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Abstract
Background—Methamphetamine (MA) use among pregnant women is an increasing problem in
the United States. The impact of prenatal MA exposure on development in childhood is unknown.

Objective—To examine the effects of prenatal MA exposure on motor and cognitive
development in children at 1, 2, and 3 years of age.

Design/Methods—IDEAL enrolled 412 mother-infant pairs at four sites (Tulsa OK, Des
Moines IA, Los Angeles CA, and Honolulu HI). MA subjects (n=204) were identified by self-
report or GC/MS confirmation of amphetamine and metabolites in infant meconium. Comparison
subjects (n=208) were matched (race, birth weight, maternal education, type of insurance), denied
amphetamine use, and had a negative meconium screen. Both groups included prenatal alcohol,
tobacco and marijuana use, but excluded use of opiates, lysergic acid diethylamide, phencyclidine
or cocaine only. The Peabody Developmental Motor Scales (PDMS-2) were administered to the
infants at the 1 and 3 year visits. This analysis includes a subsample (n=350) of the IDEAL study
with completed 1 and/or 3 year visits (n= 330 and 281, respectively). At each annual visit we also
conducted the Bayley Scales of Infant Development (BSID-II) as a general evaluation of mental
and motor development. The BSID-II analysis includes a subsample (n=356) of the IDEAL study
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with completed 1, 2, and/or 3 year visits (n= 331, 288, and 278 respectively). GLM analysis
conducted on the PDMS-2 and BSID-II examined the effects of MA exposure and heavy MA
exposure (≥3 days of use/week), with and without covariates. Longitudinal analyses were used to
examine the effects of MA exposure on changes in motor and cognitive performance over time.

Results—Heavy MA exposure was associated with significantly lower grasping scores than
some and no use at 1 year (P = 0.018). In longitudinal analysis, lower grasping scores associated
with any MA exposure and heavy exposure persisted to 3 years. There were no effects of MA
exposure, including heavy exposure, on the Bayley Mental Development Index (MDI) or
Psychomotor Development Index (PDI) at any or across age.

Conclusions—There were no differences in cognition as assessed by the BSID-II between the
groups. There was a subtle MA exposure effect on fine motor performance at 1 year with the
poorest performance observed in the most heavily exposed children. By 3 years, no differences in
fine motor performance were observed. These findings suggest MA exposure has modest motor
effects at 1 year that are mostly resolved by 3 years.
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1. Introduction
Methamphetamine (MA) use continues to be a significant public health problem in the
United States. In 1999, the Substance Abuse and Mental Health Services Administration
(SAMHSA) reported the number of Americans who had tried MA in their lifetime was 9.4
million(1), double from what it was in 1994(2). By 2004, the number had reached nearly 12
million(3). Data from the Treatment Episode Data Set (TEDS), a national database obtained
from admissions to substance abuse treatment centers, recorded a three fold increase in
admissions due to MA between 1993 and 2003(4). There is little information about MA use
by pregnant women, but available data suggest substance abuse by pregnant women
continues to be a significant public health problem. TEDS data reported that 45% of patients
treated for MA abuse were women(5) with a prevalence rate for pregnant MA users of 6.4%.
The 2007 SAMHSA report found 5.1% of pregnant women aged 15-44 years used illicit
drugs during pregnancy with an estimated 5% of persons ages 12 and older having used MA
at least once in their lifetime(6).

Because of the significant use of MA in the United States, understanding the effects of
prenatal exposure on the developing child is essential. In the rat model, prenatal
administration of MA caused abnormal spatial learning(7;8) and in mice, prenatal MA is
associated with dopaminergic nerve terminal degeneration and long term motor deficits in
offspring(9). Adult MA users have dopamine transmitter loss associated with reduced motor
speed and impaired verbal learning(10). To date, however, little is known about the potential
neurotoxic effects of prenatal MA exposure on the development of children.

The most extensive follow-up data regarding amphetamine exposed children are from a
series of reports from Sweden by Billing and colleagues who have followed a group of
amphetamine exposed children from birth to age 14. Among children exposed to
amphetamine continuously throughout pregnancy, emotional signs of autism, speech
problems and signs of wariness of strangers were noted by age one(11). By age 4, IQ was
lower than a normative group of Swedish children(12) and at age 8 prenatal exposure
predicted aggressive behavior and problems with peers(13). At age 14, the children showed
problems with advancement in school due to delays in math and language and had
difficulties with physical fitness activities(14). Other investigators have reported poorer
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visual recognition memory, a measure correlated with subsequent IQ in MA and cocaine
exposed newborns(15). A neuroimaging study of 26 MA exposed and non-exposed
children(16) found neurocognitive deficits in visual motor integration, sustained attention,
verbal memory and long term spatial memory in the MA-exposed children. The deficits in
sustained attention and verbal memory were correlated with reduced volume in targeted
brain structures(17). The limitations of many of these reports include the lack of a control
group, small sample size and confounds with other prenatal drug use. Though these findings
are limited, they suggest these children are at risk for poor child outcome due to both drug
and psychosocial risk factors including poverty and family stress.

