
Urinary cotinine and cotinine + trans-3’-hydroxycotinine (TNE-2) 
cut-points for distinguishing tobacco use from non-use in the 
United States: PATH Study (2013-2014)

Kathryn C. Edwards1, Tasmia Naz1, Cassandra A. Stanton1, Maciej L. Goniewicz2, Dorothy 
K. Hatsukami3, Danielle M. Smith2, Lanqing Wang4, Andrea Villanti5, Jennifer Pearson6, 
Benjamin C. Blount4, Maansi Bansal-Travers2, June Feng4, Raymond Niaura7, Michelle T. 
Bover Manderski8, Connie S. Sosnoff4, Cristine D. Delnevo8, Kara Duffy9, Arseima Y. Del 
Valle-Pinero9, Brian L. Rostron9, Colm Everard10,11, Heather L. Kimmel11, Dana M. van 
Bemmel9, Andrew Hyland1,2

1-Westat, Rockville, MD 20850

2-Roswell Park Comprehensive Cancer Center, Buffalo, NY 14263

3-University of Minnesota, Minneapolis, MN 55455

4-Centers for Disease Control and Prevention, Atlanta, GA 30333

5-University of Vermont, Burlington, VA 05405

6-University of Nevada- Reno; Reno, NV 89557

7-New York University, New York, NY 10003

8-Rutgers Center for Tobacco Studies, Rutgers Biomedical and Health Sciences; Rutgers 
University, New Brunswick, NJ 08854

9-Center for Tobacco Products, Food and Drug Administration, Silver Spring, MD 20993

10-Kelly Government Solutions; Rockville, MD 20850

11-Division of Epidemiology, Services, and Prevention Research, National Institute on Drug Abuse, 
Bethesda, Maryland 20852

Abstract

Background.—Determine the overall, sex-, and racially/ethnically-appropriate population-level 

cotinine and total nicotine equivalents (TNE-2, the molar sum of the two major nicotine 
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metabolites) cut-points to distinguish tobacco users from non-users across multiple definitions 

of use (e.g., exclusive vs. polytobacco, and daily vs. non-daily).

Methods.—Using Wave 1 (2013-2014) of the U.S. Population Assessment of Tobacco and 

Health (PATH) Study, we conducted weighted Receiver Operating Curve (ROC) analysis to 

determine the optimal urinary cotinine and TNE-2 cut-points, stratified by sex and race/ethnicity.

Results.—For past 30-day exclusive cigarette users, the cotinine cut-point that distinguished 

them from non-users was 40.5 ng/mL, with considerable variation by sex (male: 22.2 ng/mL; 

female: 43.1 ng/mL) and between racial/ethnic groups (non-Hispanic other: 5.2 ng/mL; non-

Hispanic black: 297.0 ng/mL). A similar, but attenuated, pattern emerged when assessing 

polytobacco cigarette users (overall cut-point= 39.1 ng/mL, range= 5.5 ng/mL- 80.4 ng/mL) and 

any tobacco users (overall cut-point= 39.1 ng/mL, range= 4.8 ng/mL- 40.0 ng/mL). Using TNE-2, 

which is less impacted by racial differences in nicotine metabolism, produced a comparable 

pattern of results although reduced the range magnitude.

Conclusions.—Due to similar frequency of cigarette use among polytobacco users, overall 

cut-points for exclusive cigarette use were not substantially different from cut-points that included 

polytobacco cigarette use or any tobacco use. Results revealed important differences in sex and 

race/ethnicity appropriate cut-points when evaluating tobacco use status and established novel 

urinary TNE-2 cut-points.

Impact.—These cut-points may be used for biochemical verification of self-reported tobacco use 

in epidemiologic studies and clinical trials.

