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Mid-Pregnancy Cotinine and Risks of Orofacial Clefts and Neural
Tube Defects

GARY M. SHAW, DRPH, SUZAN L. CARMICHAEL, PHD, STEIN EMIL VOLLSET, DRPH, WEI YANG, MD, RICHARD H. FINNELL, PHD,
HENK BLOM, PHD, ØIVIND MIDTTUN, PHD, AND PER M. UELAND, MD

bjective Past studies of cigarette smoking as a contributor to orofacial clefts and neural tube defects (NTDs) used
elf-reports of smoke exposures. We have correlated measurements of cotinine (a nicotine metabolite) in mid-pregnancy sera
ith clefts and NTDs.

tudy design From a repository of >180 000 mid-pregnancy serum specimens collected in California from 2003 to 2005
nd linked to delivery outcome information, we identified 89 orofacial cleft-associated pregnancies, 80 NTD-affected preg-
ancies, and randomly selected 409 pregnancy specimens that corresponded to infants without malformations as control
ubjects. Cotinine was measured by liquid chromatography-mass spectrometry. No smoke exposure was defined as cotinine
alues <2 ng/mL, and any exposure was defined as >2 ng/mL.

esults We observed odds ratios of 2.1 (95% CI, 1.0-4.4) for clefts and 0.4 (95% CI, 0.1-1.7) for NTDs associated with
xposure. After adjusting for race/ethnicity, age, and serum folate levels, odds ratios were
.4 (95% CI, 1.1-5.3) and 0.6 (95% CI, 0.1-2.5). We explored 2 cotinine levels, 2 to 10
g/mL and >10 ng/mL for clefts (data were too sparse for NTDs). Odds ratios for these

evels were 3.3 (95% CI, 0.9-11.9) and 1.7 (95% CI, 0.7-4.2), respectively.

onclusion Smoking exposures, as measured with cotinine levels during mid-preg-
ancy, were associated with increased risks of clefts and possibly reduced risks of NTDs.
J Pediatr 2009;154:17-9)

umerous studies have explored potential teratogenic effects of periconceptional
cigarette smoking. The evidence associated specifically with orofacial clefts, and
smoking tends to support modest effects of approximately 1.5-fold for any versus

o smoking in early pregnancy and evidence to indicate an exposure-response effect.1 The
vidence associated with NTDs is far less clear. Findings of reduced risks,2,3 elevated
isks,4-6 and no risks7,8 have appeared in the literature.

Past studies of cigarette smoking as a contributor to etiologies of orofacial clefts and
eural tube defects (NTDs) have involved self-reports of active smoking and secondhand
moke exposures. In this prospective study, we attempt to improve on the challenges of
ollecting such exposures gathered study retrospectively by measuring cotinine (a nicotine
etabolite) in mid-pregnancy sera from a large population in California.

METHODS
This study included data from a repository of mid-pregnancy sera. Specimens were

ollected from approximately 70% of women during the 15th to 18th week of pregnancy in
elected regions of California (Orange, San Diego, and Central Valley counties) as part of the
alifornia Expanded AFP (alpha fetoprotein) program that screens for NTDs and cytogenetic

bnormalities. The collection and processing of specimens was as follows: 1) samples were
aken at draw stations with BD Vacutainer 3.5-mL serum separator tubes with no antico-
gulants or preservatives and centrifuged; 2) samples were received by designated clinical
aboratories from draw stations at room temperature, on average 3.0 days after draw; 3) AFP
ssays were run on samples, usually on the day received; 4) samples were refrigerated as long

FP Alpha fetoprotein OR Odds ratio
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s 7 days when further testing was necessary; 5) samples were
ent on cold packs via overnight mail to the serum storage bank;
nd 6) samples were aliquoted, labeled with barcodes, and frozen
t �70° C within an average of 3.5 days of receipt at the serum
epository.