The Infant Development, Environment, and Lifestyle (IDEAL) study was funded to conduct
a large, controlled longitudinal study of MA exposed children in diverse populations and
geographic locations. We have previously reported preliminary results from the first year of
recruitment that prenatal MA exposure is associated with poor quality of movement, low
arousal and increased stress signs in the newborn period(18). This study addresses the
effects of prenatal MA exposure on motor and cognitive development in children 1, 2, and 3
years of age.

2. Methods
Study Design

The IDEAL study is a multi-site, longitudinal study investigating the effects of prenatal MA
exposure on child outcome. Detailed recruitment methods for the IDEAL study have been
reported previously(19). Briefly, between September 2002 - November 2004, subjects in this
sample were recruited at the time of delivery from seven hospitals in four geographically
diverse, collaborating centers in the following cities: Los Angeles, CA; Des Moines, IA;
Tulsa, OK; and Honolulu, HI. All women delivering at each of the four clinical sites were
approached, screened for eligibility, and consented to participate in this three-year study.

A postpartum mother was excluded if she was: <18 years of age, using opiate, lysergic acid
diethylamide, phencyclidine or cocaine only during her pregnancy, institutionalized for
retardation or emotional disorders, low cognitive functioning (did not understand consent
after third explanation attempt or could not answer basic demographic information about
self or baby), overtly psychotic or a documented history of psychosis, or non-English
speaking. Exclusion criteria for the infants were: critically ill and unlikely to survive,
multiple birth, major life threatening congenital anomaly, documented chromosomal
abnormality associated with mental or neurological deficiency, overt clinical evidence of an
intrauterine infection, and sibling previously enrolled in the IDEAL study.

The study was approved by the Institutional Review Boards at all participating sites and
signed informed consent was obtained from all subjects. A National Institute on Drug Abuse
Certificate of Confidentiality was obtained for the project that assured confidentiality of
information regarding the mothers' drug use, superseding mandatory reporting of illegal
substance use. The certificate was explained to the mother during the recruitment and
informed consent process, including the condition that the certificate did not exclude
reporting of evidence of child abuse or neglect. Re-training of staff occurred annually to
maintain standardization of the data collection procedures.

At recruitment, sociodemographic and prenatal substance use information was collected by
interview from each subject. All interview questions were read to the mother to ensure
standardization. A meconium sample was collected from each infant and shipped to a central
laboratory (United States Drug Testing Laboratories) for analysis of drug metabolites.
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MA exposure was determined by self-reported MA use during this pregnancy and/or a
positive meconium screen and gas chromatography/mass spectroscopy confirmation.
Meconium toxicology results were required to be enrolled in the study. Of the 204 subjects
in the exposed group, eight subjects denied MA use but were identified as exposed by
toxicology only; 196 subjects reported amphetamine use with 146 by self report only
(toxicology was negative) and 50 by self-report and positive toxicology.

The recruitment sample included 204 MA exposed and 3,701 unexposed subjects who
represent the general population of the site. This sample provides the prevalence of MA
exposure as well as maternal and newborn characteristics associated with MA exposure(20).
The longitudinal follow up sample included all the MA exposed infants and mothers
(n=204) and comparisons dyads (n=208) who denied MA use during this pregnancy and had
a negative meconium screen for MA. The exposed and comparison groups were matched on
maternal race, birth weight category (<1500 g, 1500-2500 g, >2500 g), private versus public
insurance, and education (high school education completed versus not completed).
Comparison dyads with characteristics that were difficult-to-match were enrolled before a
matching exposed dyad, leading to slightly different sample sizes in the two groups. Prenatal
exposure to alcohol, tobacco and marijuana existed in both groups and were considered
background variables.

The longitudinal phase of this study included visits when the child was 1, 12, 24, 30 and 36
months of age. The present study evaluates the impact of prenatal MA exposure on infant
motor and cognitive development assessed at the 1, 2, and/or 3 year study visits.

Subjects
All subjects in the follow up sample who were evaluated at 1, 2 or 3 years on either
cognitive or motor assessments were included. There were 356 subjects overall (n=179 MA
exposed and n=177 comparison). Figure 1 is a flowchart of the number of subjects evaluated
at each visit including the pattern of missing visits.

Selective attrition
Analyses of selective attrition compared maternal and newborn characteristics of subjects
included in the study versus those excluded because they missed the follow up visit.
Comparison of the 284 included in 3 year evaluation of BSID-II and/or PDMS-2 to the 128
excluded (Table 1) showed higher gestational age at the 1st prenatal visit. Analyses of
selective attrition at 1 year showed that the 331 included subjects were more likely to be low
SES than the 81 subjects who missed the visit (32% vs. 21%, P = 0.034). At 2 years, there
were no significant differences on any characteristic between the included (n=288) and
excluded (n=124) subjects. Of special note, there were no differences between included and
excluded subjects on the prevalence of MA exposure including heavy MA use at any age
point.

