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Abstract: Nicotine replacement therapy (NRT) has become a central part of the treatment of
nicotine dependence. However, NRT’s potential efficacy is limited to some extent by patient
adherence and persistence. Here we review the relationship between NRT compliance and
adherence, and overall treatment outcome. We then examine the factors that likely impact on
treatment compliance and persistence, with a special focus on users’ perceptions of treatment
safety and efficacy as possible mediators. Potential clinical strategies for improving suboptimal
medication use are also discussed.
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Introduction

Nicotine replacement products have been marketed for over a quarter of a century, and
were available for much of this time over the counter (ie, without a prescription) in
many countries. Each year millions of smokers worldwide use a nicotine replacement
product as part of a cessation attempt.!? Since their introduction to the marketplace
to aid smoking cessation, the various forms of nicotine replacement therapy (NRT)
have become mainstays of the smoking cessation arsenal. NRT is available in mul-
tiple forms — chewing gum, lozenges, patch, inhalator, and nasal spray — all of which
have been found to be efficacious in aiding smoking cessation. Safety, in particular
the adverse event profile of these medications, will be discussed in detail. After this
introduction to NRT efficacy and safety, we will turn our attention to issues relating
to persistence and compliance, the core focus of this review. In particular, we will
discuss the use of NRT during quit attempts (both in the context of controlled clinical
trials and in real-world studies), and how this use compares with recommended usage
patterns (in terms of daily dosing and duration of use). As we will argue, compliance
and persistence are important issues because they directly impact treatment efficacy.
Factors that have been found to relate to compliance and persistence, and potential
clinical strategies for addressing these deficiencies, are also discussed.

NRT: forms, regimes, and treatment efficacy

There are currently five forms of NRT approved for use as smoking cessation aids —
patch, gum, lozenges/oral tablets, inhaler, and nasal spray. These forms were originally
developed to be used in isolation (ie, as monotherapies), but, as will be discussed,
increasingly researchers are exploring the safety and efficacy of combining NRT
products; when used in this fashion, the once-a-day dosing of patch is combined with
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a product that has a more rapid and flexible dosing strategy
(such as, gum or lozenges).? The five forms are commonly
divided into two groups based on dosing schedule: patch (the
only NRT that is designed for once-a-day dosing [steady-
state form]) and all other forms (which are designed to be
administered at multiple times over the course of the day [ad
lib forms]). This division (steady-state versus ad lib) is useful
for the purposes of this review. First, the pharmacokinetic
profile of the two groups of NRT products are very different,*
resulting in different profiles of adverse events from treatment
use. Secondly, because the dosing flexibility of ad lib (versus
steady-state) NRT products both affords opportunities for
strategic use of the products to combat acute cravings® and
results in differential susceptibility to compliance issues, the
potential interventions for any compliance issues are likely
to also differ.

NRT was developed to mitigate the loss of nicotine caused
by cessation, thereby reducing craving and withdrawal symp-
tom severity and hence promoting abstinence.® The ability of
NRT to reduce craving and withdrawal symptom severity is
well documented.>’ It also promotes cessation. Along with
varenicline and bupropion, all five forms of NRT are clas-
sified as first-line treatments for smoking,® approximately
doubling a smoker’s odds of achieving long-term abstinence
from smoking.**° Table 1 shows the estimated effect of vari-
ous NRT treatment forms and regimes. For each medication
we have expressed the effect of treatment as a relative risk
(RR); the likelihood, or probability, of achieving abstinence
when using the medication compared to the probability of
doing so when treated with a control, or placebo, treatment.
A W RR value > 1 indicates participants treated with the target
medication are more likely to achieve abstinence than those
using the comparison treatment.

While all forms have been found to be efficacious when
used as monotherapies (Table 1), the projected treatment out-
comes show variation across forms, with projected 6-month
abstinence rates ranging from 27% (for nicotine nasal spray)
to 19% (for nicotine gum) (with a projected base rate for
placebo quitting of 14%).8 However, both direct and indirect
comparisons have failed to show a significant difference
across the various forms of NRT monotherapy, suggesting
that all forms of NRT are equally efficacious.?