Each woman’s serum specimen was linked with delivery
utcome information to determine whether her fetus had an
rofacial cleft, NTD, or another structural malformation as
efined elsewhere9 or was born without malformation. The
tudy included deliveries that were live-born, stillborn (fetal
eaths at �20 weeks gestation), or electively terminated on
he basis of prenatal diagnoses. Among the �180 000 preg-
ancy specimens collected for testing in the period 2003 to
005, we identified 89 orofacial cleft-associated pregnancies
nd 80 NTD-affected pregnancies. All the 89 cases with clefts
ad cleft lip with or without cleft palate. Of the 80 NTD
ases, 31 had spina bifida, and 49 had anencephaly. To serve
s a referent group (control subjects), we randomly selected
regnancy specimens among the total number of available
pecimens at a ratio of approximately 5 control subjects/case.
hese potential control subjects were further reviewed for
resence of a structural malformation in the delivered infant.
nfants with malformations or infants identified with insuf-
cient specimen to analyze were excluded. This sampling
cheme resulted in 409 control specimens. Thus, this was
nalyzed as a nested case-control study. The collection of
amples and the study protocol were approved by the Cali-
ornia Health and Welfare Agency Committee for the Pro-
ection of Human Subjects.

Serum specimens for the 578 cases and control subjects
ere sent on cold packs to the University of Bergen for

nalyte measurements. To assess cigarette smoking exposures,

able I. Characteristics of cleft lip/palate-affected,
eural tube defect-affected, and unaffected (control
ubjects without malformations) deliveries,
alifornia 2003 to 2005

Cleft lip/
palate
cases

(n � 89)

NTD
cases

(n � 80)
Controls
(n � 409)

n %* n %* n %*

ace/Ethnicity
Hispanic 40 44.9 53 66.3 196 47.9
White non-Hispanic 31 34.8 14 17.5 143 35.0
Asian 7 7.9 7 8.8 37 9.1
Black 2 2.3 1 1.3 12 2.9
Other 9 10.1 5 6.3 20 4.9

ge (years)
�25 29 32.6 28 35.0 132 32.3
25-29 26 29.2 27 33.8 91 22.3
30-34 24 27.0 15 18.8 137 33.5
�34 10 11.2 10 12.5 49 12.0

Percentages may not equal 100 because of missing data or rounding.
he metabolite cotinine was measured with LC-MS/MS. No v

8 Shaw et al
moke exposure was defined as values �2 ng/mL, and any
moke exposure was defined as �2 ng/mL. Similar cutoff
oints have been used in earlier studies of reproductive out-
omes.10,11 That is, cotinine levels �2 ng/mL indicate no
xposure, whereas levels of 2 to 10 ng/mL are indicative of
nvironmental tobacco smoke exposure, and levels �10
g/mL are indicative of active smoking. Serum folate was also
easured. Details about the laboratory assays can be found

lsewhere.12 All analyte measurements were done with re-
earchers blind to case or control status.

We estimated risks with odds ratios (ORs) and 95% CIs
SAS software version 9.1). Models were constructed to assess
ffects associated with the 2 defined categories of cotinine.
ovariates in some analyses included maternal race/ethnicity

Hispanic; white, non-Hispanic; Asian; black; other), age
�25 years; 25-29 years; 30-34 years; and �34 years), and
erum folate levels (nmol/L). Self-reported information on
igarette smoking was not available.

RESULTS
Table I provides background characteristics of the study

opulation showing an expected greater frequency of Hispanic
ubjects in the NTD case group. NTD and cleft cases tended to
e slightly more represented in the 25- to 29-year age group and
lightly less represented in the 30- to 34-year age group.

Table II shows a 2.1-fold increased risk for cleft lip
ith/without cleft palate associated with smoke exposures,

nd a 2.4-fold risk when adjusted for race/ethnicity, age, and
erum folate levels. Although data were limited, we attempted
o estimate the effects associated with higher cotinine levels.

e explored 2 cotinine levels, 2 to 10 ng/mL and �10
g/mL, for cleft lip with/without cleft palate. The ORs for
hese levels were 3.3 (95% CI, 0.9-11.9) and 1.7 (95% CI,
.7-4.2), respectively. We also explored whether observed
ffects differed by the phenotypic distinction of unilateral

able II. Tobacco smoke exposures as estimated
ith cotinine levels among cleft lip/palate-affected,
eural tube defect-affected, and unaffected (control
ubjects without malformations) deliveries,
alifornia 2003 to 2005

