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Abstract

Background: Despite the evidence that women world-wide are using methamphetamine (MA)
during pregnancy little is known about the neurodevelopment of their children.

Design: The controlled, prospective longitudinal New Zealand (NZ) Infant Development,
Environment and Lifestyle (IDEAL) study was carried out in Auckland, NZ. Participants were 103
children exposed to MA prenatally and 107 not exposed. The Mental Developmental Index (MDI)
and the Psychomotor Developmental Index (PDI) of the Bayley Scales of Infant Development,
Second Edition (BSID-I1) measured cognitive and motor performance at ages 1, 2 and 3, and the
Peabody Developmental Motor Scale, Second Edition (PDMS-I1) measured gross and fine motor
performance at 1 and 3. Measures of the child’s environment included the Home Observation of
Measurement of the Environment and the Maternal Lifestyle Interview. The Substance Use
Inventory measured maternal drug use.

Results: After controlling for other drug use and contextual factors, prenatal MA exposure was
associated with poorer motor performance at 1 and 2 years on the BSID-II. No differences were
observed for cognitive development (MDI). Relative to non-MA exposed children, longitudinal
scores on the PDI and the gross motor scale of the PDMS-2 were 4.3 and 3.2 points lower,
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respectively. Being male and of Maori descent predicted lower cognitive scores (MDI) and being
male predicted lower fine motor scores (PDMS-2)

Conclusions: Prenatal exposure to MA was associated with delayed gross motor development
over the first 3 years, but not cognitive development. However, being male and of Maori descent
were both associated with poorer cognitive outcomes. Males in general did more poorly on tasks
related to fine motor development.
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1. Introduction

Amphetamine-type stimulants (ATS) are the second most widely used illicit drug, after
marijuana with an estimated prevalence of 0.3 — 1.2 percent in 2010, or between 14 and 52.5
million global users [58]. International trends of ATS show an increase in their initiation of
use in the United States (US), East Asia and Oceania [56,57]. Oceania is the region with the
highest prevalence of ATS use with New Zealand (NZ) having the second highest annual
estimate (2.1%) after Australia (2.7%) [57]. Methamphetamine (MA) is a particularly potent
form of ATS and reports suggest a substantial number of women are using it during
pregnancy resulting in an escalation of women seeking treatment for prenatal MA
dependence [1,55,60].

MA is a CNS stimulant that acts predominantly on the sympathetic nervous system. Acute
administration of MA causes the release of monoamines dopamine, serotonin and
norepinephrine. The psychoactive and potential neurotoxic effects from prolonged or high
doses of MA may occur due to the following mechanisms that increase the synaptic or
extracellular levels of these monoamines, primarily dopamine. 1) displacement of
monoamines from synaptic vesicles to the cytosol; 2) reverse transport of neurotransmitters
through plasma membrane transporters and through blocking the activity of dopamine
transporters as well as decreasing the expression of these transporters at the cell surface; 3)
increased activity and expression of tyrosine hydroxylase; and 4) inhibition of monoamine
oxidase. [39,40,45,47].

Preclinical studies have shown MA to be neurotoxic to mature dopaminergic and
serotonergic axons and terminal arbors and possibly glutaminergic axons through the
production of reactive oxygen species and nitric oxide, p53 activation resulting in cell death
and mitochondrial dysfunction.[42] The neurotoxicity of MA on the developing brain is not
well understood, however, given the widespread influence of dopaminergic, serotonergic
and glutaminergic systems on neuronal growth and connectivity, prenatal exposure may
directly alter developing neural circuitry. Additionally, neurotoxic effects could occur
indirectly through maternal anorexic effects of MA, through vasoconstrictive effects
resulting in reduced uteroplacental blood flow and fetal hypoxia or through a cascade of
events that repeatedly challenge the stress-response systems during gestation leading to an
alteration in the hypothalamic-pituitary-adrenal axis [36,46,54].
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Evidence from animal studies have revealed that prenatal administration of MA is toxic to
dopaminergic and serotonergic neurons [27,41]; and results in motor and learning
impairment.[32,50,59] Prenatal exposure in mice has been found to enhance conceptual
DNA oxidation and lead to long-term and possibly permanent postnatal neurodevelopmental
deficits in motor coordination. [33] Deficits originated from a single exposure to MA during
either the embryonic period of organogenesis or the later fetal period of functional
development suggesting a broad window of risk during gestation. Brain imaging studies of
MA exposed children have shown aberrant neuronal and glial development and volumetric
differences in subcortical brain regions that were related to inhibitory behavior, working
memory, sustained attention and visual motor integration, verbal and memory tasks
[11,12,14]. A more recent study identified increased cortical thickness in perisylvian and
orbital-frontal cortices; and reduced caudate nucleus volumes that were associated with
deficits in attention in MA exposed children between 3 and 5 years of age. [18]

