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Abstract
Previous studies suggest prenatal methamphetamine (MA) exposure inhibits fetal growth. We
examined neonatal growth effects of prenatal MA exposure in a prospective cohort study. After
adjusting for covariates, exposed neonates had a higher incidence of being small for gestational
age (SGA) than unexposed neonates.
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Methamphetamine is one of the primary illicit drugs of dependence in the United States, and
its use among women continues to be a serious problem. Early studies have reported an
association between prenatal MA exposure and decreased newborn growth. A study of 91
mother-infant pairs with positive urine toxicology screens at delivery reported that MA/
cocaine-exposed neonates had lower birth weights, smaller head circumferences and were
more likely to be small for gestational age (SGA) than comparison neonates.1 Growth
deficits have also been reported in 65 MA-exposed children as old as 4 years.2 These
previous reports were limited by small sample size, no adjustment for confounding factors,
retrospective analysis1, no comparison group2, and reliance on hospital records1 or maternal

© 2010 Mosby, Inc. All rights reserved.
Correspondence & Reprints to: Lynne M. Smith, M.D. Martin Research Center Harbor-UCLA Medical Center 1124 West Carson
Street Torrance, CA 90502 Telephone: (310) 222-1968 FAX: (310) 222-3887 smith@labiomed.org.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
The authors declare no conflicts of interest.

NIH Public Access
Author Manuscript
J Pediatr. Author manuscript; available in PMC 2011 August 1.

Published in final edited form as:
J Pediatr. 2010 August ; 157(2): 337–339. doi:10.1016/j.jpeds.2010.04.024.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



self-report alone.2 The Infant Development, Environment, and Lifestyle (IDEAL) study
addresses some of these limitations. The IDEAL study is a prospective, longitudinal study of
prenatal methamphetamine exposure and child outcome. Preliminary growth data from the
IDEAL study after one year of recruitment reported a decreased birth weight and increased
incidence of SGA in methamphetamine-exposed newborns.3 We report the results from the
complete data set.

METHODS
Detailed methods for the IDEAL study have been previously reported.3 Briefly, recruitment
occurred over a two-year period at four clinical sites with known high prevalence of
methamphetamine use. The study was approved by the Institutional Review Boards at all
participating sites. The National Institute on Drug Abuse Certificate of Confidentiality
assured confidentiality of maternal drug use but any evidence of child abuse or neglect was
reportable to protective services.

During the recruitment period, 34,833 mother-infant pairs were screened. Of the screened
population, 26,999 were available to be approached, of which 17,961 (67%) were eligible
for the study. Of the eligible population, 21% (3705) mother-infant pairs were consented for
participation. Meconium tests were performed on all consented infants. Among the
consented, 204 were exposed to methamphetamine and 3,501 were unexposed to
methamphetamine. Eight subjects in the exposed group denied use of methamphetamine and
were identified as exposed by toxicology screening. Both groups included prenatal alcohol,
tobacco and marijuana use, but excluded use of cocaine-only, opiates, LSD, or PCP.

After informed consent was obtained, a maternal interview was conducted using the
Lifestyle Interview (LI)4, 5 to determine prenatal drug use and sociodemographic
information. Socioeconomic status (SES) was determined using Hollingshead V, an index
that ranks SES based on occupation and years of education6. Birth weight and gestational
age information was obtained. Alexander algorithm was used to calculate SGA7. Gestational
age was determined by the estimated date of confinement for women with good prenatal
care. In the few instances where there was a discrepancy between the postnatal gestation
assessment and obstetrical dating, the postnatal examination by the subjects’ physician
trained in these examinations was used. For women with no or inadequate prenatal care, the
postnatal examination by the patient's physician was used for gestational dating. Birth length
and head circumference were not available for some of the non-exposed subjects and were
not included in the analysis.

Meconium was collected from all neonates and screened using an enzyme multiplied
immunoassay test (EMIT). Confirmation of drug or metabolite presence was performed by
gas chromatography-mass spectrometry (GC/MS). Exposed subjects were identified by
maternal report of methamphetamine use during pregnancy and/or GC/MS confirmation.
Unexposed subjects were defined as denial of methamphetamine use and a negative EMIT
for amphetamine and metabolites.

Initial comparisons of demographic and clinical characteristics by exposure were examined
in unadjusted analyses using one-way analysis of variance for continuous variables and chi-
square tests for categorical variables. The relationship of exposure and birth weight was
examined using multiple linear regression. The relationship between methamphetamine
exposure and the incidence of SGA was examined using multivariate logistic regression
analysis. Covariates were selected on the basis of conceptual reasons, published literature,
and maternal and neonatal characteristics shown in Tables I and II that differed between
groups if not highly correlated with other variables. The covariates used in the final analysis

Nguyen et al. Page 2

J Pediatr. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were sex, prenatal care, household income, socioeconomic status (SES), mother's weight
gain, mother's age, partner status, race, and prenatal tobacco, alcohol and marijuana use.
Cocaine exposure was also analyzed, but was not significant when comparing birth weights
of the cocaine and methamphetamine exposed to methamphetamine exposed only, or in the
regression models. Additionally, the birth weight analysis also adjusted for gestational age
in weeks. Significance was accepted at p<.05.

