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Abstract
Background: Our group recently completed a randomized controlled trial, evaluating the efficacy of providing
5 weeks of free nicotine replacement therapy (NRT; in the form of the nicotine patch) by expedited postal mail
without behavioral assistance to regular adult smokers interested in receiving it. The findings revealed that mailed
provision of nicotine patches resulted in more than a doubling of quit rates at a six-month follow-up compared to
a no intervention control group. While this trial provided evidence for the effectiveness of mailed nicotine patches
in promoting cessation, the findings speak only to the short term effectiveness of this approach. As relapse to
smoking is known to occur beyond the 6 month period, it is important to evaluate whether the net benefit of NRT
in naturalistic settings can be maintained long-term. The present study aims to perform a 5-year follow-up survey of
participants in the original trial to evaluate the long-term effectiveness of mailed NRT.
Methods/Design: Trained interviewers will contact participants in the randomized controlled trial 5 years
post-enrollment. A total of 924 participants will be eligible to be contacted. Interviewers will first assess participants’
smoking status and their level of nicotine dependence. Participants reporting not currently smoking will be asked
whether they have smoked tobacco, even a puff, in the last 30 days (primary outcome measure: 30-day point
prevalence abstinence), past 6 months (secondary outcome measure: prolonged 6-month abstinence), and since
the 8-week follow-up survey (secondary outcome measure: > 4 year continuous abstinence). Interviewers will be
blind to experimental condition at the time the primary outcome measure will be assessed. It is hypothesized that
participants who received nicotine patches at baseline will display significantly higher quit rates at the 5-year
follow-up as compared to participants who did not receive nicotine patches at baseline.
Discussion: If the study finds that the mailed distribution of free NRT is effective at promoting long-term cessation,
it would provide further evidence to move forward with policies designed to make NRT treatment readily and
freely available to smokers who request it.
Trial registration: ClinicalTrials.gov: NCT01429129, Registered 2 September 2011; NCT03097445, Registered 25
March 2017.
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Background
Smoking is a leading cause of preventable death worldwide. In Canada, smoking accounts for approximately
30% of all cancer deaths and is a risk factor for at least
18 types of cancer [1]. With over 2 million acute care
hospital days (10.3% of all acute care hospital days)
attributable to smoking in 2002, and related total costs
exceeding $2.5 billion [2], tobacco smoking places significant social and economic burdens on Canadian society. The 2015 Canadian Tobacco, Alcohol and Drugs
Survey reported that 13% of the population were current
smokers, and while this represented a marked decline
from 25% in 1999, it still accounts for a sizable 3.9
million Canadians [3].
To promote and support cessation among smokers, a
number of medication options are available, with nicotine replacement therapy (NRT) recommended by many
clinical practice guidelines as first-line treatment for
those seeking pharmacological help [4–6]. Indeed, an extensive research base has demonstrated the efficacy of
NRT in clinical settings, effectively increasing the rate of
quitting smoking by 50–70%, irrespective of the clinical
setting in which the smoker is treated [7]. In “realworld” settings however, where NRT is typically
purchased over-the-counter and used without any behavioral support, cross-sectional and prospective cohort
studies have failed to demonstrate that NRT use results
in greater odds of cessation [8–10]. While this contradictory evidence challenges the relative effectiveness of
over the counter availability and purchase of NRT in
combatting smoking prevalence, our ability to make
causal statements on the impact of NRT from population survey data alone is limited. This is because participants in those studies were not randomized and certain
factors could have been systematically different between
those who used NRT and those who did not.
With cost and access to interventions remaining significant barriers among most smokers who want to quit
[11, 12], some jurisdictions have adopted the strategy of
distributing free NRT in an effort to further reduce
smoking prevalence. The distribution of free NRT by
postal mail is ongoing in several countries, including the
US [13–15] and Canada [16, 17]. In Ontario, the mass
distribution of free NRT has been ongoing since the beginning of 2006, with the Ontario Ministry of Health
and Long-Term Care devoting over $14 million
(approximately $235 per participating smoker) to this
endeavor [18]. Through the Smoking Treatment of
Ontario Patients (STOP) Study, over 13,000 smokers
have received the free NRT (primarily in the form of
Nicotine Patches) via the mail, and while this phase of
the distribution program has recently concluded, NRT
continues to be offered for free combined with counseling through community and regional healthcare
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organizations [17]. The mass distribution of NRT has
been also undertaken in British Columbia and proposals
are underway that it be tried in other provinces as well.
While commonly implemented as part of smoker’s helplines, the distribution of free NRT with minimal behavioral over-the-phone support has also demonstrated
promising results in this intervention increasing shortterm cessation rates among large populations of smokers
[13, 14, 19–21]. However, because the evaluation of such
mass distribution initiatives to-date has been primarily
restricted to pre-post assessment without a randomly
assigned control group [13, 16], there has been no reliable information on the efficacy of the approach. In
addition to the absence of strong evidence on the effectiveness of NRT in ‘real-world’ settings where there is no
additional behavioral support, this pointed to the need
for a randomized controlled trial (RCT) on the effectiveness of mass distribution of free NRT in settings similar
to how it is likely to be employed by the majority of
people using it to try to quit smoking.
Randomized controlled trial of mailed free NRT

