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SUMMARY

Smoking is mainly sustained by nicotine dependence (ND),
which varies across ethnic groups principally due to genetic
as well as environmental factors. The Fagerstrom Test for
Nicotine Dependence (FTND) and biomarkers of tobacco
exposure are two important approaches to assess ND.
However, the relationship between ND and FTND of
Chinese smokers has not been studied. The aim of this
study was to assess the relationship between FTND scores
and nicotine, cotinine, 3’-hydroxycotinine (3HC) and
nicotine metabolite ratio (NMR, the concentration ratio of
3HC to cotinine) in Chinese smokers. FTND was carried
out and general characteristics were collected using a self-
administered smoking questionnaire with 289 smokers.
Nicotine, cotinine and 3HC in urine were simultaneously
determined by liquid chromatography—mass spectrome-
try/mass spectrometry (LC-MS/MS). The concentrations of
nicotine, cotinine and 3HC in the urine of smokers with a
high FTND score were higher than in the urine of those
with alow FTND score. There were significant correlations
between urinary biomarker and FTND scores. Except for
FTND item 2 (difficulty to refrain), the other items showed
significant associations with the urinary biomarkers. No
relationship was found between the nicotine metabolite
ratio (NMR, 3’-hydroxycotinine/cotinine) and FTND scores
or general characteristics of the participants. In conclusion,
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biomarkers of tobacco exposure levels are significantly
associated with FTND scores. However, FTND Item 2 and
NMR were not found to be associated with nicotine
dependence in Chinese smokers. [Beitr. Tabakforsch. Int.
29 (2020) 136-144]

KEY WORDS

Nicotine; cotinine; 3’-hydroxycotinine; nicotine-metabolite
ratio; nicotine dependence

ZUSAMMENFASSUNG

Fortgesetztes Rauchen wird vor allem durch die
Nikotinabhéngigkeit (NA) begiinstigt. Diese variiert je nach
ethnischer Gruppe hauptsichlich aufgrund von genetischen
sowie umweltbedingten Faktoren. Zwei wichtige Methoden
zur Bestimmung der NA sind der Fagerstrom-Test fiir
Nikotinabhéngigkeit (FTNA) sowie Biomarker fiir Tabak-
exposition. In chinesischen Raucher*innen wurde die
Beziehung zwischen NA und FTNA jedoch noch nicht
untersucht. Das Ziel der vorliegenden Studie war die Be-
stimmung der Beziehung zwischen FTNA-Scores und
Nikotin, Kotinin, 3’-Hydroxycotinin (3HC) und dem Nikotin-
Metaboliten-Verhéltnis (NMR, Konzentrationsverhaltnis von



3HC zu Kotinin) in chinesischen Raucher*innen. Mithilfe
eines selbst auszufiillenden Rauchfragebogens wurde bei
289 Raucher*innen der FTNA durchgefiihrt und es wurden
allgemeine Merkmale erhoben. Parallel wurde die Kon-
zentration an Nikotin, Kotinin und 3HC im Urin mittels
Fliissigkeitschromatographie in Verbindung mit Tandem-
Massenspektrometrie (LC-MS/MS) bestimmt. Im Urin von
Raucher*innen mit einem hohen FTNA-Score waren die
Konzentrationen an Nikotin, Kotinin und 3HC héher als im
Urin derjenigen mit einem niedrigen FTNA-Score. Es gab
signifikante Korrelationen zwischen den Biomarkern im
Urin und den FTNA-Scores. Mit Ausnahme von Frage 2
(Schwierigkeit aufs Rauchen zu verzichten) ergaben sich
signifikante Unterschiede bei den Ergebnissen fiir die
Biomarker im Urin und die Scores fiir die anderen FTNA-
Fragen. Abgesehen von Frage 2 (Schwierigkeit auf das
Rauchen zu verzichten) wurden signifikante Zusammen-
hinge zwischen den iibrigen Fragen und den Biomarkern
im Urin gezeigt. Es wurde keine Beziehung zwischen dem
Nikotin-Metaboliten-Verhiltnis (NMR, 3’-Hydroxycotinin/
Kotinin) und den FTNA-Scores bzw. den allgemeinen
Merkmalen der Teilnehmer*innen festgestellt. Zusammen-
fassend ldsst sich sagen, dass die Konzentrationen an
Biomarkern filir Tabakexposition und die FTNA-Scores
signifikant assoziiert sind. Jedoch konnte bei Frage 2 des
FTNA sowie beim NMR kein Zusammenhang mit der
Nikotinabhéngigkeit in chinesischen Raucher*innen gezeigt
werden. [Beitr. Tabakforsch. Int. 29 (2020) 136—144]

