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Obijective: To study the incidence of conversion to tobacco dependence (TD) and the prevalence of the TD
state in relation to several potential determinants in a sample of adolescent smokers.

Methods: Questionnaires were administered every 3-4 months to document TD symptoms, amount of
cigarette consumption, and depression symptoms in a prospective cohort of 1293 grade 7 students in
convenience sample of 10 schools.

Results: Over 54 months of follow-up, 113 of 344 novice smokers converted to TD. The referent series for
the andlysis of incidence comprised 823 person-surveys. The prevalence series included 1673 person-
surveys, contributed by 429 smokers. Conversion to TD and TD status were associated with the intensity of
recent (that is, past 3-month) cigarette consumption (adjusted incidence rate ratio (alRR) 1.63 (95%
confidence interval (Cl) 1.36 to 1.97) and adjusted prevalence odds ratio (aPOR) 1.35 (95% Cl 1.23 to
2.48) per 100 cigarettes per month), slowest CYP2A6 activity (alRR 4.19 (95% Cl 1.38 to 12.76) and
aPOR 2.30 (95% Cl 1.29 to 4.09)), depression score (alRR 1.61 (95% CI 1.17 to 2.21) and aPOR 1.47
(95% CI 1.22, 1.75) per 1-unit change). Additional determinants included, for conversion to TD, time since
onset of cigarette use (alRR 0.76 (95% CI 0.58 to 1.00) per year) and, for the TD state, positive TD status
six months ago (aPOR 3.53 (95% Cl 2.41 to 5.19)).

Conclusions: TD risk in adolescents is associated with intensity of recent cigarette consumption, while the
role of more distant cigarette consumption appears small; subjects with slow nicotine metabolism and
those with more depression symptoms are at increased risk of becoming tobacco dependent. The risk of
being tobacco dependent is considerably higher in subjects who had previously developed the TD state.

from the interplay of multiple factors beyond cigarette

consumption.”™ According to the nicotine sensitivity
model,”’> TD is strongly related to individual sensitivity to
nicotine. However, current knowledge of risk factors for the
onset and maintenance of TD as well as of indicators of
increased susceptibility to the effects of tobacco (and, in
particular, nicotine) is lacking, and the aetiologic contribu-
tion of possible risk factors has not been accurately
quantified, or, in fact, clearly established.”” Even for the
most obvious aetiologic factor—cigarette smoking—there is
no consensus as to what the pattern of its association with TD
is (temporally and otherwise),' ¢ although several recent
studies suggest that even short-term exposure in novice
smokers can result in the appearance of TD symptoms.”” Risk
factor identification is further complicated by a lack of
agreement about what TD actually is and how it should be
measured, especially in youth.'"” Previous research is
characterised by the use of a variety of differing methodo-
logical approaches to the measurement of TD.'" " The
objective of this study was to investigate the occurrence of
TD, assessed using a clinically relevant and psychometrically
sound measure,” in relation to a series of potential
determinants. While it is important to identify the determi-
nants of the initial conversion to TD, the developed TD state
might not be inherently permanent such that a subject could
move in and out of the TD state over time, depending on his/
her characteristics, most notably, according to cigarette
consumption.'® Thus, we investigated determinants of ““being
in the state of TD” over the course of the early smoking
experience. Potential determinants investigated included
cigarette consumption, age, sex, time since the onset of
cigarette use, symptoms of depression, TD status history, and
rapidity of nicotine metabolism as measured by activity
status of CYP2A6, a genetically variable hepatic enzyme that
is responsible for the majority of the metabolic inactivation of

Tobacco dependence (TD) is a complex disorder' resulting

nicotine to cotinine."” In addition, we studied potential
modification of the effect of the determinants by CYP2A6
activity status.