Addressing the need for strong evidence on the effectiveness of NRT in naturalistic settings, we have recently
completed an RCT evaluating the efficacy of providing
5 weeks of free NRT (in the form of the nicotine patch)
by expedited postal mail without behavioral assistance
[22, 23]. Employing random digit dialing of home and
cellular telephone numbers to identify regular adult
smokers across Canada interested in participating in a
longitudinal survey, the trial recruited individuals hypothetically interested in receiving nicotine patches if offered for free, would use them within one week of
receipt and those who endorsed no contraindications for
nicotine patch use (n = 999). Participants interested in
free nicotine patches and deemed eligible to participate
were randomly assigned either to receive a 5-week
course of nicotine patches by expedited postal mail or to
a no-intervention control group. The 5-week course of
nicotine patches was chosen because it mimicked the
quantity of nicotine patches sent in the Ontario-based
mass distribution initiative and is in line with the
amount of nicotine patches mailed in other mass distribution initiatives [13, 17]. Participants randomized to
the control group were not offered the nicotine patches
or any other intervention and, most importantly, were
unaware that the nicotine patches were being offered to
others, thus allowing for a strong test of the hypothesis.
Follow-up rates were 86.4% at 8-weeks and 80.5% at 6months. The findings revealed that the provision of free
nicotine patches via mail resulted in more than a doubling of 30-day abstinence quit rates at a six-month
follow-up compared to the no-intervention control
group (Intent to treat: 7.6% versus 3.0%; odds ratio of
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While the original trial provided evidence for the effectiveness of nicotine patches as a tobacco cessation aid in
real-world settings, the findings speak only to the shortterm effectiveness of NRT. As evidence for NRT effectiveness has been largely restricted to a final follow-up of
6–12 months after the start of treatment [24, 25], and
relapse to smoking is known to occur beyond this period
[26], it is important to evaluate whether the net benefit
of NRT in naturalistic settings can be maintained longterm. Therefore, this study is a single follow-up survey
of participants from the original randomized controlled
trial, 5-years post enrollment, evaluating the effectiveness of mailed distribution of free NRT in promoting
and maintaining long-term smoking cessation. The
primary hypothesis is that participants who received
nicotine patches at baseline will display significantly
higher quit rates at the 5-year follow-up as compared to
participants who did not receive nicotine patches at
baseline.

participants’ relocation or changes in telephone service
providers over the 5-year period since enrollment in the
trial. A comprehensive Internet search strategy of
publicly available sources and phone directories (i.e.,
www.canada411.ca, https://411.ca/person, and Google’s
custom search function through www.locatefamily.com)
will thus be undertaken by a trained research analyst to
locate the contact information and interview participants
who could not be initially reached using the phone numbers on record.
Once located and contacted, participants will be informed of the importance of completing the follow-up
survey, its relatively short duration of 10 to 15 min, and
a $30 remuneration honorarium for its completion.
Upon completion of the survey, an up-to-date address
and other contact information will be gathered and a
$30 honorarium cheque will be subsequently mailed.
The limited research on the long-term (>4 years) effectiveness of smoking cessation interventions has documented that despite no contact with participants for
over 3 years, follow-up rates as high as 85% can be
achieved by means of mailed questionnaires and telephone calls [27], and even higher when recontacting
only those who were abstinent at an earlier follow-up
[28–30]. There can thus be reasonable confidence that
using the proposed intensive investigative techniques a
follow-up rate of greater than 63% will be obtained, as
necessary for evaluating outcomes with adequate power
in this study.

