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Abstract
Oral fluid collection is non-invasive and easily observed making it an attractive matrix for
objectively determining smoking status. Despite large inter-subject variability, cotinine oral fluid
concentrations correlate with cigarettes smoked per day (CPD). Few studies, however, assessed
nicotine markers in oral fluid other than cotinine; other markers might improve smoking status
assessment and/or time of last cigarette.

Materials and Methods—Smoking histories and oral fluid specimens were collected from non-
treatment-seeking light (1–10 CPD) and heavy smokers (>10 CPD), and from environmentally
exposed and nonexposed nonsmokers who provided written informed consent for this Institutional
Review Board-approved study. Nicotine, cotinine, hydroxycotinine (OH-cotinine) and norcotinine
oral fluid concentrations were quantified via liquid chromatography tandem mass spectrometry
(LCMSMS).

Results—Comparison of 1, 3 and 10ng/mL oral fluid LCMSMS cutoffs demonstrated that 10ng/
mL cutoffs performed optimally for cotinine, OH-cotinine, nicotine and norcotinine identifying
98, 97, 88 and 15% of self-reported smokers; 1% nonsmokers had >10ng/mL cotinine. No self-
reported nonsmoker had >10ng/mL OH-cotinine, nicotine or norcotinine. Norcotinine was only
identified in smokers’ oral fluid. Oral fluid nicotine, cotinine and nicotine/cotinine ratios were
negatively correlated with time of last smoking (r=−0.53, −0.23, and −0.51; p<0.05) and CPD
(r=0.35, 0.26 and 0.33; p<0.01), respectively.

Discussion and Conclusion—OH-cotinine performed slightly better than cotinine for
distinguishing smokers from nonsmokers and should be considered as an additional oral fluid
smoking indicator. Further research is required to determine if oral fluid norcotinine is a marker
for distinguishing light and heavy smokers. Moderate correlations suggest nicotine, cotinine and
nicotine/cotinine ratios may be useful for determining smoking recency in “spot samples”
collected during nicotine cessation treatment.

Introduction
All biological tissues and fluids for monitoring an individual’s drug intake have strengths
and limitations. Urine, the traditional matrix for detecting drug exposure, correlates poorly
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with acute drug effects, and specimens are more easily adulterated. Many drug effects
correlate with blood drug concentrations, but collection is invasive requiring trained medical
staff. Oral fluid, a mixture of secretions from the major and minor salivary glands and
gingival crevices, is advancing as an alternative matrix for monitoring drug use in clinical
and treatment settings 1. Oral fluid can be collected with numerous commercially available
collection devices or simply via expectoration into a tube 1, 2. Collection is non-invasive,
easily observed and has minimal chance of adulteration. The primary mechanism for drug
distribution into oral fluid is passive diffusion of non-ionized, unbound drug from blood 1, 2.
Limited specimen volume, low drug concentrations and contamination via smoked or oral
drug administration are limitations of oral fluid testing 1.

Although smoking is decreasing in the United States, according to the 2009 National Survey
on Drug Use and Health, 58.7 million Americans aged 12 years or older smoked cigarettes
in the past month 3. Furthermore, the Center for Disease Control and Prevention lists
tobacco smoking as the single largest preventable cause of death in the United States 4.
Nicotine is extensively metabolized, primarily to cotinine via a two-step process involving
cytochrome P450s 2A6 (CYP2A6) and 2B6 and aldehyde oxidase 5, 6. 3′-Hydroxycotinine
(OH-cotinine) and norcotinine also are formed by CYP2A6-mediated metabolism 5, 6. Phase
II glucuronide conjugation occurs with nicotine, cotinine and OH-cotinine 5, 6. Nicotine’s
plasma half-life is relatively short (1.5–3.5 h) 7, while cotinine and OH-cotinine half-lives
are 6–22 and 5–8 h, respectively, after intravenous administration of deuterated analogs 8, 9.

