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ABSTRACT

Aims To examine the effects of reduced nicotine cigarettes on smoking behavior, toxicant exposure, dependence
and abstinence. Design Randomized, parallel arm, semi-blinded study. Setting University of Minnesota Tobacco Use
Research Center. Interventions Six weeks of: (i) 0.05 mg nicotine yield cigarettes; (ii) 0.3 mg nicotine yield cigarettes;
or (iii) 4 mg nicotine lozenge; 6 weeks of follow-up. Measurements Compensatory smoking behavior, biomarkers
of exposure, tobacco dependence, tobacco withdrawal and abstinence rate. Findings Unlike the 0.3 mg cigarettes,
0.05 mg cigarettes were not associated with compensatory smoking behaviors. Furthermore, the 0.05 mg cigarettes
and nicotine lozenge were associated with reduced carcinogen exposure, nicotine dependence and product withdrawal
scores. The 0.05 mg cigarette was associated with greater relief of withdrawal from usual brand cigarettes than the
nicotine lozenge. The 0.05 mg cigarette led to a significantly higher rate of cessation than the 0.3 mg cigarette and
a similar rate as nicotine lozenge. Conclusion The 0.05 mg nicotine yield cigarettes may be a tobacco product that
can facilitate cessation; however, future research is clearly needed to support these preliminary findings.
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INTRODUCTION

In recent years, tobacco companies have renewed their
efforts to manufacture and market potential reduced
exposure tobacco products (called PREPs) to cigarette
smokers. These products include cigarettes modified to
reduce toxicants but maintain levels of nicotine [1,2].
However, to date these modified cigarettes have not
shown great promise for reducing exposure to toxicants
significantly [3,4]. Alternatively, cigarettes with signifi-
cantly reduced nicotine (the major known addictive con-
stituent in cigarettes) may have promise in dramatically
reducing cigarette use [5]. Unlike ‘light’ or ‘mild’ ciga-
rettes that reduce nicotine yields through filter ventila-
tion but which lead to similar levels of cotinine and
toxicants as regular cigarettes due to compensatory

smoking behavior [6–8], reduced nicotine in cigarette
tobacco makes compensatory smoking more difficult.
Limited data from previous studies of such products
suggest that compensatory smoking does not occur, toxi-
cant exposure does not increase and abstinence may be
facilitated [9,10]. Theoretically, reducing levels of nico-
tine to the point of non-reinforcement would lead to
extinction or cessation of smoking as well as unlearning
cues associated with reinforcement.

No clinical trial has examined the effects of smoking
reduced nicotine cigarettes on smoking behavior, on
resulting toxicant exposure, on withdrawal symptoms
and craving, on dependence scores or on abstinence rates
compared with medicinal nicotine products.

To address these questions, we conducted a study in
which smokers were randomized to 6 weeks of 0.3 mg
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nicotine yield cigarettes, 0.05 mg nicotine yield ciga-
rettes or to 4 mg medicinal nicotine lozenges. Medicinal
nicotine has been recommended as the comparator to
which PREPs should be tested for toxicant exposure [11]
and also serves as a usual care condition to compare
abstinence rates across products. As primary outcomes,
we hypothesized that smoking behavior, toxicant expo-
sure, withdrawal and craving upon product discontinua-
tion and product dependence would be relatively less
for the 0.05 mg nicotine yield cigarette compared to the
0.3 mg nicotine yield cigarette, because the 0.05 mg
cigarette would lead to less reinforcement from smoking
than the 0.3 mg cigarette. As a secondary outcome, we
hypothesized that pre-treatment with 0.05 mg cigarettes
will produce favorable quit rates that are similar to nico-
tine lozenges and better than 0.3 mg cigarettes.

Our goal was to examine the feasibility of using these
cigarettes as a method to reduce smoking behavior sig-
nificantly and as a potential cessation tool, which would
lead subsequently to reduction in harm. The results also
provide information on the role that different aspects of
tobacco use (nicotine versus sensory aspects of smoking)
contributes to tobacco addiction.

METHODS

Subjects

Smokers of ‘light’ cigarettes (0.7–1.0 mg nicotine/
cigarette) between the ages of 18 and 70 years who were
interested in quitting smoking were recruited via adver-
tisement. To be eligible smokers had to (i) have smoked
10–40 cigarettes daily for the past year (the range was
instituted to reduce heterogeneity); (ii) be in good physi-
cal health; (iii) be in good psychiatric health; and (iv) have
no contraindications for medicinal nicotine use. Subjects
using other tobacco or nicotine products were excluded,
as were subjects who were pregnant or nursing.

Study design

After a telephone screening to determine preliminary
eligibility, an orientation session was held at which the
study was explained further, written informed consent
was obtained and a more thorough screening for eligibil-
ity was performed.

