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Abstract

Background—Methamphetamine (MA) use among pregnant women is an increasing problem in
the United States. How prenatal MA exposure affects neonatal neurobehavior is unknown.

Objective—To examine the neurobehavioral effects of prenatal MA exposure.

Design—The Infant Development, Environment and Lifestyle (IDEAL) study screened 13,808
subjects and 1632 were eligible and consented. 166 (n=74 exposed) were enrolled in a longitudinal
follow up. Exposure was determined by meconium assay and self-report with alcohol, marijuana,
and tobacco present in both groups. The NICU Network Neurobehavioral Scale (NNNS) was
administered within the first 5 days of life. Analyses conducted on NNNS summary scores included
exposure group effects, heavy MA use effects, association with frequency of use by trimester, and
dose-response relationships with amphetamine metabolites.

Results—After adjusting for covariates, exposure to MA was associated with increased
physiological stress. Heavy MA use was related to lower arousal, more lethargy, and increased
physiological stress. First trimester MA use was related to elevated physiological stress. Third
trimester use was related to poorer quality of movement. Higher level of amphetamine metabolites
in meconium was associated with increased CNS stress.

Conclusions—Prenatal MA exposure was associated with neurobehavioral patterns of decreased
arousal, increased stress, and poor quality of movement. The dose response relationships may
represent neurotoxic effects from MA.
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1. INTRODUCTION

Methamphetamine (MA) is the dominant drug problem in the western and midwestern portions
of the United States and is the most widely abused drug worldwide [36;47]. The number of
adults age 12 and over who have tried MA once in their lifetime has increased to 5.3% in 2002
from 4.3% in 1999 and 2.5% in 1997. This has led to the concern that MA is the growing drug
of choice for adults in the United States [2;43;44]. Data from treatment centers in 2003 showed
that 45% of patients treated for MA abuse were women[45]. In addition, substance use by
pregnant women continues to be a serious problem[39]. The Substance Abuse and Mental
Health Services Administration (SAMHSA) reported that among pregnant women age 15-44
years, 4.6% used illicit drugs in the previous month [42]. Consistent with the SAMHSA report,
we found approximately 6% of women reported drug use during pregnancy in the multisite
Infant Development, Environment and Lifestyle (IDEAL) study[2].

The effects of prenatal MA exposure on the developing fetus have not been well characterized.
Isolated cases of cardiac defects, cleft lip and biliary atresia have been reported in infants
exposed to MA in utero[34]. Similar to findings reported in neonates exposed to cocaine,
increased rates of premature birth, fetal distress and growth restriction in the offspring of
women using MA during pregnancy have been reported[15]. MA is frequently compared to
cocaine as both are sympathomimetic agents. However, the neurotoxic effects of MA may be
greater than cocaine due to its longer half life and more sympathomimetic mechanisms. Hansen
and colleagues reported poorer visual recognition memory, a measure correlated with
subsequent 1Q in MA and cocaine exposed newborns[20]. 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. Inthe first few months of life, increased drowsiness was noted [5]. Among children exposed
to amphetamine continuously throughout pregnancy, emotional characteristics of autism,
speech problems and signs of wariness of strangers were noted by age one[5]. By age 4, 1Q
was lower than a normative group of Swedish children [6] and at age 8 prenatal exposure
predicted aggressive behavior and problems with peers[4]. 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[10]. The limitations of these reports of children exposed to MA
include the lack of a control group, small sample size and confounding with other prenatal drug
use.

Although the available data suggest MA-exposed children are at risk for poor developmental
outcome, the cocaine epidemic highlights the danger of over-interpretation based on limited
findings[28;31;49]. The multisite IDEAL study is a prospective, longitudinal study of children
with prenatal MA exposure and neurobehavioral outcome from birth to 36 months. This study
reports preliminary findings in neonates utilizing the Neonatal Intensive Care Unit Network
Neurobehavioral Scale (NNNS). The NNNS is a standardized neurobehavioral exam for the
healthy and at-risk neonate that has been used in studies of intrauterine exposure to cocaine
[30;33], opiates[12;25], and nicotine[27]. In addition, preliminary findings have demonstrated
that neurobehavioral measures assessed by the NNNS strongly correlate with brain volumes
in the newborn period and scores on the 24 month Bayley exam in neonates born <30 weeks’
gestation[8]. This is the first report that we are aware of from a prospectively controlled
investigation of neurobehavioral outcome in neonates exposed to MA in utero.

