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ABSTRACT

OBJECTIVE.Methamphetamine use among pregnant women is an increasing problem
in the United States. Effects of methamphetamine use during pregnancy on fetal
growth have not been reported in large, prospective studies. We examined the
neonatal growth effects of prenatal methamphetamine exposure in the multi-
center, longitudinal Infant Development, Environment and Lifestyle study.

DESIGN/METHOD. The Infant Development, Environment and Lifestyle study screened
13 808 subjects at 4 clinical centers: 1618 were eligible and consented, among
which 84 were methamphetamine exposed, and 1534 were unexposed. Those
who were methamphetamine exposed were identified by self-report and/or gas
chromatography-mass spectrometry confirmation of amphetamine and metabo-
lites in infant meconium. Those who were unexposed denied amphetamine use
and had a negative meconium screen. Both groups included prenatal alcohol,
tobacco, or marijuana use, but excluded use of opiates, LSD, PCP or cocaine only.
Neonatal parameters included birth weight and gestational age in weeks. One-way
analysis of variance and linear-regression analyses were conducted on birth weight
by exposure. The relationship of methamphetamine exposure and the incidence of
small for gestational age was analyzed using multivariate logistic-regression anal-
yses.

RESULTS. The methamphetamine exposed group was 3.5 times more likely to be
small for gestational age than the unexposed group. Mothers who used tobacco
during pregnancy were nearly 2 times more likely to have small-for-gestational-
age infants. In addition, less maternal weight gain during pregnancy was more
likely to result in a small-for-gestational-age infant. Birthweight in the metham-
phetamine exposed group was lower than the unexposed group.

CONCLUSIONS. These findings suggest that prenatal methamphetamine use is associ-
ated with fetal growth restriction after adjusting for covariates. Continued fol-
low-up will determine if these infants are at increased risk for growth abnormal-
ities in the future.
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THE RECENT INCREASE in methamphetamine use in
the United States and in several regions worldwide

has highlighted the need for a better understanding of
the short- and long-term effects of methamphetamine
use during pregnancy. Methamphetamine use during
pregnancy is associated with an increased incidence of
premature delivery and placental abruption.1,2 Cases of
cardiovascular collapse and seizures have also been re-
ported in women using methamphetamine during preg-
nancy.3,4 The effects of prenatal methamphetamine ex-
posure on the developing fetus have not been well
characterized. Increased rates of fetal distress have been
associated with women using methamphetamine during
pregnancy.1 In addition, isolated cases of cardiac defects,
cleft lip, and biliary atresia have been reported in infants
exposed to methamphetamine in utero.5 However, these
reports are limited by the lack of comparison groups and
small sample sizes. Despite these limitations, the avail-
able maternal and fetal data suggest that the fetus is
potentially vulnerable to adverse effects secondary to
prenatal methamphetamine exposure.

An important concern regarding prenatal metham-
phetamine use is whether in utero exposure compro-
mises fetal growth. A retrospective review of metham-
phetamine-exposed neonates found an increased
incidence of small-for-gestational-age (SGA) neonates
relative to an unexposed group.6 In addition, Oro and
Dixon7 found in a study of 105 mother-infant pairs with
positive results of urine toxicology screens at the time of
delivery that, in comparison to narcotic-exposed neo-
nates, methamphetamine/cocaine-exposed neonates
were more likely to have decreased birth weight and
head circumference and to be SGA. However, these data
are limited because the investigation was retrospective,
included only positive urine toxicology screens at the
time of delivery, and control subjects were not matched
for socioeconomic status (SES). Other investigators have
also reported that prenatal methamphetamine exposure
is associated with decreased growth parameters.8 The
only study that has examined the long-term effects of
prenatal amphetamine exposure is a prospectively fol-
lowed sample of 65 children born to mothers in Sweden
who had abused amphetamines during their pregnancy.
At birth and 1 and 4 years of age, the mean weight,
height, and head circumference of the amphetamine-
exposed children were below the means of their peers.9

Females, but not males, were significantly shorter and
lighter than their peers and remained smaller at age 10.10

These findings are limited, because the exposed children
were compared with an unselected community sample
instead of a matched comparison group and because
coexposures to other drugs including opiates were prev-
alent in the methamphetamine group but not known in
the unselected sample. In addition, all studies relied
solely on maternal self-reporting for drug use.