RESUME

Le tabagisme est principalement entretenu par la dépen-
dance a la nicotine (DN), qui varie selon les groupes
ethniques en raison surtout de facteurs génétiques ainsi
qu’environnementaux. Le test de Fagerstrom quantifiant la
dépendance a la nicotine (FTND) et les biomarqueurs de
I’exposition a la nicotine constituent deux approches
importantes en vue de 1’évaluation de la DN. Toutefois, le
lien entre la DN et le FTND des fumeur.euse.s chinois.es
n’avait, a ce jour, pas été analysé. L’objet de la présente
étude fut d’évaluer le lien entre les scores du FTND et la
nicotine, la cotinine, la 3’-hydroxycotinine (3HC) et le ratio
des métabolites de nicotine (NMR, a savoir le ratio de
concentration de la 3HC par rapport a la cotinine) parmi les
fumeur.euse.s chinois.es. Le FTND fut réalisé et des carac-
téristiques générales furent relevées a I’aide d’un question-
naire de fumage auto-administré aupres d’un échantillon de
289 fumeur.euse.s. La présence de nicotine, de cotinine et
de 3HC dans I’urine fut déterminée simultanément par une
chromatographie en phase liquide couplée a une spectro-
métrie de masse en tandem (LC-MS/MS). Les concentra-
tions de nicotine, de cotinine et de 3HC dans 1’urine des
fumeur.euse.s présentant un score FTND élevé furent
supérieures aux concentrations chez les fumeur.cuse.s
présentant un faible score FTND. Des corrélations signifi-
catives existent entre les biomarqueurs urinaires et les
scores FTND. A I’exception de la question 2 (difficulté
d’abstinence), la présente étude épingla des résultats
significativement différents pour les marqueurs urinaires et
les scores obtenus sur les autres questions du FTND. A
I’exception de la question 2 (difficulté d’abstinence), les

autres questions mirent en lumiére des associations signifi-
catives avec les biomarqueurs urinaires. Aucun lien ne fut
trouvé entre le ratio des métabolites de nicotine (NMR ou
3’-hydroxycotinine/cotinine) et les scores du FTND ou les
caractéristiques générales des participant.e.s. En conclu-
sion, les niveaux de biomarqueurs de I’exposition au tabac
sont significativement associés aux scores du FTND.
Cependant, aucun lien ne fut observé entre la question 2 du
test de Fagerstrom et le NMR, d’une part et la dépendance
alanicotine chez les fumeur.euse.s chinois.es, d’autre part.
[Beitr. Tabakforsch. Int. 29 (2020) 136-144]

1. INTRODUCTION

Nicotine dependence (ND) is an extremely complex
phenomenon with nicotine intake, genetic variability,
personality traits, social pressure and environmental de-
terminants (11, 12, 14, 25). The complex mechanisms of
ND make comprehensive and accurate assessment of
smokers’ dependence challenging. From different perspec-
tives, multiple approaches have been used to measure ND
(11), such as the smokers’ self-administered questionnaire
method (standardized questionnaires), the objective method
(tests the smokers’ actual exposure to nicotine directly).
The best-known measures are those developed by Fager-
strom (7). The Fagerstrom Test for Nicotine Dependence
(FTND), which derives from the Fagerstrom Tolerance
Questionnaire (FTQ), is a six-item self-reporting question-
naire reflecting a continuum of dependence. It is widely
used to assess ND (21, 16, 17, 20). Derived from this
questionnaire, the ‘Heaviness of Smoking Index’ (HSI) is
a shorter validated version (7). Measurement of tobacco
exposure biomarkers in plasma, urine and saliva is an
objective approach by which ND can be assessed
(14, 32, 19). Nicotine is mostly metabolised to cotinine and
about 15% cotinine is excreted from the body in the urine
(6). Nicotine is metabolised to cotinine by the major
nicotine-metabolising CYP2A6 enzyme, and 3’-hydroxy-
cotinine (3HC) is the main metabolite of cotinine, which
accounts for about 50% of cotinine excretion (6, 18). NMR
is a biomarker of CYP2AG6 activity (31). As a genetically
influenced biomarker of nicotine clearance, lower NMR
appears to increase likelihood of successful cessation (22).
Previous studies already found that NMR is related to
cigarette consumption (5), quitting the smoking habit (18),
and smoking behaviours (34). There is no generally
accepted relationship between NMR and ND (29, 28,
32, 34). However, ND may depend on the ethnicity of
various smoking populations (1). The value of NMR may
be different in African, Northern European, and East Asian
populations (18, 36). Some studies examined ND among
Chinese smokers by use of only a self-reporting question-
naire (8, 11, 26, 35, 37, 38). To our knowledge, there are
limited data available regarding NMR determined in urine
and its relation to ND in Chinese male smokers. The aims
of the current study were (a) to investigate the relationship
between ND as measured by the FTND and biomarkers of
tobacco exposure of daily smokers and (b) to determine
whether the NMR was associated with ND in Chinese
smokers.
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2. MATERIALS AND METHODS
2.1 Participants

Daily smokers (n = 289) were recruited from Chengdu,
Sichuan Province, China. All participants were adult male
smokers, older than 18 years, who were in stable and
generally good health and not taking medications. Because
about 2% of Chinese women smoke (23) and nicotine
metabolism is gender-dependent (4), this study only
focussed on male smokers. Due to the chronic and stable
condition of ND, eligible adult smokers have smoked at
least five cigarettes per day for the past six months. All
participants completed the informed consent form. The
research and ethical committee of the West China School
of Public Health, Sichuan University, approved the study
protocol before data collection commenced.