After a 2-week period during which baseline measure-
ments were collected while subjects smoked ad libitum,
subjects were assigned to one of three conditions: (i)
0.3 mg nicotine yield cigarettes, (ii) 0.05 mg nicotine
yield cigarettes or (iii) nicotine lozenges (4 mg). Quest
cigarettes (manufactured by Vector; Vector Tobacco Inc.,
Durham, NC, USA) were chosen because they are com-
mercially available reduced nicotine cigarettes (nicotine
yield as measured in mainstream smoke by the Federal

Trade Commission method) with reduced levels of
tobacco-specific carcinogens compared to conventional
cigarettes [12]. Subjects assigned to the cigarette condi-
tions were blinded as to which cigarette they received (i.e.
0.05 mg versus 0.3 mg). Subjects were instructed to use
their assigned treatment for 6 weeks (after which time
they were to discontinue product use) and to not use
other nicotine or tobacco products during the treatment
or any products during the follow-up period. Subjects
were seen weekly during the 6-week treatment period
and at 1, 2, 4 and 6 weeks after cessation. Subjects who
completed the study were paid up to $345.

To allow for compensatory smoking, at each visit sub-
jects assigned to either cigarette condition were provided a
supply equivalent to 150% of their baseline smoking rate
and were told to smoke ad libitum. Subjects assigned to
receive the 4 mg nicotine lozenge were asked to quit
smoking and to use at least six to eight pieces per day, the
mean number of lozenges used among smokers enrolled
in a clinical trial [13]. If side effects suggested that the dose
was too high, the 2 mg nicotine lozenge was substituted at
that time. Subjects maintained a daily smoking diary in
which they recorded any cigarettes smoked (either those
assigned to them or their own). If they smoked cigarettes
other than those assigned, they were to note when that
cigarette was smoked. They were not penalized for
smoking that cigarette, but told that although we do not
encourage them to smoke cigarettes other than those
assigned, it is crucial to the study that they indicate to us
whenever they smoked any other cigarettes.

Brief (approximately 10 minutes) standardized coun-
seling was provided at each of the visits during the treat-
ment phase of the study. Subjects assigned to the cigarette
conditions were counseled to consider the use of these
products as a step towards quitting. They discussed any
difficulties they experienced with switching cigarettes and
behavioral strategies to resist smoking other (non-Quest)
cigarettes. Subjects assigned to the nicotine lozenge con-
dition were provided with treatment tools recommended
by the US Clinical Practice Guideline [14]. During the
abstinence phase, all subjects received counseling similar
to that received by the subjects assigned to the nicotine
lozenge condition. Therefore, all three treatment groups
received similar amounts of behavioral support.

Outcome measures

Biomarkers of tobacco toxicant exposure measures
included: (i) urinary cotinine plus cotinine–glucuronide
(total cotinine), a direct measure of nicotine exposure
(product nicotine delivery and amount consumed)
[15,16]; (ii) alveolar carbon monoxide (CO) measured
using the Bedfont Micro Smokerlyzer® (Bedfont Scientific
Limited, Kent, UK); (iii) urinary 4-(methylnitrosamino)-1-
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(3-pyridyl)-1-butanol and its glucuronides (total NNAL),
metabolites of the tobacco-specific lung carcinogen
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone ((NNK;
[17]); (iv) urinary N�-nitrosonornicotine and its glucu-
ronide (total NNN), metabolites of the tobacco-specific
carcinogen N�-nitrosonornicotine [18]; (v) urinary
1-hydroxypyrene and its glucuronide and sulfate (total
1-HOP), a metabolite of pyrene which is an accepted biom-
arker for uptake of carcinogenic polycyclic aromatic
hydrocarbons (PAH; [19]); (vi) urinary 3-
hydroxypropylmercapturic acid (3-HPMA), a metabolite
of the toxicant, acrolein [20]; and (vii) S-
phenylmercapturic acid (S-PMA), a metabolite of the
human leukemogen, benzene [21]. These biomarkers
reflect exposure to particulate or smoke constitu-
ents in cigarettes. All measures were assessed at baseline.
Additionally, carbon monoxide was assessed at each treat-
ment clinic visit, cotinine at weeks 2 and 6 of treatment
and at follow-up visits (except at 1 week post-treatment)
and biomarkers for other exposure measures at weeks 2
and 6 of treatment. CO, 1-HOP, 3-HPMA, S-PMA are influ-
enced by factors other than tobacco while total cotinine,
total NNAL and total NNN are tobacco-specific.

Subjective measures included: (i) a tobacco use ques-
tionnaire that asked about current tobacco use status
(cigarettes and other tobacco products), number of �24-
hour quit attempts and duration of abstinence during
these quit attempts; (ii) a daily diary detailing the number
of cigarettes smoked; (iii) the Minnesota Nicotine With-
drawal Scale, a widely used scale that assesses with-
drawal from cigarettes [22–24], nicotine gum [25,26]
and smokeless tobacco [25,27]; (iv) the Fagerstrom Test
for Nicotine Dependence (FTND, [28]), the most widely
used and psychometrically tested scale for nicotine
dependence; and (v) perceived health risk, a ladder
involving rating risk for addiction of a product on a scale
ranging from 1 to 10. All these measures were assessed
at baseline. Cigarette or product use was assessed daily,
the tobacco use questionnaire and Minnesota Nicotine
Withdrawal Scale at each clinic visit, and the FTND and
perceived health risk at weeks 2 and 6.