Thus, the limited available data suggest that metham-

phetamine-exposed children are at risk for growth im-
pairment. However, the findings are derived from retro-
spective analyses, samples with small numbers or
inadequate control for polydrug use during pregnancy,
and other confounding variables. The multisite longitu-
dinal Infant Development, Environment and Lifestyle
(IDEAL) study of prenatal methamphetamine exposure
includes a prospective cohort of exposed and unexposed
neonates. Here we report the preliminary growth pa-
rameter findings from the IDEAL study.

METHODS
Because the primary goal of the research was to inves-
tigate the outcomes associated with prenatal metham-
phetamine exposure, clinical sites in specific geographic
areas known to have methamphetamine problems were
chosen to participate in the IDEAL project. The cities
chosen were Los Angeles, California; Des Moines, Iowa;
Tulsa, Oklahoma; and Honolulu, Hawaii. The study was
approved by the institutional review boards at all partic-
ipating sites. Before initiation of recruitment, personnel
from all sites met for a week-long training session so that
procedures could be standardized.11 The planned recruit-
ment is 2 years; the neonatal growth findings presented
here are from the cohort recruited by year 1.

The exclusion criteria for the mothers are age �18,
opiate use during pregnancy, institutionalization for re-
tardation or emotional disorders, overt psychosis or a
documented history of psychosis, and unable to speak
English. Exclusion criteria for the children are critical
illness (unlikely to survive), multiple birth, major life-
threatening congenital anomaly, documented chromo-
somal abnormality associated with mental or neurologic
deficiency, overt TORCH (toxoplasmosis, other infec-
tions, rubella, cytomegalovirus infection, and herpes
simplex) infection, and having a sibling previously en-
rolled in the IDEAL study. A National Institute on Drug
Abuse certificate of confidentiality was obtained for the
project, which assures confidentiality of information re-
garding the subjects’ drug use, superseding mandatory
reporting of illegal substance use. The certificate is ex-
plained to the mother during the recruitment and in-
formed-consent process, including the condition that the
certificate does not exclude reporting of evidence of
child abuse or neglect.

After informed consent is obtained, a maternal inter-
view (the Lifestyle Interview) determines drug use dur-
ing pregnancy and sociodemographic information.12,13

The Lifestyle Interview includes information about the
course of the pregnancy, household composition, demo-
graphics (SES, education, age, race, and marital status),
and services received during pregnancy. Education and
occupation information is collected to calculate the
4-factor Hollingshead index of SES, which has been
adapted to single-parent and nonnuclear families.14,15 In
addition, information about the neonate’s gestation and
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birth weight and questions regarding the health of the
mother-neonate pair are included. Gestational age is
determined by estimated date of confinement for
women with good prenatal care. If there is a discrepancy
between the postnatal gestation assessment and obstet-
rical dating, the postnatal examination is used. For
women with no or inadequate prenatal care, the post-
natal examination by the patient’s physician is used for
gestational dating.

Meconium is collected from all infants; the samples
are collected in the nursery and shipped to a central
laboratory (US Drug Testing Laboratory) for analysis of
amphetamines, cocaine metabolites, cannabinoids, opi-
ates, and cotinine. The specimen is screened initially
with a sensitive enzyme multiplied immunoassay test
(EMIT II; Dade-Behring, Cupertino, CA). If positive re-
sults are obtained, the specific drug analyte or metabolite
is confirmed by gas chromatography-mass spectrometry
(GC/MS).

Exposed subjects were identified by maternal report
of methamphetamine use during the pregnancy on the
basis of the hospital interview and/or GC/MS confirma-
tion of amphetamine and metabolites in infant meco-
nium. Unexposed subjects were defined as denial of
methamphetamine use during this pregnancy and neg-
ative GC/MS results for amphetamine and metabolites.
A history of maternal alcohol, marijuana, or tobacco use
during the pregnancy was considered as a background
variable in both the exposed and unexposed groups.

