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Abstract
Introduction. Addiction is a chronic disease that needs time-consuming treatment. The medicines used to stop or reduce the
tendency have not been successful so far. The purpose of this study was to investigate the effect of six weeks of aerobic training
(morning and afternoon) on some brain neurotransmitters, brain-derived neurotrophic factor and quality of life in addicted females. Material and Methods. Thirty subjects were selected and divided into intervention (n = 15) and control (n = 15) groups.
The aerobic training program consisted of six weeks of aerobic training, 3 sessions per week, and each session lasted for 45 to 60
minutes with a maximum intensity of 50-70% of the maximum heart rate. Paired sample t-test and ANCOVA were used to compare between- and within-group variance changes. Results. Weight levels, body mass index and body fat percentage significantly decreased (p < 0.05), while the serum levels of serotonin, dopamine and brain-derived neurotrophic factor (BDNF) increased
significantly. The maximum oxygen consumption and quality of life increased significantly at the end of the period. Changes in
intra-group mean in weight, body mass index, body fat percentage, dopamine, BDNF, maximum oxygen consumption, physical
limitation, general health, vitality, social activity, physical and emotional function and life satisfaction are significantly different
between experimental and control groups (p < 0.05). Conclusions. Six-week aerobic training performed in the morning and
afternoon reduces body composition indicators and increases brain neurotransmitters, quality of life and maximum oxygen
consumption in addicted females. Therefore, it can be effective in improving physical and mental health.
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Introduction
Drug addiction, also called drug abuse disorder, can lead to
a penchant for drugs. According to the definition of the World
Health Organization, drug addiction is an acute or chronic poisoning that is harmful to both the individual and society and
is the result of using a natural or industrial medicine [1]. There
are no exact statistics on the population of addicted women in
the country, but according to the results of some studies, women make up about 9.6% of addicts in the country. The Ministry
of Health also reports in its statistics on addicted women that
there is one addicted woman for every eight addicted men [2].
On the other hand, according to the officials of the country’s
prisons, currently, 50% of female prisoners are in prison due to
drugs and addiction, which has also grown in recent years [3].
Repeated drug use causes long-term damage to dopaminergic
and serotonergic terminals and reduces the levels of serotonin,
dopamine, their receptors and their synthesizing enzymes [4].
It can also affect neurotrophin levels. Neurotrophins are one of
the factors affecting the nervous system that play a significant
role in the proliferation, maintenance, plasticity, survival and
function of nerve cells in the central and peripheral nervous
systems. The most important neurotrophin is BDNF, which is
essential for the regulation of neural plasticity for function/performance improvement, the structure of neural circuits, learning and memory [5]. Dopamine is a neurotransmitter that is
produced in the dopaminergic axon terminal and has a strong
effect on brain activity and on regulating motor functions as
well as thought, mood and anxiety disorders [6, 7]. Serotonin

