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Conclusions: Both urine cotinine and NNAL are sensitive and 
specific biomarkers for discriminating the source of tobacco 
smoke exposure. Cotinine is the best overall discriminator when 
biomarkers are measured while a person has ongoing exposure 
to tobacco smoke. NNAL because of its long half-life would be 
particularly useful when there is a delay between exposure and 
biomarker measurement. The NNAL/cotinine ratio provides 
similar sensitivity but poorer specificity at discriminating pas-
sive versus active smokers when compared with NNAL alone.

Introduction
Biomarkers are useful in assessing both active and passive smok-
ers’ exposure to tobacco smoke. Self-reported exposure such as 
cigarettes smoked per day by active smokers and hours per day 
exposed to secondhand smoke (SHS) in passive smokers is im-
precise. Exposure patterns differ significantly from person to 
person due to differences in how cigarettes are smoked, differ-
ences in tobacco products, room ventilation, proximity of 
smokers to nonsmokers, and many other environmental factors 
(N. L. Benowitz, 1996).

Biomarkers are used to discriminate active from passive 
smokers in epidemiological studies, population surveillance of 
tobacco use, and research on the health risks of active and pas-
sive smoking. Determination of optimal biomarker cutoff 
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points to distinguish active versus passive smokers for use in 
epidemiological studies is important to minimize misclassifica-
tion (N. L. Benowitz, Bernert, Caraballo, Holiday, & Wang, 
2009). Two biomarkers of tobacco smoke exposure are specific 
to tobacco and can be measured with adequate sensitivity to as-
sess SHS exposure. One is cotinine and the other is 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL).

Measurement of cotinine, the major proximate metabolite 
of nicotine, in blood, saliva, or urine has supported epidemio-
logical findings of a causal relationship between SHS and lung 
cancer, cardiovascular disease, and aggravation of chronic ob-
structive pulmonary disease (COPD) in adults and asthma in 
children (Boffetta et al., 2006; Strachan, Jarvis, & Feyerabend, 
1990; Whincup et al., 2004). Moreover, cotinine is widely used 
to distinguish smokers from nonsmokers in epidemiology stud-
ies and smoking cessation trials. The optimal cutoff point for 
cotinine to discriminate active smokers from nonsmokers varies 
from study to study. There are substantial differences between 
proposed urine cotinine cutoff points in various studies ranging 
from 20 to 550 ng/ml (Zielinska-Danch, Wardas, Sobczak, & 
Szoltysek-Boldys, 2007). The most widely cited cotinine cutoff 
points of 14 ng/ml for serum and 50 ng/ml for urine were 
provided by Jarvis, Tunstall-Pedoe, Feyerabend, Vesey, and 
Saloojee (1987). Recently, N. L. Benowitz et al. (2009) proposed 
optimal serum cotinine cutoff points of 3.08 and 2.99 ng/ml for 
adults and adolescents, respectively, and estimated an optimal 
urine cotinine cutoff point of 15 ng/ml . Although plasma and 
saliva cotinine are considered to be the best biomarkers for both 
active and passive smoking, the concentration in individuals  
exposed to SHS is very low. Urine concentrations of cotinine are 
much higher than in blood or saliva, and in many studies, urine 
is easier to collect than plasma or saliva.

Tobacco-specific nitrosamines are formed from nicotine 
and other tobacco alkaloids during tobacco curing and burning. 
These compounds are potent animal and human carcinogens 
(Hecht et al., 1999). 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) induces adenocarcinoma of the lung in ro-
dents (Hecht, 1998). NNK is metabolized in human body to 
NNAL, and this metabolite is further conjugated with glucuron-
ic acid. The level of NNAL in urine of smokers is associated with 
future risk of lung cancer. NNAL can be measured in urine, 
whole blood, plasma, and toenails (Bernert et al., 2005; Carmella, 
Han, Villalta, & Hecht, 2005; Hecht et al., 1999; 2002; Jacob 
et al., 2008). The half-life of NNAL (10–16 days) is much longer 
than that of cotinine (16 hr), suggesting that NNAL might be a 
better measure over tobacco exposure over time and that NNAL 
might be a better biomarker when sampling cannot be done in 
temporal proximity to tobacco smoke exposure (such as in hos-
pitalized patients; Goniewicz et al., 2009). We are unaware of 
any published analysis of the optimal cutoff point to distinguish 
active versus passive smoking using urine NNAL.

