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Objective: To determine the incidence of off-label use of, abuse of, and dependence on prescription
nicotine inhaler.
Design: Prospective telephone and internet interviews for six months.
Participants: 535 new inhaler users.
Main outcome: Structured interview about off-label use (that is, use of inhaler for non-cessation reasons or
concurrent use of inhaler and cigarettes) and Diagnostic and statistical manual, fourth edition (DSM-IV)
and International classification of diseases, 10th edition (ICD-10) criteria for abuse and dependence
Results: Although many used inhaler and cigarettes concurrently at some time (43–55%), few used inhaler
for non-cessation reasons (4–9%) and few persisted in off label use (8–16%; 95% confidence interval (CI)
5% to 19%). No participant met ICD-10 criteria for harmful use/abuse (95% CI 0% to 3.3%). Eight subjects
(1.4%) appeared to meet DSM-IV or ICD-10 criteria for dependence on inhaler, but none were found
dependent in a clinical expert interview (95% CI 0% to 3.3%).
Conclusions: Although transient concurrent use of inhaler and cigarettes often occurs, use for non-
cessation reasons, abuse and dependence are rare.

O
ff-label use, abuse, and dependence have been
uncommon with nicotine gum and patch products1 2

even in over-the-counter (OTC) settings.3 Whether
this is also the case for the nicotine inhaler has not been
tested. Because the inhaler is more similar to a cigarette in
appearance and mode of use, abuse/dependence with the
inhaler might be greater than that for other oral nicotine
replacement therapies (NRTs) such as nicotine gum, lozenge,
or microtab. On the other hand, despite its name, the product
provides buccal not lung absorption.4 5 As a result, nicotine
absorption is slow and resultant blood concentrations are
low, both of which are associated with smaller behavioural
effects and less abuse liability.6 Also, the work required to
obtain nicotine from the inhaler is much greater than that
from smoking. These factors would suggest the inhaler
should have little abuse/dependence liability. Currently,
many prescribers and smokers believe NRT products are
‘‘addicting’’.7 8 For example, 55% of smokers believed it was
as easy to become addicted to inhaler as to cigarettes.7

In a preclinical abuse liability study, the inhaler did not
increase self reported liking or good effects nor increase any
subscale of an abuse liability questionnaire.9 However, the
observed nicotine concentrations from inhaler use in this
study were lower than that seen in clinical use. With one
exception, published clinical trials of the inhaler did not
report on abuse or dependence.10 The one trial that did was
a large randomised trial comparing inhaler, gum, patch, and
nasal spray under real world conditions.6 One third of inhaler
users in this study reported concurrent use of inhaler and
cigarettes at some point. Among those using the inhaler at 12
weeks, one fifth did not stop inhaler as recommended.
During the follow up period, one quarter to one third of
inhaler users reported that they ‘‘felt dependent’’. Similar
outcomes occurred with nicotine gum in this study.

Issues in interpreting abuse/dependence data
Discussions of abuse of and dependence on nicotine
replacement therapy (NRT) can be misleading because of
faulty assumptions, definitions, and misinterpretations. For

example, concurrent use of NRT and cigarettes on the same
day is sometimes interpreted to indicate NRT abuse. In fact,
most concurrent use appears to be a transient phenomenon
among smokers who are trying to establish abstinence or
among abstinent smokers who are on the way to a
relapse.1 3 11

Another example is that some studies equate long term use
with dependence on NRT; however, dependence is a clinical
syndrome that is defined, not by duration of use, but by
specific symptoms.12 13 Thus, some long term users will not be
dependent users.
A third example is that sometimes endorsement of a single

symptom (for example, ‘‘feeling dependent’’) is equated with
dependence. The accepted definitions of dependence in the
American Psychiatric Association’s Diagnostic and statistical
manual, fourth edition, text revised (DSM-IV-TR)12 and the
World Health Organization’s International classification of
diseases, 10th edition (ICD-10)13 require three or more indices
because most of those with one or two symptoms do not
develop dependence.14 The DSM-IV and ICD-10 also state
that a diagnosis requires not just symptom endorsement but
also demonstration of clinical significance.12 13 Finally, some-
times dependence on NRT is discussed as if it represented
new cases of nicotine dependence, yet actually nicotine
dependence has been transferred from the cigarette to NRT.
The purpose of the present study was to estimate the

incidence of, abuse of, and dependence on, the nicotine
inhaler while avoiding the problems described above.
Retrospective studies and spontaneous adverse event report-
ing can produce biased results; thus, we conducted a
prospective, natural history study among smokers initiating
a prescription for the inhaler. The study was initiated by two
pharmaceutical companies that marketed the inhaler at the

