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ABSTRACT

Objective: This study aimed to compare the short-term (three-month) effectiveness of three smoking cessation
therapies, bupropion, nicotine patch, and cytisine, and to retrospectively evaluate the impact of cytisine therapy
on craving reduction and its side effect profile under routine clinical practice conditions.

Methods: A total of 565 individuals who presented to the Smoking Cessation Outpatient Clinic between
February 2024 and January 2025 and completed treatment with either cytisine, bupropion, or nicotine patch
were included in the study. Demographic characteristics, chronic disease status, Fagerstrom Test for Nicotine
Dependence (FTND) scores, and smoking cessation outcomes were assessed to compare treatment success across
the three therapies. Among patients treated with cytisine, early craving reduction and reported side effects
during the first week were recorded and analyzed in relation to cessation outcomes. Statistical significance was
set at p<0.05.

Results: The mean age of participants was 41.28+12.33 years, and the mean FTND score was 6.18+2.32. Of the
patients, 252 (44.7%) received cytisine, 135 (23.8%) received bupropion, and 178 (31.5%) received nicotine patch
therapy. The smoking cessation rate was 61.5% in the cytisine group, 16.3% in the bupropion group, and 11.8%
in the nicotine patch group. The cessation success rate in the cytisine group was significantly higher than in the
other treatment groups (p<0.001). Among those who received cytisine, 161 patients (82.5%) reported a reduction
in craving within the first five days of treatment. The overall side effect rate was 25%, with nausea and vomiting
(22.7%) and headache (22.7%) being the most commonly reported adverse effects. Logistic regression analysis
revealed a strong association between early craving reduction and successful smoking cessation among cytisine
users (OR=25.79, p<0.001).

Conclusion: Cytisine was associated with higher cessation rates compared to other treatments. It also appeared
to reduce cravings in the early phase and had a relatively low side effect profile. Craving reduction during the
first week emerged as an important predictor of success. These findings suggest that cytisine may be an effective
and well-tolerated option in primary care. However, further prospective studies are needed to evaluate its
comparative effectiveness more comprehensively.
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Introduction

Tobacco wuse remains
preventable death worldwide,
contributing significantly to morbidity and
mortality through its detrimental effects on
the cardiovascular, respiratory, and metabolic
systems. Cigarette smoking is highly addictive
due to the presence of nicotine, which is rapidly
absorbed through the oral mucosa and alveoli,
reaching the central nervous system and
stimulating nicotinic acetylcholine receptors.
This stimulation triggers the release of various
neurotransmitters, most notably dopamine,
forming the biochemical basis of nicotine
dependence and withdrawal symptoms.?

one of the leading
causes of

Among the pharmacological treatment approaches
developed for nicotine dependence, nicotine
replacement therapies (NRT), varenicline, and
bupropion are considered first-line medications,
whereas cytisineis classified as a second-line agent.
Although the efficacy of cytisine is comparable
to that of first-line therapies, it is categorized
separately due to its moderate level of evidence,
limited number of countries in which it is licensed,
and variability in dosing regimens. Nevertheless,
all of these medications are supported by strong
clinical recommendations and are considered
viable options for smoking cessation treatment.®
In Turkiye, while cytisine is not classified as a first-
line agent in most international guidelines, it is
widely available and provided free of charge in
public smoking cessation clinics, contributing to
its frequent use as a practical first-line option in
local clinical practice.™

Systematic reviews and meta-analyses have
demonstrated that cytisine exhibits a similar
level of efficacy compared to NRT, bupropion,
and varenicline.> Additionally, its greater cost-
effectiveness relative to other pharmacological
treatments has made it a valuable smoking
cessation aid, particularly in low-resource
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settings.[”” However, most studies in the literature
have been conducted under randomized
controlled conditions, and real-world evidence
remains limited. In particular, real-world data
on cytisine use in Tiirkiye are scarce, which may
limit generalizability. This study aims to address
this gap by providing observational data from a
Turkish clinical setting.

In this study, the short-term effects of
pharmacological treatments on smoking cessation
were compared among patients who presented
to the smoking cessation outpatient clinic. In
particular, the study aimed to retrospectively
evaluate the effectiveness and side effect profile
of cytisine therapy under routine clinical practice
conditions.