2.2 Samples and data collection

A urine sample from each participant was collected, in
collaboration with occupational medicine physicians.
Subjects were provided with containers for cigarette butts,
and 24-h urine was collected in polyethylene urine contain-
ers on ice prior to delivery to the lab. Urine samples were
refrigerated at —20 °C until sample analyses were carried
out for nicotine, cotinine, 3HC and creatinine. The number
of cigarettes smoked per day was documented by collecting
cigarette butts and self-reported number of cigarettes. There
was close agreement between self-reported CPD (number
of cigarettes smoked per day) and butt collection. About
95% of the volunteers reported the same number of ciga-
rettes. For about 5% of inconsistent volunteers (the number
of cigarettes varied by about 1-3 cigarettes), we contacted
the volunteers to confirm the final number of cigarettes.
All the volunteers were asked to complete a self-reporting
questionnaire. Information covered basic participant demo-
graphics, including sex, age, height, weight and education
as well as smoking history information, such as the age
when the volunteers first started smoking and the number of
cigarettes smoked per day (CPD). FTND was used to assess
tobacco dependence. The FTND score ranged from 0 to 10,
with higher scores indicating a more marked ND.

2.3 Analysis of urine samples

Urine samples were thawed at 4 °C and thoroughly mixed.
Total nicotine, cotinine and 3HC in human urine were simulta-
neously determined using a method previously developed (40)
by liquid chromatography—mass spectrometry/mass spectrome-
try (LC-MS/MS). This method made a simultaneous quantifi-
cation of both the free and glucuronide-conjugated metabolites
possible. Values were normalised by creatinine levels being
adjusted for possible variability in the urine.

2.4 Data analysis/statistical analysis

Descriptive statistics were generated for the general
characteristics of the participants and for urinary biomarker
data. We used standard categories of BMI in analyses:
underweight (< 18.5), normal (18.5 — 23.9), overweight
(24.00 — 27.9), and obese (> 28). We calculated mean and
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standard deviations of FTND scores, NMR and nicotine,
cotinine and 3HC concentrations by individual characteris-
tics: age, BMI, smoking years and CPD, taken from the
questionnaires. Data was analysed using analysis of
variance (ANOVA) for the comparison of means among
different groups. If the detected data was not normally
distributed, the Wilcoxon test was used to analyse bio-
marker data among different groups. We also assessed
differences in each group of nicotine, cotinine, and 3HC
concentrations according to each single FTND item.
Potential correlations between FTND, nicotine, cotinine,
3HC,NMR, CPD, age and years of smoking were explored
with the Spearman’s rank correlation. P <0.05 was consid-
ered statistically significant. All analyses were performed
using SPSS 21.0 (SPSS Inc., Chicago, IL, USA).

3. RESULTS

Table 1 presents the general characteristics of participants
and biomarkers of exposure levels. Of the total participants
(N =289), the mean score of the FTND, nicotine, cotinine,
3HC concentrations and NMR were 3.2, 1282.7 ng/mg
creatinine, 1549.4 ng/mg creatinine, 3859.1 ng/mg crea-
tinine, and 2.8, respectively. In terms of three age groups,
86 participants were younger than 35 (29.8%), 106
participants were aged from 35 years to 50 years (36.7%),
and 97 participants were older than 50 years (33.6%). Each
age group accounted for approximately one third of the
participants. Among the three age groups, participants had
a mean FTND score of 2.4, 3.3 and 3.6, respectively.
Nicotine concentrations were 913.9, 1374.0 and
1510.1 ng/mg creatinine, respectively. FTND scores and
nicotine concentrations were substantially different among
the three age groups. However, none of the cotinine, 3HC
and NMR showed statistical significance among the three
age groups. We observed significant differences in nicotine
and cotinine concentrations connected to different BMIs,
with the lowest value in the obese group. No statistically
significant differences in FTND scores, 3HC or NMR were
found between the different BMI groups. In terms of groups
by number of smoking years, both the FTND scores and the
nicotine concentration levels showed significant differenc-
es, with the highest FTND scores and nicotine concen-
tration levels in the group of smoking years > 31. No
statistically significant differences in cotinine and 3HC
concentration by smoking years were found. FTND scores
and nicotine, cotinine and 3HC levels showed statistical
significance among different CPD groups (P < 0.05).
Participants who smoked more cigarettes per day had
higher FTND scores and higher nicotine, cotinine and 3HC
levels. No statistical significance in the NMRs was ob-
tained among the four groups.

Correlation coefficients between measured biomarkers and
variables obtained from questionnaires are shown in
Table 2. There were significant correlations between FTND
scores and nicotine, cotinine and 3HC concentrations. Each
of the three biomarkers was considerably correlated with
CPD, age and smoking years. Significant correlations were
also observed between NMR and nicotine, but no cor-
relations between NMR and other variables were found.