INTRODUCTION

Cigarette smoking prevalence has changed drastically in the United States (U.S.), down 

from 40% in 1964 to 13.7% in 2018.1,2 Second-hand exposure has also been greatly 

impacted by the passage of smoke-free laws in restaurants, public spaces, public housing, 

and college campuses.3-10 Furthermore, as public health efforts in the U.S. are considering 

reducing the addictive potential of cigarettes by reducing their nicotine content,11 it is 

critical to accurately evaluate changes in cigarette smoking behavior. Large longitudinal 

and surveillance studies often rely on self-reported tobacco use. Some large studies 

(e.g., Population Assessment of Tobacco and Health [PATH] Study, National Health and 

Nutrition Examination Survey [NHANES]) also measure biomarkers such as cotinine and 

other nicotine metabolites, allowing biochemical verification of self-reported tobacco use. 

Previous analyses of NHANES data from the 1990s and early 2000s suggest that self-

reported estimates may underestimate true smoking prevalence, but only minimally.12,13 

However, cigarette smoking prevalence as well as exposure to second hand smoke has 

decreased considerably in the last two decades,3-10 and use of non-cigarette tobacco 

products has grown in popularity. 14 As such, there is a need to revisit the appropriate 

thresholds (or cut-points) for biochemical validation of tobacco use, in addition to cigarette 

smoking, as polytobacco use (use of more than one tobacco product) increases.14,15

Cotinine is the primary metabolite of nicotine and its detection in serum, urine, and 

saliva has been used to distinguish smokers from non-smokers,16-19 as well as second-

hand exposure versus active smoking.20,21 Numerous cotinine cut-points (across various 
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biological matrices) have been suggested for biochemical validation of smoking status.17,22 

Primary applications of these cut-points include validating abstinence in smoking cessation 

trials, as well as validating self-reported use for inclusion in research studies or in national 

surveillance surveys. One study evaluating cotinine cut-points using the NHANES data 

from 1999-2004 to distinguish recent cigarette smokers who have not used other tobacco 

products in the last five days from non-smokers found optimal cotinine cut-points of ~5 

ng/mL in serum and projected ~15 ng/mL free cotinine in urine.16 This study also found 

differences in optimal cut-point by sex and race/ethnicity.16 These differences are the result 

of considerable variability in nicotine metabolism.23,24

Nicotine is metabolized into cotinine primarily by the liver enzyme CYP2A6. Cotinine is 

metabolized by CYP2A6 and UGT2B10 into trans-3’-hydroxycotinine (3HC) and cotinine 

glucuronide, respectively.22,24,25 There is considerable genetic variability in CYP2A6 

and UGT2B10 activity, with slow metabolism more common in Asians and African 

Americans.23,25 Sex differences, driven by estrogen induction of CYP2A6 activity, results 

in faster metabolism in females.26 Although cotinine levels are variable due to these 

influences, they have been the primary mechanism for validating smoking status. Total 

Nicotine Equivalents (TNE), or the molar sum of nicotine and its metabolites, is considered 

the gold standard for estimating nicotine intake and is not affected by sex or race/ethnicity.22 

TNE is measured by summing nicotine, cotinine, 3HC, four other minor metabolites, and 

their glucuronides (TNE-7).22 Analysis of TNE is more expensive than cotinine alone, and 

optimal TNE cut-points to distinguish tobacco users from non-users have not yet been 

reported. Because nicotine tends to be ubiquitous in the environment and attempting to 

achieve lower urine blanks is not feasible; TNE-2 (the sum of cotinine and 3HC) is used 

when non-users are included in analysis. TNE-2 is highly correlated with TNE-7 (r = 0.99) 

and is not affected significantly by race/ethnicity or sex.22

Seventy-five percent of current smokers are daily users, and 19% use at least two tobacco 

products.14 Moreover, cigarette smokers are a heterogeneous group with distinct racial/

ethnic profiles (as well as sex differences) that may interact with different patterns of use 

(i.e., daily vs. non-daily) to make a single cut-point misleading. Using data from Wave 

1 of the PATH Study, the main goal of this study is to determine overall as well as 

sex and racially/ethnically appropriate cut-points using cotinine and TNE-2 to distinguish 

cigarette users from non-users across multiple definitions of use (i.e., exclusive vs. 

polytobacco use; daily vs. non-daily). In addition, since nicotine is not a selective indicator 

of cigarette smoking but of overall tobacco exposure and polytobacco use continues to 

rise,14 determining sex and racially/ethnically appropriate cotinine and TNE-2 cut-points 

to distinguish any tobacco use (from no tobacco use) is essential for accurate prevalence 

estimates.