is made in the serotonergic axon terminal. Its precursor amino
acid is tryptophan, and it has seven types of receptors. Serotonin is an indoleamine that regulates mood and initiates sleep.
Low serotonin activity is associated with depression, while its
high activity is associated with aggressive behaviors [8, 9].
Evidence suggests that training can alter the release amount
of many neurotransmitters in the brain. Therefore, training is
considered a valuable contributing factor in the treatment of
addiction and improving the condition of an addicted patient.
It seems that training is one of the most effective and low-cost
methods in the treatment of addiction. The results of research
have shown that training, similar to addictive drugs, affects the
reward system and increases the dopamine level [10, 11]. Training also alters the synthesis and metabolism of the dopaminergic, noradrenergic and serotonergic systems in addicted individuals [12]. Most studies on the effect of aerobic exercises on
serotonin and dopamine regarding the issue of addiction have
been performed on laboratory models, which have demonstrated the effect of aerobic exercises on reducing the possibility of
addiction [13], the use of addictive drugs [14], withdrawal syndrome symptoms [15], and increasing the release rate of serotonin and dopamine during exercise [16].
In summary, according to conflicting reports about the role
of training in BDNF and the side effects of drugs in the treatment of addicts, training is a non-pharmacological method that
can have an interaction with the dopaminergic reward system.
Training activates the same system in the brain that becomes
active following the use of drugs, such as cocaine, through
their effects on increasing the dopamine level and its receptors.
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Hence, training is a protective method, which prevents relapse
to drug use and promotes neurohormonal adaptation. Nevertheless, few studies on the effect of training on reducing drug
dependency, especially the lack of these studies on humans, as
well as the increasing prevalence and dependency on drugs in
the country, necessitates conducting this research. Therefore,
the purpose of this study was to evaluate the effect of six weeks
of aerobic training performed in the morning and afternoon on
some brain neurotransmitters and quality of life of addicted females.
Material and Methods
This is a quasi-experimental study in which two experimental and control groups were compared with pre-test and
post-test. The statistical population of this study included 80
drug addicts who participated in drug addicts training classes
anonymously or under pseudonyms. The statistical sample of
this study included 30 addicted females in Bojnourd city. In the
primary outcome paper, we specified 15 participants per group
using G*power 3.1.363 and assuming 1.25 effect size at 0.05 alpha and 0.9 power [17, 18]. Effect sizes of 0.2, 0.5 and 0.8 were
considered as small, medium and large, respectively [19]. Based
on the review of the subjects’ medical records, they did not meet
the inclusion criteria and did not participate in the research.
In the first stage, the subjects became acquainted with
the nature and how to cooperate with the research. The inclusion criteria for entering the study were as follows: at least
4-6 months of elapsed time since the quit date or more than
two years of elapsed time from the beginning of drug abuse.
They were addicted to only one drug (opium) and took 10 mg
of methadone daily during their withdrawal period. They were
also not allowed to take other drugs such as codeine, morphine
and amphetamines. The subjects voluntarily participated in the
research based on the research conditions and signed the consent form. Afterwards, using simple randomization, they were
assigned to intervention (n = 15) and control (n = 15) groups.
The following body composition measurements were made:
the height of the subjects was measured with Seca (made in Germany) with a sensitivity of 5 mm, hip and waist circumferences
were taken using a tape measure (Mabis/Japan) with a sensitivity of 5 mm, while weight was recorded using a digital scale
produced by a German company called Beurer (PS07-PS06).
Body fat percentage was calculated using a body compound determiner (model In-body-720 made in Korea). The body mass
index (BMI) was obtained by dividing each participant’s weight
in kilograms by the square of height in meters. All the measurements were taken while the subjects had abstained from eating
and drinking for four hours before the test, and their bladder,
stomach, and intestines had been emptied as much as possible.
According to the MHRR, variables for each subject were calculated based on Karvonen equation (1) and controlled during an
exercise by a heart rate monitor (made in Finland–Polar).
Equation 1: Target heart rate = [%50 or %70× [((220- age)Resting heart rate]] + Resting heart rate
In order to estimate the maximum oxygen consumption,
the subjects were asked to run for 12 minutes at the maximum
possible speed or to cover a distance of 2400 meters. Then, according to Equation 2, the maximum oxygen consumption was
determined:
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Equation 2: Maximum oxygen consumption = Horizontal
speed (m / min) × 0.2 + 5/3

In this study, quality of life was assessed based on the SF36
quality of life scale. Today, this scale is the most common tool
used to assess quality of life [20]. This scale has 36 items including subscales of physical limitation, psychological, general health, vitality, social activity, physical function, emotional
function and life satisfaction. The reliability coefficient of the
questionnaire using the retest method and Cronbach’s alpha for
SF36 quality of life was 0.88.
In this study, blood samples were collected 24 hours before
and 48 hours after the training session. The blood samples were
taken between 8 and 10 o’clock in the morning after 10 to 12
hours of fasting, from the left hand vein of each subject sitting
and resting. To determine the serum amount of dopamine and
serotonin by ELISA method and by LDN kit (made in Germany,
coefficient of endometrial and exogenous changes of dopamine
14.2 and 22.5 and for serotonin 10.4 and 9.7) and by STAT FAX
made in the United States. To measure brain-derived neurotrophic factor, German-made ZellBio kit by ELISA method was
used.
The training program consisted of six weeks of aerobic
training, 3 sessions per week, and each session (morning and
afternoon) for 45 to 60 minutes with a maximum intensity of
50-70% of the maximum heart rate reserve and training session
time gradually increased from 30 minutes at the beginning to 45
minutes at the end of the course. The training program included
a general warm-up for 10 minutes (walking, jogging, stretching
and mobility); the training intensity was controlled by a POLAR
/ Finnish pacemaker [21]. The aerobic exercise program during
the training period included the aerobic walking exercise, butterfly aerobics, butt kicks and aerobics space skiing. At the end
of each session, the training was performed for 10 minutes, returning the body to its original position and cooling down (slow
running, walking, and stretching). At the end of the course
(after 6 weeks), like pre-test conditions, all measurements and
data were collected again (Tab. 1). Also, the control group had
no activity during the research period and was inactive and underwent hemodialysis treatment (as before the present study,
they had an inactive lifestyle).
Table 1. The details of the training program during six weeks
Weeks