For children exposed prenatally to MA, there may be early and ongoing deficits in
neurodevelopment. At present the only evidence of the long-term effects of prenatal
exposure to any ATS come from an early study in Sweden that has followed the growth and
development of 65 children exposed prenatally to amphetamine.[3-6,10,21,23-25]. Results
using the Terman Merrill method of developmental screening showed the amphetamine
exposed children at age four had lower 1Q scores (103 vs 110, respectively) and more
“problem children” than an unselected community sample of Swedish children.[5] However,
maternal alcohol and substance abuse during pregnancy was correlated negatively with the
child’s adjustment as were numbers of paternal criminal convictions, number of maternal
stress factors and number of earlier children born to the mother.[6] Reports from this
prospective study also found an association between the amount and duration of prenatal
amphetamine exposure and aggressive behavior, social adjustment and psychometric
assessments at age 8. Alcohol abuse and attitude towards the pregnancy were also
significantly correlated with these outcomes. [20] [3] At age 14-15 exposed children
performed more poorly on tests of Swedish language, math and physical training than their
schoolmates and 15 percent were one year behind for their age.[10,22] As in earlier reports
maternal alcohol abuse was correlated with one of the primary outcomes, Swedish language
scores.[10] The lack of a control group and the association of other environmental factors
associated with the developmental outcomes of these amphetamine exposed children make it
difficult to determine whether these outcomes are due to the direct effects of prenatal
exposure to amphetamine and/or alcohol, or the indirect effects of maternal factors and the
postnatal environment.

Emerging evidence from the only current well-controlled, prospective, longitudinal studies
of prenatal MA use, the US and NZ Infant Development, Environment and Lifestyle
(IDEAL) studies, have found linkages between prenatal MA exposure and poorer quality of
movement, more total stress/abstinence, physiological stress, and CNS stress in newborns of
the US and NZ samples,[35,51] and more non-optimal reflexes in the NZ sample. Relevant
to this report, the US IDEAL study found a lower grasping score on the Peabody
Developmental Motor Scales-11 (PDMS-II) at age 1, that persisted in longitudinal models
through age 3 [52]. The impact of prenatal MA exposure on neurodevelopment may also be
inferred from a longitudinal study of another ATS, 3,4-methylenedioxymethamine (MDMA)
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carried out in the United Kingdom (UK). [48] Similar to the US IDEAL findings, early
reports from the UK study revealed an association between prenatal exposure to MDMA and
lower quality of movement and less mature gross motor functioning at age 4 months and 1
year [48,49].

Increased psychosocial problems, multiple drug use and mental health problems are
common among women who use illicit drugs [1,7,43,61,62]. Therefore, any conclusions
concerning the direct effects of prenatal MA exposure on neurodevelopment must also
consider the context of the home environment and a wide range of potentially confounding
maternal lifestyle factors.

The specific aims of this investigation were the following: first, to describe and compare the
cognitive and motor development at 1, 2 and 3 years of age in a sample of NZ children
exposed prenatally to MA with a matched, non-MA exposed group of children; second, to
determine the extent of change in cognitive and motor development in MA-exposed children
relative to non-MA exposed children over these 3 years using longitudinal analytic
techniques that control for other drug use prenatally, birth outcomes, the ensuing home
environment, and maternal characteristics and lifestyle factors.

