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Background: Despite the well-documented efficacy and differ-
ent pharmacokinetic and pharmacodynamic properties of different
forms of nicotine replacement therapy, empirical data are insuffi-
cient to guide practitioners in selecting a particular form of treat-
ment for individual patients with tobacco dependence.

Objective: To evaluate the comparative efficacy of transdermal
nicotine and nicotine nasal spray and identify predictors of treat-
ment outcome.

Design: Randomized, open-label clinical trial with a 6-month
follow-up period.

Setting: 2 university-based smoking cessation research pro-
grams.

Participants: 299 treatment-seeking smokers who were fol-
lowed for 6 months after the target quit date.

Intervention: Behavioral group counseling and 8 weeks of ther-
apy with nicotine nasal spray or transdermal nicotine.

Measurements: Demographic characteristics, smoking history,

depression symptoms, and body mass index were measured at
baseline. Smoking practices were biochemically verified at the end
of treatment and at 6 months after the target quit date.

Results: Abstinence rates for the transdermal nicotine and nico-
tine nasal spray groups were not significantly different at 6-month
follow-up (15.0% vs. 12.2%, respectively; P > 0.2). Interactions
in abstinence rates for subgroups of smokers were statistically
significant (P < 0.05). Smokers who had low to moderate depen-
dence levels, were not obese, and were white achieved higher
abstinence rates with transdermal nicotine, whereas smokers who
were highly dependent, obese, or members of minority groups
achieved higher abstinence rates with nasal spray.

Limitations: The subgroup findings need confirmation in addi-
tional large studies before they are routinely applied.

Conclusions: Ethnicity, weight, and level of nicotine depen-
dence may help identify smokers who have greater or lesser
abstinence rates with either transdermal or nasal spray nicotine.
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icotine replacement therapy is recommended as a

first-line treatment for tobacco dependence (1). Al-
though use of nicotine replacement therapy can double a
person’s odds of quitting smoking, as many as 70% to
80% of smokers receiving treatment do not achieve long-
term abstinence (2-5). Nicotine replacement therapy is
widely used; however, empirical data are insufficient to
guide practitioners in selecting a particular form of treat-
ment for individual patients with tobacco dependence (1).
In lieu of such evidence, the most rational approach has
been to base the choice of pharmacotherapy on the pa-
tient’s previous treatment experiences and preferences (6).
However, recent data suggest that smokers’ past experi-
ences and preferences have little bearing on the outcome of
nicotine replacement therapy (7).

Our goal was to evaluate the comparative efficacy of
transdermal nicotine and nicotine nasal spray and to iden-
tify pretreatment clinical characteristics that predict treat-
ment outcome. In addition, to suggest factors that may be
useful for individualizing nicotine replacement therapy, we
examined predictors of treatment outcome by using sub-
group analyses. These 2 forms of nicotine replacement
therapy were selected on the basis of their differing phar-
macokinetic and pharmacodynamic properties. After ad-
ministration of transdermal nicotine, levels of nicotine rise
slowly and then plateau within 4 to 6 hours (8). This
profile is believed to be optimal for alleviating withdrawal
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symptoms and perhaps reducing positive reinforcement
from nicotine when subsequent exposure to tobacco occurs
(that is, a brief lapse or “slip”) (9, 10). In contrast, nicotine
nasal spray produces rapid peak venous levels of nicotine,
which lead to rewarding effects that more closely approxi-
mate those achieved from cigarette smoking (9, 11, 12).

MEeTHODS

Participants were enrolled at Georgetown University
(Washington, DC) and the University of Pennsylvania
(Philadelphia, Pennsylvania). The institutional review
boards from both universities approved the research proce-
dures. Figure 1 shows the flow of participants through the
enrollment, treatment, and follow-up phases of the trial.

Smokers responding to local media advertisements for
free smoking cessation treatment and to physician referrals
were screened for eligibility and recruited from February
2000 through March 2002. Eligible persons were current
cigarette smokers 18 years of age or older who had smoked
10 or more cigarettes per day for the previous 12 months.
Exclusion criteria were pregnancy or lactation, uncon-
trolled hypertension, unstable angina, heart attack or
stroke within the previous 6 months, current treatment or
recent diagnosis of cancer, drug or alcohol dependence,
current diagnosis or history of a psychotic disorder, or cur-



rent use of bupropion or nicotine-containing products
other than cigarettes.

