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Abstract

Maternal smoking while pregnant is a plausible risk
factor for childhood cancers because many seem to
initiate in utero and tobacco-specific carcinogens cross
the placenta. Social desirability bias may affect mater-
nal report of smoking in case-control studies and could
explain inconsistently observed associations with off-
spring cancer. Detection of tobacco smoke biomarkers
in dried blood spots (DBS), which are increasingly
stored by newborn screening programs, may improve
retrospective assessment of fetal tobacco exposure. As
proof-of-principle, we examined cotinine in DBS of 20
infants enrolled in a pilot study of pregnancy among
low-income women. We recruited 107 pregnant women
(<30 weeks of gestation) from six Women, Infants, and
Children clinics in Minneapolis and St. Paul in 1999.
Blood samples obtained at enrollment were tested for
total cotinine using gas chromatography/mass spec-

trometry. Women were then interviewed at 7 months of
gestation to determine current smoking habits. DBS
were obtained from the Minnesota Department of
Health. We tested DBS from 10 infants whose mothers
had detectable serum cotinine at baseline and 10
control infants whose mothers had none. One quarter
of each DBS was assayed for cotinine using gas
chromatography/mass spectrometry; levels were esti-
mated assuming 50 ML blood per sample. Mean
cotinine was 29 ng/mL (SD, 7.5), 45 ng/mL (SD, 9.7),
and 9 ng/mL (SD, 7.4), respectively, among infants of
all smokers, infants of four women who acknowledged
smoking at 7 months of gestation, and infants of
nonsmokers. These results suggest that DBS analysis
may identify infants of women who smoke throughout
pregnancy. (Cancer Epidemiol Biomarkers Prev 2007;
16(9):1902–5)

Introduction

Accumulating evidence suggests that many childhood
cancers are initiated in utero . This includes young age
at diagnosis, occasional prenatal detection, and embry-
onal histology (1). Chromosomal translocations found in
leukemia cells have also been ‘‘backtracked’’ to dried
blood spots (DBS) collected at birth (2). Etiologic studies
of childhood cancers thus frequently focus on maternal
exposures during pregnancy.

Tobacco smoke is a plausible risk factor for childhood
cancers, as tobacco-specific biomarkers (3) and carcino-
gens (4) are known to cross the human placenta.
However, associations between maternal tobacco use
while pregnant and offspring cancer during childhood
have been observed for the most part inconsistently (5-7).

Although this may reflect true null associations, most
investigations have used case-control designs. Recall or
social desirability biases may therefore have influenced
the results of studies that collected smoking data by
maternal interview.

DBS are routinely collected shortly after birth to test
for inborn errors of metabolism. Several state newborn
screening programs also store DBS for >5 years and
allow their release for research purposes (8). These
specimens, which represent a biochemical snapshot
taken at birth, may therefore be incorporated into studies
of childhood cancer. Detection of tobacco smoke bio-
markers in newborn DBS may improve assessment of
fetal tobacco smoke exposure compared with maternal
interview. As proof-of-principle, we examined the
tobacco-specific biomarker cotinine (9) in DBS of 20
infants enrolled in a pilot study of pregnancy among
low-income women.

Materials and Methods

Data collection methods for this study, which were
approved by the University of Minnesota Research
Subjects’ Protection Programs Human Subjects Commit-
tee, have been described previously (10). Briefly, we
recruited 107 pregnant women at <30 weeks of gestation
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from six Women, Infants, and Children clinics in
Minneapolis and St. Paul between January and June of
1999. Participants provided blood samples at enrollment
and were interviewed in person about demographics,
smoking, and other health-related habits. They were
unaware that their responses to questions about smoking
would be validated. We interviewed participants by
telephone about current smoking habits, among other
items, at f7 months of gestation and following birth.
DBS of participants’ newborn infants were obtained from
the Minnesota Department of Health with maternal
consent.

Blood samples taken at enrollment were tested for
total cotinine using gas chromatography/mass spectrom-
etry. Results of these analyses have been reported
previously (10).