This study was approved by the University of Minne-
sota Research Subjects Protection Programs Institutional
Review Board.

Statistical analysis

Subjects’ baseline characteristics including demograph-
ics and smoking history were compared among three
treatment groups. Discrete variables were analyzed using
Pearson’s c2 test or Fisher’s exact test. Continuous vari-
ables were analyzed using either one-way analysis of
variance (ANOVA) or Kruskall–Wallis test.

For outcome variables measured at each baseline
visit, the average was used as the baseline measurement.

Repeated-measures ANOVA was used for outcomes that
had been measured repeatedly from baseline to the end
of the treatment phase. Each repeated-measures ANOVA
model contained five terms: treatment effect, visit effect,
interaction effect between treatment and visit, random
subject effect (between-subject error) and random error
(within-subject error). The variance–covariance struc-
ture was specified as the first-order autoregression, and
variance parameters were estimated using restricted
maximum likelihood method with Satterthwaite approxi-
mation. The P-values reported for multiple comparisons
were unadjusted. Biomarkers including cotinine, NNN,
NNAL, 1-HOP, 3-HPMA and S-PMA were analyzed in a
natural log scale for repeated-measures ANOVA such that
the model assumptions of normality and equal variances
can hold, and geometric means in original units were also
calculated. The differences in the point prevalence (no
smoking in past 7 days) and continuous abstinence
(no smoking in past 4 weeks) rates during the follow-up
period between treatment groups were evaluated using c2

tests, as were dropout rates. SAS version 9.1 (SAS Institute
Inc., Cary, NC, USA) was used. A P-value <0.05 indicated
statistical significance.

RESULTS

Subjects

Of 883 subjects screened over the telephone, 462 were
considered eligible for participation. Primary reasons
for ineligibility were smoking outside the range of eligi-
ble cigarettes per day, smoking ineligible cigarettes or
unstable illness. Two hundred and twenty-eight
attended the orientation meeting, 225 signed the
informed consent form and 165 were assigned ran-
domly to treatment (53 to 0.05 mg cigarettes; 52 to
0.3 mg cigarettes and 60 to nicotine lozenges). Dropout
rates throughout the study were highest in those
assigned to nicotine lozenges and lowest in those
assigned to 0.3 mg nicotine yield cigarettes, with signifi-
cant differences observed between groups at the end of
the 6-week treatment period (48.3% dropout rate for
nicotine lozenge versus 39.6% for 0.05 mg nicotine
cigarettes versus 25.0% for 0.3 mg nicotine cigarettes;
c2 = 6.49, P = 0.0389). Figure 1 illustrates the number
of dropouts in each group at various stages throughout
the study with reasons for dropouts indicated. The
demographics and smoking history of smokers are
shown in Table 1, with no significant differences among
the experimental groups except age of becoming a
regular smoker (P = 0.0195). There were no significant
differences in demographics between subjects who
dropped out of the study after randomization and those
who completed the entire study.
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Product use during treatment

The number of assigned cigarettes smoked per day during
the treatment period is illustrated in Fig. 2a. Significant
treatment (F(2, 180) = 102.48, P < 0.0001), time (F(6, 648) =
37.77, P < 0.0001) and treatment ¥ time (F(12, 648) =
62.38, P < 0.0001) effects were observed. In those
smoking 0.3 mg cigarettes, the number of cigarettes
smoked per day increased significantly (P = 0.0127 to
P < 0.0001) at each of the first 5 weeks of treatment
compared to the number of usual brand cigarettes they
were smoking at baseline (Fig. 2a). This is in contrast to
the significantly decreased (P = 0.0043 to P < 0.0001)

number of cigarettes smoked per day (relative to baseline)
observed after week 2 in those assigned 0.05 mg ciga-
rettes. At week 6, the mean number of 0.3 mg cigarettes
smoked per day was significantly greater than that of
0.05 mg cigarettes smoked (t = 4.73, P < 0.0001). Nico-
tine lozenge use (among those assigned to this condition)
remained relatively stable throughout the 6-week treat-
ment period and ranged from a mean of 5.9 [standard
deviation (SD = 2.4] lozenges per day at week 6 to a mean
of 6.9 (SD = 3.5) lozenges per day at week 3.