2. Methods

2.1 Sample

Recruitment occurred between 2006 and 2010 through referrals from maternity services at
participating hospitals and independent midwife practices. Screening through midwives in
these services determined whether the mother met the study criteria. If the mother met the
criteria and agreed to learn more about the study, study staff met with her to explain the
study in detail and obtain written consent to participate. Trained interviewers reviewed the
study protocol again with the mother post-partum, prior to discharge, to affirm consent,
collect meconium from her infant, and obtain substance use and lifestyle information. Study
approval was obtained from the following: Auckland and Waitemata District Health Boards
and their Maori ethics committees, and the NZ Ministry of Health’s Northern Regional
Ethics Committee. Confidentiality around maternal substance use was established according
to the NZ Ministry of Health Ethics Committee guidelines. Consistent with these guidelines,
any evidence of child abuse or neglect would require referral to Child Youth and Family
Protective Services, but there is no mandatory reporting of MA use during pregnancy.

Maternal exclusion criteria were: prenatal use of hallucinogens; history of intellectual
disability; overt psychotic behavior or a documented history of psychosis; non-English
speaking (except Maori); multiple gestation; newborn critically ill and unlikely to survive at
birth or born with a chromosomal disorder; previous child already enrolled in the study, and
mother <17.5 years of age at the infant’s birth. MA exposure was determined by maternal
self-report of any MA use during the current pregnancy or MA detected in her infant’s
meconium by gas chromatography-mass spectrometry. Comparison mothers required both
maternal denial of MA use during pregnancy and a negative meconium result for MA or
other stimulants. Comparisons were also excluded if their infant’s meconium screened
positive for cocaine or opiates or if they reported use of cocaine or opiates. Of the 103
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participants in the exposed group, one participant denied MA use but was identified as
exposed by toxicology only; 102 participants reported amphetamine use with 92 by self
report only (toxicology was negative) and 10 by self report and positive toxicology. NZ
meconium samples were shipped to the United States Drug Testing Laboratory in Des
Plaines, IL for analysis. Details of toxicology assays are reported elsewhere [1,16]. Eligible
MA-using and comparison mothers were matched on their infant’s birth weight (<1500 g;
1500-2500 g; >2500 g), self-identified ethnicity, and level of education (achievement of
5t form certificate or not or the equivalent according to the National Certificate of
Educational Achievement [NCEA] in NZ). Due to the referral process required in NZ,
matching was geared to achieving equivalent ethnicity between the MA and comparison
groups. Of the 421 total subjects who were identified as meeting the study criteria, only 49
refused to participate. The remainder of the subjects were either not available, not
approached, or ineligible.

All children who were assessed at age 1, 2 or 3 years on the Bayley Scales of Infant
Development, 2nd Edition[2] (BSID-II) or at 1 or 3 years on the Peabody Developmental
Motor Scales, Second Edition [26] (PDMS-2) were included. There were 210 participants
overall (103 children MA exposed and 107 comparison). At enrollment, all study mothers
were interviewed to obtain the following: 1) demographics including age, level of education,
occupation, self-identified ethnicity, marital status, and socioeconomic status (SES),
calculated using the four-factor Hollingshead Index adapted to single parent and non-nuclear
families,[13] with Hollingshead level V indicating low SES; and 2) obstetric history; and 3)
any licit or illicit drug use during pregnancy including tobacco, alcohol and marijuana.

At each assessment mothers were given $40.00 that they could use to cover any out of
pocket expenses such as babysitting for siblings. In addition, those mothers who drove to
our research unit were given a $20.00 gas voucher. For those mothers who didn’t drive or
own an automobile, a taxi to and from our research unit was provided. A further incentive
was a $10.00 voucher that was sent to mothers who notified us when they changed their
address or contact details.

2.2 Measures

NZ IDEAL uses the same measures and protocol as the US IDEAL study [63].