Abbreviations: AE, adverse event; CATI, computer assisted telephone
interview; COSTART, Coding symbols for Thesaurus of adverse reaction
terms; DSM-IV, Diagnostic and statistical manual, fourth edition; FDA,
Food and Drug Administration; FTND, Fagerstrom test for nicotine
dependence; ICD-10, International classification of diseases, 10th
edition; NRT, nicotine replacement therapy; OTC, over-the-counter
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time of the study (Pharmacia Consumer Healthcare (now
Pfizer Consumer Healthcare) and McNeil Consumer &
Specialty Pharmaceuticals) as part of a US Food and Drug
Administration (FDA) required post-marketing plan. The
study was funded by grants from the two companies to the
first two authors (JRH, EA).
In terms of significance, if we found a substantial amount

of abuse and dependence, this would argue against OTC use
of inhaler. If we found little, it would argue that prescribers
and smokers should not be reluctant to use NRT because of
fear of abuse or dependence.

METHODS
Sample size
We initially sought 1000 participants. However, we stopped
recruiting after enrolling 535 participants because there were
no cases of clinically significant abuse or dependence in these
535 (as described below); thus, it would be very unlikely to
detect a clinically significant rate of abuse or dependence if
we interviewed the remaining 465. With 535 participants, we
had a 95% chance to detect a true incidence of abuse or
dependence rate of 0.6% or greater.15

Recruitment
Recruitment occurred between May and November 2000 via
several methods. Advertisements described a study of inhaler
‘‘use’’ and did not mention abuse or dependence. Rite Aid
Pharmacy obtained permission from consumers who filled
inhaler prescriptions to forward their names to us. This
provided 181 baseline interviews. McNeil Consumer &
Specialty Pharmaceuticals invited inhaler users who called
their toll-free customer service number and website to
participate (177 baseline interviews). We contacted the
Harris Interactive online panel of individuals who have
agreed to periodically complete surveys and asked new
inhaler users to participate (135 interviews). Other sources
included letters from pharmacy chains to inhaler purchasers,
established panels of smokers, postings on clinical trial
websites, and newspaper ads (176 interviews). The study was
approved by an institutional review board. We obtained
informed consent either over the telephone or via logins on
the Harris Interactive password protected internet site before
scheduling the baseline interview. Potential participants were
not told this study was funded by pharmaceutical companies
but were told their information may be viewed by the US
FDA and other US agencies.
Inclusion criteria were: (1) > 18 years of age; (2)

comfortable speaking and reading English; (3) purchased
inhaler within the past 45 days; (4) no use of other smoking
cessation products at the time of enrolment; and (5) not
pregnant or nursing. Also, participants must have completed
the baseline and one month interviews to be included.
Among participants who began using the inhaler 11–45

days before the baseline interview, we asked about off-label
use, abuse, and dependence symptoms during the previous
11–45 days. Among participants who had used the inhaler for
, 11 days, we did not do so because we thought it unlikely
that significant abuse or dependence symptoms would be
evident within this short time period. Outcomes did not
significantly differ between participants who entered the trial
before (n = 289) or after (n = 384) 11 days.

Nicotine inhaler
The Nicotrol Inhaler (now marketed by Pfizer Consumer
Healthcare) is a nicotine inhalation system that consists of a
plastic cylinder that delivers a nicotine vapour when warm
air is sucked over a porous cartridge in the cylinder.16

Absorption occurs buccally and peak plasma concentrations
are typically reached within 15 minutes after inhalation.4 5

The physician prescribing information and patient directions
recommend puffing multiple times on a cartridge and using
6–16 cartridges/day for 12 weeks, followed by 12 weeks of
tapering (that is, total of up to six months). This dosing
produces nicotine concentrations similar to that for nicotine
gum.4 5 The most common adverse events (AEs) are upset
stomach, nausea, diarrhoea, and hiccups and these lead to
medication discontinuance in , 5% of users.1 10 Like other
NRTs, the inhaler doubles long term quit rates.10 The
incidence of AEs with the inhaler is similar to that for
gum, lozenge, and patch.17 In the USA, where this study was
conducted, the inhaler is available only via prescription.

