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Background: In 2004, the Survey on Drug Use and Health showed
that 5% of American women reported use of an illicit drug during
pregnancy. The results of studies determining the association be-
tween periconceptional illicit drug use and birth defects have been
inconsistent.

Methods: We analyzed data from the National Birth Defects Pre-
vention Study, a case-control study of major birth defects, and
assessed all birth defects categories in which there were at least 250
interviewed case mothers. We included 10,241 infants with major
congenital malformations (case infants) and 4,967 infants without
major congenital malformations (control infants) born between 1997
and 2003 for whom there was a completed maternal interview with
detailed information on prenatal illicit drug use and potential con-
founders. We used multivariable logistic regression to estimate the
associations between cannabis, cocaine, and stimulant use in the
month before pregnancy or during the first trimester (periconcep-
tional period) and the occurrence of selected birth defects.
Results: In the periconceptional period, 5% of the 15,208 mothers
reported any use of illicit drugs. We did not find associations
between illicit drug use and most of the 20 eligible categories of
congenital malformations. Periconceptional cannabis use seemed to
be associated with an increased risk of anencephaly (adjusted odds
ratio = 1.7; 95% confidence interval = 0.9-3.4), whereas cocaine
use in the periconceptional period was associated with the risk of
cleft palate (2.5; 1.1-5.4).

Conclusions: There were very few suggestions of positive associ-
ations between periconceptional illicit drug use and the 20 birth
defects categories.
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n the National Household Survey on Drug Use and Health

2003-2004, 10% of American women aged 15—44 years
reported use of an illicit drug in the past month.! Of pregnant
women in the same age group, 4.6% reported any illicit drug
use, 3.6% reported cannabis use, and 0.3% cocaine use.
Studies recently conducted in the United States report even
higher prevalences of prenatal illicit substance use, ranging
from 6.2% to 12.4%.>° Therefore, many births may poten-
tially be affected by illicit drug use, not only in the United
States, but also in other countries.

The results from studies assessing the relationship
between prenatal illicit drug use and birth defects have been
inconsistent. In general, cannabis does not seem to be asso-
ciated with major congenital anomalies.®”® However,
Williams et al’ found an increased risk of isolated simple
ventricular septal defects after prenatal marijuana use, and
Torfs et al'® reported an increased risk of gastroschisis in the
offspring of marijuana users. Periconceptional cocaine use
has been associated with cardiovascular abnormalities,'"!?
gastroschisis,'® limb defects,'* and genitourinary tract anom-
alies.'>'® The relationship between other types of illicit drugs
(eg, stimulants and opioids) and major birth defects has not
been studied for specific defects. Also, timing of exposure has
not been taken into account.

Several biologic mechanisms for the role of prenatal
illicit drug use in the pathogenesis of major birth defects have
been proposed. One of the most important components in
marijuana smoke is carbon monoxide, which is a known
teratogen in animal models.'”"'® A recent study indicated that
delta-9-tetrahydrocannabinol (A’-THC), the most psychoac-
tive agent in marijuana, modulates genes that encode for
growth, cell morphology, ion exchange pathways, and apo-
ptosis in placental development.'” Human and animal studies
have suggested that maternal cocaine use might affect em-
bryonic and fetal development through vasoconstriction in
maternal and fetal tissues, leading to hypoperfusion and
hypoxia,' 42021

Determining the true associations between illicit drug
use and congenital malformations is difficult because illicit
drug use is commonly accompanied by other factors that can
affect pregnancy outcome, such as smoking, use of alcohol,
and poor prenatal care. In this study, we used data from the
National Birth Defects Prevention Study (NBDPS) to inves-
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tigate the relationship between periconceptional illicit drug
use and selected major birth defects, while controlling for the
effects of potentially confounding behavioral factors when
possible.