Table 1. FTND score, nicotine, cotinine, 3HC concentration (ng/mg creatinine), and NMR according to general characteristics of

the study population.

N (%) m;T]'\l(gD) P value Nicrcr)]t(ier:] ((nSgE/)r;@) P value Cog:ir:] ((nsgl:/)r)ng) P value 3:;&?%8?) P value NMglr;)ean P value
Total 289 (100) 3.2(24) 1282.7 (1344.4) 1549.4 (1420.7) 3859.1 (4174.3) 2.8(1.8)
Age 0.002* 0.007* 0.385 0.245 0.736
18-34  86(29.8) 24(21) 913.9 (993.8) 1382.9 (1230.9) 3379.4 (3449.1) 2.7 (1.8)
3549 106 (36.7) 3.3(24) 1374.0 (1544.5) 1573.7 (1673.9) 3754.6 (3544.6) 29(2.1)
>50  97(336) 3.6(25) 1510.1 (1324.9) 1670.5 (1268.5) 4398.6 (5242.7) 27 (1.6)
BMI 0.988 0.048* 0.040* 0.209 0214
<185 13(45) 3.2(20) 1394.4 (1665.7) 1669.1 (1191.3) 3779.0 (2829.8) 3.1(24)
18.5-23.9 144 (49.8) 3.2(2.3) 1308.2 (1314.5) 1623.8 (1398.2) 4237.3 (4913.5) 27(1.8)
2400-27.9 99(343) 3.1(25) 1430.3 (1482.7) 1648.1 (1583.1) 3759.6 (3528.3) 26(1.6)
>28 33(11.4) 32(24) 685.6 (573.4) 881.5 (838.2) 2538.7 (2309.5) 33(2.5)
Smoking years 0.000* 0.005* 0.059 0.123 0.579
<15 91(315) 22(2.1) 908.8 (1244.2) 1270.1 (1273.3) 3118.1 (3651.7) 26(1.7)
16-30 113 (39.1) 3.3(23) 1469.2 (1340.6) 1740.9 (1614.3) 4195.9 (3605.5) 2.8(1.8)
>31 85(29.4) 4.1(25) 1435.1 (1385.6) 1593.7 (1254.1) 4204.6 (5220.4) 29(2.1)
CPD 0.000* 0.002* 0.001* 0.000* 0.103
<10 95(329) 1.2(1.6) 890.6 (904.9) 1090.5 (1069.6) 2435.0 (2741.7) 26(1.9)
1120 160 (55.4) 3.9 (2.0) 1490.6 (1470.4) 1781.7 (1541.9) 4394.7 (3836.0) 27(1.5)
>21 34(11.8) 53(23) 1400.2 (1535.5) 1738.2 (1413.2) 5317.6 (7094.9) 3427)

* Significant at P < 0.05; FTND: Fagerstrém Test for Nicotine Dependence; 3HC: 3'-Hydroxycotinine; NMR: Nicotine metabolite ratio;

BMI: Body Mass Index; CPD: Cigarettes smoked per day, SD: Standard deviation.

Table 2. Spearman correlation coefficients among measured biomarkers and variables obtained from questionnaires.

FTND Nicotine Cotinine 3HC CPD Age Sr;‘;krigg NMR
FTND 1.000 0.301" 0.371" 0.365" 0.615" 0.238" 0.317" 0.057
Nicotine 0.301" 1,000 0.702" 0.482" 0.163" 0.245" 0264  -0.204"
Cotinine 0.371" 0.702" 1,000 0.762" 0.251" 0.155" 0197"  -0.153"
3HC 0.365" 0.482" 0.762" 1,000 0.293" 0.131° 0.186" 0.431"
CcPD 0.615" 0.163" 0.251" 0.293" 1.000 0.228" 0.278" 0.075
Age 0.238" 0.245" 0.155" 0.131° 0.228" 1.000 0.897" 0.014
Smoking years  0.317" 0.264" 0.197" 0.186" 0.278" 0.897" 1.000 0.037
NMR 0.057 -0.204" -0.153" 0.431" 0.075 0.014 0.037 1.000

*Significant at P < 0.05, **Significant at P < 0.01; FTND: Fagerstrom Test for Nicotine Dependence;

3HC: 3'-Hydroxycotinine; NMR: Nicotine metabolite ratio.

The geometric means (GMs) of nicotine, cotinine and 3HC
concentrations, according to the single FTND items, are
shown in Table 3. The lowest concentrations were found in
the zero-score groups of the six items. The lowest con-
centrations were observed in smokers whose time to their
first cigarette of the day was longer than 60 min after
rising, who had no difficulty refraining from smoking, who
least hated to give up the first one in the morning, who
smoked fewer than 10 cigarettes per day, who smoked less
in the first hours of the day and who had no difficulty
refraining from smoking when ill or forbidden, although
some of these differences were not statistically significant.
Except for item 2 (difficulty refraining), which showed no

differences in nicotine, cotinine or 3HC concentrations,
most of the FTND items showed higher concentrations at
higher single scores.

