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Abstract

This study was conducted in the purpose of investigating the effect of Tai Chi on drug
craving for women with drug disorders. One hundred twelve women were recruited from
a drug rehabilitation center in China, and 47 and 48 were finally analyzed in the control
group and exercise group, respectively. The exercise group underwent a 3-month Tai Chi
training, whereas the control group experienced no exercise intervention during the same
time period. The drug craving was measured by the visual analog scale. In data analy-
sis, repeated-measures were utilized to test the differences between the control and exer-
cise group over the course of the experiment time. The mean of the craving score sig-
nificantly 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 anal-
ysis with a Huynh-Feldt correction showed the significant effect of time (F'=27.383,
p<0.001) as well as the study group by time interaction (F=3.52, p=0.024). Tai Chi
can ameliorate the drug craving in women and it could be a supportive treatment for drug
addiction.
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Drug addiction has become a worldwide problem. According to the World Drug Report

(2018), around 275 million individuals, about 5.6% of the worldwide population, have uti-
lized drugs at least once. Drug addiction can lead to a great variety of disorders and around
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31 million people are suffering from the disorders (World Drug Report, 2018). Impaired
brain function has been found to be one of the main disorders, usually accompanied by
defective cognitive function, depression, and drug craving (Lundqvist, 2009; Sayette, 2016;
SAMHSA 2020). Moreover, the high relapse rate, the most common trait of drug use,
largely hinders the efficacy of drug addiction treatment (World Drug Report, 2018). There-
fore, 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 techniques
only show modest, even poor performance (Kampman & Jarvis 2015; Hadland et al.,
2018; Acheson et al., 2022), scholars started to explore novel treatments for drug addic-
tion, with exercise being one of them. Studies have consistently found the benefits of exer-
cise in drug addiction treatment. Lynch et al. (2013) reviewed previous findings and con-
cluded that exercise can not only serve to prevent drug use, but also reduce the relapse
rate at the same time. Indeed, exercise is found to play an effective role in ameliorating
depression or anxiety and improve cognitive ability in methamphetamine (MA)—dependent
individuals (Huang et al., 2020). In fact, some studies reported that aerobic exercise even
decreases drug craving in MA and cannabis (Buchowski et al., 2011; Wang et al., 2017).
Taken together, previous findings have shown the advantages of exercise in drug addiction
treatment.

Tai Chi (Taiji, Tai Chiquan) is a traditional Chinese mind-body health practice. By its
definition, exercise benefits both physical and mental health (Hu et al., 2021; Nedeljkovic
et al., 2012), with its focused and slow movement helping release 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. (2019) reported that Tai Chi effectively reduces the
level of smartphone addiction. Zhu et al. (2016) indicated that Tai Chi could improve the
life quality of MA-type stimulant dependences. Moreover, both Xu et al. (2017) and Lim
et al. (2019) found that one’s cognitive function is improved after certain engagement with
Tai Chi training, while it is worth pointing out that cognitive function enhancing training is
considered an approach for addiction treatment (Garland & Howard, 2018). However, few
studies have been conducted so far to look specifically into the effect of Tai Chi on drug
craving. Craving inhibition can contribute to lower relapse (Paliwal et al., 2008). 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.

Methods
Study Design

This study is a randomized controlled trial, designed to test the effect of a traditional Chi-
nese exercise, Tai Chi, on individuals with drug dependence. There were two groups, the
control group and the exercise group (with the intervention of Tai Chi training), both of
which accepted traditional addiction treatments, including behavioral counseling, mental
health treatment, and long-term follow-up, which are included in the National Institute on
Drug Abuse (2019). The specific treatments were psychological counseling, law educa-
tion, and group mutual help. The exercise group was participating in Tai Chi training. All
participants’ drug craving score was designed to be assessed at four time points—base-
line, 1 month, 2 months, and 3 months after the baseline. All methods were performed in
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accordance with relevant guidelines and regulations. Approval of this study was obtained
from the Local Ethic Committee of the Institute. The study was registered in the Chinese
Clinical Trial Registry (ChiCTR1900026773, date of first registration: 21/10/2019) before
participants’ enrollment. This study should have lasted for 6 months, from October 2019
to May 2020. However, only a 3-month-long Tai Chi training could be finished before the
outbreak of COVID-19. All participants were informed of the study content and signed
written informed consent prior to any assessments. If participants were under 18 years old,
the consent was obtained from their parents or legal guardians and themselves.

