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Abstract
Purpose: This study was conducted in the purpose of investigating the effect of Tai Chi on drug craving
for women with drug disorders.

Methods: 112 women were recruited from a drug rehabilitation center in China, and 47 and 48 were �nally
analyzed in control group and exercise group, respectively. Exercise group underwent a three-month Tai
Chi training, whereas the control group experienced no exercise intervention during the same time period.
The drug craving was measured by visual analogue scale. In data analysis, repeated-measures were
utilized to test the differences between the control and exercise group over the course of the experiment
time.

Results: The mean of the craving score signi�cantly dropped from pre-test (control: mean=5.38, SD=3.04;
exercise: mean=4.68, SD=2.93) to post-test (control: mean=4.03, SD=2.73; exercise: mean=1.91, SD=1.90)
in both groups (control group: t=3.84, df=46, p<0.001; exercise group: t=5.941, df=47, p<0.001), with more
decrease witnessed in the exercise group. Repeated- measures analysis with a Huynh-Feldt correction
showed the signi�cant effect of time (F=27.383, p<0.001) as well as the study group by time interaction
(F=3.52, p=0.024).

Conclusion: Tai Chi can ameliorate the drug craving in women and it could be a supportive treatment for
drug addiction. 

1. Introduction
Drug addiction has become a worldwide problem. According to World Drug Report 2018, around
275 million individuals, about 5.6% of worldwide population, have utilized drugs at least once [1]. Drug
addiction can lead to a great variety of disorders and around 31 million people are suffering from the
disorders [1]. Impaired brain function has been found to be one of the main disorders, usually
accompanied by defective cognitive function, depression and drug craving [2, 3, 4, 5]. Moreover, the high
relapse rate, a most common trait of drug use, largely hinders the e�cacy of the drug addiction treatment
[6]. Therefore, it is important for individuals who have drug dependence to accept effective and safe
therapeutic treatment.

As the most common drug addiction treatment, medication or behavioral technique only show modest,
even poor performance [7, 8]. As a result, scholars started to explore novel treatments for drug addiction,
with exercise being one of them. Studies have consistently found the bene�ts of exercise in drug
addiction treatment. Lynch et al. reviewed previous �ndings and concluded that exercise can not only
serve to prevent drug use, but also reduce the relapse rate at the same time [9]. Indeed, exercise is found
to play an effective role in ameliorating depression or anxiety and improve cognitive ability in
methamphetamine (MA)-dependent individuals [10]. In fact, some studies reported that aerobic exercise
even decreases drug craving in MA and cannabis [11, 12]. Taken together, previous �ndings have shown
the advantages of exercise in drug addiction treatment.
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Tai Chi (Taiji, Tai Chiquan) is a traditional Chinese mind-body health practice. By its de�nition, the
exercise bene�ts both physical and mental health [13, 14], with its focused and slow movement helping
release the muscle tension, as well as regulate and calm emotions. Some studies documented that Tai
Chi might be a novel approach to treat addiction. Liu et al. reported that Tai Chi effectively reduces the
level of smartphones addiction [15]. Zhu et al. indicated that Tai Chi could improve the life quality of MA
type stimulant dependences [16]. Moreover, both Xu et al. and Lim et al. found that one’s cognitive
function is improved after certain engagement with Tai Chi training [17, 18] while it is worth pointing out
that cognitive function enhancing training is considered as an approach for addiction treatment [19].
However, few studies have been conducted so far to look speci�cally into the effect of Tai Chi on drug
craving. Craving inhibition can contribute to lower relapse [20]. Thus, this article is based on data from a
randomized controlled trial assessing the effect of Tai Chi on drug craving in long-term drug dependent
women.

2. Methods

2.1. Study Design
This study is a randomized controlled trial, designed to test the effect of a traditional Chinese exercise,
Tai Chi, on individuals with drug dependence. There were two groups, control group and exercise group
(with the intervention of Tai Chi training), both of which accepted traditional addiction treatments,
including psychological counseling, law education and in group mutual-help. Exercise group was
participating Tai Chi training. All participants’ drug craving score was designed to be assessed at four
time points - baseline, one month, two months and three months after the baseline. Approval of this study
was obtained from the Ethic Committee of Institute of Intelligent Machines, Chinese Academy of
Sciences, Hefei. All methods were performed in accordance with relevant guidelines and regulations. The
study registered in Chinese Clinical Trial Registry before participants enrollment and clinical trial register
number is ChiCTR1900026773 (date of �rst registration: 21/10/2019). As registered, this study should
have lasted for six months, from October 2019 to May 2020. However, only a three-month long Tai Chi
training could be �nished before the outbreak of COVID-19. All participants were informed of the study
content and signed written informed consent prior any assessments.