Participants
From September 2002 to August 2003, 13 808 mother-
infant pairs were screened. Of the 13 808 subjects

screened, 24% (3298) were not available to be ap-
proached and screened for eligibility. Of the 10 510 in-
dividuals approached, 32% (3391) were ineligible. Of
the 7119 eligible subjects, 23% (1618) consented for
participation in the study. Meconium tests were per-
formed on all consented infants. Among the consented,
84 were exposed to methamphetamine. Among the ex-
posed subjects, 82 (97.6%) were self-reporters, and 21
meconium samples were confirmed positive for meth-
amphetamine. Two subjects denied methamphetamine
use during pregnancy, but their meconium was con-
firmed positive for methamphetamine.

We defined SGA as �10th percentile for birth weight,
as determined by Alexander’s algorithm of weight for
gestational age.16

Statistical Analysis
Demographic and clinical characteristics for the groups
were initially compared in unadjusted analysis by using
1-way analysis of variance for continuous variables and
�2 tests for nonparametric variables. Significance was
accepted at P � .05.

The relationship of methamphetamine exposure and
growth parameters were analyzed by using multivariate
linear-regression analyses. The relationship of metham-
phetamine exposure and the incidence of SGA was an-
alyzed by using multivariate logistic-regression analyses.
Both regression analyses adjusted for covariates. Covari-
ates were selected on the basis of conceptual reasons,
published literature, and characteristics shown in Table 1
that differed between groups if not highly correlated
with other covariates. The effect of prenatal exposures to
alcohol, tobacco, or marijuana on growth has been re-

TABLE 1 Maternal and Infant Characteristics

Exposed
(N � 84)

Unexposed
(N � 1534)

P

Race, n (%) .109
White 39 (46.4) 801 (52.6)
Hispanic 14 (16.7) 179 (11.7)
Pacific Islander 10 (11.9) 119 (7.8)
Asian 13 (15.5) 156 (10.2)
Black 5 (6.0) 223 (14.6)
American Indian 2 (2.4) 35 (2.3)
Other 1 (1.2) 11 (0.7)

Low SES, Hollingshead-V, n (%) 30 (35.7) 109 (7.1) .000
SES, Hollingshead social-position index, mean (SD) 25.64 (10.02) 37.99 (12.95) .000
Household income less than $10 000, n (%) 25 (33.8) 170 (11.6) .000
Public insurance, n (%) 70 (90.9) 740 (49) .000
No partner, n (%) 48 (57.1) 442 (28.8) .000
Education �12 y, n (%) 41 (48.8) 244 (16.0) .000
Age, mean (SD), y 25.37 (5.38) 26.89 (5.93) .021
Gestational age at first prenatal visit, mean (SD), wk 14.81 (8.02) 9.29 (5.28) .000
Prenatal visits, �5, n (%) 14 (18.7) 27 (1.8) .000
Weight gain during this pregnancy, mean (SD), lb 44.98 (19.49) 33.46 (14.73) .000
Prenatal drug use, n (%)

Tobacco 66 (78.6) 342 (22.3) .000
Alcohol 36 (42.9) 331 (21.6) .000
Marijuana 33 (39.3) 63 (4.1) .000
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ported previously.17–19 In addition to observed group dif-
ferences shown in Table 1, low SES, low income, single
parenthood, and inadequate prenatal care are all risk
factors for poor fetal growth.20–24 Our study criterion for
inadequate prenatal care (�5 prenatal visits) is a com-
mon clinical standard. The covariates that were used in
the final analysis were prenatal alcohol exposure, pre-
natal tobacco exposure, prenatal marijuana exposure,
gender, Hollingshead index of SES, household income
less than $10 000, prenatal care of �5 visits, mother’s
weight gain, maternal age, and single parenthood. All
drug-exposure variables, gender, prenatal care, house-
hold income, and single parenthood were dichotomous
(yes/no) variables. SES, mother’s weight gain, and age
were continuous variables. In addition, multiple linear
regression on birth weight also adjusted for gestational
age in weeks. Significance for the regression analyses
was accepted at P � .05.

RESULTS
The maternal characteristics of the 1618 mother-infant
pairs (methamphetamine exposed and unexposed) are
shown in Table 1. There were no differences in race
between the 2 groups. Compared with the National
Pregnancy and Health Survey conducted in the early
1990s,25 a higher proportion of IDEAL study subjects
were in a racial/ethnic category other than white, black,
or Hispanic. These differences may be attributed to nu-
merous factors including the geographic concentration
for our sample instead of a wider national sample and
the emphasis on targeting areas with methamphetamine
problems.