As SHS ages, concentrations of nicotine decline faster than 
many other gaseous and particulate components of smoke due 
to absorption of nicotine on surfaces such as walls and carpets 
(Singer, Hodgson, Guevarra, Hawley, & Nazaroff, 2002). In ad-
dition, NNK levels increase as SHS ages, presumably related to 
the reaction of tobacco-specific alkaloid nicotine with nitric ox-
ide in SHS (Schick & Glantz, 2007; Sleiman et al., 2010). Consis-
tent with these changes in the composition of SHS over time, we 
recently reported that cotinine measurement leads to an under-

estimation of exposure to NNK from SHS compared with active 
smoking (N. Benowitz et al., 2010). Thus, we hypothesized that 
the ratio of NNAL/cotinine would be a better discriminator of 
active versus passive smoking compared with either NNAL or 
cotinine alone.

The aims of our study were to determine optimal cutoff 
points to discriminate active versus passive smokers and to 
compare sensitivity and specificity for the use of cotinine, 
NNAL, and the ratio of the NNAL/cotinine in urine.

Materials and Methods
Study Design and Subjects
Subjects from the United States, Poland, and Mexico included 
376 smokers and 261 nonsmokers with evidence of exposure to 
SHS (passive smokers). Characteristics of study groups are pre-
sented in Table 1. Subjects were classified as active or passive 
smokers according to their self-declared smoking pattern or ex-
posure to tobacco smoke. Each subject provided urine for mea-
surement of the concentration of NNAL and cotinine. For the 
analysis of optimal cutoff points, subjects who did not have an 
NNAL level higher than the level of quantitation were excluded 
as we wanted people who definitely had some exposure to SHS. 
Subjects with a cotinine level below the limit of quantitation 
were excluded so that we could compute an NNAL/cotinine ra-
tio. After these exclusions, data from 373 smokers and 228 pas-
sive smokers were used for cutoff point analysis.

Adult daily smokers were recruited from three different 
studies (Studies A–C). Study A was a study of tobacco smoke 
biomarkers comparing Black and White smokers in San 
Francisco, USA (N = 128). Study B assessed the relationship 
between smoking topography and tobacco biomarkers among 
daily smokers recruited in Silesia region, Poland (N = 187, BK 
and AS). Study C compared urine biomarkers in daily (N = 36) 
compared with intermittent (nondaily; N = 22) smokers in 
Pittsburgh, USA (Saul Shiffman). Both daily and nondaily 
smokers were qualified as active smokers.

Nonsmokers exposed to SHS had participated in two previ-
ously published studies (Studies D and F) and one unpublished 
study (Study E) in which urine was collected for the assessment 
of SHS exposure. The first study (Study D) was a U.S. cohort 
study of nonsmoking adults with chronic obstructive lung dis-
ease (COPD), who collected samples in their homes and mailed 
samples to the investigators (N = 72, MDE ; Eisner, Jacob, 
Benowitz, Balmes, & Blanc, 2009; Eisner et al., 2006). Among 
these subjects, none were current smokers, but almost half of 
them had history of smoking. Study E was a Polish cohort study 
of nonsmoking adults to assess SHS exposure in home and work 
environments. Subjects provided morning spot samples during 
screening medical tests (N = 108, WZ-D). Study F included 
volunteers from central Mexico who provided a urine sample 
before and after visiting a discotheque in which smoking was  
ongoing for at least 1 hr (N = 81, EL-P; Lazcano-Ponce et al., 2007).