2.2. Participants
The sample size estimation used the power calculation, conducted by G*Power (3.1.9.7). The estimated
parameters were α = 0.05, power = 0.8 and size effect = 0.25. The size effect value was according to a
meta-analysis conducted by Etnier (1997) [21] and other two similar studies that were assessing the
effect of exercise on drug craving [11, 22]. The estimated total sample size was 95 and considering the
possible drop outs, this study recruited 112 drug dependent women, from Women Speci�c Drug
Rehabilitation Center, Hefei, Anhui, China. The inclusion criteria were (1) women who were using illicit
drugs more than six months; (2) they were in non-acute detoxi�cation period. The exclusion criteria were
(1) having severe basic diseases; (2) cannot do Tai Chi exercise; (3) cannot �nish the six-month training;
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(4) less than 16 or more than 60 years old; (5) medical history against exercise training. Of the 112
volunteers, 101 participants met the criteria and were randomly allocated to control group and exercise
group.

2.3. Randomization and Intervention
Participants were randomly assigned to exercise group or control group. The random assignments were
implemented by an independent researcher who did not know the experimental procedures and the
allocation outcomes were delivered in sequentially numbered, opaque, sealed envelopes. Participants in
both groups received psychological counseling, law and anti-drug education including the in�uence of
drug use on individuals, family, and society and mutual-help in group. Exercise group received a three-
month Tai Chi training, with two sessions per day and �ve training days per week. In the �rst week, a
counseling class was provided to arouse participants’ interest in Tai Chi, along with a professional Tai Chi
instructor coaching on site and correcting movements during the training. The attendance of training was
recorded by a researcher. In this study, Tai Chi was considered as a moderate-intensity aerobic exercise,
rather than a material art or Kungfu. Different from normal exercises, Tai Chi requires participants to keep
a peaceful mind state and stay focused during the training. Their mind needs to settle as ‘still water’,
which is similar to a meditation process. The Tai Chi participants played in this study contained 24
movements and usually spent around 5 minutes. Participants were repeating the 24 movements for
around 30 minutes per session. During the study, all participants were not accessible to any types of
drugs, including prescription medication, such as methadone.

2.4. Outcome and Measurement
The primary and only outcome of this study was craving score, assessed by cue-induced drug craving
assessment. The measurement was visual analogue scale (VAS) that is used in psychometric �eld to
measure subjective characteristics or attitudes that cannot be directly scaled [23]. Each individual was
asked to mark their desire for drugs in a 10 centimeters long line that was equally divided into 10
segments and was marked from 0 to 10, when they were shown drug-related pictures. The larger score
represents higher level of craving. For example, the left end (0) means ‘no craving at all’ and the right end
(10) means ‘desperate for drug’. All participants accepted this assessment in the beginning of this study
(baseline) and at the end of each month after the start of the intervention, four times in total. All four-time
assessments were conducted by same researcher, who was blinded to the groups. In addition,
questionnaires collected participants’ background information and other potential risk factors, including
age, education, types of drugs, the age of the �rst-time consuming drugs, the duration of using drug
(years), abstinent time (months), the frequency of using drugs (days per week), smoking and excessive
drinking (more than four times per week).

2.5. Statistical analysis
This study used intention-to-treat analysis and utilized multiple imputation to �ll the missing data, caused
by dropout [24, 25]. Participants who �nished the baseline assessment were taken account into �nal data
analysis. Independent t-test was utilized to analyze the difference of the baselines between exercise and
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control groups. The difference of drug craving between groups and within group at four time-points was
tested by repeated-measures analysis of variance (ANOVA). Paired t-test was utilized to con�rm the
difference of craving results from pre-and post-intervention. The con�dence interval was 95% in this
study and the differences were considered statistically signi�cant when p value was less than 0.05. The
results were presented by SPSS 25.