2.3 Substance Use

The Substance Use Inventory (SUI) was used to obtain a prenatal drug use history that
included quantity and frequency across four time periods: the three months preceding, and
the first, second and third trimesters of the current pregnancy. Consistent with other IDEAL
studies, heavy MA use was defined as = 3 days per week across pregnancy [34,35,51,52,61].
Table 1 shows the frequency of MA use across pregnancy. Over 34% continued to use MA
throughout their pregnancy. Extent of prenatal exposure to other drugs was calculated as
ounces of absolute alcohol per day, number of cigarettes per day and number of joints per
day across pregnancy [15,53]. Postnatal use of MA, tobacco, alcohol and marijuana was also
measured at ages 1, 2, and 3 years for each drug.
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2.4 Maternal characteristics and home environment

Postnatal caregiver and environmental characteristics were obtained on multiple visits at 1
month, then at 1, 2, 2.5 and 3 years. At each annual visit, the current household structure and
SES were obtained. The quality of the home environment (including social-emotional and
cognitive support available in the home) was measured at age 2.5 using the overall summary
score from the Home Observation for Measurement of the Environment (HOME) inventory
[9]. Individual items are based on family interview and observations made by trained
interviewers [8]. The Peabody Picture Vocabulary Test-111 (PPVT-111) was also administered
at age 2.5 [19]. This test measures receptive vocabulary and serves as a proxy measure of
caregiver’s 1Q. The standardized score reported is based on the number of correct answers.

2.5 Cognitive and motor development

Trained, certified examiners masked to group status assessed the cognitive and motor
development of infants with the BSID-I1 at ages 1 + 2 weeks, 2 £4 weeks and 3 +6 weeks.
The PDMS-2 was used to measure motor development at ages 1 and 3. Age of
administration was corrected for prematurity for infants born at < 37 weeks gestation. The
BSID-1I Psychomotor Development Index (PDI) and the PDMS-2 measures both gross and
fine motor skills. The Mental Developmental Index (MDI) of the BSID-Il measures
cognitive development including: memory, problem solving, early number concepts, early
communication and vocalization. Both the BSID-I1 and the PDMS-2 provide developmental
quotients with a mean of 100 and a standard deviation (SD) of +/- 15. The PDMS-2
provides separate developmental quotients for fine (small muscle systems, grasping and
visual-motor integration) and gross motor (large muscle systems, stationary, locomotion and
object manipulation).

2.6 Statistical Analysis

The association of MA exposure with maternal and neonatal characteristics was examined
using analysis of variance (ANOVA) and chi-square statistics. One-way ANOVA tested the
effects of MA exposure on motor and cognitive outcomes as measured by the BSID-1I and
the PDMS-2. GLM tested the effect of MA exposure on BSID-Il and PDMS-2 with
adjustment for covariates. The level of MA use was recoded into heavy use versus some and
no use to test whether heavy MA use had a greater effect on developmental outcomes.

General linear mixed models (GLMM), PROC MIXED from SAS version 9.1.3, were used
to test the longitudinal effects of prenatal MA exposure on cognitive and motor outcomes,
after controlling for potential covariates. GLMM can accommodate missing data and are
useful for modeling repeated measures data in an unbalanced design. Separate models were
conducted for BSID-11 MDI and PDI scores at 1, 2, and 3 years and for PDMS-2 scores at 1
and 3 years. Figure 1 provides an overview of the participants available for follow-up across
the first 3 years.

There were 38 (18.1%) missing values for the HOME Inventory and 57 (27.1%) missing
values for the PPVT-I11 in our sample for the longitudinal analysis of the BSID-11. Multiple
imputation using PROC MI in SAS was applied. Ten imputed datasets were generated for
each analysis. The results were combined for the estimation of regression parameters using
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PROC MIANALYZE. Sensitivity analyses were performed on the data with and without
imputed values for caregiver 1Q and the quality of home scores. Results are reported from
the imputed data to retain the full sample since the results were similar.

2.7 Covariates

3. Results

Covariates were selected based on conceptual reasons, published literature, and maternal and
neonatal characteristics that differed between MA exposure (P<0.05) if not highly correlated
with other covariates (r>0.7). Factors unrelated to cognitive or motor outcomes are not
included as covariates. Covariates included in all cross sectional and longitudinal models
were any prenatal exposures to alcohol, tobacco, and marijuana, SES, gender, birth weight,
and ethnicity. Quality of the home, caregiver 1Q and gender were included a priori as
covariates in BSID-1I longitudinal analyses because they are shown to be associated with
cognitive development in children. The quality of the home and caregiver 1Q were not
included in cross sectional analyses of BSID-I1 outcomes since two of three time points
occurred prior to their measurement. Finally, analyses were repeated while excluding birth
weight to test the possibility that birth weight was mediating the impact of MA exposure.

