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abstraCt

background: Nondaily smoking has increased among current U.S. smokers during the past decade and is practiced by a sig-
nificant percentage of smokers. Although research in nondaily smoking has grown, little is known about levels of exposure to 
tobacco toxicants among nondaily smokers and their variation across ethnic groups.

Methods: We examined urinary levels of cotinine and a tobacco-specific nitrosamine (NNAL) in community participants. 
Associations between the biomarker data and smoking characteristics were evaluated with Spearman’s correlation analysis.

results: Participants included 28 Blacks, 4 Latinos, and 25 Whites who smoked at least 1 cigarette on 4–24  days in the 
past 30 days. Participants averaged 3.3 (SD = 2.1) cigarettes per day (cpd) on days smoked, they smoked an average of 13.0 
(SD = 5.4) days in the past month, and they smoked nondaily for 10.5 (SD = 10.5) years. Median levels of creatinine-normalized 
cotinine and NNAL were 490.9 ng/mg and 140.7 pg/mg, respectively. NNAL and cotinine were highly correlated (r =  .84); 
NNAL and cotinine were modestly correlated with cpd (r = .39 and r = .34; all p values <.05). The number of days smoked per 
month was not associated with any biomarker levels.

Conclusions: Our findings demonstrate that nondaily smokers are, on average, exposed to significant levels of nicotine and 
carcinogenic nitrosamines, with exposures of 40%–50% of those seen in daily smokers. This level of exposure suggests a sig-
nificant health risk. Nicotine and carcinogen exposure is most closely related to number of cigarettes smoked per day but not to 
number of days per month of smoking.

intrOduCtiOn

Cigarette smoking continues to be the leading cause of pre-
ventable disease and death in the United States, accounting 
for over 400,000 preventable deaths per year. Approximately 
44,000,000 Americans currently smoke regularly (CDC, 2008; 
www.cdc.gov/mmwr/preview/mmwrhtml/mm5745a2.htm). 
However, antismoking legislation and public health efforts 
have led to lower overall rates of cigarette use and changes 
in the way that smokers use cigarettes. In fact, the prevalence 
of nondaily smoking, the practice of smoking on some days 
but not every day, is increasing (CDC, 2003), with roughly 
25%–30% of smoking adults reporting nondaily smoking; 
this practice appears to be especially significant in the young 
adult population (CDC, 2007; Schane, Glantz, & Ling, 2009). 
Additionally, recent data suggest that nondaily smokers initi-
ate cigarette use in response to acute, situational cues, whereas 

daily smokers act on dependency (Shiffman, Dunbar, Scholl, 
& Tindle, 2012).

Prior studies have demonstrated differences in tobacco use 
and exposure between different racial and ethnic groups. For 
example, Blacks absorb more nicotine per individual cigarette 
smoked, are less likely to be successful in quit attempts, and 
have longer lifetime smoking durations compared with White 
smokers(Benowitz, Dains, Dempsey, Wilson, & Jacob, 2011; 
Fu et  al., 2008). Furthermore, Blacks have a higher risk of 
smoking-related lung cancer compared with Whites, especially 
when considering those with lower levels of daily cigarette 
consumption (Haiman et al., 2006). These findings suggest that 
substantial differences exist between smokers of different races 
with regard to exposure, addiction, and biological toxicity.