Interview procedures
Harris Interactive, a national survey company, completed
interviews either via a computer assisted telephone interview
(CATI) (n = 358) or via the Harris Interactive internet site
(n = 177). Outcomes did not differ significantly between
these two formats. The Harris interviewers for the phone
interviews had been trained to the international ISO 9002
quality standards (www.iso.ch/iso/en/ISOOnline). All inter-
viewers completed three days of training in use of the
computer system, verbatims, phrases, callbacks, and mock
interviews.
We conducted the baseline survey within 72 hours of

consent. We then conducted one, three, six, and seven month
follow up interviews (¡2 weeks). We dropped participants
who reported not using the inhaler at two consecutive
interviews because it is impossible to misuse, abuse, or be
dependent on inhaler if one is not using it. This was a major
reason for loss of participants over time. We did not query
about abuse and dependence upon a second round of inhaler
use because we were interested in the incidence of disorders
on a given episode of inhaler use. Thus, most of the reduced
sample size over time is from non-use of inhaler, not lost to
follow up. We did not provide any treatment nor give any
advice about continuation or amount of inhaler use.
Participants were reimbursed $10 for each interview.

Survey instrument and definitions of terms
The survey asked about demographics, current and past
tobacco and inhaler use, adverse events from inhaler, and
criteria for our major outcomes: off-label use, abuse, and
dependence (see appendix). Off-label use (that is, misuse) is
not defined in either the DSM-IV or ICD-10 nosologies, but
commonly refers to repeated use of the drug for purposes
other than that intended by the manufacturer or prescriber.18

We defined off-label use of inhaler as either (1) use of the
inhaler for reasons other than cessation or (2) concurrent use
of inhaler and cigarettes on the same day. To minimise false
positives caused by transient episodes of off-label use (for
example, smoking one cigarette on one day of inhaler use),
off-label use had to occur at least weekly for at least a month.
Abuse and dependence were assessed using an adaptation

of the DSM-IV and ICD-10 generic criteria to determine
substance related disorders. In the DSM-IV, abuse is defined
as repeated use of the drug that causes social, legal,
interpersonal, or occupational problems; however, health
problems from drug use are not included in this definition.12

As a result nicotine abuse is rare and is not included in DSM-
IV.19 In the ICD-10,13 the term harmful use is used instead of
abuse and this includes social, legal, interpersonal, or
occupational problems but also includes health related
problems and could apply to nicotine. Thus, our study
examined ICD-10 harmful use and defined this as endorse-
ment of either of two ICD-10 harmful use symptoms
(see appendix). To further examine harm from inhaler, we
used the standard US FDA method to ask about AEs
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(www.fda.gov/cder/aers) and used COSTART (Coding symbols
for Thesaurus of adverse reaction terms) to classify AEs.20

Substance dependence in DSM-IV and ICD-10 is defined as
a combination of psychological dependence (that is, evidence
of impaired control over drug use) and physiological
dependence (that is, tolerance and withdrawal). The depen-
dence items in DSM-IV and ICD-10 include the psychological
symptoms of spending substantial amounts of time procur-
ing, using or recovering from drug use, and of giving up
activities to use drug. These two items are rarely endorsed by
smokers21 22 and are not readily applicable to the inhaler;
thus, we did not inquire about these. Thus, we limited the
DSM-IV definition of dependence to endorsing three of
following five items: tolerance, withdrawal, using more or
longer than intended, unsuccessful efforts to cut down or
stop use, and use despite knowledge of harm from use (see
appendix). Similarly, we limited the ICD-10 definition to
endorsing three of the following five items: tolerance,
withdrawal, using more than intended/unsuccessful efforts,
use despite harm, and compulsions to use.
We based our questionnaire on a prior telephone interview

for DSM/ICD nicotine disorders developed by one of the
authors,23 and on an interview for abuse of and dependence
on prescription drugs by another of the authors.24 These
original interviews have been shown to possess validity and
reliability.24 25 Our interview asked almost verbatim the
criteria stated in the DSM-IV and ICD-10 systems. Since
the DSM-IV and ICD-10 criteria sometimes use descriptors
such as ‘‘often’’, ‘‘frequently’’, etc, the interview operationa-
lised these as behaviours occurring monthly.
DSM-IV and ICD-10 specify a disorder must be of clinical

significance; thus, we asked participants who satisfied tele-
phone/internet interview criteria for harmful use or for
dependence to participate in an additional telephone inter-
view with a board-certified psychiatrist with added qualifica-
tions in addiction psychiatry, who also has expertise in
nicotine effects (D Ziedonis MD). This expert did not
participate in the other aspects of the study and was
contacted only when a potential case of abuse or dependence
was detected. We modelled the clinical interview after our
prior methodology.25 We gave the expert a case report based
on the telephone survey data we had collected and he
conducted a telephone interview to assess whether a
clinically significant diagnosis of harmful nicotine use or
dependence on inhaler was present. We instructed the
interviewer to ask any questions and to use his own clinical
judgment to make the diagnosis, which may or may not
have differed from the DSM-IV or ICD-10 criteria used to
identify cases.