METHODS
Study population
The McGill University Study on the Natural History of
Nicotine Dependence (NDIT Study) is a six-year (1999 to
2005) longitudinal investigation of 1293 students aged 12-13
years at baseline, recruited from all grade 7 classes in a
convenience sample of 10 Montreal secondary schools. The
schools were selected in consultation with local schools
boards and school principals, to include a mix of French and
English schools, urban, suburban, and rural schools, and
schools located in high and low socioeconomic neighbour-
hoods. Over half (55.4%) of eligible students participated at
baseline; the relatively low response was related to the need
to take blood samples for genetic analysis and to a province-
wide labour dispute that resulted in some teachers refusing
to collect consent forms. Self-report questionnaires were
administered every 3—4 months in the language of instruc-
tion of each school. More detailed descriptions of the
methods have been published elsewhere.” '* In this current
analysis, we used data from the first 4.5 years of follow-up;
each respondent had data from up to 18 questionnaires
available for analysis. Of the 1293 subjects originally
recruited, 423 (32.7%) were lost to follow-up in the course
of the study because they either refused to continue
(n = 84) or moved (n = 339).

Since TD occurs among subjects who smoke only (that is, it
belongs in the domain' of cigarette smoking”’), data from

Abbreviations: alRR, adjusted incidence rate ratio; aPOR, adjusted
prevalence odds ratio; Cl, confidence interval; GEE, generalised
estimating equation; OR, odds ratio; NDIT, Natural History of Nicotine
Dependence Study; SE, standard error; TD, tobacco dependence
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surveys in which the average monthly number of cigarettes
smoked in the previous three months was less than one or
missing were excluded from analysis. The analysis of TD
incidence was limited to respondents who initiated cigarette
use during follow-up; in these subjects, the follow-up was
terminated at the survey at which conversion to TD occurred
or at the end of the follow-up (either at the end of the study
or at the moment of loss to follow-up), whichever came first.
Thus, the source base for the analysis of prevalence of
positive TD status comprised a total of 2592 person-surveys
(contributed by 490 subjects) and the source base for the
analysis of incidence of first conversion to TD comprised 1089
person-surveys (contributed by 358 subjects).

Genotyping

Genotyping was performed for five variant alleles (CYP246 *I
(the wild-type), *9, *12, *2, *4, and *Ix2, where “*number”
refers to the specific variant allele of the CYP246 gene) using
established gene and allele-specific two-step PCR assays."”
The variants investigated were selected based on their impact
on nicotine metabolism and on reported frequencies in
different ethnic groups.'” The analyses identified two partially
inactive variants (CYP2A6™9, *12), two fully inactive variants
(CYP2A6*2, *4), and the increased activity gene duplication,
CYP2A6*1x2.

Description of study variables
Tobacco dependence was measured in a dichotomised
indicator based on the six criteria for tobacco dependence
in the International Classification of Diseases, 10th revision (ICD-
10). These included: (1) a strong desire or sense of
compulsion to take tobacco; (2) difficulties in controlling
tobacco taking behaviour in terms of its onset, termination,
or levels of use; (3) a physiological withdrawal state when
tobacco use has ceased or been reduced, as evidenced by: the
characteristic withdrawal syndrome for tobacco; or use of the
same (or a closely related) substance with the intention of
relieving or avoiding withdrawal symptoms; (4) evidence of
tolerance, such that increased doses of tobacco are required
in order to achieve effects originally produced by lower doses;
progressive neglect of alternative pleasure or interests
because of tobacco use, increased amount of time necessary
to obtain or take the substance or to recover from its effects;
(5) progressive neglect of alternative pleasure or interests
because of tobacco use, increased amount of time necessary
to obtain or take the substance or to recover from its effects;
and (6) persisting with tobacco use despite clear evidence of
overtly harmful consequences, such as depressive mood
states consequent to periods of heavy substance use, or drug
related impairment of cognitive functioning.” Each of the six
criteria included 2—4 questionnaire items for a total of 18
items. To create the indicator questionnaire items (each with
four to five response choices) were designed to measure each
criterion. Our approach to identify tobacco-dependent ado-
lescents was conservative; an item was considered positive
only if the most extreme response choice was endorsed; a
criterion was considered positive if the respondent endorsed
any of its items (the withdrawal syndrome required that at
least two of four items be endorsed).” Respondents were
categorised as tobacco dependent if they met three or more of
the six ICD-10 criteria.” In previous work," this TD measure
was shown to have very good psychometric properties.
Potential determinants of TD investigated included age,
sex, time since the onset of cigarette use, cigarette consump-
tion in the recent (0-3 months), intermediate (3—-6 months),
and distant (6-9 months) past, CYP2A6 activity status,
symptoms of depression in the past three months, and, in
the analysis of prevalence, TD status six months ago.
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At each survey, participants provided data on cigarette
consumption for each of the preceding three months,
including number of days on which they had smoked each
month and average number of cigarettes smoked per day (on
days when they smoked) each month. These two measures
were multiplied and averaged over each three-month interval
to produce an estimate of average monthly cigarette
consumption for each survey.