Study Design and Treatment Procedures

This was a randomized, open-label clinical trial of
transdermal nicotine versus nicotine nasal spray for smok-
ing cessation. Randomization was determined by using a
computer-generated randomization scheme operated by a
senior data manager; stratification was done by study site.
Allocation to treatment could not be concealed from the
counselors or the study assistants who delivered the medi-
cation to patients after preparation at the research phar-
macy.

All participants received 7 sessions of standardized be-
havioral group counseling that included instruction in the
management of smoking triggers, relapse prevention, and
stress management techniques. The behavioral counseling
sessions, which occurred in the evening, lasted approxi-
mately 1.5 hours each and included approximately 10 to
14 members per group. As reported previously (13), 70%
of participants completed all 7 sessions, and differences in
completion rates by study site were not statistically signif-
icant. At each site, two counselors with master’s degrees led
an equal number of groups receiving either transdermal
nicotine or nicotine nasal spray therapy and received
weekly supervision to ensure protocol adherence.

Nicotine nasal spray therapy (Nicotrol, Pharmacia and
Upjohn, Helsingborg, Sweden) was initiated on the target
quit date (week 3) and was delivered over an 8-week pe-
riod. At the second counseling session (week 2), partici-
pants were shown how to deliver a 1.0-mg dose (0.5-mg
spray in each nostril) and how to use nicotine nasal spray 8
to 40 times per day (with a maximum of 5 doses/h) begin-
ning on the target quit date. After 4 weeks of use, partici-
pants were instructed to taper their nicotine nasal spray
dose by one third for a 2-week period and then by another
third for the final 2 weeks of treatment.

Participants used transdermal nicotine (Nicoderm
CQ, GlaxoSmithKline, Research Triangle Park, North
Carolina) over an 8-week treatment period, beginning with
the morning of the target quit date (week 3). A 24-hour,
tapered-dose formulation was used: 4 weeks at 21 mg, 2
weeks at 14 mg, and 2 weeks at 7 mg.

To assess smoking status, we conducted telephone in-
terviews at the end of treatment (8 weeks after the target
quit date) and 6 months after the target quit date; a stan-
dard timeline follow-back method was used (14). Inter-
viewers were blinded to study group assignment. Partici-
pants who reported complete abstinence (not even a puff
of a cigarette) for at least 7 days before the assessment were
asked to complete an in-person visit for biochemical veri-
fication of abstinence within 1 to 2 weeks after the
follow-up interview.

Adverse events were self-reported by using a weekly
checklist that queried the severity of 17 common side ef-
fects associated with nicotine replacement therapy (for ex-
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Context

Do certain forms of nicotine replacement therapy work
better than others and, if so, in whom?

Contribution

This randomized trial of 299 treatment-seeking smokers
found similar 6-month abstinence rates between smokers
receiving behavioral counseling and 8 weeks of therapy
with either nicotine nasal spray (12%) or transdermal nic-
otine (15%). Subgroup analyses suggested that highly de-
pendent, obese, and nonwhite smokers achieved higher
abstinence rates with nasal spray. Low to moderately de-
pendent, nonobese, and white smokers achieved higher
abstinence rates with transdermal nicotine.

Cautions

Tailoring nicotine replacement therapy on the basis of
characteristics of smokers is an intriguing strategy but has
not yet been tested.

—The Editors

ample, rash with transdermal nicotine). Research assistants
evaluated the completed checklist before each counseling
visit and reviewed it with the study physicians and partic-
ipants, as needed.

Measurements
Predictors

On the basis of previous research and ease of assess-
ment, we selected the following variables as predictors: sex,
ethnicity, education, body mass index (BMI), nicotine de-
pendence, and depression symptoms (15-18). We used the
Fagerstrom Test for Nicotine Dependence (19) to measure
tobacco dependence; a cutoff score of 7 or greater was used
to classify participants as highly nicotine dependent (20).
The Center for Epidemiologic Studies Depression Scale
(CES-D) was used to assess the severity of depression
symptoms; a score 16 or greater was used to identify clin-
ical symptoms of depression (21). Height and weight were
measured at the medical screening visit. Body mass index
was calculated by dividing weight in kilograms by height in
millimeters (squared), and obesity was defined according to
recommendations of the National Institutes of Health

(BMI = 30 kg/m?) (22).

