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Abstract

Introduction—Methamphetamine (MA) is one of the most commonly used illicit drugs in
pregnancy, yet studies on MA-exposed pregnancy outcomes have been limited because of
retrospective measures of drug use, lack of control for confounding factors: other drug use,
including tobacco; poverty; poor diet; and lack of prenatal care. This study presents prospective
collected data on MA use and birth outcomes, controlling for most confounders.

Materials and Methods—This is a retrospective cohort study of women obtaining prenatal care
from a clinic treating women with substance use disorders, on whom there are prospectively
obtained data on MA and other drug use, including tobacco. MA-exposed pregnancies were
compared with non-MA exposed pregnancies as well as non-drug exposed pregnancies, using
univariate and multivariate analysis to control for confounders.

Results—One hundred forty-four infants were exposed to MA during pregnancy, 50 had first
trimester exposure only, 45 had continuous use until the second trimester, 29 had continuous use
until the third trimester, but were negative at delivery and 20 had positive toxicology at delivery.
There were 107 non MA-exposed infants and 59 infants with no drug exposure. Mean birth
weights were the same for MA-exposed and non-exposed infants (3159 g vs. 3168 g p=0.9),
though smaller than those without any drug exposure (3159 vs. 3321 p=0.04), Infants with positive
toxicology at birth (meconium or urine) were smaller than infants with first trimester exposure
only (2932 g vs. 3300 g p=0.01). Gestation was significantly shorter among the MA-exposed
infants compared to non-exposed infants (38.5 vs. 39.1 weeks p=0.045) and those with no drug
exposure (38.5 vs. 39.5 p=0.0011), The infants with positive toxicology at birth had a clinically
relevant shortening of gestation (37.3 weeks vs. 39.1 p=0.0002).

Conclusions—MA use during pregnancy is associated with shorter gestational ages and lower
birth weight, especially if used continuously during pregnancy. Stopping MA use at any time
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during pregnancy improves birth outcomes, thus resources should be directed towards providing
treatment and prenatal care.
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Introduction

Methamphetamine (MA) is one of the most commonly abused drugs during pregnancy, with
prevalence estimates ranging from 0.7% to 4.8% in highly endemic areas (Arria et al. 2006,
Derauf et al. 2007). Its use continues to grow world wide (United Nations Office on Drugs
and Crime 2013), yet what is known about the effects of use during pregnancy is limited by
studies using retrospectively gathered data on drug use and insufficient controlling for
confounding factors, such as poverty, poor diet, lack of prenatal care and other drug and
tobacco use.

MA acts as a competitive inhibitor of the neurotransmitter transporters, specifically
serotonin, norepinephrine, and dopamine (Amara and Kuhar 1993, Rudnick and Clark
1993). Among these three targets, the serotonin and norepinephrine transporters are
expressed abundantly in the placenta (Ganapathy et al. 1999). These transporters are thought
to play an important role in homeostasis of the amniotic fluid and fetal circulation
(Ganapathy 1993), as well as control vasoconstriction of the placental vascular bed, which
may contribute to the development of preeclampsia (Bottalico et al. 2004), intrauterine
growth restriction, abruption and preterm labor (Ganapathy 2011).

The studies looking at pregnancy outcomes with MA use have been conflicting. No
consistent teratological effects of in utero MA exposure on the developing human fetus have
been identified (Nora et al. 1965, Nora et al. 1970, Levin 1971, Saxen 1975, Dixon and
Bejar 1989, Bays 1991, Hansen et al. 1993, Thomas 1995, Stewart and Meeker 1997,
Forrester and Merz 2006). Given that women with substance use disorders suffer from
chaotic lifestyles, research on drug use during pregnancy is fraught with difficulties. Studies
of MA-exposed infants suffer from methodological problems such as poor compliance,
small sample size and multiple other confounding variables, such as the effects of poverty,
poor diet, and tobacco use. In studies of other drug use during pregnancy, these factors have
been shown to be as harmful or more harmful than the drug use itself (Schempf 2007). There
are some data on the effects of MA use on maternal complications during pregnancy
(Eriksson et al. 1981, Oro and Dixon 1987, Little et al. 1988, Albertson et al. 1999, Cox et
al. 2008), birth weight and gestational age (Oro and Dixon 1987, Little et al. 1988, Smith et
al. 2003, Smith 2004) and neurodevelopment (Oro and Dixon 1987, Little et al. 1988,
Gillogley et al. 1990). The IDEAL study, which is the largest study to date on meth use
during pregnancy (Nguyen et al. 2010, Shah et al. 2012, Zabaneh et al. 2012) has
demonstrated an increased risk of small for gestational age, decreased head circumference
and length, and NICU admissions, but no increased risk of pre-eclampsia, abruption, fetal
distress, chronic hypertension, or placenta previa.
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Of the data on the effects of MA use on maternal complications during pregnancy, two large
database studies showed increased complications of pregnancy, controlling for confounders
with the use of regression techniques, though neither collected data on drug use
prospectively. Cox et al (Cox et al. 2008) showed increased risks of hypertension
complicating pregnancy, premature rupture of membranes, placenta previa, placental
abruption, premature delivery, precipitate labor, infection of amniotic cavity, intrauterine
death, and poor fetal growth among MA-using women when compared with non-substance
using women, but when compared with cocaine-using women, these risks were all lower,
with the exception of hypertension complicating pregnancy, which was increased over
cocaine. Gorman et al. (Gorman et al. 2014) retrospectively used paired maternal and infant
data from the state of California and showed increased risk of gestational hypertension,
preeclampsia, IUFD, abruption, preterm birth, neonatal death, and infant death, but didn’t
compare with other drug use. With the exception of the IDEAL study and the Cox study,
previous studies have been small and lacking in controls for other confounding variables
such as other drug and tobacco use. Even in the IDEAL study recruitment was done at
delivery and thus no prospective data on drug use and pregnancy outcome were collected.