3. Results
This study �nished recruitment in the end of October 2019 and the intervention was from October 2019 to
May 2020. There were 101 participants were randomly assigned to exercise group and control group.
from Three participants in each group dropped out before receiving baseline assessment. At the end of
this study, there were 36 participants left in control group, with two dropouts in month 1, two in month 2
and seven in month three. In exercise group, 41 participants left, with two dropped out in month 1, four in
month 2 and one in month 3. Details of enrollment and dropouts are shown in Fig. 1. Seventy-seven
participants �nished the three-month Tai Chi training, 41 in exercise group and 36 in control group.
According to intention-to-treat principle, data from 95 participants, aged from 17 to 55, including 18
dropouts, were analyzed, 47 from control group and 48 from exercise group. There was no crossover
situation in this study. The baseline data and background information are shown in Table 1. Except the
duration of drug use, other indexes did not have statistically signi�cant difference. Of 95 participants, 69
were MA-dependence, seven being heroin-dependence, two using other illicit drugs and the rest of them
were polydrug-dependence that is individuals who were using more than one drugs, including heroin,
ecstasy, MA or ketamine.

Figure 1 CONSORT �ow diagram.
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Table 1
Baseline demographic and clinical characteristics of participants

Indexes Mean (SD c)

  Control group Exercise group

Craving score a (baseline) 5.38 (3.04) 4.677(2.93)

Age 34.04(8.73) 32.54(8.18)

Age of the �rst-time consuming drugs (age) 23.40 (6.72) 23.23 (5.98)

The duration of using drugs (years) 10.55 (8.42) 8.39 (5.18) *

Abstinent time (months) 12.62 (6.11) 9.46 (6.11)

Frequency of using drugs (days/ week) 4.63 (3.43) 4.20 (2.61)

Education (years) 8.84 (2.90) 9.23 (2.61)

Excessive drinking b 43% (n = 20) 33% (n = 16)

Smoking 98% (n = 46) 90% (n = 43)

* Statistically signi�cant difference between control group and exercise group

a The craving score was assessed by visual analogue scale

b Drinking more than 5 times per week

c SD: standard deviation

Figure 2 and Table 2 demonstrate the change of craving score in both groups. In control group, the
craving score showed the reducing trend and it decreased from baseline (mean = 5.38, SD = 3.04) to
month one (mean = 4.97, SD = 2.88) to month two (mean = 4.75, SD = 2.95) to month three (mean = 4.03,
SD = 2.73). In exercise group, the craving score also had decreasing trend, but sharper. It dropped from
baseline (mean = 4.68, SD = 2.93), to month one (mean = 4.03, SD = 2.98) to month two (mean = 3.25, SD 
= 2.52) to month three (mean = 1.92, SD = 1.91). The paired t-test examined the signi�cant change
between pre- and post-intervention in both groups (control group: t = 3.84, df = 46, p < 0.001; exercise
group: t = 5.94, df = 47, p < 0.001). As shown in Table 3, the repeated-measures ANOVA with a Huynh-Feldt
correction determined that the mean value of drug craving was signi�cantly different between
assessment stages (baseline, month one, month two and month three) (F = 27.383, df = 2.362, P < 0.001).
The effects of time-by-group were also signi�cant (F = 3.520, df = 2.362, p = 0.024).

Figure 2 The trend of mean craving score in exercise and control groups.
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Table 2
Mean (SD) craving scores in exercise and control group cross time

Groups Baseline
Mean (SD a)

Month one
Mean (SD)

Month two
Mean (SD)

Month three
Mean (SD)

Paired t-test*

t (df) p
value

Exercise
group

4.68(2.93) 4.03(2.98) 3.25(2.52) 1.92(1.91) 5.94
(47)

p < 
0.001

Control
group

5.38(3.05) 4.97(2.88) 4.75(2.95) 4.03(2.73) 3.84
(46)

p < 
0.002

a SD: standard deviation

* Paired t-test compared the craving scores between pre-test (baseline) and post-test (month three).