MATERIALS AND METHODS

Data Source

Adult Interview—Data are from Wave 1 (September 12, 2013 to December 15, 2014) of 

the PATH Study, a nationally representative, longitudinal cohort study of adults (≥18 years) 

and youth (12-17 years) in the U.S. The PATH Study used audio-computer assisted self-
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interviews available in English and Spanish to collect information on tobacco-use patterns 

and associated health behaviors. Recruitment employed address-based, area-probability 

sampling, using an in-person household screener to select youths and adults. Adult tobacco 

users, young adults ages 18 to 24 and African Americans were oversampled relative 

to population proportions. The weighted response rate for the household screener was 

54.0%. Among households that were screened, the overall weighted response rate was 

74.0% for the Adult Interview. Further details regarding the PATH Study design, methods, 

and instruments are published elsewhere.27,28 Details on survey interview procedures, 

questionnaires, sampling, weighting, and information on accessing the data are available at 

https://doi.org/10.3886/Series606. Westat’s Institutional Review Board, in accordance with 

the Common Rule, approved the study design and data collection protocol. All respondents 

ages 18 and older provided written informed consent, with youth respondents ages 12 to 17 

providing assent whereas each one’s parent/legal guardian provided consent.

Biospecimen Collection and Analysis—All Adult Interview respondents (N= 32,320) 

at Wave 1 were asked to provide biospecimens. Full-void urine specimens were self-

collected by 21,801 (67.5%) consenting participants. For more information on the collection 

procedures, materials, and aliquots created from the urine specimens please see the PATH 

Study Biospecimen Urine Collection Procedures document in the “Study Level” files (http://

doi.org/10.3886/ICPSR36840.v5).

A stratified probability sample of 11,522 adults who completed the Wave 1 Adult Interview 

and who provided a urine specimen were selected for analyses. The sample was selected 

to ensure respondents represented diverse tobacco product use patterns, including users of 

multiple tobacco products, and never users of any tobacco product. The current analysis 

draws from the 11,504 Adult Interviews collected at Wave 1 who have urinary cotinine data 

available (Wave 1 Biomarker Restricted Use Files [http://doi.org/10.3886/ICPSR36840.v5]; 

Wave 1 Adult Restricted Use Files [https://doi.org/10.3886/ICPSR36231.v20]).

See Supplemental Figure 1 for a flow diagram indicating our final analytic sample. 

Of the past 30-day (P30D) tobacco users (N= 8,963) and non-users (N= 2,276) with 

cotinine data, 3,010 P30D exclusive cigarette users, 3,592 P30D polytobacco cigarette 

users, and 2,209 non-users were included in the analyses stratified by cigarette use. 

Given that not all respondents agreed to provide biospecimens, the resulting biomarker 

data represent a subsample of adults; therefore, specific urine weights are needed to 

account for potential differences between the full set of adult interview respondents in the 

specified tobacco product user groups and the set of adults with analyzed biospecimens. 

The weighting procedures adjusted for oversampling and nonresponse; combined with 

the use of a probability sample, weighted estimates are representative of never, current, 

and recent former (within 12 months) users of tobacco products in the U.S. civilian, 

noninstitutionalized adult population at the time of Wave 1 (https://www.icpsr.umich.edu/

files/NAHDAP/36840-User_guide-Biomarker_Restricted_Use_Files_User_Guide.pdf).
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Laboratory Analysis