Of those subjects who had not dropped out at the visit
in question, subjects were most likely to use a nicotine or
tobacco product other than what was assigned to them

60 assigned nicotine lozenge 53 assigned 0.05 mg nicotine 
cigarettes

1 lost to follow-up 
4 personal reasons 
1 product dissatisfaction 

49 completed 2 week 
baseline period 

165 smokers randomized 

225 signed informed consent form 35 lost to follow-up 
15 ineligible 
10 no longer interested 

52 assigned 0.3 mg nicotine 
cigarettes

1 lost to follow-up 
2 ineligible 

4 ineligible

37 completed 2 weeks of 
treatment 

30 completed 6 week 
follow-up period 

32 completed 6 week 
treatment period 

49 completed 2 week 
baseline period 

40 completed 2 weeks of 
treatment 

35 completed 6 week 
follow-up period 

39 completed 6 week 
treatment period 

54 completed 2 week 
baseline period 

38 completed 2 weeks of 
treatment 

30 completed 6 week 
follow-up period 

31 completed 6 week 
treatment period 

3 lost to follow-up 
2 personal reasons  
3 product dissatisfaction 
6 inefficacy 
2 adverse events 

2 lost to follow-up 
1 personal reasons 
1 product dissatisfaction 
2 inefficacy 
3 adverse events 

2 lost to follow-up  
3 personal reasons 
3 product dissatisfaction 
2 inefficacy 
2 adverse events 

3 lost to follow-up     
2 personal reasons 
2 inefficacy 

1 lost to follow-up 
3 lost to follow-up        
1 personal reasons 
1 inefficacy 

1 lost to follow-up 4 lost to follow-up 2 lost to follow-up 

Figure 1 Flow of subjects through study
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Table 1 Baseline demographics and smoking history of subjects in each of the three treatment groups. In instances where data are missing, the total number of subjects used in calculating values is fewer
than the 165 randomized to treatment.

Demographics
0.3 mg nicotine cigarettes
(n = 52)

0.05 mg nicotine cigarettes
(n = 53) Nicotine lozenges (n = 60) P-value

Age (years) 51 39.4 � 14.0 53 40.7 � 13.3 59 43.1 � 12.4 0.3312
Female 26 50.0% 23 43.4% 29 48.3% 0.6967
Non-Hispanic whites 47 90.4% 44 83.0% 49 81.7% 0.7653
Education 0.8782

Less than high school graduate 2 3.9% 2 3.8% 3 5.0%
High school graduate 12 23.1% 11 20.8% 17 28.3%
Greater than high school graduate 37 71.2% 40 75.5% 39 65.0%

Marital status 0.1052
Never married 22 42.3% 25 47.2% 22 36.7%
Currently married 22 42.3% 17 32.1% 16 26.7%
Currently not married 8 15.4% 11 20.8% 21 35.0%

Cigarettes per day 52 19.8 � 7.8 53 21.1 � 8.1 60 21.3 � 9.6 0.6066
Duration of having smoked at this rate (years) 52 15.4 � 13.0 53 14.1 � 12.6 59 15.7 � 14.1 0.7960
Age smoking first cigarette (years) 52 14.4 � 2.9 53 15.5 � 4.8 60 14.5 � 2.9 0.2518
Age becoming a regular smoker (years) 52 16.5 � 3.0 52 19.4 � 7.3 58 17.7 � 4.1 0.0195
Motivation to quit (0–10 scale) 52 9.0 � 1.1 53 9.2 � 1.0 59 9.2 � 1.3 0.6928
Number of quit attempts 0.4482

1–2 13 25.0% 17 32.1% 13 21.7%
3–5 14 26.9% 14 26.4% 24 40.0%
6–10 12 23.1% 10 18.9% 13 21.7%
11+ 10 19.2% 4 7.6% 9 15.0%

Spouse or significant other smokes 20 38.5% 20 37.7% 21 35.0% 0.9515
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during the first week of treatment with 30.4% of those
assigned to 0.05 cigarettes, 22.9% of those assigned to
0.3 mg and 40.8% assigned to nicotine lozenges reporting
such use. After week 1, the percentage who reported using
a non-study-assigned nicotine or tobacco product ranged
from 0 to 12.5% (during weeks 2–6) in the 0.05 mg ciga-
rette group, 5.0 to 10.5% in the 0.3 mg cigarette group
and 8.3 to 21.9% in the nicotine lozenge group. No sig-
nificant difference between groups was observed in the
percentage of subjects using tobacco or nicotine products
other than those assigned at any weekly visit except for
week 6. At the week 6 visit, 5.3% in the 0.05 mg cigarette
group, 0% in the 0.3 mg cigarette group and 21.9% in the
nicotine lozenge group (P = 0.0056) reported using such
products. Among those reporting smoking usual brand
cigarettes during the treatment period, the mean number
of cigarettes smoked ranged from 0.3 to at most 6.4 per

week. Distribution of cotinine concentrations at week 6
demonstrates that, in the 0.05 mg nicotine cigarette
group, very few individuals had substantial cotinine con-
centrations, suggesting that most did not use non-study
nicotine-containing products during the study. The distri-
bution shows that 22 subjects had cotinine concentra-
tions between 0 and 250 ng/ml, four between 251 and
500 ng/ml, three between 501 and 1000 ng/ml and
three had >5000 ng/ml.

Effects of products on biomarkers of exposure
during treatment

Biomarker concentrations during the treatment period
for exhaled CO are illustrated in Fig. 2b. Urinary total
cotinine, total NNAL, total NNN, total 1-HOP, 3-HPMA
and S-PMA are presented in Table 2.