Participants

The sample size estimation used the power calculation, conducted by G*Power (3.1.9.7).
The estimated parameters were a=0.05, power=0.8, and size effect=0.25. The size effect
value of chronic aerobic exercise on psychological symptoms was referenced from a meta-
analysis conducted by Etnier et al. (1997) and Rosenbaum et al. (2014). The estimated total
sample size was 95 and considering the possible dropouts, this study recruited 112 drug-
dependent women, from a local compulsory isolation rehabilitation center. The center is
a government agency, with professional doctors and medical staff. The inclusion criteria
were (1) women who were using illicit drugs for more than 6 months; and (2) they were
in a non-acute detoxification period, more than 2 weeks since the last time using drugs,
given the acute phase of MA or opioid withdrawal symptoms would last around 7-10 days
(McGregor et al., 2005; NIDA 2018). The exclusion criteria were (1) having severe basic
diseases; (2) cannot do Tai Chi exercise; (3) cannot finish the 6-month training; (4) less
than 16 or more than 60 years old; (5) medical history against exercise training; and (6)
have to use prescription medication for addiction treatment, such as methadone or naltrex-
one, based on the suggestion from medical staff, since managing medication would largely
affect the drug craving and this could influence the effectiveness of Tai Chi. Of the 112
volunteers, 101 participants met the criteria and were randomly allocated to the control
group and exercise group.

Randomization and Intervention

Participants were randomly assigned to an exercise group or a control group. The random
assignments were implemented by an independent researcher who did not know the experi-
mental procedures and the allocation outcomes were delivered in sequentially numbered,
opaque, and sealed envelopes. Participants in both groups received behavioral counseling,
mental health treatment, and long-term follow-up treatments, including psychological
counseling, law and anti-drug education including the influence of drug use on individuals,
family, and society, and mutual help in the group. The exercise group received a 3-month
Tai Chi training, with two sessions per day and 5 training days per week. In the first 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 a moderate-intensity aerobic exercise, rather than a material art or kung
fu. 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 24 move-
ments and usually spent around 5 min. Participants were repeating the 24 movements for
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around 30 min per session. During the study, all participants were not able to access to any
types of drugs, including prescription medication such as methadone.

Outcome and Measurement

The primary and only outcome of this study was the craving score, assessed by cue-
induced drug craving assessment. The measurement was a visual analog scale (VAS) that
is used in the psychometric field to measure subjective characteristics or attitudes that can-
not be directly scaled (Crichton, 2001). The validation and reliability of VAS in addiction
were verified in pain feeling and psychological measurement (Price et al., 1983; Sung &
Wu, 2018) and this scale has been consistently used in cue-induced drug craving assess-
ment (Buchowski et al., 2011; Rawson et al., 2015; Wang et al., 2017). Each individual
was asked to mark their desire for drugs in a 10-cm-long line that was equally divided
into 10 segments and was marked from O to 10 when they were shown drug-related pic-
tures. The larger score represents a higher level of craving. For example, the left end (0)
means “no craving at all” and the right end (10) means “desperate for a drug.” All partici-
pants 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 the same researcher, who was blinded to the groups. In addition, ques-
tionnaires collected participants’ background information and other potential risk factors
including age, education, types of drugs, the age of the first time consuming drugs, the
duration of using the drug (years), abstinent time (months), the frequency of using drugs
(days per week), smoking, and excessive drinking (more than four times per week).

Statistical Analysis

This study used intention-to-treat analysis and utilized multiple imputations to fill the miss-
ing data, caused by dropouts (Ibrahim et al., 2012; Jakobsen et al., 2017). Participants who
finished the baseline assessment were taken account into the final data analysis. An inde-
pendent #-test was utilized to analyze the difference of the baselines between exercise and
control groups. The difference of drug craving between groups and within the group at four
time points was tested by repeated-measures analysis of variance (ANOVA). A paired t-test
was utilized to confirm the difference of craving results from pre- and post-intervention.
The confidence interval was 95% in this study and the differences were considered statisti-
cally significant when p value was less than 0.05. The results were presented by SPSS 25.

Results

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

Figure 2 and Table 2 demonstrate the change of craving score in both groups. In the
control group, the craving score showed a reducing trend and it decreased from baseline
(mean=>5.38, SD=3.04) to month 1 (mean=4.97, SD=2.88) to month 2 (mean=4.75,
SD=2.95) to month 3 (mean=4.03, SD=2.73). In the exercise group, the craving score
also had decreasing trend, but sharper. It dropped from baseline (mean=4.68, SD=2.93)
to month 1 (mean=4.03, SD=2.98) to month 2 (mean=3.25, SD=2.52) to month 3
(mean=1.92, SD=1.91). The paired #-test examined the significant 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 sig-
nificantly different between assessment stages (baseline, month 1, month 2, and month
3) (F=27.383, df=2.362, p<0.001). The effects of time-by-group were also significant
(F=3.520, df=2.362, p=0.024).