Covariates
Once consented, each subject was administered the Lifestyle Interview which collected the
following information: 1) number of prenatal visits, 2) demographics including age,
education, occupation, race, marital status, type of insurance, and socioeconomic status
(SES), calculated using the four-factor Hollingshead Index which has been adapted to single
parent and non-nuclear families(21;22), 3) licit and illicit drug use during pregnancy
including tobacco, alcohol and marijuana use.

The Substance Use Inventory (SUI)(23) was administered to all subjects who admitted use
of a licit or illicit drug in the Lifestyle Interview. This questionnaire asked detailed questions
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about the frequency and quantity of MA use during four time periods: 3 months prior to
pregnancy, first, second and third trimester of pregnancy. Consistent with published studies
of MA exposure(18) and similar studies of cocaine exposure(24;25), heavy MA use was
defined as ≥3 days per week across pregnancy. Some use was any use not meeting the
criterion for heavy use. Of the MA users, 36 (18%) met criterion for heavy use.

The Peabody Picture Vocabulary Test-III (PPVT-III) was administered to the child's mother
or primary caretaker at the 30 month home visit. The PPVT-III is a standardized assessment
of receptive vocabulary that serves as a proxy measure of the caretaker's IQ(26). The
standard score based on the number of correct answers is used in this study. The Home
Observation for Measurement of the Environment (HOME) Inventory was also completed at
the 30-month home visit. It measures the quality of the home environment including social-
emotional and cognitive support available in the home (27). Items are scored on the basis of
family interview and direct observations made by the interviewer. The overall summary
score for the total quality of home is used in this study.

Outcome measures
Examiners masked to exposure status were trained and certified in the administration and
scoring of the motor and cognitive assessments. Age of administration was corrected for
prematurity for infants born <37 weeks gestation. The Peabody Developmental Motor
Scales (PDMS-2) were administered when the infant was 12 ± 0.5 and 36 ± 1.5 months of
age. The PDMS-2 measures gross and fine motor skills. The gross motor scale is comprised
of three subtests: stationary or body control and equilibrium, locomotion, and object
manipulation. The fine motor scale is comprised of two subtests: grasping, and visual-motor
integration. The PDMS-2 was conducted on infants (n=350) who were evaluated at the 1 or
3 year visits (n= 330 and 281, respectively with n=261 at both visits).

The Bayley Scales of Infant Development II (BSID-II) were administered when the infants
were 12 ± 0.5, 24 ± 1, and 36 ± 1.5 months of age. The BSID-II is a standardized assessment
of developmental functioning of infants including mental and motor scales (28). The Mental
Scale includes items that assess memory, problem solving, early number concepts,
generalization and vocalizations. From these items, the standard score, Mental Development
Index (MDI) is generated. The Motor Scales assess control of gross and fine muscle groups
and results in the Psychomotor Development Index (PDI). Both indices have a mean of 100
with a standard deviation of 16. The BSID-II analysis includes a subsample (n=356) of the
IDEAL study with completed 1, 2, and/or 3 year visits (n= 331, 288, and 278 respectively,
with 234 at all visits).

Statistical analysis
Maternal and neonatal characteristics were assessed using one-way analysis of variance
(ANOVA) for continuous measures or chi-square for categorical measures.

Cross sectional analyses—One-way ANOVA tested the effects of MA exposure and
heavy MA use on motor and cognitive outcomes as measured by the PDMS-2 at 1 and 3
years of age and the BSID-II at 1, 2, and 3 years of age. All subtests of the PDMS-2 were
initially evaluated by MA exposure, but only subtests with significant effects were analyzed
further using General Linear Modeling (GLM). GLM tested the effects of MA exposure and
heavy MA use with covariates on BSID-II and PDMS-2 outcomes. The level of MA use was
recoded into heavy use versus some and no use to test whether heavy use had a greater effect
on developmental outcomes over and above some use and no use. Significant PDMS-2
subtest findings were followed by a Bonferroni correction to minimize type I errors due to
multiple comparison tests.
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Longitudinal analyses—General linear mixed models (GLMM) were used to test
longitudinal effects of prenatal MA exposure and heavy prenatal MA exposure on cognitive
and motor outcomes, after controlling for potential covariates. GLMM are able to
accommodate missing data and unbalanced designs, which are issues in the current study.
Separate models were conducted for BSID-II MDI and PDI scores at 1, 2, and 3 years and
PDMS-2 at 1 and 3 years, using PROC MIXED procedure in SAS for Windows 9.13 (SAS
Institute, Cary, NC). Continuous covariates (e.g., birth weight) were grand mean centered.
Site was included to address the nesting structure of children in study sites. Significant
PDMS-2 subtest findings were followed by a Bonferroni correction to minimize type I errors
due to multiple comparison tests.

