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Background: Research indicates that it is common for youths to use nicotine replacement therapy (NRT) despite
limited empirical evidence for its effectiveness within this population. Since very little is known about the
characteristics associated with NRT use by youth, the current study examined the association between ever
and current use of NRT as a function of student characteristics and the characteristics of the schools they attend.
Methods: This study used nationally representative student-level data from 29,296 grade 9 to 12 students who
participated in the 2008–2009 Canadian Youth Smoking Survey (YSS). School-level data on the built environment surrounding schools were provided by DMTI-Spatial, and data on school location were provided by the
Canadian Census. Two multilevel logistic regression models were used to predict ever use of NRT and current
use of NRT as a function of student and school characteristics among current smokers.
Results: Overall, 21.1% of youth smokers in Canada had ever used NRT and 5.1% were currently using NRT. Odds
of ever and current NRT use were highest among daily smokers and boys, while youths who had made multiple
quit attempts or participated in a quit and win contest were more likely to be ever NRT users. Attending a school
located within an urban area increased youths' odds of ever and current NRT use, whereas higher density of
pharmacies surrounding a school was inversely associated with current NRT use.
Conclusions: Characteristics of students and the schools they attend were associated with the likelihood of youth
smokers using NRT. Signiﬁcant between-school differences in NRT use exist, however further research is needed
to identify which school characteristics account for these differences and understand how youth are accessing
NRT.
© 2012 Elsevier Ltd. All rights reserved.

1. Introduction
Although nicotine replacement therapy (NRT) is a best practice
among adult smokers attempting to quit (Fiore et al., 2000), the lack
of conclusive evidence for its use among smoking youth has led to its
inconsistent inclusion in best practice guidelines for youth smoking cessation (CAN-ADAPTT, 2011; Fiore et al., 2000; Fiore et al., 2008; MHNZ,
2007; Raw, McNeil, West, Arnott, & Armstrong, 2005). In Canada, where
the current study was conducted, NRT is not considered a best practice
for youth smoking cessation (CAN-ADAPTT, 2011), and its sale is
restricted among youths (under 18 years old) so that only those who
have a physician's prescription can purchase it (Physical Health Unit,
2004). Similar youth point-of-purchase restrictions exist in Finland
(Rainio, Huhtala, & Rimpela, 2010), and the United States (Johnson,
Klesges, Somes, Coday, & DeBon, 2004), but not in England (Raw et al.,
2005) or New Zealand (MHNZ, 2007). Despite not being consistently
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recommended for use, research indicates that a signiﬁcant number of
youths use NRT (Klesges, Johnson, Somes, Zbikowski, & Robinson,
2003; Lane, Leatherdale, & Ahmed, 2011; Rainio et al., 2010). To date,
several studies describe the individual characteristics of youth who
use NRT (Dalton et al., 2010; Klesges et al., 2003; Lane et al., 2011;
Rainio et al., 2010;), youths' reasons for using NRT (Klesges et al.,
2003; Raisamo, Doku, & Rimpelä, 2011), and how youth access NRT
(Johnson et al., 2004). Although these studies provide important
insights into the proﬁle of NRT-using youth, no research that we
know of has investigated whether characteristics of the schools youth
attend are associated with their likelihood of using NRT. Given that
school environment characteristics – such as tobacco retailer density
surrounding schools – have been shown to be associated with odds of
smoking among youths (Leatherdale, Brown, Cameron, & McDonald,
2005; Leatherdale & Strath, 2007), it seems possible that such a contextual relationship may exist with NRT use as well, as pharmacies represent locations where NRT can be accessed.
Although improved clinical evidence is required to inform policies
that will either promote or discourage NRT use by youth, populationbased research regarding NRT use by youth is necessary to target
these policies at appropriate sub-populations. Understanding how
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individual and school characteristics impact youths' likelihood of NRT
use would allow future policymakers to allocate resources to schools
in need of better NRT access or abuse prevention. Therefore, the
purpose of the present study was to: (1) investigate school-level
differences in NRT use, and (2) identify student and school characteristics associated with NRT use in a nationally representative sample of
Canadian youth smokers.
2. Materials and methods
2.1. Study design, sampling and participants