2. METHODS

Because the primary goal of the research was to investigate the outcomes associated with
prenatal MA exposure, clinical sites in specific geographic areas known to have MA problems
were chosen to participate in the IDEAL study. The cities chosen were Los Angeles, CA; Des
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Moines, IA; Tulsa, OK; and Honolulu, HI. The study was approved by the Institutional Review
Boards at all participating sites. Prior to initiation of recruitment, personnel from all sites met
for a week-long training session so that procedures could be standardized[2]. Recruitment is
planned for two years; we present neonatal neurodevelopmental findings in the cohort recruited
by year one.

The exclusion criteria for the mother were: age <18; opiate, lysergic acid diethylamide (LSD),
phencyclidine (PCP), hallucinogens, and cocaine use during pregnancy; institutionalized for
retardation or emotional disorders; overtly psychotic or a documented history of psychosis;
unable to speak English. Exclusion criteria for children were: critically ill and unlikely to
survive; multiple birth; major life threatening congenital anomaly; documented chromosomal
abnormality associated with mental or neurologic deficiency; overt TORCH infection; sibling
previously enrolled in the IDEAL study. A National Institute on Drug Abuse Certificate of
Confidentiality was obtained for the project that assured confidentiality of information
regarding the subjects’ 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.

After obtaining informed consent, drug use during pregnancy was ascertained through maternal
interview using the Substance Use Inventory and sociodemographic information was
determined using the Lifestyle Interview. All questions for both the interviews were read to
the mothers to ensure standardization. The Lifestyle Interview includes information about the
course of the pregnancy, household composition, demographics [socioeconomic status (SES),
education, age, race, and marital status], type of home and neighborhood, and services received
during pregnancy. Education and occupation information was collected to calculate the 4-factor
Hollingshead index of SES which has been adapted to single parent and non-nuclear families
[21;26]. Meconium was collected on all infants. Meconium samples were collected in the
nursery and began immediately after obtaining consent in order to attempt to collect the first
and/or earliest discharge of meconium. In some cases, more than one collection of meconium
from an infant was used to ensure an adequate amount that could be tested. The samples were
shipped to a central laboratory (United States Drug Testing Laboratory in Des Plaines, IL) for
analysis of the amphetamine class, cocaine metabolites, cannabinoids, opiates and cotinine.
The specimen was initially screened with a sensitive enzyme multiplied immunoassay test
(EMIT Il; Dade-Behring, Cupertino, CA). If positive results were obtained, the specific drug
analyte or metabolite was confirmed by gas chromatography-mass spectrometry (GC/MS).

Exposed subjects were identified by maternal report of MA use during the pregnancy based
on the hospital interview or a negative self-report and positive GC/MS confirmation of
amphetamine and/or metabolites in infant meconium. Although amphetamines and ecstasy
using mothers were included in the MA group, a small percentage (<1%) reported using during
pregnancy. There were also low levels of benzodiazepines and barbiturates in the sample
(<1%). Comparison subjects were defined as denial of MA use during this pregnancy and a
negative meconium screen.

All exposed infants and their mothers were enrolled in a longitudinal follow up from birth to
36 months postmenstrual age. Comparison neonates within each center were matched based
on race, birth weight category (<1500 grams, 1500-2500 grams, >2500 grams), type of
insurance (private versus public), and education (high school education completed versus not
completed). The Substance Use Inventory, administered to the enrolled mothers, is a detailed
questionnaire of frequency and quantity of drugs of abuse used during the three months before
and each trimester of pregnancy. A calendar covering the previous year, with holidays and
personal events added, serves as the anchor for memory. A history of maternal alcohol,
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marijuana, and tobacco use during the pregnancy was considered as background variables in
both the exposed and comparison groups. Both the exposed and comparison groups excluded
use of opiates, PCP, LSD, and cocaine. Targeted medical data were obtained from the mothers’
and infants’ charts after obtaining HIPAA authorization.