Materials and Methods

This study retrospectively analyzed the data
of individuals who presented to the smoking
cessation outpatient clinic of a public hospital
between February 2024 and January 2025.

During the specified period, a total of 1.112
patients presented to the clinic. Among them, 707
patients had attended at least one follow-up visit,
had used the prescribed treatment, had known

Total number of
patients who
presented to the
smoking
cessation clinic

707

1112

Number of patients with

complete electronic records,
who received treatment and
attended at least one follow-

up

565

Number of
patients included
in the three most
commonly used
treatment groups

Figure 1. Flowchart of patient inclusion in
a retrospective study on smoking cessation
pharmacotherapies (Tirkiye, February 2024 -
January 2025)
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smoking cessation outcomes, and had complete
electronic medical records. Of these, 565 patients
who received one of the three most commonly
prescribed pharmacological treatments (cytisine,
bupropion, or nicotine patch) were included in
the analysis (Figure 1). Specifically, 252 patients
treated with cytisine, 135 with bupropion, and 178
with nicotine patch were analyzed. Patients who
received combination therapy were excluded from
the study. Medication use was confirmed based on
patient self-reports during follow-up visits and
cross-checked with electronic prescription and
treatment adherence notes recorded by clinicians.

Demographicdata such asage,sex,and educational
level, as well as clinical information including
the presence of chronic disease, Fagerstrom Test
for Nicotine Dependence (FTND) scores, type of
pharmacological treatment used, and reported
medication side effects (for patients treated with
cytisine), were obtained from electronic medical
records. These data were retrieved from the
hospital’s electronic medical record system, where
detailed reports are routinely documented during
patient visits.

Each patient’s smoking cessation status within
the first three months was assessed through
the electronic health records. According to the
clinic’s standard follow-up protocol, patients
were classified based on self-reported outcomes:
those who declared abstinence from smoking
were considered “successful,” those who did not
quit at any point during treatment were labeled
“unsuccessful,” and patients resumed
smoking within 3 months after initial cessation
were categorized as having “relapsed.” These
classifications were based on patient statements
recorded during follow-up visits. Objective
biochemical verification methods (e.g., exhaled CO
or cotinine testing) were not routinely employed
due to limitations in clinical practice and resource
constraints.

who
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Subsequently, 252 patients who received cytisine
and attended at least one follow-up visit were
evaluated. This subgroup was examined in greater
detail to assess the clinical effectiveness and side
effect profile of cytisine therapy.

The standard cytisine regimen used in this study
consisted of 1.5 mg tablets administered as follows:
six tablets per day (one tablet every two hours)
for the first three days (days 1-3); five tablets per
day on days 4-12; four tablets per day on days 13-
16; three tablets per day on days 17-20; and two
tablets per day on days 21-25. The target quit date
was set as Day 5 of treatment.[®!

During the initial follow-up visit conducted
between Days 5 and 7 following the initiation of
treatment, patients were assessed for reductions
in craving to smoke, adherence to the treatment
regimen, and early-onset side effects. For
patients who did not attend the first-week
follow-up, adverse effects were inquired about
at subsequent appointments and recorded based
on patient statements. Smoking cessation status
was primarily determined through these self-
reports. Additionally, electronic medical records
were reviewed to verify prescription issuance,
medication use, and attendance.

The study was designed as a cross-sectional,
descriptive, single-center, and retrospective
analysis. Ethical approval was obtained from the
Health Science University Sisli Hamidiye Etfal
Training and Research Hospital Ethics Committee
on 14.01.2025, with protocol number 4725.

Statistical Analysis: All statistical analyses were
performed using IBM SPSS statistical software,
version 25.0. Descriptive statistics were presented
as frequencies and percentages for categorical
variables, and as mean, standard deviation,
minimum, and maximum for continuous
variables. Differences in proportions between
independent groups were assessed using the
Chi-square test. For continuous variables with a
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normal distribution, the Independent Samples
T-test was used for two-group comparisons; for
non-normally distributed variables, the Mann-
Whitney U test was applied. The Kruskal-Wallis
H test was used for comparisons among three
independent groups when normality assumptions
were not met, and one-way ANOVA was used
when those assumptions were satisfied. The
Kolmogorov-Smirnov test was employed to assess
the normality of distribution. When normality
was confirmed, Bonferroni post-hoc analysis was
conducted to evaluate differences between groups.

