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ABSTRACT: High levels of NNAL, the tobacco smoke exposure (TSE) biomarker of the carcinogen 4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK), indicate future cancer risk. A prior study of smokers’ children revealed NNAL levels as high as active smokers. Therefore,
we conducted a case series to examine the sociodemographics, TSE and clinical patterns, and other TSE biomarker levels in 9 children with
extreme NNAL levels of >200pg/ml to generate hypotheses and explore potential causes and implications. We identified O to 4-year-olds who
presented to an emergency setting and lived with =1 smoker who were part of a parental tobacco cessation trial (n=461). Of these children, 52
had urinary NNAL, cotinine, and N-oxides results (n=52). Nine children (17.3%) had NNAL levels >200 pg/ml, ranging from 206.4 to 1399.0 pg/
ml (Median (Mdn)=489.2pg/ml; Interquartile Range (IQR)=222.7-1289.3pg/ml). The cotinine Mdn (IQR) was 38.5 (10.3-102.2) ng/ml and
the N-oxides Mdn (IQR)=93.8 (24.7-109.6) pg/ml. While all biomarker levels were alarmingly high, these young children would not have been
flagged for very high cancer risk based on urinary cotinine levels alone. This underscores the critical role of comprehensive TSE biomarker
measurement in capturing different TSE exposure patterns and assessing children’s future risk for cancer and other TSE-related morbidities.
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Introduction

Young children who live with smokers are most vulnerable to the
carcinogenic risks associated with tobacco smoke exposure
(TSE).13 Nicotine-derived 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) is a potent lung, esophageal, and oral cavity
carcinogen.*> NNK is metabolized to 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) found in urine. In a prior study,®
we found that 0 to 4-year-old children of smokers had an alarmingly
high median (Interquartile range, IQR) NNAL level=40.1(13.9-
129.8) pg/ml. This level is approximately 4-times above the NNAL
cut-point of 9.6pg/ml used to distinguish active versus passive
smoking, and 3-times above the threshold of 14.4 pg/ml used to
distinguish active adolescent smokers from nonsmokers with
TSE.” Further, the NNAL levels observed in these 0 to 4-year-
olds were up to 80 times higher than adolescents with passive
TSE (median (IQR): 0.49 (0.18-1.26) to 2.21 (1.06-5.70) pg/
ml)7$ and were nearly equivalent to levels in active adolescent
smokers (median (IQR)=54 (9-85) pg/ml).8 NNAL provides a
measure of carcinogenic uptake from tobacco smoke pollutants,
and such high levels raise concerns for childrens future risk of
cancer and TSE-related illnesses after many years of involuntary
TSE.1? Further, since NNAL has an average half-life of 10 to
40days, NNAL provides a measurement of TSE over approxi-
mately 1 month!® and may be an indicator of chronic exposure to

airborne secondhand smoke (SHS) and thirdhand smoke (THS)
in dust and on surfaces.? Due to young children’s exploratory
behaviors, they have a higher chance of being exposed to THS via
dermal contact, ingestion, and inhalation.?

Given these high NNAL levels, we conducted a case series
of a subsample of 0 to 4-year-old children to examine sociode-
mographics, housing characteristics, TSE and clinical pat-
terns, and T'SE biomarker levels of this vulnerable population
with high NNK-related cancer risks. These findings were then
used to generate hypotheses to explore potential causes and
implications of these high NNAL values. We also examined
urinary cotinine and urinary Nicotelline N-oxides, tobacco-
specific biomarkers of recent nicotine and Nicotelline expo-
sure with half-lives of a few days'® and a few hours,
respectively.!?

