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Abstract: Objective: Exercise intervention can reduce drug dependence of patients with amphetamines addic-
tion by improving dopamine level and immunity, and reducing negative emotions. Methods: Altogether 90 male
patients with amphetamines addiction from March 2018 to June 2019 were selected and grouped. The routine
rehabilitation group (RG) (30 cases) was given conventional rehabilitation treatment, while group 1 (30 cases)
was given conventional rehabilitation treatment+aerobic exercise for 1 hour. Group 2 (30 cases) received routine
rehabilitation+aerobic exercise+strength training for 1 hour. Before and after exercise intervention, the three groups
were tested for psychological state with self-rating depression scale (SDS). Visual analogue scale (VAS) was used to
evaluate the drug craving. Positive and negative syndrome scale (PANSS) and quality of life scale for drug addiction
(QOL-DA) were used to detect the mental status and QOL. The immune function, high sensitivity C-reactive protein
(hs-CRP) and dopamine (DA) levels were detected. Results: After intervention, the SDS, VAS and PANSS of group 1
and group 2 weresignificantly better than those of RG, while the improvement of scores of group 2 wassignificantly
better than that of group 1 (P < 0.05). hs-CRP in group 1 and group 2 were significantly lower than those in RG,
while hs-CRP in group 2 weresignificantly lower than those in group 1 (P < 0.05). IgA, 1gG and DA in group 1 and
group 2 weresignificantly higher than those in RG, and IgA, 1gG and DA in group 2 weresignificantly higher than those
in group 1 (P < 0.05). QOL-DA in group 1 and 2 weresignificantly higher than those of RG, and the improvement of
scores of group 2 wassignificantly better than that of group 1 (P < 0.05). Conclusion: Psychological status, drug
craving, immune function, DA and QOL of patients with amphetamines addiction have been improved after exercise
intervention.
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Introduction

Drug abuse is a serious clinical problem and
the main cause of health, psychological and
social problems [1]. Amphetamines abuse can
lead to various physiological and psychological
problems of patients, such as chronic skin
lesions, serious rise in blood pressure, psycho-
logical anxiety, depression, and even suicidal
tendencies in serious cases [2]. At present, the
most widely used clinical treatment for amphet-
amines addiction is drug substitution therapy
or psychological and behavioral intervention

therapy, but drug substitution therapy still
causes side effects such as drug dependence
of patients, and psychological and behavioral
intervention needs extremely high cost which
limit its wide applicability [3, 4]. Therefore, it is
particularly important to find scientific rehabili-
tation therapy to alleviate the craving of patients
for amphetamines.

Physical exercise is a potential non-drug thera-
py for addiction and can activate the same
reward pathway as drug abuse by increasing
dopamine concentration and dopamine recep-
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tor binding, and it can also affect brain plastic-
ity by focusing on the mechanism of chromatin
remodeling in regions related to drug addiction
[5]. Aerobic exercise, as a means of rehabilita-
tion, can not only improve the physical health of
drug addiction, but also play a role in drug use
behavior of drug addiction [6]. For example,
Brown RA et al. found that aerobic exercise
intervention for sedentary patients with alcohol
dependence could further increase the positive
effect of exercise on alcohol consumption, indi-
cating that aerobic exercise is an effective aux-
iliary means for alcohol therapy [7]. Moreover,
Trivedi MH et al. found that exercise interven-
tion could adjust the percentage of withdrawal
days of the dependent and improve the out-
come of stimulant users who comply with the
dosage [8]. Dopamine is an important neu-
rotransmitter in the brain [9]. The stimulating
effects caused by drug addiction and the
patients’ thirst for drugs are all related to the
expression level of dopamine in the brain [10].
Studies have shown that the mechanism of
amphetamine addiction can be found from the
perspective of dopamine, and the causes of
negative emotions in patients with amphet-
amine addiction can be found to alleviate and
improve the psychological status of patients
[11].

This study mainly analyzed the relationship of
exercise intervention with dopamine, body
immunity and negative emotions of patients
with amphetamines addiction, aiming to pro-
vide clinical reference for the treatment of
patients with amphetamines addiction.