Methods

Ethical approval

Follow-up survey procedures

The research methods to be used in this study have been
approved by the standing ethics review committee of the
Centre for Addiction and Mental Health (CAMH).

2.65, p = .002; Complete case: 9.8% versus 3.6%; odds ratio 2.89, p = .001). The results of this trial have twofold
importance. First, they provided strong evidence of the
effectiveness of only 5 weeks of nicotine patches as a tobacco cessation aid in in real-world settings, and second,
they underlined the worth of mass distribution of free
NRT initiatives in promoting tobacco cessation on a
population level.
Rationale and aims of this study

The 5-year follow-up surveys will be conducted by
trained interviewers at the Survey Research Centre
(SRC) of the University of Waterloo. The SRC had conducted recruitment and surveys as part of the original
RCT, and as such, is appropriate to maintain consistency
between follow-up periods. Interviewers will initially attempt to contact all eligible participants using the telephone numbers on record from the original trial. A total
of 924 participants of the 999 initially recruited (92.5%)
will be eligible to be contacted as part of the study (24
refused to be recontacted for a long-term follow-up; 47
withdrew from the trial; 4 deceased). Similar to the
methodology used to conduct 6-month follow-up
surveys in the original trial, the SRC will employ a
rigorous call schedule of 30 call attempts per record,
making up to 2 call attempts per day, with the majority
of call placements made during the evening and
weekend periods.
It is reasonable to expect however, that despite efforts
by the SRC to contact individuals using their phone
numbers on record, a proportion of phone numbers will
no longer be correct or in service, likely due to

Content of 5-year post-intervention follow-up survey:

At the onset of the follow-up survey participants will be
informed that the long-term follow-up survey seeks to
examine their smoking behavior over the past 5 years.
Interviewers will be masked to participants’ experimental condition. Initially, interviewers will assess participants’ current smoking status by evaluating the number
of cigarettes smoked per day, and classes of smoking abstinence (detailed below) if zero cigarettes smoked per
day are endorsed. In addition, participants who endorse
abstinence will be asked when they quit smoking, the
number of times they made serious quit attempts over
the past 5 years, the duration of their longest quit, and
whether they have purchased NRT, prescribed medication and/or received any behavioral or pharmacological
support in their quit efforts.
These questions will specifically explore the types of
cessation intervention tools that were used over the past
5 years, including electronic cigarettes, self-help/online
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methods, as well as participation and/or receipt of various forms of advice and counselling from healthcare
professionals or smoking cessation specialists. As some
individuals are known to initiate use of other tobacco
products after stopping use of conventional cigarettes,
such as cigars or non-combustible products such as
smokeless tobacco or electronic cigarettes, participants
who report smoking abstinence will be asked if they currently use other tobacco or nicotine containing products.
This will allow us to examine whether people who quit
cigarettes compensate with other forms of nicotine
delivery.
Participants reporting currently smoking cigarettes will
be evaluated on their level of nicotine dependence and
asked of their motivation to quit. These individuals will
also be asked how many times since the baseline survey
(in the past 5 years) they have stopped smoking for even
a day because they were trying to quit, the longest duration of a quit attempt, and what smoking cessation resources, including NRT, they had purchased or used in
their quit attempts. Identical questions will apply to individuals who are identified as continuous smokers at
each follow-up throughout the 5-year duration of the
study, as well as to those who were abstinent at the
6-month follow-up and have now relapsed. However, the
latter will be further asked to provide the duration of abstinence since quitting in the original trial.
As smoking impacts on health-related quality of life
(HRQol) [31], the HRQol will be additionally measured
in all responders using the World Health Organization
Quality of Life Instrument (WHOQOL-BREF) [32]. Further, participants will be asked to identify any smokingrelated adverse health diagnoses over the past 5 years for
which there is sufficient evidence to infer a causal link
[33], as well as report on past 12-month diagnoses of
any psychiatric disorders.
Measures

