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ABSTRACT

Objective: Foetuses and neonates of women who use tobacco are exposed to nicotine and
tobacco-derived carcinogens. We determined the relationship between urine biomarkers of
tobacco toxicant exposure postpartum and in the neonates of Alaska Native (AN) women,
comparing smokers and smokeless tobacco (ST) users, including igmik, a homemade ST product.
Methods: AN women, including 36 smokers, 9 commercial ST and 16 igmik users their neonates
participated. Urine from the woman at the time of delivery and her neonate’s first urine were
analysed for cotinine, the major metabolite of nicotine, and 4-(methylnitrosamino)-1-(3) pyridyl-1-
butanol (NNAL), a tobacco-specific carcinogen biomarker.

Results: Maternal urine cotinine and neonatal urine cotinine were strongly correlated in all
tobacco use groups (r from 0.83 to 0.9, p < 0.002). Correlations between maternal cotinine and
neonatal NNAL were moderately strong for cigarettes and commercial smokeless but weaker for
igmik users (r 0.73, 0.6 and 0.36, respectively).

Conclusion: Correlations between maternal and neonatal biomarkers of tobacco toxicant expo-
sure vary, dependent on tobacco product use.

Significance: This study provides novel data on biomarkers of tobacco exposure among post-
partum AN women and their neonates. The results could be useful to guide future epidemiolo-
gical studies of health risks associated with use of various tobacco products during pregnancy.

ARTICLE HISTORY
Received 12 March 2018
Revised 29 August 2018
Accepted 10 September 2018

KEYWORDS

Biomarkers; pregnancy;
neonate; cigarette smoking;
carcinogens

Introduction nitrosamine in tobacco, 4-(methylnitrosamino)-1-(3)
pyridyl-1-butanone (NNK), is a potent carcinogen
and is thought to cause lung and pancreatic cancer,
and possibly liver and nasopharyngeal cancer [4].
The major metabolite of NNK, 4-(methylnitrosa-
mino)-1-(3) pyridyl-1-butanol (NNAL), is found in
the urine of tobacco-exposed individuals, and is in
itself carcinogenic. Cotinine and NNAL are widely
used as biomarkers of tobacco exposure [4,5].

The prevalence of smoking during pregnancy in the
U.S. is 11%, and highest among American Indian/Alaska
Native (Al/AN) women (26%) compared with other racial/
ethnic groups (14% Whites, 9% Blacks, 3% Hispanics and
2% among Asian women [6]. In Alaska, compared with
Non-Native women, the prevalence of prenatal smoking

Cigarette smoking is the major preventable risk fac-
tor for premature morbidity and mortality in devel-
oped countries, and poses a serious threat to
pregnancy and the health of the foetus and neonate
[1,2]. Cigarette smokers are exposed to numerous
toxicants, including 73 established animal carcino-
gens, of which 16 are known human carcinogens
[3]. Two classes of chemicals are specific or nearly
specific to tobacco exposure: nicotine and related
alkaloids and the tobacco-specific nitrosamines.
Cotinine, the proximate metabolite of nicotine, is a
measure of tobacco smoke toxicant exposure in gen-
eral, but neither nicotine nor cotinine are known to
cause cancer. The major  tobacco-specific
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was higher among Alaska Native (AN) women in 2013
(14% vs 31%, respectively), and has not significantly
changed in nearly two decades [7]. Similarly, smokeless
tobacco (ST) use rates reported for 2013 were greater
among pregnant AN women (18%) compared to non-
Native Alaskan women (1%) and have remained about
the same in the past 10 years. In Southwest Alaska where
ST use tends to be the highest, the primary type of ST
used among prenatal AN women is igmik. Igmik is a
homemade chewing tobacco made from dried or cured
tobacco leaves and ash, the latter derived from burning
willow or other tree bark or from a fungus that grows on
birch trees [8]. Igmik is thought by many women in that
region to be less harmful than other forms of ST [9].