The current study reports data on women collected prospectively during pregnancy,
including dates and amounts of MA and other drug use, tobacco and alcohol use, housing
and psychosocial factors, pre-existing medical and psychiatric co-morbidities, compliance
with prenatal care; and correlates these factors with maternal and infant outcomes.

The Path clinic was founded in 2007 in Honolulu, Hawaii to provide prenatal care for
women with addictions. MA is the most common illicit substance used by the women with
addictions obtaining care at the clinic. Details of the clinic model and implementation
process have been previously reported (Wright et al. 2012). Briefly, the clinic provides
prenatal and postpartum care for the women, as well as social services, addiction counseling
and referral to treatment, childcare, assistance with transportation, group classes, and
tobacco cessation services. Deliveries are done at two local hospitals by the residents and
faculty of the University of Hawaii.

This study analyzes data prospectively collected for quality assurance purposes throughout
and after the pregnancy. The current cohort being analyzed obtained care from April 2007
through December 2013. From April 2007 through April 2011, the clinic was run as a
faculty practice through the University of Hawaii. During that time, women who obtained
care at the clinic had either current or past drug use and/or addiction diagnosis. In May
2011, the clinic became part of a larger Federally Qualified Community Health Center and
the mission changed to include all women in the catchment area or who were homeless or at
risk of becoming homeless, regardless of addiction history.

MA-exposed pregnancies were compared with non MA-exposed pregnancies. The non MA-
exposed pregnancies were either women who had a history of MA use prior to pregnancy,
used tobacco only, used drugs other than MA, or who did not use illicit drugs but obtained
care from the clinic and thus were from the same catchment area and socio-economic status.
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Screening for MA use was done by a combination of validated screening tools (4Ps and 4Ps
Plus) on all patients, as well as questioning on recent drug use on patients with a history of
addiction at each visit. Random toxicology was done throughout pregnancy and as indicated
by clinical or social concerns (i.e. missed appointments). MA use was noted in the database
in a semi-quantitative fashion, using patient self-report of use of amount and frequency
(daily, twice weekly, monthly). Last reported use was noted in the chart. The majority of
women with a history of addiction had toxicology done at the time of birth (urine,
meconium or both). Positive toxicology at birth was considered either a positive maternal or
neonatal urine toxicology, as meconium can theoretically reflect maternal use many months
before delivery. Non-MA exposed women were those who denied any drug use on validated
screening tools or those with a past history of drug use and negative toxicology. The authors
input all data into the database directly from the medical chart, including medical and
psychiatric co-morbidities, number of prenatal visits, substance use, referral sources,
housing situation, and pregnancy complications. Birth outcomes were obtained shortly after
delivery by abstraction from the electronic medical records of the two delivery hospitals.
The University of Hawaii Committee on Human Studies reviewed the project and found it to
be exempt from consent requirements in order to report clinical outcomes.

Sample size calculations were performed using birth weight as the primary outcome
variable. To detect a 250 g difference in birth weight, using a power of 80% and two-tailed
a of 0.05, 36 infants in each group were required. Data were summarized by descriptive
statistics. Dichotomous data were compared using Chi-squared tests and continuous data
were compared using student’s t-tests.

The association between MA and two primary outcomes of interest, preterm delivery and
SGA, were then evaluated using multiple logistic regression, adjusted for important
covariates. The covariates that were identified to be associated with the outcomes variables
with a p-value <0.05 on univariate analysis were used in the multivariable model. Adjusted
odds ratios and their 95% Confidence Intervals were obtained.