All births in 7 hospitals were screened from September 2002 to August 2003. Of the 13,808
mother-infant dyads screened, 10,510 mothers were available to approach, 7119 (76.1%) met
the eligibility criteria, and 1632 (23.0%) of eligible mothers consented to participate in the
study. The study team was forbidden to ask questions of a personal nature such as drug use
history to individuals not consenting to participate in the study. Therefore, drug use information
is limited to the 1632 consented subjects. Though potential enrollees cited numerous reasons
for refusal, the most common reason for study refusal among eligible mothers was the difficulty
to commit to the three year follow-up protocol

Among the eligible and consented subjects, 166 (10.8%) were enrolled in the longitudinal
follow up (74 exposed and 92 comparison). Among the 74 exposed subjects, 72 (97.3%) were
self-reporters and 21 (28.4%) meconium samples were confirmed positive for MA. Two
exposed subjects were identified by confirmation of MA in meconium only. Exposed subjects
were enrolled immediately after knowledge of their MA status. For the sample included in this
study, 60 (36%) subjects were from California, 53 (31.9%) from Hawaii, 28 (16.9%) from
Oklahoma, and 25 (15.1%) from lowa. Since all subjects were matched within each site we
did not expect site to affect our findings regarding exposure effects. However, site was included
in all preliminary analyses.

Comparison subjects were group matched to exposed subjects on race, type of insurance,
maternal education, and birth weight soon after the enrollment of the exposed subject. Typically
the first consented subject to match an exposed subject was enrolled with a one to one ratio.
In cases where the pattern of characteristics for the exposed subject was difficult to match, a
few comparison subjects were enrolled in advance of identification of exposed subjects, leading
to uneven group sizes. The method of enrollment ensured a community rather than a
convenience or clinical sample of MA using women with comparison subjects selected from
the same hospital population. Matching criteria reduced disparities between groups related to
race, social class and poverty, and prematurity. The exposed and unexposed groups enrolled
in follow up differed in demographic characteristics from the larger sample[2].

The NNNS exam was administered on all subjects born at term within the first 5 days of life.
Premature newborns were examined at 36—40 weeks’ gestation. There were 8 (n=3 [3.2%]
comparison, n=5 [6.8%] exposed) assessments conducted outside these parameters (range: 6
to 12 days of age). The exam was administered by examiners who were certified on the
examination and masked to exposure status. Gold standard reviewers both trained and
determined certification for specified measures and procedures. To maintain reliability,
examiners were periodically rechecked during the two-year period of recruitment. The NNNS
provides an assessment of neurologic, behavioral, and stress/abstinence neurobehavioral
function[29]. The neurologic component includes active and passive tone, primitive reflexes,
and items that reflect the integrity of the central nervous system and maturity of the infant. The
behavior component is based on items from the Neonatal Behavioral Assessment Scale
(NBAS)[7] modified to be sensitive to putative drug effects. The stress/abstinence component
is a checklist of “yes” or “no” items organized by organ system based primarily on the work
of Finnegan[17]. The NNNS follows a relatively invariant sequence of administration that
starts with a pre-examination observation, followed by the neurologic and behavioral

Neurotoxicol Teratol. Author manuscript; available in PMC 2008 April 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Smith et al.

Page 5

components. The Stress/Abstinence scale is based on signs observed throughout the
examination. The NNNS items are summarized into the following scales: Habituation,
Attention, Arousal, Regulation, Handling, Quality of Movement, Excitability, Lethargy,
Nonoptimal Reflexes, Asymmetric Reflexes, Hypertonicity, Hypotonicity, and Stress/
Abstinence. The actual sequence of administration and the means used by the examiner to
maintain an infant’s participation in the examination are recorded. The examination is
administered in a quiet room, midway between feedings with the infant initially asleep and
covered if possible.