METHODS

The National Birth Defects Prevention Study is an
ongoing, population-based, case-control study designed to
evaluate environmental and genetic risk factors for major
congenital malformations. Eligible case infants were identi-
fied from birth defects surveillance systems in Arkansas,
California, Georgia, lowa, Massachusetts, New Jersey, New
York, North Carolina, Texas, and Utah. Case records were
reviewed by clinical geneticists in each of the centers to
determine initial study eligibility, and all infants with a
specific defect were reviewed by one clinical geneticist be-
fore analyses to ensure consistency across sites and to assess
whether case infants had multiple major defects in different
organ systems or whether the case infants’ defect was isolated
(ie, no additional major unrelated birth defects).”*> Control
infants, liveborn infants without major congenital malforma-
tions, were randomly selected from birth certificates or hos-
pital records from the same geographic regions. All mothers
of the infants were interviewed by telephone by trained
interviewers in either English or Spanish by using a standard-
ized questionnaire between 6 weeks and 24 months after the
estimated date of delivery. Questions were asked about de-
mographic characteristics, lifestyle factors, maternal health,
and occupational exposures. The enrollment of case and
control infants and the methods of the National Birth Defects
Prevention Study have been described in detail elsewhere.?
The participation rates for mothers of case and control infants
were 71% and 67%, respectively.

For our analyses, we included case and control infants
born from 1 October 1997 through 31 December 2003, whose
mothers completed the entire interview. For power purposes,
we limited the analyses to birth defects categories in which
there were at least 250 cases with completed maternal inter-
views. A total of 20 birth defects categories met this criterion,
including neural tube defects, several congenital heart de-
fects, oral clefts, and certain gastrointestinal defects.

Detailed information on the type, timing, and frequency
of reported maternal illicit drug use was available from the
questionnaire. We grouped the illicit substances into 5 drug
categories, which were largely based on the classification
scheme of the National Institute on Drug Abuse.** Marijuana
and hashish were included in the cannabis group. The cocaine
group consisted of cocaine and crack cocaine. Amphetamine,
methylenedioxymethamphetamine (MDMA or “ecstasy”),
and methamphetamine formed the stimulants group. Lysergic
acid diethylamide (LSD or “acid”), psilocybin (hallucino-
genic mushrooms), and phencyclidine HC1 (PCP or “angel
dust”) were included in the hallucinogens group. The opioids
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group consisted of diacetylmorphine (heroin), oxycodone
HCI, hydrocodone bitartrate, and methadone. Medical use of
marijuana or methadone was included as exposure to canna-
bis or opioids, respectively. We defined an infant as exposed
for a specific illicit drug category if the mother reported use
of 1 or more substances included in that illicit drug group at
any time during the period starting 1 month before pregnancy
to the end of the third month of pregnancy (periconceptional
period). Unexposed infants were case and control infants
whose mothers did not report use of any illicit drug in the 3
months prior to and during the entire index pregnancy.

Too few infants were exposed to hallucinogens and
opioids to estimate the risks of congenital malformations.
Infants born to women with preexisting diabetes type 1 or
type 2 (n = 220) were excluded from the analyses because of
the known strong association between this condition and
congenital malformations. After exploratory data analyses,
we used multivariable logistic regression techniques to study
the associations between periconceptional illicit drug use
and the selected birth defects. Based on a priori knowledge
and the exploratory analyses, we decided to use the same
potential confounder set in all models, except when small
numbers prevented us from including 1 or more covariates.
These maternal confounders were age at delivery, race or
ethnicity, level of education, smoking in the periconceptional
period, binge drinking (defined as =4 drinks per episode) in
the periconceptional period, prepregnancy body mass index
(BMI), and any periconceptional folic acid use. Age at
delivery and BMI were used as continuous covariates, unless
the relationship between these variables and the defect stud-
ied (the natural logarithm of the odds of having a child with
the specific birth defect) was not linear; in such cases, age at
delivery and BMI were categorized in the analyses of these
specific birth defects. The other covariates were added as
dichotomous variables, with race or ethnicity categorized as
non-Hispanic white or other, and level of education as 0—12
years or 13 years or more. Adjusted odds ratios (ORs) and
95% confidence intervals (Cls) were calculated for pericon-
ceptional use of the particular illicit drug category if there
were at least 3 exposed cases. When an association was found
between an illicit drug category and a specific birth defect,
the exposure time window was limited to the etiologically
relevant period for that specific birth defect to explore the
association further. In subanalyses, we excluded case and
control infants who had a first-degree relative with the spe-
cific defect that was analyzed. We also conducted stratified
analyses for single and multidrug cannabis users and for the
frequency of periconceptional cannabis use (incidental use:
=1 time per week; moderate use: >1 time per week, but <1
time per day; heavy use: =1 time per day). All statistical
analyses were performed using SPSS version 14.0 for Win-
dows (SPSS Inc., Chicago, IL).
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RESULTS