Methods
Case identification

Patients in this case series were part of a randomized controlled
trial (RCT) of an emergency setting-based parental tobacco
cessation intervention (www.clinicaltrials.gov: NCT02531594)
which enrolled 750 parent-child dyads.?® Children in this RCT
were 0 to 17-year-olds who presented with potential
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TSE-related complaints to a Pediatric Emergency Department
(PED) or Urgent Care (UC) of a U.S. children’s hospital.
Eligible adults were parents accompanying their child to the
PED/UC and current daily combustible tobacco smokers. The
hospital’s institutional review board approved study procedures
(IRB#2015-1914), and parents provided written informed
consent. We used the following criteria to select our sample of
children who: (a) were 0 to 4-years-old (n=461), (b) had urine
collected and analyzed for urinary NNAL (n=53) and on
N-oxides (n=53) and cotinine (n=>52), and (c) had urinary
NNAL > 200 pg/ml (n=9); thus, 17% of 0 to 4-year-olds with
urine data had NNAL > 200 pg/ml. This young age group was
selected based on observing disproportionately high NNAL
levels among the overall sample during preliminary analysis for
another published study.® Specifically, the top 10 highest
NNAL values found among the 0 to 17-year-old sample were
>200ng/ml, and of those, 9 children included in this study
were 0 to 4-years-old and one was 16-years-old. Additionally,
the accumulating evidence assessing 0 to 4-year-olds reports
biomarker levels indicative of high exposure,®141¢ and espe-
cially non-inhalational exposure.1417:18

Sample analysis

Study staff obtained child urine samples which were stored at
-80°C and analyzed for NNAL, cotinine, and Nicotelline
N-oxides by liquid chromatography-tandem mass spectrome-
try (LC-MS/MS)712 at the Clinical Pharmacology Laboratory
at the University of California at San Francisco. The limits of
quantitation (LOQ)were=0.25pg/ml for NNAL, 0.05 ng/ml
for cotinine, and 1.37 pg/ml for N-oxides.”12

Assessments and electronic medical record review

Parents self-reported sociodemographics, housing type, the
number of daily cigarettes they smoked, the number of ciga-
rette smokers around the child in the past week, and the num-
ber of daily cigarettes that were smoked around the child by all
smokers in any location (eg, home, car) in the past week.
Children’s electronic medical records were reviewed to assess:
TSE-related past medical history (PMH; specifically, bronchi-
olitis, asthma, pneumonia), chief complaints (eg, cough), ICD-
10 discharge diagnoses, and disposition (ie, discharge home,
admission).

Results

Table 1 describes the 9 children meeting inclusion criteria. See
Table 2 for a comparison of children’s characteristics in the case
series compared to all 0 to 4-year-olds in the overall sample who
had NNAL levels available (n=>53); characteristics were similar
except for the biomarker concentrations, and the children’s race
and the mean and median number of cigarettes smoked by par-
ents. Among the 9 children, Pearson correlations of the 3 log-
transformed biomarkers showed a strong, positive correlation

between urinary cotinine and Nicotelline N-oxides (r=.867,
P=.002). No correlation was found between urinary NNAL
and either cotinine (r=-.200, P=.606) or N-oxides (r=-.217,
P=.576). Among the overall sample of 0 to 4-year-olds, urinary
NNAL levels were positively correlated with cotinine (r=.457,
P<.001) and N-oxides (r=.668, P<.001), and cotinine and
N-oxides were positively correlated (r=.587, P<<.001).

Urinary NNAL levels ranged from 206.4 to 1399.0 pg/ml
(GeoM =546.2; Mdn (IQR)=489.2 (222.7-1289.3). Table 2
shows the child characteristics, TSE patterns, TSE biomarker
levels and clinical findings in children in this case series and in
the overall sample. The varying findings indicate that all chil-
dren were exposed to a wide range of tobacco smoke pollutants.
To explore potential contributing factors and clinical implica-
tions, we examined the sociodemographics, TSE patterns, and

TSE biomarker levels of the children in this case series (Table 3).

Discussion

All smokers’ children are at increased risk of TSE-related mor-
bidity and mortality. However, the 0 to 4-year-olds in this case
series are at dramatically higher risk of developing cancer in
the future given their high NNAL levels of >200 pg/ml. Since
NNAL is a metabolite of the tobacco-specific lung carcinogen
NNK and a marker of lung cancer risk in adults, high levels in
children may be related to future cancer in children with
TSE.% The high NNAL levels observed were equivalent to or
exceeded those reported in nonsmoking children with TSE
and adolescent and active adult smokers.”$19-21 Specifically, the
GeoM and Mdn NNAL levels of children in this case series
were 546.2 and 489.2 pg/ml, respectively, versus prior reports of
children and adults with TSE who had GeoM NNAL levels in
the ranges of 14.6 to 29.3 pg/ml and 6.3 to 12.5 pg/ml, respec-
tively.101° Thus, these high NNAL levels in young children are
alarming and suggest that childrens pre-existing TSE and
environmental conditions disproportionately increase their
cancer risk, warranting further studies.

