenatal history. Ethical approval for the

current study measures and procedures was obtained from the Southern Health and Disability

Ethics Committee (Reference: URB/07/10/042). Caregivers who participated in the study pro-

vided written informed consent, and children who participated provided oral assent. Below is

a description of the educational outcome measures at age 9.5 years, followed by a description

of the covariate measures collected during pregnancy/at birth.

Measures

Educational achievement at 9.5 years. Teacher ratings of achievement. Teachers were

asked to rate each child’s achievement across eight curriculum domains including reading,

mathematics, written language, spoken language, art, physical education, health, and technol-

ogy [35]. For each domain, teachers indicated whether the child was: (1) more than 12-months

delayed, (2) below average, (3) average, (4) above average, or (5) more than 12-months ahead

relative to their classroom peers. For the current study we created a dichotomous variable
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indicating whether or not a child had delayed school performance, i.e. whether they were

achieving either below average or more than 12-months delayed vs. those performing average

to more than 12-months ahead, in each curriculum area.

Standardized achievement tests. Children completed six subtests from the standardized

Woodcock Johnson-III Tests of Achievement (WJ-III) Form B, Australian adaptation [36].

The Broad Reading subtests were Letter-Word Identification, Reading Fluency, and Passage

Comprehension, to measure children’s reading decoding skills, speed and accuracy, and read-

ing understanding. The Broad Math subtests were Calculation, Math Fluency, and Applied

Problem Solving, to measure children’s mathematical computation skills, speed and accuracy

in solving basic operations, and problem solving ability. The six achievement subtests have

strong internal consistency reliabilities ranging from α = 0.83 – 0.92 [36]. The WJ-III also has

good concurrent validity, correlating well with other validated achievement tests [37].

Educational delay. We defined an educational delay in reading and mathematics as a

WJ-III score –1 SD below the comparison group mean. This corresponds to around a

12-month achievement delay, which is when, regardless of their general intellectual ability

(IQ), children are considered for enrolment in special education services in New Zealand. This

cut-point is also commonly used to define impairment amongst at-risk groups compared to

their typically developing peers [16, 38]. To examine delay severity, children with WJ-III scores

from –1 to –2 SDs below the comparison group mean were classified as having a mild delay,

whereas those with scores more than –2 SDs lower than the comparison mean were classified

as having a severe delay.

Specific learning delay. We examined rates of specific reading or mathematics delay using

a low achievement criterion. Children with a specific reading or mathematics delay were those

with a WJ-III score –1 SD below the comparison group mean that was not due to severe intel-

lectual impairment. Children with severe intellectual impairment were identified in the cur-

rent study using a cut-point of –2 SD below the comparison group mean on the Wechsler

Abbreviated Scale of Intelligence–Second Edition (WASI-II) [39]. The WASI-II consists of

four subtests that assess perceptual reasoning (Block Design, Matrix Reasoning) and verbal

comprehension (Vocabulary, Similarities) to provide an estimation of each child’s IQ. These

subtests have excellent internal consistency coefficients exceeding .90, with average internal

consistency and test-retest reliability coefficients of greater than .92 for the total IQ estimate

[40, 41]. The WASI-II has good concurrent validity, correlating well (.91 to .92) with other val-

idated full-length intelligence measures [40]. There were 18 ME children and 2 non-ME chil-

dren who met criteria for a severe intellectual impairment (IQ score�80), and were therefore

excluded from the specific learning delay (SLD) analysis.

Special education. Both caregivers and teachers were questioned about each child’s access

and use of special education assistance at school (e.g. teacher aide, individual education plan).

For eligible children, special education is free in New Zealand. In the first instance, learning

and/or behaviour support is provided by an in-class teacher aide on a priority-needs basis.

Two other higher-tiered government-funded services are also available to 2% and 1% of the

New Zealand school population with moderate/severe learning and/or behaviour problems, or

exceptionally high learning needs and other behavioural/physical problems, respectively. New

Zealand’s inclusive education system prioritises children remaining in their mainstream class-

rooms to continue learning alongside their typically developing peers. Therefore, it is very rare

for children to repeat a grade/school year or be placed in a special school/classroom.

Covariate measures. Maternal pregnancy substance use. Maternal substance use was

determined through (1) maternal interview, (2) random maternal urine sampling throughout

pregnancy, and (3) infant meconium sampling after birth. First, methadone-maintained and

comparison mothers were interviewed in confidence during their third trimester/at term

Educational achievement of prenatally methadone-exposed children
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about their substance use and dependence across pregnancy. Detailed information was

obtained regarding the frequency and amount of prenatal tobacco, alcohol, cannabis, benzodi-

azepine, anti-depressant, stimulant and additional opioid use during each pregnancy trimester.

Use of the latter five substances was confirmed through random maternal urinary drug screens

that were obtained over the course of pregnancy for the mothers enrolled in MMT only, and

through meconium samples that were obtained from most ME infants (81%) and close to half

of the comparison infants at birth. The extent of children’s prenatal polysubstance exposure

was also estimated from the three independent measures of maternal substance use during

pregnancy. This polysubstance use score reflects the extent of maternal substance use (number

and quantity of different substances used) during pregnancy, as previously described [1].

Maternal social risk. All mothers completed a comprehensive maternal lifestyles interview

during their third trimester of pregnancy or at birth. Five maternal social risk indicators were

obtained. These included maternal age, partner status (single, partner not cohabiting, partner

cohabiting, married), ethnicity (New Zealand European, Māori, Pacific Islander, Asian or Afri-

can), educational attainment level (1 to 6, with 1 = left school before age 16 with no qualifica-

tions, 2 = any secondary qualification [i.e. completed US 10th or 11th grade], 3 = further

secondary qualification [i.e. US high school diploma], 4 = secretarial/trade qualification,

5 = professional qualification without a degree, and 6 = university degree), and socioeconomic

status (1 to 7, with 1–2 = professional/managerial, 3–4 = technical/skilled, 5–6 = semi- and

unskilled work, and 7 = unemployed) [42]. These variables were considered both individually,

and as a composite social risk index [1], where each variable was dichotomized and summed

so that higher scores indicated greater social risk.

Maternal depression. Maternal depression was assessed during the third trimester or at

birth using the Edinburgh Postnatal Depression Scale (EPDS) [43]. The EPDS is a 10-item

questionnaire, with statements including “I have felt sad or miserable” and “I have been so

unhappy that I have been crying”. Statements were rated by participants on a 4-point scale,

with reference to their depressive symptomology over the past 2 weeks. Higher total scores

indicated greater depressive symptomology. A cut-off score of�13 on the EPDS is reported to

have adequate sensitivity (79%) and specificity (85%) for identifying depression [44].

Infant clinical data. These data were obtained from hospital records and included infant

sex, gestational age, birth weight, birth length, and birth head circumference. The birth weight,

length, and head circumference measurements were then transformed to z-scores that adjusted

for infant sex and gestational age.

Statistical analyses

Analyses were performed using SPSS v.25. T-tests and chi square tests for independence were

used to examine between-group differences in each educational outcome, with Cohen’s d or

odds ratios giving a measure of effect size. Confidence intervals for Cohen’s d were calculated

using ESCI [45]. This analysis was done including and excluding children with severe intellec-

tual impairment to assess the extent to which any observed group differences might reflect the

influence of these high risk children. Sex differences in children’s educational achievement,

independent of study group, were examined using logistic regression for teacher ratings of

achievement and two-way between-groups analysis of variance for children’s WJ-III scores.

Interaction effects between study group and sex were also examined. Finally, logistic regression

analysis was performed to examine the extent to which educational delay at age 9.5 years was

associated with prenatal methadone exposure and/or associated prenatal substance exposures,

infant medical risks, and maternal social background factors. A confounder was initially

selected for use in the regression model if: (a) there was a significant between-group difference

Educational achievement of prenatally methadone-exposed children
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on that variable indicating its association with maternal enrolment in MMT during pregnancy

(see Table 1), and/or (b) based on previous research and theory linking the confounder to chil-

dren’s educational achievement. Variables that were significantly correlated with educational

delay (p< .05) were included in the models. These were maternal educational attainment

level, any maternal use of cigarettes, benzodiazepines, alcohol, or cannabis during pregnancy,

and maternal depression score at term. Maternal SES was also associated with children’s edu-

cational delay. However, because of its high correlation with both methadone status and

maternal educational achievement, and the greater theoretical importance of maternal educa-

tion for child school achievement, this variable was selected for inclusion in the model over

family SES. There were no significant correlations between educational delay and any of the

Table 1. Sample characteristics.