Total urinary nicotine metabolites, including the free and glucuronide conjugated forms, 

were measured by two separate isotope dilution high performance liquid chromatography/

tandem mass spectrometric (HPLC-MS/MS) methods based on the cotinine cutoff value 

of 20 ng/mL. For samples with cotinine levels above or equal to 20 ng/mL, the “Nicotine 

Metabolites and Analogs in Urine” method was used to measure nicotine, cotinine, 3HC, 

and 4 other metabolites as well as minor tobacco alkaloids.29 For samples with cotinine 

levels less than 20 ng/mL, the “Cotinine and Hydroxycotinine in Urine” method was applied 

to sensitively measure cotinine and 3HC using a modified version of the method of Bernert 

et al. (2005).30 The lower limit of detection (LOD) for cotinine and 3HC is 0.030 ng/mL. 

Result values that were below the LOD were replaced with LOD divided by the square root 

of 2. TNE-2 was calculated by taking the molar sum (nmol/mL) of cotinine and 3HC for all 

respondents. If a respondent was missing a value for either analyte, TNE-2 was treated as a 

missing.

Measures

Tobacco Use Groups.—P30D Exclusive Cigarette Use was defined as those who are 

P30D smokers of cigarettes (either every day or some days), and are not P30D users of 

other tobacco products. P30D exclusive cigarette use was then stratified into P30D daily 

cigarette use and P30D non-daily cigarette use for those who used “every day” or “some 

days,” respectively.

P30D Polytobacco Cigarette Use was defined as those who are P30D every day or some day 

users of cigarettes, and have also used at least one of the following tobacco products in the 

past 30 days: e-cigarettes, traditional cigar, cigarillo, filtered cigar, pipe, smokeless tobacco, 

snus pouches, and/or dissolvable tobacco. P30D polytobacco cigarette use was then stratified 

into P30D daily polytobacco cigarette use and P30D non-daily polytobacco cigarette use for 

those who used cigarettes “every day” or “some days,” respectively.

P30D Any Tobacco Use was defined as those who are P30D users of any tobacco product 

(cigarettes, e-cigarettes, traditional cigar, cigarillo, filtered cigar, pipe, smokeless tobacco, 

snus pouches, and dissolvable tobacco).

Non-User (reference for P30D Any Tobacco Use) was defined as those who are not P30D 

users of any tobacco product. See Supplemental Figure 1 for more details.

Non-User (reference for P30D Exclusive and Polytobacco Cigarette Use) was defined as 

those who did not report P30D use of any tobacco product, did not report being a current 

every day or someday cigarette user, and provided logically consistent responses to both past 

30-day use and daily/non-daily cigarette use items.

To avoid confounding nicotine exposure, all tobacco use groups and the non-user reference 

group excluded those who indicated any past 3-day use of nicotine replacement therapy 

(NRT) products. Product users were asked to confirm past 3-day use of a given tobacco 

product either in the questionnaire, or prior to biospecimen collection if collection occurred 

at least 4 hours after the questionnaire was completed. Instances where a respondent 
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indicated no past 30-day use in the questionnaire but did indicate past 3-day use prior to 

collection were excluded.

All outliers were removed for the reference categories of the tobacco use groups. Outliers 

were removed in order to capture true non-users and avoid potentially misclassifying self-

reported users as non-users, and to ensure that anomalies do not drive the cut-points higher. 

Values outside of the range of two standard deviations from the mean of urinary cotinine in 

the reference category were considered outliers. Similarly for TNE-2, values outside of the 

range of two standard deviations from the mean of TNE-2 in the reference category were 

considered outliers.

Demographics and other tobacco product characteristics.—Demographic 

characteristics presented for each user group include age, sex, race/ethnicity, educational 

attainment, and household income. Missing data on age, sex, race, Hispanic ethnicity, 

education were imputed as described in the PATH Study Restricted Use Files User Guide 

(United States Department of Health and Human Services, 2019). Additional tobacco use 

characteristics presented for each user group include cigarettes used per month (amount of 

cigarettes used per day [on days used] multiplied by number of days used in the past 30 

days), percentage of daily use, type of polytobacco use, recency of last cigarette use, and 

exposure to second-hand smoke. See Tables 1-2.