1

2

3

4

5

6

Duration (min)

30

33

36

39

42

45

Intensity (%)

50

55

55

60

65

70

The data were analyzed by SPSS 16 Software. Moreover, normality was assessed using the Shapiro-Wilk test. Afterward, variance homogeneity was checked with Levene’s test; next, paired
sample t-test and ANCOVA were used to compare between- and
within-group variance changes. A level of 5% was considered
statistically significant.
Results
Table 2 shows the characteristics of the experimental and
control subjects. Based on Table 3, at the end of the six-week
aerobic training, within-group mean changes in weight (Intervention: CV = 4.8% and control: CV = 7.8% (95% CI = 0.59-1.52);
BMI (Intervention: CV = 8.3% and control: CV = 7.7% (95% CI
= 0.21-0.54); BFP (Intervention: CV = 11.3% and control: CV =
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Table 2. The characteristics of the study participants
Groups

cal restraint (p = 0.001), general health (p = 0.001), vital force
(p = 0.004), social activity (p = 0.001), physical performance
(p = 0.001), emotional performance (p = 0.001) and life satisfaction (p = 0.001).

Variations (Means ± SD)
Age
(year)

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

Body fat
percent (%)

Intervention

29.53 ±
6.43

166.40 ±
4.30

66.93 ±
3.23

24.23 ±
1.95

18.84 ±
2.00

Control

30.4 ±
5.62

167.46 ±
3.68

70.53 ±
5.27

25.16 ±
1.88

20.32 ±
2.55

p = 0.408 p = 0.146 p = 0.436 p = 0.606

15

Discussion
The results of the present study show that aerobic training
leads to a significant increase in serum levels of the brain-derived neurotrophic factor. The results of the present study are
consistent with the findings of Schmolesky et al. [22] but not
with those of Zare Mehrjardi et al. [23] and Jung et al. [24]. Jung
et al. [24] reported a significant inverse relationship between
serum BDNF and relative VO2max and heart rate reserve in
men with the age range of 20-76 years. Furthermore, Nofuji et
al. [25] found an inverse correlation between serum BDNF and
habitual physical activity and suggested a possible explanation
in which circulating BDNF may play a role in regulating and/
or maintaining energy metabolism. However, the sample size
of the study by Nofuji et al. was small and the potential role of
circulating BDNF in energy metabolism needs to be examined
in additional studies. Fundamental and exact mechanisms that
can demonstrate the beneficial effects of training on brain function and structure are not yet fully understood. However, they
can be attributed to the reduction of oxidative stress and inflammation, increased angiogenesis, secretion of neurotrophins and
catecholamines, and neurogenesis, especially in the structure
of the hippocampus [26]. Physical activity has a positive effect
on cognitive function by increasing the level of BDNF protein
and essential neurotrophins [27]. BDNF regulates a number of
processes, including the growth and function of nerve cells, by
performing its role through the tyrosine kinase B receptor. In
addition, it promotes the growth of immature nerve cells and
contributes to the survival of the adult ones [28]. The effect of
training on genes encoding neurotrophins and other plasticity
strengthens the suspicion that exercising can support structur-

p = 0.746

* – P-Value = Normality of data before intervention.

13.1% (95% CI = 0.37-2.12) decreased significantly; however, in
the experimental group, unlike the control group. Moreover,
the levels of Serotonin (Intervention: CV = 9.6% and control:
CV = 8.1% (95% CI = -25.58-8.14); Dopamine (Intervention: CV
= 6.8% and control: CV = 4.5% (95% CI = -11.88-4.91); BDNF
(Intervention: CV = 10.8% and control: CV = 8.6% (95% CI =
-1.41-0.51) at the end of the six-week aerobic training increased
significantly (P<0.05); the maximal oxygen consumption (Intervention: CV = 8.8% and control: CV = 10.6% (95% CI = -6.801.73) at the end of the period increased significantly (p = 0.001).
Table 4 shows that at the end of the training period, intra-group mean changes concerning physical restraints
(p = 0.001), psychological health (p = 0.001), general health
(p = 0.001), vital force (p = 0.002), social activity (p = 0.001),
physical performance (p = 0.001), emotional performance
(p = 0.001) and life satisfaction (p = 0.001) increased significantly, but the amount of physical pain (p = 0.003) decreased
significantly in addicted women.
Furthermore, the results presented in Tables 3 and 4 show
the between-group mean changes in the variables of weight
(p = 0.001), body mass index (p = 0.001), body fat percentage
(p = 0.005), maximal oxygen consumption (p = 0.01), physi-

Table 3. The variation of body composition, brain neurotransmitters and brain-derived neurotrophic factor levels in addicted women
Variations
Variables