Methadone

(N = 85)

Comparison

(N = 99)

p

Maternal prenatal substance use

M (SD) third trimester methadone dose 64.49 (32.40) - -

M (SD) polysubstance use score 6.02 (2.44) 0.80 (1.11) < .001

% any cigarette use 91 16 < .001

% any cannabis use 52 1 < .001

% any benzodiazepine use 53 1 < .001

% any anti-depressant use 33 25 0.33

% any alcohol use 21 19 0.88

% any illicit opioid use 26 - -

% any stimulant use 21 - -

Maternal social background at term

M (SD) total Social Risk score 2.56 (0.96) 0.76 (1.23) < .001

% low family SES 93 24 < .001

% left school without qualifications 82 17 < .001

% single parent (not married or cohabiting) 52 10 < .001

% young mother (< 21 years) 4 5 0.89

% ethnic minority 26 19 0.28

M (SD) maternal depression score at term 12.04 (6.48) 5.11 (4.77) < .001

Infant characteristics

M (SD) birth weight z-score -0.45 (0.75) 0.15 (0.91) < .001

M (SD) birth length z-score 0.21 (1.14) 0.95 (1.12) < .001

M (SD) birth head circumference z-score -0.31 (0.88) 0.22 (0.92) < .001

M (SD) gestational age, weeks 38.84 (1.7) 39.19 (1.7) 0.16

% preterm (<36 weeks) 9 8 0.96

% NAS treatment 87 - -

% male sex 58 47 0.17

Caregiver characteristics at 9.5 year assessment

% biological mother was primary caregiver 54 99 < .001

M (SD) caregiver age 45.28 (10.30) 41.41 (5.40) .001

% low family SES 84 19 < .001

% single parent (not married or cohabiting) 60 13 < .001

% ethnic minority 18 21 0.57

Child characteristics

M (SD) age at 9.5-year assessment 9.64 (0.40) 9.51 (0.34) .02

M (SD) IQ score at age 9.5 years 93.83 (14.35) 108.33 (13.88) < .001

https://doi.org/10.1371/journal.pone.0223685.t001
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infant clinical factors, and so these were not regressed in the final model. Finally, we assessed

whether there were any interaction effects between group status and the significant covariates

in the model.

Results

Sample characteristics

Table 1 describes the family social background, pregnancy exposures, and infant medical char-

acteristics of the two study groups. Compared with infants born to non-opioid-dependent

mothers, the mothers of ME children were more likely to engage in polysubstance use/abuse

during their pregnancies, with their scores indicating that they more frequently used a wider

range of different substances than comparison group mothers. Children born to mothers in

MMT were also characterized by higher levels of family social risk, with the majority born into

a lower SES family where their mothers had left school before age 16, and where they were

being raised in a single parent family. There was no group difference in maternal age at birth

or minority ethnic background (Māori, Pacific Islander, African, and Asian). ME and non-ME

infants had a similar mean gestational age at birth, however ME infants were born smaller for

their gestational age and sex, as indicated by their lower birth weight, length, and head circum-

ference z scores. In total, 87% of ME infants were treated pharmacologically for NAS. There

was no difference in the proportion of male and female children in each study group.

At the age 9.5 assessment, just over half of the ME children remained in the care of their

biological mother. At age 9.5, a higher proportion of children in the ME group were being

raised in families characterised by low SES and single parenthood than children in the compar-

ison group. At the time of their 9.5-year assessment children in the ME group were slightly

older than children in the non-ME comparison group. Finally, ME children’s mean IQ score

was significantly lower than the non-ME children’s.

Educational achievement at 9.5 years

Teacher ratings of achievement. At age 9.5 years, all of the comparison children and 95%

of the ME children were attending mainstream primary (elementary) schools. As shown in

Table 2, ME children were significantly more likely to be rated by their classroom teacher as

being delayed compared to their non-ME peers in a range of subject areas. These spanned

reading, mathematics, written and spoken language, health, art, and technology, with relative

Table 2. Teacher ratings of children’s achievement across the school curriculum.

School curriculum domain Methadone

(N = 83) a
Comparison

(N = 97) b
p Odds ratio

(95% CI) c

% delayed reading 52 14 < .001 6.37 (3.13–12.98)

% delayed math 55 16 < .001 6.80 (3.37–13.70)

% delayed written language 65 20 < .001 7.64 (3.89–15.01)

% delayed expressive language 33 9 < .001 4.71 (2.07–10.76)

% delayed health 31 8 < .001 5.08 (2.15–11.98)

% delayed art 33 12 .001 3.42 (1.60–7.30)

% delayed technology 30 9 < .001 4.22 (1.84–9.67)

% delayed physical education 27 16 .07 1.97 (0.95–4.11)

a One parent did not give permission to contact teacher.
b Two non-ME children’s teachers failed to complete the questionnaire.
c CI = confidence interval.

https://doi.org/10.1371/journal.pone.0223685.t002
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risks ranging from 2.8 to 3.9, and ORs from 3.4 to 7.6. The one subject exception was physical

education, for which a similar proportion of ME and non-ME children were rated by their

teachers as being delayed (OR = 1.97 [0.95–4.11]). Within the ME group, 78% (n = 65) were

rated as delayed in at least one academic skill area, and 53% (n = 44) as delayed in three or

more areas.

Standardized reading and mathematics achievement. Children’s performance on the

WJ-III in the clinic setting is shown in Table 3. Consistent with their teacher-rated achieve-

ment at school, ME children obtained significantly lower standardized test scores than non-

ME children. Their WJ-III reading and mathematics subtest scores, and their overall Broad

Reading and Math scores, were between –0.72 and –1.03 SDs lower than non-ME children’s

scores. For reading, ME children scored below non-ME children by 16.4 standard points in

Letter-word Identification, 13.2 points in Reading Fluency, and 12.2 points in Passage Com-

prehension. For mathematics, ME children scored below non-ME children by 16.2 standard

points in Calculation, 10.8 points in Math Fluency, and 13.5 points in Applied Problem

Solving. These results indicate significant pervasive achievement gaps between ME and non-

ME children, and collectively demonstrate that the ME children were, on average, almost

12-months behind the non-ME children in terms of reading and mathematics skill attainment.

Educational delay. Whilst the above results clearly suggest that children born to opioid-

dependent mothers enrolled in MMT during pregnancy have, on average, lower achievement

than non-ME children, they do not indicate the extent of serious educational delay amongst

this vulnerable group. Table 4 shows the percentage of ME and non-ME children meeting cri-

teria for an educational delay (a score –1 SD below the comparison group mean) in reading

and/or mathematics on the WJ-III. As shown, ME children were 4 and 4.5 times more likely

than non-ME children to be subject to reading (OR = 6.30 [2.94–13.47]) or mathematics delay

Table 3. Performance on the Woodcock-Johnson Tests of Achievement (WJ-III).

WJ-III domain Methadone

(N = 84)

Comparison

(N = 99)

p d (95% CI) a

M (SD) Broad Reading 87.74 (19.80) 104.35 (14.35) < .001 0.97 (0.67–1.28)

M (SD) Letter-word ID 92.11 (19.33) 108.54 (14.24) < .001 0.98 (0.67–1.29)

M (SD) Reading Fluency 87.56 (18.19) 100.76 (16.21) < .001 0.77 (0.47–1.07)

M (SD) Passage Comp. 87.21 (15.60) 99.45 (9.60) < .001 0.96 (0.65–1.27)

M (SD) Broad Math 86.80 (18.37) 103.03 (15.42) < .001 0.96 (0.66–1.27)

M (SD) Calculation 82.14 (17.44) 98.31 (14.14) < .001 1.03 (0.72–1.34)

M (SD) Math Fluency 86.85 (14.73) 97.65 (15.44) < .001 0.72 (0.41–1.02)

M (SD) Applied Problems 93.06 (17.13) 106.53 (12.34) < .001 0.91 (0.61–1.21)

a d = Cohen’s d estimate of effect size,

CI = confidence interval.

https://doi.org/10.1371/journal.pone.0223685.t003

Table 4. Educational delay on the WJ-III.