Demographics and maternal and neonatal characteristics of the sample are presented in
Table 2. As a result of the matching protocol there were no significant differences in level of
education, or ethnicity. Relative to the comparison group, the MA-exposed group was more
likely to have a lower SES, have mothers with no partner at birth and who presented later in
gestation for prenatal care. The MA exposed group also had a higher percentage of mothers
reporting the use of tobacco and marijuana than comparison mothers, but not alcohol (63%
vs. 57%, respectively), and a higher daily use of alcohol, cigarettes and marijuana across
pregnancy. Prenatal exposure to MA was also associated with lower birth weight, but no
other neonatal characteristics, and postnatally, to a lower SES at the 3-year visit.

The growth of infants included in this report varies across the first 3 years of age (Table 3).
MA exposure was associated with smaller head circumferences at 1 year, weighing less at 2
years and being shorter at 3 years.

Cross-sectional analyses of motor outcomes from the PDMS-2 are reported in Table 4,
unadjusted and adjusted for birth weight, gender, prenatal drug exposures, SES and
ethnicity. At age 1, there were no exposure effects on gross or fine motor quotients or
subtests. At age 3, prenatal MA exposure was associated with lower scores than the
comparison group on the gross motor quotient (Unadjusted P<0.047), but not maintained
after adjustment. Similarly, prenatal MA exposure was associated with lower stationary
subtest scores (Unadjusted, P<0.027), but not after adjustment. There were no effects of
heavy MA exposure on gross or fine motor quotients or subtests at 1 or 3 years (P>0.05 in
all cases).

The cross-sectional results of the BSID-11 MDI and PDI are reported in Table 5, unadjusted
and adjusted for birth weight, gender, prenatal drug exposures, socioeconomic status and
ethnicity. No effects of MA exposure on cognitive development (MDI) were found at ages 1
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or 3 years. At age 2, MA exposure was related to lower MDI quotients (Unadjusted,
P<0.041), but not after adjustment. However at both 1 and 2 years of age after adjustment,
MA exposure was related to lower PDI scores (Adjusted P=0.035, P=0.015, respectively).
No effects for exposure were found at age 3. There were no effects of heavy MA exposure
on the MDI or PDI at any age (P>0.05 in all cases)

GLMM, were used to examine the effects of prenatal MA exposure on longitudinal scores
from the BSID-I1 and the PDMS-2 with adjustment for prenatal exposures to alcohol,
tobacco, and marijuana, SES, gender, birth weight and ethnicity. Overall, there were no
effects of prenatal MA exposure on the MDI (Table 6). However, Maori scored 4.4 points
lower on the MDI (P=.010) and boys scored 5.3 points lower than girls (P=<0.001). Notable
was the finding that MA-exposed children scored 4.3 points lower on the PDI relative to
children with no exposure (P=0.032). For each 100g increment in birth weight, PDI
increases by 0.33 (P=0.048). Overall gross motor quotient scores were 3.2 points lower in
the MA-exposed group versus the comparison group (P=.027). There were no significant
effects of prenatal MA exposure on the fine motor quotient scores of the PDMS-2. However,
boys scored significantly lower than girls on both the fine motor quotient score and grasping
subtest (P=0.004). There were no significant effects of heavy MA exposure on the BSID-II
indices or PDMS-2 quotients or subtests. Birth weight was also tested, but there were no
significant mediating effects (P>0.05).

4.0 Discussion

We found evidence for poorer motor development among children exposed prenatally to
MA. Relative to non-MA exposed children MA-exposed children had poorer psychomotor
scores on the BSID-II at 1 and 2 years of age. Longitudinal models employed to examine the
relative effect of prenatal MA exposure over the first three years of development revealed
lower scores on composite measures of psychomotor performance (PDI) and gross motor
performance on the PDMS-2. These findings persisted after controlling for maternal
characteristics, other prenatal drug exposures, and SES. However, birth weight was
independently associated with better performance on the PDI.