Previously published studies have documented the
presence of cotinine and NNAL in foetal amniotic fluid
and in the urine of neonates of mothers who were
cigarette smokers [10-14]. Less is known about biomar-
kers of tobacco exposure for neonates born to mothers
using ST or among AI/AN populations. Recently, we
published data on the relationship between maternal
urine cotinine and neonatal urine NNAL concentrations
from AN participants in the Biomarker Feedback to
Motivate Tobacco Cessation in Pregnant Alaska Native
Women (MAW) study [15]. We described the use of
the findings in developing a biomarker feedback inter-
vention to motivate smoking cessation during preg-
nancy [16]. The intent was to use maternal cotinine
results as an educational tool about carcinogen expo-
sure in their babies, which would then motivate them
to quit smoking. The present analysis provides a more
in-depth examination of biomarker concentrations in
mothers and neonates, focusing on differences in expo-
sures and correlations among biomarkers in mothers
who used different tobacco products — cigarettes, com-
mercial ST and igmik.

Methods
Ethics statement

The study was approved by Institutional Review Boards
at the Mayo Clinic, the Alaska Area Indian Health
Service, and the University of California San Francisco.
Tribal approval was granted by the Alaska Native Tribal
Health Consortium and Southcentral Foundation.

Study participants and procedures

Details of study participants and procedures have been
published previously [15]. In brief, the study was con-
ducted in Anchorage, Alaska on the Alaska Native Health
campus, which provides prenatal care to AN women

statewide. Recruitment for the study occurred when
women presented for prenatal care at the primary care
centre. Women were approached in an exam room
before or after seeing their provider at a prenatal visit.
Potential participants were screened for eligibility cri-
teria, which included Alaska Native heritage, 18 years of
age or older, currently pregnant with singleton and
intention to deliver at the tertiary care hospital. Women
were excluded if they were using nicotine replacement
therapy or medication for tobacco cessation, or had
participated in a tobacco cessation programme within
the past 30 days. Those who were eligible and agreed to
participate provided written informed consent and
enrolled into the study. At enrolment, a questionnaire
inquiring about socio-demographic factors, pregnancy
history and personal and family smoking history was
administered. A urine sample was collected to biochemi-
cally verify self-reported tobacco use status.

A brief interview was administered during the post-
partum period to determine maternal tobacco use sta-
tus and type of tobacco product use since enrolment.
We attempted to collect the first void after delivery
from postpartum women and their neonates. Nursing
staff in Labor and Delivery collected the maternal urine.
Research and nursing staff worked with mothers to
collect neonatal urine. Urine was collected from neo-
nates by placing pieces of cotton pad in the diaper.
Soaked pieces of cotton pad were subsequently col-
lected and placed in a urine cup, sealed and refriger-
ated. Within 24 h, the urine was expressed from pads
and frozen. In some instances the first void could not be
collected - if the neonate voided before a diaper was
placed, if the diaper was discarded accidentally, or if
there was too much meconium in the diaper. The time
interval between delivery and the neonatal urine collec-
tion was recorded in 53 participants. The mean value
was 7.2 h with a median of 7.1 h.

Urine samples were sent to the Clinical
Pharmacology Tobacco Research Laboratory at the
San  Francisco General Hospital/University  of
California San Francisco (UCSF). Cotinine concentra-
tions in maternal urine were measured by gas liquid
chromatography and in neonatal urine by liquid chro-
matography — tandem mass spectrometry, with limits
of quantitation of 10 ng/ml and 0.05 ng/ml, respec-
tively [17,18]. NNAL concentrations were assayed by
liquid chromatography - tandem mass spectrometry,
with a limit of quantitation of 1 pg/ml [19].

Data analysis

Given the non-normal distribution of urine analyte con-
centrations, descriptive data were expressed as geometric



means and 95% confidence intervals. Spearman correla-
tion coefficients were computed comparing urine con-
centrations as follows: (1) maternal cotinine vs maternal
NNAL; (2) neonatal cotinine vs neonatal NNAL; (3) mater-
nal cotinine vs neonatal cotinine and (4) maternal cotinine
vs neonatal NNAL analyses were performed with and
without normalisation of maternal cotinine and NNAL
concentrations by urine creatinine. Creatinine corrected
neonatal urine concentrations are presented for reference
purposes, but were not used for statistical analysis
because concentrations of creatinine in neonatal urine
are determined by the maternal creatinine concentration
at the time of delivery, not the neonate’s kidney function
[20]. The Kruskal-Willis test was used to compare biomar-
kers across tobacco types. Data analyses were performed
using SAS and R software.