We sought to compare the relationship between the FTND
scores and cotinine, nicotine and 3HC levels in human
urine. The FTND scores were categorised as low (score:
0—4) or high (score: 5 — 10) based on previously published
studies (10). Of the 289 subjects, 197 (68.2%) were clas-
sified in the low-nicotine dependence group, and 101
(34.9%) in the high-nicotine dependence groups. Cotinine,
nicotine and 3HC concentrations in the urine of participants
with high FTND scores were significantly higher than in those
with low FTND scores (P < 0.05) (Figure 1 and Table 4).
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Table 4. Relationship between the FTND scores and cotinine,
nicotine and 3HC levels in human urine.

Cotinine  low 1314.0 + 1115.1 ng/mg creatinine

high 1813.61 + 1262.2 ng/mg creatinine
3HC low 3086.9 + 2899.6 ng/mg creatinine
high 4930.3 + 4033.8 ng/mg creatinine
Nicotine  low 1062.9 + 1072.6 ng/mg creatinine
high 1670.2 + 1545.9 ng/mg creatinine
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Figure 1. Comparison of cotinine, nicotine and 3HC levels in
human urine by the FTND scores. Nicotine dependence groups
(low, FTND score = 0 — 4; high, FTND score = 5 — 10); FTND:
Fagerstrom Test for Nicotine Dependence; 3HC: 3'-Hydroxy-
cotinine; * Significant at P < 0.05.
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4. DISCUSSION

We found that the FTND scores differed significantly
among different age, CPD and smoking-years groups. The
higher the age/CPD/smoking years, the higher the FTND
scores in this study population of daily smokers. We also
found significant correlations between FTND scores and
urinary biomarker concentrations (nicotine, cotinine, 3HC).
The concentrations of nicotine, cotinine and 3HC in the
urine of smokers with high FTND scores were higher than
those with low FTND scores. All items except item 2
(difficulty refraining) showed differences in nicotine,
cotinine and 3HC concentrations, with higher concen-
trations at higher single scores. And there was no asso-
ciation between the NMR and either the FTND or general
characteristics such as basic information of participants,
e.g., age, BMI, smoking years, number of cigarettes
smoked per day, etc. These findings indicated that there
were relationships between ND scores and nicotine, cotinine
and 3HC. NMR possibly has no impact on ND in Chinese
male smokers.

The current study shows differences in FTND scores based
on age and years of smoking. This study suggests that those
who started smoking at a younger age and had smoked for
more years were more dependent on nicotine. One study in
China demonstrated that FTND scores largely increased
with age among daily smokers and also earlier smoking
commencement was associated with higher ND (38). We
also found that FTND scores showed statistical significance
among different CPD groups. This conclusion is consistent
with the results of BECONA et al. (2) who reported that
Fagerstrom scores increased significantly with arise in age
and cigarette consumption in a Spanish population. The
result of the FTND scores of smokers across different BMI
groups showed that there was no statistically significant
difference, which agrees with the conclusions of other
studies (33). The mean FTND score in our study — 3.2 —is
similar to that observed in other studies (32, 39). We also
found that the NMR was not related to age, BMI, years of
smoking and CPD, same with other studies (29, 34).
Among the three age groups, nicotine concentrations were
substantially different, whereas cotinine and 3HC showed
no statistical significance. Previous studies (13, 30) found
that the role of age in cotinine concentrations was still not
clear, indicating no association between cotinine con-
centrations and age, whereas others found cotinine levels
increased with increasing age (9, 24).

In the correlation analysis, correlation coefficients between
the FTND scores and nicotine, cotinine and 3HC
concentrations showed positive relationships; the higher the
FTND scores, the higher the nicotine/cotinine/3HC con-
centrations. The correlation coefficients between the FTND
scores and nicotine, cotinine and 3HC were 0.301, 0.371,
0.365, respectively, suggesting that FTND scores displayed
a positive association with the levels of nicotine/cotini-
ne/3HC. These results were consistent with previous studies
(27, 32). NMR, as a reliable measure of CYP2AG6 activity,
has arole in ND (5, 18, 29). However, in our study, we did
not find a significant correlation between FTND scores and
NMRs, just in accordance with results reported in a
previous study (34).
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The data shows that the time between rising and smoking
the first cigarette of the day, hating most to give up
smoking, number of cigarettes smoked per day, smoking
more in the first hours of the day and smoking when ill are
associated with nicotine, cotinine and 3HC concentrations.
The shorter the time between waking up and smoking the
first cigarette of the day, the higher the concentrations of
nicotine, cotinine and 3HC in the urine. These results agree
with the findings described by FU et al. (15).