Statistical Analysis

Five sets of analyses were conducted. First, one-way analysis of variance (ANOVA) and Chi-
square statistics were used to compare the MA and comparison groups on medical,
demographic characteristics, as well as on the twelve NNNS summary scores for MA exposure
effects. Mann-Whitney median tests were used to test the average quantities of alcohol,
tobacco, and marijuana use across pregnancy. In the second set of analyses, MA exposure
effects on the summary scores were tested by General Linear Model (GLM) with Type 111 sum
of squares after adjustment for covariates. This method calculates the sums of squares of an
effect in the design as the sums of squares adjusted for any other effects in the model. That is,
the Type 11l Sum of squares for a factor is corrected for as many other factors in the model as
possible. The Type I11 sums of squares are invariant with respect to the cell frequencies as long
as the general form of estimability remains constant which is useful for an unbalanced model
with no missing cells. Habituation was not analyzed, as too few infants were sleeping at the
start of the exam. In the third set of analyses, the effects of heavy MA use, defined as average
use of MA >=3 days per week across pregnancy, were examined before and after adjusting for
the same covariates. In the fourth set of analyses, the association between the NNNS summary
scores and the frequency of MA use (days per week) during each trimester was tested by step-
forward regression analyses with the following steps of forced entry of predictors: 1). First
trimester MA use frequency; 2) Second trimester MA use frequency; 3). Third trimester MA
use frequency; 4) birth weight in 100g, average quantities of alcohol use, tobacco use,
marijuana use across pregnancy, SES, assessment >5 days postpartum, first born, and site.
Finally, correlation analyses tested dose-response relations of GC/MS amphetamine
metabolites and NNNS summary scores. Metabolite values were log transformed to normalize
the distribution. All parametric values are reported as unadjusted means (SD) in the tables. All
nonparametric data are reported as absolute number and percentages. Significance was
accepted at P<.05.

Standard Covariate Set

Variables in Tables 1 and 2 were examined for possible inclusion as covariates. Covariates
were selected based on conceptual reasons, published literature, and characteristics from Tables
1 and 2 that differed between groups if not highly correlated with other covariates. The effect
of prenatal exposures to alcohol, tobacco, and marijuana on NNNS measures have been
previously reported[27], as have birth weight effects[30].

The covariates included in analyses 2 and 3 were birth weight, SES, and 3-level alcohol,
tobacco, marijuana use (Heavy/Some/No Use), assessment > 5 days postpartum, first born,
and site. Cutoffs for levels of drug use were based on thresholds for detecting effects that have
been reported by others[13;18;22-24;38]. For alcohol, heavy use was >=.5 o0z of absolute
alcohol per day (1 standard drink). For tobacco, heavy use was defined as >=10 cigarettes per
day. For marijuana, heavy use was defined as >=.5 joints per day. All other uses were defined
as some use. Assessment> 5 days postpartum and first born were dichotomous [yes/no]
variables. SES and birth weight were continuous variables. Summary statistics of these
covariates by MA exposure are shown in Tables 1 and 2.
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In analysis 4, the main effects of MA use frequency was examined. Frequency of MA use in
each trimester was defined as number of days using MA per week. The covariates included in
analysis 4 were birth weight, SES, and quantities of alcohol, tobacco, and marijuana use,
assessment > 5 days postpartum, first born, and site. Alcohol quantity was defined as number
of absolute alcohol per day. Tobacco quantity was defined as number of cigarettes per day.
Marijuana quantity was defined as number of joints per day.

Site was a 4-group categorical variable in the GLM analyses and was recoded into 3 dummy
coded variables (Site 1 versus the other sites; Site 2 versus the other sites; Site 3 versus the
other sites) in the regression analyses. Since each MA exposed subject was matched with a
comparison within each site, site was kept in the final model as a covariate only if it made
significant contribution to the model (P < .05) in preliminary analyses. Otherwise, it was
removed from the final models. Household income less than $10,000, no partner, and
gestational age at first prenatal visit (Table 1) were highly correlated with SES and were not
included in the final analysis. The variable, “1 minute Apgar <5” (Table 2), had too few subjects
per group to include as a covariate. We ran a second analyses after dropping the few subjects
with very low 1-minute Apgar and no change in our findings were noted regarding the main
effects of drug exposure.