Most TSE biomarker research has exclusively measured
cotinine. However, given the relatively short half-life,'%11 coti-
nine can only capture recent TSE but may fail to identify chil-
dren with low levels of recent TSE and/or chronic TSE. Since
NNAL is a TSE biomarker that assesses children’s TSE aver-
aged over several weeks,!0 the observed levels suggest that a
substantial percentage of smokers’ children are chronically
exposed to high levels of the NNK carcinogen from SHS and
THS. This may result in a myriad of short- and long-term
clinical effects, which to date, are largely unknown. Notably,
the 2 children with the highest NNAL levels had a history of
prematurity. Although we do not know if they had prenatal
TSE, it is known that prenatal nicotine exposure is associated
with preterm birth.?>?3 Additionally, 67% and 78% of children
in the case series had respiratory-related chief complaints and
discharge diagnoses, respectively; 100% of children had a TSE-
related diagnosis; and admission rates were double those of the
overall sample. Further, 44% of the children in the case series
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Table 2. Comparison between the patients in the case series and the patients in the overall sample with NNAL, cotinine, and N-Oxide measures.

CASE SERIES PATIENTS PATIENTS IN THE OVERALL

Child Age: Mean (SD) years

Child Sex—Male

Child Race—Non-Hispanic Black
Child Insurance Type—Government

Parent Education Level—some college

Household Income Level <$30000
Housing Type—Apartment
Number of cigarettes/day smoked by parent
Range
Mean (SD)
Median (IQR)

(N=9) N (%)

2.2 (1.4)
6 (66.7)
3(33.3)
8 (88.9)
5 (55.6)
9 (100)

3(33.3)

5-25
15.1 (7.3)

20.0 (8.0, 20.0)

Number of cigarette smokers/day around the child in any location during the past week

Range
Mean (SD)
Median (IQR)

Number of cigarettes/day smoked around child by all smokers in any location during the past week

Range

Mean (SD)

Median (IQR)
Urinary NNAL level (pg/ml)

Range

GeoM (95% Cl)

Median (IQR)
Urinary Cotinine level (ng/ml)

Range

GeoM (95% ClI)

Median (IQR)
Urinary N-oxides level (pg/ml)

Range

GeoM (95% Cl)

Median (IQR)
Respiratory-related Past Medical History
Prematurity Past Medical History
Chief Complaint—Difficulty Breathing
Disposition—Admit to Hospital

TSE-Related ICD-10 Discharge Diagnosis*

1-4
2.3 (1.1)

2.0 (1.5-3.5)

0-25
8.4 (9.7)

5.0 (0.5-17.5)

206.4-1399.0
546.2 (280.1-1064.3)
489.2 (222.7-1289.3)

4.4139.6
35.0 (13.3-89.6)
38.5 (10.3-102.2)

5.0-212.7
56.2 (23.6-131.8)
93.8 (24.7-109.6)
2(22.2)
2(22.2)
4 (44.4)
2(22.2)

9 (100)

SAMPLE (N=53) N (%)
2.19 (1.61)

35 (66.0)

31 (58.5)

52 (98.1)

24 (45.3)

47 (89.0)

23 (43.4)

1-27
10.29 (6.26)
8 (6-14)

1-7
2.42 (1.6)

2(1-3)

0-43
6.92 (11.00)

3.0 (0-7.75)

1.2-1399.0
46.7 (29.6-73.3)
40.1 (13.9-129.8)

0.6-169.0
14.9 (10.4-21.0)

15.7 (6.1-33.8)

1.0-212.7

26.1 (18.0-37.7)
257 (9.0-85.9)
11 (20.8)

10 (18.9)

12 (22.6)

6 (11.3)

47 (88.7)
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Table 3. TSE marker levels, possible associations, and explanations.