Combination NRT — that is, utilizing multiple forms of
NRT during a quit attempt — appears to be more efficacious
that using a single NRT (Table 1).2%1%!! Note that the RR
shown in Table 1 — 1.35 —is calculated using standard patch
treatment as the comparison group (rather than a placebo
treatment). The mechanism through which this boost in

Table | The effect of various forms and regimes of NRT on
treatment outcome

NRT form RR (95% CI)
Overall* 1.58 (1.50-1.66)
Monotherapies

Patch 1.66 (1.53—1.81)
Standard gum 1.43 (1.33-1.53)
Lozenges® 2.00 (1.63-2.43)
Inhaler 1.90 (1.36-2.67)
Spray 2.02 (1.49-3.73)

Incremental treatments

Pre-quit gum® 0.87 (0.60-1.26)

Pre-quit patch® 2.17 (1.46-3.22)
Combination therapy
Patch + ad lib NRT (gum/spray/inhaler)¢ 1.35 (1.11-1.63)

Notes: *Meta-analysis using outcomes from all monotherapy forms of NRT; *Includes
studies of oral nicotine tablets;® ‘RR calculated using standard gum treatment as
reference; ‘RR calculated using standard patch treatment as reference; RR sources:
Lindson and Aveyard;'” Shiffman and Ferguson;'¢ Stead at al.?

Abbreviations: NRT, nicotine replacement therapy; RR, relative risk; Cl, confidence
interval.

efficacy is achieved is as yet unknown. The effect is unlikely
to be driven simply by higher nicotine dosing: higher-dose
monotherapy patch treatment (>25 mg/24 hours), for
example, does not appear to improve efficacy beyond stan-
dard maximum patch doses.® It may be that the combination
of an ad lib NRT (such as gum or lozenges) on top of the
steady-state patch treatment helps smokers to resist cue-
induced cravings, which are theorized to be important in
promoting relapse.’ While monotherapy patch successfully
attenuates background, or tonic, craving,'? it does not appear
to block cue-induced cravings® or aid in recovery from such
cravings,'* whereas nicotine gum and lozenges do appear to
provide this latter benefit.*!s

Researchers have also started to explore the efficacy of
other ways of using NRT. Reducing the salience of smoking
cues has also been suggested as a mechanism for explaining
the improvement in efficacy achieved through pre-quit patch
use, another novel usage of existing NRT (Table 1). The non-
contingent delivery of nicotine achieved via patch may help to
break some of the environmental cues associated with smok-
ing when delivered during ad lib smoking.'¢ If this mechanism
of action explains the improvement in efficacy achieved
by using nicotine patch prior to quitting, it would help to
explain the seemingly contradictory finding that prequit
gum use does not appear to result in similar improvements
in treatment outcome (Table 1).!7 It is likely that, when used
before quitting, gum is used instead of smoking — that is,
as a replacement to individual cigarettes — a regime than is
unlikely to break the association between cues and smoking
compared with noncontingent nicotine administration in
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the form of patch. Regardless of the mechanism, these two
alternate NRT regimes — combination NRT use and pre-quit
patch use — show substantial promise as smoking cessation
treatments; further research will be needed to confirm the true
magnitude of their benefit and the mechanisms of action.!”
Finally, it should also be noted that nicotine patch has also
been tested in combination with other smoking cessation aids
(eg, bupropion sustained release, varenicline, nortriptyline)
and with other nonapproved agents (eg, paroxetine, mecam-
ylamine), with limited success (results not reported here).®

NRT safety

The duration of time that NRT has been studied — both
experimentally and under real-world actual-use conditions —
has given researchers and clinicians ample time to study
the adverse events and side effects of NRT use. Results
from scores of clinical trials suggest that serious adverse
events associated with NRT are rare and typically cease
once treatment has been discontinued.® This is arguably not
particularly surprising, given that the active ingredient of
NRT —nicotine — is an agent that smokers have demonstrated
that they can safely tolerate.

Because of differences in the speed of nicotine delivery
and the mode of delivery, side effects of NRT use vary
across forms. The most commonly reported side effect across
NRT forms is nausea but even this is relatively rare: a meta-
analysis of studies involving nicotine patch, for example,
found that nausea was reported by only 5% of patients.'
A quarter (25%)'® of patch users report localized skin irrita-
tion due to the patch itself (eg, from the adhesives used to
hold the patch to the skin), but these tend to be mild and can
be ameliorated by rotating the patch application site and/or
through the application of topical creams (eg, hydrocortisone
or triamcinolone).® Some users (19%)'8 report sleep distur-
bance when using patch; sufferers can be advised to either
remove the 24-hour patch when going to bed at night, or
change to a 16-hour patch if this symptom persists.®

