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Abstract Objectives:Difficulty sleeping is a recognised tobacco withdrawal symptom, but
sleep problems, like application site reactions, are commonly reported as adverse
reactions to transdermal nicotine therapy. However, no studies have examined
potential predictive factors associated with the occurrence of expected adverse
experiences during transdermal nicotine therapy. The subject of skin tolerability
among patients with a history of eczema, psoriasis or other skin disorders is of
particular interest, as are the relationships between plasma concentrations of
nicotine, concurrent smoking, sleep problems and nausea.

Methods: The cohort study involving 1392 participants was designed to assess
the timing, severity and predictive factors of adverse experiences reported during
24-hour transdermal nicotine therapy. Data were collected on patients aged 18 to
70 years old who were smokers and who had expressed a strong desire to stop
smoking. The intervention consisted of brief behavioural counselling, a booklet
containing smoking cessation advice and instructions for use of the patches, and
a 12-week course of decreasing transdermal nicotine doses.

Results: Follow-up was available on 1392 out of 1481 study participants. The
majority of adverse experiences were mild. Sleep problems occurred in 669 out
of 1392 (48%) participants and most often commenced on the day of smoking
cessation. Application site reactions occurred in 478 out of 1392 (34%) partici-
pants and most often occurred after 6 days of therapy. No predictor had an adjusted
hazard ratio above 2. Statistically significant (p < 0.05) predictors of sleep prob-
lems were successfully quitting smoking and female gender. Predictors of appli-
cation site reactions were psoriasis or eczema, other skin conditions, age <40
years, female gender, place of birth outside Australasia, and trade or university
education level.

Substantially increased nicotine intake during therapy compared with baseline
smoking occurred in 8% of participants who smoked concurrently, and 4% of
participants who did not (p = 0.1). Increased nicotine intake was associated with
a modest increase in the overall rate of adverse experiences (89%vs 63%, p =
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0.04) and dizziness/lightheadedness (17%vs 3%, p = 0.03), but not with sleep
problems or cardiovascular events.

Conclusions:Transdermal nicotine therapy appears to be well tolerated, even if
the user smokes concurrently. Sleep disturbance during therapy appeared to be
primarily associated with tobacco withdrawal rather than with nicotine excess
from treatment with transdermal nicotine. Study participants with pre-existing
skin disorders were somewhat more likely to report mild application site reactions
than other participants.

Clinical trials of 24-hour transdermal nicotine
therapy for smoking cessation report incidence
rates of application site reactions ranging from 16
to 62% of users.[1-5] Rates of sleep problems range
from 4 to 30%.[1-4,6-7] Other adverse experiences
reported include dyspepsia, myalgia, cough[8] and
nausea.[5] The vast majority of these adverse expe-
riences are not severe and patients are able to con-
tinue therapy.

Despite being a common problem, no studies
have examined potential predictive factors associ-
ated with the occurrence of expected adverse expe-
riences during transdermal nicotine therapy. The
subject of skin tolerability among patients with a
history of eczema, psoriasis or other skin disorders
is of particular interest, as are the relationships be-
tween plasma concentrations of nicotine, concur-
rent smoking, sleep problems and nausea.

This study describes the timing, severity and
predictive factors of adverse experiences during
24-hour transdermal nicotine therapy for smoking
cessation among a cohort of 1392 participants. The
relationship of plasma nicotine concentrations to
adverse experiences is explored to investigate their
cause and the consequences of smoking while us-
ing transdermal nicotine therapy.

Study Participants and Methods

Details of the methodology of the first phase of
the ‘Another Good Attempt Involving Nicotine’
(AGAIN) Study[9] and the plasma nicotine and
cotinine measurement methods used[10] are pub-
lished elsewhere. In brief, participants were aged
18 to 70 years, expressed a strong desire to quit
smoking, had smoked 15 or more cigarettes daily
for at least 3 years and were willing to consider a

second serious quit attempt, should the first be un-
successful (the AGAIN Study involved 2 quit at-
tempts with transdermal nicotine, the first of which
is described here).

