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Abstract

Introduction: One reason for the limited effectiveness of the available
smoking cessation methods is the fact that the causes of tobacco addiction
have not been adequately explained yet. Numerous anti-smoking programs
aimed at women involve intense physical activity. The goal of the study was
to evaluate the effectiveness of health training for smoking cessation by
young women in connection with the dopamine receptor gene (D4DR) in
their genetic profile.

Material and methods: Forty-eight adult female smokers were randomly
assigned to: 1) a concentration training group, or 2) an aerobic and con-
centration training group. Genetic and phenotypic data were obtained from
48 participants. Genotyping was performed for allele 7 in the D4DR gene.
Results: Individuals with allele 7 in the dopamine receptor D4 gene have two
times greater chances (OR = 2.13: 95% Cl: 0.91-4.96) of quitting smoking
than individuals without allele 7. No statistical significance was revealed
(p = 0.0805). Individuals undertaking aerobic training in combination with
concentration training are three times more likely (OR = 3.06: 95% Cl: 1.03-
9.05) to quit smoking than individuals who do not perform aerobic training
(p = 0.0439).

Conclusions: The results of the study show that an intensive, 6-week health
training program had a significant influence on smoking cessation. Smok-
ing quitters, who are genetically predisposed and decide to take up aero-
bic training in combination with concentration training, have much greater
chances of quitting smoking.

Key words: smoking cessation, aerobic training, concentration training,
D4DR receptor gene.

Introduction

It is estimated that among 1.3 billion people addicted to nicotine, about
70% are determined to kick the habit with the aid of one of the available
smoking cessation methods [1-3]. One reason for the limited effective-
ness of the available smoking cessation methods is the fact that the caus-
es of tobacco addiction have not been adequately explained yet [4]. An-
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other factor contributing to unsuccessful smoking
cessation is modern fast life involving high levels of
stress, insufficient relaxation time, poorly balanced
diet, and limited physical activity [5, 6]. There has
been a significant difference in the pattern of nic-
otine addiction between men and women [7]. The
numerous anti-smoking programs addressed to
women involve intense physical activity [8, 9].

Nicotine addiction may be genetically deter-
mined [10], and one of the candidate genes may
be the dopamine receptor gene (D4DR) [11]. Al-
though D4DR is predominantly correlated with opi-
oid dependence, its association with nicotine de-
pendence must not be excluded. Interestingly, the
D4DR gene is also associated with novelty seeking
dependence, as one of the D4DR alleles was ob-
served in extreme parachuters and climbers [10].
D4DR is thought to affect exploring and extravert
behaviors, which may be connected with positive
emotions involved in novelty seeking (neophilia).

The present study sought to find genetic de-
terminants of successful smoking cessation. The
study considered the genotype of the D4DR recep-
tor gene, which had been found to be correlated
opioid dependence [10, 11]. The present study
assumed that there might be a relationship be-
tween the D4DR gene and tobacco addiction and
successful smoking cessation.

Material and methods
Ethics committee

The ethical committee of the Poznan University
of Medical Sciences approved the study (Bioeth-
ics Committee of the Poznan University of Med-
ical Sciences, no. 534/12 from May 10, 2012).
The study complied with the guidelines set out in
the Declaration of Helsinki and the ethics policy of
the University School of Physical Education, Poznan.

Subject recruitment

The study sample comprised 287 female full-
time undergraduate students of cosmetology
from the College of Health, Beauty and Education
in Poznan, Poland. The participants’ mean age was
21 +1.68 years. Among 118 female students who
were smokers, only 79 (67%) expressed a wish to
kick the habit, and 57 (72%) of them intended to
take part in the offered health training program
for smoking cessation. Ultimately, 48 smoking
students who fulfilled the selection criteria were
randomly divided into two groups and took part in
the study. Group 1 (n = 22) consisted of students
undertaking concentration training only. Group 2
(n = 26) comprised students undertaking aerobic
training and concentration training. Students in
each group underwent 6-week individually adjust-
ed training sessions.

Detailed anthropometric assessment

Before and after completion of the training
program, basic anthropometric measurements
of body height, body mass and body mass index
(BMI) were taken from all the students.

The analysis of changes in body mass revealed
that the 6-week training had a significant impact
on BMI reduction (p = 0.0088) among the group 2
students participating in aerobic exercises. Among
the students of group 1 undertaking concentra-
tion training only, the BMI remained unchanged,
and the differences were statistically non-signifi-
cant (p = 0.9987).