Statistical Analysis

Weighted percentages and means were calculated for demographic and tobacco use 

characteristics for each user group. Statistical differences between user groups were 

calculated using chi-square tests for categorical variables and independent samples t-tests 

for continuous variables.

Next, weighted Receiver Operating Characteristic (ROC) curves were calculated to 

determine the optimal cut-point using urinary cotinine or TNE2 levels to distinguish P30D 

users from non-users. The Wave 1 full sample and 100 replicate urine weights were 

incorporated in logistic regression models of urinary cotinine run against the tobacco use 

groups to estimate predicted probabilities. The predicted probabilities were then used to 

generate ROC curves and associated characteristics with the full sample urine weight. The 

95% confidence intervals of the weighted area under the curves (AUCs) were calculated 

using a bootstrap approach incorporating the 200 replicate bootstrap weights.31

Analyses were stratified by exclusive and polytobacco cigarette use, and then further 

stratified by daily and non-daily use among males and females and four race/ethnicity 

categories (non-Hispanic white, non-Hispanic black, non-Hispanic other race/multiple race, 

and Hispanic). This approach was repeated (without daily/non-daily stratification) to 

determine an ideal cut-point to distinguish any P30D tobacco users from non-users. All 

cut-points were selected using Youden’s J-statistic.

Analyses were conducted using Stata software survey procedures, version 15.1 (StataCorp, 

College Station, TX), and SAS software survey procedures, version 9.4 (SAS Institute, 
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Inc., Cary, NC). Variances were estimated using the balanced repeated replication (BRR) 

method32 with Fay’s adjustment set to 0.3 to increase estimate stability.33

RESULTS

Sample Characteristics

As shown in Table 1, compared to exclusive cigarette smokers, polytobacco cigarette 

smokers were more likely to be male (Poly: 62.9%, Exclusive: 48.8%, p <0.001) and 

younger (age 18-24, Poly: 23.4%, Exclusive 9.8%, p <0.001). Exclusive cigarette users 

smoked more cigarettes per month (Exclusive: 120, Poly: 92, p= 0.01) and had greater daily 

use (Exclusive: 80.7%, Poly: 75.7%, p= 0.01) than polytobacco cigarette users. Non-users 

were more likely to be female (Non-user: 61.0%, Exclusive: 51.2%, Poly: 37.1%, p <0.001) 

and Hispanic (Non-user: 20.3%, Exclusive: 14.0%, Poly: 13.0%, p <0.001) than exclusive or 

polytobacco cigarette users.

As shown in Table 2, compared to non-users, any tobacco users were more likely to be 

male (Any tobacco: 59.0%, Non-users: 39.1%, p <0.001), had an income level of less than 

$25,000 a year (Any tobacco: 43.0%; Non-user: 30.8%, p <0.001), and had exposure to 

second hand smoke (Any tobacco: 85.3%, Non-user: 37.3%, p <0.001).

Cotinine Cut-points

Exclusive Cigarette Users.—In order to compare our results to previous cut-points 

estimated using serum cotinine, we further extrapolated their estimated cut-point of 15 

ng/mL of free cotinine in urine to 30 ng/mL total cotinine in urine (as shown in Figure 1A) 

since total cotinine estimates tend to be two times greater than free cotinine estimates.16,24 

For exclusive cigarette users the cotinine cut-point that distinguished P30D users from non-

users was 40.5 ng/mL (area under the curve [AUC]= 0.98; 95% CI: 0.97-0.99). Females had 

a higher cut-point (43.1 ng/mL; AUC= 0.98; 95% CI: 0.97-0.99) than males (22.2 ng/mL; 