RESULTS
Subject flow
Among the 895 volunteers who consented to the study, 673
completed the first interview and 535 (60%) completed both
the first and one month interview and were designated
participants. At three months, 364 completed the interview,
and at six months 234 completed the interview. At the time
of termination of the study, we had contacted all possible
participants for six month interviews, but only a small
number for seven month follow ups. Thus, this report focuses
on the data through six months.
One major reason for loss of participants over time was

that we did not contact participants who were no longer
using inhaler on two consecutive contacts and thus could not
be currently abusing or dependent on inhaler. Among all the
scheduled interviews for those who either were using or had
recently used the inhaler, the response rate was 77%—that is,
a non-response rate of 23% because of refusals, inability to
locate, etc. These non-respondents were similar to respon-

dents on sex, race, education, cigarettes/day, age started
smoking, and Fagerstrom test for nicotine dependence
(FTND). Non-respondents were younger (42 v 50 years
old); however, age was not related to the probability of
dependence or abuse among respondents. The total comple-
tion rate, including those we dropped for non-use of inhaler
and non-respondents, was 47%. Internet participants com-
pleted all surveys at a lower rate than did telephone
participants (64% v 81%, p , 0.05); however, the off-label,
abuse, and dependence results from the internet and phone
interviews did not differ.

Participant characteristics
The modal smoker was a middle aged, white woman with
some college education who smoked slightly more than a
pack of cigarettes/day (table 1). Our sample was comparable
to that found in prior surveys of prescription gum and patch
users,26 except our sample was more educated. As expected
with treatment seekers, our sample was older, more female,
and more educated as well as heavier smokers compared to
national norms of smokers who have tried to quit in the last
year.27

During the study, , 3% of participants used either another
medication or some form of counselling for smoking
cessation. At the one month follow up 91% of all participants
were currently using the inhaler, and at six month 13% of all
who began the study were currently using the inhaler.
Among those who used inhaler for six months, the average
number of cartridges declined slightly from 2.8/day at one
month follow up to 2.3/day at six month follow up.

Off-label use
Eight per cent of participants initially purchased inhaler for a
non-cessation reason and 10% did so at some point during
the study (table 2). Most of this non-cessation use (8.4%)
was to reduce rather than to stop smoking. At any given
follow up, 43–55% of users reported at least one instance of
use of inhaler and cigarettes on the same day since the last

Table 1 Mean (SE) or prevalence of participant
characteristics

Current
sample
(n = 535)

Gum
users*
(n = 324)

Patch
users*
(n = 669)

Quit
attempters�
(n = 32734)

Age (years) 44 49 (14) 48 (13) 39
Women (%) 63 72 63 48
White (%) 84 95 95 88
Any college (%) 68 59 51 43
Cigs/day 25 22 (14) 25 (14) 15
Age started smoking 17 21 (7) 21 (7) 18
FTND 5.3 – –

*From prescription data in Shiffman et al.31

�From the National Health Interview Survey.27

FTND, Fagerstrom test for nicotine dependence.

Table 2 Incidence (95% confidence intervals) of
endorsing items or meeting criteria for off-label use*

Repeated non-
cessation use

Repeated
concurrent use

Meet criteria for
off-label use�

1 month
(n = 535)

4% 7% 8% (5% to 10%)

3 months
(n = 364)

9% 12% 16% (12% to 19%)

6 months
(n = 209)

7% 12% 14% (10% to 19%)

*See text for limitations to the accuracy of these incidence rates.
�Either concurrent use or non-cessation use on a repeated basis.
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interview. However, across follow ups, only 7–12% reported
weekly concurrent use for at least a month. Most concurrent
use appeared to be due to either difficulty establishing
abstinence or to the initial stages of a relapse. Concurrent
users averaged six cigarettes and two inhaler cartridges on
the days of concurrent use. At the one and three month
follow ups, about one in six participants meet either the non-
cessation use or concurrent use criteria and were thus
classified as repeated off-label users (table 2).