Imputation of missing values—There were 73 (20.5%) and 62 (17.4%) missing values
for the HOME and PPVT scores, respectively, in our sample for longitudinal analyses of the
BSID-II. We used multiple imputation as implemented in Proc MI of SAS for BSID-II MDI
and PDI separately. Twenty imputed data sets were generated for each analysis. The results
of each were combined for the estimation of regression parameters using Proc
MIANALYZE. Sensitivity analyses were performed on the data with and without the
imputed values for PPVT and HOME scores. The results were very similar. Thus, we report
the results from analyses with imputed data to retain the full sample.

In all analyses, significance was accepted at P < 0.05. Data were analyzed using SAS for
Windows (version 9.1.3; SAS Institute, Cary, NC) and SPSS for Windows (Rel. 17.0.0 2008
Chicago: SPSS Inc.).

Covariate selection
Covariates were selected based on conceptual reasons, published literature, and maternal and
neonatal characteristics that differed between MA exposure groups (P < 0.05) if not highly (r
< 0.7) correlated with other covariates. Prenatal exposures to alcohol, tobacco and
marijuana, socioeconomic status (SES), birth weight and study site were included a priori as
covariates in all analyses based on literature as well as study design. Further, the quality of
home from the HOME scale, maternal IQ from the PPVT-III, and gender were included a
priori as covariates in analyses the BSID-II analyses because they have been previously
shown to be associated with cognitive development in children (35). Maternal characteristics
during the neonatal period that differed by exposure status (Table 2) were examined as
potential covariates, but these factors were unrelated to cognitive or motor outcomes and not
included as covariates. Although gestational age, birth length, and birth head circumference
(Table 3) differed by exposure status, they were highly associated with birth weight, which
was already selected as a covariate. Thus, the covariates included in all cross sectional and
longitudinal models were any prenatal exposures to tobacco, marijuana, and alcohol, low
SES, gender, and birth weight. Gender was included in all cross sectional and longitudinal
models for BSID-II outcomes. The quality of the home (HOME) and maternal IQ (PPVT)
were included in longitudinal analyses of BSID-II outcomes, but not cross sectional analyses
as two of three ages points occurred prior to their measurement. Subjects were nested in site
in longitudinal analyses. For cross sectional analyses, the correlation between site and
prenatal MA exposure was tested for each outcome. There was no significant association
between site and MA exposure or heavy use. Thus, site was included as a control variable.
Finally, covariate analyses were repeated while excluding birth weight to test for the
possibility that birth weight was mediating the impact of MA exposure.
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3. Results
Characteristics of the sample

Demographic and neonatal characteristics were examined between the exposed and
comparison groups in 356 subjects who were evaluated at 1, 2 or 3 years on cognitive or
motor assessments. As presented in Table 2, there were no differences in race, type of
insurance, education level or maternal age between the groups. Women in the exposed group
were more likely to have a lower SES, be without a partner at the time of delivery, obtain
prenatal care later in gestation and less likely to have attended prenatal care visits than the
comparison group. Further, mothers in the exposed group were more likely to use more
tobacco, alcohol and marijuana during pregnancy. Newborn demographics of the study
subjects are presented in Table 3. There were no differences in gender, birth weight or
incidence of small for gestational age or low birth weight by exposure group. The MA group
had decreased gestational age, length and head circumference at birth.

We also measured caretaker IQ (Exp n=147; Comp n=147) and the quality of the home (Exp
n=141; Comp n=142) at 30 months. There were no effects of MA exposure on the quality of
the home (Exp 34.01 SD 4.08 versus Comp 34.25 SD 3.83, P = 0.612). Further, there were
no significant differences in IQ between caretakers in the exposed and comparison groups
(Exp 91.88 SD11.18 versus Comp 90.82 SD 14.25, P = 0.475). Due to mandatory reporting
of illicit drug use during pregnancy to child protective services, 65 children in the exposed
group and 4 in the comparison group were not living with their biological mother at 30
months of age. Non-maternal caretakers for the exposed group were as follows: 31 relatives,
26 adoptive parents, 5 foster parents and 3 non-relatives. Non-maternal caregivers in the
comparison group were as follows: 3 relatives, 1 adoptive parent.

Maternal drug use
The study criterion for heavy use is based on the average frequency of MA use across
pregnancy. Heavy use is defined as ≥3 days per week and some use has < 3 days per week.
Table 4 shows the average pattern of reported use by trimester for heavy and some users.
Overall, the pattern is toward declining MA use over the course of the pregnancy with 28
(16%) abstaining in the 1st trimester, 79 (56%) abstaining in the 2nd trimester and 102 (59%)
abstaining or quitting in the 3rd trimester. Further, 67 (47%) quit MA use by the end of the
1st trimester. We compared the pattern of declining use and quitting between mothers
designated as heavy or some MA users. The decline in MA use from the 1st to 2nd trimester
was greater (P = 0.001) in the some use (68%) versus the heavy use group (36%), but the
decline from 2nd to 3rd trimester was greater in the heavy use group (64%) than the some use
group (31%, P < 0.001). No heavy users quit at the end of the 1st trimester compared to 67
(47%) in the some use group. Eleven (31%) of heavy users quit MA use by the end of the
2nd trimester compared to 91 (64%) in the some use group (P < 0.001). These findings
suggest that the study designation for heavy use not only reflects greater frequency of use
across pregnancy, but also distinguishes two key components of the pattern of MA use in
this sample, declining use and quitting.