Concentration training

Women in both study groups performed con-
centration exercises, which were based on training
programs for high-performance athletes [12-14].
Their concentration times were measured twice:
before the study and after its completion, with
a stopwatch, from the beginning of exercise un-
til committing the first error, which in accordance
with the accepted research methodology was
treated as a sign of lack of concentration.

The participants were instructed about the
correct execution of concentration exercises so
they could perform them on their own, from
7 am.to 7 p.m,, or 9 am. to 9 p.m., for 5 min,
every 2 h. The women from both study groups
met twice a week for a joint 60-min concentra-
tion training session.

Aerobic training

The participants from group 2 were supposed
to choose five of eight proposals of aerobics class-
es, depending on their interests, preferences,
and time. A class lasted from 60 to 75 min, while
a swimming class lasted 45 min.

The weekly training schedule was as follows:

— Monday: swimming and general fitness training
(low-impact aerobics, total body condition (TBC),
OVOball),

— Tuesday: Hi/Lo aerobic dance, ABT (abdominal,
buttocks, thighs),

— Wednesday: Pilates or Fit ball,

— Thursday: Zumba,

— Friday: body posture exercises,

— Saturday: jogging or Nordic walking,

— Sunday: cycling or Nordic walking.

The training loads were calculated according
to the formula by Miller et al. [15]. The exercises
were performed by participants in the same age
range (Table 1), but at different physical fitness
levels. Due to individual differences in exercise
tolerance between the participants the instruc-
tor chose training loads individually in each class.
All participants were informed about movement
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Table I. Anthropometric characteristics of participants. Baseline mean values of age, body mass, body height and

BMI in women from group 1 and group 2

(17.53; 32.03)

Variable Group 1 (n = 22) Group 2 (n = 26) P-value
X * SD (min.; max.) X £ SD (min.; max.)

Age [years] 20.8 +1.97 20.4 £1.20 0.374
(19; 25) (19; 24)

Body mass [kg] 62.3 £9.72 59.4 +6.04 0.227
(46; 87) (51;79)

Body height [m] 166.5 +4.94 166.6 £5.78 0.918

(158; 174) (155; 178)
BMI [kg/m?] 22.5+3.43 21.7 £1.85 0.201

(17.94; 26.70)

intensity and chose their physical activities con-
sciously and more effectively.

Genotyping

The buccal cells donated by the subjects were
collected in Resuspension Solution (Sigma, Ger-
many) using Sterile Foam Tipped Applicators (Pu-
ritan, USA). DNA was extracted from the buccal
cells using GenElute Mammalian Genomic DNA
Miniprep Kit (Sigma, Germany) according to the
producer protocol. Forty-eight Caucasian women
were recruited to this study.

D4DR genotyping

PCR amplification used the forward primer:
5'-GCGACTACGTGCTACTCG-3’, and the reversed
primer: 5'-AGGACCCTCATGGCCTTG-3' as recom-
mended by Benjamin et al. [11]. 12.5 pl of reaction
mixture contained 1 x Vent buffer (New England
Biolabs), 1 uM primers, 62.5 ng of genome DNA,
400 uM DTP and 0.25 U of DNA polymerase. The
PCR was carried out in thirty cycles. The PCR prod-
ucts were separated using nucleic acid electro-
phoresis in 2% MetaPhor gel (FMC) stained with
ethidium bromide.

Statistical analysis

The statistical significance of differences be-
tween the mean values in the compared groups
of participants and terms of measurement was
checked with properly chosen statistical tests. The
use of parametric tests was determined by the
presence of normal distribution of the variables
and homogeneity of variance. For all quantitative
parameters the conformity of their distribution
was checked against a normal distribution with
the Shapiro-Wilk test, and the equality of varianc-
es was checked with Levene’s test.

The significance of mean differences between
two terms of measurement in both groups was as-
sessed with an analysis of variance with repeated
measures. Tukey’s HSD test was used to verify the
differences. The Wilcoxon test was used to assess

the significance of mean differences, concentra-
tion time, aerobic training time, and BMI in the
entire study sample between two terms of mea-
surement. The chances of quitting smoking were
assessed with single-factor and multi-factor logis-
tic regression analysis. All calculations were made
using the Statistica 10.0 software package (Stat-
Soft. Inc., USA).

Results
D4DR genotyping

The present study assessed whether the pres-
ence of allele 4 or 7 in the D4DR gene affects the
level of probability of smoking cessation. The dis-
tribution of the alleles in 48 participants was as
follows: allele 7 absent (n = 24), allele 7 present
(n = 24). As for the nine participants who quit
smoking in the last week of the study, the dis-
tribution of alleles was: allele 7 present (n = 7);
allele 7 absent (n = 2) (Figure 1). A tendency to-
ward statistical significance of smoking cessation
chances was noted in participants with allele 7 in
the D4DR gene.