The following measures and tools will be employed:

Page 4 of 8

into account smokers’ delayed initiation and action to
quit. While point prevalence rates allow for lapses and
relapses to occur and do not necessarily categorize these
instances as treatment failures, point prevalence rates
are disadvantaged by capturing only the more immediate
health benefits of quitting. Nevertheless, the 30-day
point prevalence abstinence at 5 years is the primary
outcome measure primarily because it is consistent with
the primary outcome measure used in the original trial.
Participants reporting 30-day point prevalence abstinence will be further evaluated for prolonged 6-month abstinence; that is, not smoking even a puff in the past
6 months. A measure of more stable change than the
point-prevalence abstinence, the 6-month prolonged abstinence effectively evaluates individuals in the maintenance stage of the transtheoretical model of behavioral
change [36], where many of the long-term health benefits of quitting smoking begin to emerge [37]. Subsequently, the long-term impact of free nicotine patch
provision will be assessed using the continuous abstinence measure – not smoking even a puff since the
8-week follow-up survey (>4 year continuous abstinence). Although continuous abstinence typically refers to
abstinence that begins on the quit date or start of intervention until the last assessment time point, the exact
start date of nicotine patch use among experimental
group participants of the original trial is not known, because the nicotine patches were mailed to participants.
Therefore, evaluating continuous abstinence from the
expected end of treatment for nicotine patch recipients
(8-week follow-up survey) would reflect not smoking
since the intervention and would assess the stability of
abstinence over time most accurately. While this measure of abstinence would be most appropriate in attributing the role of mailed free nicotine patch provision to
the reduction of smoking-attributed morbidity, most
smokers in naturalistic settings such as in the current
trial do not quit without experiencing lapses or relapses
[34, 35], thus this measure of abstinence would be most
conservative and result in reduced rates.

Smoking abstinence

If a participant endorses smoking zero cigarettes per
day, three classes of abstinence will be measured (point
prevalence, prolonged, and continuous), as each measure
characterizes former smokers from a different perspective – and hence effectiveness of mailed free nicotine
patches – and has different strengths and weaknesses
[34, 35]. A 7-day and 30-day point prevalence abstinence
will be initially assessed, defined as not smoking, even a
puff, for the past 7 days or 30 days, respectively. This
measure of abstinence is particularly advantageous for
capturing the dynamic process of change in natural environments such as in the present trial because when measured at prolonged periods after intervention, it takes

Nicotine dependence

Nicotine dependence will be assessed using the Fagerström Test for Nicotine Dependence (FTND) [38], a
6-item, well validated, highly reliable and most frequently used measure of nicotine dependence severity
that closely matches biochemical indices of smoking
heaviness. [39, 40].
Motivation to quit

For respondents currently smoking, motivation to quit
smoking will be assessed using the Transtheoretical
Model of Change framework, which conceptualizes
motivation as readiness for change and measures
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motivation as categorical stages of change [41]. This theory conceptualizes motivation sequentially, categorizing
motivation into five stages of change: precontemplation,
contemplation, preparation, action and maintenance. Individuals in the precontemplation stage endorse an intent to quit but not in the next 6 months, those in the
contemplation stage plan to quit in the next 6 months
but not in the next 30 days, the preparation stage is defined as a plan to quit in the next 30 days, individuals in
the action stage are those who are actively trying to stop
smoking or have quit in the past 6 months, and those in
the maintenance stage are typically regarded as having
quit smoking for 6 months or more. Within addictions
research, this model of motivation for change has often
been used to predict treatment success and understand
the recovery process of addictions.
Health-related quality of life