Biomarkers Analysis
Cotinine was analyzed by liquid chromatography–atmospher-
ic pressure chemical ionization tandem mass spectrometry  
(LC-MS/MS) as described by Bernert et al. (2005) . Total 
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NNAL (NNAL and NNAL-gluc) was analyzed by LC-MS/MS 
as described by Jacob et al. (2008) . The limits of quantifica-
tion were 0.05 ng/ml and 0.25 pg/ml for cotinine and NNAL, 
respectively.

Data Analysis
Nonparametric Kruskal–Wallis analysis of variance was used to 
compare biomarker levels and their ratio among study groups. 
Receiver operating characteristics (ROC) curves were generated 
for three subsets of data (two biomarkers separately and NNAL/
cotinine ratio). For generating ROC curves and estimating opti-
mal cutoff points, we assumed 21% population smoking preva-
lence and that both sensitivity and selectivity had the same 
importance. To compare diagnostic effectiveness of cotinine, 
NNAL, and their ratio, we compared their areas under the curve 
(AUC

ROC
) using statistical test provided by software system in 

ROC module. All analyses were performed using STATISTICA 
data analysis software system v. 8 (StatSoft, Inc., Tulsa, OK).

Results
Characteristics of subjects and the geometric mean data on 
urine cotinine, NNAL, and NNAL/cotinine ratio are presented 
in Table 1. As noted previously, after excluding subjects whose 
cotinine or NNAL were below the limit of quantitation, we had 
a population of 373 active smokers and 228 passive smokers for 
ROC analysis.

ROC curves are presented in Supplementary Figure 1, and 
their detailed characteristics are given in Supplementary Table 1. 
The ROC analyses showed that optimal cutoff points to dis-
criminate passive versus active smokers were 31.5 ng/ml for co-
tinine (with a sensitivity of 97.1% and a specificity of 93.9%), 
47.3 pg/ml for NNAL (87.4% and 96.5%), and 0.74 × 10−3 
(NNAL [picograms per milliliter]/cotinine [nanograms per 
milliliter]) for NNAL/cotinine ratio (97.3% and 87.3%). The 
frequency distributions of cotinine, NNAL, and NNAL/cotinine 
ratio among active and passive smokers, with dotted lines show-
ing the optimal ROC cutoff points, are presented in Figures 1–3, 
respectively.

Results of AUC
ROC

 comparison are presented in Supple-
mentary Table 2. For discriminating active versus passive smok-
ers, there were significant differences between the AUC

ROC
 of 

cotinine and the AUC
ROC

 of both NNAL and NNAL/cotinine 
ratio (p ≤ .0001), indicating that cotinine had the superior 
overall discriminating performance. There was no significant 
difference between AUC

ROC
 of NNAL and NNAL/cotinine ratio 

(p = .26).

Discussion
Our study is novel in determining the optimal urine NNAL cut
point to distinguish active versus passive smoking and compar-
ing the performance of urine cotinine and NNAL as 
discriminators of active versus passive smoking. We defined 

Table 1. Characteristics of Study Groups

All subjects

Active smokers (n = 376) Passive smokers (n = 261)

Study A B C D E F

Demographic data
  Sample size 130 187 59 72 108 81
  Subjects with detectable cotinine levels (%) 129 (99) 187 (100) 58 (98) 54 (75) 108 (100) 80 (99)
  Subjects with detectable NNAL levels (%) 128 (98) 187 (100) 59 (100) 48 (67) 106 (98) 77 (95)
  Valid subjects 128 187 58 45 106 77
  Sex (male), % 74 (58) 83 (44) 26 (45) 19 (42) 50 (47) 27 (35)
  Race–ethnicity (White, non-Hispanic), % 67 (52) 187 (100) 33 (57) 42 (93) 106 (100) NA
  Age (mean ± SD) 38.2 ± 10.9 36.3 ± 13.8 NA 64.6 ± 5.8 34.6 ± 16.6 25.7 ± 7.4
Nationality USA Poland USA USA Poland Mexico
Cigarettes/day (mean ± SD) 18.4 ± 8.2 15.0 ± 8.4 6.9 ± 7.1 – – –