The predominant routes of administration are smoking (74.9%), sniffing/snorting (27.4%),
ingestion (4.5%), or injection (10.1%). Most MA users used only one route of administration
(77%). To address the effects of route of administration, we recoded the data into smoking
versus all else. No group differences were observed on any cognitive or motor outcome at
any age (P > 0.05).
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Cross- sectional analyses of cognitive and motor outcomes
On the PDMS-2, MA exposure was associated with lower scores on the grasping subtest at 1
year relative to the comparison group (Table 5) after controlling for covariates. The grasping
score assesses the fine motor ability of the hands and fingers; a lower grasping score (P =
0.027) indicates a specific deficit in fine motor coordination. However, when corrected for
multiple comparison tests, the results was marginally significant (P = 0.054). There were no
effects of grasp at 3 years. Heavy MA exposure was associated with significantly lower
grasp scores (Table 6) than some MA exposed and no use (P = 0.024) after adjusting for
covariates, and the effect was maintained after correction for multiple comparison tests (P =
0.048). These results suggest a dose-response effect. No effects were observed at 3 years,
however there was a trend for lower grasping scores (P = 0.099) in the heavy MA use group.
There were no significant effects of MA exposure or heavy exposure on fine or gross motor
scores at 1 or 3 years (P > 0.05 in all cases).

The BSID-II MDI and PDI data for the 1, 2 and 3 year visits are presented in Table 7. There
were no differences in the MDI or PDI scores between the comparison and MA groups. All
covariates were entered into an initial model with MA exposure. After excluding
nonsignificant covariates, the covariates included in the final analysis for the MDI and PDI
at 1, 2 and 3 years were the a priori covariates, study site, birth weight, gender, prenatal drug
exposures, and SES. In both unadjusted and adjusted models, there were no effects of MA
exposure on MDI and PDI at any age (P > 0.05 in all cases). Similarly, there were no effects
of heavy MA exposure on the MDI and PDI at any age (P > 0.05 in all cases).

Further, MA exposure effects were unchanged across all cross sectional analyses of BSID-II
and PDMS-2 outcomes when birth weight was removed indicating that birth weight was not
mediating the impact of MA exposure.

Longitudinal analyses of motor and cognitive outcomes
In longitudinal analyses (Table 8), there were 347 subjects with gross motor scores. There
were 350 subjects with fine motor and grasping scores at 1or 3 years or both. After
adjustments for birth weight, prenatal drug (alcohol, marijuana and tobacco) exposure and
SES, grasping scores were lower (P = 0.021) in children with prenatal MA exposure
(9.96±0.15) than those in the comparison group (10.51±0.15). Further, children with heavy
MA exposure had lower grasping scores than children who had some or no exposure to MA
(9.49±0.31 versus 10.32±0.10, respectively, P < 0.02).

There were no significant differences in fine motor scores between MA exposed and
comparison groups (P = 0.616) as well as between heavy MA exposure versus some and no
exposure groups (P = 0.118). However low SES was associated with lower fine motor
scores (MA exposure P = 0.013; heavy MA exposure P = 0.017). There were also no
significant differences in gross motor scores by either any MA exposure (P = 0.819) or
heavy MA use vs. combined some and non-use (P = 0.643). In gross motor analyses, birth
weight was a significant predictor (MA exposure P = 0.013; heavy MA exposure P = 0.012).

In longitudinal analyses, there were 356 subjects with MDI and PDI scores. There were no
significant differences in MDI and PDI scores between MA exposed and comparison groups
(P = 0.639 for MDI and P = 0.469 for PDI) as well as between heavy MA exposure versus
some and no exposure groups (P = 0.354 for MDI and P = 0.969 for PDI). Birth weight was
not significantly associated with MDI, but was associated with PDI. For each 100 g
increment in birth weight, PDI increases by 0.27. Maternal IQ and quality of home were
associated with MDI, but neither factor was significantly associated with PDI. For both MDI
and PDI, boys scored significantly lower than girls.
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In all longitudinal analyses, we examined the interaction of MA exposure and time of
evaluation and found no significant interactions (P >0.05). Birth weight was also tested, but
there were no significant mediating effects (P > 0.05).

4. Discussion
The effects of prenatal MA exposure on child development are not clearly defined. Previous
studies have been unable to determine the direct toxic effects of MA versus the multiple risk
factors associated with drug use during pregnancy. To our knowledge, the IDEAL study is
the only prospective longitudinal study of prenatal MA exposure and child outcome that has
the power to control for multiple covariates. We found poorer fine motor performance at 1
year in children exposed to prenatal MA exposure with the poorest performance observed in
the most heavily exposed children. By 3 years, no differences in fine motor performance
were observed between the groups. There were no differences noted in the Bayley cognitive
or behavioral performances. These findings suggest MA exposure has modest motor effects
at 1 year that are mostly resolved by 3 years with no evidence of cognitive dysfunction
noted in children MA-exposed. Motor development during infancy is associated with visual
perceptual and spatial skills(29;30). Because future visual perceptual processing may be
adversely affected, these children may be at risk for poorer performance in tasks requiring
coordination of movements such as bicycle riding and other physical fitness activities.

