Prenatal Tobacco Exposure and Cotinine in Newborn
Dried Blood Spots
WHAT’S KNOWN ON THIS SUBJECT: Cotinine assays for dried
blood spots have been developed but not deployed in a large
sample of newborn specimens.
WHAT THIS STUDY ADDS: Cotinine levels consistent with active
maternal smoking were detectable in 12% of newborn blood
spots, although 41% of the mothers reportedly did not smoke.
Data conﬁrm that reported smoking during pregnancy is an
imperfect measure of prenatal tobacco smoke exposure.

abstract
BACKGROUND: Tobacco smoking by pregnant women is a major public
health hazard with both short- and long-term effects on offspring. This
study describes the presence and level of the nicotine metabolite
cotinine in newborn dried blood spots (DBS) and compares it with
the reported maternal smoking recorded on state birth registries.
We hypothesize that cotinine in DBS may be a useful measure of
newborn in utero tobacco exposure.
METHODS: An observational, cross-sectional study of 1414 DBS obtained
from California, Michigan, New York, and Washington newborn screening
programs was carried out. Cotinine levels in DBS were quantiﬁed by
liquid chromatography tandem mass spectrometry analysis and
compared with maternal smoking as reported in vital statistics data.
RESULTS: Cotinine $0.3 ng/g was detected in 35% of newborn DBS,
including DBS of 29% of newborns whose mothers reportedly did not
smoke cigarettes during pregnancy, some of whom were presumably
exposed to environmental tobacco smoke. Twelve percent of the
newborn DBS had cotinine levels that were $9.0 ng/g (equivalent
to 6 ng/mL plasma, a level that indicates active smoking of the
mother), although 41% of the mothers of these infants reportedly
did not smoke.
CONCLUSIONS: These data conﬁrm that reported smoking during pregnancy is an imperfect measure of prenatal tobacco smoke exposure.
Cotinine assessment in newborns may improve surveillance of tobacco
use during pregnancy. Pediatrics 2014;133:e1632–e1638
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Although the prevalence of smoking by
pregnant women declined during the
1980s and 1990s,1,2 this proportion stabilized at ∼9% in the most recent decade.3 Thus, prenatal tobacco smoke
exposure (TSE) through active maternal
smoking remains a major public health
hazard with both short- and long-term
effects on offspring, including depressed birth weight,4 birth defects,5
neurobehavioral dysregulation,6 and
asthma.7
Cotinine, the primary metabolite of
nicotine, is the gold standard biomarker of tobacco exposure.8,9 However, the correlation of cotinine with
cigarettes per day is moderate and
depends on the genetic, environmental,
and behavior characteristics of the
population studied.10–13 Cotinine may
be measured in plasma, saliva, hair,
and meconium; however, none of these
materials are systematically collected
on a population-wide basis. In contrast,
dried blood spots (DBS) are obtained
from the vast majority of US newborn
infants between 24 and 48 hours of
life for testing of inborn errors of
metabolism.14 Newborn DBS present
an untested opportunity for both
surveillance of prenatal TSE and
interventions to reduce postnatal tobacco exposure.
Having ﬁrst shown on a small scale that
cotinine is detectable in DBS of newborn
infants whose mothers smoked during
pregnancy,15 we recently developed
a quantitative high-throughput liquid
chromatography tandem mass spectrometry method of analysis.16 In our
study of both active and passive
smokers, the correlation of plasma
cotinine with DBS cotinine was .0.9,
supporting the use of DBS cotinine as
a reliable measure of TSE. To characterize DBS cotinine as a measure of
prenatal TSE, we compared cotinine
levels assayed in 1414 anonymous DBS
to maternal smoking data as reported
to birth registries.