Materials and methods
General data

From March 2018 to June 2019, 90 male pa-
tients with amphetamines addiction received
treatment in Guangxi No.6 compulsory isola-
tion detoxification center were selected and
divided into three groups according to treat-
ment methods. The routine rehabilitation group
(30 cases) was given routine rehabilitation
treatment, while the experiment 1 group (30
cases) was given conventional rehabilitation
treatment+aerobic exercise for 1 hour. Ex-
periment 2 group (30 cases) received routine
rehabilitation+aerobic exercise+strength train-
ing for 1 hour. Inclusion criteria: The study met
ATS drug dependence diagnostic criteria [12];
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the patients had complete general clinical data;
no antidepressant or anti-inflammatory drugs
have been taken in the past 3 months; patients
have received detoxification treatment for at
least 12 weeks. Exclusion criteria: patients had
respiratory, blood and nervous system diseas-
es with inflammation, hearing impairment; drug
abusers; patients with severe trauma which
was not cured; patients lost to follow; patients
dropped out of the study halfway. In this study,
patients and their families have signed an
informed consent form, and this study has
been approved by the Ethics Committee.

Exercise intervention method

Routine rehabilitation group: health education
and nutritional support were given to patients,
and corrective management on the living habits
and behaviors of each patient was carried out.

Experiment 1 group was given conventional
rehabilitation therapy+aerobic exercise for 1
hour, and aerobic exercise was added to the
conventional rehabilitation group: aerobic exer-
cise (interval exercise and treadmill exercise)
for 40 min and warm-up for 5 min, flexibility
exercise for 10 min, and finally relaxation exer-
cise for 5 min.

The experiment 2 group was given routine
rehabilitation+aerobic exercise+strength train-
ing for 1 hour. On the basis of the routine reha-
bilitation group, aerobic exercise and strength
training were added: warm-up for 5 min, aero-
bic exercise for 40 min (interval exercise, tread-
mill training), resistance training for 25 min,
Swiss ball training for 10 min, flexibility training
for 10 min, and finally relaxation exercise for 5
min.

Outcome measures

(1) Self-rating depression scale (SDS) [13]: SDS
had 20 items, with a cut-off value of 53 points.
A score of 53-62 points was regarded as mild
depression, 62-72 as moderate depression,
and above 72 as severe depression. SAS had
20 items, with a cut-off value of 50 points. A
score of 50-59 points was regarded as mild
anxiety, 60-69 points as moderate anxiety and
above 70 points as severe anxiety.

(2) Visual analogue scale (VAS) [14]: The pa-
tient’s craving for drugs in different time peri-
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ods was evaluated (Before exercise = TO, dur-
ing exercise = T1, immediately after exercise =
T2, 50 min after exercise = T3, 80 min after
exercise = T4). VAS is a 10 cm line segment to
indicate the patient’s craving for drugs, with a
total of 11 assessment points. The high score
was closely related to the high craving for drugs.

(3) Positive and negative syndrome scale
(PANSS) [15]: The scale was divided into posi-
tive scale, negative scale and neuropathologic
scale. The score range of positive scale and
negative scale was 7-49 points, and the score
range of neuropathologic scale was 16-112
points. The high score was closely related to
the more severe symptoms.

(4) Determination of immune function and DA
level: A5 mL venous blood was collected from
patients in the three groups between 7:30 and
9:00 in the morning before and after the inter-
vention, centrifuged at 1500 x g at 4°C for 10
min, and placed in a low-temperature refrigera-
tor at -70°C for later use. Enzyme-linked immu-
nosorbent assay (ELISA) [16] was applied to
detect the expression level of indicators, includ-
ing hypersensitive -C reactive protein (hs-CRP),
immunoglobulin A (IgA), immunoglobulin G
(I1gG), dopamine (DA), with referring to the
instructions of hs-CRP, IgA, IgG, DA (Shanghai
Bluegene Biotech CO.,LTD, Shanghai, China)
Kits.