cigarettes?” (I have only smoked a few times, I have never tried to
quit, I have tried to quit once, I have tried to quit 2 to 3 times, I have
tried to quit 4 to 5 times, I have tried to quit 6 or more times). Participation in a quit smoking contest or smoking cessation counseling was
determined via student responses to the question “In the last
12 months, have you taken part in any other anti-smoking activities
or events, either at school or in the community? (Mark all that
apply).” Students who marked “quit smoking contest” or “smoking
cessation counseling” were included in the yes categories for these
activities, and everyone else was included in the no categories.
Use of marijuana in the 12 months preceding the survey was determined through student answers to the YSS survey question, “In the last
12 months, how often did you use marijuana or cannabis? (A joint, pot,
weed, hash…) (I have never used marijuana, I have used marijuana but
not in the last 12 months, Less than once a month, Once a month, 2 or 3
times a month, Once a week, 2 or 3 times a week, 4 to 6 times a week,
Every day, I do not know). The YSS also collected information on
student demographics. Speciﬁc details on these measures are available
online (www.yss.uwaterloo.ca).

This study used nationally representative data collected from
29,296 students in grades 9 to 12 within 372 secondary schools as
part of the 2008–2009 Canadian Youth Smoking Survey (YSS). In
brief, the target population for the data used in this study consisted
of all young Canadian residents in grades 9 to 12 attending public
and private secondary schools in the 10 Canadian provinces. 1 Youth
residing in the Yukon, Nunavut, and the Northwest Territories were
excluded from the target population, as were youth living in institutions
or on First Nation Reserves and youth attending special schools or
schools on military bases. The YSS survey was administered to students
during class time and participants were not provided compensation.
The survey design and sample weights allow us to produce
population-based descriptive statistics within this manuscript. In 81%
of participating schools, active information with passive consent was
used to reduce demands on schools and to increase student participation rates. The researcher informed the parents of the students via
mail and asked them to call a toll-free number if they refused their
child's participation. Based on school or board request, active parental
permission (signed parental permission for students to participate in
the survey) was required in the remaining 19% of schools. The study
response rates at the school board, school, and student level were
84%, 59%, and 73.2%, respectively. The University of Waterloo Ofﬁce of
Research Ethics and appropriate School Board and Public Health Ethics
committees approved all procedures, including passive consent.
Detailed information on the 2008–2009 YSS is available online (http://
www.yss.uwaterloo.ca).

2.2.2. School characteristics
School location was classiﬁed as either rural or urban by linking
school postal code data with 2006 Canadian census data in the Postal
Code Conversion File (PCCF) program. Statistics Canada classiﬁes any
census subdivision (municipality) as a Census Metropolitan Area
(CMA) if it had a core population of at least 100,000 during the previous
census (Statistics Canada, 2010b). For this study, schools located in
census CMAs were classiﬁed as urban and all others were classiﬁed as
rural, similar to the classiﬁcation system used by Curry et al. (2007).
The 2008 DMTI-Spatial data were used to identify the number of
pharmacies located within a 1-kilometer radius of each school. Consistent with previous research (Pouliou & Elliot, 2010), the process of identifying and linking the DMTI-Spatial data to the YSS student level data
involved three steps: (1) geocoding the address for each YSS school;
(2) creating 1-km circular buffers; and (3) linking the quantiﬁed built
environment data for each school to the student-level data from each
school. Arcview 3.3 (ESRI, 2002) software was used to geocode the
school addresses and to create the 1-km buffers.

2.2. Measures

2.3. Data analysis

2.2.1. Student characteristics
Consistent with previous research (Lane et al., 2011), ever use of NRT
was determined via a question that asked students “Have you ever tried
any of the following? (Mark all that apply)” for which “Using nicotine
patches, nicotine gum, or nicotine lozenges” was a possible response.
Current use of NRT was measured by a question that asked students
“In the last 30 days, did you use any of the following? (Mark all that
apply),” for which “Nicotine patches, nicotine gum, or nicotine
lozenges” was a possible answer.
Smoking status was measured by asking respondents if they had
ever smoked 100 or more whole cigarettes in their lifetime (yes/no)
and on how many of the last 30 days they smoked one or more cigarettes. Consistent with Health Canada's deﬁnitions of smoking status
for the YSS (Health Canada, 2010), current smokers had smoked at
least 100 cigarettes in their lifetime and at least one whole cigarette
during the past 30 days. Current smokers were further classiﬁed as
current daily smokers (smoked on each of the past 30 days) or current
occasional smokers (smoked on fewer than 30 of the past 30 days).
Never smokers were classiﬁed as individuals who had never tried
smoking, not even a few puffs.
Number of previous quit attempts was determined from youth
answers to the question “Have you ever tried to quit smoking