METHODS
We conducted a cross-sectional study
using newborn DBS obtained from 4
state newborn screening programs
(California, Michigan, New York, and
Washington). DBS were requested from
randomly selected singleton newborns
from 2007 to 2010 for a total of 1416
subjects; 2 were subsequently excluded
for having been collected past 7 days
after birth. To ascertain disparities in
prenatal TSE, we requested an equal
number of DBS from African American
and white newborns. Race was determined from birth registry data, and
for the purposes of this study, newborns were eligible only if both parents
were reported as African American or
both parents were reported as white.
DBS were linked to each state’s birth
registry to produce a limited data set;
the variables obtained were gender,
race, birth weight, gestational age,
month and year of DBS collection, age
at DBS collection, and all available
smoking data. For 3 states, the latter
included the number of cigarettes
consumed per day (CPD) in the 3
months before pregnancy and in each
trimester, whereas in Michigan, the
data were binary (ie, any or no use
during pregnancy). This study was approved by the University of Minnesota
Human Research Protection Program
and those of the participating state
departments of health.
Cotinine Analysis
Cotinine in DBS was quantiﬁed by our
recently developed method.16 Using
that method, we previously reported
that the DBS cotinine levels for both
smokers and individuals exposed to
secondhand tobacco smoke correlate
well with plasma cotinine concentrations (r = 0.99). The mean ratio of
cotinine (ng/g) in DBS to cotinine in
plasma (ng/mL) was 1.49. Brieﬂy, the
method, carried out in a 96-well-plate
format, was as follows: 3 punches

(4.8-mm diameter) were obtained from
each DBS, weighed, and cotinine extracted. The extracts were applied to
solid-phase extraction columns, and
the cotinine eluted from the column
was analyzed by liquid chromatography tandem mass spectrometry.
Standards and positive and negative
controls were included as described
previously. The limit of detection was
0.3 ng/g DBS (equivalent to 0.2 ng/mL
plasma).
Statistical Analysis
The number and percent of subjects
with detectable cotinine $0.3 ng/g
were ﬁrst described and compared
using Fisher’s exact test or the x 2 test.
Nonparametric methods including the
Wilcoxon rank-sum test, Kruskal-Wallis
test, and Spearman coefﬁcient evaluated the amount of cotinine in DBS by
each covariate. Values below the level
of detection were assigned the lowest
rank. Cotinine values at or above the
detectable level were summarized by
the median and range. After univariate
analysis, we performed multivariate
regression using the Tobit model,17
which is a parametric model for leftcensored data assuming a normally
distributed error term. Brieﬂy, rather
than assigning a ﬁxed cotinine value to
samples below the limit of detection,
the Tobit model allows for uncertainty
about the unobserved value. With cotinine level in the log scale as the dependent
variable, we examined the main effects
of any smoking during pregnancy (binary), gender, race, state, and age in
days at collection of DBS. The regression coefﬁcients and conﬁdence
intervals for the log-transformed cotinine were exponentiated such that
the results could be interpreted on the
original scale as the ratio of the
medians of cotinine between levels of
the risk factors; we’ve termed this
“cotinine ratio” for convenience. Although 3 states supplied data on CPD
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for 4 periods before and during pregnancy, the prevalence of reported
smoking during pregnancy before but
not during the third trimester was too
low (,2%) to conduct statistical analysis. Similarly, only 5% reported smoking
in the third trimester (CPD .0) among
these 3 states. Therefore, only smoking
during pregnancy as a binary variable,
which allowed the inclusion of 4 states’
data, was prevalent enough (10.5%) to
analyze and was included in the multivariate model described earlier. We examined the association of third
trimester CPD with cotinine levels using
a nonparametric Spearman correlation.
For the purposes of description, we
considered mothers to have shown evidence of being active smokers if cotinine
in their newborn’s DBS was $9.0 ng/g.
This was based on cut points for the
classiﬁcation of active smokers recommended in an analysis of an NHANES
sample of nonpregnant women.18 These
same cut points were used in a recent
estimate of nondisclosure of smoking
among pregnant women.19 The cotinine
plasma concentrations used as cut
points for non-Hispanic white women
and non-Hispanic African American
women were $5 ng/mL and 6 ng/mL,
respectively. Since our study included
both groups the higher cut point 6 ng/mL,
equivalent to 9 ng/g DBS using the ratio
stated above, was used.
We additionally examined whether detectable cotinine, reported smoking
during pregnancy, or the combination of
reported smoking during pregnancy
and/or cotinine $9.0 ng/g was a better
predictor of birth weight. We constructed 3 multivariate linear regression
models with birth weight as the dependent variable and compared R2 to
ascertain which best ﬁt the data. Each
examined the main effect of the measurement of maternal TSE controlling for
gender, race, and state. Lastly, we examined the association between cotinine
and birth weight using the Spearman
e1634