Our findings of poorer motor performance in the exposed group are consistent with previous
findings in exposed children and adult MA users. Neuroimaging studies in adult MA users
have found reduced motor speed associated with dopamine transmitter loss(10). A study of
school aged children exposed to MA in utero found poorer visual motor integration in
association with smaller globus pallidus volumes(17). In addition, lower thalamic
myoinositol levels are associated with poor visual motor performance in MA exposed
children ages 3-4 years(31). We previously reported that MA exposed newborns enrolled in
the IDEAL study demonstrated poorer quality of movement on the NICU Network
Neurobehavioral Scale relative to the comparison group (18). These motor findings are
consistent with previous work in amphetamine exposed children reporting hypertonia in the
newborn period, with poorer performance in physical fitness activities by age 14 (32;33).

The finding of subtle motor effects in MA exposed children is consistent with research in
children exposed to prenatal cocaine(34-36). Several have reported cocaine associated
effects on motor development including effects on the Bayley PDI at 3 months(37), 6 and 18
months(38), on the Movement Assessment Inventory at 4 months(39;40) and on the Alberta
Infant Motor Scales at 7 months(39). Similar to our findings in MA exposed newborns,
Miller-Loncar reported cocaine-exposed one month old infants had poorer motor
performance. Poorer performance was linked to the infants most heavily exposed(41),
though no differences in motor performance was found in these children by 18 months.

There are numerous possible etiologies for the poorer motor performance in the MA
exposed children. Administration of MA to laboratory animals results in profound and long
lasting toxicity to the brain. In rodents, MA is toxic to dopaminergic and serotonergic
neurons(42;43) and neurotoxic effects on serotogenetic neurons produce neurochemical
alternations in the central nervous system(44;45). Prenatal MA exposure in 3 week old rats
(equivalent to approximately age 5 years) demonstrate impaired postural motor
movements(46) and these abnormal postural movements can still be noted in the second
generation of rats exposed to MA prenatally(47). Administration of MA to laboratory
animals also results in delayed motor development(48;49) and in pregnant mice, MA
administration to the mother leads to dopaminergic nerve terminal degeneration and long
term motor deficits in the exposed offspring(50).
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It is possible the environment of the exposed children contributed to our motor findings. In
the rodent model, cross fostering MA exposed offspring with non exposed dams resulted in
improvement in motor function relative to non-cross fostered MA exposed rats(51). Mayes
found decreased motor performance with increasing age from 3 to 24 months of age(52) in a
group of cocaine-exposed and non-exposed children matched for socioeconomic status,
suggesting high-risk environments may influence motor performance. However, we did
adjust for environmental influences and continued to find differences in fine motor function
at 1 year of age. In addition, no differences were noted on the Bayley examination between
the groups which tests for global development. These measures of cognition and behavior
are typically more sensitive to environmental influences than fine motor performance(34).
Though we adjusted for prenatal nicotine exposure, the incidence of smoking during
pregnancy in our sample population was higher than the national average. Given the
increased incidence of motor tone abnormalities in 6 week old infants exposed to
nicotine(53), the high rate of maternal smoking may have contributed to the motor findings
observed at 1 year in this study.

We found no differences in the MA exposed group with performance on the Bayley exam at
age 1, 2 and 3 years. However, long term follow-up of these MA exposed children is critical,
because the Bayley assessment may not be able to ascertain subtle drug associated effects of
higher order cognitive and executive functions at this young age. Studies in cocaine-exposed
children have yielded conflicting findings with some reporting cocaine associated effects on
the Bayley MDI(32;37;40) and attention(54),(25), whereas multiple longitudinal studies
have found no differences in cognitive function up to the age of 3 years (36;55;56). A meta-
analysis of studies controlling for risk factors such as poverty found subtle decreases in IQ
scores, and receptive and expressive language skills in cocaine exposed children at school
age (57). These effects, though subtle, have significant impact from a public health
perspective based on the costs of special education services(57).

A limitation of this report is that the exposed group is primarily determined by self report.
Because meconium production begins at 14-16 weeks' gestation, meconium testing primarily
reflects maternal drug use during the second and third trimester(58). Thus, information
regarding drug use in the first trimester was ascertained only by self report. However, given
that data from a national surveillance study report usage patterns consistent with our
findings(4), and only eight subjects were ascertained by GC/MS without also having self
reported, the exposure group is likely reliable. Another limitation is that there was attrition
over the course of the three year study period. However, analyses of selective attrition found
no differences between included and excluded subjects on the prevalence of
methamphetamine exposure including heavy MA use at any age studied.