AUC= 0.98, 95% CI: 0.97-0.99; see Table 3A). There was considerable range among racial/

ethnic groups, from 5.2 ng/mL (AUC= 0.98, 95% CI: 0.97-1.00) for non-Hispanic other 

race/multiple race users to 297.0 ng/mL (AUC= 0.99, 95% CI: 0.98-1.00) for non-Hispanic 

black users. For all cut-points, sensitivity ranged from 88.4-96.0% and specificity ranged 

from 95.2-99.0%. Characteristics that may impact exposure, i.e., cigarettes per month, are 

also included in Table 3. Our team explored the possibility that menthol smoking may play 

a role in the race/ethnicity differences. We examined if menthol interacted with cotinine 

exposure among non-Hispanic black and white users differently. The menthol interaction 

term was not significant in either subgroup (ps >0.15); therefore, there was not significant 

effect modification of menthol status on the cotinine cut-points.

When stratifying the sample by daily (N=2,394) and non-daily (N= 655) cigarette 

use, the overall cut-point increased to 144.0 ng/mL, AUC= 0.99, (95% CI: 0.99-1.00) 

for distinguishing daily users from non-daily/non-users, and decreased to 4.8 ng/mL, 

AUC= 0.93 (95% CI: 0.91-0.95) for distinguishing non-daily users from non-users (see 

Supplemental Table 1A and 1B). The large range in cut-points across racial/ethnic groups 
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followed the same pattern for both daily and non-daily users, but in the daily and non-daily 

analyses males had higher cut-points that females.

Polytobacco Cigarette Users.—The cotinine cut-points for polytobacco cigarette users 

were overall lower but followed a similar pattern as exclusive cigarette users (see Figure 1B/

Table 3B). The cotinine cut-point that distinguished P30D polytobacco cigarette users from 

non-users was 39.1 ng/mL, AUC= 0.99 (95% CI: 0.98-0.99). Females had a higher cut-point 

(39.5 ng/mL; AUC= 0.99; 95% CI: 0.98-0.99) than males (19.5 ng/mL; AUC= 0.99, 95% 

CI: 0.98-0.99). The cut-points among racial/ethnic groups ranged from 5.5 ng/mL (AUC= 

0.95, 95% CI: 0.94-0.97) for Hispanic users to 80.4 ng/mL (AUC= 0.99, 95% CI: 0.99-1.00) 

for non-Hispanic black users. For all cut-points, sensitivity ranged from 86.2-96.2% and 

specificity ranged from 95.2-98.7%.

When stratifying the sample by daily (N=2,629) and non-daily (N= 963) cigarette 

use, the overall cut-point increased to 82.6 ng/mL, AUC= 1.00, (95% CI: 1.00-1.00) 

for distinguishing daily users from non-daily/non-users, and decreased to 7.4 ng/mL, 

AUC= 0.95 (95% CI: 0.94-0.96) for distinguishing non-daily users from non-users (see 

Supplemental Table 1C and 1D). The large range in cut-points across racial/ethnic groups 

followed the same pattern for both daily and non-daily users, but in the daily and non-daily 

analyses males had higher cut-points than females.

Any Tobacco Users.—The cotinine cut-point that distinguished P30D any tobacco use 

from non-use was 39.1 ng/mL, AUC= 0.96 (95% CI: 0.95-0.96 (see Figure 1C/Table 3C)). 

Females had a higher cut-point (39.5 ng/mL; AUC= 0.96; 95% CI: 0.95-0.97) than males 

(7.4 ng/mL; AUC= 0.95, 95% CI: 0.95-0.96). The cut-points among racial/ethnic groups 

range from 4.8 ng/mL (AUC= 0.95, 95% CI: 0.93-0.97) for non-Hispanic other race/multiple 

race users to 40.0 ng/mL (AUC= 0.97, 95% CI: 0.96-0.97) for non-Hispanic white users. For 

all cut-points, sensitivity ranged from 78.5-90.0% and specificity ranged from 94.6-98.7%.

