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INTRODUCTION 
Cigarette smoking is the leading preventable cause 
of morbidity and mortality worldwide, and major risk 
factor for cardiovascular disease1. Comprehensive 
tobacco cessation treatment is a critical component 
of the clinical care for individuals with or at risk 
for cardiovascular disease2. Tobacco use can be 
characterized as a chronic relapsing substance use 
disorder that is sustained by addiction to nicotine3. 
Pharmacotherapy acts synergistically with behavioral 
counseling to increase quit rates4. Varenicline is 

proven to be more effective in promoting smoking 
cessation than NRT (nicotine replacement therapy) 
or bupropion5 as single drug treatment, though 
combined NRT may be as effective as varenicline6. As 
a partial agonist of the α4β2 acetylcholine receptor7, 
varenicline activates this nicotinic receptor, and 
thereby reducing the intensity of nicotine withdrawal 
symptoms. At the same time, it binds tightly to the 
nicotine receptor, preventing receptor binding by 
nicotine from cigarette smoke and reducing the 
rewarding effects of smoking. This antagonism effect 
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ABSTRACT
INTRODUCTION Varenicline effectively helps smokers quit by reducing withdrawal 
symptoms and blocking the reward of smoking. However, most quitters return 
to smoking within one year. ‘Cue Restricted Smoking’ is a behavioral technique 
designed to increase quit rates by asking smokers attempting to quit to restrict 
smoking to the standing position, while alone, in an isolated area facing a wall, 
with the cigarette as the only stimulus.
METHODS Using retrospective clinic records we compared quit rates in 281 smokers 
(50% males) instructed in the cue restricted smoking cessation method during 
2016–2018 to quit rates in 324 smokers (46% males) advised to completely stop 
smoking on the target quit date which we previously used during 2011–2014. All 
were prescribed varenicline for 12 weeks alone, with the addition of bupropion 
if needed after 4 weeks. Follow-up consisted of behavioral support at 4–6 visits 
during active drug treatment and telephone counselling at 24 and 52 weeks. The 
smoking cessation rate was confirmed with exhaled carbon monoxide at the clinic 
visit at 12 weeks and only by telephone at 52 weeks.
RESULTS The mean age of smokers was 49 years in both groups and the number of 
cigarettes smoked daily was similar (18/day in the cue restricted vs 19/day in the 
target quit day group). The smoking cessation rate at 12 weeks was 75% in the 
cue restricted versus 45% in the target quit day group (relative risk, RR=1.8; 95% 
CI: 1.4–2.2, p<0.001). At 52 weeks the quit rate was 65% vs 34%, respectively 
(RR=1.9; 95% CI: 1.5–2.4, p<0.001).
CONCLUSIONS Cue restricted smoking was associated with a substantially increased 
chance of quitting compared with standard advice during treatment with 
varenicline. These results should be further studied in a randomized controlled 
trial.
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results in reduced pleasure from smoking and is 
believed to explain why some smokers reduce their 
cigarette consumption even before their designated 
quit day7. However, the best cessation results achieved 
with varenicline plus behavioral counseling are less 
than 45% during the period of varenicline use (12 
weeks) and less than 30% in the follow-up period of 
up to one year after starting treatment8,9. 

In our effort to improve this scenario, in 2015 we 
initiated a new behavioral method to assist smokers 
treated with varenicline. This idea was born from 
the observation that some smokers using varenicline 
noticed loss of pleasure from smoking when using 
this drug and thereby reduced consumption and 
stopped. However, others did not notice this effect. 
We also observed that some of these smokers 
associated pleasurable behaviors with smoking, 
and the cigarette acted as just one element of 
their smoking ritual. So, some smokers continued 
to smoke even without the reward of smoking. 
Considering all these observations, we adopted a 
novel method that does not require the smoker to 
set a date to stop smoking nor is the smoker asked 
to avoid everyday situations or triggers. It allows 
the smoker to smoke as needed, using only the new 
model based on control tactics. The basic assumption 
is that smoking is associated with or controlled by 
stimulus environmental cues and that these cues 
contribute to the persistence of the habit. Treatment 
involves gradual elimination of smoking through 
programmed restriction of the range of stimuli 
that lead to smoking10. We called this model ‘Cue 
Restricted Smoking’ (CRS). We asked smokers 
attempting to quit to restrict smoking to the standing 
position, while alone, in an isolated area facing a wall, 
with the cigarette as the only stimulus. This model 
has been applied in all smokers receiving varenicline 
treatment since January 2016 in our Smoking 
Cessation Program. 