After adjustment for the number of cigarettes smoked in the
previous 24 h, the time to the first cigarette of the day is
associated with cotinine concentration (15). The higher the
number of cigarettes smoked, the higher the cotinine
concentration. One likely reason is that smokers regulate
their smoking behaviour to compensate for variations of
nicotine levels in the body (3). Thus, smokers in the highly
dependent group may smoke more cigarettes per day and
during the first minutes of the day, may hate most to give
up the first cigarette in the morning and smoke even when
ill, resulting in higher nicotine, cotinine and 3HC con-
centrations compared with low-dependent smokers. The
concentrations of nicotine, cotinine and 3HC in the urine of
smokers of high FTND scores were higher than in those
with low FTND scores.

In conclusion, our data confirm the association between
FTND scores and levels of nicotine, cotinine and 3HC in
Chinese male smokers. Smokers’ ND may not be affected
by the NMR. FTND item 2 (difficulty refraining) was not
found to be related to ND in Chinese smokers. Further
studies are necessary to investigate the potential role of
NMR and FTND item 2 (difficulty refraining) in large
numbers of Chinese smokers.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest.

REFERENCES

1. van Amsterdam, J.G., F. Vorspan, M.B. Snijder, W.
van den Brink, A.H. Schene, K. Stronks, H. Galen-
kamp, and E.M. Derks: Use of the Fagerstrom Test to
Assess Differences in the Degree of Nicotine
Dependence in Smokers From Five Ethnic Groups:
The HELIUS Study; Drug Alcohol Depend. 194 (2019)
197-204. DOI: 10.1016/j.drugalcdep.2018.10.011

2. Becofia, E. and F.L. Vazquez: The Fagerstrom Test for
Nicotine Dependence in a Spanish Sample; Psychol.
Rep. 83 (1998) 1455-1458.

DOI: 10.2466/pr0.1998.83.3.1455.

3. Benowitz, N.L.: Clinical Pharmacology of Nicotine:
Implications for Understanding, Preventing, and
Treating Tobacco Addiction; Clin. Pharmacol. Ther. 83
(2008) 531-541. DOI: 10.1038/clpt.2008.3

4. Benowitz, N.L., C.N. Lessov-Schlaggar, G.E. Swan,
and P.R. Jacob III: Female Sex and Oral Contraceptive
Use Accelerate Nicotine Metabolism; Clin. Pharmacol.
Ther. 79 (2006) 480-488. DOL: 10.1016/j.clpt.2006.01.008

5. Benowitz, N.L., O.F. Pomerleau, C.S. Pomerleau, and
P.R. Jacob III: Nicotine Metabolite Ratio as a Predictor

142

10.

12.

13.

14.

15.

16.

17.

of Cigarette Consumption; Nicotine Tob. Res. 5 (2003)
621-624. DOI: 10.1080/1462220031000158717
Benowitz, N.L., K.M. Dains, D. Dempsey, B. Herrera,
L. Yu, and P.R. Jacob III: Urine Nicotine Metabolite
Concentrations in Relation to Plasma Cotinine During
Low-Level Nicotine Exposure; Nicotine Tob. Res. 11
(2009) 954-960. DOI: 10.1093/ntr/ntp092

Borland, R., H.H. Yong, R.J. O’Connor, A. Hyland,
and ML.E. Thompson: The Reliability and Predictive
Validity of the Heaviness of Smoking Index and its
Two Components: Findings From the International
Tobacco Control Four Country Study; Nicotine Tob.
Res. 12 (2010) Suppl. s45-s50.

DOI: 10.1093/ntr/ntq038

Cai, L., W. Cui, D. You, J. He, and K. Zhao: Socio-
economic Variations in Nicotine Dependence in Rural
Southwest China; BMC Public Health 15 (2015) 1158.
DOI: 10.1186/s12889-015-2492-9

Campuzano, J.C., M. Hernandez-Avila, M.S. Jaakkola,
E. Lazcano Ponce, P.K. Morales, P. Bautista, N.L.
Benowitz, M. Ceraso, A. Blackford, and J.M. Samet:
Determinants of Salivary Cotinine Levels Among
Current Smokers in Mexico; Nicotine Tob. Res. 6
(2004) 997-1008. DOI: 10.1080/14622200412331324956
Carpenter, M.J., N.L. Baker, K.M. Gray, and H.P.
Upadhyaya: Assessment of Nicotine Dependence
Among Adolescent and Young Adult Smokers: A
Comparison of Measures; Addict. Behav. 35 (2010)
977-982. DOLI: 10.1016/j.addbeh.2010.06.013

. Chen, X., H. Zheng, S. Steve, J. Gong, A. Stacy, J.

Xia, P. Gallaher, C. Dent, S. Azen, J. Shan, J.B. Unger,
and C.A. Johnson: Use of the Fagerstrom Tolerance
Questionnaire for Measuring Nicotine Dependence
Among Adolescent Smokers in China: A Pilot Test;
Psychol. Addict. Behav. 16 (2002) 260-263.

DOI: 10.1037/0893-164X.16.3.260

Do, E. and H. Maes: Narrative Review of Genes, En-
vironment, and Cigarettes; Ann. Med. 48 (2016)
337-351. DOI: 10.1080/07853890.2016.1177196
Etter, J.F., T.V. Duc, and T.V. Perneger: Saliva Coti-
nine Levels in Smokers and Nonsmokers; Am. J.
Epidemiol. 151 (2000) 251-258.