Table 3
Results of repeated-measures ANOVA measuring changes in craving score across

intervention study time-points

Repeated-measures ANOVAa Time Study group x time

F (df) P value F (df) P value

  27.383 (2.362) < 0.001 3.520 (2.362) 0.024

a ANOVA: analysis of Variance

4. Discussion

4.1. Main �ndings
The aim of this study is to assess the effect of Tai Chi on drug craving in long-term drug-dependent
women. Comparison between exercise group and control group was made and the results show that 1)
the mean drug craving score was decreasing in both groups; 2) repeated-measures and paired t-test
showed the signi�cant decrease of craving score across time and signi�cant difference between groups.
The results indicate that although drug craving score in both groups was decreasing, it dropped greater
and faster in exercise group. Previous studies have not researched the effect of Tai Chi on drug craving,
but research has been done on normal aerobic exercise. Wang et al. reported the similar results in a study
of aerobic exercise applied in MA dependent individuals [11]. In their 12-week study, the craving score of
exercise group dropped from around six to two and that of control group decreased from around six to
�ve. The in�uence of aerobic exercise on craving was also found on cannabis-dependent adults. After a
2-week aerobic exercise training, the participants’ cannabis craving signi�cantly decreased [12]. Although
the participants from these two studies mentioned above and current study vary in age, sex, race and the
type of drug use, and despite the difference in exercise being involved in the study design, these studies
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share the common argument that aerobic exercise or Tai Chi can contribute to the reduction of drug
craving.

One possible explanation of the bene�cial effect of Tai Chi on drug craving would be that the impaired
dopaminergic system caused by drug use made recovery during exercises. Drug use can result in the
de�cits of dopamine receptors and transporters [26, 27]. Reduction of dopamine receptors can result in a
state of anhedonia and this may cause more use of drugs [28, 29]. Exercises would grow the
concentration of dopamine and increase the receptors of dopamine [9, 30]. In an animal study, aerobic
exercise contributed to the increase of dopamine D2 receptors in rats [31]. Robertson et al. indicated that
increased striatal dopamine D2/D3 receptors in MA-dependences are found after structured exercise
training [33]. These �ndings support the idea that exercise may reduce drug craving.

Different from normal aerobic exercise, Tai Chi, the mind-body practice, requires participants to keep a
peaceful and focused mind state during the whole process. Thus, Tai Chi is also called moving
meditation and its mindfulness and spiritual focus are believed to be bene�cial to craving decrease. The
mindfulness-based approach can develop an insight that allows substance dependent individuals to
have an aware reaction rather than an automatic respond when they are confronting desire or craving for
the substance [33]. Tang et al. reported that mindfulness meditation can improve reduced activity in
anterior cingulate cortex and adjacent prefrontal cortex to prevent and treat addiction [34]. In clinical
trials, Vidrine et al. reported that mindfulness-based addiction treatment might prevent patients from
deteriorating from early lapses and subsequently progressing to full relapse [35]. A 12-week and a 15-
week follow-up studies demonstrated that meditation or mindfulness-based training can reduce drug
craving or drug use [36, 37].

The spiritual focus, which is trained and enhanced during Tai Chi exercise [38, 39], can also contribute to
craving reduction. The role of spirituality in addiction treatment has been proved by numerous studies
and acknowledgement in some recovery programs [40]. Spiritual power is proved to have positive
in�uence in alcohol addiction treatment [41]. For example, Alcoholics Anonymous, which has helped
millions of individuals, is rooted in spirituality [42]. Attending substance abuse help group is identi�ed as
‘spiritual power’ [43]. Avants et al. found that Spiritual Self-Schema therapy, a spiritual training practice,
effectively decrease heroin and cocaine use [44]. Moreover, spiritual focus is used to relieve depression
and anxiety [45, 46], which are ones of the main disorders of drug use in the �rst place [47].

4.2. Study limitations
This study only recruited female volunteers and the �ndings could not be applied to their opposite gender
without experiment with.

5. Conclusion
This study showed that Tai Chi has a positive effect on reducing drug craving in drug dependent women.
Based on the �ndings, Tai Chi can be used for reducing drug craving as a supportive treatment method,
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working as an effective approach to be combined with traditional techniques in drug addiction treatment.
In the future, studies may focus on the mechanism of how exercise affects drug craving and the change
of dopamine receptors.

Declarations
Acknowledgement

Authors wish to thank all volunteers in this study.

Authors would like to extend their sincere thanks to Teresa So for English editing service.

Authors would also like to thank Ting Sun for providing study design and statistical analysis
suggestions.

Funding

This work was supported by the National Natural Science Foundation of China (No. 61701482), Natural
Science Foundation of Anhui Province, China (No. 1808085MF191).

Author contributions

MW was responsible for all the data collection and paper writing.

YC was responsible for the project administration, writing and reviewing the paper.