(5) Quality of life scale for drug addiction (QOL-
DA) [17]: The scale consisted of 4 dimensions
and 40 items, with a 5-grade score ranging
from 40 to 200 points. The low score after
measurement was closely related to the poor
quality of life.

Statistical method

SPSS 21.0 (EASYBIO, China) was applied for
data analysis. GraphPad 6 was applied for data
analysis and picture visualizing. All data were
expressed by mean + SD. Independent sample
t test was applied for the comparison of the two
groups, and one-way ANOVA for the comparison
among multiple groups, which was expressed
as F. LSD-t test was applied for post-event pair-
wise comparison, repeated measurement
ANOVA was applied for multi-time point expres-
sion, which was expressed as F, Bonferroni was
applied for back testing. P < 0.05 was consid-
ered as statistical difference.
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Results
General data

There was no evident difference among the
three groups in general data such as age, BMI,
residence, educational level, marital status,
occupation, drug consumption and drug use
duration (P > 0.05). See Table 1.

Comparison of SDS scores

There was no evident difference in SDS of the
three groups of patients before intervention (P
> 0.05). SDS scores of the three groups of
patients decreased significantly after interven-
tion (P < 0.05). SDS scores of the patients in
experiment 1 group and experiment 2 group
were significantly lower than those in routine
rehabilitation group (P < 0.05), while SDS
scores of the patients in experiment 2 group
were significantly lower than those in experi-
ment 1 group (P < 0.05). See Figure 1.

Comparison of VAS scores

There was no evident difference in the VAS
scores in TO among the three groups of patients
(P > 0.05). With the extension of the interven-
tion time, the VAS scores in T1, T2 and T3
decreased significantly (P < 0.05), but recov-
ered in T4 period (P < 0.05). VAS scores in T1,
T2, T3 and T4 of the patients in experiment 1
group and experiment 2 group were significant-
ly lower than those in the routine rehabilitation
group (P < 0.05), while the VAS scores in T1, T2,
T3 and T4 of experiment 2 group were also sig-
nificantly lower than those in experiment 1
group (P < 0.05). See Figure 2.

Comparison of PANSS scores before and after
intervention in three groups of patients

There was no evident difference in positive
symptoms, negative symptoms, psychopathol-
ogy and total score of PANSS scores of the
three groups before intervention (P > 0.05).
After intervention, the positive symptoms, neg-
ative symptoms, psychopathology and total
score of the three groups of patients were sig-
nificantly decreased (P < 0.05). The positive
symptoms, negative symptoms, psychopathol-
ogy and total score of experiment 1 group and
experiment 2 group were significantly lower
than that of routine rehabilitation group (P <

Am J Transl Res 2021;13(3):1779-1788



Effect of exercise intervention on patients with amphetamines addiction

Table 1. Comparison of general data of three groups of patients [N (%)] (mean + SD)

Routine rehabilitation

Classification group (n = 30)

Experiment 1
group (n=30) group (n =30)

Experiment 2 /e p

Age (years) 31.85+3.17
BMI (kg/m?) 23.31+1.74
Residence

Urban 11 (36.67)

Rural 19 (63.33)
Educational level

> high school 13 (43.33)

< high school 17 (56.67)
Marital status

Unmarried 12 (40.00)

Married 18 (60.00)
Occupation

Unemployed 9 (30.00)

Individual management 13 (43.33)

Enterprises and institutions 8 (26.67)
Drug abuse (mg/d) 0.83+0.08
Drug use duration/years 3.95+0.57

32.04+3.19 31.92+3.14 0.027 0.972
23.15+1.73 23.28+1.77 0.071 0.931
0.637 0.727

13 (43.33) 14 (46.67)

17 (56.67) 16 (53.33)
3.482 0.175

18 (60.00) 11 (36.67)

12 (40.00) 19 (63.33)
1.867 0.393

16 (53.33) 17 (56.67)

14 (46.67) 13 (43.33)
3.015 0.555

15 (50.00) 13 (43.33)

9 (30.00) 12 (40.00)

6 (20.00) 5 (16.67)
0.86+0.05 0.85+0.06 1.680 0.192
3.87+0.54 4.01+0.63 0.438 0.646
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Figure 1. Comparison of SDS scores of three groups
of patients before and after intervention. There was
no evident difference in SDS scores among the three
groups before treatment. After treatment, SDS scores
in experiment 1 group and experiment 2 group were
significantly lower than those in routine rehabilitation
group, and the improvement degree in experiment 2
group was better than that in experiment 1 group.
Note: compared with routine rehabilitation group or
comparison between the two groups, *P < 0.05, **P
< 0.01.