CYP2A6 activity was grouped into two categories: normal/
slower inactivators (two copies of *1 (the wild type active
allele and/or the duplication variant) or one copy of *9 or *12)
and slowest inactivators (1-2 copies of *2 or *4 or two copies
of *9 and/or *12)."

Depression symptoms in the past three months were
measured at each survey in a validated six-item scale.” A
depression symptom score, created by summing responses to
each item, ranged from 1 to 6, with higher scores indicating
more depression symptoms.

Time since cigarette use onset was computed as the
difference between the current date that a questionnaire
was completed and the date on which the respondent
reported a non-zero amount of cigarettes consumed for the
first time.

TD status history was denoted by TD status measured six
months before a given survey. The six month time lag was
selected to ensure that the effect of cigarette consumption in
the intermediate past (that is, 3-6 months ago) is not
adjusted for ND status at a time following the time period for
cigarette consumption measurement, which could have led to
“overadjustment”” and dilution of the association between
cigarette consumption in the intermediate past and current
TD status.

Statistical analysis

Analysis of incidence of first conversion to TD

The incidence series comprised person-surveys contributed by
participants who converted to TD (that is, the TD case series),
and person-surveys contributed by the corresponding refer-
ent series.”” Univariate and multivariable regression models
were fitted to estimate, respectively, the crude and adjusted
associations between occurrence of first conversion to TD and
each potential determinant. We used a generalised estimating
equation (GEE) repeated-measures generalisation of logistic
regression,” with an order 1 autoregressive correlation
structure of residuals.” Exponentiation of estimated regres-
sion coefficients from the logistic model provided estimates
of the incidence rate ratio for each determinant. Empirical
standard errors were used.

Analysis of prevalence of positive TD state
The prevalence series comprised person-surveys contributed
by participants in a positive or negative TD state.'® *
Univariate and multivariable regression models were fitted
to estimate, respectively, the crude and adjusted associations
between occurrence of a positive TD state and each potential
determinant. Here too we relied on a GEE generalisation of
the logistic regression. Exponentiation of estimated regres-
sion coefficients from the logistic model provided estimates
of the prevalence odds ratio for each determinant. In addition
to studying the “main effects” of each determinant, in the
prevalence analysis we explored possible modification of the
effect of cigarette consumption in the recent and intermedi-
ate past, depression symptoms, and TD status history by
CYP2A6 activity status. In these analyses, appropriate
product terms were added to the full model, one at a time.
Cigarette consumption in all the regression analyses was
represented by two variables: average monthly cigarette
consumption in the past three months (that is, recent past),
and average monthly cigarette consumption 3-6 months
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Table 1 Distribution of respondent characteristics in the incidence and prevalence series
Referent series for the incidence  Prevalence series (n=1673 person-
andlysis (n=823 person-surveys) surveys)

Characteristic Mean (median) SD % Mean (median)  SD %
Age (years) 14.6 1.5 14.8 1.4
Depression symptoms score 22 0.7 2.3 0.8
Average cigarette consumption 54.6 (9.0) 119.7 159.5 (67.0) 219.6

in the past 3 months (cig/month)

Average cigarette consumption 32.2(1.5) 92.9 133.7 (32.5) 211.0

in the past 3-6 months (cig/month)

Time since the onset of cigarette 1.1 (1.0) 1.1 1.6 (1.5) 1.2

use (years)

Male sex 34 29
Slowest CYP2A6 activity status 3 5
Positive TD status 6 months ago 24
McGill University Study on the Natural History of Nicotine Dependence (NDIT Study), Montreal, Quebec, 1999
2004.