DOI: 10.1093/oxfordjournals.aje.a010200

Fu, M., J.M. Martinez-Sanchez, A. Agudo, J.A.
Pascual, C. Ariza, A. Moncada, and E. Fernandez:
Nicotine Dependence and Salivary Cotinine Concen-
tration in Daily Smokers; Eur. J. Cancer Prev. 21
(2012)96-102.DOI: 10.1097/CEJ.0b013e32834a7e59
Fu, M., JM. Martinez-Sanchez, A. Agudo, J.A.
Pascual, J.M. Borras, J.M Samet, and E. Fernandez:
Association Between Time to First Cigarette After
Waking up and Salivary Cotinine Concentration;
Nicotine Tob. Res. 13 (2011) 168-172.

DOI: 10.1093/ntr/ntq232

Huang, C.L., H.H. Lin, and H.H. Wang: Evaluating
Screening Performances of the Fagerstrom Tolerance
Questionnaire, the Fagerstrom Test for Nicotine
Dependence and the Heavy Smoking Index Among
Taiwanese Male Smokers; J. Clin. Nurs. 17 (2008)
884-890. DOI: 10.1111/j.1365-2702.2007.02054.x
Huang, C.L., H.H. Lin, and H.H. Wang: The Psycho-
metric Properties of the Chinese Version of the Fager-



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

strom Test for Nicotine Dependence; Addict Behav. 31
(2006) 2324-2327.

DOI: 10.1016/j.addbeh.2006.02.024

Jacobson, G.A. and S.G. Ferguson: Relationship
Between Cotinine and Trans-3'-Hydroxycotinine
glucuronidation and the Nicotine Metabolite Ratio in
Caucasian Smokers; Biomarkers 19 (2014) 679—-683.
DOI: 10.3109/1354750X.2014.966254

Jung, H.S., Y. Kim, J. Son, Y.J. Jeon, H.G. Seo, S.H.
Park, and B.R. Huh: Can Urinary Cotinine Predict
Nicotine Dependence Level in Smokers?; Asian Pac.
J. Cancer Prev. 13 (2012) 5483-5488.

DOI: 10.7314/apjcp.2012.13.11.5483

Kozlowski, L.T., C.Q. Porter, C.T. Orleans, M.A.
Pope, and T. Heatherton: Predicting Smoking
Cessation with Self-Reported Measures of Nicotine
Dependence: FTQ, FTND, and HSI; Drug Alcohol
Depend. 34 (1994) 211-216.

DOI: 10.1016/0376-8716(94)90158-9

de Leon, J., F.J. Diaz, E. Becofia, M. Gurpegui, D.
Jurado, and A. Gonzalez-Pinto: Exploring Brief
Measures of Nicotine Dependence for Epidemiological
Surveys; Addict Behav. 28 (2003) 1481-1486.

DOI: 10.1016/s0306-4603(02)00264-2

Lerman, C., R.A. Schnoll, L.J. Hawk, P. Cinciripini,
T.P. George, E.P. Wileyto, G.E. Swan, N.L. Benowitz,
D.F. Heitjan, and R.F. Tyndale: Use of the Nicotine
Metabolite Ratio as a Genetically Informed Biomarker
of Response to Nicotine Patch or Varenicline for
Smoking Cessation: A Randomised, Double-Blind
Placebo-Controlled Trial; Lancet Respir. Med. 3
(2015) 131-138.

DOI: 10.1016/S2213-2600(14)70294-2

Li, Q.,J. Hsia, and G. Yang: Prevalence of Smoking in
China in 2010; N. Engl. J. Med. 364 (2011)
2469-2470. DOI: 10.1056/NEJMc1102459

Lubin, J.H., N. Caporaso, D.K. Hatsukami, A.M.
Joseph, and S.S. Hecht: The Association of a Tobacco-
Specific Biomarker and Cigarette Consumption and its
Dependence on Host Characteristics; Cancer Epidemiol.
Biomarkers Prev. 16 (2007) 1852—1857.

DOI 10.1158/1055-9965.EPI-07-0018

Mushtaq, N. and L.A. Beebe: Psychometric Properties
of Fagerstrom Test for Nicotine Dependence for
Smokeless Tobacco Users (FTND-ST); Nicotine Tob.
Res. 19 (2017) 1095-1101. DOI: 10.1093/ntr/ntx076

Niu, T., C. Chen, J. Ni, B. Wang, Z. Fang, H. Shao,
and X. Xu: Nicotine Dependence and its Familial
Aggregation in Chinese; Int. J. Epidemiol. 29 (2000)
248-252. DOI: 10.1093/ije/29.2.248

Park, S.M., K.Y. Son, Y.J. Lee, H.C. Lee, J.H. Kang,
Y.J. Lee, Y.J. Chang, and Y.H. Yun: A Preliminary
Investigation of Early Smoking Initiation and Nicotine
Dependence in Korean Adults; Drug Alcohol Depend.
74 (2004) 197-203.