WJ-III domain Methadone

(N = 84)

Comparison

(N = 99)

p Odds ratio

(95% CI) a

% reading delay 44 11 < .001 6.30 (2.94–13.47)

% mathematics delay 45 10 < .001 7.35 (3.36–16.07)

% any educational delay 57 15 < .001 7.47 (3.71–15.02)

a CI = confidence interval.

https://doi.org/10.1371/journal.pone.0223685.t004
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(OR = 7.35 [3.36–16.07]). Overall, 57% vs. 15% were subject to any educational delay (i.e. read-

ing and/or mathematics delay) (OR = 7.47 [3.71–15.02]).

Fig 1 shows children in each group classified according to the severity of their educational

delay in reading and mathematics. ME children had significantly higher rates of both mild and

severe reading delay on the WJ-III than non-ME children (21% vs. 7% and 23% vs. 4%, χ2 =

26.02, p< .001). They also had significantly higher rates of mild and severe mathematics delay

(25% vs. 6% and 20% vs. 4%, χ2 = 29.04, p< .001).

Fig 2 shows the extent to which children in both study groups were at risk of significant

delay in reading, mathematics, or both. As shown, co-occurring (reading and mathematics)

delay was relatively common in both groups. Although, rates of co-occurring educational

delay remained somewhat higher in the ME group, with more than half (56%) of the ME chil-

dren with at least one affected educational domain subject to learning delays or difficulties in

the other domain, compared to 40% of the non-ME children.

Special education. ME children were 4 times more likely than non-ME children to be

receiving support from a special education service at school (36% vs. 9%, p< .001; OR = 5.56

[2.45–12.59]). In-class teacher aide assistance was the predominant special education support

received by children in both groups.

Supplementary analyses. Educational outcomes excluding children with a severe intel-

lectual impairment (IQ�80). As demonstrated in S1 Table, when the rates of teacher-rated

achievement delay were examined excluding children with a severe intellectual impairment,

between-group differences were attenuated, but relative risks (2.3–3.1) and odds ratios (2.6–

5.3) nonetheless remained significantly different.

As demonstrated in S2 Table, the effect sizes for the WJ-III reading and mathematics

scores were also attenuated somewhat with the exclusion of children with a severe intellectual

impairment. However, all between-group differences remained significant (p< .01), and the

magnitude of these differences still ranged from moderate to large (–0.49 to –0.79 SDs).

Rates of SLD were also examined by calculating rates of WJ-III delay excluding children

with a severe intellectual impairment. As shown in S3 Table, ME children’s risk for a reading

SLD was 2.9 times greater than non-ME children’s (OR = 3.65 [1.62–8.23]). Their risk for a

mathematics SLD was 3.2 times greater than non-ME children’s (OR = 4.06 [1.76–9.35]). ME

Fig 1. Rates of mild and severe reading and mathematics delay amongst methadone-exposed and comparison

children.

https://doi.org/10.1371/journal.pone.0223685.g001
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children’s risk for having any SLD was 2.9 times greater than non-ME children’s, with 46% vs.

16% having a reading and/or a mathematics SLD (OR = 4.56 [2.19–9.48]). Similar to the results

using the full sample, ME children had significantly higher rates of both mild and severe read-

ing (21% vs. 7% and 11% vs. 4%, χ2 = 10.47, p = .005) and mathematics (24% vs. 6% and 8% vs.

4%, χ2 = 12.58, p = .002) SLDs than non-ME children (S1 Fig).

After the exclusion of children with a severe intellectual impairment, children in the ME

group were still 3 times more likely to be receiving special education support (27% vs. 9%, p =

.002; OR = 3.67 [1.53–8.79]).

Sex differences. An examination of sex differences in teacher ratings of delay across the

school curriculum showed that teachers were more likely to rate boys as having delayed

achievement across the domains of reading (OR = 2.82 [1.37–5.78], p = .005), written language

(OR = 4.81 [2.30–10.08, p< .001), art (OR = 7.48 [2.89–19.32], p< .001), health (OR = 2.55

[1.10–5.89], p = .03), and technology (OR = 3.73 [1.55–8.99]), p = .003). There were no signifi-

cant sex differences in teacher ratings of achievement in mathematics (OR = 1.84 [0.92–3.68],

p = .08), spoken language (OR = 1.5 [0.68–3.23], p = .32), or physical education (OR = 1.25

[0.60–2.61], p = .55). One significant main effect of sex on WJ-III achievement was found.

This was for the Reading Fluency subtest, and therefore the overall Broad Reading score, with

girls in both groups obtaining higher scores than boys on this measure, F(1, 178) = 12.38, p =

.001. Nonetheless, boys were no more likely than girls to be classified as having a WJ-III read-

ing or mathematics delay. Boys were also found to be more likely than girls to have any special

education involvement (OR = 6.01 [2.40–15.04]). No interaction effects between study group

and sex were found.

Covariate analyses. The bivariate analyses performed thus far indicated that ME children

had poorer educational outcomes relative to their non-ME peers. The aim of the next stage of

Fig 2. Patterns of co-occurring reading and mathematics delay amongst methadone-exposed and comparison

children on the WJ-III.

https://doi.org/10.1371/journal.pone.0223685.g002

Educational achievement of prenatally methadone-exposed children

PLOS ONE | https://doi.org/10.1371/journal.pone.0223685 October 10, 2019 11 / 20

https://doi.org/10.1371/journal.pone.0223685.g002
https://doi.org/10.1371/journal.pone.0223685


the analysis was therefore to assess the extent to which prenatal methadone exposure predicted

the likelihood of educational delay following adjustment for the confounding effects of other

prenatal substance exposures, infant medical risks, and maternal social background factors

measured at term. The variable “any educational delay”, representing either a WJ-III reading

and/or mathematics delay was chosen as the dependent variable given that: a) the standardized

measure was considered a more reliable achievement measure than the teacher’s ratings, and

b) was chosen in place of the continuous WJ-III Broad Reading and Math scores given that

pervasive delay was common.

As shown in Table 5 (step 2), being born to a mother maintained on methadone during

pregnancy remained significantly associated with having an educational delay at age 9.5 fol-

lowing adjustment for confounding factors. However, this association was substantially atten-

uated and remained only marginally significant, with ME children’s odds of educational delay

decreasing from 7.5 to 3.6 (p = .049). Other factors that were found to be associated with chil-

dren’s increased odds for educational delay included maternal educational attainment level,

(OR = 0.69, [0.50–0.89], p = .006), and any maternal use of benzodiazepines during pregnancy

(OR = 2.70 [1.03–7.12], p = .044). The association between educational delay and any maternal

use of alcohol during pregnancy was marginal (OR = 2.47 [0.99–6.15], p = .052).

Discussion

This is the first prospective longitudinal study to examine the educational outcomes of

9.5-year-old children born to opioid-dependent mothers enrolled in MMT during pregnancy.

We examined methadone-exposed and non-exposed children’s educational outcomes using a

multi-method approach that combined ecologically based teacher report with independent

standardized testing of children’s academic achievement and their risks of educational delay

across the school curriculum. An additional issue of interest was whether ME children were at

increased risk for poor educational outcomes when we excluded those children with severe

intellectual impairment from our analysis. Further, we assessed the extent to which male

ME children might perform less well on educational measures than their female peers. Finally,

the extent to which the association between prenatal methadone exposure and children’s later

risk of educational delay was potentially explained by a range of confounding factors was

examined.

Findings showed that children born to mothers enrolled in MMT during pregnancy had

poorer outcomes on all educational measures compared to a regional cohort of their non-ME

Table 5. Summary of Logistic regression analysis for confounding factors associated with educational delay

(0 = no delay, 1 = delay).