Oral fluid cotinine, the most prevalent nicotine marker, was extensively investigated as a
smoking indicator in clinical research and smoking treatment studies 10–18. CYP2A6 activity
is highly variable 5, 13, resulting in large inter-subject variability in cotinine oral fluid
concentrations. However, oral fluid cotinine concentrations were significantly correlated
with self-reported number of cigarettes smoked per day, r=0.52, p<0.001 19 and with
nicotine tolerance scores assessed by the modified Fagerstrom Tolerance Questionnaire
(FTQ), r=0.40, p<0.001 20. Oral fluid cotinine also correlated with all of the items in the
Hooked on Nicotine Checklist (r=0.11–0.47, p<0.05), except for “Did you feel more
irritable because you couldn’t smoke”, r=0.05, p>0.05 21. Other tobacco markers are less
well studied. The OH-cotinine/cotinine oral fluid ratio is helpful to determine nicotine
clearance and CYP2A6 activity 13, 22, 23. There may be additional markers to estimate time
of last use and assess smoking patterns.

We simultaneously quantified nicotine, cotinine, OH-cotinine and norcotinine by liquid
chromatography tandem mass spectrometry (LCMSMS) in oral fluid specimens from 1)
nonsmokers with no passive exposure 2) nonsmokers with any passive exposure in the past
month 3) smokers reporting 1–10 cigarettes per day (CPD) and 4) smokers reporting greater
than 10 CPD. We evaluated multiple cutoffs for the four analytes to best distinguish these 4
groups, and investigated correlations of nicotine and metabolite oral fluid concentrations
with times of last smoking and daily cigarette consumption.

Methods
Participants

Non-treatment-seeking smokers and nonsmokers were recruited; heavy smokers were
defined as smoking >10 CPD and light smokers as smoking 1–10 CPD. Nonsmokers
reporting any passive smoke exposure at home or work during the previous month were
defined as environmentally exposed nonsmokers, and nonsmokers reporting no passive
smoke exposure in the past month as nonexposed nonsmokers.

Scheidweiler et al. Page 2

Ther Drug Monit. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Exclusion criteria included chronic pulmonary disease and cannabis smoking greater than 5
times in the past 2 weeks or within the past 24 h. Additional exclusion criteria for smokers
included: current interest in decreasing smoking or quitting; treatment for tobacco
dependence within the past 3 months; use of nicotine replacement products, bupropion, or
varenicline in the past 3 months; and current use of tobacco products other than cigarettes.
Additional exclusion criteria for nonsmokers included use of any tobacco or nicotine
product in the past 3 months.

This study protocol was approved by the National Institute on Drug Abuse Intramural
Research Program Institutional Review Board and participants provided written informed
consent.

Procedure
Smoking histories, breath CO, and urine and oral fluid specimens were collected. Time of
day was not standardized for specimen collection. Breath CO readings were obtained with a
Vitalograph breath CO instrument having ±3ppm accuracy across a 0–199ppm reporting
range (Vitalograph, Lenexa, KS). Two oral fluid specimens were collected from each
participant. Expectorated oral fluid specimens were analyzed by NicAlert® (Nymox Corp.,
Hasbrouck Heights, NJ) and oral fluid specimens collected with the Quantisal™ collection
device (Immunalysis, Pomona, CA) were analyzed by LCMSMS. NicAlert is an
immunochromatographic dipstick test directed against cotinine with 12–40% OH-cotinine
cross-reactivity 24. One end of the test strip containing gold particles coated with
monoclonal cotinine antibodies is placed in the expectorated oral fluid specimen for 20
seconds. Color change indicates gold particle migration distance on the test strip; migration
distance indicates analyte concentration.

LCMSMS Nicotine and Metabolites Oral Fluid Assay
Nicotine, cotinine, OH-cotinine and norcotinine concentrations in oral fluid collected with
the Quantisal device were quantified by LCMSMS according to a previously validated
method 25. Extraction efficiencies from oral fluid were 56–101%, n=5. Limits of detection
(LOD) and quantification (LOQ) were 0.5 and 1.0ng/mL for nicotine, 0.1 and 0.2ng/mL for
cotinine, and 0.3 and 0.5ng/mL for OH-cotinine, and 0.7 and 1.0ng/mL for norcotinine,
respectively. Upper limits of linearity (ULOL) were 2000ng/mL for all analytes. Calibration
curves were constructed with 6–10 calibrators for each analyte in oral fluid. Inter-assay
analytical recoveries (n=20; bias) were 97–111% of target concentrations and inter-assay
imprecision (n=20), expressed as percent coefficient of variation, were less than 12% for
nicotine and metabolites. Matrix effects (ion suppression) were less than 29% for all
analytes.