The objective of this observational retrospective 
study in the real-life setting was to evaluate the quit 
rate observed with CRS versus the usual method of 
setting a quit date, ‘Target Quit Date’ (TQD) approach, 
to stop smoking in smokers treated with varenicline.

METHODS
Study design
We conducted a retrospective study among cigarette 

smokers who were referred by their physician or were 
self-referred to the outpatient smoking cessation 
program offered by the Heart Institute, University 
of São Paulo, Brazil, between January 2011 and 
December 2018. During this entire period (starting 
from 2008) a structured clinical protocol for smoking 
cessation has been implemented to standardize 
treatment. The aim of this study was to compare 
smoking cessation rates between two methods of 
behavioral support implemented in addition to drug 
treatment.

Strategy for choice of drugs 
Men and women who smoked at least 5 cigarettes/
day and agreed to treatment were offered the 
combination of motivational support and effective 
drug therapy. All drugs prescribed were paid by the 
smoker. Varenicline was established as the initial drug 
treatment using a standard dosage of 0.5 mg once 
daily for 3 days, increasing to 0.5 mg twice daily for 
days 4 to 7, and then to the maintenance dose of 1 
mg twice daily for a total of 12 weeks. Bupropion 
starting with the dose of 150 mg/day was added if 
the smoker did not achieve cessation after 4 weeks 
of varenicline and was maintained until 12 weeks, 
in line with preliminary studies showing that the 
combination may be more effective than single drug 
therapy11. In addition to recording previous psychiatric 
diagnoses, the treatment team asked the smoker about 
current anxiety or depressive symptoms and started 
treatment with a serotonin reuptake inhibitor, most 
often escitalopram 10 mg q.d, if clinically indicated 
in smokers not currently treated for these conditions 
for 8–12 weeks or as needed12.

Follow-up was planned as five clinic visits during 
the 12 weeks of treatment. After the initial visit, the 
following visits of which all included behavioral 
support were at 2, 4, 6, 8 and 12 weeks. Vital signs 
and carbon monoxide concentration in exhaled 
air were obtained at each visit. After 12 weeks, 
participants were contacted by telephone at 24 and 
52 weeks for further support and follow-up. At each 
visit or telephone consultation, information on use 
of cigarettes or other nicotine products was queried 
and recorded as well as side effects or other relevant 
problems associated with quitting, and the reasons 
for relapse. We have not included data from the 24 
weeks visit in the current report as the time point 
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was not considered a primary outcome. Smokers, 
who dropped out of the in-person consultations, 
were considered treatment failures and were counted 
as smokers in the analyses.

Motivational support
Between January 2011 and December 2014 smokers 
starting varenicline were asked to quit smoking 
using the conventional strategy of a target quit date 
scheduled between the 8th and 14th day of varenicline 
use. They were asked to avoid situations that triggered 
an intense desire to smoke10, like drinking coffee 
or alcohol, thinking about times of the day one is 
likely to smoke (e.g. first thing in the morning or 
after meals) and then planning something to distract 
oneself when the urge strikes4 (e.g. by leaving the 
situation that triggered the urge or deep breathing). 
This counseling was carried out by the doctor during 
the medical consultation, during approximately 10 
minutes, aiming to encourage the patient to indicate 
why quitting is personally relevant, being as specific 
as possible. In addition, the smoker was asked to 
identify potential negative consequences of tobacco 
use and benefits of stopping its use as well as personal 
barriers to success.

Starting in January 2016, the strategy of quitting 
on the target quit day was ended and substituted 
with CRS. As previously, the participant was free to 
smoke ad lib in any situation or place during the first 
8 days of treatment, but from day 8 of varenicline 
treatment smokers were advised that they could 
continue to smoke as desired but with the restriction 
of smoking only when standing completely alone, 
in an area isolated from other persons, facing a wall, 
without any kind of stimulus, except the cigarette 
itself (Figure 1). So, while smoking was allowed, 
it had to be done with this restriction. Further 
clarifications were that while intake of alcohol or 
other drinks such as coffee was allowed, smoking at 
the same time as eating and drinking was prohibited 
to avoid any cues or triggers related to food and 
drink. This counseling was also carried out by the 
doctor during the medical consultation, during 
approximately 10 minutes, following the same 
procedure as described before.