SD, standard deviation; TD, tobacco dependence.

before a given survey (that is, intermediate past). Cigarette
consumption 6-9 months before a given survey (that is, the
relatively distant past) was initially considered in preliminary
analyses but was dropped because of an apparent absence of
effect when conditioning on other potential determinants.

Because genotype was assessed in only 129 respondents
(37.5% of 344 retained for analysis) in the incidence series
and 159 respondents (37.1% of 429 retained for analysis) in
the prevalence series, to increase the precision while
estimating the associations with other variables, the
CYP2A6 activity status was represented in multivariable
analysis by two binary variables: an indicator of the
availability of the activity status information, and an
indicator of the actual status; respondents with no CYP2A6
data were assigned the value of zero for this second variable
(19). Similarly, in the prevalence analysis, because time since
cigarette use onset could not be reliably determined in 91
subjects (21.2% of 429 retained for analysis) who had
initiated cigarette use before study entry, this determinant
was represented by an indicator of the availability of these
data and by a continuous variable representing the actual
time since cigarette use onset. Respondents with no
information on time since onset were assigned a value of
zero for this variable.”” All analyses were performed using
SAS version 8.2 version for Windows.

RESULTS

Analysis of incidence of first conversion to TD

Among 1089 person-surveys available in the source database
for the incidence analysis, those with missing values for
cigarette consumption 3-6 months ago (n = 122, 11.2%)
and of current depression symptoms score (n = 11, 1.0%)
were excluded. In the data series retained for analysis, 113 of

344 novice smokers converted to TD. The size of the referent
series™ retained for the incidence analysis was thus 823
person-surveys.

Distributions of selected characteristics of the referent
series for the incidence analyses are provided in table 1.

The results of the logistic regression model with the
occurrence of the event of first TD conversion as the
dependent variable are presented in table 2. Recent cigarette
consumption significantly increased the risk of the event of
first TD conversion, while the effect of cigarette consumption
in the intermediate past was non-significant. Slowest
CYP2A6 activity status and higher depression level were
associated with significant increases in the risk of conversion.
The incidence rate decreased with increasing time since
cigarette use onset. The results for the associations with age
and sex were non-significant.

Analysis of prevalence of positive TD status
Among the 2592 person-surveys available in the source data
base for the prevalence analysis, those with missing values
for TD status six months ago (n = 606, 23.4%), cigarette
consumption 3-6 months ago (n = 294, 11.3%), and
depression symptoms score (n = 19, 0.7%) were excluded.
Among the 1673 person-surveys contributed by 429 smokers
during follow-up, which were retained for the analysis, 502
were positive for TD status, thus producing an overall
prevalence rate of 30.0%.

The distribution of selected characteristics in the study
base series for the prevalence analyses are provided in table 1.

The results of the logistic regression model with the
occurrence of the state of TD as the dependent variable are
presented in table 3. Recent cigarette consumption increased
the prevalence of the TD state considerably, while the

Table 2 Crude and adjusted incidence rate ratios for tobacco dependence (TD)
Crude Adjusted