0.05), and the positive symptoms, negative
symptoms, psychopathology and total score of
experiment 2 group were significantly lower
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than that of experiment 1 group (P < 0.05). See
Table 2.

Comparison of immune function indexes

The expression levels of hs-CRP, IgA and IgG in
the three groups of patients had no evident dif-
ference before intervention (P > 0.05). After
intervention, hs-CRP in the three groups of
patients reduced significantly (P < 0.05), while
IgA and IgG enhanced significantly (P < 0.05).
The improvement of hs-CRP, IgA and IgG in the
experiment 1 group and experiment 2 group
after intervention was significantly better than
that in the routine rehabilitation group (P <
0.05), while the improvement of hs-CRP, IgA
and IgG in the experiment 2 group after inter-
vention was significantly better than that in the
experiment 1 group (P < 0.05). See Table 3.

Comparison of DA expression levels

There was no evident difference in DA among
the three groups before intervention (P > 0.05).
DA expression level in the three groups of
patients after intervention was significantly
increased (P < 0.05). DA in experiment 1 group
and experiment 2 group was significantly high-
er than that in the routine rehabilitation group
(P < 0.05), while DA in experiment 2 group was
significantly higher than that in experiment 1
group (P < 0.05). See Table 4.
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—— Experiment 2
Experiment 1

54 Routine rehabilitation group

VAS score
e

Figure 2. Comparison of VAS scores of three groups
of patients at different time periods before and after
intervention. There was no evident difference in the
VAS scores of the three groups of patients in TO. The
VAS scores of the patients in T4, T2, T3 and T4 in ex-
periment 1 group and experiment 2 group were sig-
nificantly lower than those in the routine rehabilita-
tion group, while the improvement in the experiment
2 group was significantly better than that in the ex-
periment 1 group. Note: * indicates compared with
routine rehabilitation group or comparison between
the two groups, P < 0.05.

Comparison of QOL-DA scores before and after
intervention in three groups of patients

There was no evident difference in physical
function, psychological function, withdrawal
symptom and social function of QOL-DA scale
before intervention in the three groups of
patients (P > 0.05). After intervention, the
physical function, psychological function, with-
drawal symptom and social function of the
patients in experiment 1 group and experiment
2 group were significantly higher than those in
the routine rehabilitation group (P < 0.05), and
those in experiment 2 group were significantly
higher than those in experiment 2 group (P <
0.05). See Table 5.

Discussion

Amphetamine abuse is very common in clinic.
Repeated use of such drugs will lead to addic-
tion, which is a neuropsychiatric disease and is
believed to be caused by neural adaptation in
cells, tissues and molecules after repeated
use of drugs [18]. Clinical research has shown
that amphetamine addiction have serious men-
tal and medical consequences. At present,
there is no effective auxiliary treatment and
rehabilitation intervention for amphetamine
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addiction [19]. Therefore, finding an early and
effective treatment method is undoubtedly an
urgent problem to be solved.