 Z was investigating the background information and writing the 'Introduction'

HL and CY were responsible for the coordination of venue and personnel, especially in corporating data
collection. 

JL and YX were doing Data curation and writing the 'Method'

ZD provided the fundings.

ZM and YS was responsible for the project administration and supervision, as well as writing the
conclusion.

Declaration of interest statement

No potential con�ict of interest was reported by the authors.

References



Page 11/15

1. World Drug Report 2018. (2018). Executive summary conclusions and policy implications. United
Nations O�ce on Drugs and Crime. https://www.unodc.org/wdr2018/en/topics.html

2. Koob, G. F. & Volkow, N. D. Neurobiology of addiction: a neurocircuitry analysis. Lancet Psychiatry. 3
(8), 760–773 (2016). DOI: 10.1016/S2215-0366(16)00104-8.

3. Volkow, N. D. The reality of comorbidity: depression and drug abuse. Biological Psychiatry. 56 (10),
714–717 (2004). DOI: 10.1016/j.biopsych.2004.07.007.

4. Lundqvist, T. Imaging cognitive de�cits in drug abuse. In: Self D., Staley Gottschalk J. (eds)
Behavioral Neuroscience of Drug Addiction, Current Topics in Behavioral Neurosciences. 3, 247–275
(Springer, 2009). DOI:10.1007/7854_2009_26.

5. Sayette, M. A. The role of craving in substance use disorders: theoretical and methodological issues.
Annu. Rev. Clin. Psychol. 12 (1), 407–433 (2016). DOI: 10.1146/annurev-clinpsy021815-093351.

�. World Drug Report 2018. (2018). Drugs and age - drugs and associated issues among young people
and older people. United Nations O�ce on Drugs and Crime.
https://www.unodc.org/wdr2018/en/topics.html

7. Hadland, S. E. et al. Receipt of timely addiction treatment and association of early medication
treatment with retention in care among youths with opioid use disorder. JAMA Pediatr. 172(11),
1029–1037 (2018). DOI:10.1001/jamapediatrics.2018.2143

�. Kampman, K., & Jarvis, M. American society of addiction medicine (ASAM) national practice
guideline for the use of medications in the treatment of addiction involving opioid use. J. Addict.
Med. 9 (5), 358–367 (2015). DOI:10.1097/ADM.0000000000000166

9. Lynch, W. J., Peterson, A. B., V. Sanchez, J. Abel, M.A. Smith, Exercise as a novel treatment for drug
addiction: a neurobiological and stage-dependent hypothesis, Neurosci. Biobehav. Rev. 37 (8), 1622–
1644 (2013). DOI:10.1016/j.neubiorev.2013.06.011

10. Huang, J., Zheng, Y., Gao, D., Hu, M. & Yuan, T. Effects of exercise on depression, anxiety, cognitive
control, craving, physical �tness and quality of life in methamphetamine-dependent patients. Front
Psychiatry. 10, 999 (2020). DOI:10.3389/fpsyt.2019.00999

11. Wang, D., Zhu, T., Zhou, C., & Chang, Y. K. Aerobic exercise training ameliorates craving and inhibitory
control in methamphetamine dependencies: A randomized controlled trial and event-related potential
study. Psychol. Sport Exerc. 30, 82–90 (2017). DOI:10.1016/j.psychsport.2017.02.001.

12. Buchowski, M. S., et al. Aerobic exercise training reduces cannabis craving and use in non-treatment
seeking cannabis-dependent adults. PLoS One. 6 (3), e17465 (2011). DOI:
10.1371/journal.pone.0017465.

13. Klein, P. J. & Adams, W. D. Comprehensive therapeutic bene�ts of Taiji: a critical review. Am. J. Phys.
Med. Rehabil. 83 (9), 735–745 (2004). DOI:10.1097/01.PHM.0000137317.98890.74.

14. Nedeljkovic, M., Ausfeld-Hafter, B., Streitberger, K., Seiler, R. & Wirtz, P. H. Taiji practice attenuates
psychobiological stress reactivity – a randomized controlled trial in healthy subjects.
Psychoneuroendocrinology. 37 (8), (2012) 1171–1180. DOI: 10.1016/j.psyneuen.2011.12.007.