To determine factors associated with smoking
cessation, multivariate logistic regression analysis
was performed. The bootstrap method was
applied to enhance the reliability of the model and
support parameter estimation. Odds ratios (ORs)
and 95% confidence intervals (CIs) were reported.
A p-value of <0.05 was considered statistically
significant.

Results

The mean age of the 565 patients included in the
analysis was 41.28+12.33 years (range: 18-75).
The mean duration of smoking exposure was
18.21+£26.32 years (range: 1-150), and the mean
FTND score was 6.18+2.32 (range: 0-10). Of the
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participants, 213 (37.7%) were female, and 326
(57.7%) had a university-level education or higher.
A total of 203 participants (35.9%) had at least one
chronic disease.

Among the pharmacological treatment groups
analyzed, 252 patients (44.7%) were treated with
cytisine, 135 (23.8%) with bupropion, and 178
(31.5%) with nicotine patch therapy.

The mean FTND scores were 6.23+2.22 (range:
0-10) in the cytisine group, 6.39+2.36 in the
bupropion group, and 5.97+2.42 in the NRT group.
No statistically significant differences were found
in FTND scores across the treatment groups
(p>0.05, H=2.992).

When examining early-phase smoking cessation
outcomes among all participants, 274 individuals
(48.5%) were classified as unsuccessful, 198
(35.0%) as successful and 93 (16.5%) as relapsed.
A statistically significant association was found
between cessation outcomes and the type of
treatment received (p<0.001). The smoking
cessation rates were 61.5% (n=155) in the cytisine
group, 16.3% (n=22) in the bupropion group, and
11.8% (n=21) in the nicotine patch group (Table 1).

To determine which treatment groups accounted
for the observed statistically significant difference,

Table 1. Association between treatment type and smoking cessation status among all participants

Treatment Type Unsuccessful Successful Relapsed Total p-value
Cytisine n 68 155 29 252
% of all treatments 27.0 61.5 11.5 100
% within cessation status 24.8 78.3 31.2 44.6
Bupropion n 83 22 30 135
% of all treatments 61.5 16.3 22.2 100 <0.001
% within cessation status 30.3 11.1 32.3 23.9
Nicotine patch n 123 21 34 178
% of all treatments 69.1 11.8 19.1 100
% within cessation status 44.9 10.6 36.6 31.5
Total n 274 198 93 565
% of all treatments 48.5 35.0 16.5 100
% within cessation status 100 100 100 100
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Headache M 15 (22.72)
Nausea N 15 (22.72)
Insomnia I 12 (18.18)
Dry mouth I s 9 (13.63)
Heartburn s 7 (10.60)
Palpitations N 3 (4.54)
Attention deficit BN 2 (3.03)
Vomiting W 2 (3.03)
Abdominal pain N 2 (3.03)
Constipation 1(1.51)
Chest pain
Rash on hands

1(1.51)
1(1.51)
Vivid dreams 1(1.51)
Dizziness 1(1.51)
Taste alteration 1(1.51)

Irritability, anxiety 1(1.51)

Lightheadedness 1(1.51)

o
w

10 15 20

W side effects

Figure 2. Evaluation of adverse effects in patients
receiving cytisine: A retrospective study from a
smoking cessation clinic in Turkiye (February 2024
—January 2025) n (%)

pairwise comparisons were performed. To
control for the risk of type I error due to multiple
comparisons, the Bonferroni correction was
applied. Post hoc analysis revealed that the
cytisine group differed significantly in terms of
cessation success rates when compared to both
the bupropion group (p<0.001) and the NRT group
(p<0.001). However, no statistically significant
difference was found between the bupropion and
NRT groups (p>0.05).