Statistical Analysis
Graphpad Prism 5.02 (Graphpad Software, Inc., La Jolla, CA) was used for all statistical
comparisons with p<0.05 significance threshold. Differences between heavy smokers, light
smokers, environmentally exposed and nonexposed nonsmokers were examined with one-
way analysis of variance with follow-up t-test comparisons (Table 1). Differences in
categorical variables (e.g., sex) were examined with Pearson chi-square tests (Table 1).
Participant demographic group differences between smokers and nonsmokers were
examined with t-tests.

Correlations between nicotine, cotinine, OH-cotinine and norcotinine oral fluid
concentrations were evaluated with Spearman correlation tests. Spearman correlation tests
also evaluated possible correlations between nicotine and metabolite oral fluid
concentrations and time of last cigarette, number of cigarettes smoked today and typical
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CPD. Differences between nonsmokers, light and heavy smokers’ oral fluid nicotine and
metabolite concentrations were evaluated via non-parametric one-way analysis of variance
(ANOVA) Kruskal-Wallis tests, expressed by the H statistic, using Prism 5.02 (p<0.05).
Follow-up comparisons were conducted with Dunn’s multiple comparisons test with
Bonferroni-adjusted significance thresholds equivalent to p<0.05. For statistical
comparisons, 0.5 times the analyte LOQ were used for specimens containing concentrations
less than the LOQ. Metabolite ratios were computed for participants with specimens
exceeding assay LOQ for both analytes.

Results
Participants

Table 1 details participant demographics and smoking characteristics. There were 46 heavy
smokers (>10 CPD) and 44 light smokers. Monthly passive smoke exposure was reported by
36 nonsmokers, and no passive exposure by 46 nonsmokers. One self-reported heavy
smoker smoked within 30 min of oral fluid collection and had highly elevated nicotine and
norcotinine LCMSMS concentrations of 12,820 and 534ng/mL, respectively. Nicotine and
norcotinine oral fluid concentrations were inconsistent with all other participant data as
evaluated by the Grubb’s test, p<0.05. For this reason, this participant’s data were excluded
from all analyses.

Nicotine and Metabolites Oral Fluid Cutoff Concentrations for Determining Smoking Status
by LCMSMS

Boxplots showing nicotine, cotinine, OH-cotinine and norcotinine OF concentrations in
nonexposed and environmentally exposed nonsmokers, and light and heavy smokers oral
fluid specimens are presented in Figure 1. Non-parametric one-way ANOVA Kruskal-
Wallis analysis revealed significant group differences for nicotine, cotinine, OH-cotinine,
norcotinine, and nicotine/cotinine and OH-cotinine/nicotine ratios (H3=6.6–130.7, p<0.05).
Follow-up testing revealed that both nonexposed and exposed nonsmoker nicotine, cotinine,
OH-cotinine and norcotinine oral fluid concentrations were significantly lower than those of
light and heavy smokers, p<0.05 (Figure 1). The only significant difference observed for
nicotine/cotinine ratios was that light smokers ratios were significantly lower than in
nonexposed and exposed nonsmokers. There were no significant differences within OH-
cotinine/cotinine, norcotinine/cotinine and OH-cotinine/nicotine ratios. There were no
significant differences between nonexposed and exposed nonsmokers or light and heavy
smokers for nicotine, cotinine, OH-cotinine, norcotinine concentrations or for nicotine/
cotinine, OH-cotinine/cotinine, norcotinine/cotinine and OH-cotinine/nicotine ratios (Figure
1).