Characteristic IRR 95% Cl p Value IRR 95% Cl p Value
Average monthly cigarette consumption in the past three months 1.54 1.321t0 1.79 <0.0001 1.63 1.36 to 1.97 <0.0001
(per 100 cigarettes)
Average monthly cigarette consumption in the past 3-6 months 1.15 1.00 to 1.32 0.0461 0.94 0.79t0 1.12 0.5134
(per 100 cigarettes)
Slowest CYP2Aé activity status 4.11 1.48 to 11.39 0.0065 4.19 1.38 to 12.76 0.0117
Depression symptoms score 1.45 1.11 to 1.91 0.0064 1.61 1.17 to 2.21 0.0031
Age (per year) 0.87 0.76 to 0.99 0.0385 0.91 0.77 to 1.08 0.2870
Time since the onset of cigarette use (per year) 0.71 0.57 t0 0.89 0.0032 0.76 0.58 to 1.00 0.0485
Male sex 1.10 0.72 to 1.69 0.6453 1.19 07410 1.92 0.4751
McGill University Study on the Natural History of Nicotine Dependence (NDIT Study), Montreal, Quebec, 1999-2004.
IRR, incidence rate ratio; Cl, confidence interval.
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Table 3 Crude and adjusted prevalence odds-ratios for tobacco dependence (TD)
Crude Adjusted
Characteristic POR  95%Cl p Value POR 95% Cl p Value
Average monthly cigarette consumption in the past three months 1.40 1.30 to 1.51 <0.0001 1.35 1.23 10 1.48 <0.0001
(per 100 cigarettes)
Average monthly cigarette consumption in the past 3-6 months 1.23 1.16 t0 1.32 <0.0001 1.08 0.99t0 1.18 0.0825
(per 100 cigarettes)
Slowest CYP2Aé activity status 1.96  0.9810 3.92 0.0571 2.30 1.29 to 4.09 0.0047
Positive TD status six months ago 537 376t07.65 <0.0001 3.53 2.41 t0 5.19 <0.0001
Depression symptoms score 129  1.09to01.53 0.0037 1.47 1.2210 1.75 <0.0001
Age (per year) 1.14 1.03t0 1.26 0.0096 0.92 0.8210 1.04 0.1830
Time since the onset of cigarette use (per year) 1.26 1.10 to 1.45 0.0011 1.01 0.84 to 1.21 0.9024
Male sex 0.91 0.60 to 1.39 0.6626 1.05 0.71 to 1.56 0.7880
McGill University Study on the Natural History of Nicotine Dependence (NDIT Study), Montreal, Quebec, 1999-2004.
POR, prevalence odds ratio; Cl, confidence inferval.

association with cigarette consumption in the more distant
past was weak and not statistically significant. Slowest
CYP2A6 activity status and higher depression levels in the
past three months were associated with significant increases
in the risk of TD. The results for the associations with time
since cigarette use onset, age, and sex were non-significant.

Figure 1 shows the adjusted prevalence odds ratios
obtained from four regression models with the occurrence
of the TD state as the dependent variable and with product-
terms between CYP2A6 activity status and other variables (p
values for the product terms with CYP2A6 activity status in
the corresponding models were 0.1881 (with amount of
cigarette consumption 0-3 months ago), 0.1245 (with
amount of cigarette consumption 3-6 months ago), 0.5789
(with positive TD status 6 months ago), and 0.8011 (with the
depression symptom score), respectively). Although none of
the product terms was statistically significant at the o level of
0.05, the results suggest that there might be a positive
multiplicative interaction between CYP2A6 activity and
cigarette consumption in the recent and intermediate past.
For example, a 100-cigarette increase in monthly consump-
tion 0-3 and 3-6 months ago in respondents with normal/
slower CYP2A6 activity increased the odds of being tobacco
dependent by 31% and 9%, respectively. In respondents with
slowest CYP2A6 activity, a 100-cigarette increase in cigarette

Normal/slow CYP2Aé metabolism

Slowest CYP2A6 metabolism

consumption increased the odds by 107% and 127%,
respectively. There was a potential negative multiplicative
interaction between CYP2A6 activity and the depression
symptom score and positive TD status six months ago. For
example, a 1-unit change in the depression symptom score in
respondents with normal/slower CYP2A6 activity increased
the odds of being tobacco dependent by 48%, while in
respondents with slowest CYP2A6 activity the difference in
the depression symptom score increased the odds by 22%. A
positive TD status six months ago in respondents with
normal/slower CYP2A6 activity increased the odds of being
tobacco dependent by 299%, while in subjects with slowest
CYP2AG6 activity a positive TD status six months ago increased
the odds by 113%.