The intervention consisted of brief behavioural
counselling at each visit (baseline and weeks 1, 4,
8, 12 and 26), a booklet containing smoking cessa-
tion advice and instructions for use of the patches,
and a 12-week course of decreasing transdermal
nicotine doses.

The patches were active Nicotinell®/Habitrol®

TTS (Ciba-Geigy Australia Ltd, Pendle Hill, Aus-
tralia). Participants followed a fixed treatment reg-
imen of one 21mg patch per 24 hours commencing
from the quit date, changing to the 14mg per 24-
hour dose after 4 weeks, to the 7mg per 24-hour
dose after 8 weeks, and ceasing use at the end of
12 weeks. Participants were instructed to use each
patch for 24 hours but were allowed to try remov-
ing the patches before bed if persistent sleep prob-
lems occurred. Application sites were alternated so
that at least 3 days elapsed before a site was re-
used.

Exclusion Criteria

The exclusion criteria for the study were: med-
ications that might interfere with tobacco with-
drawal symptoms (i.e. regular use of other nicotine
replacement products,β-blockers, clonidine, meth-
yldopa, appetite suppressants, minor and major
tranquillisers); pregnancy, lactation or potential
pregnancy; significant mental or psychiatric ill-
ness; symptomatic ischaemic heart disease or cer-
ebrovascular disease within the last 3 months; al-
coholism; active malignancy; major medical
disorders; and extensive skin lesions precluding

546 Gourlay et al.

 Adis International Limited. All rights reserved. Drug Safety 1999 Jun: 20 (6)



patch application. Participants were instructed not
to use other nicotine products during the study.

Adverse Experiences

Prior to the commencement of the study, during
the process of gaining informed consent, potential
adverse experiences were discussed with partici-
pants. All participants who attended 1 or more follow-
up visits provided data about adverse experiences.
Participants were asked about adverse experiences
in response to a general question about well-being.
Additionally, after the end of treatment, all contact-
able participants who had not returned for a sched-
uled visit were also asked if they had experienced
a reaction to the patches that had caused permanent
discontinuation of therapy. For participants with
on-going adverse experiences possibly, probably
or highly probably related to transdermal nicotine
and who did not attend follow-up visits, detailed
information was sought by telephone. Descriptions
of adverse experiences were recorded in the case
record forms by the research nurses and coded by
study drug relationship (not related, unlikely, pos-
sible, probable or highly probable) and severity
(mild, moderate or severe) at the same time.

Plasma Nicotine and 
Cotinine Measurements

Venous blood samples were taken from the first
1100 of 1481 participants and stored as frozen
plasma. Blood samples were taken at the time of
study visits, which were scheduled between 8am
and 8pm. 500 plasma samples from the 1100 par-
ticipants were randomly selected for laboratory
analysis of nicotine and cotinine concentrations.
Participants with undetectable concentrations of
nicotine, or concentrations of cotinine <20µg/L,
were assumed to have violated the protocol (i.e. not
smoking at baseline or not using transdermal nicot-
ine at follow-up) and were excluded from the anal-
yses involving plasma-concentration data.

Definitions

A ‘possible’ relationship between adverse expe-
riences and transdermal nicotine treatment was de-
fined by ‘. . . when the reaction follows a reason-
able temporal sequence from administration of the
drug; but could have been produced by the pa-
tient’s clinical state or by other therapy. . .’. ‘Prob-
able’ required observing a known response pattern
to transdermal nicotine and confirmation by dis-

Table I. Number (%) of participants reporting application site reactions, sleep problems or musculoskeletal paina