Figure 2 Least squares (LS) mean
(�standard error) of number of cigarettes
smoked per day and exhaled carbon
monoxide (CO). *P < 0.05 at that visit
compared to baseline (within-group com-
parison). Groups with different letters were
significantly different (P < 0.05) at the week
6 treatment visit (between-group com-
parison). For example, cigarettes per day
are significantly different between each
of the groups, but CO concentrations are
significantly different between the nicotine
lozenge group and each of the two ciga-
rette groups, but the two cigarette groups
are not different from each other
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For all seven biomarkers of exposure, significant treat-
ment effects (P-values 0.0131–<0.0001), time effects
(P-values 0.0001–<0.0001) and treatment ¥ time inter-
action effects (P-values 0.0045–<0.0001) were found.

As illustrated in Fig. 2b, exhaled CO concentrations
followed a similar pattern as seen for number of cigarettes
smoked per day. Exhaled CO concentrations increased
during the first 5 weeks of treatment in those using 0.3 mg
cigarettes, whereas in those receiving 0.05 mg cigarettes
exhaled CO decreased gradually, with a statistically signi-
ficant decrease observed at week 6 of treatment when
compared with baseline (P = 0.0247). At week 6, exhaled
CO concentrations were nearly significantly different
(P = 0.0569) between the two cigarette groups. Urinary
cotinine concentrations decreased significantly in all
treatment groups, with the greatest decrease observed
in the 0.05 mg cigarette group and moderate decreases
occurring in the 0.3 mg cigarette and nicotine lozenge
groups (Table 2). For the other biomarkers assessed,

greatest decreases from baseline were found in the group
receiving nicotine lozenge with the smallest changes in
biomarker concentrations observed mainly in the group
receiving 0.3 mg cigarettes (Table 2).

Effects of products on subjective responses
during treatment

Dependence

FTND score and perceived risk for addiction score during
treatment are illustrated in Fig. 3a,b. Both these mea-
sures showed significant treatment (P = 0.0124 and
<0.0001, respectively), time (P-values <0.0001) and
treatment ¥ time interaction (P-values <0.0001) effects.
Significant decreases in FTND and perceived risk of
addiction scores were observed for the 0.05 mg cigarette
and nicotine lozenge groups (all P-values � 0.001) at
week 6 compared to baseline. For the 0.3 mg cigarette
group, perceived risk of addiction decreased significantly

Table 2 Geometric means of biomarkers at baseline and weeks 2 and 6 of treatment period by treatment groups. Values are for all
subjects from whom data were collected at the visit in question.

Biomarkers

Geometric mean (95% confidence interval)