A total of 10,241 case infants with selected congenital
malformations and 4967 control infants were included in this
study. Maternal characteristics for case and control infants
are shown in Table 1. In general, case and control infants
were comparable regarding the maternal characteristics.
Slight differences were seen in race or ethnicity and in
household income between case and control mothers. Fur-
thermore, control mothers were less likely than case mothers
to have 0—12 years of education, to have preexisting diabetes,

TABLE 1. Maternal Characteristics of Infants With No Major
Birth Defects and Case Infants With Selected Birth Defects®
Controls Cases
(n =4967)  (n = 10,241)
Maternal Characteristics No. (%) No. (%)
Age at Delivery (y)
<20 552 (11) 1140 (11)
20-24 1105 (22) 2344 (23)
25-29 1293 (26) 2548 (25)
30-34 1328 (27) 2587 (25)
=35 689 (14) 1622 (16)
Race or ethnicity
Non-Hispanic white 2995 (60) 6269 (61)
Non-Hispanic black 580 (12) 1022 (10)
Hispanic 1114 (23) 2353 (23)
Other 266 (5) 576 (6)
Education =12 y 2072 (42) 4527 (44)
Household income below 2478 (56) 5469 (58)
median®
Prepregnancy BMI®
Underweight 284 (6) 574 (6)
Normal weight 2695 (57) 5265 (53)
Overweight 1055 (22) 2232 (23)
Obese 734 (15) 1801 (18)
Preexisting diabetes type 1 or 2 25 (1) 195 (2)
Periconceptional folic acid used 2512 (51) 5242 (51)
Smoked in periconceptional period® 962 (19) 2223 (22)
Alcohol in periconceptional period? 1874 (38) 3902 (38)
Binge drinking in periconceptional 642 (13) 1345 (13)
period?
Illicit drug use in periconceptional 214 (4) 483 (5)
period?
Cannabis 190 (4) 420 (4)
Cocaine 28 (1) 77 (1)
Stimulants 28 (1) 58 (1)
Hallucinogens 3 (<) 13 (<1)
Opioids 3 (<D 9(<1)

Data from the National Birth Defects Prevention Study, 1997-2003.

#Only case infants with birth defects that were classified in a category with at least
250 cases with completed maternal interviews were included.

®Median income: $40,000.25

°BMI, classification of the National Institutes of Health: underweight: <18.5
kg/m?; normal weight: 18.5-24.9 kg/m?; overweight: 25.0-29.9 kg/m?; obese: =30
kg/m?.

dPericonceptional period: 1 month before pregnancy to the end of the third month
of pregnancy.
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to be obese before pregnancy, and to smoke in the pericon-
ceptional period.

In the last month before pregnancy and during the first
trimester, 4.6% of all mothers reported use of an illicit drug:
4.7% of the case mothers and 4.3% of the control mothers.
Only 8 mothers refused to answer the illicit drug use ques-
tions. Cannabis was the most frequently reported illicit sub-
stance (88%), followed by cocaine (15%), and stimulants
(15%). Hallucinogen and opioid use were each reported by
2% of the women who reported illicit drug use. The majority
of pregnant illicit drug users (84%) used illicit drugs from 1
substance category. A total of 112 (16%) women used illicit
drugs from 2 or more different categories. We did not identify
a pattern in the types of congenital anomalies in the 15 infants
(13 case and 2 control) who were exposed to 3 or more illicit
drugs in the periconceptional period.

The crude and adjusted ORs for periconceptional can-
nabis use and the selected congenital malformations are
shown in Table 2. Periconceptional cannabis use seemed to
be associated with an increased risk of anencephaly (adjusted
OR = 1.7; 95% CI = 0.9-3.4). Restricting the analysis to
cannabis use in the first month after conception, during which
the neural tube closes, confirmed this finding (adjusted OR =
2.5;95% CI = 1.3—4.9). Cannabis use in the other months of
the periconceptional period was not associated with an in-
creased risk of anencephaly. Analyses restricted to infants
without a positive family history for the specific defects or to
infants with isolated defects only did not alter these results.
No pattern of increasing or decreasing ORs could be detected
after stratification for frequency of periconceptional cannabis
use, and we did not find any substantial differences in the
crude ORs for the selected congenital malformations between
women who used only cannabis and women who used can-
nabis and at least 1 other illicit substance (data not shown).