Unique side effects for the three oral forms of NRT —
gum, lozenges, and inhaler — also result from the method of
delivery. Gum users may experience problems resulting from
chewing gum, such as mouth soreness, hiccups, dyspepsia,
and jaw ache.® Similarly, nicotine lozenge use is associ-
ated with hiccups and heartburn, both likely due to the oral
delivery system. Some of these side effects may be related
to the way these products are being used (eg, the chewing
technique utilized with gum); guidance on appropriate prod-
uct use can help to reduce their occurrence. Almost half of
nicotine inhaler users report experiencing local irritation

in the mouth and throat following use. As with other side
effects of NRT use, these side effects are generally mild and
transient, ceasing as soon as NRT use is discontinued. Finally,
nicotine nasal spray users typically report some degree of
nasal irritation: over 90% of users report experiencing such
symptoms within the first days of use,® with the majority
of these still experiencing mild to moderate irritation for
up to a month. Other side effects related to the delivery
mechanism include nasal congestion and changes in sense
of smell and taste.

Moving on from the products themselves, nicotine itself
has many effects on the body. Perhaps most notably in terms
of potential side effects of NRT use, nicotine administration
has been shown to directly affect the cardiovascular system,
increasing both heart rate and blood pressure.'*?° For this
reason, NRT products — and in particular patch — have his-
torically carried warnings regarding use in patients who have
a history of cardiovascular problems, such as myocardial
infarction (heart attack), arrhythmias, or unstable/uncon-
trolled angina pectoris.?! However, fears of NRT exacerbating
such conditions appear to be unfounded. Controlled studies
have demonstrated that, even in groups of smokers at high
risk, the use of nicotine replacement products does not appear
to significantly increase the likelihood of cardiovascular
events,”? and NRT has been found to be safe for use with
hypertensive patients.?!->2*

One relatively recent study purports to demonstrate a link
between pure nicotine and tumor growth, opening up the
possibility that NRT may promote cancer growth in users.
Heeschen and colleagues’® in vitro findings show that pure
nicotine may stimulate angiogenesis (the growth of new
blood vessels), a necessary step in tumor growth. Again,
however, the clinical evidence fails to support this finding:
there is no clinical evidence that either pure nicotine or NRT
cause cancer in humans.?*?® In sum, when compared to the
accepted dangers of continued smoking, nicotine delivered
via NRT products appears to carry negligible health risks.

The final safety concerns with NRT use that we will dis-
cuss here are the dependence potential of these medications,
and, relatedly, the potential for withdrawal symptoms to mani-
fest after stopping NRT use. Nicotine is well-known as being
a drug of dependence, so it is theoretically possible for users
to become dependent on medications that contain this agent,
and for them to display signs of withdrawal upon cessation of
use. An important difference between NRT and cigarettes in
this regard, however, is the speed at which peak blood levels
of nicotine are achieved. The dose of nicotine delivered by
the currently approved nicotine medications, and the speed
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at which that nicotine is delivered, are substantially lower
than those achieved by cigarettes.?” (Indeed, this fact has led
some to argue that the approved NRT doses are too low and
effectively underdose some smokers.”®) Consequently, the
theoretical dependence potential of these medications is con-
sidered low. Surveillance data from NRT sales data support
this conclusion, suggesting that the vast majority of users do
not maintain NRT use beyond the recommended therapeutic
treatment duration.”” The one possible exception to this is
nicotine spray: of the available medications, nicotine nasal
spray produces higher peak nicotine levels?” and is believed
to have the highest dependence potential;® and some studies
suggest that 15%—20% of users continue use for longer than
the recommended duration.® However, it is unclear whether
such extended use is truly a sign of dependence, or rather
a continued attempt to remain smoke free.?' With regard to
withdrawal symptoms, there is little research in this area
that we know of, but the data that exist*® suggest that there
is no pronounced or significant withdrawal syndrome from
cessation of NRT.

In summary, the NRT products have all been well docu-
mented to be both safe and effective. Side effects are rare and
generally mild and transient. These products appear to be well
tolerated. Finally, despite initial concerns due to their active
ingredient, NRT products do not appear to carry a high risk of
dependence/extended nontherapeutic use; indeed as we will
discuss in the following section, if anything most forms of NRT
suffer from the opposite extreme, with users not administering
enough doses, or maintaining use for long enough.

Adherence and compliance:
observed NRT use and impact

on treatment outcome

Like perhaps all other multidose medications, compli-
ance with smoking cessation medications is suboptimal.
Numerous studies have found that smokers consistently
underutilize NRT, both in terms of the number of pieces
administered per day (commonly referred to as dosing
“compliance”) and the duration of time that treatment is
used (which we will refer to here as treatment “persistence”).
Across forms, smokers have been found to consistently
underdose: using fewer doses/patches per day (in the case
of ad lib NRT forms in particular)®3! and ceasing treatment
prior to the end of the recommended treatment course.’! In
one large national survey,’ for example, less than half of
recent users reported that they had used gum or patch for
greater than 4 weeks; and less than a quarter reported using

the recommended nine-plus pieces of nicotine gum per day
during treatment.