Variable B (SE) p Odds ratio

(95% CI)

Step 1. Unadjusted

Methadone group status 2.01 (0.36) < .001 7.47 (3.71–15.02)

Step 2. Adjusted for confounding factors

Methadone group status 1.29 (0.65) .049 3.62 (1.01–13.01)

Maternal educational underachievement -0.40 (0.15) .006 0.69 (0.50–0.89)

Prenatal benzodiazepine use 0.99 (0.49) .044 2.70 (1.03–7.12)

Prenatal alcohol use 0.90 (0.47) .052 2.47 (0.99–6.15)

Prenatal cigarette use -0.51 (0.60) .391 0.60 (0.19–1.93)

Prenatal cannabis use -0.28 (0.49) .571 0.76 (0.29–1.98)

Maternal depression score at term -0.02 (0.03) .626 0.99 (0.93–1.05)

https://doi.org/10.1371/journal.pone.0223685.t005
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peers. With the exception of physical education, teachers reported that children in the ME

group were at much higher risk than non-ME comparison children of performing below aver-

age expected levels. That is, they were more than 12-months behind their same-age peers on

each of the New Zealand curriculum domains of reading, mathematics, written and spoken

language, art, and technology. The non-significant finding with respect to physical education

may reflect that achievement in physical education typically does not require the literacy and

numeracy skills that achievement in the other academic domains demands, particularly at

lower levels of the curriculum [35].

In line with teacher observations, ME children were at increased risk of performing less

well on the reading and mathematics subtests of the WJ-III Tests of Achievement. Specifically,

they had, on average, acquired fewer reading skills including reading decoding, fluency and

comprehension skills than non-exposed children of the same age from the same geographical

region. Similarly, they had acquired fewer mathematics skills including basic calculation,

mathematical fluency, and problem solving skills. The clinical importance of these findings

was highlighted by the large magnitude of the group differences on each of the WJ-III subtests.

In addition, ME children were at least 4 times more likely to be classified as having a reading

and mathematics delay on that measure.

The current study findings are in accordance with those of two studies that have examined

the educational achievement of children with prenatal opioid exposure. In a recent population

data linkage study, it was found that children who were treated pharmacologically for NAS

achieved significantly lower scores in school-based reading, writing, grammar, spelling and

mathematics tests compared to demographically matched controls [29]. A history of NAS was

associated with a two-fold increase in risk for having ever had delay on one of these achieve-

ment domains from age 9 to 15 years. Similarly, results from a smaller retrospective study

showed that children born to, and raised by, heroin-addicted mothers performed more poorly

on standardized reading and mathematics tests than comparison control children.

Extending these findings, we also examined the severity of children’s educational delay on

the WJ-III. We assessed the proportion of children with mild (–1 SD to –2 SD) as well as severe

(more than –2SDs) reading and mathematics delays. Even when using the more stringent cut-

off score of more than –2SDs or lower relative to the comparison mean, ME children’s risk for

a reading or mathematics severe delay was over 5 times that of the comparison group’s. Also

important to note is that these rates of delay in the ME group may even be underestimated,

due to the exclusion of other very high risk children, such as those born very preterm or with

fetal alcohol syndrome, at the study outset.

It was also of interest to examine the proportion of children with difficulty or delay in both

reading and mathematics, as these children may be at risk for a worse educational outlook

than children with difficulty in only one, or neither, of these academic domains [30–32]. The

high-risk nature of the ME group was further highlighted by their elevated rates of educational

comorbidity (56% vs. 40%), particularly given that a much larger proportion of the ME group

than the comparison group (children with at least one affected educational domain) was repre-

sented in this analysis.

Unsurprisingly, a larger proportion of ME children were enrolled in special education ser-

vices at school, reflecting their greater educational and learning support needs. Importantly, our

special education utilisation results also revealed that at least 21% of the ME group classified as

having a WJ-III delay were reported as receiving no special education support. Clearly, the addi-

tional educational needs of a large proportion of the ME children are not currently being met.

We found that school-based and WJ-III delays were not confined to those ME children

with severe intellectual impairment (IQ�80). Among children with an IQ>80, ME children

were around 3 times more likely to be identified by their teachers as performing at below
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average or delayed levels across the seven curriculum domains listed above, and 3 times more

likely to have special education involvement. They were also identified as showing greater diffi-

culty on the WJ-III, with lower mean standardized reading and mathematics scores, and close

to 3 times the risk of being classified as having a reading and/or a mathematics SLD. The find-

ing that ME children with at least average intellectual ability were at increased risk for poor

academic achievement could reflect their risk for decreased learning opportunities in the

home, possible impacts of other specific cognitive difficulties such as language [1, 46, 47] or

executive functioning difficulties [48, 49], self-regulatory behaviour problems [1, 50], or a

combination of these early issues that compound or have cascading effects following the school

transition [51, 52]. Further research is needed to identify the specific environmental and early

childhood predictors of poor educational achievement in this population.

In the present study, teachers were more likely to rate ME and non-ME boys as having

delayed achievement in reading, written language, health, art, and technology than girls in

both groups. These differences were not found for mathematics, spoken language, or physical

education. Boys were also more likely to have special education involvement at school than

their female peers, and these findings are well supported in the literature. A male disadvantage

is apparent across several functional areas of development, including school performance [1,

29]. Boys may be at increased risk for poorer teacher-rated achievement in some areas as they

are more prone than girls to inattention, hyperactivity or disruptive behaviours that may hin-

der their opportunities to learn in the classroom, and, in turn, impact their academic perfor-

mance [53, 54]. Boys’ relatively more disruptive classroom behaviour may also lead teachers

to perceive boys’ achievement as below girls’, when in fact their achievement level may be the

same as girls when measured through standardized testing. In the current study, the only sex

difference found in children’s WJ-III scores was in Reading Fluency. Previous researchers

have also reported that, on average, girls tend to achieve better in reading, but not mathemat-

ics, compared to boys. Our results showed that although boys were slower and less accurate

readers than girls, they did however have similar sight word reading and reading comprehen-

sion skills. Speculatively, this might also be partly explained by the increased likelihood for

boys to demonstrate attentional difficulties, with achievement scores in the timed Reading Flu-

ency subtest depending somewhat on being continually on-task.

Understanding other factors associated with children’s increased risk for educational delay

is critical to the identification of those most in need of early intervention and prevention strat-

egies to improve their outcomes. In this study, we examined the extent to which being born

to a methadone-maintained mother increased children’s risk for having any educational delay

on the WJ-III adjusting for other factors correlated with maternal methadone use. Following

adjustment for the effects of other prenatal substance exposures and maternal social risk (edu-

cation level), the association between prenatal methadone exposure and children’s increased

risk for educational delay was attenuated, yet remained significant. Lower maternal education

level and maternal prenatal benzodiazepine use were also found to be significantly associated

with children’s increased risk of having an educational delay.

The present study is the first to show that prenatal benzodiazepine exposure is indepen-

dently associated with ME children’s educational delay. Previously, maternal use of benzodiaz-

epines during pregnancy has been associated with poorer neonatal outcomes [55, 56], delayed

cognitive development during infancy [57], and increased child behaviour problems [58, 59].

In addition, studies of prenatally opioid-exposed children have found independent associa-

tions between prenatal benzodiazepine exposure and poorer early inhibitory control [48] and

increased maternal ratings of executive functioning problems [49]. It is possible that these

associations are related to the greater psychiatric disturbance, particularly anxiety symptoms,

experienced by women who take benzodiazepines during pregnancy [59]. This anxiety may
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lead to greater parenting difficulties, and contribute to a compromised rearing environment

for the child. Further research is needed to understand the longer-term neurodevelopmental

effects of prenatal exposure to benzodiazepines.

Maternal educational underachievement is common amongst prenatally substance-exposed

children, and in turn, a lower maternal education level has been previously associated with

their increased educational risk [29, 60, 61]. For example, Oei et al. (2017) found that among

children who had been treated for NAS, having a parent with no educational qualification sig-

nificantly increased their risk of middle childhood educational delay [29]. General population

studies have also highlighted the importance of higher maternal educational attainment for

children’s cognitive outcomes [62] even when accounting for other maternal psychosocial

risks [63, 64]. Variation in maternal education is likely to differentiate the quality of ME chil-

dren’s postnatal caregiving contexts, for example by impacting on the quality of the early learn-

ing environment and cognitive stimulation that parents can provide. This, in turn, is likely to

impact children’s educational achievement.

There are limitations of this research that are important to note. First, despite our relatively

large sample and high recruitment and retention, we may still have had limited power to

detect other, smaller, significant effects in the multivariable analysis. For example, base rates of

maternal alcohol use in our sample were relatively low, and this combined with our modest

sample size may have precluded detecting a significant effect of maternal alcohol use on chil-

dren’s educational delay.