Adverse experience category Total Mild Moderate Severe Unknown
severity

Permanent
treatment
discontinuation

Temporary
treatment
interruptionb

Any cutaneous application
site reaction

478 (34.3) 314 (22.6) 127 (9.1) 36 (2.6) 1 (0.1) 57 (4.1) 56 (4)

erythema 205 (14.7) 141 (10.1) 51 (3.7) 13 (0.9) 0 (0) 24 (1.7) 25 (1.8)

rash 72 (5.2) 53 (3.8) 15 (1.1) 4 (0.3) 0 (0) 9 (0.6) 6 (0.5)

pruritus 289 (20.8) 200 (14.4) 71 (5.1) 18 (1.3) 0 (0) 34 (2.4) 33 (2.4)

irritation 65 (4.7) 41 (2.9) 15 (1.1) 8 (0.6) 1 (0.1) 9 (0.6) 9 (0.6)

vesicles 68 (4.9) 40 (2.9) 19 (1.4) 8 (0.6) 1 (0.1) 7 (0.5) 12 (0.9)

oedema 53 (3.8) 22 (1.6) 24 (1.7) 7 (0.5) 0 (0) 20 (1.4) 8 (0.6)

Musculoskeletal ache
related to application sites

97 (7.0) 70 (5.0) 19 (1.4) 7 (0.5) 3 (0.1) 6 (0.5) 14 (1.0)

Any sleep problem 669 (48.1) 386 (27.7) 222 (16.0) 61 (4.4) 0 (0) 20 (1.6) 232 (16.7)

dreaming 414 (29.7) 253 (18.2) 127 (9.1) 34 (2.4) 0 (0) 9 (0.6) 105 (7.5)

other sleep disturbance 447 (32.1) 267 (19.2) 148 (10.6) 32 (2.3) 0 (0) 15 (1.1) 182 (13.1)

a All reports with possible, probable or highly probable relationship to the transdermal nicotine therapy. If participants reported an adverse
experience more than once, the report with the maximum severity is counted. Denominator is all participants with adverse experi-
ences follow-up (n = 1392).

b Includes participants removing patches at night only.
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continuation of therapy. ‘Definite’ required reap-
pearance of the problem on repeat exposure. The
severity of adverse experiences was classified as:
‘mild’ – no interference with usual daily activities;
‘moderate’– some interference with usual daily ac-
tivities but generally not sufficient to interrupt ther-
apy; and ‘severe’ – major interference with usual
daily activities and generally sufficient to interrupt
therapy (not all participants with severe experi-
ences actually discontinued therapy).

Estimation of a substantial rise in nicotine in-
take during transdermal nicotine therapy was based
on the ratio of plasma cotinine concentrations dur-
ing transdermal nicotine therapy to those at base-
line, i.e., prior to quitting smoking (cotinine is the
principal, long plasma half-life metabolite of nicot-
ine). A substantial plasma concentration increase
was arbitrarily defined as >50% increase from
baseline smoking, provided the concentration dur-
ing transdermal nicotine treatment was above the
population mean of 250µg/L.

For the analysis of concurrent smoking and
nicotine intake, smoking was defined as any smok-
ing reported in the 3 days before the follow-up visit
for plasma cotinine measurement, or an expired
carbon monoxide level of >8 ppm. Heavy con-
sumption of alcohol was defined as consumption
of 5 or more standard alcoholic drinks when drink-
ing. In the case of sleep problems, removal of

patches before bed was classified as temporary dis-
continuation of therapy. Family origin was deter-
mined by the place of birth of participants’ parents.

Data Analysis

Participants were included in the adverse expe-
rience counts if 1 or more adverse experiences were
reported (tables I and II). The analysis included
participants attending 1 or more follow-up visits
and individuals providing adverse experience in-
formation by telephone only. When a participant
reported a particular adverse experience more than
once, the most severe (and if the same severity, the
earliest) report was counted.