No associations were found between MA exposure and cognitive scores on the BSID-I1 or
fine motor development on the PDMS-2. Rather, poorer cognitive performances over time
were associated with being male and Maori, and poorer fine motor and grasping skills with
being male.

The finding that prenatal exposure to MA is associated with poorer motor outcomes is
consistent with reports that have raised concerns about the neurodevelopmental outcomes of
infants exposed prenatally to cocaine [44] MDMAJ48,49], and a recent report of prenatal
MA exposure from US IDEAL [52]. Findings from US IDEAL found heavy MA exposure
was associated with one aspect of fine motor development, lower scores on the grasping
subscale at ages 1 and 3 of the PDMS-2 [52]. Prenatal MDMA exposure was associated with
lower quality of movement and less mature gross motor functioning at 4 months of age and
at 1 year in heavily exposed infants [48,49].
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Our findings extend the literature in two ways. First, despite the range of prenatal MA
exposure in this sample and the finding that nearly one third of the mothers continued to use
MA across all three trimesters, poorer motor outcomes in this study were not restricted to
the most heavily MA exposed children. Second, we found MA exposure in longitudinal
models were associated with poorer motor performance on two measures of motor
development, the PDI that measures aspects of fine and gross motor development and the
gross motor quotient of the PDMS-2. Taken together these findings suggest robust
associations between MA exposure and motor outcomes over the first 3 years.

Notable also were the findings that males of Maori descent exhibited poorer performances
on cognitive and fine motor tasks overtime. Numerous reports document the disparity in
childhood illness and unmet health needs between Maori children and NZ non-Maori
children [37]. Of particular concern are reports that Maori children are three times more
likely to be hospitalized for bronchiolitis, rheumatic fever and bronchiectasis and have
significantly higher rates of middle ear infections. However, this is the first published
evidence to our knowledge that Maori males are more at risk of cognitive and fine motor
delay during infancy and toddlerhood than Maori girls or other non-Maori NZ children.

Previous reports of this sample of children found prenatal MA exposure resulted in early
motor disturbances at birth and 1 month [35]. These results along with the current findings
suggest an early perturbation of motor development with ongoing consequences for motor
performance. One explanation for the variability in the linkages we, and others have found
between prenatal MA exposure and poorer motor performance is that prenatal or perinatal
stressors may bring about a different setting of the monoaminergic systems. The
monoaminergic systems are widespread systems involved in the modulation of behavior.
These changes have been associated with impairments in the development of somatosensory
processes associated with atypical motor development [28,29]. This impaired development
may reflect a situation where a child may have a typical range of movements but has
difficulties in selecting the best strategy to complete a motor task in a novel situation due to
deficits in processing of sensory information. As a result of this inability to vary motor
behavior to meet task-specific requirements, a child may exhibit more variable behavior
during motor tests. In this instance, the child may require more time and/or more practice to
learn new motor skills [30,31].

Despite the number of studies that have identified delayed motor development in children
exposed prenatally to a range of recreational drugs, few intervention studies specifically
targeting motor development exist. Rather the focus of intervention research has been to
reduce the environmental risks associated with maternal substance abuse [17,61] thereby
improving parenting and in turn fostering more optimal child development. However the
effectiveness of these programs has been variable and few have reported positive effects for
motor development. Given that we found delayed motor development in MA exposed
children persisted after adjusting for numerous environmental risks, it would seem
interventions are needed that are more directly child focused and include strategies to
improve early motor development[38].
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The major strengths of this study include a non-clinical representative sample, a very high
retention for this high-risk population after 3 years (91%); and a database that provides
multiple data sources and a rich history of contextual and maternal characteristics. The main
limitation is the reliance mostly on maternal self-report to determine the extent of MA and
other drug use. However, women in NZ are likely to be more forthcoming with reports of
their drug use during pregnancy as there is no legal mandate for health professionals to
report them to child protection services [63].

In conclusion, the findings from this report suggest prenatal MA exposure is associated with
ongoing perturbations of motor development during early development. However, further
longitudinal research is needed to determine whether these motor disturbances will persist,
and the impact they may have on the development of more complex motor responses
required for early and ongoing cognitive and social emotional competencies.
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Fig. 1.