Data collection
All smokers were treated by the routine medical 

staff.  The protocol included the establishment 
of an electronic database for the registration of 
relevant demographic and clinical variables of all 
treated smokers entitled ‘Programa de Assistencia 
ao Fumante’ (www.pafweb.com.br). At inclusion, 
participants were asked questions regarding: 1) 
sociodemographic characteristics including gender, 
age, ethnicity, educational level, and social economic 
status; 2) clinical and psychiatric co-morbidities; 
3) concomitant drug treatments; 4) tobacco history 
and current use; and 5) previous smoking cessation 
treatment.

Until 2015, a previous diagnosis of psychiatric co-
morbidities assessed by a psychiatrist was recorded 
in the medical notes. From 2015, we included in the 
medical record current clinical diagnostic of anxiety 
and depression evaluated during smoking cessation 
treatment.

Search in the databank showed that 324 smokers 
were treated between January 2011 to December 
2014 using the standard TQD approach while 281 
smokers were treated using the CRS approach from 
January 2016 to December 2018. We excluded 
smokers treated during 2015, because there was a 
transition between the conventional TQD  to the 
CRS  method during that year.

The primary outcome of the study was continuous 
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abstinence rate between the 4-week period starting 
with the onset of week 9 and end of week 12 of 
varenicline treatment, confirmed through carbon 
monoxide in exhaled air (CO <4 ppm). Secondary 
outcomes were continuous abstinence rate at 52 
weeks as well as reasons for lack of success and 
reasons for relapse between the period of time 
after week 12 to week 52. Possible categories for 
lack of success were: intense anxiety symptoms; 
side effects; stressful situations; lack of compliance; 
abstinence symptoms; cost; weight gain; interruption 
of treatment for example due to adverse events or 
depressive symptoms, or dropout from treatment. 
Possible categories leading to relapse included: 
intense anxiety symptoms; lapses; stressful situations; 
weight gain or depressive symptoms. Some smokers 
did not mention the reason, so were categorized as 
‘not mentioned’.

Statistical analysis
We analyzed the data using IBM SPSS 21 Version. 

Categorical data were expressed in frequency, 
and proportions, and continuous data as mean 
and standard deviation. The association between 
categorical variables was assessed using the χ2 test 
or Fisher’s exact test for comparative analysis of the 
demographic and clinical characteristics according 
to treatment response (success and continuous 
smoking). For quantitative variables, Student’s t-test 
or Mann-Whitney (in case of non-normal distribution 
accessed via Kolmogorov-Smirnov and Shapiro-Wilk 
tests) were performed. A p<0.05 was considered 
statistically significant.

RESULTS
Participants 
Of the total of referred or self-referred smokers 605 
of 740 smokers (82%) started smoking cessation 
treatment with varenicline. Of those, 324 used the 
conventional technique of setting a quit date (TQD) 
and 281 used the cue restricted smoking (CRS) 
behavioral technique (Figure 2). Most of the smokers  

Figure 2. Flowchart of smokers treated in 2011–14 with the ‘Target Quit Date’ method and 
smokers treated in 2016–18 with ‘Cue Restricted Smoking’ method 
             

 

     

 

             

             

             

             

             

             

             

  

 

 

 

 

 

 

             

             

             

             

             

             

             

  

 
CO: carbon monoxide. Success: stop smoking. SRI: serotonin reuptake inhibitor. 
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Figure 2. Flowchart of smokers treated in 2011–14 with the ‘Target Quit Date’ method and smokers treated in 
2016–18 with ‘Cue Restricted Smoking’ method

CO: carbon monoxide. Success: stop smoking. SRI: serotonin reuptake inhibitor.
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that achieved success in the CRS  did so by week 4 
after starting varenicline.

Demographic characteristics including gender, 
age, ethnicity, and marital status did not differ 
between the groups, as well as cigarettes/day and 
carbon monoxide concentration pre-treatment 
(Table 1). Concomitant clinical conditions were 
prevalent and similar in both groups, except for 
chronic obstructive pulmonary disease which 
was more common in the CRS group. Regarding 
psychiatric conditions, anxiety disorder was more 
prevalent in the CRS group, while depression was 
more prevalent in the TQD group.