Treatment Monitoring

Participants recorded their daily use of nicotine re-
placement therapy. Those assigned to transdermal nicotine
recorded their daily application of patches, and those as-
signed to nicotine nasal spray recorded the number of
doses per day. Because use of nicotine replacement therapy
may be confounded with smoking status (that is, partici-
pants may discontinue nicotine replacement therapy if they
have relapses), we focused on average use during the first 2
weeks of treatment.
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Figure 1. Flow diagram of trial participation.
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SCID = severe combined immunodeficiency disease.

We calculated the percentage of cotinine replacement
from treatment by dividing participants’ plasma cotinine
levels after 1 week of treatment by their pretreatment
plasma cotinine levels (23). These time points were se-
lected to coincide with a period of regular smoking and
with steady-state cotinine levels achieved after treatment
(23). Cotinine levels were analyzed by using gas chroma-
tography with nitrogen phosphorus detection, modified for
analysis by using a capillary gas chromatography column
(24).

Outcomes

We used prolonged abstinence as the primary outcome
measure and point prevalence as the secondary measure
(25). For prolonged abstinence, relapse was defined as 7
consecutive days of smoking at any time during the
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follow-up period. Because the prolonged abstinence mea-
surement period extends from the target quit date to 6-
month follow-up, biochemical verification for this period,
by definition, is not possible. The point prevalence mea-
sure required 7 days of continuous abstinence immediately
before the follow-up point, which was confirmed by a car-
bon monoxide reading of less than 10 parts per million
(ppm) (26). (Of note, of the 65 participants who self-
reported 7 days of abstinence and provided a carbon mon-
oxide sample, 15 [23%] had a carbon monoxide level = 10
ppm). Thus, for prolonged abstinence, brief relapses or
slips (that is, any smoking at all, even a puff) were allowed,
whereas the point prevalence measure allowed no lapses
during the 7 days before each follow-up (25). For descrip-

tive purposes, we also assessed rates of continuous absti-
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Table 1. Baseline Characteristics of Sample by Treatment Group

Characteristic Transdermal Nasal Spray
Nicotine Group
Group (n = 155)
(n = 144)
n (%)
Men 73 (51) 64 (41)
Ethnicity
White 89 (62) 102 (66)
Other 55 (38) 53 (34)
Education
Some college 71 (49) 69 (45)
Graduated college 73 (51) 86 (56)
Nicotine dependence*
Low to moderate 103 (72) 99 (64)
High 41 (29) 56 (36)
Body mass index
Nonobese 104 (72) 115 (74)
Obese 40 (28) 40 (26)
Depression symptoms
Absent 110 (76) 114 (74)
Present 34 (24) 41 (27)
Enrollment site
Georgetown University 104 (72) 101 (65)
University of Pennsylvania 40 (28) 54 (35)

* High nicotine dependence refers to a score of 7 or greater on the Fagerstrom
Test for Nicotine Dependence (19).

nence under the most stringent criterion (not even a puff)
from target quit date to 6-month follow-up (not biochem-
ically verified). In intention-to-treat analyses, we presumed
that those who dropped out or were otherwise lost to fol-
low-up had had relapses.

Statistical Analysis

We calculated that a sample size of at least 140 people
per group was necessary to detect a between-group differ-
ence in quit rates of 8% or greater with a power of 80%
(o = 0.05) (PASS, NCSS, Kaysville, Utah).

We used chi-square and Wilcoxon rank-sum tests to
examine pretreatment variables by treatment group assign-
ment and to compare treatment groups on the abstinence
outcomes. Logistic regression analysis was used to examine
the independent effects of treatment group assignment,
pretreatment variables, and their interactions on prolonged
abstinence and verified point prevalence abstinence. We
used Wilcoxon rank-sum tests to examine differences be-

Table 2. Abstinence Rates by Group and Outcome
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tween treatment groups in use and percentage of cotinine
replacement.

Role of the Funding Sources

The funding sources had no role in the design or con-
duct of this analysis or in the decision to submit the paper
for publication.

REsSULTS

Table 1 shows characteristics of participants by treat-
ment group. Fifty-four percent of participants were
women, 53% were college graduates, and the mean (=SD)
age of participants was 46 = 11 years. Sixty-four percent of
participants were white, 27% were African American, 3%
were Hispanic, 2% were Asian, and 4% reported other
ethnicities. On average, participants smoked a mean
(=SD) of 21 = 11 cigarettes per day and had mean
(£SD) baseline cotinine levels of 217.1 = 137.1 nmol/L.
Fifty percent of smokers had previous experience with
transdermal nicotine, whereas only 2% had used nicotine
nasal spray.