The outcomes studied by Cox regression analy-
ses of predictive factors were application site reac-
tions (excluding musculoskeletal pain) and sleep
problems (tables III and IV). For each outcome,
unconditional regression models assessed the joint
effects of factors selecteda priori on the occur-
rence of all adverse experiences, and moderate to
severe adverse experiences. Individuals without
the adverse experience outcome were used as the
reference group. Possible interactions of factors
were investigated by adding the appropriate inter-
action terms. Analyses of the relationships between
adverse experiences, concurrent smoking, and
plasma concentration data considered all partici-

Table II. Time to onset of common adverse experiencesa

Adverse experience (no. of affected
participants)

Median no. of days
to onsetb (range)

% Participants by dose at the commencement of adverse experiences

21mg per 24h 14mg per 24h 7mg per 24h

Any cutaneous application site reaction
site (n = 478)

6 (1-85) 79.3 16.9 3.8

erythema (n = 205) 9 (1-85) 71.2 23.4 5.4

rash (n = 72) 12 (1-57) 73.6 22.2 4.2

pruritus (n = 289) 6 (1-85) 76.1 18.3 5.5

irritation (n = 65) 6 (1-68) 81.5 12.3 6.2

vesicles (n = 68) 15 (1-70) 72.1 22.1 5.9

oedema (n = 53) 30 (1-85) 47.2 39.6 13.2

Musculoskeletal ache related to
application sites (n = 97)

1 (1-38) 95.9 4.1 0

Sleep problems (n = 669) 1 (1-84) 96.7 3.1 0.1

dreaming (n = 414) 1 (1-84) 96.4 3.1 0.5

other sleep disturbance (n = 447) 1 (1-55) 97.3 2.7 0

a All reports possibly, probably or highly probably related to transdermal nicotine therapy.

b Among affected participants.
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pants attending for follow-up 4 to 14 days imme-
diately after commencing transdermal nicotine
therapy (tables V and VI).

Statistical tests of paired comparisons included
χ2, Fisher’s Exact and Wilcoxon rank sum tests, as
appropriate. Data were analysed by the SAS-PC
for Windows version 6.12 (SAS Institute, Cary,
North Carolina) and EGRET 1.0 (Statistics and Ep-
idemiology Research Corporation, Seattle, Wash-
ington) statistical packages. Results are reported as
mean± standard deviation unless otherwise stated.

Results

The mean age of participants was 41± 11 years,
56% were female, the mean number of cigarettes
smoked per day was 32± 12, and the mean Modi-
fied Fagerström Tolerance Score[11] was 6.8± 1.8.
In total, 1260 out of 1392 (90.5%) individuals with
follow-up reported 1 or more adverse experiences.
Of these, 1090 out of 1392 (78.3%) had 1 or more
adverse experiences possibly, probably or highly
probably related to transdermal nicotine therapy.

Table III. Rates and adjusted odds ratios for predictors of application site reactionsa

Predictor of application site
reactions

All reports Moderate-severe reports

adjusted
hazard ratio

95% CI p value adjusted
hazard ratio

95% CI p value

Skin disorders
None 1.0 1.0

Psoriasis or eczema 1.3 1.0 to 1.7 0.049 1.2 0.8 to 1.9 0.350

Other 1.5 1.1 to 2.2 0.025 1.3 0.7 to 2.5 0.471

Age
≥40y 1.0 1.0

40y 1.4 1.2 to 1.7 0.001 1.3 0.9 to 1.8 0.118

Gender
Male 1.0 1.0

Female 1.2 1.0 to 1.5 0.026 1.3 1.0 to 1.8 0.097

Education level
Primary/some secondary 1.0 1.0

Completed trade 1.3 1.0 to 1.8 0.045 1.6 0.9 to 2.6 0.083

Completed secondary 1.0 0.8 to 1.3 0.763 1.2 0.8 to 1.9 0.3

University 1.4 1.1 to 1.8 0.004 1.6 1.1 to 2.3 0.024

Place of birthb

Australasia 1.0 1.0

Not Australasia 1.3 1.0 to 1.6 0.016 1.8 1.3 to 2.5 <0.001

High nicotine dependencec

No 1.0 1.0

Yes 1.0 0.8 to 1.2 0.831 0.8 0.6 to 1.1 0.12

Smoking-related diseased

Yes 1.0 1.0

No 1.2 0.9 to 1.7 0.201 2.0 1.0 to 3.9 0.048

a Unconditional Cox proportional hazards regression analysis on all participants with adverse effects follow up (n = 1392), adjusted for all
other factors in the table – the comparison group consists of participants not reporting any application site reaction.