Harmful use
Forty per cent of participants reported an AE. The most
common AEs were cough and pharyngitis (11% and 17%,
respectively, at baseline). Three participants (0.4%) reported
hospitalisations during inhaler use and thus met the FDA
definition of a serious AE. Two of these AEs were deemed not
related to inhaler use; after repeated attempts, no details
about the third hospitalisation were available. No participant
met our criteria for harmful use (95% confidence interval
(CI) 0% to 3.3%).

Dependence
The most commonly endorsed dependence symptoms were
tolerance, compulsion to use, withdrawal, and use of more
inhaler than intended and these occurred in up to one third
of users at some follow ups (table 3). However, across the
follow up interviews, the mean and median number of
dependence criteria reported was one. At any given follow up
interview, about 10% of participants endorsed three or more
criteria of either DSM-IV or ICD-10. However, only eight
participants (1.4%, 95% CI 0.7% to 2.9%) endorsed three or
more criteria that occurred over a one month period. Seven of
these consented to an interview by the drug abuse expert. In
all seven, the expert concluded there was no clinically
significant dependence on the inhaler. In several of the
cases, the participant used both cigarettes and inhaler and
the expert believed the dependence symptoms were caused
by nicotine dependence from cigarettes rather than from the
inhaler. The expert reviewed the eighth participant’s infor-
mation and concluded she was not dependent on the inhaler.
Thus, no participants met our criteria of dependence (95% CI
0% to 3.3%).

DISCUSSION
Our major conclusions are: (1) about half of smokers
(43–55% depending on follow up) use inhaler and cigarettes
concurrently at some time point; (2) a few smokers (7–12%)
meet our criteria for off-label use—that is, repeatedly use
inhaler and cigarettes concurrently or repeatedly use the
inhaler for non-cessation reasons; (3) either no or few
smokers (0–3%) meet criteria for harmful use (that is,
abuse); and (4) either no or few smokers (0–3%) meet
criteria for clinically significant dependence.

Methodological issues
A major asset of this study is that it was a prospective survey
of participants. Also, the sample size of our study (n = 535)
gave us a 95% chance of detecting an incidence of off-label,
harmful use, and dependence of 0.6% or more. Another asset
is that it surveyed smokers in a real world setting. In
addition, we used operationalised, well accepted definitions
for harmful use (abuse) and dependence. Finally, our use of
telephone/internet interviews increased anonymity and
decreased demand bias, thereby increasing the probability
of endorsement of abuse/dependence items.28

One possible criticism of our study is that we used a variety
of recruitment sources, each of which probably had unique
biases and contributed to sample heterogeneity. Thus, this
is clearly not a population based sample. On the other
hand, our ads referred to a study of inhaler ‘‘use’’ and did not
mention abuse or dependence, thereby decreasing recruit-
ment bias caused by reluctance to disclose abuse or
dependence.
Another possible criticism is that only 60% of those who

consented completed baseline and one month interviews
necessary to estimate off-label use, harmful use, or depen-
dence. In addition, among those eligible for follow-up (that
is, still using inhaler) we were able to contact only 77%. Thus,
we had complete data on only 47% (of those consented—that
is, 60% 6 77). Although this follow up rate is consistent with
other post-marketing prospective studies of NRT using
telephone interviews,29 we may have missed cases of abuse
or dependence. It is unclear how much this biased our
results. Our participants initially were not told this was a
study on off-label use and dependence. However, once the
one month interview was completed our intent became clear;
thus, dropouts before one month were probably not related to
a wish to conceal off-label use or dependence but dropouts
thereafter could have been. On the other hand, even if the
rate of harmful use or dependence among non-respondents
was 10-fold higher (that is, 10% compared to , 1% among
respondents), then the overall incidence of dependence
would still be less than 5%.
Another possible criticism is that the interviews were done

over the phone by non-professionals or via the internet, both
of which prohibited detailed clarifying questions as in a
diagnostic interview. We attempted to minimise this problem
by conducting a clinical interview by an expert for all
suspected cases. In addition, internet users typically are more
educated, wealthy, etc; however, prior studies in smokers
surveyed by internet responded to tobacco surveys similar
to smokers surveyed by mail.30 In addition, our study found
no differences in outcomes between internet and phone
surveys.
Finally, although the nicotine inhaler is available OTC in

many countries, in the USA it is a prescription item. Abuse or
dependence may be greater in an OTC setting than in a
prescription setting; however, the switch of nicotine gum to
OTC in the USA does not appear to have increased its abuse/
dependence liability.3 11 31

Off-label use
We surveyed two types of off-label use: use for non-cessation
reasons, and concurrent use. Use for non-cessation reasons
appears to be rare and such use is usually to reduce rather
than stop smoking. Almost half of users had at least one
occurrence of concurrent use at any given follow up inter-
view; however, little of this persisted. In addition, concurrent
users average only a few cigarettes and inhalers per day.
Concurrent use appears to occur mostly in smokers who are
having difficulty establishing initial abstinence or who are
lapsing toward a full relapse.