Although the proportion of participants assigned to
each treatment group did not differ by study site, partici-
pants enrolled at the University of Pennsylvania were sig-
nificantly more likely to be nonwhite (» = 0.04), to be
obese (P = 0.002), and to have lower levels of education
(P = 0.003). We controlled for these variables in the lo-
gistic regression models of abstinence.

Site differences were not significant among partici-
pants in sex, age, and nicotine dependence level. Ninety-
two percent of participants completed the 6-month
follow-up assessment; participants who remained in the
study did not differ from those who were lost to follow-up
in terms of group assignment or baseline characteristics
(P> 0.10 for all comparisons).

Treatment Outcome

None of the participants reported any serious adverse
events. As shown in Table 2, 62.5% of the transdermal
nicotine group achieved prolonged abstinence through the
end of treatment compared with 44.5% of the nicotine
nasal spray group (? = 0.002). At 6-month follow-up, dif-
ferences in prolonged abstinence rates were not statistically

Outcome End of Treatment 6-Month Follow-up

Transdermal Nasal Difference P Value Transdermal Nasal Difference P Value

Nicotine Spray (95% CI) Nicotine Spray (95% CI)

Therapy Therapy Therapy Therapy

% percentage points % percentage points

Prolonged abstinence* 62.5 445 18 (6.88 t0 29.12) 0.002 285 245 4 (—6.01 to 14.01) >0.2
Continuous abstinence 25.7 213 4.4 (—5.22 to 14.02) >0.2 15.0 12.2 2.8 (—4.98 to 10.58) >0.2
Point prevalencet 34.7 29.0 5.7 (—4.86 to 16.26) >0.2 181 15.5 2.6 (—5.59 to 11.08) >0.2

* Seven days of consecutive smoking at any time during the follow-up period is defined as a treatment failure, and therefore, periodic brief lapses, or “slips,” are allowed. This

outcome is not biochemically verified.

T Seven days of consecutive abstinence before the follow-up point is required. No slips are allowed, and this outcome is biochemically verified (47).
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Table 3. Logistic Regression Models of Abstinence at the 6-Month Follow-up

Variable Prolonged Abstinence Point Prevalence
Odds Ratio (95% ClI) P Value Odds Ratio (95% ClI) P Value
Sex
Male = 0 0.43 (0.25-0.76) 0.003 0.91 (0.48-1.72) >0.2
Female = 1
Education
Some college = 0 1.24 (0.70-2.18) >0.2 1.28 (0.66-2.46) >0.2
Graduated college = 1
Ethnicity
Other = 0 1.20 (0.52-2.74) >0.2 2.41 (0.86-6.77) >0.2
White = 1
Depression
Absent = 0 0.75 (0.39-1.44) >0.2 0.76 (0.36-1.61) >0.2
Present = 1
Nicotine dependence
Low to moderate = 0 0.30 (0.12-0.82) 0.02 0.48 (0.16-1.43) 0.19
High = 1
Obesity
Nonobese = 0 0.39 (0.15-1.01) 0.05 0.44 (0.14-1.39) 0.16
Obese = 1
Treatment
Transdermal nicotine therapy = 0 0.92 (0.34-2.48) >0.2 1.07 (0.31-3.76) >0.2
Nasal spray therapy = 1
Treatment X ethnicity 0.30 (0.09-0.94) 0.04 0.20 (0.05-0.77) 0.02
Treatment X obesity 3.92 (1.20-14.01) 0.03 3.77 (0.83-17.0) 0.08
Treatment X dependence 3.73 (1.05-13.29) 0.04 4.10 (1.00-16.81) 0.05

significant (28.5% vs. 24.5%; difference, 4 percentage
points [CI, —6.01 to 14.01 percentage points]). Point prev-
alence and continuous abstinence rates did not differ by
treatment group assighment.

Table 3 shows the logistic regression models. The rel-
ative efficacy of transdermal nicotine and nicotine nasal
spray in producing prolonged abstinence was altered by
participants’ pretreatment characteristics, as indicated by 3
statistically significant interaction effects: treatment X eth-
nicity, treatment X BMI, and treatment X nicotine de-
pendence. Transdermal nicotine was superior to nicotine
nasal spray for white smokers, nonobese smokers, and
smokers with low to moderate levels of nicotine depen-
dence. The reverse was true for smokers in minority
groups, obese smokers, and smokers with high levels of
nicotine dependence. The results were similar for the point
prevalence outcome, although the treatment by BMI inter-
action did not achieve statistical significance (P = 0.08)
(Figure 2).