b Non–Australasian-born participants were born in Northern Europe (75%), Southern Europe (9%), Asia (8%) and other locations (8%).

c Modified Fagerström Tolerance Score ≥7 points.[11]

d Cardiovascular disease, malignancy, chronic obstructive pulmonary disease or peptic ulcer.

CI = confidence interval.
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Description of Adverse Experiences

The incidence rates of application site reactions,
sleep problems and musculoskeletal pain related to
application sites are shown in table I. Few experi-
ences were severe, and permanent discontinuation
of treatment as a result was rare. Removal of the
patch before sleep was commonly practised by in-
dividuals experiencing sleep problems (232 out of
669 participants who experienced sleep problems,
34.7%).

Time to onset of adverse experiences varied by
type (table II, fig. 1). Sleep problems were most
commonly reported to commence from the quit
day, whereas application site reactions of pruritus,
erythema, rash and irritation typically started later
in the first week of therapy. The majority of adverse
experiences began during the scheduled period of
21mg per 24-hour transdermal nicotine therapy.

Adverse experiences due to application site oe-
dema were relatively delayed (median number of
days 30) compared with other types of application
site reactions (range of median values 6 to 15 days,
p value for difference < 0.001).

Predictors of Application Site 
Application Site Reactions

At the beginning of the study, 283 out of 1481
participants (19.1%) reported a history of 1 or more
pre-existing skin disorders. Eczema was reported
by 142 participants (9.6%), psoriasis by 57 partic-
ipants (3.8%) and other skin problems by 87 par-
ticipants (5.9%).

Application site reactions of any severity were
reported more often by participants who were
younger, had a history of skin disorders, were born
outside Australasia, or had a university or trade

Table IV. Rates and adjusted odds ratios for predictors of sleep problemsa

Predictor All reports Moderate-severe reports

adjusted hazard
ratio

95% CI p value adjusted hazard
ratio

95% CI p value

Age
≥40y 1.0 1.0

40y 1.0 0.8 to 1.1 0.707 0.9 0.7 to 1.2 0.45

Gender
Male 1.0 1.0

Female 1.2 1.0 to 1.4 0.012 1.6 1.2 to 2.1 <0.001

Education level
Primary/some
secondary

1.0 1.0

Completed trade 1.2 0.9 to 1.5 0.203 1.2 0.8 to 1.8 0.320

Completed
secondary

1.1 0.9 to 1.4 0.197 1.2 0.9 to 1.7 0.138

University 1.1 0.9 to 1.3 0.639 1.0 0.8 to 1.4 0.837

Quit smoking at wk 4 b

No 1.0 1.0

Yes 1.4 1.2 to 1.6 <0.001 1.5 1.1 to 1.9 0.002

High nicotine dependence c

No 1.0 1.0

Yes 0.9 0.8 to 1.1 0.198 0.8 0.6 to 1.0 0.046

a Unconditional Cox proportional hazards regression analysis on all participants with adverse effects follow up (n = 1392), adjusted for all
other factors in the table – the comparison group consists of participants not reporting any sleep problem.

b Participants reporting not smoking for 28 days and verified by expired carbon monoxide level ≤8 ppm.

c Modified Fagerström Tolerance Score ≥7 points.[11]

CI = confidence interval.
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school education (table III). These associations
were modest (adjusted hazard ratios 0.8 to 1.8).
Statistically significant associations with moder-
ate-severe reactions were place of birth outside
Australasia, university education and lack of a his-
tory of smoking-related disease. A similar majority
of participants with (83%) and without (89%)
moderate to severe application site reactions were
of Northern European or Australasian descent.
There was no association of pre-existing skin dis-
orders with moderate-severe application site reac-
tions (hazard ratios≤1.3, p > 0.3).