Given that nondaily smoking is on the rise and racial dif-
ferences in response to tobacco exposure exist, greater 
understanding of carcinogen exposure in nondaily cigarette 
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smokers is needed. Urinary cotinine level is widely accepted 
as an objective marker of actual tobacco exposure that is 
not subject to the inherent biases of self-reported use. It 
has a half-life averaging 16 hr such that tobacco use can be 
detected 3–5  days after last nicotine exposure. The tobacco-
specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) is a potent carcinogen; levels of its 
metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol 
(NNAL), measured in urine, are independently associated with 
the risk of lung cancer in a large cohort of smokers (Yuan et al., 
2009; Yuan, Gao, et al., 2011). Additionally, urine concentra-
tion of NNAL has been shown to be predictive of the risk of 
development of esophageal carcinoma (Yuan, Knezevich, 
et  al., 2011). Urine NNAL has an elimination half-life of 
10–18  days, such that tobacco use can be detected for 6–12 
weeks after last use (Goniewicz et  al., 2009). Urine NNAL 
would be expected to be a more sensitive measure of intermit-
tent (nondaily) tobacco use(Goniewicz et al., 2011). This study 
sought to examine urinary cotinine and NNAL among nondaily 
cigarette smokers in a multiethnic sample.

MethOds

Participants

All procedures were approved by the University of Minnesota 
Institutional Review Board. Using a convenience sampling 
approach, potential participants were recruited through adver-
tisements in local newspapers, fliers posted in public places, 
and in-person invitations at community health fairs. Participants 
were screened for eligibility using the following criteria: self-
identification as Black, White, or Hispanic; age 25 years and 
older; smoked at least 100 cigarettes in their lifetime, smoked 
nondaily for at least 6 months, and smoked for at least 1 year. 
Eligible participants smoked 4–24  days in the past 30  days, 
the equivalent of at least once a week but less than 25  days 
per month (Shiffman, Tindle, et  al., 2012). Participants who 
were pregnant, were nursing, or had participated in any smok-
ing cessation treatment in the past 30 days were excluded from 
participation. To be eligible, participants agreed to provide a 
urine sample for biomarker analysis and complete a brief sur-
vey. All participants attended focus groups scheduled at either 
11:30 a.m. or 5:30 p.m., and each received a $50 gift card for 
participating. Twenty-one participants provided a urine sample 
between 11:30 a.m. and 1:30 p.m. and 37 between 5:30 p.m. 
and 7:30 p.m.

Survey Measures

Surveys were administered by trained research assistants to 
gather self-report demographic and tobacco use behaviors. 
Demographic variables included age, gender, race, relationship 
status, educational attainment, employment status, and esti-
mated monthly household income (dichotomized to <$1,800 
and ≥$1,800).

Survey items assessing tobacco use included average num-
ber of smoked cigarettes per day (cpd) in the last 30 days (on 
days smoked), number of days smoked in the past 30 days, use 
of other tobacco products (e.g., cigars, smokeless tobacco, and 
pipes), and use of mentholated cigarettes (yes, no). Timeline 
followback was used to assess cigarettes smoked on each day 

of the past 7 days and today in order to estimate cigarette smoke 
exposure proximal to obtaining the urine sample (Burgess, 
Alderman, Evans, Emslie, & Wilson, 1998). The number of 
total cigarettes smoked in the past 8  days was calculated by 
summing all the cigarettes smoked in the past week and today. 
Smoking history included total length of time as a nondaily 
smoker (reported in years and months) and whether partici-
pants had ever smoked daily for 6 months or more (yes/no).

Nicotine dependence was assessed using a single survey 
item asking time to first cigarette after waking adopted from 
the Fagerström Test for Nicotine Dependence (Baker et  al., 
2007; Heatherton, Kozlowski, Frecker, & Fagerström, 1991). 
Responses were dichotomized (smoking < 30 min after wak-
ing, and smoking > 30 min), with smoking within 30 min of 
waking indicative of nicotine dependence.

Participants reported whether they used each of the fol-
lowing forms of tobacco products in the past 30 days: cigars, 
cigarillos, little cigars, smokeless tobacco, pipes, hand-rolled 
cigarettes, and hookah. For each form of tobacco used in the 
past 30 days, participants were asked to provide the number 
of days used in the past 30 days and average amount each day 
(on the days used). Users of multiple tobacco products in our 
sample (n = 25) were compared to those using cigarettes only 
(n = 32) to address the possibility of confounding from those 
subjects using multiple products.