Flow chart of cohort with follow up 1 to 3 years(yr).
@Data collection is ongoing
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Table 1

Frequency of self-reported MA use.2

N=101
Trimester
MA Use
First Second Third
N (%) N (%) N (%)
Daily 11 5 (5.0%) 1 (1.0%)
(10.9%)
3-6 days/wk. 16 5 (5.0%) 6 (5.9%)
(15.8%)
1-2 days/wk. 19 17 (16.8%) 6 (5.9%)
(18.8%)
1-3 days/mo. 12 12 (11.9%) 11 (10.9%)
(11.9%)
1-2 days/3 mos. 23 10 (9.9%) 16 (15.8%)
(22.8%)
Not at all 6 (5.9%) 48 (47.2%) 60 (59.4%)

Days/week (mean, 2.18(2.35) 1.07(1.91) 0.46(1.17)
SD)

Used all 3 trimesters 34 (33.7%)

al of the 103 MA users in this study denied MA use but was subsequently identified as exposed by the toxicology results, and 1 further participant
did not provide self-report data for frequency but did report MA use7
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Table 2

Sample characteristics by MA exposure

Number (Percent) &/ Mean (SD)

MA Exposed Comparison P-Value

(N =103) (N=107)
Maternal and demographic characteristics at
birth
Culture 0.572
White 58 (56.3%) 50 (46.7%)
Maori 33(32.0%) 40 (37.4%)
Pacific Islander 9 (8.7%) 13 (12.1%)
Asian 3 (2.9%) 3(2.8%)
Indian-Pakistani 0 (0.0%) 1(0.9%)
Low socioeconomic status 50 (49.0%) 21 (19.6%) <0.001
No partner at birth 54 (52.4%) 29 (27.1%) <0.001
Education <5t form 66 (64.1%) 55 (51.4%) 0.063
Maternal age (yr) 26.8 (6.2) 25.4(6.8) 0.142
GA at 1% prenatal visit, week 15.9 (6.9) 13.3(5.7) 0.004
Prenatal tobacco use 91 (88.3%) 56 (52.3%) <0.001
Cigarettes/day across pregnancy 8.9(7.3) 3.3(5.6) <0.001
Prenatal alcohol use 65 (63.1%) 61 (57.0%) 0.367
Absolute alcohol/day across pregnancy 0.32 (0.81) 0.12 (0.28) 0.014
Prenatal marijuana use 67 (65.0%) 24 (22.4%) <0.001
Joints/day across pregnancy 0.47 (0.99) 0.18(0.66) 0.014
Neonatal characteristics
Gender (boy) 55(53.4%) 58 (54.2%) 0.907
Birth Weight (g) 3324(453) 3492 (557) 0.017
Birth Length (cm) 50.9 (2.3) 51.2 (2.5) 0.343
Birth Head Circumference (cm) 34.5(1.7) 34.9(1.6) 0.082
Gestational Age (weelcs) 39.2 (1.5) 39.5(1.4) 0.080
Small for Gestational Age 9 (8.7%) 13 (21.1%) 0.420
Low Birth (<2500) 4 (3.9%) 5 (4.7%) 0.778
Postnatal characteristics of the environment
Quality of the home (2.5 yr visit) 33.3(6.2) 34.7 (6.2) 0.145
Caretaker 1Q 94.1 (9.6) 90.7(13.6) 0.081
Low socioeconomic status (3 yr visit) 46 (56.1%) 19 (22.1%) <0.001

aThe number of participants includes BSID-II or PDMS-2 evaluation at any visit
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Table 3