Baseline Week 2 Week 6

Total cotinine1

0.3 mg cigarettes 4057 (3323, 4952) 2150 (1696, 2725)* 2093 (1611, 2719)*a

0.05 mg cigarettes 4216 (3492, 5090) 278 (174, 442)* 188 (111, 319)*b

Nicotine lozenge 3917 (3399, 4514) 2291 (1708, 3073)* 2154 (1312, 3536)*a

Total NNAL2

0.3 mg cigarettes 0.96 (0.73, 1.26) 0.54 (0.41, 0.69)* 0.47 (0.30, 0.73)*a

0.05 mg cigarettes 0.92 (0.70, 1.21) 0.34 (0.20, 0.57)* 0.20 (0.11, 0.34)*b

Nicotine lozenge 1.06 (0.84, 1.35) 0.24 (0.18, 0.32)* 0.14 (0.07, 0.26)*b

Total NNN2

0.3 mg cigarettes 0.10 (0.06, 0.16) 0.09 (0.06, 0.14) 0.06 (0.04, 0.10)a

0.05 mg cigarettes 0.09 (0.05, 0.15) 0.06 (0.04, 0.11) 0.03 (0.02, 0.07)*ab

Nicotine lozenge 0.08 (0.05, 0.12) 0.02 (0.01, 0.04)* 0.02 (0.01, 0.04)*b

Total 1-HOP2

0.3 mg cigarettes 0.84 (0.70, 1.02) 0.95 (0.58, 1.53) 0.73 (0.59, 0.90)a

0.05 mg cigarettes 0.89 (0.71, 1.12) 0.75 (0.56, 1.01) 0.57 (0.42, 0.78)*a

Nicotine lozenge 0.94 (0.71, 1.24) 0.40 (0.29, 0.56)* 0.34 (0.21, 0.57)*b

3-HPMA2

0.3 mg cigarettes 3662 (2868, 4674) 2838 (2226, 3619) 2732 (2110, 3537)a

0.05 mg cigarettes 3320 (2667, 4134) 1639 (1215, 2211)* 1453 (1039, 2032)*b

Nicotine lozenge 3445 (2539, 4673) 911 (670, 1239)* 1062 (749, 1508)*b

S-PMA2

0.3 mg cigarettes 2.21 (1.54, 3.18) 1.30 (0.88, 1.92)* 1.35 (0.94, 1.93)*a

0.05 mg cigarettes 2.46 (1.68, 3.62) 1.54 (1.03, 2.31)* 0.76 (0.48, 1.20)*b

Nicotine lozenge 2.69 (1.95, 3.72) 0.33 (0.22, 0.49)* 0.48 (0.30, 0.78)*b

1ng/ml. 2pmol/mg creatinine. *P < 0.05 at that visit compared to baseline (within-group comparison). Groups with different letters were significantly
different (P < 0.05) at the week 6 treatment visit (between-group comparison). For example, total cotinine is significantly different between the 0.05 mg
cigarette group with 0.3 mg cigarette group and with nicotine lozenge group, but the 0.3 mg cigarette group is not signifi-
cantly different from the nicotine lozenge group. Total NNAL: 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol and its glucuronides; total NNN:
N�-nitrosonornicotine and its glucuronide; total 1-HOP: 1-hydroxypyrene and its glucuronide and sulfate; 3-HPMA: 3-hydroxypropylmercapturic acid;
S-PMA: S-phenylmercapturic acid.
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between baseline and week 6 (P < 0.0001); however,
FTND score did not (P = 0.4810). At week 6, significant
differences between groups were found in FTND (P-values
0.0315–<0.0001) and perceived risk of addiction
(P-values 0.0456–<0.0001), with the highest levels
observed in those assigned to 0.3 mg cigarettes and the
lowest in those assigned to nicotine lozenge.

Nicotine craving and withdrawal symptoms during
treatment and follow-up are illustrated in Fig. 3c,d. Nico-
tine craving and withdrawal symptoms at the time of
switching to products (week 1) and cessation from prod-
ucts (week 7) were examined. Upon cessation of usual
brand cigarettes and switching to the products, there was
a significant increase in withdrawal symptoms (P-values
0.0188–<0.0001) and no significant change in craving
in all three treatment groups. Increase in nicotine with-
drawal scores upon cessation of usual brand cigarettes
(week 1 compared to baseline) was significantly smaller
for the group assigned to 0.05 mg cigarettes compared
to the group assigned nicotine lozenges (P = 0.0253)

and nearly significantly smaller (P = 0.0917) than for
those assigned to 0.3 mg cigarettes. Upon cessation of
the product (week 7 compared to week 6), significant
increase in craving (P = 0.0079) and withdrawal symp-
toms (P < 0.0001) were observed for the 0.3 mg ciga-
rette group. In those discontinuing 0.05 mg cigarettes,
craving increased significantly (P = 0.0138), but with-
drawal symptoms did not (P = 0.2297). In those discon-
tinuing nicotine lozenge, neither changes in craving
(P = 0.0814) nor withdrawal symptoms (P = 0.4856)
were increased significantly. Change in withdrawal
symptoms was significantly lower in those discontinuing
0.05 mg cigarettes (P = 0.0006) or nicotine lozenges
(P = 0.0002) compared to those discontinuing 0.3 mg
cigarettes, with no significant differences in craving
observed between groups.

Abstinence

Abstinence rates were calculated using the intent-to-
treat sample (at the point of random assignment to the

Figure 3 Least squares (LS) mean [�standard error (SE)] of Fagerstrom Test for Nicotine Dependence (FTND) score and perceived risk
for addiction score (Panels A and B). *P < 0.05 at that visit compared to baseline (within-group comparison). Groups with different letters were
significantly different (P < 0.05) at the week 6 treatment visit (between-group comparison). Least squares (LS) mean (�SE) of craving and
withdrawal symptoms craving and withdrawal symptoms (Panels C and D). *P < 0.05 at that visit compared to the previous visit (i.e. week 1
versus week 0 and week 7 versus week 6)
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product and before baseline measures). Dropouts were
considered treatment failures. Biochemically verified
[CO < 8 parts per million (p.p.m.)] point prevalence rates
of abstinence from cigarettes at each of the follow-up
visits and 4-week continuous abstinence rates are shown
in Table 3. In this analysis, subjects were allowed to
use lozenges. Similarly, biochemically verified (CO < 8
p.p.m. and total cotinine <35 ng/ml) abstinence from all
nicotine-containing products (including lozenges) is also
listed in Table 3. For abstinence from cigarettes, 4-week
continuous abstinence rates were highest in those re-
ceiving 0.05 mg nicotine cigarettes and lowest in those
receiving 0.3 mg nicotine cigarettes, with the difference
across the three groups nearly significant (Table 3). Point
prevalence abstinence rates followed a similar pattern,
with significant differences between groups observed in
abstinence rates verified by both CO and urinary cotinine
concentrations. CO verified point prevalence abstinence
rates were statistically significant only at the week 6 post-
treatment visit and nearly significant at the weeks 2 and
4 post-treatment visits.

Unlike the cigarette conditions, the nicotine lozenge
condition involved complete cessation from cigarettes
from the onset of treatment, providing a potentially
unfair advantage to the cigarette conditions. Therefore,
to determine if duration of cigarette abstinence had an
impact on abstinence rates in the nicotine lozenge condi-
tion, the continuous CO verified abstinence rates from the

last 4 weeks of product use without smoking was com-
pared with the 4-week continuous CO verified abstinence
rates at the end of the follow-up period. The results were
identical (35%). In addition, the point prevalence rate at
the end of 6 weeks of product use was compared with the
rate at the end of the follow-up period and the rates were
similar (40.0% versus 36.7%).