correlation in both all newborns and only
those with detectable cotinine.

RESULTS
All samples were assayable for cotinine.
Subject characteristics and univariate
comparisons of cotinine levels are presented in Table 1. Reported smoking
during pregnancy was relatively infrequent at 10.5% (147 of 1396) of those
with available data. Cotinine was detectable in DBS of 83.0% of infants whose
mothers reportedly smoked during
pregnancy and 29.0% of those who did
not; however, the median level was
higher among those reporting smoking
(39 ng/g) compared with those who did
not (1.0 ng/g).The percent of DBS with
detectable cotinine and median cotinine
levels differed signiﬁcantly by state, race,
season of collection, and day of collection, although the absolute difference in
cotinine levels were relatively small. Detectable cotinine and median cotinine
level did not differ by gender.
Cotinine levels in relation to reported
smoking during pregnancy is shown in
more detail in Fig 1. Of note, because
Michigan data did not provide maternal
smoking by trimester but the others
states did, Michigan newborns whose
mothers did not report smoking during
pregnancy are included in the “No
smoking” column, whereas the right 4
columns include only newborns from
the 3 other states that provided smoking information by trimester and CPD.
The boxplots show the median, interquartile range, and outliers (calculated
as 1.5 3 the 75th percentile) among
newborns with cotinine detectable in
their DBS. Although the percent with
detectable cotinine and the median
cotinine level among detectables was
lowest in newborns whose mothers
reportedly did not smoke during pregnancy, a substantial number of outliers
are apparent. Sixty-eight newborns
(5.4%) had cotinine levels $9.0 ng/g,
suggesting their mothers were active

smokers,18 even though they reported
no smoking on the birth certiﬁcate.
Conversely, there were 166 newborns
with cotinine values $9.0 ng/g; 41% of
these were born to mothers who
reported not smoking. Among the 12
newborns whose mothers reportedly
smoked during the ﬁrst or second trimester but not the third, cotinine was
detectable in 9 (75%), with a median of
4.1 ng/g. The DBS of 58 newborns whose
mothers reportedly smoked in the third
trimester of pregnancy had the highest
frequency of detectable cotinine (82.8%)
and far higher median cotinine (45 ng/g;
Table 2). We further divided these
newborns into those whose mothers
smoked less than the median CPD of 5
and those who smoked 5 to 40; the
range of cotinine was wider among the
latter group but the median cotinine
was only ∼8 ng/g higher than in the
former group. The Spearman correlation between third trimester CPD and
cotinine was 0.35 (P , .001).
We next modeled predictors of cotinine
levels using Tobit analysis of all samples,
with cotinine either above or below the
detectable level (Table 3). Reported
smoking during pregnancy was by far
the strongest predictor of cotinine
levels; the Tobit analysis indicated
a 185-fold (95% conﬁdence interval:
107.5–317.2) difference in the median
cotinine levels of DBS of newborns with
and without reported maternal smoking. Black race, female gender, and
Michigan or California residence signiﬁcantly predicted smaller differences, between 1.77- and 3.09-fold, in
median cotinine versus their respective referents. Day of DBS collection was unrelated to cotinine levels.
We lastly compared the ﬁt of 3 multivariate models of birth weight, newborn characteristics, and three
measures of prenatal TSE. Detectable
cotinine predicted depression of birth
weight by 94.6 g, any reported smoking
during pregnancy by 283.7 g, and any
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TABLE 1 Characteristics of 1414 Newborns and Univariate Analysis of Cotinine in Their DBS
Characteristic
Reported cigarette smoking during pregnancy
No
Yes
State
California
Michigan
New York
Washington
Gender
Male
Female
Race
African American
White
Season of collection
Spring
Summer
Fall
Winter
Collection dayd
0, 1
2, 3
4+