Analytic Chemistry

Concentrations of cotinine (unconjugated) and total NNAL 
(NNAL plus its glucuronide) in urine were determined using 
liquid chromatography–tandem mass spectrometry (LC-MS/
MS) (Jacob et  al., 2008, 2011). The limits of quantifica-
tion were 0.05 ng/ml and 0.25 pg/ml for cotinine and NNAL, 
respectively. Urine nicotine and cotinine concentrations were 
measured by gas chromatography with nitrogen–phospho-
rous detection. The limit of quantitation was 10 ng/ml for 
both (Jacob, Wilson, & Benowitz, 1981; Jacob, Yu, Wilson, & 
Benowitz, 1991).

Data Analysis

Biomarker levels that could not be detected were imputed 
with values equal to half the limit of quantification for each 
specific analysis. Descriptive analyses were conducted for all 
participants and by racial and ethnic group. Categorical vari-
ables were summarized using frequencies and percentages. 
Continuous variables were summarized using means and 
standard deviations. Because cpd and the biomarker data are 
not normally distributed, we reported their medians and ranges 
and conducted nonparametric analyses.

Mann–Whitney U tests were conducted to determine 
whether there were differences in cpd, total cigarettes in the 
past week, urinary nicotine, creatinine normalized urinary coti-
nine, and creatinine normalized urinary NNAL between users 
of multiple forms of tobacco compared to cigarette-only users 
and Blacks and Whites. Latinos were not included in the analy-
ses comparing smoking characteristics and biomarker levels 
by race due to the small number of Latino participants (n =4). 
Spearman’s correlations were calculated for cpd, total ciga-
rettes in the past week, and biomarker levels. All analyses were 
conducted using SPSS 20.0.0 for Windows (SPSS Inc.). The 
level of statistical significance for all analyses was .05.
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results

A total of 58 participants provided urine samples for biomarker 
analysis; however, at the time of the survey, one participant 
reported smoking daily for the past 30 days and was excluded 
from this study. Participants were 28 (49.1%) Blacks, 4 (7.0%) 
Latinos, and 25 (43.9%) Whites. The majority of participants 
were male (56%), and the mean age was 42 (SD = 10). Eligible 
participants smoked 4–24 days in the past 30 days, the equiva-
lent of at least once a week but less than 25 days per month. 
Participants averaged 3.3 (SD  =  2.2) cpd on days smoked, 
smoked an average of 13.0 (SD = 5.4) days in the past 30 days, 
and had been smoking nondaily for 10.7 (SD  =  10.5) years. 
Sixteen percent smoked within 30 min of waking and 44% 
had used other forms of tobacco (e.g., hand-rolled cigarettes, 
cigars, and cigarillos) in the past 30 days. Among polyproduct 
users, the average number of products used was 1.4 (SD = 0.9) 
and the average number of days in the past 30 days participants 
reported using other tobacco products was 5.2 (SD = 4.6).