DBS were individually sealed and stored at 4jC until
retrieval for analysis of cotinine in 2006. For this report,
we tested DBS from 10 infants whose mothers had the
highest detected levels of serum cotinine at baseline
(range, 38-112 ng/mL) and from 10 infants randomly
selected from among those whose mothers had no
detectable serum cotinine (termed smoking and non-
smoking mothers herein). We also tested a DBS from
an adult smoker and blank filter paper as positive and
negative controls, respectively. One quarter of each
DBS was assayed by first solubilizing the spot by
sonication in 0.5 mL of 0.2 N sodium hydroxide. The
solution was then heated at 80jC for 1 h to hydrolyze
cotinine from its N -glucuronide and [D3]cotinine
(20 ng) was added as internal standard. K2CO3 (0.5 mL
of 25% aqueous) was added and the mixture was
extracted with 1 mL methylene chloride. The methylene
chloride layer was transferred to a 4-mL silanized
vial and 25 AL of methanol were added. It was gently
blown down with nitrogen to f100 A, which was
transferred to a 200-AL glass insert vial. The solvent
was gently blown down with nitrogen to f25 A and
analyzed by gas chromatography/mass spectrometry as
described (11).

Laboratory personnel were blinded to smoking status
in all analyses.

Concentration of cotinine was calculated assuming
50 AL blood per quarter DBS; test spotting in our
laboratory indicated that 200 AL fill the standard DBS
collection circle. Cotinine levels are presented per
estimated volume of whole blood, as the serum
component was not isolated during DBS analysis. Mean
cotinine concentration in DBS from infants with smoking
and nonsmoking mothers was compared using the t test
for two samples.

Results

Mean cotinine in DBS from infants of smoking and
nonsmoking mothers is shown in Table 1 and Fig. 1.
Cotinine concentrationwas significantly higher (P = 0.002)
in DBS from infants of smokers (28.7 ng/mL; SD, 7.5)
than in DBS from infants of nonsmokers (8.8 ng/mL; SD,
7.4). Four mothers reported smoking at 7 months of
gestation; mean cotinine in DBS from their infants was
45 ng/mL (SD, 9.7). One mother reported not smoking at
7 months and five could not be reached; mean cotinine
in DBS from their six infants was 18 ng/mL (SD, 7.8). Each
of these means was significantly higher than that for
infants of nonsmokers (P < 0.001 and P = 0.034,
respectively).

Cotinine concentration in the DBS from an adult
smoker was 435 ng/mL, whereas no cotinine was
detected in blank filter paper.

Discussion

Case-control studies have comprised most etiologic
research on maternal smoking as a risk factor for
childhood cancer and likely will continue to do so.
Childhood cancer is rare, with an annual rate of all
cancers of about 150 per million children 0 to 14 years of
age in the United States (12). Consequently, cohort
studies are difficult to mount, and the few that have
examined maternal tobacco use during pregnancy have
been limited to studying either common diagnoses
(13, 14) or all diagnoses combined (15, 16). Maternal
tobacco use has occasionally been abstracted from birth
records in retrospective studies (17). Although these data
are collected without regard to later cancer, maternal
smoking is substantially misclassified on birth certificates
(18), which would attenuate relative risks. The remainder
of case-control studies of childhood cancers have
collected smoking data by maternal interview, raising
the possibility of differential reporting between cases and
controls, both due to the social disapproval of smoking
while pregnant and feelings of culpability among
mothers of cases (19). The results of our pilot study
suggest that some of these issues may be circumvented
by examining the tobacco-specific biomarker cotinine in

Table 1. Mean cotinine in DBS from infants of
smoking and nonsmoking mothers

Maternal smoking status n Mean DBS
cotinine,

ng/mL (SD)

P*

Nonsmoker 10 8.8 (7.4)
Smoker 10 28.7 (7.5) 0.002
Confirmed at 7 mo 4 44.7 (9.7) <0.001
Not confirmed at 7 mo 6 18.0 (7.8) 0.034

*P value from t test for two samples comparing DBS from infants of
smokers with DBS from infants of nonsmokers.