Another limitation of the current study relates to the relative social advantage of the non-

ME group compared to the ME group. The non-ME group was recruited at random, yielding a

regionally representative comparison sample. This recruitment approach is helpful in terms of

estimating the neurodevelopmental risk of the ME group compared to general population

risks. There was a tendency for the non-ME comparison participants who were characterized

by low maternal educational achievement to drop out of the study. However, this number was

very small, and so it is unlikely that this had a large impact on the results.

Furthermore, we adjusted for maternal education in the final regression model to attempt

to address this issue.

Another important issue concerns the examination of potential mediators of the association

between prenatal methadone exposure and middle childhood educational delay. While metha-

done group status was associated with educational delay following covariate adjustment,

maternal opioid-dependence and enrolment in MMT during pregnancy is likely to be a

marker for increased socio-environmental adversities, including poverty, inadequate caregiv-

ing, and social service involvement [65, 66]. It has been proposed that the early biological vul-

nerability of substance-exposed children may be exacerbated or buffered from further risk,

depending on the socio-environmental context in which they develop [33, 67]. Due to the

increased risk for ME infants and children to grow up in environments that do not foster opti-

mal learning and educational skill development, identifying potential modifiable factors (par-

enting, maternal mental health) to target in early intervention will be crucial to improving

their educational outcomes. Research examining the environmental processes associated with

ME children’s educational outcomes is necessary to aide our understanding of the mechanisms

contributing to their risk, to help inform the development of effective interventions to support

these children and families.

Conclusion

The current findings indicate that many ME children do not achieve to the level of their non-

ME peers at school or on independent standardized tests of educational achievement. The
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increased risk of educational delay for children in this study remained significantly associated

with being born to a mother enrolled in MMT during pregnancy, even after a wide range of

factors correlated with maternal opioid dependence were taken into account. These findings

suggest that ME children should receive developmental follow-up from birth, with careful

monitoring and assessment for early neurodevelopmental problems that may place them at

elevated risk of academic difficulties. Monitoring and support across the transition to school

is also likely to be important in ensuring early detection and intervention. In future, research

should aim to determine which specific modifiable factors are associated with children’s edu-

cational delay. Implementing effective preventative intervention strategies for those children

most at risk for a poor educational trajectory is crucial for supporting their optimal develop-

ment and wellbeing, and minimizing their impacts on educational services.

Supporting information

S1 Fig. Rates of mild and severe reading and mathematics SLD amongst methadone-

exposed and comparison children.

(TIF)

S1 Table. Teacher ratings of achievement across the school curriculum for children with

IQ scores� 80.

(DOCX)

S2 Table. Performance on the Woodcock-Johnson Tests of Achievement (WJ-III) for chil-

dren with IQ scores� 80.

(DOCX)

S3 Table. Specific learning delay on the WJ-III.

(DOCX)

Acknowledgments

We would like to thank Melissa Laird, Marie Goulden, Alison Davie-Gray, and Karelia Levin

for their assistance with participant recruitment and data collection. Most importantly, we

thank the study children and their families for their time and support of this project for the

benefit of others.

Author Contributions

Conceptualization: Samantha J. Lee, Lianne J. Woodward, Jacqueline M. T. Henderson.

Formal analysis: Samantha J. Lee.

Funding acquisition: Samantha J. Lee, Lianne J. Woodward, Jacqueline M. T. Henderson.

Investigation: Samantha J. Lee.

Methodology: Lianne J. Woodward, Jacqueline M. T. Henderson.

Supervision: Jacqueline M. T. Henderson.

Visualization: Samantha J. Lee.

Writing – original draft: Samantha J. Lee, Lianne J. Woodward, Jacqueline M. T. Henderson.

Writing – review & editing: Samantha J. Lee, Lianne J. Woodward, Jacqueline M. T.

Henderson.

Educational achievement of prenatally methadone-exposed children

PLOS ONE | https://doi.org/10.1371/journal.pone.0223685 October 10, 2019 16 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223685.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223685.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223685.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223685.s004
https://doi.org/10.1371/journal.pone.0223685


References
1. Lee SJ, Pritchard VE, Austin NC, Henderson JMT, Woodward LJ. Health and Neurodevelopment of

Children Born to Opioid Dependent Mothers at School Entry. J Dev Behav Pediatr. 2019. Epub ahead

of print 2019/08/01. https://doi.org/10.1097/DBP.0000000000000711 PMID: 31393318

2. Pritchard VE, Bora S, Austin NC, Levin KJ, Woodward LJ. Identifying very preterm children at educa-

tional risk using a school readiness framework. Pediatrics. 2014; 134(3):e825–832. Epub 2014/08/13.

https://doi.org/10.1542/peds.2013-3865 PMID: 25113296.

3. High PC, Committee on Early Childhood, Adoption, and Dependent Care and Council on School Health.

School readiness. Pediatrics. 2008; 121(4):e1008–1015. Epub 2008/04/03. https://doi.org/10.1542/

peds.2008-0079 PMID: 18381499.

4. Albright B, de la Torre L, Skipper B, Price S, Abbott P, Rayburn W. Changes in methadone maintenance

therapy during and after pregnancy. J Subst Abuse Treat. 2011; 41(4):347–353. Epub 2011/07/12.

https://doi.org/10.1016/j.jsat.2011.05.002 PMID: 21741197.

5. Maeda A, Bateman BT, Clancy CR, Creanga AA, Leffert LR. Opioid abuse and dependence during

pregnancy: temporal trends and obstetrical outcomes. Anesthesiology. 2014; 121(6):1158–1165. Epub

2014/11/19. https://doi.org/10.1097/ALN.0000000000000472 PMID: 25405293.

6. Ludlow JP, Evans SF, Hulse G. Obstetric and perinatal outcomes in pregnancies associated with illicit

substance abuse. Aust N Z J Obstet Gynaecol. 2004; 44(4):302–306. Epub 2004/07/30. https://doi.org/

10.1111/j.1479-828X.2004.00221.x PMID: 15282000.

7. Patrick SW, Schumacher RE, Benneyworth BD, Krans EE, McAllister JM, Davis MM. Neonatal absti-

nence syndrome and associated health care expenditures: United States, 2000–2009. JAMA. 2012;

307(18):1934–1940. Epub 2012/05/02. https://doi.org/10.1001/jama.2012.3951 PMID: 22546608.

8. Miller C, Grynspan D, Gaudet L, Ferretti E, Lawrence S, Moretti F, et al. Maternal and neonatal charac-

teristics of a Canadian urban cohort receiving treatment for opioid use disorder during pregnancy. J Dev

Orig Health Dis. 2018:1–6. Epub 2018/08/16. https://doi.org/10.1017/S2040174418000478 PMID:

30113278.

9. Nanovskaya TN, Nekhayeva IA, Hankins GD, Ahmed MS. Transfer of methadone across the dually per-

fused preterm human placental lobule. Am J Obstet Gynecol. 2008; 198(1):126 e121–124. Epub 2008/

01/02. https://doi.org/10.1016/j.ajog.2007.06.073 PMID: 18166326.

10. Nekhayeva IA, Nanovskaya TN, Deshmukh SV, Zharikova OL, Hankins GD, Ahmed MS. Bidirectional

transfer of methadone across human placenta. Biochem Pharmacol. 2005; 69(1):187–197. Epub 2004/

12/14. https://doi.org/10.1016/j.bcp.2004.09.008 PMID: 15588727.

11. Brogly SB, Turner S, Lajkosz K, Davies G, Newman A, Johnson A, et al. Infants born to opioid-depen-

dent women in Ontario, 2002–2014. J Obstet Gynaecol Can. 2017; 39(3):157–165. Epub 2017/03/23.

https://doi.org/10.1016/j.jogc.2016.11.009 PMID: 28343557.

12. Cleary BJ, Donnelly J, Strawbridge J, Gallagher PJ, Fahey T, Clarke M, et al. Methadone dose and neo-

natal abstinence syndrome-systematic review and meta-analysis. Addiction. 2010; 105(12):2071–

2084. Epub 2010/09/16. https://doi.org/10.1111/j.1360-0443.2010.03120.x PMID: 20840198.

13. Wouldes TA, Woodward LJ. Maternal methadone dose during pregnancy and infant clinical outcome.

Neurotoxicol Teratol. 2010; 32(3):406–413. Epub 2010/01/28. https://doi.org/10.1016/j.ntt.2010.01.007

PMID: 20102736.