Growth measures across infancy by MA exposure

Measurement n MNQ Er??gg‘;d n N&zgﬁ?gée)d p
Length (cm)
1 year 93 74.75 (3.47) 100 75.42 (3.10) .160
2 years 99 86.68 (3.57) 99 87.37(3.38) 162
3years 82 95.34 (3.44) 85 96.8 (3.78) .009
Weight (g)
1 year 93 10288.71(1287.04) 99  10467.36(1208.33) .323
2 years 97 12859.43(1639.11) 98  13366.13 (1699.24) .035
3years 82 15234.47 (2140.46) 84  15600.30(2375.01) .276
Head Circumference
(cm)
1 year 94 46.74 (1.36) 100 47.15 (1.40) .036
2 years 98 49.11 (1.29) 98 49.31(1.49) .306
3years 82 50.45 (1.29) 85 50.61(1.38) 424
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Table 4
PDMS-2 by MA exposure
Meant + (SD)
Quotient/Subscales MA Exposed ~ Comparison  Unadjuste  aagjuste
P-Vc;Iue P-V(:alue

1 year (N=93) (N=199)

Gross Motor Quotient 100.56 + 10.61  102.73 +8.17 0.113 0.055
Stationary 10.15+1.73 10.56 £ 1.34 0.070 0.157
Locomotion 9.67 +2.76 10.15+2.43 0.197 0.058
Object Manipulation 10.69 + 1.49 10.77 +1.39 0.743 0.467

Fine Motor Quotient 97.55 + 10.68 99.24 +£9.10 0.237 0.339
Grasping 9.88 + 2.60 10.22 +2.20 0.328 0.592
Visual-Motor Integration 9.30 + 1.37 9.53 £ 1.52 0.286 0.235

3years (N=77) (N=84)

Gross Motor Quotient 97.38 + 8.65 100.23 +9.35 0.047 0.137
Stationary 9.31+1.95 9.99 +1.90 0.027 0.059
Locomotion 9.06 +1.51 9.40 £1.62 0.171 0.291
Object Manipulation 10.39 +1.87 10.73 £ 2.04 0.279 0.506

Fine Motor Quotient 96.03+10.10  96.36 +10.33 0.838 0.931
Grasping 8.87+211 8.79 £2.36 0.812 0.967
Visual-Motor Integration 9.81+1.85 10.0+£1.69 0.486 0.833

a, . . . . . .
Adjusted for birth weight, gender, prenatal drug exposures, socioeconomic status, and Maori culture
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BSID-11 by MA exposure

Table 5

Meant + (SD)

Ségpe(iard MA Exposed  Comparison Ug’f‘\(ﬁ:zteed a@_‘{;;fszd
12 months (N=94) (N=99)
MDI 93.16 +12.73  95.82 +13.28 0.158 0.139
(N=93) (N=99)
PDI 87.03+17.45 89.13+16.79 0.397 0.035
24 months (N=97) (N=96)
MDI 85.78 +15.76  90.21 +14.11 0.041 0.156
PDI 87.14+17.71 94.33+14.88 0.003 0.015
3months (N =79) (N= 86)
MDI 87.75+12.75 88.52 +12.58 0.695 0.412
PDI 90.86 £ 14.30 93.53+14.51 0.235 0.657

a. . . . . .
Adjusted for birth weight, gender, prenatal drug exposures, socioeconomic status, and culture
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Table 6

Selected repeated measures coefficients from fixed-effect mixed models.

Outcome Parameter Estimate SE p
PDMS-2
Gross motor Prenatal MA  -3.22 144 0.027
Stationary Prenatal MA  -0.59 0.25 0.021
Locomotion Prenatal MA -0.63 0.32 0.055
Object manipulation Prenatal MA  -0.27 0.29 0.346
Fine motor Prenatal MA  -0.66 144 0.648
Gender (Boy) -3.51 119 0.004
Grasping Prenatal MA  -0.10 032 0.751
Gender (Boy) -0.76 0.26  0.004
Visual-motor integration ~ Prenatal MA  -0.13 0.25 0.621
BSID-II
MDI Prenatal MA  -1.32 1.67 0.428
Maori -4.40 172 0.010
Gender (Boy) -5.25 142 <0.001
PDI Prenatal MA  -4.28 1.99 0.032
Birth weighta 033 0.02 0.048

Notes: Non-significant findings for prenatal exposure to alcohol, tobacco, and marijuana, low socioeconomic status, birth weight, culture, 1Q, and
quality of the home are not presented. Time trends were significantly decreasing in all analyses.

aThe increment for birth weight for parameter estimates is 100g
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