n

No. (%) With
Detectable Cotinine

1249
147

362 (29.0)
122 (83.0)

P
,.001b

,.001c
1.0 (0.3–218)
39 (0.5–247)

,.001b
384
349
399
282

138 (35.9)
167 (47.9)
101 (25.3)
83 (29.4)

726
676

239 (32.9)
248 (36.7)

694
708

274 (39.5)
213 (30.1)

155
171
253
441

61 (39.4)
74 (43.3)
80 (31.9)
134 (30.4)

979
401
18

360 (36.8)
118 (29.4)
7 (38.9)

Pa

Median (Range) of
Detectable Cotinine (ng/g)

0.001c
1.3 (0.3–218)
2.6 (0.3–226)
4.4 (0.3–247)
0.7 (0.3–148)

.145b

.150c
1.4 (0.3–247)

1.8 (0.3–205)
,.001b

.003c
1.4 (0.3–247)
2.1 (0.3–218)

.009b

.001c
2.2 (0.3–226)
1.6 (0.3–178)
1.8 (0.3–148)
1.6 (0.3–247)
.010 (R = –0.07)e

.032b
1.6 (0.3–247)
1.6 (0.3–148)
0.8 (0.5–17)

a

This P values in this column are derived from statistical tests that include all cotinine values, including those below the level of detection.
The P value is based on the Fisher’s exact test or the x2 test.
c The P value is based on the nonparametric Wilcoxon rank-sum test or the Kruskal-Wallis test.
d Collection hour was not signiﬁcantly correlated with cotinine and was missing in ∼150 cases from New York.
e The P value for collection day, which ranges from 0 to 7, is based on the Spearman correlation coefﬁcient (R).
b

reported smoking during pregnancy
and/or cotinine $9.0 ng/g by 213.5 g. R2
was 0.065, 0.081, and 0.076, respectively,
for the models. Thus, although reported
smoking during pregnancy provided the
best model ﬁt, none of the models
explained .10% of the variability in
birth weight in this data set. The
Spearman correlation between birth
weight and cotinine as a continuous
variable was –0.13 (P , .001) for all
subjects (n = 1403) and –0.21 (P , .001)
for those with detectable cotinine (n =
513). Because cotinine as a continuous
variable showed little association with
birth weight in univariate analysis, it
also would be unlikely to improve the
prediction of birth weight.

DISCUSSION
FIGURE 1
Percent of newborn DBS with detectable cotinine by reported cigarette exposure during pregnancy and
distribution of detected cotinine values.

We report here on the application of
a sensitive, high-throughput assay for
cotinine to a large series of newborn
DBS. A major ﬁnding was the detection
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TABLE 2 Comparison of Reported Maternal Smoking Versus Cotinine Detection as a Predictor of
Birth Weight
Model
Model 1 (n = 1401)
Intercept
Black race
Female gender
State
WA (reference)
CA
MI
NY
Detectable cotinine
Model 1 R2 = 0.065 (P , .001)
Model 2 (n = 1395)
Intercept
Black race
Female gender
State
WA (reference)
CA
MI
NY
Reported smoking during pregnancy
Model 2 R2 = 0.081 (P , .001)
Model 3 (n = 1395)
Intercept
Black race
Female gender
State
WA (reference)
CA
MI
NY
Reported smoking during pregnancy and/or cotinine $9.0 ng/g
Model 3 R2 = 0.076 (P , .001)

of cotinine at levels $0.3 ng/g (equivalent to 0.2 ng/mL plasma) in 35% of
newborns, including 29% of newborns
whose mothers reportedly did not
smoke cigarettes during pregnancy,
some of whom were presumably exposed to environmental tobacco smoke.
Equally striking is the outcome that 12%
of the newborns had cotinine levels that