Use and Percentage of Cotinine Replacement

During the first 2 weeks of treatment, the mean
(=SD) number of daily doses of nicotine nasal spray was
7.5 = 6.9 (range, 0 to 32), and the mean (+SD) number
of days per week of transdermal nicotine use was
6.4 = 1.1. Mean percentage (£SD) of cotinine replace-
ment among participants with carbon monoxide—verified
abstinence (<10 ppm) at session 4 was 139% * 152% for
the transdermal nicotine group and 66% = 103% for the
nicotine nasal spray group (P < 0.001).

We conducted post hoc exploratory analyses of nico-
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tine replacement therapy use and percentage of cotinine
replacement to explain the different treatment responses.
Obese smokers used nicotine nasal spray more frequently
than did nonobese smokers (9.8 vs. 6.8 sprays) (P = 0.03).
The patterns were reversed for transdermal nicotine (6.0
vs. 6.6 d/wk for obese and nonobese smokers, respectively)
(P = 0.01). Percentage replacement did not differ statisti-
cally for obese compared with nonobese smokers overall or
in each treatment group (P> 0.10 for all comparisons).
Highly dependent smokers reported more frequent use of
nicotine nasal spray than did less dependent smokers (9.2
vs. 6.3 sprays) (P = 0.01), and the patterns were reversed
for transdermal nicotine users (6.1 vs. 6.5 d/wk) (P =
0.06). Highly dependent smokers in the transdermal nico-
tine group had lower percentage replacement than did less
dependent smokers (89% vs. 150%) (2= 0.001), but
there was no statistically significant difference in percent-
age replacement by dependence level in the nicotine nasal
spray group (P > 0.2). Ethnicity was unrelated to transder-
mal nicotine and nicotine nasal spray use or percentage
replacement.

The level of use of transdermal nicotine was correlated
with percentage replacement (2 = 0.04) but was unrelated
to 6-month prolonged abstinence rates (P = 0.15). By
contrast, use of nicotine nasal spray was unrelated to per-
centage replacement (P > 0.2) but was a statistically signif-
icant predictor of 6-month prolonged abstinence (P =
0.04). Percentage of cotinine replacement was not related
to 6-month abstinence rates in the total sample or in either
treatment group (P = 0.10 for all comparisons).
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DiscussioN

We believe that this is the first clinical trial to suggest
factors for individualizing nicotine replacement therapy on
the basis of pretreatment characteristics. Six-month absti-
nence rates for the transdermal nicotine and nicotine nasal
spray groups were not statistically significantly different
overall, and abstinence rates were similar to those achieved
in previous studies (27-29). However, treatment outcomes
for subgroups of smokers were clinically and statistically
different. Smokers with low to moderate dependence lev-
els, nonobese smokers, and white smokers achieved higher
abstinence rates with transdermal nicotine, whereas highly
dependent, obese, and minority group smokers achieved
higher abstinence rates with nasal spray. The magnitude of
the differences in outcomes among these subgroups of
smokers was similar to the differences in abstinence rates
achieved when active medication was compared with pla-
cebo (27). Although these pretreatment variables were se-
lected on the basis of previous research (15-18), we did not
have an a priori hypothesis for factor by treatment interac-
tion effects. Therefore, these results should be considered
hypothesis-generating and must be confirmed in future
work.

In previous trials of transdermal nicotine, measures of
nicotine dependence predicted outcome in some studies
(30, 31) but not others (32). Consistent with our findings
for the benefits of transdermal nicotine for less dependent
smokers, Paoletti and colleagues (30) reported that smok-
ers with lower baseline cotinine levels achieved significantly
higher abstinence rates with transdermal nicotine than
with placebo. In contrast, a previous trial that compared
nicotine nasal spray with placebo documented a greater
beneficial effect of the nasal spray for the heaviest smokers
(33). These investigations examined predictors of response
to a single nicotine replacement therapy compared with
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placebo. To our knowledge, our study is the first to dem-
onstrate that the relative efficacy of these alternative forms
of nicotine replacement therapy differs depending on
smokers’ pretreatment levels of nicotine dependence.