DOI: 10.1016/j.drugalcdep.2004.01.001

Schnoll, R.A., T.P. George, L. Hawk, P. Cinciripini, P.
Wileyto, and R.F. Tyndale: The Relationship Between
the Nicotine Metabolite Ratio and Three Self-Report
Measures of Nicotine Dependence Across Sex and
Race; Psychopharmacology (Berl.) 231 (2014)
2515-2523. DOI: 10.1007/s00213-013-3421-1

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Schnoll, R.A., F. Patterson, E.P. Wileyto, R.F.
Tyndale, N.L. Benowitz, and C. Lerman: Nicotine
Metabolic Rate Predicts Successful Smoking Cessation
With Transdermal Nicotine: A Validation Study;
Pharmacol. Biochem. Behav. 92 (2009) 6-11.

DOI: 10.1016/j.pbb.2008.10.016

Smith, T.A., R.F. House Jr, I.T. Croghan, T.R. Gauvin,
R.C. Colligan, K.P. Offord, L.C. Gomez-Dahl, and
R.D. Hurt: Nicotine Patch Therapy in Adolescent
Smokers; Pediatrics 98 (1996) 659-667.

St. Helen, G., D. Dempsey, M. Wilson, P.R. Jacob, and
N.L. Benowitz: Racial Differences in the Relationship
Between Tobacco Dependence and Nicotine and
Carcinogen Exposure; Addiction 108 (2013) 607-617.
DOI: 10.1111/j.1360-0443.2012.04077.x

van Overmeire, I.P.I.,, T. De Smedt, P. Dendale, K.
Nackaerts, H. Vanacker, J.F.A. Vanoeteren, D.M.G.
van Laethem, J. van Loco, and K.A.J. De Cremer:
Nicotine Dependence and Urinary Nicotine, Cotinine
and Hydroxycotinine Levels in Daily Smokers;
Nicotine Tob. Res. 18 (2016) 1813—-1819.

DOI: 10.1093/ntr/ntw099

Wei, C.,S. Ye, J.R. Sheng, X. Ma, Y. Ru, L. Zhang, H.
Guo, and S. Zhu: Associations of Nicotine Dependence
and Fat Distribution in Chinese Male Adults: A Cross-
Sectional Study in Lanxi, China; BMJ Open 9 (2019)
€022465. DOI: 10.1136/bmjopen-2018-022465

West, O., P. Hajek, and H. McRobbie: Systematic
Review of the Relationship Between the 3-Hydroxy-
cotinine/Cotinine Ratio and Cigarette Dependence;
Psychopharmacology (Berl.) 218 (2011) 313-322.
DOI: 10.1007/s00213-011-2341-1

Wu, J., T. Yang, L.LR. Rockett, R. Xing, S. Karalic, Y.
Li,and Y. Zhang: Nicotine Dependence Among Rural-
Urban Migrants in China; BMC Public Health. 11
(2011) 296. DOI: 10.1186/1471-2458-11-296

Xue, Y., D. Sun, A. Daly, F. Yang, X. Zhou, M. Zhao,
N. Huang, T. Zerjal, C. Lee, N.P. Carter, M.E. Hurles,
and C. Tyler-Smith: Adaptive Evolution of UGT2B17
Copy-Number Variation; Am. J. Hum. Genet. 83
(2008) 337-346. DOI: 10.1016/j.ajhg.2008.08.004
Yang, T., A.S.M. Abdullah, J. Wu, J. Beard, J. Zheng,
and L.R. Rockett: Nicotine Dependence Among Rural
Chinese Males; J. Addict. Nurs. 21 (2010) 123-129.
DOI: 10.3109/10884601003777596

Yang, T., S. Shiffman, I.LR. Rockett, X. Cui, and R.
Cao: Nicotine Dependence Among Chinese City
Dwellers: A Population-Based Cross-Sectional Study;
Nicotine Tob. Res. 13 (2011) 556-564.

DOI: 10.1093/ntr/ntr040

Zhang, X.Y., D.C. Chen, Y.L. Tan, M.H. Xiu, J. Cui,
L. Hui, F.D. Yang, and T.R. Kosten: Socio-
Demographic and Clinical Characteristics of Heavy
and Non-Heavy Smokers Among Schizophrenia
Inpatients in a Chinese Han Population; Psycho-
pharmacology 231 (2014) 305-314.

DOI: 10.1007/s00213-013-3239-x

Fan, Z., F. Xie, Q. Xia, S. Wang, L. Ding, and H. Liu:
Simultaneous Determination of Nicotine and its Nine
Metabolites in Human Urine by LC-MS-MS; Chro-
matographia 68 (2008) 623—627.

DOI: 10.1365/s10337-008-0729-9

143



Corresponding author:

Fuwei Xie, Ph.D.

Key Laboratory of Tobacco Chemistry
Zhengzhou Tobacco Research Institute of CNTC
No. 2 Fengyang Road

Zhengzhou 450001

P.R. China

E-mail: xiefuwei@sina.com

144