Prevalence estimates were calculated for NRT use within the entire
YSS sample (n= 29,296) by gender, smoking status, and province of
residence. Descriptive analyses of NRT use, grade, smoking status, number of previous quit attempts, participation in a quit and win contest,
participation in smoking cessation counseling, and past month marijuana use were performed by gender (male/female) in the sub-population
of the YSS sample classiﬁed as current smokers (n = 3630). Survey
weights were used to adjust for differential response rates across
regions or groups in all descriptive analyses.
Similar to previous research (Leatherdale, 2010; Roberston-Wilson,
Leatherdale, & Wong, 2008), a three-step modeling procedure was used
to examine the student and school characteristics associated with NRT
use. Step 1 examined whether differences in NRT ever use or current
use varied signiﬁcantly across schools. Unconditional models with random intercepts for ever and current NRT use by current smokers produced estimates of school-level variance (σu 2). School-level variance
estimates from Step 1 were used to calculate the intraclass correlation
coefﬁcients (ICCs), which indicate the proportion of the variability in
the odds of NRT use accounted for by random variation between schools
(Merlo et al., 2006).
In Step 2, student-level variables were entered into initial models of
NRT ever and current use based on their hypothesized signiﬁcance to
NRT use. Variables were then removed from the models in a stepwise
fashion, using backward elimination, until all student-level variables
had p-values less than 0.1. The group of variables entered into the initial
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models included all of the variables examined in the present study, as
well as numerous other variables that were eliminated from the models
of NRT use due to non-signiﬁcant p-values during the elimination
procedure. The student-level variables that were not retained in the
ﬁnal models due statistical insigniﬁcance were: amount of weekly
disposable income, self-identiﬁcation as a smoker, belief that smokers
can quit any time they want, number of cigarettes smoked per day,
attendance at classes where the health effects of smoking were discussed, alcohol use, parent and sibling smoking, and friend smoking.
In accordance with a priori hypotheses regarding their signiﬁcance in
ﬁnal models of NRT use, gender, grade, smoking status, province of
residence, and urban/rural location of schools were retained in all
ﬁnal models of NRT use predictors, regardless of their signiﬁcance
during backwards elimination. In Step 3, grand-mean centered pharmacy density was added to the models of NRT use, and retained if it had a
p-value of less than 0.1. This formed the ﬁnal multilevel models of NRT
use among Canadian youth smokers.
Although Model 1 (NRT ever use among current smokers) was
missing data for 483 of the 3630 youth smokers in the sample, an
additional analysis where missing values were coded into the multilevel model indicated that the missing values did not signiﬁcantly
impact the magnitude or direction of associations in Model 1.
3. Results
3.1. Sample characteristics