The results of a single-factor logistic regression
analysis (Figures 2-4) revealed the determinants
of smoking cessation. The dependent variable in
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Allele 7 absent
B Quit smoking

Allele 7 present
O Did not quit smoking

Figure 1. Percent distribution of participants who
quit and did not quit smoking, depending on the
presence of allele 7 in the study sample (n = 48).
No statistical significance was found between the
genotype and chance of smoking cessation (Pear-
son’s 2 test, p = 0.0645)
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Smoking intensity . — S RAImALeIT OR (95% CI)
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Figure 2. Single-factor logistic regression analysis between smoking cessation and smoking intensity
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Figure 3. Single-factor logistic regression analysis between genotype and smoking cessation
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Group m OR (95% Cl) P-value
Group 2 L 3.06 (1.03-9.05) 0.0439
Group 1 [ i 4 0.33(0.11-0.97) 0.0439
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Figure 4. Single-factor logistic regression analysis between study group type and smoking cessation

the model was smoking cessation as a dichot-

omous variable with two groups: 1 — not smok-

ing, 0 — smoking. The independent variables were

smoking intensity, study group and allele. In the

present study the study sample was divided into

three groups with regard to the number of smoked

cigarettes a day:

—under 5 cigarettes a day — smoking occasionally

—over 5 cigarettes a day — smoking intensively
and in terms of the length of tobacco depen-

dence (years of addiction) into:

— under 3 years — smoking for a short time

—over 3 years — smoking for a long time.

The relationship between different values of
factors and smoking cessation was presented as
the odds ratio (OR) and 95% confidence interval
(95% Cl) between smokers and non-smokers.

Table Il shows the p-values of the likelihood ra-
tion (LR) test based on a comparison of the max-
imal values of likelihood ratio between two mod-
els: the present model and the reference model,
with the former being an initial test of model sig-
nificance.

Smoking intensity

The single-factor logistic regression analysis be-
tween smoking cessation and smoking intensity
revealed that individuals who smoked cigarettes
occasionally are twice as likely to quit smoking
(OR = 2.12; 95% Cl: 0.98-4.59; p = 0.0562) (Figure 2).

D4DR gene

The single-factor logistic regression analysis
between allele presence and smoking cessation
and smoking intensity showed that individuals
with allele 7 are twice as likely to quit smoking
(OR = 2.13: 95% Cl: 0.91-4.96; p = 0.0805) than
individuals without allele 7 (Figure 3).

Study groups

The single-factor logistic regression analysis
carried out between the study group type and
smoking cessation showed that the participants
undertaking aerobic training in combination with
concentration training (group 2) are three times
more likely to quit smoking (OR = 3.06: 95% Cl:
1.03-9.05) than participants who did not perform
aerobic training (p = 0.0439) (Figure 4).

The results of the analysis were used to design
a multi-factor logistic regression model which in-
cluded such variables as smoking intensity, study

Table Il. Maximal values of likelihood ratio of the
present model and the reference model

Model parameters P-value (LR)
Smoking intensity 0.0481
Allele 7 present 0.0583
Group 2 0.0136
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Table IlI. Parameters of multi-factor logistic regression models

Parameter Level - effect Estimate P-value OR 95% ClI
Allele Allele 7 present 0.86 0.061 2.35 0.96-5.77
Group Group 2 1.15 0.043 3.17 1.04-9.70

group, and allele presence. All the variables in the
model were significant predictors of smoking ces-
sation. The positive estimates of the parameters
corresponding to the variables allele presence and
group showed that in participants with allele 7 and
participants from group 2 the likelihood of smok-
ing cessation increases. The greatest increase was
found for the variable group. The odds ratio for the
variable group (3.17) indicated that the likelihood
of smoking cessation for participants from group 2
was more than three times greater than for par-
ticipants from group 1. Similarly, for the variable
allele presence the odds ratio of 2.35 pointed to
two times greater likelihood of smoking cessation
in participants with allele 7 than in participants
without allele 7 (Table Il1).

Discussion

Darlow and Lobel [4] reported that 70% of in-
dividuals addicted to nicotine are determined to
quit the habit using one of the available smoking
cessation methods [16—18]. Different forms of nic-
otine replacement therapy lead to effective smok-
ing cessation only in one out of 5 smokers [19].
The results of the present study appear to confirm
this observation.

Young women often claim that they smoke to
look slim and attractive [20, 21]. In fact, all anti-
smoking programs for women should account for
women’s physical attractiveness and their con-
cern with possible body mass increase after smok-
ing cessation [21, 22].