Page 12/15

15. Liu, S., Xiao, T., Yang, L. & Loprinzi, P. D. Exercise as an alternative approach for treating smartphone
addiction: a systematic review and meta-analysis of random controlled trials. Int. J. Environ Res.
Public Health. 16 (20), 3912 (2019). DOI:10.3390/ijerph16203912.

1�. Zhu, D., Xu, D., Dai, G., Wang, F., Xu, X. & Zhou, D. Bene�cial effects of Tai Chi for amphetamine-type
stimulant dependence: a pilot study. Am. J. Drug Alcohol Abuse. 42 (4), 469–478 (2016).
DOI:10.3109/00952990.2016.1153646.

17. Xu, F. et al., Effect of a combined Tai Chi, resistance training and dietary intervention on cognitive
function in obese older women. J. Frailty Aging. 6 (3), 167–171 (2017). DOI: 10.14283/jfa.2017.16.

1�. Lim, K. H., Pysklywec, A., Plante, M. & Demers, L. The effectiveness of Tai Chi for short-term cognitive
function improvement in the early stages of dementia in the elderly: a systematic literature review.
Clin. Interv. Aging. 14, 827–839 (2019). DOI:10.2147/CIA.S202055.

19. Sofuoglu, M., Sugarman, D. E. & Carroll, K. M. Cognitive function as an emerging treatment target for
marijuana addiction. Exp. Clin. Psychopharmacol. 18 (2), 109–119 (2010). DOI: 10.1037/a0019295.

20. Paliwal, P., Hyman, S. & Sinha, R. Craving predicts time to cocaine relapse: further validation of the
Now and Brief versions of the cocaine craving questionnaire. Drug Alcohol Depend. 93 (3), 252–259
(2008). DOI: 10.1016/j.drugalcdep.2007.10.002.

21. Etnier, J. L.et al. The in�uence of physical �tness and exercise upon cognitive functioning: a meta-
analysis. J. Sport Exerc. Psychol. 19 (3), 249–277 (1997).

22. Ellingsen, M. M., Johannesen, S. L. Martinsen, E. W., Dahl, S. R. & Hallgren, M. Effects of acute
exercise on drug craving, self-esteem, mood, and affect in adults with polysubstance use disorder:
protocol for a multicenter randomized controlled trial. J. Med. Internet Res. 9 (10), e18553 (2020).
DOI: 10.2196/18553

23. Crichton, N. Information point: visual analogue scale. J Clin Nurs. 10, 697–706 (2001).

24. Jakobsen, J. C., Gluud, C. & Wetterslev, J. When and how should multiple imputation be used for
handling missing data in randomized clinical trials – a practical guide with �owcharts. BMC Med.
Res. Methodol. 17 (162), (2017). DOI: 10.1186/s12874-017-0442-1.

25. Ibrahim, J. G., Chu, H. & Chen, M.H. Missing data in clinical studies: issues and methods. J. Clin.
Oncol. 30 (26), 3297–3303 (2012). DOI: 10.1200/JCO.2011.38.7589

2�. McCann, U. D. et al. Persistent cognitive and dopamine transporter de�cits in abstinent
methamphetamine users. Synapse. 62, 91–100 (2008).

27. Volkow, N. D. & Morales, M. The brain on drugs: from reward to addiction. Cell. 162 (4), 712–725
(2015). DOI: 10.1016/j.cell.2015.07.046.

2�. Heshmati, M. & Russo, S. J. Anhedonia and the brain reward circuitry in depression. Curr. Behav.
Neurosci. Rep. 2, 146–153 (2015). DOI: 10.1007/s40473-015-0044-3.

29. Leventhal, A. M. et al. Anhedonia associated with stimulant use and dependence in a population-
based sample of American adults. Exp. Clin. Psychopharmacol. 18 (6), 562–569 (2010). DOI:
10.1037/a0021964



Page 13/15

30. Greenwood, B. N. et al. Long-term voluntary wheel running is rewarding and produces plasticity in the
mesolimbic reward pathway. Behav. Brain. Res. 217 (2), 354–362 (2011). DOI:
10.1016/j.bbr.2010.11.005.

31. Robison, L. S., Swenson, S., Hamilton, J. & Thanos, P. K. Exercise reduces dopamine D1R and
increases D2R in rats. Medicine & Science in Sports & Exercise. 50 (8), 1596–1602 (2018).
DOI:10.1249/mss.0000000000001627.