Nicotine, cotinine and OH-cotinine were present in concentrations exceeding 1.0ng/mL in
>52% of all oral fluid specimens collected in the study (Table 2). Increasing the cutoff to
10ng/mL for all analytes decreased rates of detection by 11, 5 and 2% for nicotine, cotinine
and OH-cotinine, respectively (Table 2). Norcotinine was identified in fewer specimens,
exceeding 1.0ng/mL in 33%, and always in concentrations less than 77.6ng/mL (Table 2).

Most specimens (11/19, 9/9 and 2/3) containing 1.0–10ng/mL of nicotine, cotinine and OH-
cotinine were from self-reported nonsmokers (Tables 2 and 3). Eleven nonsmokers’
specimens contained greater than 0.5ng/mL cotinine, seven were environmentally exposed
and four were not. Norcotinine did not exceed 1.0ng/mL in any self-reported nonsmoker
specimen (Table 3). Considering self-reports, the 10ng/mL cutoff produced the fewest false
positive specimens, as only one nonsmokers’ oral fluid specimen was positive for any
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nicotine analyte at this threshold; 12 and 13% of nonsmokers oral fluid specimens exceeded
1ng/mL for cotinine and nicotine, respectively (Table 3).

When evaluating detection rates for self-reported smokers at 1.0ng/mL; nicotine, cotinine
and OH-cotinine identified similar numbers of smokers (>97%; Table 4). Cotinine and OH-
cotinine detection rates were similar with 1, 3 and 10ng/mL cutoffs for self-reported
smokers, while detection rates with nicotine decreased 8% when a higher 10ng/mL cutoff
was employed (Table 4). Norcotinine was present at lower concentrations than the other
analytes, poorly identifying smoking status with 64, 45 and 15% detection rates at 1, 3 and
10ng/mL cutoffs, respectively.

Most positive specimens contained nicotine, cotinine and OH-cotinine. In 88 cases (51% of
total specimens, 91% of cotinine positive specimens); nicotine, cotinine and OH-cotinine
exceeded 1.0ng/mL. All six cases with only cotinine, and two cases with only nicotine and
cotinine occurred in self-reported nonsmokers.

A 5ppm breath CO cutoff accurately determined smoking status as compared to self-report
(Tables 3 and 4). A combination of LCMSMS 10ng/mL oral fluid cutoff and a breath CO
5ppm cutoff yielded more nicotine positive specimens than self-report alone in nonsmokers
(Table 3) and fewer nicotine positive specimens than self-report alone in smokers (Table 4).
Four of five subjects with a breath CO less than 5ppm and oral fluid specimens containing
>10ng/mL cotinine were self-reported smokers. Three participants had a breath CO >5ppm
but no nicotine analytes exceeding 10ng/mL, two of whom reported being nonsmokers.

An oral fluid NicAlert cutoff of 10ng/mL performed poorly for differentiating nonsmokers
from smokers (Tables 3 and 4). A 10ng/mL NicAlert cutoff yielded 22% false negative and
16% false positive results compared to a 10ng/mL LCMSMS cotinine reference cutoff.
Evaluation of additional nicotine analytes by LCMSMS did not improve NicAlert
performance (Tables 3 and 4). We also evaluated whether compensating for OH-cotinine
cross-reactivity would alter NicAlert performance. LCMSMS cotinine and OH-cotinine
concentrations were converted to moles and their specific cross-reactivities added (OH-
cotinine cross reactivity 0.4 times that of cotinine); performance was not altered (data not
shown).

Applicability of Nicotine and Metabolite Oral Fluid Concentrations as Smoking Markers
Only nicotine and cotinine oral fluid concentrations and nicotine/cotinine and OH-cotinine/
nicotine ratios were significantly correlated with time of last smoking, p<0.05 (Figure 2).
Correlation coefficients were −0.53 and −0.23 for nicotine and cotinine, respectively,
suggesting that nicotine is a better marker for estimating time of last cigarette. In addition,
we observed significant correlations between number of cigarettes smoked today compared
to nicotine and cotinine oral fluid concentrations and nicotine/cotinine and OH-cotinine/
nicotine ratios, p<0.05 (Figure 3), but not for OH-cotinine and norcotinine concentrations or
their ratios (Figure 3). Also, significant correlations between typical CPD and nicotine
(r=0.35, p<0.01), cotinine (r=0.26, p<0.01), OH-cotinine (r=0.33, p<0.01) and norcotinine
(r=0.26, p<0.01) oral fluid concentrations and nicotine/cotinine ratios (r=0.29, p<0.01) were
observed (data not shown). Typical CPD and OH-cotinine/cotinine, norcotinine/cotinine and
OH-cotinine/nicotine ratios were not significantly correlated; p>0.05 (data not shown).