Predictors of Sleep Problems

Predictors of 1 or both categories of sleep prob-
lems (sleep disturbance or dreaming) are shown in
table IV. As for predictors of application site reac-
tions, the associations were modest (adjusted haz-
ard ratios≤1.6). Statistically significant hazard ra-
tios were observed for female gender, smoking
cessation at week 4, and high nicotine dependence
level (the latter for moderate-severe sleep prob-
lems only). In contrast to the multivariate models
for application site reactions, there were no appar-
ent associations of sleep problems with age, edu-
cation, or place of birth.

Concurrent Smoking

Concurrent smoking in the first 4 to 14 days of
transdermal nicotine therapy was associated with
lower rates of sleep problems (28%vs 39%, p <
0.001) compared with individuals who did not
smoke, but with more frequent reports of headache
(20%vs13%, p < 0.01) [table V].

Substantially Increased Nicotine Intake

Substantial rises in nicotine intake during ther-
apy (18 out of 321, 5.6%) were uncommon,
whether patients smoked concurrently with ther-
apy (11 out of 140, 8%) or not (7 out of 181, 4%)
[p = 0.123]. These participants reported adverse
effects related to transdermal nicotine more fre-
quently than other participants (89%vs 63%, p =
0.04) [table VI]. Specific categories of local and
systemic adverse experiences, except for dizzi-
ness/lightheadedness (17%vs3%, p = 0.03), were
not associated with substantially higher nicotine
intake. The 7 participants reporting palpitations or
chest pain did not have substantially increased
nicotine intake.

Table V. The relationship of concurrent smoking to adverse experiences during the first 4 to 14 days of transdermal nicotine therapya

Adverse experience Smoked (n = 342) Did not smoke (n = 522)

n (%) n (%)

Any adverse experience 241 (70) 381 (73)

Adverse experience possibly related to transdermal nicotine 204 (60) 334 (64)

Application site reactions 53 (16) 82 (16)

Musculoskeletal ache related to application sites 24 (7) 43 (8)

Any sleep problem 96 (28)b 203 (39)b

dreaming 58 (17)c 120 (23)c

other sleep disturbance 58 (17)b 137 (26)b

Dizziness/lightheadedness 16 (5) 21 (4)

Gastrointestinal problems 46 (13) 84 (16)

Headache 69 (20)d 70 (13)d

Palpitations/chest pain 5 (1) 6 (1)

a Adverse experiences reported at visit 2, i.e., during the first 4 to 14 days of treatment prior to the follow-up blood sample, by participants
correctly using transdermal nicotine. Statistical significance of differences in rates tested by χ2 or Fishers Exact tests.

b p < 0.001.

c p < 0.05.

d p < 0.01.
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Discussion

The principal findings of this study of 24-hour
transdermal nicotine therapy are that: (i) at most
there is only a small increased risk of application
site reactions in patients with a history of skin dis-
orders; (ii) concurrent smoking is associated with
decreased rather than increased problems sleeping;
and, (iii) substantially increased plasma nicotine

concentrations are uncommon, even when individ-
uals smoke concurrently with treatment. These
findings are significant as they suggest that trans-
dermal nicotine therapy can be prescribed safely to
patients with common skin disorders. Additionally,
it appears that sleep problems are primarily associ-
ated with nicotine withdrawal rather than nicotine
excess, raising the possibility that higher doses of
nicotine may help to alleviate this problem in se-
lected patients.