Cigarette use and urinary biomarker levels are summarized 
in Table 1. Cotinine was detected in 52 of 56 nondaily smokers 
(one participant provided insufficient urine for the cotinine and 
nicotine analysis), NNAL was detected in 54 of the 57 non-
daily smokers, and nicotine was detected in 48 of 56 smok-
ers. Participants with cotinine levels (n = 4) below the limit of 
quantification smoked on 9.0 days (SD = 7.5) in the past 30 and 
reported a mean of 1.5 cpd (SD = 0.6) on the days smoked; the 3 
participants with NNAL levels below the limit of quantification 
smoked on 6.7 days (SD = 0.6) and smoked 3.0 cpd (SD = 2.6); 
and the 8 participants whose urinary nicotine levels were below 
the limit of quantitation smoked on 8.9 days (SD = 5.0) and 
smoked 2.1 cpd (SD = 1.0). When examining biomarkers by 
race (only Blacks and Whites were included in analyses of 
median differences), the differences on levels for NNAL and 
nicotine were nonsignificant (ps =  .13 and .40, respectively), 
but cotinine trended toward significant differences (p =  .05). 
Although not statistically significant in this small sample, 
notable findings include differing median levels of NNAL 
between ethnic groups: 40.7 pg/mg for Whites, 64.6 pg/mg 
for Latinos, and 187.6 pg/mg for Blacks. Additionally, the 
median cotinine level for all participants was 490.9 ng/mg with 
medians of 125.2 ng/mg for Latinos, 264.8 ng/mg for Whites, 
and 807.8 ng/mg for Blacks. Median nicotine levels were 
240.46 ng/mg with the lowest median for Latinos (28.2 ng/ml),  
followed by 103.4 ng/mg for Whites and 408.0 ng/mg for 
Blacks (data not shown in tables/figures). There were no differ-
ences between Blacks and Whites on cpd and number of days 
smoked per month. To address the possibility of confounding 

resulting from some subjects using multiple tobacco products, 
comparison of NNAL, cotinine, and nicotine in those using 
multiple tobacco products with those using cigarettes was per-
formed. This revealed median normalized NNAL, cotinine, and 
nicotine levels in polyproduct users and users of cigarettes only 
to be 111.8 pg/mg, 353.4 ng/mg, and 259.5 ng/mg versus 151.5 
pg/mg, 524.7 ng/mg, and 216.3 ng/mg, respectively (data not 
shown in tables/figures). These values were not significantly 
different (p = .68 for NNAL, p = .59 for cotinine, and p = 1.0 
for nicotine). There were no differences on cpd or number of 
days smoked between users of other tobacco products versus 
cigarettes-only users.

Figure 1 shows comparison of NNAL levels in those who 
smoked 1–10, 11–20, or >20 cigarettes over the last 7  days 
and today. Median NNAL levels were 76.2, 33129.1, and 
180.0 pg/mg, respectively. The chosen cutoff points between 
these groups enabled the generation of similar sized groups. 
Comparison of these three groups by medians and distribution 
(Kruskal–Wallis test) did not reveal significant differences.

Additionally, associations between the biomarker data and 
smoking characteristics were evaluated using Spearman’s rank 
correlation analysis correlational coefficients (see Table 2). This 
revealed strong, positive correlations between NNAL, cotinine, 
and nicotine. Urinary NNAL and cotinine were correlated 
(r =  .84); NNAL was correlated with cpd (r =  .39) (Table 2), 
cotinine with cpd, (r  =  .34), nicotine with NNAL (r  =  .70), 
nicotine with cotinine (r  =  .76), and nicotine with cpd (.30) 
(all p values <.05). Total numbers of cigarettes smoked in the 
past 7 days and today were positively associated with nicotine 
(r = .32, p < .05) and cotinine (r = .33, p < .05) but not NNAL  
(p > .05) (Table 2). No associations were identified between bio-
marker levels and number of days smoked in the past 30 days.

disCussiOn

Nicotine and Carcinogen Exposure in Nondaily Smokers

Nondaily smoking is a growing phenomenon, the implications 
of which are only recently beginning to be understood. This 
pattern of cigarette use appears to be more prevalent among 
younger people, and smoking tends to be associated with social 
cues. A significant percentage of those who engage in nondaily 
smoking expect that their risk of smoking-related diseases is 
lessened compared with daily smoking (Carpenter et al., 2009). 
Further, it is likely that clinicians caring for nondaily smokers 
may feel less compelled to aggressively push nondaily smokers 
to quit due to an erroneous perception of decreased risk.