Parameter Estimate (SE)

P

3591.9 (39.4)
2199.2 (29.5)
2111.7 (29.5)

,.001
,.001
,.001

0.0
2134.7 (43.3)
2166.0 (44.6)
2184.0 (43.2)
294.6 (31.5)

—
.002
,.001
,.001
.003

3594.4 (38.6)
2219.7 (29.3)
2122.2 (29.2)

,.001
,.001
,.001

0.0
2145.2 (42.9)
2145.4 (44.3)
2154.0 (43.0)
2283.7 (48.7)

—
.001
.001
,.001
,.001

3584.6 (38.6)
2209.6 (29.3)
2114.0 (29.3)

,.001
,.001
,.001

0.0
2134.4 (43.0)
2144.0 (44.6)
2152.0 (43.2)
2213.5 (41.3)

—
.002
.001
,.001
,.001

are observed in active smokers,18 although 41% of the mothers of these
infants reportedly did not smoke. These
data conﬁrm that reported smoking
during pregnancy is an imperfect measure of TSE.
Several factors inﬂuence the level of
cotinine detectable in DBS, including the
amount of tobacco exposure, the route

TABLE 3 Multivariate Regression of Newborn DBS Characteristics and Cotinine Levels Using Tobit
Analysis

Smoked during pregnancy
Black race
Female gender
Collection day (1-d increase)
State
Washington (reference)
California
Michigan
New York

e1636

Cotinine Ratio

95% Conﬁdence Interval

P

184.6
2.3
1.8
0.9

107.5–317.2
1.6–3.3
1.2–2.5
0.7, 1.3

,.001
,.001
.002
.602
,.001

1.0
2.4
3.1
0.7

—
1.4–4.2
1.8–5.3
0.4–1.4

of exposure (maternal active vs passive
smoking), the time since maternal exposure, interindividual variation in nicotine metabolism of both mother and
child, and the time interval between
delivery and obtaining the DBS. A limitation of our cross-sectional study design is the inability to account for these
factors to estimate prenatal TSE.
DBS are typically obtained at least 24
hours after birth, but this may vary,20 and
the mean duration of labor is 6 to 8 hours
in uncomplicated deliveries21; thus, we
presume that cotinine detected in newborn DBS is from maternal cigarette
smoke exposure at least 30 hours earlier. However, this assumes that mothers
did not smoke during labor (which has
been reported in the past22) and that
breastfeeding is not an additional route
of exposure. Although both nicotine and
cotinine have been detected in the breast
milk of smokers,23 there are few data
that address whether this is also true for
the colostrum that expresses in the ﬁrst
48 hours after delivery. Some data suggest that nicotine and cotinine clearance
is markedly faster in women in late
pregnancy,24,25 whereas that in newborns appears comparable to (nonpregnant) adults.26 Lastly, there is
substantial variation in cotinine disposition both within and between
European- and African American
populations.27–29 These many variables
preclude the ability to establish a cutoff in
newborn DBS that distinguishes active
maternal smoking from passive TSE.
However, for purposes of discussion, we
used a cotinine level of 9 ng/g DBS as an
indication of smoking by the mother. This
level is equivalent to the 6 ng/mL suggested as a sensitive and selective cut
point for distinguishing smokers from
nonsmokers in the 1999–2006 NHANES18
and due to the many variables discussed
earlier, we believe it is a conservative
estimate of smoking by the mother.
Reported maternal smoking in birth
data are not itself a gold standard
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measurement of cigarette use,30,31 and
none of the states contributing to this
study collect data on environmental tobacco smoke. Consequently, we did not
calculate the sensitivity and speciﬁcity
of DBS cotinine compared with reported
maternal smoking. Indeed, the newborns of 68 of 1249 (5.4%) mothers who
reportedly did not smoke during pregnancy had cotinine $9.0 ng/g, a level
that clearly indicates active maternal
smoking. This level of nondisclosure is
similar to that reported recently by
Dietz et al, who examined serum cotinine among pregnant women in the
1999–2006 NHANES.19 Among 904 pregnant women who did not report current
smoking at interview, 33 (3.7%) were
classiﬁed as active smokers using the
cut points previously mentioned. Additionally, we found that 17% of newborns
whose mothers reportedly smoked
during the third trimester had no detectable cotinine.
Although reported smoking during
pregnancy was by far the strongest
predictor of DBS cotinine in multivariate
analysis, we also detected signiﬁcantly
higher levels in African Americans. The
percentage of newborns with detectable
cotinine was greater among African
Americans than whites, but among
newborns with detectable cotinine, the
median level was lower in African
Americans than whites. In interpreting
these data, it is important to remember
that we are quantifying cotinine in
infantswith2typesof TSE: exposurefrom
an actively smoking mother or from
environmental TSE to a nonsmoking