The mothers in the methamphetamine-exposed
group were more likely to have a lower SES and social-
position index, live in a household earning less than
$10 000/year, have public insurance, be without a part-
ner, and be educated �12 years. In addition, mothers in
the methamphetamine-exposed group were younger,
sought prenatal care later in gestation, had fewer prena-
tal care visits, and gained more weight relative to the
unexposed group. We examined the apparently unex-
pected effect that methamphetamine-using mothers had
a higher mean weight gain relative to those in the un-
exposed group. We compared weight gain between
mothers in the exposed group who used methamphet-
amine during the first or second trimester only (N � 46
[56%]) versus those also using in the third trimester (N
� 36 [44%]). Those who quit using methamphetamine
earlier in gestation gained 10 lb more than those who
continued to use throughout pregnancy (P � .019),
suggesting that the anorexic effects of methamphet-
amine are limited to continuous use, and there may be a
rebound in weight gain if the mother quits.

Tobacco, alcohol, and marijuana exposures were
higher in the methamphetamine-exposed group. On the
basis of epidemiology at the time of recruitment, which

suggested that some methamphetamine users would
also use cocaine, we enrolled subjects who were exposed
to both methamphetamine and cocaine, which affected
11 (13%) of 84 in the exposed group. Preliminary anal-
yses showed no differences in birth weight or prevalence
of SGA between methamphetamine-exposed infants
who were also exposed to cocaine versus those who
were unexposed (P � .05 in both cases). In addition,
there were no differences in any maternal and infant
characteristics shown in Table 1 (P values �.05). Thus,
we included subjects who were exposed to both meth-
amphetamine and cocaine in the analyses of this study.

The gestational age at birth was lower in the meth-
amphetamine-exposed infants relative to those in the
unexposed group (mean � SD: 38.7 � 2.4 weeks [range:
30–43 weeks] vs 39.2 � 1.9 weeks [range: 25–44
weeks]; P � .02). The incidence of neonates born at �37
weeks’ gestation was higher in the methamphetamine-
exposed group than in the unexposed group (12.5% vs
6.5%; P � .036). There was no difference in gender
distribution between the groups (55% vs 51% males in
the methamphetamine-exposed and unexposed groups,
respectively; P � .478).

The birth weights of those in the 2 groups are shown
in Fig 1. Relative to unexposed neonates, methamphet-
amine-exposed neonates had lower birth weights (P �
.05). Similar findings resulted from the linear regression.
When adjusted for covariates, younger gestational age,
male gender, �5 prenatal care visits, annual household
income less than $10 000, prenatal tobacco exposure,
low maternal weight gain, younger maternal age, and
being without a partner contributed to lower birth
weight (Table 2).

The incidence of SGA was higher in the methamphet-
amine-exposed neonates (19%) than in those in the
unexposed group (8.5%) (Fig 2). Similar findings re-
sulted from the logistic-regression analyses. Neonates in
the methamphetamine-exposed group were 3.5 times

FIGURE 1
Birth weight (mean� SEM) in the methamphetamine-exposed and unexposed groups.
a P � .05.
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more likely to be SGA than those in the unexposed
group (Table 3). Consistent with birth weight findings,
lower maternal weight gain and prenatal tobacco expo-
sure were associated with a higher incidence of SGA. In
contrast to the birth weight findings, male gender, hav-
ing �5 prenatal care visits, annual household income
less than $10 000, younger maternal age, and being
without a partner did not contribute to the increased
incidence of SGA.

DISCUSSION
Despite the rapidly emerging methamphetamine-abuse
problem, data regarding the effects of prenatal metham-
phetamine exposure on fetal growth are limited. This is
the first prospective investigation reporting the effects of
prenatal methamphetamine exposure on fetal growth.
We found that methamphetamine exposure in utero
was associated with decreased growth parameters in
newborns. After adjusting for covariates, there was an
increased incidence of SGA and lower birth weight in

the exposed neonates. These findings suggest direct
methamphetamine-induced growth-restrictive effects
on the developing fetus.