Outcome data
At 12 weeks, 77% (217/281) of smokers in the CRS 
group reached the primary outcome between 9–12 
weeks, confirmed through CO concentration in 
exhaled air, compared with 54% (176/324) in TQD 
group, also confirmed through CO concentration in 
exhaled air. The relative risk (RR) showed a 42% 
higher chance to stop smoking with this compared to 
the standard technique (RR=1.42; 95% CI: 1.26–1.60, 
p<0.001) (Table 2). When we evaluated only smokers 
that used varenicline in monotherapy, 75% (92/122) 
of the CRS group reached the primary outcome, while 
42% (87/208) in the TQD group reached it, with an 
RR that was 80% higher in this group (RR=1.80; 
95% CI: 1.49–2.18, p<0.001) (Table 2). There was 
no difference in smoking cessation rates between 
the groups in smokers treated with varenicline plus 
bupropion [CRS 81% (44/54) vs TQD 75% (40/53); 
RR=1.08; 95% CI: 0.88–1.32, p=0.45] (Table 2).

There was no difference in smoking cessation 
rates between the groups in smokers treated with 
varenicline plus serotonin reuptake inhibitor 
(RR=0.98; 95% CI: 0.81–1.20, p=0.71) [CRS 
75% (65/80) vs TQD 78% (32/41)] (Table 2), but 
these subgroups were comparatively small to the 
monotherapy group.

Regarding continuous abstinence rate at week 52, 
63% (117/281) of smokers achieved this secondary 
endpoint in the CRS group versus 43% (140/324) 
in the TQD group (RR=1.46; 95% CI: 1.25–1.70, 
p<0.001) (Table3). Regarding smokers treated only 
with varenicline the RR was 90% higher in the CRS 
(79/122) versus the TQD (71/208) (RR=1.90; 95% 
CI: 1.51–1.2.40, p<0.001) (Table 3). There was no 

difference in smoking cessation rates between the 
groups in smokers treated with varenicline plus 
bupropion (RR=1.15; 95% CI: 0.84–1.56, p=0.38) 
[CRS 65% (35/54) vs TQD 56% (30/53)] (Table 3).

Regarding smokers that were treated with 
a serotonin reuptake inhibitor in addition to 
varenicline (regardless of bupropion), there was no 

Table 1. Demographic, clinical and psychiatric 
characteristics of smokers

Characteristics Cue 
Restricted 
Smoking 
(n=281)

%

Target 
Quit Date

(n=324)
%

p

Gender (Male) 49.8 45.7 0.35

Age (years), mean ± SD 48.7 ± 12.6 49.4 ± 11.0 0.83

Cigarettes/day, mean ± SD 18 ± 6 19 ± 7 0.17

CO (ppm) (pre-treatment), 
mean ± SD 

17.8 ± 4.1 18.3 ± 5 0.09

Ethnicity (Caucasian descent) 94.3 93.9 0.23

Marital status (Married) 55.0 61.9 0.11

Baseline weight (kg), mean ± SD 76.8 ± 15.9 74.3 ± 20.1 0.08

Number of coexisting diseases, 
mean ± SD

1.4 ± 1.4 1.2 ± 1.2 0.12

Medical situation

Hypertension 17.8 19.4 0.68

Coronary artery disease 3.9 4.0 1.00

Dyslipidemia 17.4 17.0 0.97

Diabetes 8.5 6.6 0.18

Stroke 0.4 0.6 1.00

Hypothyroidism 10.0 7.4 0.33

Congestive heart failure 0.4 0.6 1.00

Arrhythmia 2.1 1.9 1.00

Valvular heart disease 0.4 0.3 1.00

Cancer 0.4 0.3 1.00

Chronic obstructive pulmonary 
disease

23.1 12.3 0.001

Asthma 1.1 1.9 0.65

Gastritis 3.2 3.4 1.00

Vascular insufficiency 1.4 0.9 0.85

Obesity (≥40 kg/m2) 2.5 1.9 0.80

Depression 15.7 24.1 0.01

Bipolar disorder 0.4 1.5 0.29

Panic disorder 2.5 4.3 0.32

Schizophrenia 0.4 0.3 1.00

Anxiety disorder 24.9 7.4 <0.001

Use of illicit drugs 0.4 1.2 0.46

Abuse of alcohol 1.1 2.5 0.33
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Table 2. Carbon monoxide-confirmed success rates at week 12 for smokers treated in 2011–2014 with the 
‘Target Quit Date’ method and smokers treated in 2016–2018 with the ‘Cue Restricted Smoking’ method