Weight (kg)
BMI (kg/m2)
BFP (%)
Serotonin (ng/mL)
Dopamine (pg/mL)
BDNF (ng/mL)
Vo2max (ml/kg/min)

Groups

P-Value**

P-Value***

Pre-test (mean ± SD*)

Stages
Post-test (mean ± SD*)

P

P

Intervention

66.93 ± 3.23

65.89 ± 3.13

0.001‡

Control

70.53 ± 5.27

70.55 ± 5.48

0.91

Intervention

24.23 ± 1.95

23.86 ± 1.97

0.001‡

Control

25.16 ± 1.88

25.16 ± 1.94

0.92

Intervention

18.84 ± 2.00

17.96 ± 2.03

0.001‡

Control

20.32 ± 2.55

20.68 ± 2.69

0.34

Intervention

249.13 ± 22.39

263.53 ± 25.38

0.001‡

Control

251.80 ± 18.95

249.33 ± 20.29

0.42

Intervention

86.46 ± 4.08

95.00 ± 6.45

0.001‡

Control

90.00 ± 4.15

90.13 ± 4.06

0.70

Intervention

6.17 ± 0.46

7.23 ± 0.78

0.001‡

Control

6.39 ± 0.63

6.48 ± 0.55

0.37

Intervention

44.13 ± 3.85

47.00 ± 4.15

0.01‡

Control

47.20 ± 4.73

45.80 ± 4.84

0.07

0.001‡
0.001‡
0.005‡
0.001‡
0.001‡
0.005‡
0.01‡

* – Data presented as mean ± standard deviation; ** – Paired sample t-test; ‡ – The mean difference is significant at the 0.05 level; *** – P-Value between groups (ANCOVA); Vo2max:
Maximum rate of oxygen consumption; BMI: Body mass index; BFP: Body fat percent; BDNF: Brain-derived neurotrophic factor.
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Table 4. The variation of lifestyle in addicted women

Variations
Variables

Physical restraints
Physical pain
Psychological
General health
Vital force
Social activity
Physical performance
Emotional performance
Life satisfaction

Groups

Stages

P-Value**

P-Value***
P

Pre-test (mean ± SD*)

Post-test (mean ± SD*)

P

Intervention

68.46 ± 4.76

73.93 ± 4.25

0.001‡

Control

70.33 ± 4.04

69.40 ± 3.73

0.39

Intervention

73.33 ± 1.71

72.60 ± 1.99

0.003‡

Control

70.40 ± 3.06

71.46 ± 3.92

0.30

Intervention

70.40 ± 0.91

71.40 ± 0.98

0.001‡

Control

70.20 ± 1.42

70.06 ± 1.38

0.83

Intervention

53.00 ± 1.96

55.86 ± 2.50

0.001‡

Control

55.00 ± 2.32

54.73 ± 3.99

0.70

Intervention

61.73 ± 2.84

64.33 ± 3.13

0.002‡

Control

62.20 ± 2.90

61.46 ± 3.20

0.39

Intervention

81.20 ± 2.17

83.60 ± 2.09

0.001‡

Control

80.86 ± 2.35

80.80 ± 2.51

0.86

Intervention

80.80 ± 4.79

86.13 ± 4.25

0.001‡

Control

81.20 ± 4.36

82.80 ± 4.10

0.10

Intervention

83.33 ± 3.03

88.13 ± 2.87

0.001‡

Control

81.93 ± 4.86

81.06 ± 4.43

0.001‡

Intervention

71.86 ± 2.03

75.80 ± 2.59

0.001‡

Control

73.26 ± 2.37

72.73 ± 2.71

0.16

0.001‡
0.342
0.003‡
0.001‡
0.004‡
0.001‡
0.001‡
0.001‡
0.001‡

* – Data presented as mean ± standard deviation; ** – Paired sample t-test; ‡ – The mean difference is significant at the 0.05 level; *** – P-Value between groups (ANCOVA).