Among the 252 patients who received cytisine, the
mean age was 36.91+10.15 years (range: 18-64),
and the mean FTND score was 6.23+2.22 (range:
0-10). Of these, 79 participants (31.3%) were
female, and 114 (45.2%) had an education level
of high school or below. A total of 201 individuals
(79.8%) were employed, and 44 (17.5%) had at
least one chronic disease.
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Regarding adverse effects, no side effects were
reported in 191 participants (75.8%), while
61 participants (24.2%) reported at least one
side effect. The most frequently reported side
effects were nausea and vomiting (n=15, 22.7%),
headache (n=15, 22.7%), and insomnia (n=12,
18.18%) (Figure 2). Treatment was discontinued in
five participants (1.9%) due to side effects: in three
cases due to nausea and vomiting, in one case due
to nausea alone, and in one case due to severe
insomnia lasting for three days in conjunction
with nausea.

Among the 252 patients who received cytisine,
155 individuals (61.5%) successfully quit smoking,
68 individuals (27%) continued smoking, and 29
individuals (11.5%) experienced a relapse.

As presented in Table 2, no statistically significant
relationship was found between smoking
cessation status and age, sex, FTND score,
employment status, educational level, presence
of chronic disease, or adverse effect status
(p>0.05). A statistically significant association was
identified between smoking cessation status and
reduction in craving (p<0.001). Further analysis
revealed that the proportion of individuals who
reported a reduction in craving was significantly
higher in the group that successfully quit smoking
compared to both those who did not quit and those
who relapsed.

No statistically significant relationship was
observed between the occurrence of side effects
and age, sex, FTND score, educational status,
employment, or presence of chronic disease
(p>0.05). However, a statistically significant
association was found between the presence of
side effects and reduction in craving (p=0.007).
The rate of reporting side effects was higher
among individuals who experienced a reduction
in craving compared to those who did not.
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Sixty-two patients who did not attend the first-
week follow-up were excluded from the craving
reduction analysis. Among the remaining 190
patients, 161 (84.7%) reported a reduction in
craving, while 29 (15.3%) did not. No statistically
significant associations were found between
craving reduction and age, sex, employment
status, income level, or presence of chronic
disease (p>0.05). However, a statistically
significant association was observed between
craving reduction and educational level (p=0.030).
Among those who did not experience a reduction
in craving, 62.1% (n=18) had a high school
education or below, whereas among those who did
experience a reduction in craving, 59.6% (n=96)
completed university or higher education.

As presented in Table 3, a standard logistic
regression analysis was conducted to identify
the factors associated with smoking cessation
in patients treated with cytisine. To enhance the
reliability of parameter estimates and support the
calculation of confidence intervals, a bootstrap
method was applied.

According to the model results, the variable
reduction in craving was strongly and significantly
associated with smoking cessation (OR=25.79, 95%
CI=[13.12-47.02], p<0.001). This finding indicated
that individuals who reported a reduction in
craving had approximately 26 times higher odds of
successfully quitting smoking compared to those
who did not report such a reduction. In contrast,
the variable adverse effects was not significantly
associated with smoking cessation (p=0.492).

Gokseven Arda Y, et al. Pharmacological Smoking Cessation Treatments: A Retrospective Study

The overall model fit was acceptable (Nagelkerke
R2=0.508, -2 Log Likelihood=131.377).

Discussion

In this study, higher smoking cessation rates
are observed among patients treated with
cytisine compared to those receiving other
pharmacological options within the same
clinical setting. These findings indicate that
cytisine may offer a potentially useful option
for individuals attempting to quit smoking and
could be considered as an alternative in primary
care practice. The observed reduction in craving
during the early phase of treatment, along with
a relatively low rate of reported side effects, may
support the tolerability and potential clinical
utility of cytisine.Given its wide availability and
cost-free access in public smoking cessation
clinics in Turkiye, cytisine is frequently used as
a first-line treatment in routine clinical practice,
despite being considered a second-line agent in
international guidelines.34

In this study, 61.5% of patients who received
cytisine are found to have quit smoking in the
early phase of treatment. The corresponding
rates are 16.3% for bupropion and 11.8% for NRT.
The cessation rate observed in the NRT group is
consistent with the early-term (within the first six
months) success rates reported in the literature,
which typically range from 8% to 25%. This broad
variability may be influenced by the type of NRT
formulation used, patient adherence to treatment,
and the quality of behavioral support provided.®