Success
n

% (95% CI)

Continued smoking
n

% (95% CI) RR (95% CI)

p

Overall

Cue Restricted Smoking (n=281) 217 
77 (72–82)

64 
23 (18–28)

1.42 (1.26–1.60) <0.0001

Target Quit Date (n=324) 176 
54 (49–60)

148 
46 (40–51)

Varenicline alone

Cue Restricted Smoking (n=122) 92 
75 (67–83)

30 
25 (17–33)

1.80 (1.35–1.83) <0.0001

Target Quit Date (n=208) 87 
42 (35–49)

121 
58 (51–65)

Varenicline + Bupropion

Cue Restricted Smoking (n=54) 44 
81 (70–93)

10 
19 (7–30)

1.08 (0.88–1.32) 0.45

Target Quit Date (n=53) 40 
75 (63–88)

13 
25 (12–37)

Varenicline + Serotonin reuptake inhibitor      

Cue Restricted Smoking (n=80) 65 
75 (65–85)

14 
25 (1–35)

0.98 (0.81–1.20) 0.71

Target Quit Date (n=41) 32 
78 (64–92)

9 
22 (8–36)

Varenicline + Bupropion + Serotonin reuptake inhibitor

Cue Restricted Smoking (n=25) 65 
82 (68–100)

14 
18 (0–32)

1.09 (0.81–1.44) 0.83

Target Quit Date (n=22) 17 
77 (57–97)

5 
23 (3–43)

Table 3. Success rates at week 52 for smokers treated in 2016–2018 with the ‘Cue Restricted Smoking’ method 
and smokers treated in 2011–2014 with the ‘Target Quit Date’ method

Success
n

% (95% CI)

Continued smoking
n

% (95% CI) RR (95% CI)

p

Overall

Cue Restricted Smoking (n=281) 117 
63 (57–69)

104 
37 (31–43)

1.46 (1.25–1.70) <0.0001

Target Quit Date (n=324) 140 
43 (38–49)

184 
57 (52–63)

Varenicline alone       

Cue Restricted Smoking (n=122) 79 
65 (56–74)

43 
35 (26–44)

1.90 (1.51–2.40) <0.0001

Target Quit Date (n=208) 71 
34 (27–41)

137 
66 (59–73)

Varenicline + Bupropion       

Cue Restricted Smoking (n=54) 35 
65 (51–79)

19 
35 (21–49)

1.15 (0.84–1.56) 0.38

Continued
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difference in smoking cessation rates between the 
methods (RR=0.98; 95% CI: 0.71–1.35, p=0.91) 
[CRS 58% (46/80) vs TQD 59% (24/41)] (Table 3).

As shown in Table 4, 29 of 324 (9%) in the TQD 
group dropped out of the study, all before week 12. 
In the CRS group, 45 of 281 (16%) dropped out, also 
all before week 12. Other reasons for not achieving 
abstinence and reasons for relapses are shown in 
Table 4. In the TQD group and in the CRS group 
the main reason for not achieving abstinence in the 
first 12 weeks was lack of compliance. The primary 
reason to relapse between weeks 12 and 52 in both 
groups was stressful situations (Table 4).

DISCUSSION
The evidence from our study indicates that CRS 
compared to the conventional TQD method promoted 
a significant increase in abstinence rates in smokers 
using varenicline both at 12 and 52 weeks. The 
conventional practice of setting a date to stopping 
smoking may present a barrier for some quitters. 
The CRS behavioral method may disable positive 
reinforcement from smoking and replace it with a 
null or unattractive effect. This technique may also 
fit well with varenicline’s mechanism of action7, which 
is to block the pleasure of smoking. Our notion is 
that when the smoker inhales a cigarette in the ‘cue 
restricted position’, without the presence of any 
pleasant external stimulus, it easier to perceive the 
loss of the pleasure of smoking with the assistance of 

Table 3. Continued

Table 4. Outcomes of not success - dropout group, 
main reasons for not achieving success and reason to 
relapses after week 12 to week 52