Results

The 148 women completed enrolment included 54 smo-
kers, 10 commercial ST users and 20 igmik users. Of these,
paired samples from 36 smokers, 9 commercial ST users and
16 igmik users were obtained from postpartum women and
their neonates and are included in the present analysis. The
women averaged 28.3 years in age (range 19-42). The
participants smoked an average of 5.4 cigarettes per day
(range 1-15) in the week prior to delivery. Three of the
women smoked roll your own cigarettes. Commercial ST
users chewed an average of 1.3 (SD 1.6) cans per week, and
igmik users 0.52 (SD 0.31) cans per week.

Geometric mean values for urine cotinine and NNAL are
presented in Table 1. Average maternal cotinine concentra-
tions were highest for igmik users and similar for cigarette
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smokers and commercial ST users, although the differences
were not statistically significant. However, igmik users had
significantly lower maternal NNAL levels (p < 0.01).
Neonatal cotinine concentrations were similar for all
tobacco product groups. Urine NNAL was similar for neo-
nates of smokers and commercial ST users, but lower for
igmik users (p < 0.01). Ratios of NNAL to cotinine in mater-
nal and neonatal urine were significantly lower for igmik
users compared to other groups (p < 0.01). Maternal coti-
nine and NNAL concentrations were higher than those in
their neonates (Table 1); ratios did not differ by product
(Table 2).

Spearman correlations among various biomarkers are
shown in Table 3 and Figure 1. In general, correlations
were higher for creatinine-normalised maternal concentra-
tions, therefore correlations with creatinine-normalised
maternal analyte concentrations are presented below. For
smokers and commercial ST users, the strongest maternal
to neonate correlations were between maternal cotinine
and neonatal cotinine (r = 0.83 and 0.9, p < 0.001) and
between maternal NNAL and neonatal NNAL (r = 0.76 and
0.92, p < 0.001). For smokers and commercial ST users, the
correlations between maternal urine cotinine and neonatal
NNAL were 0.73 (p < 0.001) and 0.6 (NS), respectively. For
mothers who smoked cigarettes urine NNAL and cotinine
concentration were strongly correlated both within mother
and within neonates. (p < 0.001). For mothers who used
commercial ST, urine cotinine and NNAL concentrations
were strongly correlated within mother (p < 0.001) but
not significantly within neonates. For mothers who were
igmik users, urine cotinine and NNAL concentrations were
more weakly but still significantly correlated within mothers
(p < 0.05) but not significantly correlated within neonates.

Table 1. Maternal and neonatal cotinine and NNAL concentrations by tobacco product.

Cigarette (n = 36) Commercial (n = 9) Igmik (n = 16)
GM 95% Cl GM 95% Cl GM 95% Cl p

Maternal Cotinine ng/ml 138.0 87.7 - 217.2 186.8 549 - 641.8 2044 88.9 - 468.6 0.54
Maternal NNAL pg/ml 106.3 71.2 - 1585 4116 122.7 - 1372.2 315 16.6 — 59.3 < 0.01
Maternal Cotinine ng/mg creatinine 356.4 215.1 - 590.4 337.0 99.6 — 1142.1 7351 285.5 - 1891.3 0.14
Maternal NNAL pg/mg creatinine 276.1 188.6 — 404 735.1 268.2 — 2024.6 113.3 60.6 — 210.4 < 0.01
Neonate Cotinine ng/ml 55.2 357 - 853 535 13.7 - 210.1 80.6 29.6 - 2183 0.36
Neonate NNAL pg/ml 159 1 -23 53.5 252 - 11422 5.5 3.0 - 10.1 < 0.01
Neonate Cotinine ng/mg creatinine 215.6 119.5 — 388.8 165.3 26.4 - 1033.5 258.8 70.4 - 951.2 0.7