Subjects included in final analysis

Analytic data Active smokers (n = 373) Passive smokers (n = 228)

  Cotinine (ng/ml) Geometric mean (95% CI): 1,043 (919–1,183) Geometric mean (95% CI): 2.03 (1.59–2.61)

IQI: 658–2,251 IQI: 0.43–8.60

Range: 4.05–10,788 Range: 0.06–470
  NNAL (pg/ml) Geometric mean (95% CI): 165 (146–187) Geometric mean (95% CI): 5.80 (4.90–6.87)

IQI: 90.8–360 IQI: 2.28–15.4
Range: 3.36–2,319 Range: 0.31–153

  NNAL/cotinine ratio (×10−3) Geometric mean (95% CI): 0.16 (0.15–0.17) Geometric mean (95% CI): 2.85 (2.44–3.33)
IQI: 0.09–0.26 IQI: 1.32–6.14
Range: 0.01–18.2 Range: 0.16–361

Note. IQI = interquartile interval; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.
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passive smoke exposure as having NNAL in the urine at levels 
above the level of quantitation based on the fact that NNK, the 
precursor to NNAL, is entirely specific to tobacco.

The utility of urine cotinine to separate passive smokers 
from active smokers was studied by Zielinska-Danch et al. 
(2007) , who estimated an optimal cutoff point of 550 ng/ml to 
distinguish the two groups in healthy Polish population. Other 
studies of Holl, Grabert, Heinze, and Debatin (1998), Hobbs, 
Wilmink, Adam, and Bradbury (2005), and Savitz, Dole, Terry, 

Zhou, and Thorp (2001) have used a similar cutoff point of 500 
ng/ml to distinguish active versus combined group of light, 
nondaily, or passive smokers but did not perform an analysis to 
specifically determine an optimal cutoff point. The cutpoint of 
500 or 550 ng/ml used in these five studies is much higher than 
the optimal cutoff point of 31.5 ng/ml that we have determined 
in the present paper.

A urine cotinine cutoff of 15 ng/ml was recently estimated 
by N. L. Benowitz et al. (2009) based on extrapolation from 

Figure 1.  Distribution of urine cotinine concentrations with receiver operating characteristics  of the optimal cutoff point among passive and 
active smokers. The dashed line is drawn at the optimal ROC cutoff point.

Figure 2.  Distribution of urine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) concentrations with receiver operating characteristics 
(ROC) of the optimal cutoff point among passive and active smokers. The dashed line is drawn at the optimal ROC cutoff point.
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optimal serum levels for distinguishing cigarette smokers and 
nonsmokers within different racial/ethnics groups in the United 
States between 1999 and 2004, using data from average ratios of 
cotinine in urine versus plasma . The differences between the 
cutoff points for urine cotinine observed in the present study 
and the N. L. Benowitz et al. (2009) study compared with those 
reported by WZ-D and other in the literature are likely due to 
different levels of secondhand exposure patterns among exam-
ined populations (higher passive exposure results in the higher 
value of cutoff point) and/or to misclassification of intermittent 
or light smokers as nonsmokers (such misclassification also 
leads to higher cutoff points). We believe that our estimate is 
generalizable to populations of SHS-exposed people broadly 
since it was estimated based on three subpopulations of active 
and passive smokers with various patterns of tobacco smoke ex-
posure and smoking behaviors.