Table 3 Incidence of endorsing dependence criteria at
each follow up*

1 month�
(n = 535)

3 months
(n = 364)

6 months
(n = 209)

Tolerance 29% 26% 20%
Withdrawal 26% 25% 20%
Compulsion to use 28% 20% 18%
Use more than intended 23% 31% 32%
Unsuccessful efforts to
control use 11% 9% 8%
Use despite harm 1% 1% 1%

*See text for limitations to the accuracy of these incidence rates.
�Some of these symptoms could be due to residual nicotine dependence
from cigarettes.
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Harmful use/abuse
Several AEs occurred in a minority of inhaler users but very
few developed serious AEs, and the few serious AEs were
deemed not related to inhaler use. There were no participants
who reported significant AEs and continued using the
inhaler—that is, harmful use or abuse. Given that inhaler
use rarely causes significant AEs1 and given that most inhaler
users can readily stop inhaler use (see below) it is under-
standable that harmful use would be rare. Even if harm from
inhaler use occurred, like harm from other NRTs, it would
likely not be clinically significant and would certainly pale in
comparison to cigarettes.

Dependence on inhaler
Several inhaler users reported at least one dependence
symptom during their use of inhaler. Thus, if one simply
went by the incidence of participants ever endorsing a
symptom of dependence, one would conclude dependence is
common. However, few users reported three or more of the
DSM-IV/ICD-10 criteria for dependence persisting for a
month or more and none or very few appeared to have
clinically significant dependence. We believe the low inci-
dence of dependence on inhaler is due, in part, to the lower
concentrations of nicotine it produces,4 the relatively effortful
puffing that it requires, and the ready availability of a product
with greater abuse liability—that is, cigarettes.32

Comparison of current results with prior studies
Our results are similar to the prior clinical trial that reported
on abuse/dependence liability.6 In that trial, early on 43%
reported some concurrent use (cf 43–55% in our trial); 23%
reported a single symptom of dependence—that is, ‘‘felt
dependent’’ (cf our 20–30% endorsing one symptom of
dependence at same time); and 19% stated they had difficulty
quitting (cf our 8–11%). However, this prior trial did not
report on how persistent such symptoms were or whether
participants would meet formal criteria for abuse or
dependence.
Our results are also similar to those in most studies of

nicotine gum—the NRT most similar to the inhaler (little is
known about the abuse liability of nicotine lozenge, the other
similar NRT). In the gum studies, a significant minority of
nicotine gum users used cigarettes and gum concurrently, but

persistent concurrent use appeared to be rare and harm from
such use either did not occur or was rare.1 2 Most,3 11 31 but
not all,33 recent studies of OTC gum have reached similar
conclusions. The only study to determine DSM/ICD diagnoses
of dependence on nicotine gum did not use clinician
verification but only self report, and estimated the incidence
of dependence to be , 2%.3 In comparison, our rate of self
reported dependence was also , 2%. In summary, our results
are similar to those with nicotine gum—that is, although
concurrent use of NRT and cigarettes occurs in some users,
harm from and dependence on NRT is rare.
One final caveat about our study is that, although we have

presented incidence rates and 95% CIs for our outcomes,
given our likely recruitment and retention biases, these rates
should not be seen as point estimates. Rather, we believe
these rates simply indicate that harmful use and dependence
are rare. Better studies would be needed to determine exactly
how rare they are.

ACKNOWLEDGEMENTS
Conduct of this study was funded by a grant from Pharmacia
Consumer Healthcare (now Pfizer Consumer Healthcare) and McNeil
Consumer & Specialty Pharmaceuticals. Data analysis and manu-
script preparation was funded by research grant DA-11557 (JH) and
Senior Scientist Award DA-00490 (JH) from the US National
Institute on Drug Abuse. We thank Barbara H. Korberly, Pharm D,
for help in planning and conducting the study and Douglas M
Ziedonis, MD, for conducting the clinical interviews.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

J R Hughes, University of Vermont, Department of Psychiatry, Burlington,
Vermont, USA
E H Adams, J Guary, Harris Interactive, Rochester, New York, USA
M A Franzon, Pfizer Consumer Healthcare, Morris Plains, New Jersey,
USA
M K Maguire, Lansdale, Pennsylvania, USA

APPENDIX

REFERENCES
1 Hughes JR. Risk/benefit assessment of nicotine preparations in smoking

cessation. Drug Safety 1993;8:49–56.
2 deWit H, Zacny JP. Abuse potential of nicotine replacement therapies. CNS

Drugs 1995;4:456–68.