TNE-2 Cut-points

Exclusive Cigarette Users.—Using the molar sum of cotinine and 3HC (TNE-2), the 

cut-point for distinguishing P30D users from non-users was 0.82 nmol/mL, AUC= 0.98 

(95% CI: 0.98-0.99). As shown in Table 4A, similar to results using cotinine alone, females 

had a higher cut-point than males (0.82 vs. 0.56 nmol/mL), and non-Hispanic black users 

had a higher cut-point than other racial ethnic groups (0.94 nmol/mL vs. 0.06-0.68 nmol/

mL). For all cut-points sensitivity ranged from 89.1-97.3% and specificity ranged from 

94.8-99.2%.

Polytobacco Cigarette Users.—Using TNE-2, the cut-point for distinguishing P30D 

users from non-users was 0.61 nmol/mL, AUC= 0.99 (95% CI: 0.98-0.99). As shown in 

Table 4B, similar to results using cotinine alone, females had a higher cut-point than males 

(0.61 vs. 0.55 nmol/mL), and non-Hispanic black users had a higher cut-point than other 

racial ethnic groups (1.25 nmol/mL vs. 0.09-0.61 nmol/mL). For all cut-points sensitivity 

ranged from 87.3- 96.6% and specificity ranged from 94.8- 99.0%.
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Any Tobacco Users.—Using TNE-2, the cut-point for distinguishing P30D any tobacco 

use from non-use was 0.61 nmol/mL, AUC= 0.96 (95% CI: 0.95- 0.96). As shown in Table 

4C, similar to results using cotinine alone, females had a higher cut-point than males (0.82 

vs. 0.17 nmol/mL), and non-Hispanic black users had a higher cut-point than other racial 

ethnic groups (0.80 nmol/mL vs. 0.04- 0.61 nmol/mL). For all cut-points, sensitivity ranged 

from 79.4- 90.4% and specificity ranged from 94.3- 99.0%.

DISCUSSION

Using nationally representative data of U.S. tobacco users, we found that cut-points to 

distinguish cigarette users from non-users when focused on exclusive cigarette use compared 

to polytobacco cigarette use do not differ substantially (Cotinine: 40.5 vs. 39.1 ng/mL; 

TNE-2: 0.82 vs. 0.61 nmol/mL). The number of cigarettes per month smoked by the 

exclusive vs. polytobacco cigarette users was 120 vs. 92, respectively. Together, this 

indicates that cigarette use in these groups is the driver for nicotine exposure, regardless 

of other product use. Previous research exploring dual use of cigarettes and e-cigarettes, as 

well as cigarettes and cigars indicates that cigarette use was similar in the exclusive vs. dual 

use groups.34,35

Results revealed large variability in the sex and race/ethnicity specific cotinine cut-points. 

There are well-documented differences in nicotine metabolism in non-Hispanic black, non-

Hispanic white, and Hispanic tobacco users.23,36 Non-Hispanic black users have reduced 

CYP2A6 activity and metabolize nicotine more slowly than non-Hispanic white users.23 

Therefore, with larger quantities of systemic nicotine and subsequently cotinine, their 

cotinine cut-points are much higher than for faster metabolizers (i.e., non-Hispanic Whites), 

which is consistent with our results. This was a consistent finding across various definitions 

of smoking status (i.e., exclusive vs. polytobacco use; daily vs. non-daily use). Furthermore, 

when examining cut-points using TNE-2, which is less impacted by differences in nicotine 

metabolism, the magnitude of the differences by race/ethnicity are lower than for cotinine 

cut-points among exclusive cigarette users. Studies seeking to use biochemical verification 

of smoking status should consider using race/ethnicity-specific cut-points.