table 1. Cigarette Use and Urinary Biomarker Levels

Mean (SD) Median Range N

Cigarettes per day on days smoked 3.26 (2.15) 3.0 1–11 56
Total cigarettes/8 days 17.07 (13.83) 13.0 1–52 57
Days smoked/30 days 12.96 (5.41) 15.0 1–24 57
Urinary creatinine, mg/ml 1.19 (0.71) 1.0 0.14–3.15 57
Normalized urinary nicotine, ng/mg creatine 914.93 (2137.08) 240.46 2.7–15062 56
Normalized urinary NNAL, pg/mg creatine 268.13 (422.83) 140.74 0.77–2305.68 57
Normalized urinary cotinine, ng/mg creatine 804.40 (917.76) 490.85 3.21–3743 56

Note. NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol. Urinary nicotine, NNAL, and cotinine were creatinine 
normalized. Ns ranged from 56 to 57 due to missing values.
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The data presented here are among the first to examine 
exposure to nicotine and tobacco-specific carcinogens in non-
daily smokers. Cotinine is the major proximate metabolite of 
nicotine and is a biomarker of daily nicotine intake. The sub-
jects in this study had a median urine cotinine of 490 ng/mg 
creatinine. In comparison, a study of 128 daily smokers found a 
geometric mean cotinine of 1,323 ng/mg creatinine (Benowitz 
et al., 2011). Thus, our nondaily smoker subjects had an aver-
age of 37% daily intake of daily smokers.

NNAL, a metabolite of NNK, is a carcinogen itself and was 
found at substantial levels among the nondaily smokers stud-
ied here. We found a median urine NNAL level of 140 pg/mg 
creatinine. In comparison, two studies of daily smokers found 
a geometric mean of 230 pg/mg creatinine (Benowitz et  al., 
2011; Joseph et al., 2005), whereas another studying 27 daily 
smokers found mean normalized NNAL of 300.0 pg/mg (Berg, 
Schauer, Ahluwalia, & Benowitz, 2012). Thus, our nondaily 
smokers had an average 46%–59% of the intake of NNK of 
daily smokers. Interestingly, subjects reported median ciga-
rettes per day of only 3 during days when cigarettes were used. 
Nevertheless, this seemingly low level of cigarette smoking 
is, based on our findings, still enough to expose users to sub-
stantial levels of nitrosamines. A separate analysis in our study 

compared NNAL levels in those who smoked 0–10, 11–20, or 
>20 cigarettes over the last 7 days and today (Figure 1). Here, 
we did not see any significant differences in NNAL levels 
between groups. With the caveat that our sample size is small, 
this finding may work to further strengthen our interpreta-
tion of this data: nondaily smokers are exposed to nontrivial 
amounts of NNAL and the degree of exposure changes less 
than expected as one increases cigarettes moderately.

Berg et al. (2012) noted that cpd on smoking days correlated 
with NNAL levels among nondaily smokers and that a NNAL 
cutoff point (81.6 pg/ml/g Cr) could be used to differentiate 
daily from nondaily smokers. Of note, our sample revealed 
higher levels of NNAL compared to the college students (and 
the determined cutoff point) studied by Berg although the cpd 
on days smoked was similar in both studies (mean cpd = 3.3 
in our dataset vs. mean cpd = 2.8 in Berg et  al.). The mean 
days smoked in the last 30 was 13 in our study compared with 
12.3 in the study by Berg et al. However, Berg et al.’s study 
also included polyproduct users to a varying degree. Thus, in 
determining the health-related risks among nondaily smok-
ers, researchers should attend to demographic factors, such as 
brand/type of product used or polyproduct use, that may influ-
ence overall intake and exposure.