Discussion
It should be noted that self-report performed well for identifying smoking status in our
cohort. We do not believe that our data suggest that self-report alone is an accurate and
reliable indicator of smoking status. There was no pressure or advantage to misreport
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smoking status; smokers and nonsmokers were recruited for this non-treatment study. This
was not a smoking cessation study, and multiple specimens were tested for smoking
markers. These factors may have influenced the veracity of self-report.

The high percentage of African Americans in our cohort is a limitation of our study. Ethnic
differences in nicotine metabolism occur; higher plasma nicotine concentrations are found in
African Americans than Caucasians 6, 26 and nicotine clearance tends to be slower in
African Americans than Caucasians 6. The disproportionally high number of African
Americans in our cohort may enhance detection rates for differentiating smokers from
nonsmokers at higher oral fluid cutoffs than might be observed throughout the general
population.

Many cutoffs suggested for nicotine oral fluid testing are extrapolated from plasma results,
since research suggested that oral fluid and plasma cotinine concentrations are similar 27.
Oral fluid to plasma cotinine concentration ratios were 1.2–1.4 after intravenous cotinine
infusion 12 and after one nicotine transdermal administration study 18. However, a recent
transdermal nicotine study found oral fluid to plasma cotinine concentration ratios of 2.7,
twice as high as those found in the earlier transdermal study 17. The 10ng/mL cotinine
cutoff, originally suggested by Benowitz in 1983 for plasma testing 28, appears to perform
optimally for distinguishing self-reported smokers from nonsmokers in our cohort,
identifying 98% of self-reported smokers and 1% of self-reported nonsmokers as smokers.
Passage of smoke-free environmental legislation prompted reducing the proposed cotinine
cutoff to 3ng/mL for plasma testing 27. We found that 3ng/mL cotinine oral fluid cutoff
performs similar to 10ng/mL for differentiating self-reported smokers from nonsmokers;
however, 2% of self-reported nonsmokers (one environmentally-exposed and one
nonexposed) were identified as smokers. Decreasing the oral fluid cotinine cutoff
concentration from 3 to 1ng/mL classified 8 additional participants as smokers; however all
of the additionally identified smokers were self-reported nonsmokers.

With a 3 or 10ng/mL cutoff, OH-cotinine identified the same number of self-reported
smokers as cotinine, but while two and one nonsmokers were positive for cotinine, no
nonsmokers were positive for OH-cotinine at these cutoffs. These results indicate that OH-
cotinine may perform better than cotinine for assessing smoking status with oral fluid, or
that both analytes should be monitored. We did not find any advantages for differentiating
smokers from nonsmokers by including nicotine at any cutoff concentration. Low
norcotinine concentrations in oral fluid were observed; only exceeding 1ng/mL in 33% of
specimens. All specimens containing norcotinine were in self-reported smokers. We
observed a significant correlation between norcotinine and reported CPD, suggesting that
oral fluid norcotinine might be able to assist distinguishing light and heavy smokers.
However, smokers’ oral fluid norcotinine concentrations had large inter-subject variability
and there was no statistical difference between light and heavy smokers.

Benowitz et al. recently suggested plasma concentrations between 0.05 and 0.49ng/mL
identify low-level environmental tobacco smoke, 0.5–2.99ng/mL significant environmental
exposure and >3ng/mL active smokers 29. We found 4 and 7 self-reported nonexposed and
environmentally exposed nonsmokers had cotinine oral fluid concentrations exceeding
0.5ng/mL, respectively. This could suggest that a 0.5ng/mL cutoff is too high for identifying
mild environmentally exposed individuals.