5. Conclusion
In summary, we report no significant differences in cognitive function in MA exposed
children relative to the comparison group. The MA exposed children had fine motor deficits
at age 1 year that were no longer appreciated at age 3. Longitudinal follow-up is critical to
determine if these drug associated effects lead to motor and/or cognitive impairments as the
children progress to school age.
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Fig. 1.
Flow chart of cohort (n=412) with follow up 1 to 3 years (yr). Number of subjects included
in heavy use analysis in parentheses.
aN =350 included in analyses of heavy MA use; 6 cases identified as exposed by toxicology
only.
bN =345 included in analyses of heavy MA use; 5 cases identified as exposed by toxicology
only.
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Table 1

Comparison of dyads included and not included at the 3 year evaluation.a

n(%) or Mean (SD)
Included
N=284

Excluded
N=128 p-value

MATERNAL/DEMOGRAPHIC CHARACTERISTICS

Race 0.639

 White 106 (37.3%) 54 (42.2%)

 Hispanic 66 (23.2%) 26 (20.3%)

 Pacific Islander 50 (17.6%) 21 (16.4%)

 Asian 36 (12.7%) 21 (16.4%)

 Black 17 (6.0%) 4 (3.1%)

 American Indian 8 (2.8%) 2 (1.6%)

 Other 1 (0.4%) 0 (0%)

Low SES 60 (21.1%) 33 (26.2%) 0.259

Public insurance 247 (87.0%) 116 (90.6%) 0.484

Partner at birth 160 (56.3%) 67 (52.3%) 0.451

Education <12 years 113 (39.8%) 59 (46.8%) 0.183

Maternal age (yr) 25.2 (5.7) 25.2 (5.6) 0.971

GA at 1st prenatal visit 11.2 (7.0) 13.8 (7.9) 0.001

Prenatal care 271 (95.4%) 120 (93.8%) 0.475

Prenatal methamphetamine (MA) use 139 (48.9%) 65 (50.8%) 0.730

Heavy MA use (≥ 3 days/wk across pregnancy) 27 (9.6%) 9 (7.3%) 0.719

Prenatal tobacco use 144 (50.7%) 74 (57.8%) 0.181

Average number of cigarettes/day across pregnancy 6.4 (10.0) 8.1 (11.4) 0.136

Prenatal alcohol use 70 (24.6%) 36 (28.1%) 0.455

Average oz. absolute alcohol/day across pregnancy 0.18 (0.75) 0.28 (0.72) 0.183

Prenatal marijuana use 55 (19.4%) 21 (16.4%) 0.473

Average number of joints/day across pregnancy 0.13 (0.43) 0.07 (0.20) 0.108

NEONATAL CHARACTERISTICS

Gender (boy) 149 (52.5%) 71 (55.5%) 0.572

Birth Weight (g) 3,262 (622) 3,215 (546) 0.454

Length (cm) 50.5 (3.5) 50.2 (2.9) 0.338

Head Circumference (cm) 33.9 (1.9) 33.9 (1.7) 0.880

Gestational Age (weeks) 38.6 (2.2) 38.7 (1.8) 0.929

Small for Gestational Age 41 (14.4%) 14 (10.9%) 0.334

Low Birth (<2500) 34 (12.0%) 13 (10.2%) 0.592

a
1 year visit: 331 participants included were less likely to be low SES than 81 excluded (21% vs. 32%, P = 0.034). 2 year visit: No significant

differences for 288 vs. 124 excluded (P > 0.05).
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Table 2
Maternal characteristics by MA exposure

Number (Percent)a/ Mean (SD)

P-ValueExposed (N = 179) Comparison (N= 177)

Race 0.871

 White 69 (38.5%) 70 (39.5%)

 Hispanic 41 (22.9%) 38 (21.5%)

 Pacific Islander 30 (16.8%) 32 (18.1%)

 Asian 25 (14.0%) 23 (13.0%)

 Black 8 (4.5%) 10 (5.6%)

 American Indian 6 (3.4%) 3 (1.7%)

 Other 0 (0%) 1 (0.6%)

Low socioeconomic status 59 (33.1%) 18 (10.2%) <0.001

Public insurance 160 (89.4%) 151 (85.3%) 0.072

Partner at birth 83 (46.4%) 117 (66.1%) <0.001

Education <12 years 84 (47.2%) 66 (37.5%) 0.065

Maternal age (yr) 25.5 (5.7) 24.6 (5.5) 0.109

GA at 1st prenatal visit 14.5 (8.3) 9.4 (5.7) <0.001

Prenatal care 165 (92.2%) 174 (98.3%) 0.007

Prenatal tobacco use 143 (79.9%) 46 (26.0%) <0.001

Average number of cigarettes/day across pregnancy 10.8 (11.3) 2.9 (7.2) <0.001

Prenatal alcohol use 66 (36.9%) 23 (13.0%) <0.001

Average oz. absolute alcohol/day across pregnancy 0.37 (1.0) 0.04 (0.22) <0.001

Prenatal marijuana use 58 (32.4%) 7 (4.0%) <0.001

Average number of joints/day across pregnancy 0.23 (0.52) 0.02 (0.15) <0.001

a
The number of participants includes BSID-II or PDMS-2 evaluation at any visit.
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Table 3
Neonatal characteristics by MA exposure