Studies have shown that amphetamine addic-
tion will have various physical withdrawal symp-
toms during treatment, which will further aggra-
vate the psychological burden of abstainers
and lead to various psychological problems or
emotional disorders [20]. However, studies by
Gimenez-Meseguer J et al. have shown that
physical exercise is of great significance to peo-
ple who rely on or abuse drugs. It can improve
the physical function of patients, eliminate
daily problems, improve emotions, and relieve
psychological stress and anxiety [21]. This
study found that SCL9O, SDS and SAS scores of
patients with amphetamines addiction were
significantly increased. After exercise interven-
tion, the scores in experiment 1 group and
experiment 2 group were significantly lower
than those in the routine rehabilitation group,
and the improvement of scores in experiment 2
group was significantly better than that in
experiment 1 group, indicating that aerobic
exercise+strength exercise could reduce the
anxiety and depression of amphetamines
addiction, and exercise intervention could be
used as a treatment method to assist drug
addiction treatment and to improve the mental
health of amphetamines addiction abstainers.
Smith MA et al. indicated that aerobic exercise
could reduce the self-management of drugs
and other measures of drug seeking behavior,
reduce the self-administration of methamphet-
amine, heroin and other drugs on exercise
wheels or treadmills, and also reduce drug
seeking recovery after abstinence [22].
Therefore, in this study, VAS scores were used
to measure the degree of drug craving of the
three groups of patients in different time peri-
ods during the intervention. It was found that
the VAS scores in T1, T2, T3 and T4 of the
patients in the experiment 1 group and the
experiment 2 group were significantly lower
than those in the routine rehabilitation group,
while those in the experiment 2 group were sig-
nificantly lower than those in the experiment 1
group. This showed that exercise intervention
could better reduce the craving for amphet-
amines addiction, while strengthening exercise
could better reduce the craving for drugs. After
observing the PANSS scores of the three groups
of patients after intervention treatment, it was
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Table 2. Comparison of PANSS scores before and after intervention in three groups of patients (mean + SD)

Positive symptoms Negative symptoms Psychopathology Total score

Group n Before After Before After Before After Before After
intervention intervention intervention intervention intervention intervention intervention  intervention

Routine rehabilitation group 30  24.38+4.23 18.67+4.19 21.69+3.83 14.78+3.72 39.96+3.26 34.76+£3.18 86.03+9.47 68.21+8.47

Experiment 1 group 30 24.76+4.27 14.87+4.26 21.42+3.56 11.75+3.32 39.47+3.23 28.67+3.06 85.65+9.45 55.29+8.21
Experiment 2 group 30 24.95+4.26 11.65+4.13 21.08+3.62 9.36+3.16 40.02+3.21 22.74+3.01 86.05+9.42 43.75%+8.03
F - 0.139 21.060 0.207 19.060 0.261 113.900 0.139 21.060
P - 0.869 <0.001 0.812 < 0.001 0.771 <0.001 0.869 < 0.001
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Table 3. Comparison of immune function indexes before and after intervention in three groups of

patients (mean + SD)

hs-CRP (mg/L) IgA (g/L) 1gG (g/L)

Group n Before After Before After Before After

intervention intervention  intervention intervention intervention  intervention
Routine rehabilitation group 30 2.78+0.27 2.13+0.19 1.88+0.16 1.95+0.17 9.31+0.57 10.48+0.47
Experiment 1 group 30 2.73+0.29 1.83+0.16 1.93+0.13 2.164+0.19 9.46+0.53  12.37+0.49
Experiment 2 group 30 2.67+0.23 1.75+0.18 1.91+0.18 2.28+0.21 9.47+0.59 14.07+0.55
F - 1.301 38.380 0.761 23.020 0.757 380.200
P - 0.277 <0.001 0.470 <0.001 0.471 <0.001

Table 4. Comparison of DA expression levels of three
groups of patients after intervention (mean + SD)

neurotransmitter in the brain, plays an
important physiological function in brain

DA (pg/mg)

motion control, neuroendocrine and

Group n Before

intervention intervention

other aspects, and has become an
important target for research and devel-

Routine rehabilitation group 30 75.04+2.76 78.36+1.15

opment for the treatment of drug depen-
dence, schizophrenia and other diseas-

Experiment 1 group 30 75.16+2.68 91.34+1.09 es [25]. In the study of London ED
Experiment 2 group 30 75.86+2.91 96.54+1.02 amphetamine type stimulants users will
F - 0.758 2222.000 show neurochemical evidence of dopa-
P - 0.471 <0.001 mine system dysfunction and impulsive

found that the positive symptoms, negative
symptoms, psychopathology and total scores
of the experiment 1 group and the experiment
2 group were significantly lower than those of
the routine rehabilitation group, and the
improvement of the experiment 2 group was
significantly better than that of the experiment
1 group, indicating that exercise intervention
could improve the mental health of patients
with mental disorder caused by amphetamine
addiction.