% of Canadian youth smokers in grades 9 to 12

A description of the general characteristics of the 2008–2009 YSS
sample is available elsewhere (Leatherdale, Rios, Elton-Marshall, &
Burkhalter, 2011). Within the entire Canadian youth population
(grades 9 to 12), 3.6% (n = 59,792) had ever used NRT, and 0.8%
(n = 13,287) were current NRT users at the time of the YSS survey.
Among ever and current NRT users in the entire population, 7% and
15%, respectively, had never smoked. During the 2008–2009 school
year, 66.2% of Canadian youths attended schools that were located
in urban areas. Among all schools surveyed, there was a mean of 1.6
(SD: 2.4, range: 0–26) pharmacies within a one kilometer radius of
each school.
Among current smokers, prevalence of lifetime NRT use was 21.1%,
with 5.1% of current smokers reporting current NRT use. The proceeding
descriptive statistics are from the current smoking youth population in
Canada. NRT use varied signiﬁcantly by province in Canada, as shown
in Fig. 1. NRT ever use was highest in British Columbia (30.9%) and
lowest in Newfoundland (15.8%), whereas NRT current use peaked in
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Manitoba (6.6%) and was lowest in Newfoundland (3.3%). The majority
(35%) of current and ever NRT users had made between two and three
quit attempts, but 16–32% had never tried to quit. A summary of the
descriptive statistics for Canadian youth smokers can be found in
Table 1.
3.2. Between-school differences associated with NRT use by youth
smokers
Among current smokers in grades 9 to 12, signiﬁcant betweenschool random variation in the odds of ever using NRT was identiﬁed
(σu2 = 0.092); school-level differences accounted for 2.7% of the variability in the odds of ever using NRT versus not using NRT. Signiﬁcant
between-school random variation in the odds of currently using NRT
was also identiﬁed (σu2 = 0.312), with school-level differences accounting for 8.6% of the variability in the odds of currently using
NRT versus not currently using NRT. Considered at the population
level, these effect sizes were signiﬁcant enough to warrant further investigation via addition of explanatory variables to the models of NRT
use. In Step 2, multilevel models of NRT ever and current use
(Table 2) showed that only 0.64% (σu2 = 0.021) of the variability in
the odds of ever using NRT and 2.7% (σu2 = 0.092) of variability in
the odds of currently using NRT could be explained by random between school differences. This change indicates that the addition of
school-level variables (urban/rural location of school and pharmacy
density within a one kilometer radius) explained 77.2% of the
between-school differences in odds of ever NRT use and 70.4% of
the between-school differences in the odds of current NRT use.
3.3. Student and school characteristics associated with NRT use by youth
smokers
As shown in Table 2, males were signiﬁcantly more likely to be ever
(OR: 1.22, 95% CI 1.01, 1.47) or current (OR: 1.51, 95% CI 1.11, 2.04) NRT
users than females. Grade was not found to be signiﬁcantly correlated
with NRT ever or current use, except for among grade 12 students,
who were 0.46 (95% CI 0.29, 0.74) times less likely to be current NRT
users than grade 9 students. Being a current daily smoker signiﬁcantly
increased odds of ever (OR: 2.44, 95% CI 2.00, 2.97) and current (OR:
2.74, 95% CI 1.98, 3.80) NRT use, while odds of ever NRT use increased
as number of past quit attempts increased (see Table 2). Past participation in smoking cessation counseling increased youths odds of currently
using NRT (CI: 2.83, 95% CI 1.40, 5.70), and past participation in a
quit and win contest increased youths likelihood of ever using NRT
(OR: 1.87, 95% CI 1.09, 3.20). Past year marijuana use was positively correlated with odds of ever NRT use among Canadian youth smokers;
however marijuana use was not signiﬁcant enough a predictor to be
retained in the ﬁnal model of current NRT use.
School characteristics were also associated with likelihood of NRT
use. Attending a school located in an urban area rather than a rural
one signiﬁcantly increased Canadian youth smokers' odds of ever (OR
1.28, 95% CI 1.03, 1.60) or currently (OR 1.93, 95% CI 1.31, 2.82) using
NRT. Pharmacy density within a one kilometer radius of schools was
inversely associated (OR 0.85, 95% CI 0.76, 0.95) with the odds of
current NRT use, meaning that even when gender, grade, province of
residence, daily/occasional smoking status, participation in smoking
cessation counseling and urban/rural location of school were controlled
for, a one-unit increase in the number of pharmacies in a one kilometer
radius of a school decreased students' likelihood of using NRT by 15%.
4. Discussion

Province of residence
Fig. 1. Prevalence of ever and current NRT use among current smokers by province,
2008–2009, Canada.

The prevalence of ever NRT use (3.6%) reported for the entire population of Canadian youths in this study was lower than estimates
from youth populations in the United States (5.3%) (Klesges et al.,
2003), or Finland (10%) (Raisamo et al., 2011), despite similar
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Table 1
Weighted descriptive statistics for the sample of current smokers (grades 9–12) by gender, 2008–2009, Canada.
Parameter
Ever use of nicotine replacement therapy
Current use of nicotine replacement therapy
Grade

Smoking status
Number of previous quit attempts

Participated in a quit and win?
Participated in quit smoking program or counseling?
In the last 12 months, how often did you use marijuana
or cannabis? (A joint, pot, weed, hash…)

Yes
No
Yes
No
9
10
11
12
Current occasional smoker
Current daily smoker
Only smoked a few times
Zero
1
2–3
4–5
6+
Yes
No
Yes
No
I have never use marijuana
I have used marijuana, but not in the last 12 months
Less than once a month
1 to 3 times a month
1 to 3 times a week
4 to 6 times a week
Every day
I do not know