mother. The relative proportion of these
2 exposure groups may vary by ethnicity.
Fewer African American women, pregnant or not, than white women report
smoking,32 and nondisclosure of smoking among pregnant women is similar
between the 2 races.19 This is consistent
with the maternal data on reported
smoking in our study; among African
Americans, 56 of 689 (8.1%) reportedly
smoked during pregnancy whereas 91
of 707 (12.9%) whites did. In addition,
the mean plasma cotinine level in African Americans exposed to environmental tobacco smoke is higher than
the mean level in whites.18,33 In our
study, this might have lead to the detection of cotinine in a higher number of
African American newborns with environmental TSE.
A signiﬁcant difference in cotinine levels in newborn DBS was also observed
by gender and state. Variability of
cotinine levels by state generally reﬂect
state-speciﬁc smoking rates; however,
oversampling of African Americans may
account for higher-than-expected levels
in California.34 The reason for the observed differences in cotinine in newborns by gender is not known.

tectable DBS cotinine, reported maternal smoking, and reported maternal
smoking and/or DBS cotinine $9.0 ng/g
predicted drops of ∼95, ∼284, and ∼214
g of birth weight, respectively. Reported
smoking most closely approximated the
expected birth weight depression and in
addition provided the best model ﬁt.
However, all of the models had R2 ,0.10
and thus explained relatively little of the
variance in birth weight.
There are several strengths and limitations to our study. Strengths include
the large, population-based sample and
the use of a newly developed, highly
sensitive assay for cotinine in DBS. Our
study thus represents an accurate
snapshot of cotinine in newborns of 4
states. However, the study design was
cross-sectional and lacked detailed
information on maternal smoking in the
days before DBS collection. Moreover,
women who used nicotine replacement
therapy or smokeless tobacco would
also have tested positive for cotinine,
although we had no self-reported data
on the use of such products.

We examined whether birth weight was
better predicted by reported maternal
smoking or DBS cotinine. In previous
research, the relationship between
third-trimester smoking and birth
weight is closer to L-shaped, rather than
linear, meaning that the steepest drop in
birth weight occurs with the ﬁrst few
CPD; the drop in birth weight plateaus at
∼300 g at $10 CPD.8 In our data, de-

DBS cotinine adds to maternal smoking
data obtained from birth data as
a measure of prenatal TSE, in our study
identifying nearly 5% of infants as
having cotinine levels suggestive of
active maternal smoking despite no
self-reported cigarette use. Incorporating DBS cotinine into routine
newborn screens will improve population surveillance of prenatal TSE and
could be used to identify children at
high risk of sequelae for monitoring or
prevention efforts.
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