3. RESULTS

3.1 Maternal and Newborn Characteristics

Relative to the comparison group, the MA exposed women were more likely to have a lower
socioeconomic status and to be without a partner (Table 1). In addition, the mothers in the
exposed group attended their first prenatal visit later in gestation and their newborns were more
likely to be placed out of the home. No difference in age was observed between the groups.
As expected, no differences in racial distribution, insurance, or education were observed
because these characteristics were matched between groups. Comparison newborns were more
likely to be first born and have a longer birth length. There were no differences in gestational
age, incidence of prematurity, birth weight, 1 and 5-minute Apgar scores or gender distribution
between the groups (Table 2).

3.2 Maternal Drug Use

More mothers in the MA exposed group used tobacco, alcohol, and marijuana during pregnancy
than in the comparison group. Further, MA using mothers were greater than 4 times more likely
to be heavy users of these substances than mothers in the comparison group (Table 1). These
findings are similar to those in previous studies addressing maternal substance use[30].
Although amphetamines and ecstasy using mothers were included in the MA group, a small
percentage (<1%) reported using during pregnancy. There were also low levels of
benzodiazepines and barbiturates in the sample (<1%).

Table 3 shows the patterns of MA use by the mothers who admitted MA use in the exposed
group (n=72) by trimester. There was a decline in use during the three trimesters. Of the 72
admitted users, 15.3% admitted to daily MA use during the first trimester, yet only 2.8% were
daily users in the third trimester. The percentage of women who abstained from MA use during
pregnancy increased from 16.7% in the first trimester to 58.3% in the third trimester. The
quantity of MA use in the exposed study population was deemed unreliable in the study set
because many did not know the grams conversion of the street term amount they were using.
Although there was assistance from drug enforcement, there was no consensus across the study
locations.
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Smoking was the most common route of administration (81%) for the mothers who admitted
to using MA. The less common routes were snorting/sniffing (28%), injection (14%) and
ingestion (7%). About 18% of admitted users reported using 2 or more routes of administration.
In order to address the effects of route of administration, the data were recoded into two groups:
smoking vs. other routes. No differences were found between the two groups except in Skin
Stress and State Stress. The smoking group had less skin stress and state stress than the other
route group.

3.3 Neurodevelopmental Outcome on the NNNS

Results of analyses 1 and 2 are presented in Table 4. The unadjusted means and standard
deviations are shown in the table. In the univariate analysis without adjusting for covariates
(Analysis 1), exposure to MA was associated with lower arousal scores (unadjusted, P=.009),
suggesting hypoarousal of these infants. The effect size was .42. However, when covariates
were added to the model in Analysis 2, the MA effect on arousal was not significant. Instead,
MA exposed infants showed greater physiological stress (P=.007) as observed by difficulty
maintaining normal, regular respirations. The effect size was .20. There were no significant
differences in the remaining summary scores between the groups.

We tested the correlations between Apgar scores and NNNS outcomes in univariate analyses.
Although 5-minute Apgar was negatively correlated with non-optimal reflexes (r=—.158, p =.
043) and skin stress (r=—181, p =.02), including 5-minute Apgar in the model did not result
in any changes of the main effects.

Table 5 shows the results of heavy MA use effects in Analysis 4. The unadjusted means and
standard deviations by heavy use, some use, and no use groups are shown in the table. In the
univariate analysis (unadjusted by covariates), heavy MA use was associated with lower
arousal (P =.005) than some use and no use. The effect size was .53 for heavy use versus some
use and .85 for heavy use versus no use. No unadjusted heavy MA use effects were found on
other NNNS summary variables. When covariates were included, the effects of heavy MA use
on arousal remained. In addition, heavy MA use was also associated with more lethargy (P =.
05) and more physiological stress (P = .043). The effect size for lethargy was .39 for heavy
use versus some use and .52 for heavy use versus no use. The effect size for physiological
stress was .07 for heavy use versus some use and .29 for heavy use versus no use.