Discussion
Main Findings
The aim of this study is to assess the effect of Tai Chi on drug craving in long-term drug-

dependent women. A comparison between the exercise group and control group was made

Table 1 Baseline demographic and clinical characteristics of participants

Indexes Mean (SD)
Control group Exercise group

Craving score® (baseline) 5.38 (3.04) 4.677 (2.93)
Age 34.04 (8.73) 32.54 (8.18)
Age of the first 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 drinkingb 43% (n=20) 33% (n=16)
Smoking 98% (n=46) 90% (n=43)

“Statistically significant difference between control group and exercise group
4The craving score was assessed by visual analog scale

®Drinking more than 5 times per week

SD standard deviation
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Table 3 Results of repeated-measures ANOVA measuring changes in craving score across intervention
study time points

Repeated-measures ANOVA 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

ANOVA analysis of variance

and the results show that (1) the mean drug craving score was decreasing in both groups;
and (2) repeated-measures and paired z-test showed the significant decrease of craving
score across time and significant difference between groups. The results indicate that
although the drug craving score in both groups was decreasing, it dropped greater and
faster in the 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. (2017)
reported similar results in a study of aerobic exercise applied in MA-dependent individu-
als. In their 12-week study, the craving score of the exercise group dropped from around 6
to 2 and that of the control group decreased from around 6 to 5. The influence of aerobic
exercise on craving was also found in cannabis-dependent adults. After a 2-week aerobic
exercise training, the participants’ cannabis craving significantly decreased (Buchowski
et al., 2011). Although the participants from these two studies mentioned above and the
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 share the common argument that
aerobic exercise or Tai Chi can contribute to the reduction of drug craving.

One possible explanation of the beneficial effect of Tai Chi on drug craving would be
that the impaired dopaminergic system caused by drug use made recovery during exer-
cises. Drug use can result in the deficits of dopamine receptors and transporters (McCann
et al., 2007; Volkow & Morales, 2015). The reduction of dopamine receptors can result
in a state of anhedonia and this may cause more use of drugs (Heshmati & Russo,
2015; Leventhal et al., 2010). Exercises would grow the concentration of dopamine and
increase the receptors of dopamine (Greenwood et al., 2011; Lynch et al., 2013). In an
animal study, aerobic exercise contributed to the increase of dopamine D2 receptors in
rats (Robison et al., 2018). Robertson et al. (2015) indicated that increased striatal dopa-
mine D2/D3 receptors in MA dependences are found after structured exercise training.
These findings support the idea that exercise may reduce drug craving.

Different from normal aerobic exercise, Tai Chi, the mind-body practice, requires par-
ticipants 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 beneficial to decrease craving. The mindfulness-based approach can develop an
insight that allows substance-dependent individuals to develop an aware reaction rather
than an automatic response when they are confronting a desire or craving for the sub-
stance (Hjortborg & Ravn, 2020). Tang et al. (2016) reported that mindfulness medita-
tion can improve reduced activity in the anterior cingulate cortex and adjacent prefrontal
cortex to prevent and treat addiction. In clinical trials, Vidrine et al. (2016) reported that
mindfulness-based addiction treatment might prevent patients from deteriorating from
early lapses and subsequently progressing to a full relapse. Two previous studies dem-
onstrated that meditation or mindfulness-based training can reduce drug craving or drug
use (Lyons et al., 2019; Witkiewitz et al., 2014).
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The spiritual focus, which is trained and enhanced during Tai Chi exercise (Rogers
et al., 2008; Zhang et al., 2012), can also contribute to craving reduction. The role of spir-
ituality in addiction treatment has been proved by numerous studies and acknowledgement
in some recovery programs (Galanter, 2006). Spiritual power is proved to have a positive
influence on alcohol addiction treatment (Tonigan et al., 2000). For example, Alcoholics
Anonymous, which has helped millions of individuals, is rooted in spirituality (Warne,
2018). Attending a substance abuse help group is identified as “spiritual power” (McClure
& Wilkinson, 2020). Avants et al. (2005) found that Spiritual Self-Schema therapy, a spir-
itual training practice, effectively decreases heroin and cocaine use. Moreover, the spiritual
focus is used to relieve depression and anxiety (Borg et al., 2003; Syed Elias et al., 2019),
which are one of the main disorders of drug use in the first place (Kelly & Daley, 2013).

Study Limitations

(1) This study only recruited female volunteers and the findings could not be applied to
their opposite gender without an experiment. (2) The measurement VAS is a self-report
assessment and it might be affected by subjective bias. Moreover, participants may deny
some behaviors or experiences for their situations or some other reasons. Other scales, such
as the Addiction Severity Index, Structured Clinical Interview for DSM-IV, or Semi-Struc-
tured Assessment for Drug Dependence and Alcoholism, consist of a series of questions.
They may give a more comprehensive understanding of the effectiveness of treatment.
VAS only has one question focusing on the drug craving and it takes much less testing
time, which is more convenient for both participants and researchers. (3) In repeated-meas-
ures ANOVA, the variance of different level of drug craving score was not equal, tested by
Mauchly’s Test of Sphericity, and as a result, we used Huynh—Feldt correction.

Conclusion

This study showed that Tai Chi has a positive effect on reducing drug craving in drug-
dependent women. Based on the findings, Tai Chi can be used for reducing drug craving
as a supportive treatment method, 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.
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