Target Quit 
Date (n=324)

n %

Cue 
Restricted 
Smoking 
(n=281)

n %

Dropout 29 (9) 45 (16)

Reasons for not achieving 
success up to 12 weeks

119 (36) 19 (7)

Not mentioned 3 (<1) 3 (1)

Intense anxiety symptoms 16 (5) 1 (<1)

Side effects 25 (8) 2 (<1)

Stressful situations 23 (7) 6 (2)

Lack of compliance 45 (14) 7 (2)

Abstinence symptoms 1 (<1) 0

Cost 1 (<1) 0

Depressive symptoms 3 (<1) 0

Weight gain                                                                   2 (<1) 0

Success until 12 weeks 176 (54) 217 (77)

Relapses after week 12 to week 52 36 (20) 40 (18)

Not mentioned 0 3 (8)

Intense anxiety symptoms 0 9 (23)

Lapses 16 (44) 10 (25)

Stressful situations 18 (50) 16 (40)

Weight gain 1 (2) 1 (2)

Depressive symptoms 1 (2) 1 (2)

Success
n

% (95% CI)

Continued smoking
n

% (95% CI) RR (95% CI)

p

Target Quit Date (n=53) 30 
56 (42–70)

23 
44 (30–58)

Varenicline + Serotonin reuptake inhibitor      

Cue Restricted Smoking (n=80) 46 
58 (47–69)

34 
42 (31–53)

0.98 (0.71–1.35) 0.91

Target Quit Date (n=41) 24 
59 (43–75)

17 
41 (25–57)

Varenicline + Bupropion + Serotonin reuptake inhibitor       

Cue Restricted Smoking (n=25) 17 
68 (48–88)

8 
32 (12–53)

1.0 (0.67–1.48) 0.99

Target Quit Date (n=22) 15 
68 (46–90)

7 
32 (10–54)
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varenicline. In this manner, stopping smoking occurs 
in a progressive and controlled steps by the smoker, 
without the sensation of failure. The smoker realizes 
that he or she can stop smoking without having to 
be stressed by or experience urges related to regular 
routines of everyday life.

Our results, though retrospective bring up the 
notion that the CRS method may be of particular 
use as a supplement to varenicline. In our data, we 
did not find differences in quit rates between the 
methods in smokers treated with varenicline and 
bupropion or varenicline and a serotonin uptake 
inhibitor. This may be due to the smaller size of the 
groups or due to other reasons. Further research will 
be needed to clarify this question.

CRS shares some elements of a gradual 
reduction in smoking during a quit attempt but 
adds the novelty of only smoking in a very limited 
environment. Reduction in tobacco smoking before 
attempting to quit is common (gradual cessation)13, 
but guidelines for health professionals recommend 
abrupt smoking cessation4. Recently, Lindson et 
al.14 completed a Cochrane systematic review and 
meta-analysis including 22 trials (9219 participants) 
of gradual versus abrupt smoking cessation and 
found neither approach produced superior long-
term cessation outcomes. This was the case whether 
self-help or behavioral support was implemented 
and whether the quit attempt included nicotine 
replacement therapy, but the smokers were not using 
varenicline. In contrast, other studies showed that 
quitting smoking abruptly was more likely to lead to 
lasting abstinence than cutting down first, even for 
smokers who initially preferred to quit by gradual 
reduction15,16. As in the meta-analysis, varenicline 
was not used in these studies.

Regarding gradual reduction in smokers treated 
with varenicline, Ebbert at al.17 conducted a 
randomized study to compare varenicline versus 
placebo on smoking cessation through gradual 
reduction. The authors found that among smokers 
not willing to quit abruptly on a given quit date 
or not able to do this, the possibility of gradual 
reduction of smoking increases the success rate of 
varenicline (32%) when compared with a placebo 
(7%). These findings support the idea that regardless 
of the behavioral method, use of effective medication 
is crucial in smoking cessation.