DISCUSSION

This study showed that, unlike the 0.3 mg nicotine yield
cigarettes, 0.05 mg nicotine yield cigarettes were not
associated with compensatory smoking behavior.
Thus, although increased smoking and exhaled CO were
observed with the 0.3 mg cigarettes, decreases in cigarette
intake and eventually in exhaled CO were observed for the
0.05 mg cigarettes, a finding similar to another study
[29]. The 0.05 mg cigarettes were also associated with
reduced exposure biomarker levels (e.g. total NNAL, total
NNN, 3-HPMA, S-PMA), reduced nicotine dependence
and withdrawal scores. Conversely, the 0.3 mg
cigarettes did not result in significant decreases in
most exposure biomarkers, led to persistent self-reported
dependence and higher levels of withdrawal from this
product compared to the other products. As expected,
nicotine lozenge was associated with the most consistent
reductions in toxicant exposure, dependence on cigarettes
and perceived risk for addiction. It is important to

Table 3 Continuous (past 4 weeks) and point-prevalence (past 1 week) post-treatment abstinence rates. Products with different
superscript letters were significantly different (P < 0.05).

Treatments

0.3 mg nicotine
cigarettes (n = 52)

Nicotine lozenges
(n = 60)

0.05 mg nicotine
cigarettes (n = 53)

P-value# abstinent % # abstinent % # abstinent %

Continuous abstinence
1CO verified 11 21.2 21 35.0 23 43.4 0.0508
2CO and cotinine verified 7 13.5 11 18.3 16 30.2 0.0913

CO verified point prevalence abstinence

Follow-up week
1 18 34.6 25 41.7 22 41.5 0.6954
2 17 32.7 25 41.7 29 54.7 0.0719
4 12 23.1 22 36.7 23 43.4 0.0829
6 12 23.1a 22 36.7a,b 25 47.2b 0.0357

CO and cotinine verified point prevalence abstinence
Follow-up week

2 12 23.1a 16 26.7a 24 45.3b 0.0298
4 8 15.4a 13 21.7a 21 39.6b 0.0120
6 7 13.5a 12 20.0a,b 19 35.9b 0.0192

1Carbon monoxide (CO) verified abstinence represents abstinence from cigarettes but usage of nicotine lozenge is allowed. 2CO and cotinine verified
represents abstinence from all nicotine-containing products, including nicotine lozenge.
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note that levels of total 1-HOP, 3-HPMA, and SPMA did
not attain zero values for the nicotine lozenge group
because there are environmental and endogenous sources
of pyrene, acrolein and benzene other than tobacco smoke
exposure. [30] Furthermore, total NNAL has a long half-
life [31] and there is evidence for endogenous formation of
NNN is some users of nicotine replacement therapy [32]
In addition, the results showed that a few subjects in the
nicotine lozenge group had reported using cigarettes or
other non-assigned tobacco products during the first 6
weeks (8.3–21.9%). Interestingly, the 0.05 mg cigarette
led to the highest abstinence rates of the three products
tested, although difference in continuous abstinence rates
did not reach statistical significance.

The slope of the decline in cigarette smoking rate was
slightly faster than the decline in exhaled CO concentra-
tions for the 0.05 mg condition. This result may reflect
the use of usual cigarettes among some subjects during
the first few weeks of treatment, or may reflect subjects’
engagement in some compensatory smoking behavior
during the initial period of adjustment to the product.
None the less, CO decreased over time, as the number of
cigarettes smoked decreased and the minimal compensa-
tory smoking observed when subjects were converted to
the 0.05 mg cigarettes is consistent with the results of
several small studies in which limited or no compensa-
tory smoking was found when subjects smoked either a
single reduced nicotine cigarette in a laboratory setting or
smoked one of five progressively lower nicotine content
cigarettes for a week [9,10]. Conversely, studies examin-
ing use of highly ventilated low-yield cigarettes have
found that substantial compensation occurs [33].

The reduction in levels of urinary total NNAL and
NNN is consistent with reduced tobacco specific nitro-
samine levels found in these products [12]. For example,
Marlboro and Camel ‘light’ cigarettes have NNK levels of
0.68 and 0.55 mg/g wet weight and NNN levels of 2.8
and 2.7 mg/g wet weight, respectively, while the corre-
sponding values for the 0.3 mg and 0.05 mg Quest prod-
ucts were 0.19 and 0.054 mg/g wet weight NNK and
0.82 and 0.83 mg/g wet weight NNN. For the 0.05 mg
cigarettes, additional reduction in carcinogen and toxi-
cant exposures (to acrolein and benzene) is probably
attributable to the observed reduction in cigarette intake
such that, by the end of treatment, most biomarker levels
in this group were not significantly different from those
in the nicotine lozenge group. Therefore, the observed
reduction in biomarker levels is due probably to differ-
ences in the amount of the constituents related to the
biomarkers in the product itself and in the case of the
cigarettes, the amount of product use. On the other hand,
no reductions were observed for 1-HOP, which may indi-
cate that exposure to polycyclic aromatic hydrocarbons
may be significant when using both the 0.3 mg and

0.05 mg cigarettes and not affected by the degree of
reduction in smoking behavior observed in this study.