There were 251 live births among the cohort that obtained care between April 2007 and
December 2013. There were five sets of twins, two in the meth-exposed and three in the
non-meth exposed groups. There were 4 third trimester intrauterine fetal deaths (IUFD)
during this time (3 meth-exposed, 2 positive for CMV exposure and 1 with Down’s
syndrome, cardiac defect and duodenal atresia and 1 non meth-exposed without other risk
factors other than advanced maternal age). The IUFDs were removed from further analysis.
Of the 251 live births, 107 had no meth exposure, 50 had first trimester exposure only, 45
had continuous use until the second trimester, 29 had continuous use until the third
trimester, but were negative at delivery and 20 had positive toxicology at delivery.
Demographics are presented in table 1.

Women who used MA had higher gravidity and parity and were more likely to smoke
cigarettes and use marijuana during pregnancy. Cocaine and alcohol use was similar
between the two groups. The non MA-using group was more likely to use other opioids and
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be Caucasian. Interestingly the group who didn’t use any drugs at all during their pregnancy
more closely resembled the non-MA group. Heroin use was low in both groups reflecting
the low prevalence of heroin use in Hawaii. As noted in previous studies (Wright and Tam
2010), Native Hawaiian and other Pacific Islander (NH/OPI) were overrepresented in the
MA-using group. Schizophrenia/schizoaffective disorders and PTSD were more common
among the MA-using women.

Univariate analyses of birth outcomes are presented in Table 2. MA-using women presented
significantly later for prenatal care and had fewer prenatal visits. There was no difference in
birth weight between the MA-using group and the non MA-using group, though the
gestational age at delivery was slightly younger (6/10 of a week). The non-drug using group
had a significantly longer gestational age (1 week) and was 176 g heavier than the MA-using
group and the group that used other drugs. They had a bigger head circumference and were
longer. There was no difference in the incidence of preterm delivery, preterm premature
rupture of membranes, abruption, non-reassuring heart rate, chorioamnionitis, asthma,
diabetes, low-birth weight, sepsis, intraventricular hemorrhage, necrotizing enterocolitis, or
NICU admission between the MA-exposed newborns and the non-MA exposed newborns.
There was a significant increase in chronic hypertension and cesarean delivery associated
with MA use and a non-significant increase in the incidence of preeclampsia. The majority
of cesarean sections were repeat.

Figures 1 and 2 show gestational age and birth weight stratified by trimester of last use of
MA. Significantly only women who continued to use throughout pregnancy delivered early
and had smaller babies. This was also true when compared with women who didn’t use any
drugs during their pregnancies. In addition, women who continued to use MA throughout
their pregnancies were significantly more likely to have inadequate prenatal care. (68% vs.
18% p<0.0001).

There were 5 major birth defects among the 251 births (2%). Of these 3 were MA exposed
(cardiac defect, portal vein anomaly, and cystic hygroma) and 2 were non-MA exposed
(bilateral ventriculomegaly and laryngiomalacia). There were 3 minor birth defects (1 MA
exposed and 2 non-MA exposed).

Multivariate analyses are presented in tables 3—4. In the multivariate logistic model, using
insufficient prenatal care (<5 visits), chronic hypertension, preeclampsia and diabetes,
trimester of last MA use, and other drug use (defined as any other illicit drug use besides
MA\) as covariates, only persistent MA use (positive toxicology at birth) and other drug use
were associated with preterm delivery. Persistent MA use was associated with 3.5-fold
increase in preterm delivery and other drug use with a 2.4-fold increase. Interestingly
smoking was not associated with preterm delivery in this model on univariate or multivariate
analysis. Each week of delaying prenatal care increased the odds of delivering preterm by
1.07 (1.01-1.15) p=0.043.

Persistent smoking, but not MA use, nor other drug use, was associated with small for
gestational age (SGA), defined as a baby measuring <10% for gestational age using
Alexander’s algorithm (Alexander et al. 1996).
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Discussion

This is the largest cohort study of methamphetamine-exposed pregnancies to date where
information on MA and other drug use was collected prospectively. In addition, the groups
are similar in the presence of other confounding factors, including tobacco use (90% vs.
78% vs. state average 12%), other drug use, poverty levels (98% of women in the study
were on State Medicaid) and housing status (the great majority of women (>90%) in each
group were either in residential drug treatment, homeless or at-risk homeless, or
incarcerated). All the non MA-using women either had a past history of addiction or were
either from the same catchment area as the meth-using women, and homeless or at-risk for
becoming homeless. Given the similarities in these factors, we showed that continuous MA
and other drug use are associated with lower gestational age and birth weight, but that any
MA use during pregnancy is not associated with adverse pregnancy outcomes other than
chronic hypertension and cesarean delivery. Women who continually used MA throughout
pregnancy did have a higher risk of delivering preterm. We did show that women who stop
using MA at any time during pregnancy have improved birth outcomes as far as birth weight
and gestational age, and these do not differ from women who do not use MA during
pregnancy. Reassuringly MA use was not associated with any increase in birth defects above
baseline.