Although the direction of race/ethnicity differences are consistent with previous literature, 

the magnitude of the racial/ethnic differences in cotinine cut-points is notable, particularly 

among exclusive users. Menthol smoking is much more prevalent in non-Hispanic black 

users than non-Hispanic white users.37 There is also previous research indicating that 

menthol may interact with CYP2A6 activity.38,39 However, we did not find any significant 

interaction of menthol use and cotinine exposure. The differences in cut-point by sex are 

less consistent than those for race/ethnicity. Previous research indicates that females are 

faster metabolizers of nicotine,36 and despite smoking fewer cigarettes per day than their 

male counterparts, may experience greater behavioral dependence symptoms and increased 

difficulty quitting.40 This study found overall that females have a higher cotinine cut-point 

regardless of exclusive cigarette, polytobacco cigarette, or any tobacco use, but a lower 

cut-point when stratified by daily vs. non-daily cigarette use. One limitation may be 

misclassification of self-reported smoking status or amount used per day. Future research 

can use more recent waves of data to further elucidate these findings.
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Daily users have greater systemic intake of nicotine and non-daily users have lower, more 

variable levels of nicotine. Therefore when classifying daily vs. non-daily use the cut-point 

shifts higher, and conversely shifts lower when classifying non-daily from non-users. When 

expanding our tobacco use population from cigarette users to users of any tobacco we found 

the cut-point was no different than that of polytobacco cigarette users. This is likely due to 

the fact ~40% of our any tobacco users use cigarettes.

The cut-points determined in this study are slightly higher than the projected cut-points (~30 

ng/mL total urinary cotinine) from U.S. data in 1999-2004, although within the range of 

total urinary cotinine cut-point (34.5-46 ng/mL) suggested in the 2019 revised biochemical 

verification guidelines.22 We would have anticipated that cut-points would continue to 

decline over time due to decreased cigarette smoking prevalence and increases in tobacco-

free policies. However, use of different biological specimens (Benowitz et al. 2008 used 

serum, and only projected urine cut-points), advances in laboratory methods, and continued 

high rates (~75%) of daily smoking among users may contribute to the differences between 

their findings and the current study.

Limitations of the current study include the use of TNE-2 instead of TNE-3 because 

nicotine was not measured in our reference (non-use) groups. We also did not exclude blunt 

(marijuana wrapped in tobacco leaf) use from the tobacco use or referent groups, which 

impacts overall nicotine exposure and is more prevalent in non-Hispanic black users.41 

While this study was able to generate updated total cotinine cut-points and novel TNE-2 

cut-points for different types of cigarette users and any tobacco users more generally, 

these findings may not generalize to exclusive users of non-cigarette tobacco products. 

Future research could explore cut-points for non-cigarette users, as well as geography/

region-specific cut-points since patterns of tobacco use may differ by region.42 Studies may 

also wish to use the cut-points derived from this analysis to biochemically verify smoking 

status using subsequent waves of PATH Study data, or other types of data sources (e.g., 

clinical trials).

In conclusion, the overall cut-points defined by exclusive cigarette use were not substantially 

different from cut-points that include polytobacco cigarette use or any tobacco use. This may 

be a result of the high frequency of use of cigarettes among polytobacco users, particularly 

in 2013-2014. It will be important to continue to examine changes in cotinine/TNE-2 

thresholds over time as new highly efficient nicotine delivery devices enter the market. 

Moreover, differences in sex and race/ethnicity cotinine cut-points were revealed and are 

critical to consider when using cotinine cutoffs to determine cigarette smoking status in 

epidemiologic studies and clinical trials. This study is the first to examine cut-points using 

TNE-2 which is less impacted by sex and race/ethnicity differences in nicotine metabolism, 

and a preferred validation mechanism if available. In practice, these findings can serve as a 

reference for validating smoking or tobacco use status for different demographic sub-groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
Cotinine cut-points to distinguish past 30 day use. In Figure 1A (past 30-day exclusive 

cigarette use vs. no past 30-day tobacco use), the reference cut-point (solid line) was 

extrapolated from Benowitz et al., 2008 who measured serum cotinine cut-points. In Figure 

1B (past 30-day polytobacco cigarette use vs. no past 30-day tobacco use) and 1C (past 

30-day any tobacco use vs. no past 30-day tobacco use), the reference cut-point (solid line) 

is from overall past 30 day exclusive cigarette use (Figure 1A and Table 3). Histogram 

frequencies are unweighted.
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