Table 6 presents the results of regression analysis on the frequency of MA use by trimester
after adjusting for covariates. First trimester MA use was related to greater stress abstinence
(B =.22, P =.025). Third trimester use was related to poorer quality of movement (3 =—.21, P
=.035). Poor quality of movement indicates the neonate is jittery with little or no smooth
movement of the arms and legs, startles easily and has high overall activity. Use of MA during
the 3 trimesters was not so highly correlated as to cause the multicollinearity. The correlations
are .602 between 15t and 2" trimesters, .326 between 15t and 3" trimesters, and .655 between
2"d and 3™ trimesters.

The results from the correlation analysis testing dose-response relationships of the GC/MS
amphetamine and methamphetamine metabolites and the NNNS CNS Stress are shown in
Figure 1. CNS Stress was associated with increased levels of both metabolites. There were no
univariate outliers for either the metabolites or the NNNS variables. No multivariate outliers
were found either. Although a few data points appeared to be outliers in the graphs, removing
them did not result in changes of the correlations.
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4. DISCUSSION

This is the first prospective investigation reporting the effects of prenatal MA exposure on
neurobehavioral outcome at birth. We found MA exposure in utero was associated with
neurobehavioral patterns of increased physiological stress and higher levels of amphetamine
metabolites were associated with increased CNS stress. In addition, heavy MA exposure was
associated with decreased arousal, increased lethargy and physiological stress. MA use
frequency in the first trimester was positively associated with stress abstinence and third
trimester MA use frequency was negatively associated with the quality of movement. All of
these MA effects were adjusted for covariates including prenatal exposure to other drugs, SES,
birth weight, first born, out-of-window status, and site.

These subtle neurobehavioral findings are consistent with previous findings in cocaine[30]-
and nicotine[27]-exposed children and suggest potential MA-induced neurotoxic effects. Also
consistent with previous findings in cocaine exposed children, there are no identifiable patterns
of neurobehavior that are consistent with a methamphetamine exposure “syndrome”. The
limitations of the previous findings in cocaine[30] - and nicotine[27]-exposed children are that
the population may not be representative of all drug-exposed infants. In addition, the use of
saliva rather than meconium collection in the nicotine study only allowed measurement of
recent nicotine use and not use throughout pregnancy.

The neurotoxic effects of prenatal MA exposure have not been well characterized, but many
studies suggest that MA is neurotoxic to the developing central nervous system. Studies in the
ovine model have found MA increases fetal blood pressure and decreases fetal oxyhemoglobin
saturation and arterial pH[9;41]. In addition, studies in rodents have shown that MA is toxic
to dopaminergic and serotonergic neurons[19;35]. Positron emission tomography (PET)
studies in abstinent MA users demonstrated decreased dopamine transporters, suggesting long-
lasting neurotoxicity due to MA abuse[48]. Cranial ultrasound studies of human newborns
exposed to prenatal MA and cocaine demonstrated an increased incidence of intraventricular
hemorrhage and white matter densities[14]. In addition, a study of MA-exposed children aged
3-16 years employing magnetic resonance spectroscopy demonstrated increased
concentrations of creatine in the striatum suggesting a possible abnormality in energy
metabolism in the brains of exposed children[40]. Volumetric assessments of magnetic
resonance images in exposed children have demonstrated smaller subcortical volumes
including the putamen, globus pallidus and hippocampus[11]. Collectively these data suggest
areas of the striatum are vulnerable to prenatal MA exposure. Because executive functioning
is thought to be mediated in part by the frontal-striatal pathway, these findings may have
important clinical implications. The limitations of the previous findings in MA-exposed
children include recording of prenatal MA exposure relied solely on maternal self-reporting,
lack of a control group, small sample size and confounding with other prenatal drug use.