Neonate NNAL pg/mg creatinine 67.7 411 - 1117 1351 39.7 - 459.5 24 12.1 - 47.3 0.03
NNAL/Cotinine ng/pg (maternal) 0.7 05-1.0 2.2 09-54 0.2 0.1-03 < 0.01
NNAL/Cotinine ng/mg (neonate) 0.3 02-04 0.9 03-28 0.1 0.03 - 0.2 < 0.01

Geometric Mean and 95% Cl for levels of NNAL and cotinine measured in neonate and maternal urine. Significance of differences determined by Kruskal-Wallis test

Table 2. Maternal to neonatal ratios of urine cotinine and NNAL by tobacco product.

Cigarette (n = 36) Commercial (n =9) Igmik (n = 16)
GM 95% ClI GM 95% ClI GM 95% ClI p
Maternal Cotinine/ Neonatal Cotinine 25 2.0 - 3.1 2.6 1.5-46 2.5 1.7 - 3.8 0.99
Maternal NNAL/ Neonatal NNAL 6.3 45-89 7.6 3.1 -19.1 57 34-96 0.74

Geometric Mean and 95% Cl for Maternal to Neonatal Biomarker Ratios by Tobacco Product. Units — Maternal/Neonatal Cotinine: [ng/mg creat]/[ng/ml],
Maternal/Neonatal NNAL: [pg/mg creat]/[pg/ml]. Significance of differences determined by Kruskall-Wallis test.
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Table 3. Spearman’s correlations of urinary biomarkers by tobacco product.

Cigarettes Commercial igmik

n e n e n [
Cotinine (M) — Cotinine (N) 35 0.83 *** 8 09 * 16 0.85 ***
NNAL (M) — NNAL (N) 35 0.76 *** 9 0.92 *** 16 0.80 ***
NNAL (M) — Cotinine (M) 35 0.78 *** 9 0.75 * 16 0.65 *
NNAL (M) — Cotinine (N) 34 0.71 *** 8 0.83 * 16 0.59 *
NNAL (N) - Cotinine (N) 35 0.74 *** 8 0.64 16 0.39
NNAL (N) - Cotinine (M) 36 0.73 *** 9 0.6 16 0.36

Maternal and Neonatal Biomarker Correlations by Tobacco Product. M: Maternal, N: Neonatal, *: p < 0.05, ***: p < 0.001. Units — Maternal Cotinine: ng/mg
creat, Neonatal Cotinine: ng/ml, Maternal NNAL: pg/mg creatinine, Neonatal NNAL: pg/ml
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Cotinine Cotinine
©
2 -
i o
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Maternal r =0.90 Neonatal
Cotinine Cotinine
@ -
i o
- 2
Maternal Neonatal
NNAL r=0.92 NNAL
Igmik
Maternal r =0.85 Neonatal
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g o
- w
©°
Maternal Neonatal
NNAL r =0.80 NNAL

Figure 1. Comparative correlations of cotinine and NNAL in
neonates and postpartum women by tobacco product.

Discussion

In a prior study, we presented data on the relationship
between maternal urine cotinine and neonatal urine
NNAL, the aim of which was to provide data that
could be used to assist in smoking cessation counsel-
ling during pregnancy among AN women [15]. In the
present study, we examine relationships between urine
cotinine and NNAL concentrations within and between

mothers and neonates, and we compare ratios for
mothers using different tobacco products. We find
that, irrespective of tobacco product, within pairs,
mother to neonate cotinine concentrations are highly
correlated; and the same is observed for urine NNAL.
Maternal concentrations were on an average 2.5-fold
and 6.5 fold higher than neonatal concentrations for
cotinine and NNAL, respectively.

However, the relationships between maternal coti-
nine and neonate NNAL and between maternal NNAL
and neonatal cotinine are variable in absolute ratios as
well as in strength of association. For pairs in which the
mother is a cigarette smoker, the correlations between
maternal cotinine and neonatal NNAL are fairly strong
(r =0.73). Compared to pairs in which the mother was a
smoker, for commercial ST using mothers, the correla-
tion between maternal cotinine and neonatal NNAL is
weaker (r = 0.60) and for igmik users the correlation
between maternal cotinine and neonatal urine NNAL is
weaker still (r = 0.36) (both correlations non-significant).