14. Bakstad B, Sarfi M, Welle-Strand GK, Ravndal E. Opioid maintenance treatment during pregnancy:

occurrence and severity of neonatal abstinence syndrome. A national prospective study. Eur Addict

Res. 2009; 15(3):128–134. Epub 2009/04/01. https://doi.org/10.1159/000210042 PMID: 19332991.

15. Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB, Oosterlaan J. Meta-analysis of neu-

robehavioral outcomes in very preterm and/or very low birth weight children. Pediatrics. 2009; 124

(2):717–728. Epub 2009/07/27. https://doi.org/10.1542/peds.2008-2816 PMID: 19651588.

16. Pritchard VE, Clark CA, Liberty K, Champion PR, Wilson K, Woodward LJ. Early school-based learning

difficulties in children born very preterm. Early Hum Dev. 2009; 85(4):215–224. Epub 2008/11/22.

https://doi.org/10.1016/j.earlhumdev.2008.10.004 PMID: 19022593.

17. Brydges CR, Landes JK, Reid CL, Campbell C, French N, Anderson M. Cognitive outcomes in children

and adolescents born very preterm: a meta-analysis. Dev Med Child Neurol. 2018; 60(5):452–468.

Epub 2018/02/2017. https://doi.org/10.1111/dmcn.13685 PMID: 29453812

18. Yuan Q, Rubic M, Seah J, Rae C, Wright IMR, Kaltenbach K, et al. Do maternal opioids reduce neonatal

regional brain volumes? A pilot study. J Perinatol. 2014; 34(12):1–5. Epub 2014/06/19. https://doi.org/

10.1038/jp.2014.111 PMID: 24945162.

19. Monnelly VJ, Anblagan D, Quigley A, Cabez MB, Cooper ES, Mactier H, et al. Prenatal methadone

exposure is associated with altered neonatal brain development. Neuroimage Clin. 2018; 18:9–14.

Epub 2018/01/13. https://doi.org/10.1016/j.nicl.2017.12.033 PMID: 29326869.

Educational achievement of prenatally methadone-exposed children

PLOS ONE | https://doi.org/10.1371/journal.pone.0223685 October 10, 2019 17 / 20

https://doi.org/10.1097/DBP.0000000000000711
http://www.ncbi.nlm.nih.gov/pubmed/31393318
https://doi.org/10.1542/peds.2013-3865
http://www.ncbi.nlm.nih.gov/pubmed/25113296
https://doi.org/10.1542/peds.2008-0079
https://doi.org/10.1542/peds.2008-0079
http://www.ncbi.nlm.nih.gov/pubmed/18381499
https://doi.org/10.1016/j.jsat.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21741197
https://doi.org/10.1097/ALN.0000000000000472
http://www.ncbi.nlm.nih.gov/pubmed/25405293
https://doi.org/10.1111/j.1479-828X.2004.00221.x
https://doi.org/10.1111/j.1479-828X.2004.00221.x
http://www.ncbi.nlm.nih.gov/pubmed/15282000
https://doi.org/10.1001/jama.2012.3951
http://www.ncbi.nlm.nih.gov/pubmed/22546608
https://doi.org/10.1017/S2040174418000478
http://www.ncbi.nlm.nih.gov/pubmed/30113278
https://doi.org/10.1016/j.ajog.2007.06.073
http://www.ncbi.nlm.nih.gov/pubmed/18166326
https://doi.org/10.1016/j.bcp.2004.09.008
http://www.ncbi.nlm.nih.gov/pubmed/15588727
https://doi.org/10.1016/j.jogc.2016.11.009
http://www.ncbi.nlm.nih.gov/pubmed/28343557
https://doi.org/10.1111/j.1360-0443.2010.03120.x
http://www.ncbi.nlm.nih.gov/pubmed/20840198
https://doi.org/10.1016/j.ntt.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/20102736
https://doi.org/10.1159/000210042
http://www.ncbi.nlm.nih.gov/pubmed/19332991
https://doi.org/10.1542/peds.2008-2816
http://www.ncbi.nlm.nih.gov/pubmed/19651588
https://doi.org/10.1016/j.earlhumdev.2008.10.004
http://www.ncbi.nlm.nih.gov/pubmed/19022593
https://doi.org/10.1111/dmcn.13685
http://www.ncbi.nlm.nih.gov/pubmed/29453812
https://doi.org/10.1038/jp.2014.111
https://doi.org/10.1038/jp.2014.111
http://www.ncbi.nlm.nih.gov/pubmed/24945162
https://doi.org/10.1016/j.nicl.2017.12.033
http://www.ncbi.nlm.nih.gov/pubmed/29326869
https://doi.org/10.1371/journal.pone.0223685


20. Walhovd KB, Watts R, Amlien I, Woodward LJ. Neural tract development of infants born to methadone-

maintained mothers. Pediatr Neurol. 2012; 47(1):1–6. Epub 2012/06/19. https://doi.org/10.1016/j.

pediatrneurol.2012.04.008 PMID: 22704008.

21. Walhovd KB, Moe V, Slinning K, Due-Tonnessen P, Bjornerud A, Dale AM, et al. Volumetric cerebral

characteristics of children exposed to opiates and other substances in utero. Neuroimage. 2007; 36

(4):1331–1344. Epub 2007/05/22. https://doi.org/10.1016/j.neuroimage.2007.03.070 PMID: 17513131.

22. Sirnes E, Oltedal L, Bartsch H, Eide GE, Elgen IB, Aukland SM. Brain morphology in school-aged chil-

dren with prenatal opioid exposure: a structural MRI study. Early Hum Dev. 2017; 106–107:33–39.

Epub 2017/02/12. https://doi.org/10.1016/j.earlhumdev.2017.01.009 PMID: 28187337.

23. Walhovd KB, Westlye LT, Moe V, Slinning K, Due-Tonnessen P, Bjornerud A, et al. White matter char-

acteristics and cognition in prenatally opiate- and polysubstance-exposed children: a diffusion tensor

imaging study. AJNR Am J Neuroradiol. 2010; 31(5):894–900. Epub 2010/03/06. https://doi.org/10.

3174/ajnr.A1957 PMID: 20203117.

24. Sarfi M, Sundet JM, Waal H. Maternal stress and behavioral adaptation in methadone- or buprenor-

phine-exposed toddlers. Infant Behav Dev. 2013; 36(4):707–716. Epub 2013/09/04. https://doi.org/10.

1016/j.infbeh.2013.08.006 PMID: 23999378.

25. Davie-Gray A, Moor S, Spencer C, Woodward LJ. Psychosocial characteristics and poly-drug use of

pregnant women enrolled in methadone maintenance treatment. Neurotoxicol Teratol. 2013; 38:46–52.

Epub 2013/05/04. https://doi.org/10.1016/j.ntt.2013.04.006 PMID: 23639593.

26. Oei JL, Abdel-Latif ME, Craig F, Kee A, Austin MP, Lui K, et al. Short-term outcomes of mothers and

newborn infants with comorbid psychiatric disorders and drug dependency. Aust N Z J Psychiatry.

2009; 43(4):323–331. Epub 2009/03/20. https://doi.org/10.1080/00048670902721087 PMID:

19296287.

27. Serino D, Peterson BS, Rosen TS. 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(3):158–170. Epub 2018/04/26. https://doi.org/10.1080/15504263.2018.1468946 PMID:

29694295.

28. de Cubas MM, Field T. Children of methadone-dependent women: developmental outcomes. Am J

Orthopsychiatry. 1993; 63(2):266–276. Epub 1993/04/01. https://doi.org/10.1037/h0079429 PMID:

7683453.

29. Oei JL, Melhuish E, Uebel H, Azzam N, Breen C, Burns L, et al. Neonatal abstinence syndrome and

high school performance. Pediatrics. 2017; 139(2):e20162651. Epub 2017/01/18. https://doi.org/10.

1542/peds.2016-2651 PMID: 28093465.

30. Willcutt EG, Petrill SA, Wu S, Boada R, Defries JC, Olson RK, et al. Comorbidity between reading dis-

ability and math disability: concurrent psychopathology, functional impairment, and neuropsychological

functioning. J Learn Disabil. 2013; 46(6):500–516. Epub 2013/03/02. https://doi.org/10.1177/

0022219413477476 PMID: 23449727.

31. Jordan NC, Hanich LB, Kaplan D. A longitudinal study of mathematical competencies in children with

specific mathematics difficulties versus children with comorbid mathematics and reading difficulties.