Details of the timing of onset of application site
reactions have not been previously reported in a
large study. The relatively late onset of patch site
oedema compared with other types of intolerability
(30 daysvs 5 to 15 days) suggests that a different
pathophysiological mechanism may be involved
(table II). Delayed contact sensitisation to metha-
crylates in the patch,[12] and to nicotine itself,[13]

has been reported and may be the predominant
mechanism for application site oedema. On the
other hand, application site reactions occurring ear-
lier (pruritus, erythema and musculoskeletal ache)
may be attributable to other mechanisms such as
the effects of nicotine on local nerve fibres, nicot-
ine-induced dermal vasodilation, occlusion from

Table VI. The relationship of substantially increased nicotine intake to adverse experiences during the first 4 to 14 days of transdermal nicotine
therapya

Adverse experience Substantial increase (n = 18)
n (%)

No substantial increase (n = 303)
n (%)

Any adverse experience 16 (89) 222 (73)

Adverse experience possibly related to transdermal nicotine 16 (89)b 192 (63)b

Application site reactions 5 (28) 54 (18)

Musculoskeletal ache related to application sites 3 (17) 26 (9)

Any sleep problem 7 (39) 97 (32)

dreaming 3 (17) 59 (19)

other sleep disturbance 4 (22) 65 (21)

Dizziness/lightheadedness 3 (17)b 10 (3)b

Gastrointestinal problems 1 (6) 27 (9)

Headache 3 (17) 44 (15)

Palpitations/chest pain 0 (0) 4 (1)

a Adverse experiences reported at visit 2, i.e., during the first 4 to 14 days of treatment prior to the follow-up blood sample, by participants
correctly using transdermal nicotine. Statistical significance of differences in rates tested by=χ2 or Fisher’s Exact tests. Substantial
nicotine intake based on plasma cotinine increase of >50%, provided the second plasma concentration was >250 ng/ml.

b p < 0.05.
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the patch and direct irritant effects of nicotine and
adhesive compounds.[14-15]

Tolerability among participants with a past his-
tory of skin disorders is of particular clinical im-
portance (table III). While the rates of application
site reactions were somewhat higher in this sub-
group of participants (adjusted hazard ratios 1.3 to
1.5), the majority of reactions were mild, and the
rates of moderate-severe reactions were increased
less (hazard ratios 1.2 to 1.3). It was not possible
to determine if the observed increases were artifac-
tual due to increased reporting behaviour associ-
ated with having a skin disorder. Given the reas-
suringly modest increases in reported application
site reactions, it seems reasonable to counsel smok-
ers with skin disorders to use the therapy if they are
expected to benefit from it.

Other than differences in reporting, there are no
established explanations for the other statistically
significant associations of application site reac-
tions with younger age, female gender, educational
background, place of birth outside Australasia, and
lack of smoking-related disease. It is plausible that
younger skin is more sensitive to application site
irritation than older skin but this has not been pre-
viously reported. Individuals born both within and
outside Australasia were primarily of European de-
scent, making it unlikely that skin type could ex-
plain the higher rate of application site reactions in
non–Australasian-born participants.

Consistent with the timing of the onset of the
nicotine withdrawal syndrome, sleep problems
most commonly commenced from the first day of
treatment (table II). The rate of sleep problems was
greater than reported by previous studies (48%vs
4 to 30%)[1-2,4,6] and a recent meta-analysis
(19%).[16] Reports were evenly divided among the
subcategories of ‘dreaming’ and ‘other sleep dis-
turbance’, similar to the report of Richmond et
al.[2] Sleep problems rarely resulted in permanent
discontinuation of treatment (table I), consistent
with previous reports of 24-hour therapy.[1,8]