RESULTS
The maternal characteristics are shown in Table I. Mothers in the methamphetamine group
were younger and more likely to have a lower SES, no partner, receive Medicaid, and have
fewer than 12 years of education than the unexposed group. The methamphetamine group
had fewer prenatal care visits and began prenatal care at a later gestational age when
compared with mothers unexposed to methamphetamine. Mothers in the methamphetamine
group gained more weight than mothers that were unexposed to methamphetamine, and used
more tobacco, alcohol, and marijuana during pregnancy than the unexposed mothers. We
compared weight gain between mothers in the exposed group who reported
methamphetamine use during the first or second trimester only (N=114, 55.9%) versus those
also using in the third trimester (N=82, 40.2%). Those who quit using methamphetamine
earlier in gestation gained 10.4 pounds more than those who continued to use throughout
pregnancy (P<.0001). We did not find potentiation between methamphetamine exposure and
maternal smoking. There was a low incidence of maternal complications that are known to
cause SGA in the exposed group, with only three diagnosed with insulin-dependent diabetes,
six with chronic hypertension, and 10 with preeclampsia. None of the mothers with diabetes
or chronic hypertension delivered SGA infants. For those diagnosed with preeclampsia, two
of the 10 delivered SGA infants.

The infants in the methamphetamine-exposed group were born slightly earlier than the
unexposed group, but both groups had a term mean gestational age (Table II). Eight of the
methamphetamine exposed newborns (8.8%) were less than 36 weeks’ gestation and 130
were premature in the unexposed group (3.7%). Though no differences were found in birth
weight (3313.35±36.95 vs. 3367.69±7.57 grams; mean±SEM exposed vs. comparison), the
incidence of SGA was higher (p<0.001) in the exposed group than the unexposed group.
After adjusting for covariates, the exposed group had an increased likelihood of being born
SGA (OR=2.05, CI 1.24-3.37). There were no differences observed in birth weigh (p=0.154)
after adjusting for covariates.

DISCUSSION
The IDEAL study is a prospective cohort study exploring the effects of prenatal
methamphetamine exposure on fetal growth. Consistent with our previously reported
findings in the partial cohort3, we found that after adjusting for covariates, including
prenatal drug use and lower SES, methamphetamine-exposed neonates had an increased
incidence of being born SGA. In contrast to our previously reported findings, no differences
in birthweight were noted after adjusting for covariates. The findings of increased risk of
being born SGA are consistent with previous studies on newborns exposed to
methamphetamine.1, 2

There are several proposed mechanisms for how methamphetamine causes fetal growth
restriction including maternal vasoconstriction leading to restricted nutrient delivery to the
fetus and fetal vasoconstriction and hypertension leading to decreased fetal oxyhemoglobin
saturation.8, 9 Of note, maternal weight gain was increased in the methamphetamine using
mothers which likely reflects that many women try to abstain from methamphetamine once
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they learn of their pregnancy. As methamphetamine is a known anorectic, overeating is
often a consequence of abstaining from methamphetamine. Mothers in the exposed group
who quit using methamphetamine in the first and second trimesters gained approximately 10
more pounds than those who used throughout pregnancy. These findings suggest the
anorexic effects of methamphetamine are limited to continuous use and there may be a
rebound in weight gain if mothers quit. Limitations of this study include that the significance
of the timing and dosage of methamphetamine exposure during gestation on fetal growth
was not explored and birth length, head circumference and obstetric complications were not
available for the non-exposed subjects.

In summary, prenatal methamphetamine use is associated with fetal growth restriction. The
increased incidence of SGA may have serious long term health risks in the exposed children
including coronary heart disease, stroke, diabetes, and hypertension as adults.10

Longitudinal studies will determine if these exposed infants are at increased risk for future
growth abnormalities or other medical problems associated with being born SGA.

Abbreviations

MA Methamphetamine

SGA small for gestational age

IDEAL Infant, Development, Environment and Lifestyle

LI Lifestyle Interview

EMIT Enzyme Multiplied Immunoassay Test

GC/MS Gas Chromatography-mass Spectrometry

SES Socioeconomic Status
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Table 1

Maternal Characteristics.

Number (Percent) or Mean (STD)

Exposed (n=204) Unexposed (n=3,501) P-value

Race <0.001

    White 77 (37.7%) 1,615 (46.5%)

    Hispanic 47 (23.0%) 518 (14.9%)

    Pacific Islander 37 (18.1%) 337 (9.7%)

    Asian 28 (13.7%) 390 (11.2%)

    Black 9 (4.4%) 524 (15.1%)

    Other 6 (2.9%) 90 (2.6%)

Maternal Age 25.8 (5.6) 26.9 (5.9) 0.010

Low SES (Hollingshead V) 68 (33.5%) 245 (7.0%) <0.001

SES Hollingshead Social Position Index 24.7 (9.1) 37.6 (12.6) <0.001

Income < $10,000 68 (37.6%) 387 (11.5%) <0.001

No partner 115 (56.4%) 915 (26.2%) <0.001

Medicaid recipient 185 (93.9%) 1781 (51.6%) <0.001

Education < 12 years 93 (45.8%) 547 (15.7%) <0.001

Prenatal care visits < 5 33 (17.5%) 66 (1.9%) <0.001

GA 1st prenatal visit (wks) 14.6 (8.1) 9.3 (5.4) <0.001

Pregnancy weight Gain (lbs) 41.9 (19.9) 33.7 (15.2) <0.001

Maternal tobacco use 163 (79.9%) 706 (20.2%) <0.001

Maternal alcohol use 78 (38.2%) 733 (20.9%) <0.001

Maternal marijuana use 68(33.3%) 157 (4.5%) <0.001
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Table 2

Neonatal Characteristics.

Number (Percent) or Mean (STD)

Exposed (n = 204) Unexposed (n= 3,501) P-value

Gestational age (wks) 38.6 (2.3) 39.1 (1.9) <0.001

Male 110 (53.9%) 1,791 (51.2%) 0.452

Birth Weight (g) 3179.5 (608.7) 3368.8 (557.4) 0.154*

Small for gestational age (%) 35 (17.3)% 310 (8.9)% 0.005*

*
P-values adjusted for covariates.
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