Females
(n = 79,817)

Males
(n = 113,639)

Total
(n = 193,456)

21.1
78.9
5.4
94.6
17.6
24.8
27.7
29.9
45.9
54.1
3.9
22.2
25.8
34.8
7.5
5.8
2.5
97.5
#
98.7
5.5
9.6
12.9
13.0
15.8
14.3
25.8
3.2

21.1
78.9
4.9
95.1
13.7
26.0
28.8
31.6
50.7
49.3
5.2
28.2
27.5
25.3
6.4
7.4
2.2
97.8
2.5
97.5
12.3
6.5
7.6
9.9
13.9
13.7
33.8
2.3

21.1
78.9
5.1
94.9
15.3
25.5
28.3
30.1
47.9
52.1
4.6
25.7
26.8
29.2
6.8
6.7
2.3
97.7
2.0
98.0
9.4
7.8
9.8
11.2
14.7
13.9
30.5
2.7

Numbers are reported as percentages.
#Data not reportable due to low numbers in the numerator or denominator.

restrictions on youth NRT access in these countries. Among smoking
youth in Canada, provincial NRT use prevalence varied on an even
greater scale, similar to the observed variation among adult NRT
users in Canada (Reid & Hammond, 2011). This ﬁnding suggests
that both nationally and internationally, there are contextual inﬂuences on NRT use that may extend beyond government legislation.
Understanding these regional inﬂuences will be critical to focusing
appropriate preventive measures in the future. At the time of the present study, no Canadian surveillance data indicating the proportion of
NRT youths accessed from pharmacies versus social or alternative
sources (i.e., online purchase, other commercial outlets) were available. Including standardized questions about where youths access
their NRT and collecting national data on different sources of NRT in
future youth surveillance tools is necessary to advance this goal.
Consistent with previous research (Klesges et al., 2003; Lane et al.,
2011; Raisamo et al., 2011), the present study found that a small proportion of youth NRT users were not smokers. Although such inappropriate [and potentially harmful (Cooke & Bitterman, 2004; Mills,
Wu, Lockhart, Wilson, & Ebbert, 2010)] use could be viewed as
grounds for increasing controls on youth NRT access, such actions
may be unnecessary. In Raisamo et al.'s (2011) recent study of youths'
reasons for and frequency of NRT use, it was found that most nonsmoking youths who use NRT simply wish to try it, and rarely use
NRT more than a few times, therefore the potential for bodily harm
is likely negligible for most individuals. The present study also
found that a signiﬁcant proportion of youth smokers use NRT in the
absence of a quit attempt. Although such non-standard use of NRT
has been documented in both youth (Klesges et al., 2003) and adult
(Hammond et al., 2008) smoking populations, more research is
needed to understand if this has an impact on smoking cessation trajectories in youths.
To the best of our knowledge, this is the ﬁrst study to identify that
school environment has a signiﬁcant impact on youths' likelihood of
using NRT. This ﬁnding suggests that future interventions aimed at
altering NRT use among youths should be implemented in school

settings to broaden their impact. Urban location of schools was
shown to be positively associated with NRT use by youth smokers,
while pharmacy density was shown to have a negative association
with current NRT use. The unexpected direction of pharmacy density's
association with NRT use could be due to a number of reasons. It is possible that a direct relationships exists, where in youths attending
schools with a high density of pharmacies in a one kilometer radius
may be more apt to attempt to access NRT via direct purchase (and
be declined based on age), whereas youths with fewer pharmacies
surrounding their schools may be more likely to (successfully) access
NRT via social sources. Another possibility that was ruled out via exploratory analyses (not shown) is that urban/rural status was confounding
the relationships between pharmacy density and NRT use. Given the
paucity of school level factors included in this analysis, the most probable cause of the unexpected relationship between pharmacy density
and NRT use is that pharmacy density was acting as a proxy variable
for one or more variables that was not included in the present analysis.
These ﬁndings provide an important foundation for future research in this ﬁeld, however are themselves subject to limitations.
More school-level variables are needed to create robust models of
NRT use by youths. This is evidenced by the unexpected direction of
pharmacy density's association with NRT use and the fact that a signiﬁcant proportion of unexplained between-school variation in NRT
use exists in the ﬁnal multilevel models. NRT is an unscheduled
drug in Canada, meaning that its sale is permitted at non-pharmacy
retail locations (National Association of Pharmacy Regulatory
Authorities, 2012). This could have led to a slight undercounting of
NRT retail locations accessible to youth, however because NRT is
only widely available at pharmacies (The Lung Association, 2011),
the impact of non-pharmacy NRT sales on the present ﬁndings are
likely negligible. Because the YSS was not designed with the research
questions of this study in mind, there were limitations in the breadth
and depth of data that were collected regarding NRT use. For example,
the original questionnaire given to students did not differentiate between the different forms of NRT they used (i.e., gum, patch, lozenge),
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Table 2
Multilevel logistic regression models examining student and school factors associated with NRT use among current smokers (grades 9–12), 2008–2009, Canada.
Parameters