Our findings that in utero methamphetamine expo-
sure is associated with decreased birth weight are con-
sistent with previous observations in children exposed to
cocaine antenatally. Lower birth weight18,26–28 and de-
creased head circumference relative to birth weight18,29,30

have been reported in children exposed to cocaine pre-
natally. We also found an increased incidence of SGA in
the methamphetamine-exposed newborns. The possible
mechanisms of action for fetal growth restriction sec-
ondary to methamphetamine exposure are numerous
and may arise from the direct and indirect effects of
methamphetamine. In the ovine model, the vasocon-
strictive effects of methamphetamine induced increases
in maternal blood pressure and restriction of nutritional
substrate for the developing fetus.31,32 In addition, meth-
amphetamine induced increases in fetal blood pressure
and decreases in fetal oxyhemoglobin saturation and
arterial pH in the ovine model.31,32 Collectively, these
maternal/placental effects of amphetamine could alter
fetal growth and development.

Given our modest sample size, it is difficult to discern
if the observed growth-restrictive effects in the metham-
phetamine group are related to the total dose of expo-
sure or if certain periods of gestation are most critical for
exposure to negatively impact growth. Retrospective
data indicate that methamphetamine exposure through-
out gestation is associated with decreased growth rela-
tive to infants exposed only for the first 2 trimesters.6

Consistent with these findings, Bada et al17 found that
growth restriction in cocaine-exposed newborns was
more pronounced as gestation approached term and re-
mained significant even after adjusting for coexposure of
opiates, tobacco, alcohol, and marijuana.

In addition to the methamphetamine-associated
growth-restrictive effects, we also found that maternal
weight gain was associated with greater birth weight and

TABLE 2 Results of Adjusted Linear-Regression Model for the Association Between Birth Weight and
Sociodemographic/Drug-Exposure Characteristics

Variables in the Model Unstandardized
Coefficients (SE)

Standardized
Coefficients

P

Methamphetamine exposure status �140.34 (58.78) �0.05 .017
Gestational age (estimated) 171.44 (6.06) 0.57 .000
Gender, male 125.63 (21.75) 0.12 .000
Prenatal care (�5 visits) 143.87 (72.37) 0.04 .047
Household income (less than $10 000) �79.57 (36.39) �0.05 .029
Prenatal marijuana exposure �40.72 (51.44) �0.02 .429
Prenatal tobacco exposure �87.12 (29.24) �0.07 .003
Prenatal alcohol exposure �19.11 (27.32) �0.02 .484
Mother’s weight gain 6.02 (0.74) 0.17 .000
Mother’s age (y) 9.40 (2.19) 0.10 .000
SES, Hollingshead index �0.38 (1.04) �0.01 .715
Have a partner 86.22 (27.58) 0.07 .002

FIGURE 2
The incidence of SGA in the methamphetamine-exposed and unexposed groups. a P �
.05.
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negatively correlated to the incidence of SGA. These
observations are consistent with previous findings that
maternal weight gain is positively correlated with fetal
size.33,34 However, we found greater maternal weight
gain in the methamphetamine-using group. These ap-
parently paradoxical findings that growth-restrictive ef-
fects were observed in the group with greater maternal
weight gain may be explained by the variability regard-
ing when methamphetamine was discontinued during
pregnancy. Amphetamine is an anorectic agent, and
poor maternal nutrition can significantly contribute to
low birth weight. Discontinuation of methamphetamine
often leads to significant weight gain during the newly
abstinent period. As a group, the methamphetamine-
using mothers gained a mean of 44 lb, significantly more
than the recommended 35-lb weight gain during their
pregnancy.35 In addition, those who quit early in preg-
nancy gained 10 lb more than those who continued to
use throughout their pregnancy, suggesting that the an-
orexic effects of methamphetamine are limited to con-
tinuous use, and there may be a rebound in weight gain
if the mother quits. We speculate that the overall obser-
vation of increased maternal weight gain in the exposed
group reflects excessive weight gain in women who
abstained from methamphetamine for the majority of
gestation. Another possible explanation for the increased
maternal weight gain in the methamphetamine group is
that lower SES was more prevalent in the exposed
group. In a review of 144 published studies, Sobal and
Stunkard36 found that in developed societies, there is an
inverse relationship between SES and obesity among
women.