It is estimated that body mass may increase by
5-6%, i.e. by 8-10 kg, after quitting smoking [23,
24]. The fear of getting fat is often a discourage-
ment to young people to quit smoking. If women
begin quitting smoking and are initially success-
ful, an increase in their body mass may often re-
sult in returning to the habit [25].

It may be concluded that smoking quitters who
perform training exercises of appropriate volume
and intensity do not have to be concerned over
body weight. It can be assumed that the differenc-
es in body weight in the participants of the pres-
ent study, between the first term of measurement
(before the study) and the second term (after the
study), did not result from the greater body fat in
the women, but from bigger training-enhanced
muscles.

In the present study, aerobic training played
a significant role in group 2 girls’ motivation to quit

smoking, as shown by the single-factor logistic re-
gression analysis (OR = 3.06: 95% Cl: 1.03-9.05).

The obtained results show that physical activity
and aerobic training may have a significant influ-
ence on smoking cessation attempts, as indicated
by the logistic regression analysis of the relation-
ship between smoking cessation and other vari-
ables. Similar observations were made by Ciccolo
et al. [26], and the results confirm the assertion
of those authors who claim that physical exercise
is crucial for smoking quitters and is positively
correlated with a decrease in the number of cig-
arettes smoked daily [26]. Physical activity is con-
ducive to and enhances the chances of smoking
cessation. Williams et al. [27] and Gimenez et al.
[28] observed positive effects of aerobic training
consisting of climbing double steps (15 cm high)
at the incremental intensity of 10, 20, 30, 40, 50,
and 60 climbs/min.

The results of the present study are confirmed
by other authors, who also noted a beneficial in-
fluence of aerobic exercises for smoking cessation
[27, 29]. This influence appears to be particularly
significant in women, as the exercises improve
the women’s physical fitness, the frame of mind
and comfort, as well as counteracting withdrawal
effects.

Genetic analysis

An interesting mouse model study on genetic
influences on factors determining smoking ces-
sation success in humans was published by Hall
et al. [30]. In the present study we found that
individuals with a long allele 7 (4-8 repeats, 48
base pairs) was no statistical significance to quit
smoking more easily (p = 0.0645). It is an inter-
esting observation in the context of Ebstein’s
conclusions on the association of the D4DR gene
with the personality trait of novelty seeking that
allele 7 is present more often in individuals with
the enhanced novelty seeking trait than in individ-
uals without allele 7 [10]. The undertaken study of
allele 7 in the D4DR gene indicated its significant
role in the process of smoking cessation in the
group of young female students.

Logistic regression model in smoking
quitters

One aspect of the present pilot study was seek-
ing variables affecting smoking cessation. The
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analysis of data from the two groups of women
using the single-factor logistic regression model
revealed the statistically significant influence on
smoking cessation of such factors as smoking in-
tensity, D4DR gene (individuals with allele 7) and
study group.

The results of the study showed that physi-
cal exercises in combination with concentration
training, and genetic determinants have a positive
impact on quitting smoking. The greatest impact
was noted for variables that were most significant
for the study, i.e. study group and allele. This con-
firms that the likelihood of smoking cessation in
physically active individuals is much (three times)
greater, and that individuals with allele 7 have two
times greater chances of smoking cessation than
others. On the other hand, the present study also
revealed that the longer the nicotine dependence,
and the lower number of smoked cigarettes, the
greater is the likelihood of quitting smoking.

The study revealed differences between two
groups of examined women in terms of smoking
intensity and years of smoking and smoking ces-
sation chances. However, the logistic regression
model indicated significant smoking cessation
with regard to smoking intensity. In the analysis of
characteristics of both groups of women the basic
model of regression included variables explaining
a similar area of study. The analysis of models for
women in two different groups revealed which
factors (variables) affect smoking cessation, and
to what extent. It was revealed that particularly
significant for smoking cessation were smoking
intensity, group and gene. However, two vari-
ables — group (OR = 3.17) and gene (OR = 2.35) -
showed the highest predictability in the model of
smoking cessation in women. This is an indication
of a far greater contribution of aerobic training
and genetic determinants to smoking cessation.
Among young female smokers the established
model of variables can be used as encouragement
for joining anti-smoking programs using concen-
tration and aerobic training. It can be assumed
that women who smoked sporadically (from 3 to
5 cigarettes a day) attempt to quit the habit by
consciously participating in physical exercises.
Greater participation in physical training reduces
smoking as well as increasing the chances of com-
plete smoking cessation [31, 32].
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