DISCUSSION

Our study identified determinants of the onset of TD, as well
as of the state of TD. Among the more important findings is
that recent cigarette consumption and not smoking in the
intermediate or distant past is a strong risk factor for
conversion. In other words, our results suggest that the TD-
inducing effects of cigarette consumption are relatively acute,
while past smoking may not have strong long-lasting or
cumulative effects in terms of affecting the risk of TD. This
finding corroborates recent reports that TD symptoms in

Figure 1 Plots of estimated adjusted
Frevo|ence odds ratios associated with
our determinants of tobacco
dependence (TD) in subjects with
slowest (thin line) and normal/slow
(thick line) CYP2Aé metabolism status.
McGill University Study on the Natural
History of Nicotine Dependence (NDIT
Study), Montreal, Queﬁec, 1999-

\ | 2004.
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adolescents can begin very soon after the onset of cigarette
use,”” and suggests that, for the purpose of prevention,
cigarette use and the development of TD are probably
concomitant, at least in some subjects.

CYP2A6 genotype conferring slow nicotine metabolism
considerably increases the risk of TD conversion and
maintaining the state of TD. Because the CYP2A6 enzyme
mediates over 90% of the conversion of nicotine to
cotinine,” ** the major route of elimination of nicotine, it is
not surprising that CYP2A6 activity is an important indicator
of susceptibility to TD. Although studies have found that
slowest CYP2A6 activity may be protective for being a current
adult smoker,'” *” suggesting a possible TD-averting effect of
the slow CYP2A6-mediated nicotine metabolism on acquisi-
tion, this was not found in our acquisition study,'® suggesting
alternative explanations are responsible for the increased risk
of acquisition in adolescents and decreased risk for being a
smoker in adults. The biologic plausibility of our findings
stems from the reasoning that slow rate of nicotine
conversion into cotinine results in a prolonged presence of
higher nicotine concentrations in the bloodstream, thus
increasing the exposure of nicotinic acetylcholine receptors
in the brain to nicotine.

Another important finding is the observed positive
association between symptoms of depression and the risk
of TD. While others have reported this association,*!
including in young people,>”* our study is the first to provide
empirical evidence that even after controlling for smoking
intensity and other risk factors, higher depression levels are
associated with a higher risk of TD. Depression is char-
acterised by disruption of dopamine metabolism and
dysfunction of the dopaminergic reward systems in the
brain,” and there is now evidence that nicotinic acetylcholine
receptors, which mediate the reinforcing effects of nicotine,*
are expressed on dopaminergic neurons” in key brain
regions.”® Still, while it is plausible that depression could
predispose individuals to develop and maintain TD by
enhancing “rewarding” properties of nicotine (or through
some other mechanism),” it remains possible that the
association could merely reflect a genetic link between
susceptibility to depression and TD.*”

We have found that the incidence rate of conversion to TD
decreases with time since the onset of cigarette use. The
negative association is most likely due to “depletion of
susceptibles””: among subjects with the same relevant aspects
of cigarette use profile (as well as the other covariates
controlled for in our analyses), those with increased
susceptibility to TD could be expected to tend to convert
earlier and thus gradually leave the pool of candidates for TD
conversion so that the remaining subjects would be
comprised of the relatively less susceptible individuals who
experience conversion to TD at a lower rate.

The overall prevalence of a positive TD status in the study
population was 30%; the prevalence varied considerably
across population subgroups. For example, according to the
fitted multivariable logistic regression prevalence function,
among 15-year-old girls one year after the onset of cigarette
use, with the monthly smoking consumption of 10 cigarettes
in the past six months, depression symptom score of 1,
normal/slower CYP2A6 activity status, and negative TD status
six months ago, the expected prevalence of TD is approxi-
mately 10%, while among the subjects of the same age, sex,
and time since the onset of cigarette use, but with the
monthly smoking consumption of 300 cigarettes in the past
six months, depression symptom score of 3, slowest CYP2A6
activity status, and positive TD status six months ago, the
expected prevalence of TD is 83%.