Because of the small numbers of infants exposed to
cocaine and stimulants, we were not able to calculate adjusted
ORs for all of the selected birth defects, or we could do so
only with a reduced confounder set (Tables 3 and 4). The risk
of spina bifida seemed to be increased after periconceptional
cocaine use (adjusted OR = 2.2; 95% CI = 0.9-5.4), but we
did not see an increased risk for use in the first month after
conception, during which the neural tube closes. We ob-
served, however, an increased odds of having a child with
cleft palate among women who used cocaine in the pericon-
ceptional period (adjusted OR = 2.5; 95% CI = 1.1-5.4). For
cocaine use in the third month after conception, during which
the 2 palatine shelves fuse with each other, we found an
adjusted OR of 6.8 (2.0-23), which was much stronger than
the OR estimates for cocaine use in the other months of the
periconceptional period. We did not find any increased or
decreased ORs for the selected birth defects among stimulant
users.
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TABLE 2. ORs and Cls for the Association Between Periconceptional Cannabis Use and Selected Birth Defects

OR (95% CI)

Defect No. of Cases” No. of Cannabis Exposed Crude Adjusted”

None (controls) 4866 189 Reference Reference

Anencephaly, craniorachischisis 244 12 1.3 (0.7-2.3) 1.7 (0.9-3.4)
Spina bifida 525 20 1.0 (0.6-1.6) 1.0 (0.6-1.6)
Anotia, microtia 287 11 1.0 (0.5-1.8) 1.0 (0.5-2.0)
Dextrotransposition of the great arteries 336 9 0.7 (0.3-1.3) 0.7 (0.3-1.4)
Tetralogy of Fallot 486 19 1.0 (0.6-1.6) 1.1 (0.6-1.8)
Hypoplastic left heart syndrome 247 7 0.7 (0.3-1.6) 0.7 (0.3-1.6)
Coarctation of aorta 433 15 0.9 (0.5-1.5) 1.0 (0.6-1.8)
Pulmonary valve stenosis 582 24 1.1 (0.7-1.7) 1.2 (0.8-1.9)
Perimembranous VSD 927 34 0.9 (0.6-1.4) 0.9 (0.6-1.4)
ASD secundum 943 31 0.8 (0.6-1.2) 0.7 (0.5-1.0)
ASD not otherwise specified 288 14 1.3 (0.7-2.2) 1.2 (0.7-2.2)
Cleft lip * cleft palate 1269 61 1.2 (0.9-1.7) 1.0 (0.7-1.4)
Cleft palate 677 25 0.9 (0.6-1.4) 0.8 (0.5-1.3)
Esophageal atresia *+ tracheoesophageal fistula 329 12 0.9 (0.5-1.7) 1.2 (0.6-2.2)
Anorectal atresia 468 13 0.7 (0.4-1.3) 0.7 (0.4-1.2)
Hypospadias® 924 20 0.5 (0.3-0.8) 0.7 (0.4-1.2)
Transverse limb deficiency 315 14 1.2 (0.7-2.0) 1.1 (0.6-2.0)
Craniosynostosis 517 16 0.8 (0.5-1.3) 1.0 (0.5-1.7)
Diaphragmatic hernia 365 19 1.4 (0.8-2.2) 1.3 (0.8-2.2)
Gastroschisis 485 62 3.6 (2.74.9) 1.3 (0.9-1.8)

Data from the National Birth Defects Prevention Study, 1997-2003.
“Infants born to women with preexisting diabetes type 1 or type 2 were excluded.

®Adjusted for maternal factors: age at delivery, race or ethnicity, level of education, cigarette smoking, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

°Only male control infants included (n = 2452; 4.1% exposed).
ASD indicates atrial septal defect; VSD, ventricular septal defect.

We observed increased crude ORs for having a child
with gastroschisis for women with periconceptional use of
cannabis, cocaine, and stimulants. However, maternal age at
delivery was a strong confounder in these estimates, and the
adjusted ORs (cannabis: OR = 1.3 [0.9-1.8]; cocaine: OR =
1.0 [0.4-2.4]; stimulants: OR = 1.0 [0.5-2.3]) showed no
association between illicit drug use and gastroschisis.

DISCUSSION

Because very few previously conducted studies had
sufficient numbers to look at individual birth defects and
illicit drug use, this was primarily a hypothesis-generating
study. We did not find associations between periconceptional
cannabis, cocaine, and stimulant use and the majority of the
congenital malformations assessed. However, there were pos-
sible associations between periconceptional cannabis use and
anencephaly, and between cocaine use and cleft palate.