Our study presents the first formal analysis of the cutoff 
point for urine NNAL to distinguish passive versus active smok-
ers. Our optimal cutoff point of 47.3 pg/ml allows discrimina-
tion of active versus passive smokers with very high specificity of 
96.5% but only moderate sensitivity of 87.4%. To compare the 
results of our analysis to data from other published studies on 
active and passive smokers when urine NNAL data were pro-
vided, we summarized finding from other studies in Supple-
mentary Table 3. All studies on passive smokers found urine 
NNAL levels to be lower than our proposed cutoff point value. 
We identified only one study of active smokers showing that 
some smokers in Shanghai have lower urine NNAL levels than 
our cutoff point of 47.3 pg/ml (Yuan et al., 2009). The other 
studies of active smokers showed NNAL much higher than our 
proposed cutoff point value. It should be noted that the pro-
posed cutoff point for NNAL is based on discriminating known 
active versus known passive smokers, the latter defined by the 
presence of NNAL in the urine. If one uses urine NNAL to dis-
criminate active smokers from all nonsmokers (both those ex-

posed and not exposed to SHS, many of whom would have 
undetectable levels of NNAL in urine), the cutoff point would 
be lower. We recommend the following two-step approach to 
using urine NNAL to classify smoke exposure. First, the pres-
ence of NNAL at levels above the limit of quantitation indicates 
tobacco exposure—either active or passive smoke exposure (or 
smokeless tobacco exposure, which is not considered in the 
present analysis). Second, considering only individuals with de-
tectable NNAL, the cutoff of 47.3 pg/ml is used to determine if a 
person is an active or a passive smoker.

Our analysis finds that overall urine cotinine performs bet-
ter than NNAL or the ratio of NNAL/cotinine in discriminating 
active versus passive tobacco smoke exposure. Cotinine pro-
vides better sensitivity (97.1% vs. 87.4%) but slightly worse 
specificity (93.9% vs. 96.5%) than NNAL. This finding suggests 
that when cotinine is used in the epidemiological studies, fewer 
active smokers are misclassified as passive, whereas using NNAL 
leads to fewer passive smokers misclassified as active.

However, since NNAL has a long elimination half-life, urine 
NNAL represents a cumulative measure of exposure over time. 
The half-life of NNAL averages 10–16 days, so NNAL can be 
measured in the urine for a month or longer after the last expo-
sure (Goniewicz et al., 2009). Cotinine has an average half-life of 
16 hr, so cotinine is eliminated from the body within 3–4 days 
after the last exposure (N. L. Benowitz, 1996). Thus, for epide-
miological studies of long-term intermittent exposure to SHS or 
in studies in which biomarker measurements cannot be made in 
temporal proximity to exposure, such as in hospitalized pa-
tients, the use of NNAL is expected to be of greater utility than 
cotinine.

Recently, we published a paper showing that cotinine  
measurements lead to an underestimation of exposure to the 
carcinogen NNK from SHS when compared with active smoking 

Figure 3.  Distribution of the urine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL)/cotinine ratio with receiver operating characteristics 
(ROC) of the optimal cutoff point among passive and active smokers. The dashed line is drawn at the optimal ROC cutoff point.
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(N. Benowitz et al., 2010). We showed that passive smoking is 
associated with a much higher ratio of NNAL/cotinine in the 
urine compared with active smoking. Thus, in the present anal-
ysis, we hypothesized that the ratio of NNAL/cotinine would be 
a better discriminator than either biomarker alone. This was not 
the case. The ratio had comparable sensitivity but less specificity 
compared with cotinine. Overall, the ratio of NNAL/cotinine 
performed no better than NNAL itself.

In conclusion, we provide novel information on the use of 
urine biomarkers to discriminate active versus passive smokers. 
Overall, urine cotinine performs best with a combination of high 
sensitivity and specificity. However, because cotinine has a short 
half-life, it is useful only when biomarker samples are taken in 
close temporal proximity to tobacco smoke exposure. Urine 
NNAL has high specificity and moderate sensitivity but because of 
its long half-life has the advantage that it can be used when subjects 
have not been exposed to tobacco smoke for some period of time, 
such as in studying tobacco-related disease in hospitalized patients.
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