Figure 1. Mean cotinine (nanograms per milliliter) in newborn
DBS from infants of smoking and nonsmoking mothers.
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DBS obtained during the neonatal period and retrieved
from storage.

We found that mean cotinine in newborn DBS of
infants of smoking mothers was significantly higher than
in those of infants of nonsmoking mothers. The highest
levels were observed among infants of four mothers who
confirmed continued smoking at 7 months of pregnancy.
Cotinine was lower in DBS of infants of six mothers who
did not confirm smoking at 7 months, some of whom
may have ceased their habit after enrollment in the
study, but still higher than in DBS of infants of
nonsmokers. However, the presence of any cotinine in
the DBS of the latter group requires explanation. Some
mothers may have been misclassified as nonsmokers at
enrollment if, for instance, they had temporarily ceased
smoking. Other mothers may have lived or worked with
smokers; unfortunately, we did not capture information
about passive cigarette exposure. Last, we cannot rule
out the possibility that DBS were contaminated during
collection and transport to our facility.

The median half-life of cotinine was 28 h in infants in
one study (20), and most DBS are collected 12 to 48 h after
birth (21). Cotinine in DBS must therefore represent
tobacco exposure shortly before delivery and, as might
be expected, identifies babies born to the most refractory
smokers. The Pregnancy Risk Assessment Monitoring
System offers data on smoking cessation rates in a large,
population-based study (22). In Pregnancy Risk Assess-
ment Monitoring System, 57.5% of all pregnant women
who smoked, but 78.1% of women who smoked
>20 cigarettes daily, continued to smoke throughout
pregnancy. The effect of information bias in maternal
smoking status as determined by DBS cotinine analysis is
unclear. Early pregnancy may be the relevant window of
risk for some childhood cancers, in which case many
subjects with fetal exposure to light cigarette smoking
will be missed. However, any association of maternal
smoking with offspring cancer is likely to be strongest
among heavy smokers, whom our results suggest will be
most often detected by DBS analysis. Tobacco-derived
hemoglobin adducts have a longer half-life than does
serum cotinine because erythrocytes persist for around
120 days and could conceivably identify mothers who
smoked earlier in pregnancy (23). However, protein
adduct assays require a relatively large amount of blood
and may therefore be impractical for use with DBS (24).

Factors that may affect cotinine levels in DBS include
storage, handling, and blood volume. Whereas DBS
analyzed in this study were kept individually sealed at
4jC until analysis, storage conditions in many states
differ (8); the extent to which cotinine in DBS may
degrade under improper storage conditions is not
known. It is also unclear whether cotinine may transfer
between DBS stored adjacently without being individu-
ally sealed or whether handling of DBS by smokers could
contaminate samples. Last, although we assumed a
constant blood volume to calculate cotinine, in reality,
the amount of blood may vary with spot size, punch
location, and filter paper batch (25). We observed a 5-fold
difference in DBS cotinine levels comparing newborns of
confirmed smokers with those of confirmed nonsmokers;
blood volume is unlikely to vary to a similar degree. In
addition, the significant difference between cotinine
levels in DBS from infants of smoking and nonsmoking
mothers persisted in a sensitivity analysis assuming

60 and 40 AL blood per quarter DBS from each respective
group (data not shown). Future analyses of cotinine in
DBS may however quantify blood volume, for instance
by using hemoglobin or albumen as standards.

In conclusion, newborn DBS may potentially be used
to identify children whose mothers smoke throughout
pregnancy but not those whose mothers ceased tobacco
use earlier during gestation. This finding may be
especially pertinent to case-control studies of childhood
cancer, at least to determine fetal exposure to heavy
maternal smoking. Despite this limitation, it is also
possible that DBS verification of smoking may prompt
more accurate report during maternal interview. The
extent to which field conditions affect cotinine levels
should be investigated and methods for obtaining DBS
portions should be standardized, for instance by using
punches. In addition, the cotinine assay should be
optimized to expend a smaller portion of DBS than the
quarter spot used in our experiment, as states may
restrict the amount of stored DBS that can be given to
researchers to preserve these precious nested biological
samples.
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