al and plastic changes of brain neurons [29]. Physical activity enhances the number of new neurons in the hippocampus
and dentate gyrus in animals [30]. Neurotrophic factors such
as BDNF and insulin-like growth factor mediate such effects.
Physical activity raised BDNF levels in the dentate gyrus, where
hippocampal progenitor cells are located, and caused the differentiation and survival of new neurons [31]. Training raises
the production/secretion of insulin-like growth factor as well
as the factor capable of differentiating progenitor cells in blood
circulation by the brain, through which it is able to increase hippocampal BDNF gene expression [32]. After training, there will
be a rise in the proliferation stimulating factor and differentiation of neuronal progenitor cells in hippocampal astrocytes [33].
The results of the present study indicated that the serum
levels of serotonin and dopamine increased significantly by doing aerobic training. Training activates a number of factors contributing to neurogenesis and cell formation, which alleviates
the damage caused by drug use and increases dopamine [34].
Aerobic training boosts intravascular endothelial growth and
helps repair drug-induced damage by stimulating angiogenesis
and directly affecting the neurotrophic growth factor, which regenerates and restores damaged dopaminergic terminals. Moreover, training has strengthening effects on the reward system
[35]. Physical activity brings about more dopamine release when
accompanied by cognitive activity and learning [36, 37]. On the
other hand, training increases the activity of endogenous antioxidant enzymes [38]. According to the mentioned mechanisms, aerobic training can increase dopamine. The basis of dopamine release in dopaminergic neurons is a process dependent
on nerve impulse. Stimulation of the ventral tegmental nucleus
releases dopamine in the nucleus accumbens and has rewarding

and dopamine-increasing effects [39]. Probably, these rewarding effects provide sufficient pleasure during training such that
the addicted person does not feel the repeated need for drug
use. Two-thirds of dopamine neurons are located in the ventral
tegmentum, and most dopamine projections to the nucleus accumbens originate in this area [40]. Training leads to releasing
certain neurotransmitters in the brain that relieve physical and
mental pain. Most of the research carried out in this area has
been focused on running; however, all types of aerobic training bring these benefits. It has been revealed that the effects
are exerted on the brain through various mechanisms, including neurogenesis, increased patience and endorphin release
[41]. Evidence shows that training can alter the release of many
neurotransmitters in the brain, such as dopamine, glutamate,
acetylcholine, serotonin and endogenous opioids [42].
According to the results of this study, the quality of life in
women addicted to drugs increases significantly. Regular physical activity of addicted women can greatly diminish the destructive effects of addiction on the body, and thereby boost
the psychological self-concept of this group of people in the
society [43]. One of the most important non-physical advantages of training and physical activity is its social dimension.
During training, a person inevitably interacts with other people
with whom he or she might have lots of common characteristics.
This way, the person feels that he or she is in a group with their
friends and is taking part in a useful activity beside them, so he
or she will feel less lonely. This process is called socialization,
which is one of the multidimensional aspects of life quality [44].
Another psychological benefit of training is improving self-esteem and self-confidence, meaning that one feels he or she is as
capable as other people, following sports activities. This way, the
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person’s self-confidence will increase. Enjoying a better picture
of physical condition and the ability to deal with physical health
problems more appropriately are also among the instances that
are enriched in a person by physical activity and sports interactions [44]. One of the causes of the discrepancies between the
findings of this study and other studies could be the difference
in the duration and intensity level of the training of the subjects,
as in this study, the training was done both in the morning and
in the afternoon, and its intensity was light.
On the other hand, studies have shown that exercise is effective in eliminating negative thoughts and creating positive
thoughts and ideas that can make one feel more satisfied with
life [45]. Brach et al. reported that exercising (20 to 30 minutes a
day) increases role-playing and thus improves the quality of life
[45]. According to researchers, through releasing endorphins
and lowering cortisol secretion, exercise can have a positive
effect on mood [44]. The effect of aerobic and group activities
rather than anaerobic and individual activities is greater on
mental well-being and happiness [46]. Among the limitations
of this study, one may mention the lack of control over lifestyle
(the amount of sleep, rest and extracurricular activities), genetic
and physiological characteristics and various adaptive responses to physical activity together with the low number of subjects
due to some participants’ withdrawal from the present study.
Performing aerobic training can be one of the factors affecting
the changes in brain neurotrophic indices/factors due to physiological changes. Besides, the change of such variables depends
on the intensity and duration of training as well as the physical
condition of individuals. Therefore, coaches and sports physicians are advised to consider the necessary precautions when
designing sports training. Generally, it can be concluded that
six-week aerobic training performed in the morning and afternoon reduces body composition indices including weight, body
mass index, body fat percentage, and increases serum levels of
serotonin, dopamine, brain-derived neurotrophic factor and
quality of life index among addicted females. Therefore, it can
be used to improve the state of patients with drug problems. It
seems that supplementary treatment besides pharmacotherapy
is needed because addiction mechanisms are very complex. It is
suggested that physicians, nurses, families of addicts and coaches should use aerobic training in the morning and afternoon,
possibly as a valuable factor in the treatment of addiction and
improving the condition of addicts. However, more research is
needed to draw more complete and accurate conclusions and
present a reliable strategy in the period of addiction.
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