The finding of strong correlations between mother
and neonate for the same analyte are expected, given
the known penetration and presumed equilibrium of
cotinine and NNAL between maternal and neonatal
circulations regardless of the type of tobacco product
used. The product-related differences in ratios and
strength of correlations between maternal cotinine
and neonatal NNAL are likely related to the variability
and across-product differences in nicotine and NNK
content and bioavailability. Commercial ST has on aver-
age much higher ratios of NNK to nicotine than has
cigarette tobacco [21]. In addition, there is variability in
the ratio as well as the pH across smokeless products,
and the bioavailability of nicotine depends on the pH of
the particular ST product [21,22]. Igmik is homemade
from tobacco and ash and has a very high pH, resulting
in very high nicotine bioavailability [8,21]. NNK levels in
igmik are lower than those in other forms of tobacco.
This explains the low absolute ratios of NNAL/cotinine
in urine of igmik-using mothers and their neonates.
Among igmik users, the variability in types of tobacco
used and amount of ash added most likely explain why



the correlations between maternal cotinine and neona-
tal NNAL are weak.

In addition to our prior study, we are aware of two
previously published studies that have measured con-
centrations of NNAL in neonates. Lackmann studied 31
neonates of women who smoked, and were able to
measure NNAL in 71% [13]. They found correlations
between neonatal urine cotinine and neonatal NNAL
(r = 0.56) which is similar to the findings in our popula-
tion. Lackmann did not examine maternal urine. Florek
et al. studied 62 pregnant smokers in Poland, collecting
urine samples from women at the time of admission
and urine from the neonates with their first void [11].
They reported similar absolute concentrations of coti-
nine and NNAL in the maternal urine as we report in
this study. While we report a significant correlation
between maternal cotinine concentration and neonatal
NNAL, Florek et al. did not report a significant correla-
tion (2011). This difference may be due to Florek’s use
of creatinine-corrected neonatal concentrations.

Cotinine and NNAL are known to readily pass
through the placenta into the foetal circulation
[23,24]. This most likely explains the high correlations
between maternal and neonatal analyte levels in our
population. The weaker correlation between maternal
cotinine and neonatal NNAL is not unexpected, as it
may reflect differences in nicotine and NNK metabolism
and excretory pathways. Thus, a person could be a slow
metaboliser of nicotine or cotinine and a fast metabo-
liser of NNK, or the reverse. This would result in weaker
correlations comparing two different analytes as com-
pared to the same analyte in maternal and neonatal
urines.

Limitations to our study include the small number of
women who were commercial smokeless tobacco or
igmik users, the fact that igmik is homemade and its
chemical constituents could vary from household to
household, inaccuracies in self-report of cigarette or smo-
keless tobacco consumption, the variable time interval
between maternal and neonatal urine collections, and
possible differences across women in renal clearance of
cotinine or NNAL. These potential confounders would be
expected to reduce the strength of correlations between
maternal and neonatal toxicant concentrations. However,
despite these sources of variability, the within-analyte
maternal-neonate concentrations were strongly corre-
lated, and provide a sound basis for using maternal bio-
marker levels to estimate neonatal exposure.

Maternal transmission of NNK to foetal mice has
been demonstrated and can cause tumours, including
malignant tumours that appear as the mice offspring
mature [23,24]. Although there are conflicting reports,
some human epidemiology studies suggest that
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exposure to tobacco smoke during pregnancy or during
infancy is associated with an increased risk of cancer
later in life [25,26]. Urine concentrations of cotinine and
NNAL in mother and neonate provide a quantitative
marker of tobacco constituent and carcinogen exposure
during pregnancy, and could serve as a predictor of
tobacco-related cancer as well as other health risks
later in life. We provide data on exposure of neonates
to nicotine and NNAL and relationships between mater-
nal and neonatal exposures, which might be useful in
guiding future epidemiologic studies on health effects
of using various tobacco products during pregnancy.
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