What this paper adds

The nicotine inhaler is a proven treatment for smoking
cessation that is available as a prescription medication in
some countries and as a non-prescription medication in
others. Because the way inhaler is used is more like smoking
than the way other nicotine replacement therapies (NRTs) are
used, some have worried that abuse or dependence with the
inhaler may be greater than that with other NRTs. We
followed 535 US smokers who had recently been prescribed
the inhaler and asked about off-label use (using the inhaler
and smoking concurrently or using the inhaler for non-
cessation reasons), abuse (using the ICD-10 criteria), and
dependence (using the DSM-IV and ICD-10 criteria) over the
next six months. Many smokers (43–55%) used inhaler and
cigarettes on the same day but usually (84–92% of the time)
this was transient. No smoker abused the inhaler. Eight
smokers (1.4%) self reported the DSM-IV or ICD-10 criteria
for dependence, but a clinician who interviewed them did not
believe any were dependent on the inhaler. Thus, our results
are similar to those with nicotine gum—that is, although
concurrent use of NRT and cigarettes occurs in some users,
harm from and dependence on NRT is rare.

Definitions of outcomes*

Off-label use
Concurrent use Use of inhaler and cigarettes at least

several times a week for one month
Non-cessation use Use to reduce smoking or use in situation

where cannot smoke for one month
Harmful use
Damage to health (ICD-10) Use caused or made health problem

worse
Continued use (ICD-10) Used for >1 month despite harm
Dependence
Tolerance (DSM-IV and
ICD-10)

Increasing use of cartridge to obtain
similar effect or diminishing effect with
repeated use

Withdrawal (DSM-IV and
ICD-10)

Four withdrawal symptoms rated as
moderate or severe or using cartridge to
avoid or relieve withdrawal symptoms

Compulsive use (ICD-10) Craving or strong desire to use
Use more than intended
(DSM-IV and ICD-10)

Probes for loss of control

Unsuccessful efforts to cut
down or stop (DSM-IV and
ICD-10)

>2 failed attempts

Use despite harm (DSM-IV
and ICD-10)

Attribute harm to inhaler and continue
use

Nicotine inhaler use 53

www.tobaccocontrol.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tc.2004.008367 on 25 F
ebruary 2005. D

ow
nloaded from

 

http://tobaccocontrol.bmj.com/


3 Hughes JR, Pillitteri JL, Callas PW, et al. Misuse of and dependence on over-
the-counter nicotine gum in a volunteer sample. Nicotine Tob Res
2004;6:79–84.

4 Schneider NG, Olmstead RE, Franzon MA, et al. The nicotine inhaler: clinical
pharmacokinetics and comparison with other nicotine treatments. Clin
Pharmacokinet 2001;40:661–84.

5 Bergstrom M, Nordberg A, Lunell E, et al. Regional deposition of inhaled 11C-
nicotine vapor in the human airway as visualized by positron emission
tomography. Clin Pharmacol Ther 1995;57:309–17.

6 West R, Hajek P, Foulds J, et al. A comparison of the abuse liability and
dependence potential of nicotine patch, gum, spray and inhaler.
Psychopharmacology 2000;149:198–202.

7 Hyland A, Cummings KM, Bansal MA, et al. Smoker knowledge, attitudes,
beliefs, and use of stop smoking medications. San Francisco: Paper presented
at the National Conference on Tobacco or Health, November, 2002.

8 Etter JF, Perneger TV. Attitudes toward nicotine replacement therapy in
smokers and ex-smokers in the general public. Clin Pharmacol Ther
2001;69:175–83.

9 Schuh KJ, Schuh LM, Henningfield JE, et al. Nicotine nasal spray and vapor
inhaler: Abuse liability assessment. Psychopharmacology 1997;130:352–61.

10 Silagy C, Lancaster T, Stead L, et al. Nicotine replacement therapy for smoking
cessation. The Cochrane Library, Issue 4. Oxford: Updated Software, 2002.

11 Shiffman S, Hughes JR, DiMarino ME, et al. Patterns of over-the-counter
nicotine gum use: Persistent use and concurrent smoking. Addiction
2002;98:1747–53.