The National Birth Defects Prevention Study data of-
fered several advantages in studying associations between
periconceptional illicit drug use and birth defects. Because of
the population-based and multistate ascertainment of case and
control infants, the study population was geographically and
racially diverse. Due to the large numbers, we were able to
include relatively rare congenital malformations in this study.

© 2008 Lippincott Williams & Wilkins

Many of the defects included have not been studied before in
relation to periconceptional illicit substance use. Also, we
implemented an extensive standardized interview that in-
cluded detailed questions on illicit drug use and important
covariates. Every effort was made to conduct the postpartum
interviews as close to the estimated date of delivery as
possible; the average was 10 months after the estimated date
of delivery with a range of 1.5-24 months. There was no
difference in average time from the estimated date of delivery
to the interview between exposed and unexposed subjects,
not even after stratification for case/control status.

It is likely that the use of illicit drugs was underesti-
mated in our study and other studies based on self-report.
Respondents often falsely deny use because of the social
stigma associated with use and fear of judgment or prosecu-
tion. Previous studies have shown that questionnaires identify
66%—82% of participants who test positive for drug use
through toxicologic screening.”*®?” Misclassification of the
exposure status of infants could attenuate the estimates to-
ward the null value if it was nondifferential between case
mothers and control mothers, and it probably had a negative
effect on the precision of our estimates. The ORs in this
analysis would have been overestimated only if control moth-
ers were more likely to deny illicit drug use than case
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TABLE 3. ORs and Cls for the Association Between Periconceptional Cocaine Use and Selected Birth Defects

OR (95% CI)

Defect No. of Cases” No. of Cocaine Exposed Crude Adjusted
None (controls) 4705 28 Reference Reference
Anencephaly, craniorachischisis 234 2 1.4 (0.3-6.1) —
Spina bifida 512 7 2.3 (1.0-5.3) 2.2 (0.9-5.4)°
Anotia, microtia 279 3 1.8 (0.5-6.0) 1.8 (0.5-6.2)°
Dextrotransposition of the great arteries 328 1 0.5 (0.1-3.8) —
Tetralogy of Fallot 472 5 1.8 (0.74.7) 1.8 (0.7-4.9)°
Hypoplastic left heart syndrome 240 0 — —
Coarctation of aorta 419 1 0.4 (0.1-2.9) —
Pulmonary valve stenosis 561 3 1.0 (0.3-3.3) 1.2 (0.4-4.1)¢
Perimembranous VSD 902 9 1.7 (0.8-3.6) 1.4 (0.6-3.2)°
ASD secundum 920 8 1.5(0.7-3.2) 1.1 (0.5-2.5)°
ASD not otherwise specified 275 1 0.6 (0.1-4.5) —
Cleft lip * cleft palate 1216 8 1.1 (0.5-2.4) 0.9 (0.4-2.1)°
Cleft palate 661 9 2.2(1.1-4.8) 2.5 (1.1-5.4)°
Esophageal atresia *+ tracheoesophageal fistula 320 3 1.6 (0.5-5.2) 2.0 (0.6-6.7)"
Anorectal atresia 456 1 0.4 (0.1-2.7) —
Hypospadias® 907 3 0.6 (0.2-2.1) 0.9 (0.2-3.2)"
Transverse limb deficiency 303 2 1.1 (0.3-4.7) —
Craniosynostosis 505 4 1.3 (0.5-3.8) 1.8 (0.6-5.4)!
Diaphragmatic hernia 349 3 1.4 (0.4-4.8) 1.5 (0.4-4.8)
Gastroschisis 432 9 3.6 (1.7-7.6) 1.0 (0.4-2.4)°

Data from the National Birth Defects Prevention Study, 1997-2003.
Infants born to women with preexisting diabetes type 1 or type 2 were excluded.

?Adjusted for maternal factors: age at delivery, race or ethnicity, level of education, cigarette smoking, binge drinking, prepregnancy BMI, and periconceptional folic acid use.
®Adjusted for maternal factors: age at delivery, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

“Adjusted for maternal factors: age at delivery, race or ethnicity, cigarette smoking, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

dAdjusted for maternal factors: age at delivery, race or ethnicity, level of education, cigarette smoking, binge drinking, and periconceptional folic acid use.

°Adjusted for maternal factors: age at delivery, race or ethnicity, prepregnancy BMI, and periconceptional folic acid use.

fOnly male control infants included (n = 2364; 0.5% exposed).