Although our analysis of effect-modification by CYP2A6
activity status was ““hypothesis-generating”, the results are
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What this paper adds

Previous research has shown that symptoms of tobacco
dependence can occur in novice smokers soon after onset of
cigarette use. However, current knowledge of the aetiology
of tobacco dependence in adolescents is lacking. To our
knowledge, this is the first study to investigate risk factors for
both initial conversion to tobacco dependence, and for being
in the tobacco dependent state among adolescent smokers.
The study shows that the risk of tobacco dependence in
adolescents is associated with intensity of recent cigarette
consumption, while the role of more distant cigarette
consumption appears to be negligable; subjects with
genetically-determined slow nicotine metabolism and those
with more depression symptoms are at increased risk of
developing tobacco dependence. The risk of being tobacco
dependent is considerably higher in subjects who had
previously developed the tobacco dependent state.

potentially highly interesting. They suggest that TD-inducing
effects of smoking are particularly evident in slow nicotine
metabolisers. At the same time, depression was strongly
associated with increased TD risk among normal nicotine
metabolisers while the association appeared more modest
among slow metabolisers. Similarly, a positive history of TD
six months ago was associated with a particularly elevated
risk of positive current TD status among normal nicotine
metabolisers.

Strengths of our study include a well-defined source base,
thorough follow-up of the source population over a long
period of time, and use of standardised and validated
measurement instruments for data collection. In addition,
we used a clinically relevant definition of TD as the outcome,
in contrast with smoking behaviour, which, especially in
adolescents, is driven by multiple constitutional, social, and
environmental factors, of which TD is but one.?* >

Limitations include that self-reports of cigarette consump-
tion and TD symptoms are subject to misclassification, which
could attenuate observed associations with cigarette con-
sumption and explain the absence of observed effect of
cigarette consumption in the more distant past. In addition,
CYP2A6 genotyping can be subject to misspecification,*
which could result in attenuation of the observed association
between CYP2A6 activity status and TD. Secondly, although
at least for some determinants examined, stronger associa-
tions could be expected to be found in a domain of high risk
of TD, the limited sample size prevented us from restricting
our study to a domain of more intensive smoking.
Nevertheless, even in the relatively low-smoking-intensity
domain (namely, smoking at least one cigarette per month in
the previous three months) we were able to demonstrate
several important associations with TD. Finally, although the
response proportion in our study was relatively low, the
reasons for this (namely, the need to take blood samples, and
labour dispute issues among the teachers) were likely
independent of the associations investigated in our study,
and thus no or little systematic error should have been
introduced into the results. In addition to the low response
rate, some participants dropped out of the study or failed to
provide information on all the relevant study variables, and
were thus excluded from the analysis. Here too, however, a
bias would have been introduced into our results only if the
reasons for dropping out and/or unavailability of data
influenced the associations of interest.

In conclusion, our study suggests that the occurrence of
TD, as indicated by ICD-10 criteria,” in adolescents is
determined by recent cigarette consumption. Furthermore,
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subjects with genetically determined slow nicotine metabo-
lism, which increases the duration of nicotine exposure
during smoking, and those with more symptoms of depres-
sion are at increased risk of becoming tobacco dependent.
The risk of being tobacco dependent is considerably higher in
subjects who had previously developed the TD state. Future
research should investigate the likely role of gene—environ-
ment interactions in determining the risk of TD.

Our results point to the importance of early intervention
among youth who experiment with cigarettes, to prevent the
occurrence of TD. Both the high risk of conversion to TD
among recent smokers, and the importance of past TD as a
determinant of current TD, suggest that considerable efforts
should be devoted to the development of cessation pro-
grammes for novice smokers within the first few months of
initiation. In addition, the finding that slow metabolisers of
nicotine have significantly higher risks of TD suggests that
the length of time the brain is exposed to nicotine should be
minimised, to reduce the likelihood of conversion to TD.
Hence, our results support the need for early and intensive
interventions aimed at reducing exposure to cigarettes in
secondary school, although the impact of cessation pro-
grammes for youth remains to be documented. Finally, our
results in combination with those of other investigators
suggest a strong link between depressive symptoms and TD
in youth. Clinicians should be aware of this association to
enable provision of relevant cessation and prevention
counselling among youth with symptoms of depression,
and to assess and treat co-occurrence of depression and
cigarette use among novice smokers.
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