12 American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 4th ed, text revision: DSM-IV-TR, Washington DC:American
Psychiatric Association, 2000.

13 World Health Organization. The ICD-10 classification of mental and
behavioral disorders. Geneva: WHO, 1992.

14 Pollock NK, Martin CS. Diagnostic orphans: adolescents with alcohol
symptoms who do not qualify for DSM-IV abuse or dependence diagnoses.
Am J Psychiatry 1999;156:897–901.

15 Fleiss JL. Statistical methods for rates and proportions. New York: John Wiley
& Sons, 1981.

16 Leischow SJ. Nicotine vaporiser: review of results. Future directions in nicotine
replacement therapy. Chester, UK: Adis, 1994:99–103.

17 West R, Hajek P, Nilsson F, et al. Individual differences in preferences for and
responses to four nicotine replacement products. Psychopharmacology
2001;153:225–30.

18 Brady JV, Lukas SE. Testing drugs for physical dependence potential and
abuse liability: NIDA Research Monograph 52. Washington DC: US
Government, Printing Office, 1984.

19 Hughes JR. Nicotine withdrawal, dependence and abuse. In: Widiger TA,
Frances AJ, Pincus HA, et al. DSM-IV sourcebook. Washington: American
Psychiatric Association, 1994:109–16.

20 Center for Drug Evaluation and Research. COSTART; Coding symbols for
Thesaurus of adverse reaction terms, 4th ed. Rockville, Maryland: Public
Health Services, 1993.

21 Breslau N, Kilbey MM, Andreski P. DSM-III-R nicotine dependence in young
adults: Prevalence, correlates and associated psychiatric disorders. Addiction
1994;89:743–54.

22 Hale KL, Hughes JR, Oliveto AH, et al. Nicotine dependence in a population-
based sample. Problems of drug dependence, 1992, NIDA Research
Monograph 132. Rockville, Maryland: National Institute on Drug Abuse,
1993:181.

23 Hughes JR, Oliveto AH, Liguori A, et al. Endorsement of DSM-IV dependence
criteria among caffeine users: a pilot study. Drug Alcohol Depend
1998;52:99–107.

24 Adams EH, Considine L. Prospective study of analgesic use and abuse liability
in patients with chronic pain. San Diego: Poster presented at the 17th Annual
Scientific Meeting of the American Pain Society, November, 1998.

25 Liguori A, Hughes JR, Howard T, et al. Clinician validation of algorithm-based
caffeine and nicotine dependence. Problems of drug dependence 1997: NIDA
Research Monograph 178. Rockville, Maryland: National Institute on Drug
Abuse, 1996:294.

26 Shiffman S, Rolf CN, Hellebusch SJ, et al. Real-world efficacy of prescription
and over-the-counter nicotine replacement therapy. Addiction
2002;97:505–16.

27 Hughes JR. Data to estimate similarity of tobacco research samples to
intended populations. Nicotine Tob Res 2004;6:177–9.

28 Aquilino WS. Telephone versus face-to-face interviewing for household drug
use surveys. Int J Addictions 1992;27:71–91.

29 Hughes JR, Gulliver SB, Fenwick JW, et al. Smoking cessation among self-
quitters. Health Psychol 1992;11:331–4.

30 Etter JF, Perneger TV. A comparison of cigarette smokers recruited through the
Internet or by mail. Int J Epidemiol 2001;30:521–5.

31 Shiffman S, Hughes JR, Pillitteri JL, et al. Persistent use of nicotine replacement
therapy: an analysis of actual purchase patterns in a population-based
sample. Tobacco Control 2003;12:310–16.

32 US Department of Health and Human Services. The health consequences of
smoking: nicotine addiction, A report of the Surgeon General, 1988.
Rockville, Maryland: Public Health Service, Centers for Disease Control, Office
on Smoking and Health, 1988, (DHHS Publication No (CDC) 88-8406.).

33 Thorndike AN, Biener L, Rigotti NA. Effect on smoking cessation of switching
nicotine replacement therapy to over-the-counter status. Am J Public Health
2001;92:437–42.

The Lighter Side.................................................................................

E Chip Bok, 2004 UNIVERSAL PRESS SYNDICATE. Reprinted with permission. All rights reserved.

54 Hughes, Adams, Franzon, et al

www.tobaccocontrol.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tc.2004.008367 on 25 F
ebruary 2005. D

ow
nloaded from

 

http://tobaccocontrol.bmj.com/