As well as their timing, the lower rate of sleep
problems in individuals who smoked during trans-
dermal nicotine therapy (tables IV and V) also sug-

gests that sleep problems are primarily due to the
nicotine withdrawal syndrome rather than to noc-
turnal nicotine delivery from replacement therapy.
This hypothesis is consistent with the lack of effect
of high dose transdermal nicotine replacement
therapy on sleep activity in smokers measured by
wrist actigraphy.[17] Alternatively, smoking could
induce additional tolerance to nicotine, thus mask-
ing adverse effects of transdermal nicotine on
sleep. Transdermal nicotine has been demonstrated
to interfere with sleep architecture in nonsmokers
by decreasing rapid eye movement sleep, total
sleep time and increasing the time required to fall
asleep.[18] However, the effects of nicotine on non-
smokers, who are not tolerant to the effects of
nicotine, are not readily generalisable to smokers
attempting cessation. Various univariate analyses
of controlled clinical trials report substantially
lower rates of sleep problems for placebo-treated
participants, perhaps misleadingly suggesting that
transdermal nicotine itself may affect sleep.[1-2,4]

Since transdermal nicotine treatment approxi-
mately doubles the rate of smoking cessation,[16,19]

and smoking cessation itself is associated with in-
creased sleep disturbance (table IV), multivariate
analyses are required to reach this conclusion.
Such analyses have not been published to date.

The possibility that transdermal nicotine can ad-
versely affect sleep then raises the issue of whether
16-hour per day therapy has any advantages over
24-hour therapy. Individuals removing the nicotine
patch before sleep in a study of 16-hour therapy
were not noted to experience higher rates of sleep
problems than the placebo control group.[6] How-
ever, the generalisability of the adverse experience
data from that particular study is in doubt, as the
rates of adverse experiences reported were unusu-
ally low. Given that nicotine absorption continues
from the skin for some hours after patch re-
moval,[20] it is reasonable to expect some sleep dis-
turbance from 16-hour therapy if nicotine is the
culprit. Other reports of 16-hour therapy have not
discussed this question.[21-24] Given the conflicting
data, a randomised comparison of 16-hour and 24-
hour therapy, with analytic control for the con-
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founding effects of smoking cessation, is needed to
determine if differential effects on sleep exist, and
whether the 2 therapeutic approaches are equally
efficacious. One such recent randomised control-
led trial comparing 16-hour Nicotrol® and 24-hour
Nicoderm® observed similar rates of insomnia in
both treatment groups, and a low but somewhat
increased rate of abnormal dreams in the 24-hour
group (incidence <5%) [S. Shiffman, personal com-
munication].

Our study suggests that substantially increased
nicotine intake during standard dose 24-hour re-
placement therapy is uncommon. Adverse experi-
ences related to treatment were slightly more com-
mon in participants with increased intake but no
serious symptoms occurred as a result. In particu-
lar, no cases of palpitations or chest pain occurred
among participants with substantially increased
plasma concentrations. However, since only 18
participants experienced increased nicotine intake,
this study had very low power to estimate the true
rate of uncommon events. Nevertheless, the data
are consistent with the findings of recent re-
views[16,25]and 2 prospective studies in cardiac dis-
ease[26-27] that concluded that there is little or no
risk of increased cardiac events during transdermal
nicotine treatment.

Conclusion

In conclusion, the pattern of adverse experi-
ences in this cohort study was similar to those re-
ported previously by randomised controlled clini-
cal trials. Sleep problems appeared to be associated
with nicotine withdrawal rather than transdermal
nicotine treatment, were more frequently reported
than application site reactions, and commenced
sooner. Both types of adverse experiences rarely
caused permanent treatment discontinuation. The
associations of predictive factors with adverse ex-
periences were modest, with statistically signifi-
cant hazard ratios ranging between 1.3 and 2. It is
reasonable not to exclude participants with a his-
tory of skin disorders from treatment with transder-
mal nicotine as there appears to be little additional
risk of moderate-severe application site reactions.

Increased nicotine intake during transdermal nicot-
ine therapy was uncommon, even if participants
also smoked, and was associated with a modest in-
crease in the overall rate of adverse experiences
related to transdermal nicotine.
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