The incidence of smoking during pregnancy in our
exposed group is higher than most other populations of
illicit drug exposures and is a possible contributor to the
decreased birth weight observed. Our findings that
mothers who used tobacco during pregnancy were
nearly 2 times more likely to have SGA infants is con-
sistent with previous findings that infants born to
women who smoke during pregnancy have an increased

incidence of low birth weight.19,37 In addition, retrospec-
tive data from neonates exposed to methamphetamine
found that coexposure to smoking significantly de-
creased growth parameters relative to neonates exposed
to methamphetamine alone.6 Nicotine may cause
growth impairment secondary to vasoconstriction of the
fetal umbilical arteries, as demonstrated in an ovine
model.38 Doppler-flow studies of pregnant women who
smoke have demonstrated that nicotine decreases fetal
blood flow in a dose-dependent manner.39 Genetic sus-
ceptibility may also contribute to the nicotine-induced
fetal growth-restrictive effects. Wang et al40 identified
targeted metabolic genes that modify the association
between cigarette smoking and infant birth weight. Our
findings also support previous findings that nicotine ex-
posure, rather than marijuana, has a more pronounced
effect on fetal growth.41,42 However, because the inci-
dence of marijuana use was relatively low in our study,
it is possible that we were unable to detect differences in
growth parameters.

There are several limitations to this investigation;
therefore, these results should be interpreted with cau-
tion. First, length and head-circumference data were not
available for the majority of the unexposed neonates,
which limited the ability to determine if the growth
restriction was symmetric or not. Second, our sample
size is not large enough to discern the importance of
total dose and timing of methamphetamine exposure
during gestation on fetal growth. In addition, very few
infants studied were premature; therefore, the effects of
methamphetamine use on growth parameters at earlier
gestations were not addressed.

CONCLUSIONS
We found that prenatal exposure to methamphetamine
resulted in decreased birth weight and a 3.5-fold in-
crease in the incidence of SGA relative to unexposed
newborns. These preliminary findings suggest that
methamphetamine use is associated with growth restric-
tion in neonates born at term. The increased incidence of

TABLE 3 Results of the Adjusted Logistic-Regression Model for the Association Between the Incidence
of SGA and Sociodemographic/Drug-Coexposure Characteristics

Variables in the Model Unstandardized
Coefficients (SE)

Odds Ratio (CI) P

Methamphetamine exposure status 1.25 (.38) 3.48 (1.65–7.33) .001
Gender, male �0.14 (.19) 0.87 (0.60–1.26) .455
Prenatal care (�5 visits) �1.00 (.65) 0.37 (0.10–1.32) .126
Household income (less than $10 000) 0.19 (.27) 1.21 (0.72–2.04) .473
Prenatal marijuana exposure �0.38 (.42) 0.68 (0.30–1.54) .357
Prenatal tobacco exposure 0.53 (.23) 1.70 (1.09–2.66) .019
Prenatal alcohol exposure �0.33 (.25) 0.72 (0.44–1.19) .199
Mother’s weight gain �0.03 (.01) 0.98 (0.96–0.99) .000
Mother’s age (y) �0.02 (.02) 0.98 (0.94–1.02) .283
SES, Hollingshead index �0.01 (.01) 0.99 (0.97–1.01) .369
Have a partner 0.29 (.22) 1.33 (0.87–2.04) .190
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SGA in the methamphetamine-exposed group has sig-
nificant long-term health and neurodevelopmental im-
plications. Low birth weight infants have an increased
risk of mortality and childhood morbidity.43 In addition,
children born SGA have an increased risk of developing
type 2 diabetes and the metabolic syndrome later in
life.44 These adverse health outcomes have been theo-
rized to be secondary to accelerated postnatal growth,
which stresses the limited cell mass in the growth-re-
stricted pancreas.44 In addition to the potentially serious
medical complications, children with decreased head cir-
cumference relative to age have an increased incidence
of developmental problems including reading and prob-
lem-solving difficulties.45 Children with poor prenatal
and postnatal head circumference have the worst neu-
rodevelopmental outcomes, but even children with
small head circumference at birth with good postnatal
head growth fare less well developmentally than appro-
priate-for-gestation control children.45 Long-term fol-
low-up is needed to determine if these growth-restricted
children are at increased risk for future growth and/or
neurodevelopmental deficits.
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