Table 3. Multivariate logistic regression analysis of the association between craving reduction, adverse effects, and

smoking cessation in patients treated with cytisine

Variables B Coefficient
Craving reduction 3.58
Adverse effects 0.11

Nagelkerke R?>= 0.508 -2 Log likelihood=131.37

Successfully Quit Smoking

OR (95% CI) p-value
25.79 (13.12 - 47.02) <0.001
1.12 (0.39 - 3.22) 0.829
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For bupropion, previous studies have reported
end-of-treatment (typically 4-10 weeks) cessation
rates ranging from 25% to 41% in the general
adult population, although lower rates (around
11%) have also been documented in specific
subgroups. The 16.3% success rate observed in
our study lies near the lower end of this range
and may be explained by individual variability,
level of nicotine dependence, and adherence to
treatment.[1012

Althoughthe cessationrates for NRT and bupropion
observed in our study fall within the lower end of
ranges reported in the literature, several factors
may contribute to these modest outcomes. During
the study period, NRT and bupropion are not
provided free of charge in our setting, except
for cytisine, and the financial burden may limit
patients’ ability to maintain the recommended
treatment duration.'®¥ The required minimum
treatment periods—three months for NRT and
two months for bupropion—may also reduce
adherence.l'>1%1 For both treatments, side effects
and perceived effectiveness could discourage
continuation. High nicotine dependence and long-
term heavy smoking histories, common in our
patient group, are known to predict lower quit
rates.'”? These factors together may explain the
relatively low success rates for NRT and bupropion
in our setting.

Recent systematic reviews evaluating the efficacy
of cytisine demonstrate that it is significantly
more effective than placebo, and that, based on
indirect comparisons, its success rates appear to be
comparable to or even higher than those achieved
with bupropion." Some comparative studies
find higher cessation rates in the cytisine group
compared to the bupropion group; however, these
differences are not statistically significant."” The
findings of the present study are also consistent
with previous data, including a study conducted
in Italy that reports a 57.2% cessation rate at one
month, and another that reports a rate of 40%.20:2
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Furthermore, a systematic review indicates that
short-term (first-month) cessation success rates
with cytisine ranged from 40% to 60%, and that
cytisine was more effective than both placebo
and NRT.?! In this context, the 61.5% cessation
rate observed in our study aligns with previously
reported values and provides additional support
for the potential efficacy of cytisine.

Cytisine acts as a partial agonist at a4B2 nicotinic
acetylcholine receptors, mimicking the effects
of nicotine to some extent while simultaneously
blocking these receptors. This dual action helps
reduce nicotine cravings and suppresses its
rewarding effects.?”? This mechanism has been
shown to contribute to a marked reduction
in the urge to smoke during the initial days of
treatment.®! Consistently, in our study, 84.7%
of patients assessed within the first week after
initiating cytisine therapy report a reduction in
craving, which is identified as a strong predictor
of cessation success. Previous studies also suggest
that initiating cytisine treatment before the
designated quit day may alleviate withdrawal
symptoms, support motivational processes, and
enhance cessation outcomes.?3?* Therefore, the
follow-up visit during the first week of treatment
is of critical importance for evaluating adherence
and early treatment response.