Issues with dosing compliance are of interest to research-
ers and clinicians primarily because they stunt the potential
efficacy of these medications. Like all drugs, NRT’s efficacy
is linked to compliance — smokers must actually use sufficient
quantities of the medication, and over a sufficient duration
of time, for it to be effective in aiding smoking cessation.
The relationship between dosing compliance and treatment
outcome has been studied most comprehensively in the
ad lib forms of NRT, in particular with nicotine gum and
lozenges. Studies have consistently found a positive relation-
ship between the number of pieces of gum/lozenges, or the
number of sprays, used per day and treatment outcome, with
smokers who use a greater number of doses per day having
a greater likelihood of achieving abstinence.’*3* A similar
relationship has been reported with nicotine patch.*

This relationship between compliance and treatment
outcome appears to be driven pharmacologically — that is,
compliance use results in sufficient amounts of medicine
being delivered. Because the observed relationship between
use and outcome is correlational, it is difficult — not to men-
tion ethically questionable — to randomly assign patients to
compliant versus noncomplaint use. One might be tempted
to conclude that the relationship between compliance and
treatment outcome is noncausal. Shiffman articulated three
alternate explanations for the observed relationship between
treatment outcome and medication compliance: (1) that a
third confounding variable affects both medication use and
treatment outcome; (2) that the behaviors associated with
medication use, regardless of its nicotine content, might
affect treatment outcome; or (3) that the observed relation-
ship between compliance and outcome is causal, but that
relapse to smoking actually drives noncompliance, rather
than the other way around (reverse causation).’® Shiffman
went on to present a series of analyses that tested each of
these alternate explanations and concluded that they were
unsupported: the improved treatment outcomes seen among
compliance users appear to be due to increased use of these
efficacious medications.*

The relationship between the length of NRT use and
treatment outcome is less clear. NRT labeling typically
advises users to remain on treatment for 10 to 12 weeks, but
some regulatory jurisdictions allow use to continue for up to
6 months as a relapse prevention strategy. (At the far extreme,
in 2010, the UK’s Medicines and Healthcare Products Regu-
latory Agency completely eliminated the duration of use
limit for NRT). While a number of studies have examined
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the effectiveness of longer-term relapse prevention use of
NRT compared with the standard 10 to 12-week course (with
mixed results),>® few have closely examined the relation-
ship between persistence and outcome within the standard
duration of treatment. Given the pharmacologically driven
relationship between compliance and treatment, however, it
would seem plausible that treatment persistence would also
promote abstinence.

Given that compliant use is linked to treatment outcome,
we will now turn our attention to studies that have attempted
to understand noncompliant usage patterns, and to influence
more optimal medication use. Sadly, as will be discussed,
the outcomes of such endeavors to date have been frustrat-
ingly poor.

Drivers of noncompliant use

and potential interventions

To improve compliance with NRT dosing, it is first nec-
essary to understand the drivers, or root causes, of the
noncompliant behavior; without knowing why a patient is
noncompliant with dosing instructions it is impossible to
know how to design and implement a successful intervention.
Unfortunately, while there are numerous potential reasons
for poor compliance and adherence to NRT, we know of few
published studies that have attempted to identify self-reported
reasons for these usage patterns. A recent study of NRT users
found that, of those who had discontinued use prior to the end
of the recommended regime for a reason other than having
relapsed, the most commonly reported reason for prematurely
ceasing treatment was because it was felt that NRT was no
longer necessary (~30% of users); side effects (~28%) and
practical reasons (eg, cost, ran out of the NRT) were also
frequently cited.*® The organoleptic characteristics of the
products themselves (eg, taste of gum/lozenges, mouth and
throat irritation from the spray) may also influence compli-
ance; this suggests that ongoing development of NRT delivery
products may prompt improved compliance (by increasing the
likelihood that users can find a nicotine replacement product
that they can tolerate using).