Student characteristics
Genderb
Gradeb

Smoking Statusb
Number of previous quit attempts

Have you ever participated in smoking cessation counseling?
Have you ever participated in a quit and win contest?
Past year marijuana use.

School characteristics
School locationb

Adjusted OR (95% CI)
Model 1:

Model 2:

Ever NRT use
(n = 3147a)

Current NRT use
(n = 3630a)

Femalec
Male
9c
10
11
12
Current occasional smokerc
Current daily smoker
Nonec
One
Two to three times
Four to ﬁve times
Six or more times
Noc
Yes
Noc
Yes
Never use of marijuanac
Lifetime use, but not in last 12 months
Less than once a month
One to three times a month
One to three times a week
Four to six times a week
Every day

1.00
1.22
1.00
0.82
0.92
0.97
1.00
2.44
1.00
1.39
2.41
3.22
4.18
–
–
1.00
1.87
1.00
2.68
1.98
1.69
1.78
1.83
2.17

1.00
1.51
1.00
0.69
0.73
0.46
1.00
2.74
–
–
–
–
–
1.00
2.83
–
–
–
–
–
–
–
–
–

Ruralc
Urban

1.00
1.28 (1.03, 1.60)⁎
0.96 (0.91, 1.004)
0.02103
0.00635

Pharmacy density within 1 km radius of school
School level random variance (σu2)
ICCd

(1.01, 1.47)⁎
(0.62, 1.07)
(0.70, 1.20)
(0.73, 1.29)
(2.00, 2.97)⁎
(1.05,
(1.86,
(2.24,
(2.99,

1.82)⁎
3.11)⁎
4.64)⁎
5.84)⁎

(1.09, 3.20)⁎
(1.64,
(1.21,
(1.02,
(1.10,
(1.13,
(1.39,

4.39)⁎
3.23)⁎
2.78)⁎
2.89)⁎
2.96)⁎
3.38)⁎

(1.11, 2.04)⁎
(0.46, 1.04)
(0.49, 1.08)
(0.29, 0.74)
(1.98, 3.80)⁎

(1.40, 5.70)⁎

1.00
1.93 (1.31, 2.82)⁎
0.85 (0.76, 0.95)⁎
0.09235
0.0273

Odds ratios adjusted for all other variables in the table and controlling for province of residence.
N/A — not included in original backwards elimination model.
Model 1: 1 = Ever use of NRT (n = 679), 0 = Has never used NRT (n = 2468).
Model 2: 1 = Current use of NRT (n = 204), 0 = Does not currently use NRT (n = 3426).
a
Sum of individuals in same population may vary between different models due to missing values.
b
Variables retained in model regardless of signiﬁcance during backwards elimination.
c
Reference group.
d
Measure of the proportion of the total variance that is between-schools.
⁎ p b 0.05.

therefore, youth smoker preference for a speciﬁc type of NRT, or combinations of different NRTs cannot be identiﬁed. Also, due to the crosssectional nature of this study, it is impossible to establish temporal relationships between the descriptive measures of interest and NRT use.
Future research should incorporate contextual measures – such as
school policies regarding smoking and the existence of smoking
cessation programs within schools – into multilevel models of NRT
use. To inform future youth NRT policies, an improved understanding
of types of NRT used by youths, how youths access NRT, and the effectiveness of NRT at improving cessation outcomes among youth
smokers is required.
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