2Adjusted for maternal factors: age at delivery, level of education, cigarette smoking, binge drinking, and prepregnancy BMI.
?“Adjusted for maternal factors: age at delivery, cigarette smoking, binge drinking, prepregnancy BMI, and periconceptional folic acid use.
'Adjusted for maternal factors: race or ethnicity, level of education, prepregnancy BMI, and periconceptional folic acid use.

ASD indicates atrial septal defect; VSD, ventricular septal defect.

mothers. Unintentional denial in the form of incomplete
recall might also have been an issue in this study. However,
among case-control studies of pregnancy outcome, few stud-
ies have reported evidence of recall bias.

In this study, we defined an infant as exposed if the
mother reported illicit drug use in the period from 1 month
before conception through the third month of pregnancy. The
month before pregnancy was included because half of the
pregnancies in the United States are unintended,” and such
pregnancies are expected to be more prevalent among women
who use illicit drugs.*’ It would also reduce social desirability
bias due to women reporting abandonment of unhealthy behav-
iors in the first month of pregnancy. Because we collapsed the
exposure data for the 4-month period in which most congenital
malformations originate, we did not know exactly at what time
the women used the illicit drug. This could have led to under-
estimation or overestimation of our ORs because sporadic users
might not have used a drug in the relevant exposure time
window for the specific birth defect. Nevertheless, the associa-
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tions between periconceptional cannabis and cocaine use and
anencephaly and cleft palate, respectively, were found to be
strongest in the etiologically relevant periods, indicating that the
OR estimates for these associations in the entire periconcep-
tional period were not overestimated.

Combinations of illicit substances can enhance the
pharmacologic properties and physical effects of their com-
ponents. Therefore, it can be hypothesized that certain com-
binations of illicit drugs could cause a specific congenital
malformation. Because just a few women used cannabis and
a second illicit substance, we were not able to calculate
adjusted ORs for multidrug cannabis users. However, there
was no pattern of higher crude ORs among multidrug canna-
bis users compared with single-drug cannabis users. Further-
more, we did not find a pattern of defects for various com-
binations of substances among the infants exposed to 3 or
more illicit drugs. Nevertheless, it is striking that among the
15 women who used illicit drugs from at least 3 different
categories only 2 were control mothers.

© 2008 Lippincott Williams & Wilkins
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TABLE 4. ORs and 95% ClIs for the Association Between Periconceptional Stimulant Use and Selected Birth Defects

OR (95% CI)

Defect No. of Cases” No. of Stimulants Exposed Crude Adjusted
None 4704 27 Reference Reference
Anencephaly, craniorachischisis 235 3 2.2(0.7-7.4) 2.4(0.7-8.1)°
Spina bifida 508 3 1.0 (0.3-3.4) 1.1 (0.3-3.7)°
Anotia, microtia 277 1 0.6 (0.1-4.6) —
Dextrotransposition of the great arteries 329 2 1.1 (0.34.5) —
Tetralogy of Fallot 468 1 0.4 (0.1-2.7) —
Hypoplastic left heart syndrome 240 0 — —
Coarctation of aorta 420 2 0.8 (0.2-3.5) —
Pulmonary valve stenosis 559 1 0.4 (0.0-2.7) —
Perimembranous VSD 898 5 1.0 (0.4-2.5) 1.1 (0.4-2.9)¢
ASD secundum 917 5 1.0 (0.4-2.5) 0.8 (0.3-2.0)°
ASD not otherwise specified 276 2 1.3 (0.3-5.3) —
Cleft lip * cleft palate 1217 9 1.3 (0.6-2.8) 1.0 (0.5-2.3)"
Cleft palate 656 4 1.1 (0.4-3.1) 1.2 (0.4-3.5)¢
Esophageal atresia *+ tracheoesophageal fistula 318 1 0.5 (0.1-4.0) —
Anorectal atresia 458 3 1.1 (0.3-3.8) 1.1 (0.3-3.8)"
Hypospadias' 908 4 0.6 (0.2-1.7) 0.9 (0.3-2.8)f
Transverse limb deficiency 304 3 1.7 (0.5-5.7) 1.7 (0.5-5.9)
Craniosynostosis 502 1 0.3 (0.0-2.6) —
Diaphragmatic hernia 350 4 2.0 (0.7-5.8) 2.0 (0.7-5.8)
Gastroschisis 432 9 3.7 (1.7-7.9) 1.0 (0.5-2.3)"

Data from the National Birth Defects Prevention Study, 1997-2003.
“Infants born to women with preexisting diabetes type 1 or type 2 were excluded.