Paradoxically, the stated belief that NRT is no longer
needed as part of a quit attempt may actually stem from
the efficacy of NRT: when craving and withdrawal are well
controlled via treatment, patients may mistakenly assume
that the treatment itself is actually unnecessary. As such,
this may highlight the need to educate users on the role of
NRT in quitting. The exact role and effects of treatment may
not be the only aspect of medication use that smokers are
misinformed about: a number of studies have reported that a

large proportions of smokers have concerns about the safety
and efficacy of NRT products, believing either that these
products do not promote cessation, that they are dangerous/
harmful to use, or that the mechanism of action of nicotine
replacement products is to make a user sick if they lapse
during treatment.’'*"3# Important for the purposes of this
discussion, smokers who hold these misperceptions are less
likely to have used NRT in the past, and less likely to say
that they intend to use it as part of future quit attempts,3!7-3
suggesting that beliefs about NRTs’ safety and efficacy may
impact on treatment use. Further, one of these studies also
reported that safety and efficacy concerns were related to
poorer compliance and adherence: gum users with concerns
about the safety of NRT reported using fewer pieces of gum
per day during treatment, and were less likely to report that
they used the gum for more than 4 weeks.*!

Such findings suggest that providing education and
advice to patients regarding the safety and efficacy of
NRT may promote compliant use. One study, however,
that tried such an intervention with interested quitters was
unsuccessful — providing brief education to gum users
did not significantly change either the number of pieces
of gum used per day, or the percentage of users who were
categorized as compliant users.*® A more recent study in
a population of smokers interested in reduction also found
that providing education on the importance of compli-
ance did not improve subsequent compliance with NRT
dosing.* It is possible that the interventions themselves
in these studies were not targeted enough to be effective;
multicomponent strategies may be required to success-
fully change peoples’ perceptions of safety and efficacy.
If such programs were developed, and were found to be
effective, implementation on a population level would
nevertheless be challenging. More speculatively, a purely
behavioral strategy of routine use may help to overcome
misperceptions by automating the process of use and,
hence, simply circumventing the higher-level cognitive
processes involved in weighing up the risk—benefit of
additional use. Such a behavioral approach would also
address a more parsimonious explanation of poor treatment
compliance — perhaps users do not comply simply because
they forget to take the medication at the allotted times. Of
course, it is also possible that safety and efficacy concerns
are simply not as important in determining compliant use
as the correlational data suggest. More research is needed
to determine whether safety and efficacy misperceptions
are drivers of noncompliant use, and, if so, whether these
views can be changed and subsequently user improved.
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Moving on, as noted earlier, a survey of NRT users found
that motivational factors such as the cost of NRT were often
cited as a reason for early cessation of treatment.3® This
concurs with research on barriers to NRT use: in one survey,
53% of smokers who previously tried to quit but who had not
used NRT cited the cost of these medications as a reason.*!
This would suggest that providing NRT for free would boost
compliance and adherence. In a recent nicotine gum study,
Mooney and colleagues® tested a related strategy: not only
was treatment provided free of charge, but also participants
were offered additional financial rewards for complying
with dosing instructions. Over a 15-day intervention period,
patients in the contingency management group of Mooney
and colleagues’® study were told that they would be paid
for each day that they reported chewing at least 12 pieces
of gum per day. The intervention was somewhat successful:
patients in the contingency management group reported
using approximately four pieces of gum per day more than
patients in a usual care group, and two thirds (66%) of these
patients were categorized as compliant gum users during
the study period (as opposed to just 14% of the usual care
participants). However, the fact that compliance and adher-
ence is generally poor even in clinical trials of NRT, where
drug treatment is typically provided free of charge, would
seem to contradict the notion that cost is a primary barrier
to NRT compliance and adherence. Furthermore, providing
education to smokers about the safety and efficacy of NRT
increases their interest in using NRT as part of a future quit
attempt, even among those who cited cost as a reason for not
having used it in the past; suggesting that cost is not the sole
barrier to NRT uptake.*' Thus, in summary, while the cost of
NRT may negatively impact on compliance and adherence
to some extent, evidence suggests that cost is unlikely to be
the root cause of noncompliance.

Conclusion

Medicinal nicotine in all of its currently available forms
has been comprehensively demonstrated to be effective as
an aid for smoking cessation. Such products have also been
found to be safe, with adverse events typically mild and
transient, ceasing when treatment is stopped. Sadly, despite
these characteristics, compliance and persistence with NRT
are typically poor and such suboptimal deviations from the
recommended usage patterns negatively impact on treatment
outcome. As discussed, many factors likely affect treatment
compliance and persistence. In this review we focused
on users’ perceptions of treatment safety and efficacy as
possible mediators and discussed preliminary potential

clinical strategies for addressing these deficiencies. Sadly,
the literature is currently silent on effective strategies for
improving compliance. Any successful intervention is likely
to require multiple components and focus on multiple drivers
of suboptimal medication use.
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