Number (Percent)a/ Mean (SD)

P-Value
Exposed
(N = 179)

Comparison
(N= 177)

Gender (boy) 97 (54.2%) 93 (52.5%) 0.755

Birth Weight (g) 3186 (620) 3293 (569) 0.090

Length (cm) 49.8 (3.6) 51.0 (3.0) 0.001

Head Circumference (cm) 33.7 (1.8) 34.1 (1.8) 0.028

Gestational Age (weeks) 38.3 (2.3) 39.0 (1.7) 0.001

Small for Gestational Age 28 (15.6%) 21 (11.9%) 0.301

Low Birth (<2500) 22 (12.3%) 21 (11.9%) 0.902

a
The number of participants includes BSID-II or PDMS-2 evaluation at any visit.
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Table 5
PDMS-2 by MA exposure

Quotient/Subscales

Mean ± (SD)

Exposed Comparison Unadjusted P-Value aAdjusted P-Value

1 year (N = 160) (N= 168)

Gross Motor Quotient 103.82 ± 5.79 103.64 ± 7.10 0.806 0.630

 Stationary 10.70 ± 1.09 10.63 ± 1.29 0.603 0.412

 Locomotion 10.97 ± 1.68 10.83 ± 2.00 0.490 0.763

 Object Manipulation 10.34 ± 1.33 10.48 ± 1.46 0.486 0.262

(N = 161) (N= 169)

Fine Motor Quotient 104.94 ± 9.80 106.16 ± 10.46 0.277 0.240

 Grasping 10.24 ± 1.89 10.61 ± 2.01 0.083 0.027b

 Visual-Motor Integration 11.42 ± 2.05 11.43 ± 2.12 0.933 0.761

3 years (N = 132) (N=130)

Gross Motor Quotient 95.26 ± 10.71 94.76 ± 7.54 0.666 0.492

 Stationary 9.49 ±1.83 9.38 ± 1.81 0.630 0.481

 Locomotion 9.12 ± 1.67 8.93 ± 1.64 0.337 0.249

 Object Manipulation 9.21 ± 1.74 9.10 ± 1.66 0.578 0.756

(N = 139) (N=142)

Fine Motor Quotient 98.78 ± 11.75 98.83 ± 11.99 0.974 0.697

 Grasping 9.80 ± 2.37 10.22 ± 2.45 0.146 0.205

 Visual-Motor Integration 9.81 ± 1.81 9.63 ± 1.55 0.375 0.100

a
Adjusted for study site, birth weight, prenatal drug exposures, and socioeconomic status.

b
Correction for multiple comparison tests P = 0.054
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Table 6
Heavy MA use and PDMS-2 Gross, Fine and Total Motor Scores

Mean ± (SD)

Heavy Use >=3 days per week Some Use/No Use Unadjusted P-Value aAdjusted P-Value

1 year (N = 30) (N=293)

Gross motor Quotient 103.63 ± 5.41 103.75 ± 6.60 0.916 0.651

(N = 30) (N=295)

Fine motor Quotient 104.07 ± 9.98 105.87 ± 10.11 0.353 0.122

 Grasping 9.83 ± 1.66 10.51 ± 1.97 0.072 0.024b

3 years (N=26) (N=234)

Gross motor Quotient 94.27 ± 8.75 95.02 ± 9.32 0.695 0.832

(N=27) (N=251)

Fine motor Quotient 96.44 ± 7.16 98.94 ± 12.17 0.297 0.436

 Grasping 9.37 ± 1.67 10.06 ± 2.48 0.158 0.099

a
Adjusted for study site, birth weight, prenatal drug exposures, and socioeconomic status.

b
Correction for multiple comparison tests P = 0.048.
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Table 7
BSID-II by MA exposure

Standard scores

Mean ± (SD)

Unadjusted P-Value aAdjusted P-ValueExposed Comparison

12 months (N = 162) (N= 169)

 MDI 94.23 ± 9.56 94.28 ± 10.64 0.964 0.785

 PDI 93.86 ± 11.32 93.24 ± 12.60 0.638 0.964

24 months (N = 147) (N= 139)

 MDIb 84.51 ± 12.03 83.53 ± 13.36 0.515 0.216

(N = 147) (N= 137)

 PDIc 94.71 ± 13.32 93.45 ± 12.38 0.412 0.549

36 months (N = 135) (N= 141)

 MDIb 88.90 ±11.11 87.76 ± 15.27 0.481 0.240

(N = 133) (N= 140)

 PDIc 92.79 ± 11.06 92.43 ±11.23 0.789 0.230

a
Adjusted for study site, birth weight, gender, prenatal drug exposures, and socioeconomic status.

b
MDI: 2 cases with missing values at 24 months; 2 cases with missing values at 36 months.

c
PDI: 4 cases with missing values at 24 months; 5 cases with missing values at 36 months.
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