CASE NUMBER(S) OBSERVATIONS

9 Highest overall TSE
biomarker levels

POSSIBLE ASSOCIATIONS

-Highest number of cigarettes smoked around child
-High recent and high chronic SHS and THS exposure

-Large pervasive THS reservoirs contributing to chronic exposure
-Prematurity may indicate prenatal TSE
-Young child age and immature metabolism

7,8 High NNAL levels but
lower levels of other
TSE biomarkers

High NNAL levels may be associated with:
-High chronic SHS and THS exposure
-Large pervasive THS reservoirs contributing to chronic exposure

-Prematurity may indicate prenatal TSE

-Young child age and immature metabolism

Relatively low cotinine (cases #7 and #8) and N-oxides (case #8) may be associated with:
-Lower recent or acute TSE

High NNAL levels may be associated with:

-Large pervasive THS reservoirs contributing to chronic exposure
High cotinine (all cases) and high N-oxides (cases #3 and #4) may be associated with:

3,4,6 High NNAL and
Cotinine Levels -High chronic SHS and THS exposure
-High recent or acute TSE
1,2,5 High Levels of all TSE

Biomarkers

-High numbers of cigarettes smoked by parents and around child (cases #2 and #5)
-High chronic SHS and THS exposure

-Large pervasive THS reservoirs contributing to chronic exposure
-High recent or acute TSE

had a chief complaint of difficulty breathing compared to 23%
in the overall sample. While the implications of these high
NNAL levels and potential clinical associations are unclear, in
a study of adult nonsmokers with asthma, those with higher
NNAL levels had increased asthma exacerbations and emer-
gency visits.?In another study, adult nonsmokers with chronic
obstructive pulmonary disease (COPD) and higher NNAL
levels had greater shortness of breath and COPD severity®;
thus, further underscoring the need for future large cohort
studies of children with TSE.

We observed disproportionately high cotinine and N-oxide
biomarker levels, which measure nicotine and particulate mat-
ter exposure from SHS and THS, respectively.'1? The coti-
nine GeoM and Mdn levels were 35.0 and 38.5ng/ml,
respectively, versus reported cotinine GeoMs in the range of
0.03-12.6 ng/ml1'*2! and Mdns of 0.1 to 0.8 ng/ml”$ in studies
of nonsmoking children, adolescents, and adults who were
passively exposed to tobacco smoke. While the cotinine levels
in this study were lower than those of adolescent and adult
smokers,”8 five children had urinary cotinine levels >30ng/
ml, a cut-point used to distinguish nonsmokers from smok-
ers.1® Much prior research indicates that higher cotinine levels
are associated with increased respiratory, infectious, and other
pediatric illnesses.>2627 These associations may be due, in part,
to the effect of nicotine exposure on lung growth and develop-
ment, adverse effects on airway resistance and contractility,
and immune suppression.? The GeoM and Mdn N-oxide
levels of children in this case series were 56.2 and 93.8 pg/ml,
respectively. A prior study of adult tobacco users reported
mean (SD) N-oxide levels of 32.8 (55.0) pg/ml.?® Since
N-oxides measure short-term TSE, these levels may be associ-
ated with acute illnesses, but further studies are needed.

This study’s main strength is the reporting of 3 urinary bio-
markers that distinctly detect different aspects of TSE among 0
to 4-year-olds, an age group historically underrepresented in
biochemically validated TSE studies.?” Additionally, we report
the sociodemographic, parental smoking, TSE patterns, and
clinical characteristics of children with carcinogenic NNAL
uptake levels >200 pg/ml. Although only 9 participants were
included, this is due to the strict inclusion/exclusion criteria
used, which allowed us to assess the highest NNAL levels in our
overall cohort.®

In conclusion, this study provides evidence that 0 to
4-year-olds living with smokers can have high T'SE carcino-
gen biomarker levels that could not have been detected with
urinary cotinine alone. Cotinine may underestimate carcino-
genic- and particulate matter-derived risks that NNAL and
N-oxides can quantify. This underscores the critical role of
comprehensive T'SE biomarker measurement in young chil-
dren to capture all aspects of the timing and types of TSE
and to assess children’s future risk for cancer and other TSE-
related morbidities.
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