®Adjusted for maternal factors: age at delivery, race or ethnicity, level of education, binge drinking, prepregnancy BMI, and periconceptional folic acid use.
°Adjusted for maternal factors: age at delivery, race or ethnicity, cigarette smoking, binge drinking, and prepregnancy BMI.

dAdjusted for maternal factors: age at delivery, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

°Adjusted for maternal factors: age at delivery, race or ethnicity, level of education, cigarette smoking, and prepregnancy BMI.

fAdjusted for maternal factors: age at delivery, race or ethnicity, cigarette smoking, binge drinking, prepregnancy BMI, and periconceptional folic acid use.
2Adjusted for maternal factors: level of education, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

hAdjusted for maternal factors: age at delivery, level of education, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

'Only male control infants included (n = 2369; 0.8% exposed).

IAdjusted for maternal factors: age at delivery, cigarette smoking, binge drinking, and prepregnancy BMI.
kAdjusted for maternal factors: race or ethnicity, level of education, prepregnancy BMI, and periconceptional folic acid use.
'Adjusted for maternal factors: age at delivery, race or ethnicity, level of education, cigarette smoking, binge drinking, prepregnancy BMI, and periconceptional folic acid use.

ASD indicates atrial septal defect; VSD, ventricular septal defect.

Because we selected 3 exposures of interest and 20
outcomes, it is possible that the associations found were due
to chance. The fact that the associations were strongest in the
etiologically relevant periods, however, might indicate cau-
sality. Additionally, biologic explanations for these associa-
tions can be hypothesized. A’-THC can bind and lead to
inappropriate activation of the CB, and CB, receptor, the 2
cannabinoid receptors known to date.'” In the early rat
embryo, CB, receptor messenger RNA is expressed in some
cells of the neural tube.** Because A’-THC crosses the
placenta,! the expression of CB, receptor messenger RNA
suggests that exogenous cannabinoids might affect the devel-
opmental process of the neural tube, leading to neural tube
defects. Prenatal marijuana exposure has been associated
with neural tube defects in hamsters and rabbits.*> Vasocon-
striction and sudden hypertension caused by cocaine use may
interrupt fetal blood supply'*>* and could, therefore, result in
an increased risk of cleft palate by decreasing the supply of

© 2008 Lippincott Williams & Wilkins

essential nutrients to embryonic tissues.** We did not identify
animal studies in which cocaine exposure was associated with
cleft palate in particular.

Some alternative explanations could also be suggested
for the associations found. Because anencephaly is diagnosed
relatively early in pregnancy, women may choose an induced
abortion, but cannabis users might get prenatal care too late
for them to do so. However, we did not find a difference in
the rate of induced abortions between exposed and unexposed
anencephaly cases (41.7% versus 41.4%). Reverse causation
bias can also be excluded because we found an increased risk
for anencephaly only if cannabis was used in the relevant
exposure period (the first month after conception). Further-
more, none of the exposed anencephaly cases was exposed to
known teratogenic medications, excluding a confounding
effect of medication use. One of the cocaine-exposed cleft
palate cases was exposed to phenytoin and phenobarbital,
anticonvulsants that have been associated with orofacial
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clefts.® If we exclude this case from the analyses, however,
the adjusted OR is still increased (2.2; 1.0—4.9). Potential
differential recall associated with time to interview might also
explain the positive associations. On average, the mothers of
unexposed anencephaly cases were interviewed sooner after
the estimated date of delivery than cannabis-using anenceph-
aly case mothers (10 versus 13 months, P = 0.10). However,
it is unlikely that differential recall would be restricted to
anencephaly cases only. For cleft palate cases, we did not see
differences in the average time to interview between cocaine-
exposed and unexposed mothers.

The present findings showed very few positive associ-
ations between periconceptional illicit drug use and selected
birth defects. Although the number of infants exposed to
cocaine and stimulants was low, the statistical power of the
data was sufficient to rule out 2- to 4-fold or greater increases
in the risk of the selected birth defects. Cannabis use may be
associated with an increased risk of anencephaly in offspring,
and the risk of cleft palate appears to be increased for infants
exposed to cocaine in the periconceptional period.
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