The World Health Organization Quality of Life Instrument (WHOQOL-BREF) [32] will be used to assess participants’ well-being from four domains of quality of life:
physical, psychological, social and environmental. This
person-centered assessment tool has been demonstrated
to perform well on tests of internal consistency, discriminant validity and construct validity, and is crossculturally sensitive [32].
Smoking-attributed morbidity

All participants will be asked to report any smokingrelated adverse health diagnoses over the past 5 years.
Response options will present health problems for which
there is sufficient evidence to infer a causal link between
smoking and the respective health problem, as derived
from the U.S. Department of Health and Human
Services report on The Health Consequences of
Smoking—50 Years of Progress: A Report of the Surgeon
General, 2014 [33].
Outcome measures
Primary outcome

Consistent with primary outcomes of the original trial
and the overwhelming majority of mass distribution of
NRT studies, the primary outcome measure will be selfreported 30-day point prevalence abstinence, at 5-years
post-intervention. While biochemical validation would
increase confidence in the results, short-term outcomes
from the trial (8-week and 6-month follow-ups) have
demonstrated that collecting saliva samples via postal
mail is not feasible because many participants will not
return their samples, and those returned are often evaporated [23]. However, there is sufficient evidence of the
reliability of self-reported tobacco cessation without biochemical validation and self-report is the recommended
approach for studies of this type [42–44].

Page 5 of 8

Secondary outcomes

The secondary outcome measures will be self-reported
prolonged 6-month abstinence and continuous abstinence since the 8-week follow-up survey (> 4 year abstinence). Empirical research has demonstrated that while
recall of brief quit attempts followed by relapse to smoking is prone to error [45], among respondents whose
quit attempt is ultimately successful their ability to place
their smoking cessation in time is actually highly accurate [46]. Additional secondary outcomes will be HRQol,
exploring tobacco cessation-mediated differences in
health-related quality of life between experimental and
control conditions, as well as smoking-related morbidity
over the past 5 years.

Data analysis
Power analysis

Previous research on the long-term effectiveness of NRT
has indicated that a 30% relapse rate can be reasonably
expected at follow-up times beyond 12 months from the
start of treatment, and is relatively stable thereafter [47].
Based on this relapse rate and the abstinence rates of
completers at 6 months (9.8% of smokers in the experimental group and 3.6% of those in the control group),
the quit rates for the experimental and control conditions in the present study can be estimated to be 6.86%
and 2.52%, respectively at the 5-year follow-up. Under
these assumptions, a power calculation was conducted
by Monte Carlo simulation with 10,000 replications for
each sample size, where the outcome (quit smoking/active smoker) at the end of the 5 years was considered to
be a binomial variable with proportion parameters of
6.86% and 2.52% and equal sample sizes in each group.
For each replication a logistic regression was adjusted
with study group as the independent variable and the result was considered significant whenever the p-value for
the experimental group reached the 0.05 threshold. The
proportion of times differences in quit rates between
study groups were significantly different across the
10,000 replications for a given sample size was the estimated power for that sample size. It was determined
that a sample size of 290 subjects per group would be
necessary to detect the expected 4.34% difference in quit
rates with 80% power and 0.05 confidence level. While a
4.34% difference in quit rates might seem small when
compared to the results of a controlled clinical trial, it
still represents a 172% decrease in smoking rates and is
substantial from a public health perspective. Overall, a
total of 580 of 924 participants (62.8%) will need to be
followed up at the 5-years in order to have adequate
power for a complete case analysis. Using the planned
investigative techniques to contact participants who may
have moved or changed telephone numbers, we have
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confidence that this follow-up rate can be achieved or
exceeded.
An alternative approach to calculating power and necessary sample size to observe the estimated quit rates at
5 years utilizes the assumption that it is highly likely that
the proportion of quitters in each group at 5 years will
be similar to what was found at 6 months, and there is
reasonable confidence that it will not be greater. Such
information can be used to conduct a Bayesian logistic
regression at the end of 5 years where the binary outcome (quit smoking/active smoker) is regressed on the
dichotomous study group variable (experimental/control). The a priori distribution for the coefficient of the
study group is defined as normally distributed with the
mean equal to the coefficient of the logistic regression
adjusted at 6 months and standard deviation 3 times larger than the standard deviation found at 6 months,
which allows for a good level of uncertainty. To calculate
the equivalent power for such model, Monte Carlo simulations were used. For both experimental and control
groups a binomial data set was generated with sample
size n and quit proportions 6.86% and 2.52%, respectively, to reflect expected quit rates at the 5 year followup. A Bayesian logistic regression was subsequently fit to
this data, as defined above, producing a 95% posterior
credibility interval for the model coefficient related to
each study group. For each sample size, synthetic data
was generated 1000 times and the proportion of time
that the 95% posterior credibility interval did not include
the value 0 (zero) was equivalent to the classical definition of power. Performing such simulations it was determined that a sample size of 260 subjects per group
would yield 82% power to detect the expected differences in quit rates at 5 years, using the credibility intervals of 95%. These simulations were conducted with
package rstan [48] and rstanarm [49] from R version
3.3.2 [50]. Data analyses at the conclusion of the study
will also use the same software.
Analysis plan