Although educational levels were not directly
associated with smoking cessation success with
cytisine in our study, it is noteworthy that the
majority of individuals who report craving
reduction within the first five days had a
university-level education or higher (p=0.030).
This may suggest a potential indirect association
between educational level and cessation success,
as craving reduction is found to be the strongest
independent predictor of quitting in our
sample (OR=25.79, p<0.001). Existing literature
also indicates that individuals with higher
educational attainment tend to achieve greater
success in smoking cessation efforts, which may
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be attributed to factors such as greater health
awareness, stronger motivation, better adherence
to treatment, and more effective use of support
services.?>?71 However, this relationship is not
universally observed. Several studies report no
significant link between education and cessation
success, which in some cases is attributed to
the self-selection of participants in cessation
programmes, leading to an overrepresentation
of highly educated individuals and a reduced
variability in educational attainment, as well as
difficulties in standardising education categories
across different educational systems.?$29 In
this study, 24.2% of participants who received
cytisine report experiencing at least one side
effect. The most commonly reported adverse
effects are headache (22.7%), nausea (22.7%),
and insomnia (18.1%), the majority of which are
mild in severity. According to the Turkish product
information for cytisine, adverse effects that
occur in at least 1 in 10 patients are classified as
“very common,” while those occurring in 1 to 10
out of 100 patients are considered “common”.B%
The listed very common side effects include dry
mouth, nausea, abdominal pain, irritability, sleep
disturbances (such as insomnia and abnormal
dreams), anxiety, dizziness, skin rash, headache,
acid reflux, and vomiting. Common side effects
include concentration difficulties, burning
sensation on the tongue, and bradycardia. The
common side effects identified in our study belong
to the category of “very common” adverse events
as defined in the official product information.

In the literature, an observational study conducted
in Italy reports that mild adverse events such
as headache, stomach discomfort, and sleep
disturbances are frequently observed following a
40-day cytisine treatment regimen.?” Similarly, a
randomized controlled trial (RCT) in New Zealand
finds that nausea, vomiting, and sleep disturbances
are more frequently reported in the cytisine group
compared to the NRT group, although these are
generally mild to moderate in intensity.™
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In our study, treatment discontinuation due to
side effects occurrs in 1.9% (n=5) of participants.
This rate is comparable to that reported in a 12-
week RCT evaluating cytisine, where treatment
discontinuation due to adverse events was 2.9%.%!
In another RCT, the rate of serious adverse events
was 3.1%, with no significant difference compared
to the placebo group.®! These findings support the
conclusion that cytisine has a favorable tolerability
profile and that the incidence of serious adverse
events is low.

Interestingly, in our study, the rate of side effect
reporting was higher among participants who
experience a reduction in craving compared to
those who did not. While this specific association
has not been directly described in the literature,
it is plausible that a rapid decrease in craving
reflects greater neurobiological sensitivity to
cytisine. In such individuals, increased nicotinic
receptor responsiveness may underlie both
improved craving control and the occurrence of
mild side effects such as nausea and headache.?':3%
Further research is needed to better elucidate
the underlying mechanisms of this observation.
This study has several limitations. The analysis
relies on electronic medical records and patient
self-reports to assess smoking cessation outcomes
and medication adherence. Although electronic
data are used to verify prescription and follow-
up attendance, these sources may not fully reflect
actual medication use or abstinence status. The
lack of biochemical verification is a notable
limitation and may lead to overestimation of
cessation success. Furthermore, it is not possible
to objectively confirm whether all patients use
the medications fully and as prescribed. Smoking
cessation success is evaluated based on patient
status during the first three months, regardless
of treatment duration. While this approach
reflects real-world clinical practice and allows
standardized comparison, it may overlook the
impact of varying treatment durations and quit
date timing across different pharmacological
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therapies. Additionally, craving reduction is
assessed through patient self-report, which may
introduce subjectivity into this outcome.

In this study, the short-term smoking cessation
success rates of cytisine, bupropion, and NRT are
compared. The cessation rate is found to be higher
in the group treated with cytisine. In contrast, the
success rates observed in the bupropion and NRT
groups are closer to the lower limits of the ranges
reported in the literature.

Cytisine stands out not only for its relatively
high cessation rate but also for its capacity to
significantly reduce the urge to smoke during the
early phase of treatment and for its favorable side
effect profile. These characteristics suggest that
cytisine may be a supportive agent in enhancing
treatment adherence and cessation outcomes. The
mild nature of the reported adverse effects and
the low rate of treatment discontinuation further
support its tolerability. Reduction in craving
observed during the first week may serve as an
important predictor of cessation success and could
play a critical role in guiding treatment decisions
during this early period.

Cytisine may be considered a strong treatment
optioninprimary care smoking cessation programs
due to its efficacy and safety profile. However,
to more robustly assess the generalizability of
these findings and the long-term outcomes of
treatment, further research is needed, particularly
well-designed, multicenter, prospective, and
comparative studies.
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