In contrast to the marked MA-induced neurotoxicity previously reported in pre-clinical animal
models, adult users and children exposed in utero, we report only subtle neurobehavioral
findings in exposed newborns. We found MA-exposed newborns were more difficult to arouse,
but once aroused, exhibited an increase in physiologic stress. Lower arousal scores and an
impaired ability to self-regulate have also been observed in cocaine-exposed children one
month after birth[30] and are consistent with findings of drowsiness in amphetamine-exposed
infants in the first few months after birth[5]. In addition, we found dose response and trimester
related effects in the MA-exposed children. In particular, increased stress signs were seen with
higher levels of metabolites and greater frequency of MA use in the first trimester, whereas
higher frequency of MA use in the third trimester was related to poorer quality of movement.
Although there are limitations to analyses of trimester related effects and correlating meconium
metabolite concentrations with drug dosing, our observations are consistent with previous
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findings in cocaine-exposed newhorns. Greater cocaine use in the third trimester is associated
with impaired state regulation and ability to orient to the environment in the early neonatal
period[16] and greater cocaine metabolite concentrations in meconium correlates to impaired
fetal growth [32]. Consistent with our NNNS findings, heavier maternal use of cocaine
determined by self report and meconium metabolite values is associated with poor state
regulation and greater excitability[46]. Because these dose-related effects of cocaine on
neurobehavioral performance were observed at 3 weeks of age[46] and were similar to the
findings in methamphetamine-exposed newborns, it is likely that these neurobehavioral
differences represent MA-induced neurotoxicities rather than acute “withdrawal-like” effects.

The subtle effects observed in children exposed to prenatal MA by the NNNS exam have short
and potentially long term implications. In the immediate neonatal and early infancy period, the
neurobehavioral vulnerability manifested in the MA group may be exacerbated by the home
environment. Not only could the children be at risk from the chemicals involved in making
methamphetamines in the home, but also from potential parental abuse and neglect[1]. These
small differences may become amplified and lead to permanent developmental deficits.
Therefore, these at-risk newborns can potentially avoid long term insults with the appropriate
caregiving environments.

There are limitations to the current study; therefore, these preliminary results should be
interpreted with caution. First, despite the significant neurobehavioral differences between the
groups, our sample size is small. The subtle differences between the two groups versus the
more robust dose response effects observed within the MA group suggest that MA exposed
neonates are a heterogeneous group. A larger sample size would allow for more extensive
analyses potentially identifying more affected subgroups of infants. Second, the exposed group
of subjects is primarily based on self report. However, the reported use of other drugs is
consistent with national surveillance data and only two subjects were ascertained by GC/MS
without also having self reported. Third, while the sample was recruited randomly at seven
separate hospitals, the characteristics of the hospital may limit generalizability to other ethnic
and/or income groups. Fourth, since meconium production begins at 14-16 weeks’ gestation,
meconium testing primarily reflects maternal drug use during the second and third trimester
[3]. Thus, information regarding drug use in the first trimester was ascertained only by self
report. Finally, given that we hypothesized negative effects of drug exposure on infant
neurobehavior a priori and anticipated that these effects would be subtle, we did not correct
for the possibility of a Type | error on primary planned analyses. The systematic pattern of
findings across analyses suggests that the results are not due to chance. To correct for multiple
tests would invite Type Il error in which true effects are missed[37]. Findings of subtle effects
not only enhance scientific understanding but can have enormous impact on public policy and
treatment.

In summary, this is the first report from the prospective, matched comparison designed IDEAL
study of children exposed to MA in utero. Similar to findings in cocaine-exposed infants, we
found subtle neurobehavioral effects in newborns exposed to MA. Caution needs to be
exercised when interpreting these preliminary results of the IDEAL study. When initial
findings regarding the effects of prenatal cocaine were reported in the 1980s, there was a “rush
to judgment”[31;49] regarding the long-term outcomes of these children. Similar to cocaine
exposed children, long-term follow-up is required to determine if the observed dose response
relationships represent permanent neurotoxic effects or acute effects that may not have long
term significance.
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Maternal Characteristics of Methamphetamine Exposed and Comparison Groups

(N = 166)

Mean (SD)/Number (Percent)

Exposed (N = 74)

Comparison (N =92)

Race
White
Hispanic
Pacific Islander
Asian
Black
Other .
Low SES (Hollingshead V)
Household Income < $10,000
No partner
Public Insurance
Education <12 years
Age, yr .
Gest Age 1% Prenatal Visit, wk
Out of Home Placement
Prenatal Heavy METH Use
Prenatal Tobacco Use
Heavy Tobacco Use .
#of Cigarettes Per Day (Median & Range)
Prenatal Alcohol Use
Heavy Alcohol Use .
#of Absolute Alcohol Per Day (Median & Range)
Prenatal Marijuana Use
Heavy Marijuana Use .
#of Joints Per Day (Median & Range)

*
P<.05

Neurotoxicol Teratol. Author manuscript; available in PMC 2008 April 29.