Figure 1. Box plot showing total number of cigarettes smoked in the previous 7 days and today and urinary creatinine-normalized 
NNAL, pg/mg. * = significant outlier; ο = moderate outlier; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.

table 2. Biomarker Intercorrelations

Normalized urinary 
nicotine, ng/mg

Normalized urinary 
cotinine, ng/mg

Normalized urinary  
NNAL, pg/mg

Cigarettes per day on days smoked 0.30* 0.34* 0.39**
Total cigarettes/8 days 0.32* 0.33* 0.23
Normalized urinary nicotine, ng/ml – 0.76** 0.70**
Normalized urinary cotinine, ng/mg – 1.0** 0.84**

Note. NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol. Spearman’s Rho correlations are reported.
*p < .05. **p < .01.
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Analysis of correlations between variables in our dataset 
showed that cpd correlated significantly with both cotinine 
and NNAL. Previous data have shown a similar correlation in 
smokers who use their products daily (Joseph et al., 2005). We 
find it notable that this correlation also exists in nondaily smok-
ers, which is consistent with our main conclusion that nondaily 
smokers are subjected to tobacco carcinogens at levels close 
to those seen in daily smokers. Furthermore, the correlation 
data demonstrate that cotinine and NNAL correlate with cpd 
despite NNAL having a longer half-life than cotinine. This 
would suggest that cotinine may act as a surrogate biomarker 
for NNK exposure in nondaily smokers. Lastly, we did not see 
correlation between number of days per month smoked and 
the tobacco biomarkers. Although we would expect NNAL to 
demonstrate correlation, it is possible that the variability in our 
population with regard to number of days smoked per month 
was high enough that this finding could not reach significance. 
Certainly, this warrants further exploration and future, larger 
studies of nondaily smokers.

Interethnic Variations

Our sample is notable in that it is composed entirely of non-
daily smokers and also includes smokers of three racial/ethnic 
groups. This allows an opportunity to examine differences in 
exposure that may exist between these groups. Previous data 
have shown that differences are present between Whites and 
Blacks such that self-reported cpd correlates poorly with 
nitrosamine (NNAL) and polycyclic aromatic hydrocarbon 
(PAH) levels in Blacks compared with Whites (Benowitz 
et  al., 2011). Additionally, Blacks and Hispanics are more 
likely to smoke intermittently than Whites (Trinidad et  al., 
2009). We identified a trend toward significant differences 
between races with respect to normalized nicotine, NNAL, 
and cotinine. With a larger study sample, we are confident that 
a difference will be positively identified. Although Hispanic 
representation in our study is small, we noted that NNAL and 
cotinine were highest among Black nondaily smokers com-
pared with Hispanics and Whites despite similar self-reported 
cpd. The Hispanics in our sample also smoked fewer days per 
month compared with the Blacks and Whites. This exploratory 
finding requires further investigation and a larger sample size 
for confirmation.

Study Limitations

The main limitations of this study include a small sample size 
that limits generalizability, especially with regard to data in 
Hispanics. Additionally, self-reported smoking behaviors were 
used for inclusion as nondaily smokers and thus the inadvertent 
inclusion of daily smokers would introduce error. Still, despite 
the small sample size, the findings reported here serve as a 
foundation for larger studies to confirm and further examine 
carcinogen exposure among nondaily smokers as well as asso-
ciated interethnic variation.

COnClusiOns

We report two novel findings based on analysis of a sam-
ple of nondaily smokers. First, exposure to NNK as deter-
mined by NNAL quantification is significant among smokers 
who smoke less than every other day and is on average only 

slightly less than that seen in daily smokers. This finding is 
significant in that nondaily smokers may be smoking under 
the mistaken assumption that nondaily use mitigates exposure 
and risk to carcinogens. Second, although not statistically 
significant, we identified a trend suggesting higher normal-
ized cotinine and NNAL in Blacks compared with Whites. 
This observation is likely due to slower metabolism of coti-
nine in Blacks (Pérez-Stable, Herrera, Jacob, & Benowitz, 
1998), but we cannot exclude racial difference in the rate 
of NNAL clearance as well. Both of these findings warrant 
further study in larger samples so that the implications of 
nondaily smoking and interethnic variability on health risks 
may be better understood. This information would be critical 
in informing nondaily smokers of the risks associated with 
this practice.
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