The IDEAL study has a larger enroliment, as it is a multi-center study (Arria et al. 2006,
Smith et al. 2006). However enrollment in that study was done at birth and data on MA use
was collected retrospectively. In addition, the control group was not matched for socio-
economic status. In contrast to the IDEAL study (Smith et al. 2006), we did not show an
increase in small for gestational age (SGA) in the MA-exposed infants. The MA-exposed
infants were smaller, but not once controlled for the earlier gestational age. We did show an
increase risk of maternal chronic hypertension with MA use, which is consistent with other
studies that show a multitude of cardiovascular effects from chronic MA use (Carvalho et al.
2012). It could be that this is the mechanism causing SGA in the IDEAL study.

The increase in cesarean deliveries could be secondary to the increased gravidity and parity
of the MA-using women as the majority of cesarean deliveries were for the indication of
prior cesarean. Before the establishment of the clinic, many of these women did not get
prenatal care and often ended up at the hospital with complications necessitating cesarean
delivery that could’ve been prevented with adequate prenatal care, (e.g. breech presentation
where external cephalic version could be offered or better blood pressure control during
pregnancy so that late preterm delivery would not be necessary for uncontrolled
hypertension). Even in this study, women who used MA entered prenatal care later and had
fewer prenatal visits, and women who persisted using MA were much more likely to have
inadequate prenatal care, which will increase the rate of pregnancy complications. Even in
patients with drug use throughout pregnancy, prenatal care of at least 4 visits has been
shown to improve pregnancy outcomes (ElI-Mohandes et al, 2009). Presenting late to care
also makes it less likely the pregnancy will be accurately dated, which may inadvertently
increase the preterm delivery rate, as dating depends on early ultrasound or clinical exam.
For example, if a woman presents at 30 weeks for care, her pregnancy dating ultrasound
may be off by up to 3 weeks. If she then goes on to deliver at 36 weeks by that dating, she
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would be considered preterm, but in actuality may be 39 weeks and full-term. Inversely if
she were considered 39 weeks, but was actually only 36 weeks, she may iatrogenically be
delivered preterm.

This study has many limitations. The women in the clinic were self-selected and often
motivated to quit using MA, which most likely improved compliance with prenatal care and
other self-care practices. This could be reflected in the fact that women who continued to
use until delivery had worse pregnancy outcomes. There is somewhat limited
generalizability to other communities, given low rates of heroin usage and less exposure to
multiple drugs other than marijuana and tobacco. In addition, we didn’t have extremely
accurate assessment of alcohol usage and no information on weight gain was collected,
which can influence the incidence of SGA. In addition, strict measurements of socio-
economic status (SES) were not collected, thus Medicaid-eligibility was used as a proxy
measure. This information will be collected going forward. In addition, further studies on
infant development should be done.

Conclusion

Continuous methamphetamine use during pregnancy is associated with preterm delivery and
low-birth weight, both of which contribute to neonatal morbidity and mortality. The
majority of women in the study stopped using MA (86%), which is extremely reassuring.
The women that did stop engaged in prenatal care more often and had normal birth
outcomes. Stopping MA use at any time during pregnancy improves birth outcomes, thus
resources should be aimed at treatment of addiction and promotion of prenatal care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison of mean gestational age with trimester of last use of methamphetamines. As the

data points show, the amount of women using MA decreased throughout pregnancy. Mean
gestational ages were not different between any use and use in trimesters 1-3. Only use at
the time of delivery was associated with shorter gestation (p=0.0145%).
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Figure 2.
Comparison of mean birth weight by last trimester of methamphetamine use. Women with

positive toxicology at birth had lower unadjusted birth weights than those that stopped in 15t
or 3" trimester (p=0.04%*).
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Table 4

Multiple logistic regression of preterm delivery (<37 weeks)

Variable aOR (95% CI) p-value
Insufficient prenatal care (<5 visits) ~ 2.11 (0.77-5.49) 0.14
Chronic Hypertension 3.53 (0.68-16.40) 0.13
Pre-eclampsia 2.30 (0.38-10.64) 0.33
Diabetes 2.27 (0.60-7.32) 0.21
Other drugs 2.40 (1.01-6.00) 0.048
MA-positive at delivery 3.54 (1.02-11.66) 0.046

Delayed prenatal care (per week) 1.07 (1.01-1.15) 0.043

aOR=adjusted odds ratio, Cl=confidence interval.
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Table 5

Multiple logistic regression of small for gestational age (<10%)

Variable aOR (95% CI) p-value
Persistent Smoker 4.58 (1.90-12.80)  0.0004
MA-positive at delivery  0.34 (0.01-1.83) 0.24
Other drugs 1.69 (0.77-3.80) 0.19

aOR=adjusted odds ratio, Cl=confidence interval
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