33 (45%)
14 (19%)
10 (14%)
12 (16%)
4 (5%)
1(1%)
29 (39.2%)
21 (32%)
43 (58.1%)
62 (83.8%)
38 (51.4%)
25.1 (5.4)
15 (7.7)
20 (28.2%)
12 (16.7%)
58 (78.4%)
22 (29.7%)
3.83 (0-20)
28 (38%)
3 (4.1%)
0 (0-1.36)
24 (32%)
15 (20.3%)
0 (0-4)

38 (41%)
19 (21%)
11 (12%)
13 (14%)
8 (9%)

3 (3%)
11 (12.0%)
18 (21%)
33 (35.9%)
77 (83.7%)
38 (41.3%)
23.9 (5.8)
9(5.1)

2 (2.2%)

25 (27.2%)
8 (8.7%)
0 (0-25)
15 (16%)

0
0 (0- .14)
7 (7.6%)
6 (6.5%)
0 (0-1.36)



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Smith et al.

Table 2

Newborn Characteristics of Methamphetamine and Comparison Groups (N = 166)
Mean (SD) Number (Percent)

Page 15

Exposed (N = 74)

Comparison (N =92)

Gestational age, wk

< 35 wk, Gestational Age,%
Birth weight, g

Length, cm

Head Circumference, cm
Apgar 1 minute, <5, %
Apgar 5 minute, <5, %
Male, % .

First Born, %

*
P<.05

38.3(2.3)
8 (10.8%)
3160 (640)
49.4 (3.9)
33.7 (1.8)
6 (8.1%)
0

42 (57%)
20 (27%)
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38.9(2.2)
8 (8.7%)
3267 (627)
50.9 (3.3)
34.0 (2.0)
3 (3.3%)
1 (1.4%)
47 (52%)
46 (50%)
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Table 4

NNNS Scales by Methamphetamine Exposure Status (N = 166)

Meth exposed Comparison Unadjusted P Adjusted P|
N=74 N=92
Means (SD) Means (SD)
Attention 4.89 (1.21) 4.94 (1.06) .801 418
Arousal 3.90 (0.69) 4.18 (0.63) .009 129
Regulation 5.35 (0.66) 5.26 (0.72) 379 .928
Handling 0.30 (0.26) 0.32 (0.27) 674 542
Quality of Movement 4.30 (0.64) 4.43 (0.61) .196 .292
Excitability 3.15 (2.24) 3.70 (1.98) .097 .796
Lethargy 5.05 (2.71) 4.45 (2.78) 158 .077
Non-Optimal Reflexes 3.46 (2.16) 3.32 (2.01) .657 479
Asymmetrical Reflexes| 0.38 (0.57) 0.30 (0.64) 438 .557
Hypertonicity 0.05 (0.23) 0.01 (0.10) 107 .736
Hypotonicity 0.22 (0.50) 0.16 (0.40) 450 .454
Total Stress/Abstinence) 0.12 (0.06) 0.11 (0.06) .262 .138
Physiological 0.03(0.13) 0.01 (0.05) .052 .012
Autonomic 0.11 (0.14) 0.10(0.12) .656 .519
CNS 0.16 (0.08) 0.15 (0.07) 398 .276
Skin 0.10 (0.15) 0.10 (0.15) .895 A17
Visual 0.13(0.10) 0.12 (0.10) 443 .344
Gl 0.07 (0.19) 0.07 (0.16) 989 .904
State 0.13(0.16) 0.11 (0.15) .520 .065
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