None of the examined biomarkers were effective for distinguishing exposed from
nonexposed nonsmokers. It is possible that exposure during the past 30 days as our
classification criteria confounds distinction between nonexposed and exposed nonsmokers.
However, it should be noted that greater than 80% of our exposed nonsmokers reported
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weekly or more frequent exposure (Table 1). Therefore, it seems unlikely that the 30 day
criterion significantly impacted our ability to distinguish exposed and nonexposed
nonsmokers.

We previously reported that sensitivity and specificity were similar for breath CO and self-
report for differentiating smokers and nonsmokers in this study 30. Sensitivity and
specificity were 98.9 and 97.6%, respectively for self-report combined with 10ng/mL oral
fluid cotinine cutoff by LCMSMS as the reference measure for assessing smoking status 30.
Sensitivity and specificity were 94.4 and 96.4%, respectively, with a 5ppm breath CO cutoff
confirmed with the same cotinine cutoff 30. We tested whether nicotine, OH-cotinine or
norcotinine quantified by LCMSMS in oral fluid improved breath CO identification of
smokers. We did not observe any increased performance for breath CO verified with
multiple nicotine markers than for oral fluid cotinine alone. Breath CO performed well for
identifying smokers; 96, 95 and 90% of participants identified as smokers via a 5ppm breath
CO cutoff were confirmed as smokers by LCMSMS with a 10ng/mL oral fluid cutoff for
cotinine, OH-cotinine and nicotine, respectively. More smokers were misidentified as
nonsmokers by breath CO than by self-report; five, four and one participant(s) had breath
CO<5ppm and ≥10ng/mL of cotinine, OH-cotinine or nicotine, respectively in oral fluid. No
participant who self-reported being a nonsmoker had oral fluid nicotine or OH-cotinine
concentrations exceeding 10ng/mL. Norcotinine oral fluid concentrations were low;
confirming only 13% of smokers identified by breath CO. Additional oral fluid smoking
indicators monitored by LCMSMS failed to improve breath CO performance; lack of
pressure to misreport smoking status during this study likely accounts for our observed self-
report veracity.

Saliva NicAlert performed poorly for distinguishing smokers from nonsmokers. A previous
report documented saliva NicAlert sensitivity of 97% with a 10ng/mL NicAlert cotinine
cutoff compared to 10ng/mL oral fluid cutoff via gas chromatography-nitrogen phosphorous
detection 31. We observed a sensitivity of 76% for saliva NicAlert with a 10ng/mL cotinine
LCMSMS cutoff 30. It is unclear why our results differ. We hypothesized that antibody
cross-reactivity with other nicotine analytes could alter NicAlert results as compared to
quantitative cotinine concentrations. The NicAlert cotinine specific antibody has 12–40%
cross-reactivity with OH-cotinine 24. Inclusion of OH-cotinine with LCMSMS cotinine to
compensate for NicAlert antibody cross-reactivity did not improve NicAlert performance.

Estimating time of last smoking may be helpful for verifying self-report during nicotine
treatment studies, providing an objective biochemical measure of smoking recency. Thus,
we tested whether it might be possible to employ nicotine biomarkers for estimating time of
last smoking. We determined for the first time that nicotine (r=−0.53, p<0.01), cotinine (r=
−0.23, p<0.05), nicotine/cotinine (r=−0.51, p<0.01) and OH-cotinine/nicotine ratios (r=0.53,
p<0.01) were significantly correlated with self-reported time of last smoking. We predicted
that nicotine would be the best indicator of recency of smoking given the prolonged
clearance of cotinine and OH-cotinine relative to nicotine 5. Furthermore, Lea et al.
demonstrated that OH-cotinine/cotinine ratios are stable in active smokers throughout the
day 32. Therefore, it is not surprising that nicotine correlated best with time of last smoking.
Additional studies are required to develop and evaluate models for estimating time of last
smoking by nicotine, cotinine, nicotine/cotinine or OH-cotinine/nicotine oral fluid
concentrations.