Cleft lip/palate
cases (n � 89)

NTD cases
(n � 80)

Controls
(n � 409)

moke exposure*
No 78 77 383
Yes 11 2 26
OR 2.1 0.4 Ref
95% CI 1.0-4.4 0.1-1.7 —
Adjusted OR† 2.4 0.6 Ref
95% CI 1.1-5.3 0.1-2.5 —

ef, Reference.
Refers to detection of cotinine in serum specimens. No exposure defined as a cotinine
easure �2 ng/mL, and exposure defined as cotinine measures �2 ng/mL. One NTD

ase specimen had a missing value for cotinine.
Adjusted for maternal age, race/ethnicity, and serum folate levels.
ersus bilateral cleft lip. Of the 89 cases, 74% were unilateral,
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8% bilateral, and 8% unknown. The ORs associated with
moke exposures were 1.7 (95% CI, 0.7-4.2) for unilateral
lefts and 3.4 (95% CI, 0.9-12.7) for bilateral clefts.

Table II shows an OR of 0.4 for NTDs associated with
moke exposures. This estimated effect was imprecise because
f a small number of subjects exposed. This small sample size
recluded further detailed analyses.

DISCUSSION
We observed that smoking exposures, as defined with

easured cotinine levels during mid-pregnancy, were associ-
ted with increased risks of cleft lip with or without cleft
alate and possibly reduced risks of NTDs. Adjustment for
otential effects of race/ethnicity, age, and serum folate levels
id not yield substantially different estimates. Although the
umber of cases considered here was relatively modest, it inves-
igated the unbiased measure of smoking exposure (cotinine) on
isks for NTDs and orofacial clefts. Indeed, a recent paper that
uantified the reliability of smoking reporting in studies of oro-
acial clefts indicated that, to be informative, future studies will
eed to reduce the effects of exposure misclassification from
elf-reported information on smoking.13

Observing a positive relation between cotinine and risk
f cleft lip with/without cleft palate extends the relatively
onsistent findings in the literature that periconceptional smok-
ng increases clefting risk.1,14,15 We observed limited evidence to
uggest that the effect may be higher for bilateral clefts, an
bservation made earlier.14 Several hypothesized mechanisms
ave been put forward to explain associations observed between
igarette smoke exposures and orofacial clefts. These include
ypoxia from carbon monoxide,16 teratogenic effects of nicotine,
admium, or myriad amines,17-19 and alterations to folate me-
abolism.20,21 However, estimated effects were only minimally
nfluenced by adjusting for serum folate levels in these data.

The reduced risk of NTDs with measurable cotinine
evels adds to a literature that conveys mixed findings. Studies
ave shown reduced risks,2,3,22 no risks,7,8 or increased
isks4-6 associated with maternal smoking during the pericon-
eptional period and NTDs. Our finding is quite imprecise,
ie, the confidence intervals were consistent with an interpre-
ation of both increased risk and protective effects).

This study investigated cotinine levels measured during
regnancies that subsequently resulted in the delivery of in-
ants/fetuses with cleft lip with/without cleft palate and
TDs. These data extend our inferential ability because of its

rospective design and the sensitivity and specificity of coti-
ine as an index of tobacco smoke exposure. Cotinine mea-
urements overcome the criticisms of biased exposure report-
ng.23 This study, however, is not without its limitations.
irst, although the study involved nearly 200 000 women, the
umber of affected pregnancies was relatively small, resulting

n a fairly imprecise estimation of effects. Second, the collec-
ion of women’s specimens was on average 12 weeks after
losure of the neural tube and 8 weeks after the closure of the
ip and palate processes. The half-life of cotinine is short, 8 to

6 hours, in pregnancy.24 Although it seems likely that bias

2
c

id-Pregnancy Cotinine and Risks of Orofacial Clefts and Neural Tube D
aused by this single point-in-time measurement would tend
o result in an underestimate of effects, we cannot be certain.
hird, the results for cleft lip with/without cleft palate did not

ndicate a dose-response relationship. Our ability to observe
uch a relationship was hampered by the sample size. Thus,
hese observations should be replicated in other prospective
esigns in pregnant women who may become available in
laces such as Norway and Denmark.
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