Studies have shown that long-term use of
amphetamine drugs can affect the central ner-
vous system and peripheral immune function of
patients, change immune homeostasis, and
thus promote inflammation [23]. In the study
of Heidarianpour A, moderate exercise can
improve the immune system during morphine
withdrawal syndrome [24]. The results of this
research showed that the improvement of hs-
CRP, IgA and IgG after intervention in experi-
ment 1 group and experiment 2 group was sig-
nificantly better than that in routine rehabilita-
tion group, while the improvement of experi-
ment 2 group after intervention was significant-
ly better than that in experiment 1 group, indi-
cating that exercise intervention activated the
immune system of patients, thus improving the
immune function. Dopamine is an important
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behavior, which will interfere with the

success of treatment for addiction
patients, and increased exercise training can
be used as a means of treatment for addiction
behavior [26]. The results of this research
revealed that dopamine in patients with
amphetamine drug addiction was significantly
reduced, but after exercise intervention, the
level of dopamine was significantly enhanced,
and the expression level in experiment 2 group
was higher than that in experiment 1 group.
This showed that aerobic exercise+strength
exercise could better increase the dopamine
content in patients, improve the mental health
of patients and reduce the patients’ drug crav-
ing. Clinical research showed that the improve-
ment of QOL was one of the main purposes of
treating drug-dependent patients, and the rela-
tionship between life therapy and dependence
needs to be better explored [27]. In this study,
QOL-DA scale was used to evaluate the QOL of
the three groups of patients. It was found that
the QOL-DA scores of experiment 1 group and
experiment 2 group were significantly higher
than that of the routine rehabilitation group
after intervention treatment, while the QOL-DA
scores of experiment 2 group were significantly
higher than that of experiment 1 group. This
showed that the exercise intervention of aero-
bic exercisetstrength exercise could better
improve the withdrawal discomfort during the
withdrawal of amphetamine drug addiction,
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Physical functioning

Psychological function Withdrawal symptom Social functioning Total score

Group n Before After Before After Before After Before After Before After

intervention intervention intervention intervention intervention intervention intervention intervention intervention intervention
Routine rehabilitation group 30  25.87+4.38 29.83+4.51 24.53+4.03 27.31+£3.23 30.48+3.87 38.02+3.84 32.19+3.63 36.38+3.78 113.07£12.47 131.54+12.59
Experiment 1 group 30 25.31+4.32 33.68+4.56 24.16+4.06 29.48+3.76 30.73+3.68 40.39+3.97 32.67+3.61 39.83+3.92 112.87+12.95 143.38+13.46
Experiment 2 group 30 25.62+4.33 37.21+4.13 24.37+4.02 31.72+3.57 31.04+3.85 43.04+3.27 32.74+3.66 40.76+3.95 113.77+12.58 152.73+13.57
F - 0.125 21.070 0.063 11.730 0.163 13.780 0.203 10.590 0.041 32.290
P - 0.882 <0.001 0.938 <0.001 0.849 <0.001 0.816 <0.001 0.959 <0.001
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and improve the physical and mental health
and social functions of patients.

Although this study confirmed that exercise
intervention can improve the drug dependence
of amphetamine-type drug addicts, there is still
room for improvement in this study. For exam-
ple, we can further analyze the risk factors
affecting the adverse prognosis of amphet-
amine-type drug addicts, and we can also refer
to different exercise intervention methods to
observe the improvement degree of amphet-
amine-type drug addicts. In the future, supple-
mentary research will be carried out gradually
from the above perspectives.

To sum up, psychological status, drug craving,
immune function, DA level and QOL of patients
with amphetamine drug addiction have been
improved after exercise intervention.
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