Child Dev. 2003; 74(3):834–850. Epub 2003/06/11. https://doi.org/10.1111/1467-8624.00571 PMID:

12795393.

32. Landerl K, Moll K. Comorbidity of learning disorders: prevalence and familial transmission. J Child Psy-

chol Psychiatry. 2010; 51(3):287–294. Epub 2009/10/01. https://doi.org/10.1111/j.1469-7610.2009.

02164.x PMID: 19788550.

33. 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(10):668–675. Epub 2001/10/23. PMID: 11665823.

34. Statistics New Zealand. Census regional summary. Wellington: Statistics New Zealand; 2006 [Septem-

ber 30, 2014]. http://www.stats.govt.nz.

35. Ministry of Education NZ. The New Zealand Curriculum. Wellington, N.Z.: Learning Media Limited,

2007.

36. Woodcock R, McGrew K, Mather N. Woodcock-Johnson-III Tests of Achievement. Itasca, IL: River-

side; 2001.

37. Blackwell TL. Test Review: Woodcock, RW, McGrew, KS, & Mather, N.(2001). Woodcock-Johnson® III

Test. Riverside Publishing Company. Itasca, IL. Rehabilitation Counseling Bulletin. 2001; 44(4):232–

235.

38. Hutchinson EA, De Luca CR, Doyle LW, Roberts G, Anderson PJ, Victorian Infant Collaborative Study

G. School-age outcomes of extremely preterm or extremely low birth weight children. Pediatrics. 2013;

131(4):e1053–1061. Epub 2013/03/20. https://doi.org/10.1542/peds.2012-2311 PMID: 23509167.

Educational achievement of prenatally methadone-exposed children

PLOS ONE | https://doi.org/10.1371/journal.pone.0223685 October 10, 2019 18 / 20

https://doi.org/10.1016/j.pediatrneurol.2012.04.008
https://doi.org/10.1016/j.pediatrneurol.2012.04.008
http://www.ncbi.nlm.nih.gov/pubmed/22704008
https://doi.org/10.1016/j.neuroimage.2007.03.070
http://www.ncbi.nlm.nih.gov/pubmed/17513131
https://doi.org/10.1016/j.earlhumdev.2017.01.009
http://www.ncbi.nlm.nih.gov/pubmed/28187337
https://doi.org/10.3174/ajnr.A1957
https://doi.org/10.3174/ajnr.A1957
http://www.ncbi.nlm.nih.gov/pubmed/20203117
https://doi.org/10.1016/j.infbeh.2013.08.006
https://doi.org/10.1016/j.infbeh.2013.08.006
http://www.ncbi.nlm.nih.gov/pubmed/23999378
https://doi.org/10.1016/j.ntt.2013.04.006
http://www.ncbi.nlm.nih.gov/pubmed/23639593
https://doi.org/10.1080/00048670902721087
http://www.ncbi.nlm.nih.gov/pubmed/19296287
https://doi.org/10.1080/15504263.2018.1468946
http://www.ncbi.nlm.nih.gov/pubmed/29694295
https://doi.org/10.1037/h0079429
http://www.ncbi.nlm.nih.gov/pubmed/7683453
https://doi.org/10.1542/peds.2016-2651
https://doi.org/10.1542/peds.2016-2651
http://www.ncbi.nlm.nih.gov/pubmed/28093465
https://doi.org/10.1177/0022219413477476
https://doi.org/10.1177/0022219413477476
http://www.ncbi.nlm.nih.gov/pubmed/23449727
https://doi.org/10.1111/1467-8624.00571
http://www.ncbi.nlm.nih.gov/pubmed/12795393
https://doi.org/10.1111/j.1469-7610.2009.02164.x
https://doi.org/10.1111/j.1469-7610.2009.02164.x
http://www.ncbi.nlm.nih.gov/pubmed/19788550
http://www.ncbi.nlm.nih.gov/pubmed/11665823
http://www.stats.govt.nz
https://doi.org/10.1542/peds.2012-2311
http://www.ncbi.nlm.nih.gov/pubmed/23509167
https://doi.org/10.1371/journal.pone.0223685


39. Wechsler D. WASI-II: Wechsler Abbreviated Scale of Intelligence—Second Edition. San Antonio,TX:

Pearson; 2011.

40. Irby SM, Floyd RG. Test Review: Wechsler Abbreviated Scale of Intelligence. Can J of Sch Psychol.

2013; 28(3):295–299. https://doi.org/10.1177/0829573513493982

41. McCrimmon AW, Smith AD. Review of the Wechsler Abbreviated Scale of Intelligence, Second Edition

(WASI-II). J Psychoed Assess. 2013; 31(3):337–341. Epub 2012/12/05. https://doi.org/10.1177/

0734282912467756

42. Elley WB, Irving J. The Elley-Irving Socio-Economic Index: 2001 Census Revision. NZJES. 2003; 38:3–

17.

43. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edin-

burgh Postnatal Depression Scale. Br J Psychiatry. 1987; 150(6):782–786. Epub 1987/06/01. https://

doi.org/10.1192/bjp.150.6.782 PMID: 3651732.

44. Cox JL, Chapman G, Murray D, Jones P. Validation of the Edinburgh Postnatal Depression Scale

(EPDS) in non-postnatal women. J Affect Disord. 1996; 39(3):185–189. Epub 1996/07/29. https://doi.

org/10.1016/0165-0327(96)00008-0 PMID: 8856422.

45. Cumming G, Calin-Jageman R. Introduction to the new statistics: estimation, open science, and

beyond: Routledge; 2016.

46. Hunt RW, Tzioumi D, Collins E, Jeffery HE. Adverse neurodevelopmental outcome of infants exposed

to opiate in-utero. Early Hum Dev. 2008; 84(1):29–35. Epub 2007/08/31. https://doi.org/10.1016/j.

earlhumdev.2007.01.013 PMID: 17728081.

47. Baar A, Graaff BMT. Cognitive development at preschool-age of infants of drug-dependent mothers.

Dev Med Child Neurol. 2008; 36(12):1063–1075. https://doi.org/10.1111/j.1469-8749.1994.tb11809.x

PMID: 7958521

48. Levine TA, Woodward LJ. Early inhibitory control and working memory abilities of children prenatally

exposed to methadone. Early Hum Dev. 2018; 116:68–75. Epub 2017/12/02. https://doi.org/10.1016/j.

earlhumdev.2017.11.010 PMID: 29195088.

49. Konijnenberg C, Melinder A. Executive function in preschool children prenatally exposed to methadone

or buprenorphine. Child Neuropsychol. 2015; 21(5):570–585. Epub 2014/10/31. https://doi.org/10.

1080/09297049.2014.967201 PMID: 25354916.

50. Nygaard E, Slinning K, Moe V, Walhovd KB. Behavior and attention problems in eight-year-old children

with prenatal opiate and poly-substance exposure: a longitudinal study. PLoS One. 2016; 11(6):

e0158054. Epub 2016/06/24. https://doi.org/10.1371/journal.pone.0158054 PMID: 27336798.

51. Zhang W, Zhang L, Chen L, Ji L, Deater-Deckard K. Developmental changes in longitudinal associa-

tions between academic achievement and psychopathological symptoms from late childhood to middle

adolescence. J Child Psychol Psychiatry. 2019; 60(2):178–188. Epub 2019/01/23. https://doi.org/10.

1111/jcpp.12927 PMID: 29741777

52. Moilanen KL, Shaw DS, Maxwell KL. Developmental cascades: externalizing, internalizing, and aca-

demic competence from middle childhood to early adolescence. Dev Psychopathol. 2010; 22(3):635–

653. Epub 2010/06/26. https://doi.org/10.1017/S0954579410000337 PMID: 20576184.

53. Weis M, Heikamp T, Trommsdorff G. Gender differences in school achievement: The role of self-regula-

tion. Front Psychol. 2013; 4:442. Epub 2013/07/25. https://doi.org/10.3389/fpsyg.2013.00442 PMID:

23882244.