Oral fluid cotinine predicts CPD 10, 11, 14–16. We tested whether cotinine, nicotine or
nicotine metabolites were correlated with CPD. First, we found that nicotine (r=0.48,
p<0.01), cotinine (r=0.30, p<0.01), nicotine/cotinine (r=0.48, p<0.01) and OH-cotinine/
nicotine ratios (r=−0.55, p<0.01) were significantly correlated, while OH-cotinine,
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norcotinine, OH-cotinine and norcotinine/cotinine ratios were not significantly correlated
with number of cigarettes smoked today. We also found that nicotine, cotinine, OH-cotinine,
norcotinine and nicotine/cotinine ratios were significantly correlated with cigarettes smoked
in a typical day. This indicates that oral fluid nicotine, cotinine and nicotine/cotinine ratios
are objective measures to determine smoking exposure in “spot samples” collected at
varying times during smoking cessation studies.

Conclusion
We observed that OH-cotinine performed slightly better than cotinine for distinguishing
smokers from nonsmokers. Norcotinine may be useful for distinguishing light from heavy
smokers. LCMSMS oral fluid concentrations of nicotine, cotinine, OH-cotinine and
norcotinine confirmed similar numbers of smokers determined with 5ppm breath CO cutoff
or self-report. Saliva NicAlert poorly identified smokers, and accounting for antibody cross-
reactivity did not improve this on-site tests’ performance. Monitoring oral fluid nicotine was
better than cotinine for estimating time of last smoking; further studies are necessary to
develop and evaluate models for predicting smoking recency. With our non-standardized
specimen collection times, we found correlations of oral fluid nicotine, cotinine and
nicotine/cotinine ratios with typical CPD and cigarettes smoked today. Thus, oral fluid
nicotine, cotinine and nicotine/cotinine ratios are applicable for determining smoking
exposure in “spot samples” collected during treatment studies.
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Figure 1.
Oral fluid concentrations of A) nicotine, B) cotinine, C) hydroxycotinine (OH-cotinine), D)
norcotinine, and ratios of oral fluid concentrations E) nicotine/cotinine, F) OH-cotinine/
cotinine, G) norcotinine/cotinine and H) OH-cotinine/nicotine in nonexposed and
environmentally-exposed nonsmokers, light (≤10 CPD) and heavy smokers (>10 CPD).
Ratios were calculated for oral fluid specimens that were positive for both analytes. Oral
fluid nicotine and metabolite concentrations were collected with the Quantisal device and
quantified by LCMSMS. Nonsmoker data are scatter plots showing all data points with a bar
indicating median. For light and heavy smokers, bars show median and range of
observations. N=46 for nonexposed nonsmokers, 36 for exposed nonsmokers, 44 for light
smokers and 45 for heavy smokers. a different from light smokers, b different from heavy
smokers, c different from nonexposed nonsmokers and d different from exposed
nonsmokers.
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Figure 2.
Scatter plots showing correlations between time since last cigarette and A) nicotine, B)
cotinine, C) hydroxycotinine (OH-cotinine), D) norcotinine, and oral fluid concentration
ratios of E) nicotine/cotinine, F) OH-cotinine/cotinine, G) norcotinine/cotinine and H) OH-
cotinine/nicotine in light (≤10 CPD) and heavy smokers (>10 CPD). Ratios were only
calculated for oral fluid specimens positive for both analytes. Oral fluid nicotine biomarker
concentrations were collected with the Quantisal device and quantified by LCMSMS.
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Figure 3.
Scatter plots showing correlations between reported number of cigarettes smoked today and
A) nicotine, B) cotinine, C) hydroxycotinine (OH-cotinine), D) norcotinine and oral fluid
concentration ratios of E) nicotine/cotinine, F) OH-cotinine/cotinine, G) norcotinine/cotinine
and H) OH-cotinine/nicotine in light (≤10 CPD) and heavy smokers (>10 CPD). Ratios were
only calculated for oral fluid specimens positive for both analytes. Oral fluid nicotine
biomarker concentrations were collected with the Quantisal device and quantified by
LCMSMS.
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