Several mechanisms may be responsible for the differ-
ent responses to these treatments. Consistent with previous
research (5, 7), more highly dependent smokers used nic-
otine nasal spray more frequently than less dependent
smokers. However, percentage cotinine replacement after
use of nicotine nasal spray did not differ significantly for
highly dependent and less dependent smokers. This sug-
gests that smokers self-administered nasal spray to achieve
nicotine levels comparable to those achieved from smok-
ing. In addition, use of nicotine nasal spray was positively
associated with abstinence, whereas use of transdermal nic-
otine was not. These results suggest that the ability to self-
administer nicotine nasal spray when desired and the re-
inforcing effects of more rapidly delivered nicotine (9) may
be the most important factors in facilitating abstinence for
more highly dependent smokers.

The pattern of results for obese smokers was similar to
that of highly dependent smokers. Swan and colleagues
(16) reported that smokers with a higher BMI were signif-
icantly more likely to relapse if they were using transdermal
nicotine at a dose of 14 mg (16). The authors suggested
that this result may be attributable to lower levels of nico-
tine replacement in obese compared with nonobese smok-
ers (34), a finding not supported by our study. An alterna-
tive explanation for the advantage of the nasal spray in
obese smokers is that these smokers may be particularly
sensitive to smoking cessation treatments that provide pos-
itive reinforcement. Both food and nicotine provide sub-
stantial positive reinforcement, which is mediated by stim-
ulation of dopamine activity (35). Evidence also shows that
obesity and smoking may share a common genetic basis

Figure 2. Six-month prolonged abstinence rates for treatment group by ethnicity, body mass index, and nicotine dependence.
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related to brain reward pathways (36-38). Because obese
persons have less access to alternative sources of reinforce-
ment (39), the positive reinforcement derived from nico-
tine nasal spray may facilitate abstinence to a greater degree
than does the relief from withdrawal provided by transder-
mal nicotine.

Our results also support the premise that members of
different ethnic groups may require different forms of
treatment for tobacco dependence (40). Compared with
white smokers, African-American smokers use fewer ciga-
rettes per day and are more likely to smoke mentholated
cigarettes (41, 42). African-Americans smokers also have
higher serum cotinine levels (43) and may extract more
nicotine per cigarette than do white smokers (44). Smok-
ing fewer cigarettes per day but taking in more nicotine per
cigarette suggests that African-American smokers are smok-
ing to obtain peak nicotine levels and therefore may
achieve greater benefits from the nasal spray. Because eth-
nicity was a predictor of treatment outcome even when
adjustments were made for educational level, it is unlikely
that the observed ethnic differences are explained by socio-
economic status (45).

Our study has several limitations. First, we used an
open-label design. Because the similar efficacies of trans-
dermal nicotine and nicotine nasal spray relative to placebo
were established (2, 29, 33, 46, 47), we chose the design to
limit participant burden, improve adherence, and closely
simulate usual clinical regimens. Second, because transder-
mal nicotine provided substantially higher levels of nico-
tine replacement than did nicotine nasal spray, we cannot
separate the effects of nicotine delivery method from over-
all nicotine replacement. However, our results did not pro-
vide evidence for an effect of nicotine replacement level on
abstinence, which supports the premise that treatment ef-
fects in subgroups may be attributable to differences in the
speed of nicotine delivery. Third, we cannot rule out other
interpretations for the enhanced efficacy of nicotine nasal
spray in particular subgroups, including the possibility that
more active treatment approaches (for example, nicotine
nasal spray) may work better than passive methods (for
example, transdermal nicotine) for some smokers. Fourth,
we included few participants in ethnic groups other than
African American and had limited ability to detect effect
differences among ethnic groups. Fifth, delivery of behav-
ioral counseling by particular counselors and unique char-
acteristics of the volunteer participants and study sites may
limit generalizability.

Despite its limitations, we believe that our study pro-
vides an important step toward helping clinicians and pa-
tents individualize the choice of nicotine replacement
therapy. Although additional studies are needed to validate
the utility of matching treatment to smoker’s individual
characteristics, our results suggest that transdermal nicotine
is an effective treatment for nonobese, white, and low nic-
otine-dependent smokers. In contrast, nicotine nasal spray
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may be more beneficial for obese smokers, highly depen-
dent smokers, and members of minority groups.
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