54. Fergusson DM, Horwood LJ. Gender differences in educational achievement in a New Zealand birth

cohort. NZJES. 1997; 32(1):83–96.

55. Calderon-Margalit R, Qiu C, Ornoy A, Siscovick DS, Williams MA. Risk of preterm delivery and other

adverse perinatal outcomes in relation to maternal use of psychotropic medications during pregnancy.

Am J Obstet Gynecol. 2009; 201(6):579 e571–578. Epub 2009/08/21. https://doi.org/10.1016/j.ajog.

2009.06.061 PMID: 19691950.

56. Wang LH, Lin HC, Lin CC, Chen YH, Lin HC. Increased risk of adverse pregnancy outcomes in women

receiving zolpidem during pregnancy. Clin Pharmacol Ther. 2010; 88(3):369–374. Epub 2010/08/06.

https://doi.org/10.1038/clpt.2010.97 PMID: 20686480.

57. Viggedal G, Hagberg BS, Laegreid L, Aronsson M. Mental development in late infancy after prenatal

exposure to benzodiazepines: a prospective study. J Child Psychol Psychiatry. 1993; 34(3):295–305.

https://doi.org/10.1111/j.1469-7610.1993.tb00993.x PMID: 8463369.

58. Laegreid L, Hagberg G, Lundberg A. Neurodevelopment in late infancy after prenatal exposure to ben-

zodiazepines: a prospective study. Neuropediatrics. 1992; 23(2):60–67. Epub 1992/04/01. https://doi.

org/10.1055/s-2008-1071314 PMID: 1351263.

59. Radojcic MR, El Marroun H, Miljkovic B, Stricker BHC, Jaddoe VWV, Verhulst FC, et al. Prenatal expo-

sure to anxiolytic and hypnotic medication in relation to behavioral problems in childhood: a population-

Educational achievement of prenatally methadone-exposed children

PLOS ONE | https://doi.org/10.1371/journal.pone.0223685 October 10, 2019 19 / 20

https://doi.org/10.1177/0829573513493982
https://doi.org/10.1177/0734282912467756
https://doi.org/10.1177/0734282912467756
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/pubmed/3651732
https://doi.org/10.1016/0165-0327(96)00008-0
https://doi.org/10.1016/0165-0327(96)00008-0
http://www.ncbi.nlm.nih.gov/pubmed/8856422
https://doi.org/10.1016/j.earlhumdev.2007.01.013
https://doi.org/10.1016/j.earlhumdev.2007.01.013
http://www.ncbi.nlm.nih.gov/pubmed/17728081
https://doi.org/10.1111/j.1469-8749.1994.tb11809.x
http://www.ncbi.nlm.nih.gov/pubmed/7958521
https://doi.org/10.1016/j.earlhumdev.2017.11.010
https://doi.org/10.1016/j.earlhumdev.2017.11.010
http://www.ncbi.nlm.nih.gov/pubmed/29195088
https://doi.org/10.1080/09297049.2014.967201
https://doi.org/10.1080/09297049.2014.967201
http://www.ncbi.nlm.nih.gov/pubmed/25354916
https://doi.org/10.1371/journal.pone.0158054
http://www.ncbi.nlm.nih.gov/pubmed/27336798
https://doi.org/10.1111/jcpp.12927
https://doi.org/10.1111/jcpp.12927
http://www.ncbi.nlm.nih.gov/pubmed/29741777
https://doi.org/10.1017/S0954579410000337
http://www.ncbi.nlm.nih.gov/pubmed/20576184
https://doi.org/10.3389/fpsyg.2013.00442
http://www.ncbi.nlm.nih.gov/pubmed/23882244
https://doi.org/10.1016/j.ajog.2009.06.061
https://doi.org/10.1016/j.ajog.2009.06.061
http://www.ncbi.nlm.nih.gov/pubmed/19691950
https://doi.org/10.1038/clpt.2010.97
http://www.ncbi.nlm.nih.gov/pubmed/20686480
https://doi.org/10.1111/j.1469-7610.1993.tb00993.x
http://www.ncbi.nlm.nih.gov/pubmed/8463369
https://doi.org/10.1055/s-2008-1071314
https://doi.org/10.1055/s-2008-1071314
http://www.ncbi.nlm.nih.gov/pubmed/1351263
https://doi.org/10.1371/journal.pone.0223685


based cohort study. Neurotoxicol Teratol. 2017; 61:58–65. Epub 2017/03/06. https://doi.org/10.1016/j.

ntt.2017.02.005 PMID: 28259732.

60. Goldschmidt L, Richardson GA, Cornelius MD, Day NL. Prenatal marijuana and alcohol exposure and

academic achievement at age 10. Neurotoxicol Teratol. 2004; 26(4):521–532. Epub 2004/06/19.

https://doi.org/10.1016/j.ntt.2004.04.003 PMID: 15203174.

61. Morrow CE, Culbertson JL, Accornero VH, Xue L, Anthony JC, Bandstra ES. Learning disabilities and

intellectual functioning in school-aged children with prenatal cocaine exposure. Dev Neuropsychol.

2006; 30(3):905–931. Epub 2006/11/07. https://doi.org/10.1207/s15326942dn3003_8 PMID:

17083299.

62. Potter D, Roksa J. Accumulating advantages over time: family experiences and social class inequality

in academic achievement. Soc Sci Res. 2013; 42(4):1018–1032. Epub 2013/06/01. https://doi.org/10.

1016/j.ssresearch.2013.02.005 PMID: 23721671.

63. Lee K. Do early academic achievement and behavior problems predict long-term effects among Head

Start children? Child Youth Serv Rev. 2010; 32(12):1690–1703. https://doi.org/10.1016/j.childyouth.

2010.07.012

64. Perry MA, Fantuzzo JW. A multivariate investigation of maternal risks and their relationship to low-

income, preschool children’s competencies. Appl Dev Sci. 2010; 14(1):1–17. https://doi.org/10.1080/

10888690903510281

65. Peisch V, Sullivan AD, Breslend NL, Benoit R, Sigmon SC, Forehand GL, et al. Parental opioid abuse: a

review of child outcomes, parenting, and parenting interventions. J Child Fam Stud. 2018; 27(7):2082–

2099. Epub 2018/03/29. https://doi.org/10.1007/s10826-018-1061-0

66. Lean RE, Pritchard VE, Woodward LJ. Child protection and out-of-home placement experiences of pre-

school children born to mothers enrolled in methadone maintenance treatment during pregnancy. Child

Youth Serv Rev. 2013; 35(11):1878–1885. https://doi.org/10.1016/j.childyouth.2013.09.003

67. Lester BM, Tronick EZ. The effects of prenatal cocaine exposure and child outcome: Lessons from the

past. Infant Ment Health J. 1994; 15:107–120. https://doi.org/10.1002/1097-0355(199422)15:2<107::

AID-IMHJ2280150203>3.0.CO;2-R

Educational achievement of prenatally methadone-exposed children

PLOS ONE | https://doi.org/10.1371/journal.pone.0223685 October 10, 2019 20 / 20

https://doi.org/10.1016/j.ntt.2017.02.005
https://doi.org/10.1016/j.ntt.2017.02.005
http://www.ncbi.nlm.nih.gov/pubmed/28259732
https://doi.org/10.1016/j.ntt.2004.04.003
http://www.ncbi.nlm.nih.gov/pubmed/15203174
https://doi.org/10.1207/s15326942dn3003_8
http://www.ncbi.nlm.nih.gov/pubmed/17083299
https://doi.org/10.1016/j.ssresearch.2013.02.005
https://doi.org/10.1016/j.ssresearch.2013.02.005
http://www.ncbi.nlm.nih.gov/pubmed/23721671
https://doi.org/10.1016/j.childyouth.2010.07.012
https://doi.org/10.1016/j.childyouth.2010.07.012
https://doi.org/10.1080/10888690903510281
https://doi.org/10.1080/10888690903510281
https://doi.org/10.1007/s10826-018-1061-0
https://doi.org/10.1016/j.childyouth.2013.09.003
https://doi.org/10.1002/1097-0355(199422)15:2<107::AID-IMHJ2280150203>3.0.CO;2-R
https://doi.org/10.1002/1097-0355(199422)15:2<107::AID-IMHJ2280150203>3.0.CO;2-R
https://doi.org/10.1371/journal.pone.0223685