We noted a high prevalence of psychiatric 
co-morbidities in smokers in the current study 
throughout the course of the study. Generally, the 
prevalences of current alcohol or drug abuse, and 
anxiety, depressive, bipolar and personality disorders 
range 22–32%, as shown in a relatively recent 
systematic review18. Nicotine-dependent smokers 
are 2.7 to 8.1 times more likely to be diagnosed with 
these disorders than non-dependent smokers, people 
who have never smoked, or ex-smokers18. Given this 
prevalence, the presence of these comorbidities must 
be considered in planning treatment of smoking 
addiction. Smokers may evaluate their discomfort 
during smoking cessation as withdrawal symptoms, 
which may interfere with successful cessation. There 
are several hypotheses that have been proposed to 
explain the high rates of comorbidity. On the one 
hand the self-medication hypothesis postulates 
that individuals turn to smoking to alleviate their 
symptoms and therefore suggests that symptoms of 
depression and anxiety may lead to smoking18,19. An 
alternative hypothesis is that smoking may lead to 
depression or anxiety, increasing susceptibility to 
environmental stressors18. 

Given the real life setting of the current study and 
based on our previous experience12, we consistently 
use treatment with serotonin uptake inhibitors 
in smokers exhibiting symptoms of anxiety or 
depression. The percentage of users of serotonin 
uptake inhibitors in both behavioral groups was 
higher than prevalence of anxiety reported. Use 
of serotonin uptake inhibitors during varenicline 
treatment did not diminish success rates in both 
groups. 

Regarding stated reasons for not achieving 
abstinence, both behavioral groups cited several, 
but stressful situations, side effects and anxiety 
symptoms appeared to be higher in the TQD group 
than the CRS group.  We hypothesize that in the 
TQD group smokers felt unable to quit smoking on 
the stipulated date, were frustrated and tried to find 
justification for continuing smoking.

The principal reason for not achieving abstinence 
in the CRS group was dropout, perhaps because 
these smokers were not able yet to give up the 
pleasure of smoking as promoted by the ‘cue 
restricted’ position. After week 12 to week 52, 
reasons for relapse appeared quite similar between 
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groups. In both groups, the principal reason 
was stressful situations, which require further 
understanding and may be related to tobacco use 
as a chronic relapsing substance use disorder that 
requires repeated treatment over time in many 
individuals3.

Although Brandon et al.20 had observed that 
varenicline reduced tonic craving levels and 
perceived reward from smoking compared with 
placebo, the period of analysis in this study was only 
15 days. Gass et al.21 observed after 5 weeks that 
varenicline did not change cue-induced craving in 
smokers compared with placebo. These findings 
suggest that the clinical efficacy of varenicline is not 
mediated by changes in cue-specific craving during 
the pre-quit period. This may indicate the lack of a 
role of neurotransmission via the α4β2 nicotinic 
acetylcholine receptors (nAChRs) in mediating the 
conditioned incentive motivation by nicotine cue 
exposure. Nicotine exerts its reinforcing actions via 
activating nAChRs. Among a wide number of nAChR 
subtypes, the α4β2 and α7 nAChRs are the two major 
ones, accounting for about 95% of the entire nAChR 
population in the brain. There may be differential 
involvement of the α4β2 and α7 nAChR subtypes 
in the process of nicotine dependence and tobacco 
addiction22. 

In smokers, the environmental cues related to 
smoking behavior including both distally situational 
contexts and proximal sensory cues such as the 
visual and olfactory stimuli associated with each puff 
elicit subjective states that can trigger smoking and 
nicotine-seeking behavior22. Considering the model 
of blocking cue-triggered nicotine behavior, it could 
be very interesting to postulate that ‘cue restricted 
smoking’ produces a certain degree of antagonism at 
the α7 receptor, underlying the high success rate.

Limitations
The main limitation of this study is that it is based on 
observational and retrospective data, with historically 
different periods of data collection. Confounders 
related to time could include patient and provider 
characteristics, societal factors and others that 
could have led to improved outcomes in the more 
recent arm. So, our hypothesis should be tested in 
randomized controlled trials. Additionally, it must be 
noted that the cue-or none/cue-restricted smoking 

and the inclusion or exclusion of target quit date 
both distinguished the two treatments. Therefore, it 
is difficult to attribute treatment differences to any 
one of these components, an issue that should be 
disentangled in future studies.

CONCLUSIONS
The evidence from our study indicates that ‘Cue 
Restricted Smoking’ compared to the conventional 
‘Target Quit Day’ method was associated with a 
significant increase in abstinence rates in smokers 
using varenicline both at 12 and 52 weeks.
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