Although blind to the nicotine content of their
assigned cigarettes, only smokers in the 0.05 mg group
appeared to experience a reduction on a scale measur-
ing nicotine dependence. However, the perceived risk
for addiction decreased for both cigarette products.
The reduced nicotine dependence associated with the
0.05 mg cigarettes is consistent with other studies which
show reduced FTND scores [9] or decreased motivation
to smoke [29] after smoking low nicotine content or
denicotinized cigarettes. Another indicator of reduced
dependence is the reduction in withdrawal symptoms
experienced after cessation from the 0.05 mg cigarettes
and the nicotine lozenge compared to withdrawal from
0.3 mg cigarettes. It is notable that, although the 0.3 mg
cigarettes and nicotine lozenges were associated with
similar cotinine levels, less withdrawal was observed after
nicotine lozenge discontinuation. This suggests that
withdrawal may be affected by the nicotine pharmacoki-
netics of the discontinued product. On the other hand,
craving increased for both 0.3 mg and 0.05 mg cigarette
conditions after cessation of these products, but not for
nicotine lozenge. This finding would indicate that craving
for cigarettes has a different abstinence pattern than total
withdrawal [34] and may be affected by different aspects
of smoking (e.g. missing the sensory aspects of smoking
as opposed to primarily nicotine).

Our finding that use of 0.05 mg cigarettes led to
greater withdrawal symptom relief than use of nicotine
lozenge and no difference than the relief with use of
0.3 mg cigarettes suggests further that non-nicotine
components of cigarette dependence (e.g. other tobacco
constituents, sensory aspects of smoking) contribute to
the relief of withdrawal symptoms. On the other hand, all
products appeared to relieve craving equally. These find-
ings are consistent with other studies demonstrating that
use of denicotinized cigarettes reduce craving, negative
affect and in some studies, withdrawal symptoms or a
subset of symptoms during periods of short-term absti-
nence [9,35–46]. The use of 0.05 mg nicotine cigarettes,
by reducing dependence and withdrawal symptoms, may
therefore be a promising tool for achieving smoking ces-
sation. Indeed, our study demonstrated that smoking ces-
sation rates in those receiving 0.05 mg cigarettes were
equivalent to (if not slightly higher than) cessation rates
in those receiving nicotine lozenges. A study by Benowitz
et al. found that 4 weeks following the end of a progres-
sive reduction in nicotine content of cigarettes 20% of
subjects attained abstinence [9]. This rate is surprisingly
high, given that these subjects were not enrolling in a
cessation study.

Our study suggests that significantly reducing nico-
tine content of cigarettes may facilitate abstinence by
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making smoking cessation easier to achieve. For the
subpopulation of smokers who rely on nicotine for self-
medication the use of medicinal products, either in its
current form or in a form that results in faster delivery,
greater amounts or in other ways that are more satisfying
could be considered [47]. This approach is supported by
several prior studies suggesting that the use of denicoti-
nized cigarettes in combination with nicotine patch for
smoking cessation show promise [48–50].

A major limitation of the current study was the large
number of dropouts. About a third to almost half the
population dropped out before the end of follow-up and
about one-fifth to more than a third dropped out during
treatment, with dropout rates lowest in the 0.3 mg ciga-
rette group and highest in the nicotine lozenge group.
Another limitation was the inability to determine if
smokers were compliant with the study procedures (i.e.
that they used the assigned products solely), although the
observed cotinine levels are generally consistent with
what would be expected with each product (i.e. larger
decreases in the 0.05 mg nicotine cigarette group than
the other two groups). Despite the fact that the data may
be contaminated by smokers who smoked usual brand
cigarettes during intervention, the results show that the
0.05 mg cigarette does not lead to greater toxicant expo-
sure and it seems to reduce dependence and to support to
abstinence. A third limitation was that the study was
underpowered to examine abstinence difference among
treatment conditions and the duration of follow-up was
short. However, these preliminary results indicate that a
future larger trial with longer follow-up is warranted.
Finally, this study is generalizable to only one type of near
nicotine-free cigarettes.

In summary, reduced nicotine content cigarettes of
at least 0.05 mg nicotine yield can lead to reductions in
toxicant exposure by way of changing smoking behavior
and in dependence and can possibly facilitate absti-
nence among smokers interested in quitting. These ciga-
rettes can be used potentially as a cessation tool. More
research should be conducted on the threshold dose
for nicotine addiction during the extinction phase and
factors that moderate the threshold dose, the effects
of reduced nicotine content cigarettes on vulnerable
populations and adjunctive methods that might facili-
tate cessation.

Clinical trial registration number

NCT 00777569.
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