Similar to outcomes evaluation in the original trial, all
analysis will employ an intent-to-treat approach such
that all subjects will remain in the group to which they
were randomly assigned, regardless of treatment adherence. Primary analyses will employ a binary logistic regression to evaluate the odds of smoking cessation
among nicotine patch recipients compared to the no
intervention control group, 5-years post-baseline. These
analyses will be initially conducted using a conservative
approach where subjects with missing data due dropout
or loss to follow-up are considered active smokers,
followed by analyses using only the 5-year follow-up survey completers. Exploratory Bayesian logistic regression
analyses will also be performed akin to the primary,
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classical analytical approach. Secondary analyses will use
logistic regression analyses to examine the effect of free
nicotine patch distribution on prolonged 6-month abstinence and continuous abstinence (>4 years). Further,
multiple regression analyses will explore possible mediating effects of additional pharmacotherapeutic or behavioral support in the maintenance of smoking
cessation between the 6 month and 5-year follow-up
and multivariate regression analyses will be used to
examine the association between cessation outcomes
and demographic and baseline smoking characteristics
(i.e., number of cigarettes smoked per day, level of nicotine dependence, motivation to quit, etc.,). Similar multivariate analyses will also be conducted to evaluate the
role of these variables in predicting relapse between 6month and 5-year follow-ups. These analyses will be further complemented with log rank survival analyses to
determine whether relapse rates post-8 weeks and
6 months are different between experimental and control conditions. Separate linear regression analysis will
also be employed to test the impact of receiving NRT on
Health Related Quality of Life (using the WHOQOLBREF composite score as the dependent measure). It is
predicted that subjects in the experimental condition
will display significantly improved HRQol in comparison
to those in the control condition at the 5-year follow-up.
This impact on HRQol will be mediated by compliance
with the NRT use protocol and success at tobacco cessation. Finally, separate univariate analyses of variance will
explore differences between groups in the number of individual and total smoking-attributed health diagnoses
over the past 5 years.

Discussion
Through the Canadian National Tobacco Control Strategy, the federal, provincial and territorial ministries of
health have committed to reduce the number of
tobacco-related deaths and illnesses over a 10-year
period [51]. In order to attain this goal, it is essential to
evaluate new means of promoting tobacco cessation and
further evaluate the net long-term benefit of such interventions. The most effective way to reduce the risk of
cancer is to quit smoking, which motivates the proposed
research to investigate: 1) the long-term effectiveness of
NRT as a smoking cessation aid in real-world settings;
and 2) whether the provision of free NRT to Canadian
smokers is an effective population-level strategy to
reduce the prevalence of smoking and, consequently, the
incidence of smoking-attributed morbidity. If the study
finds that the mailed distribution of free NRT is effective
at promoting long-term cessation, it would provide
further evidence to move forward with policies designed
to make NRT treatment readily and freely available to
smokers who request it. Overall, the project will
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contribute in advancing evidence-based treatment of tobacco dependence, as well as provide data that will inform tobacco control guideline developers, funders of
services, and consumers who smoke.
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