32. Robertson, C. et al. Effect of exercise training on striatal dopamine D2/D3 receptors in
methamphetamine users during behavioral treatment. Neuropsychopharmacol. 41, 1629–1636
(2016). DOI: 10.1038/npp.2015.331.

33. Hsu, S. H., Grow, J. & Alan Marlatt, G. Mindfulness and Addiction. In: Kaskutas L., Galanter M. Recent
Developments in Alcoholism (eds) 229–250 (Springer, 2008). DOI: 10.1007/978-0-387-77725-2_13.

34. Tang, Y. Y., Tang, R. X. & Posnerc, M.I. Mindfulness meditation improves emotion regulation and
reduces drug abuse. Drug Alcohol Depend. 163, S13-S18 (2016).
https://doi.org/10.1016/j.drugalcdep.2015.11.041

35. Vidrine, J. I. et al., E�cacy of mindfulness-based addiction treatment (MBAT) for smoking cessation
and lapse recovery: A randomized clinical trial. J. Consult Clin. Psychol. 84 (9), 824–838 (2016). DOI:
10.1037/ccp0000117

3�. Chen, K. W., Berger, C.C., Gandhi, D., Weintraub, E. & Lejuez, C.W. Adding integrative meditation with
ear acupressure to outpatient treatment of cocaine addiction: A randomized controlled pilot study.
The Journal of Alternative and Complementary Medicine. 19 (3), 204–210 (2013).
http://doi.org/10.1089/acm.2011.0311

37. Witkiewitz, K. et al., Randomized trial comparing mindfulness-based relapse prevention with relapse
prevention for women offenders at a residential addiction treatment center. Subst. Use Misuse. 49
(5), 536–546 (2014). DOI:10.3109/10826084.2013.856922

3�. Zhang, L., Layne, C., Lowder, T. & Liu, J. A review focused on the psychological effectiveness of tai
chi on different populations. Evid. Based Complement Alternat. Med. 2012, 678107 (2012). DOI:
10.1155/2012/678107.

39. Rogers, C. E., Larkey, L. K. & Keller, C. A review of clinical trials of tai chi and qigong in older adults.
West J. Nurs. Res. 31(2), 245–279 (2009). DOI: 10.1177/0193945908327529.

40. M. Galanter, Spirituality and addiction: a research and clinical perspective, American Journal on
Addictions. 15 (4), 286–292 (2006). DOI: 10.1080/10550490600754325.

41. Tonigan, J., Miller, W. & Connors, G. Project MATCH client impressions about alcoholics anonymous:
measurement issues and relationship to treatment outcome. Alcohol Treat Q. 18 (1), 25–41 (2000).
DOI: 10.1300/J020v18n01_02.

42. Warne, D. Alcoholism and Substance Abuse, In Integrative Medicine. (Fourth ed.) 818–828.e2
(Elsevier, 2018). DOI: 10.1016/B978-0-323-35868-2.00083-9.

43. McClure, P. K. & Wilkinson, L. R. Attending substance abuse groups and identifying as spiritual but
not religious. Rev. Relig. Res. 62 (2), 197–218 (2020). DOI: 10.1007/s13644-020-00405-2.



Page 14/15

44. Avants, S.K., Beitel M. & Margolin, A. Making the shift from ‘addict self’ to ‘spiritual self’: results from
a Stage I study of Spiritual Self-Schema (3-S) therapy for the treatment of addiction and HIV risk
behavior. Ment. Health Relig. Cult. 8 (3), 167–177 (2005). DOI:10.1080/13694670500138924.

45. Galanter, M. The ‘‘relief effect’’: a sociobiologic model for neurotic distress and large-group therapy.
Am. J. Psychiatry. 135 (5), 588–591 (1978). DOI: 10.1176/ajp.135.5.588.

4�. Borg, J., Bengt, A., Soderstrom, H. & Farde, L. The serotonin system and spiritual experiences. Am. J.
Psychiatry. 160 (11), 1965–1969 (2003). DOI:10.1176/appi.ajp.160.11.1965

47. Kelly, T.M. & Daley, D.C. Integrated treatment of substance use and psychiatric disorders. Soc. Work
Public Health. 28 (0), 388–406 (2013). DOI:10.1080/19371918.2013.774673.

Figures

Figure 1

CONSORT �ow diagram.
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Figure 2

The trend of mean craving score in exercise and control groups.


