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Abstract

Background: HIIT has recently been widely used for health promotion in healthy people and patients with chronic
diseases. Exercise can help SUD reduce drug cravings, enhance mental health and return to normal life. However,
whether HIIT can bring better physical rehabilitation benefits to individuals with SUD than MICT is unclear. The
study aimed to compare the effects of HIIT versus MICT on the physical fitness of individuals with SUD.

Methods: One hundred twenty individuals with amphetamine-type stimulant dependence voluntarily participated
in this study. They were randomly assigned to the HIIT group and MICT group. Both groups received training three
times a week. The intervention lasted from January 2019 to December 2019. Physical fitness was assessed at the
baseline, 3 months, 6 months, 9 months and 12 months, including blood pressure (BP), vital capacity(VC), hand grip,
push-up, sit-and-reach, one-leg standing with eyes closed and choice reaction time. The craving level was assessed
using the Visual Analog Scale at baseline, 6 months and 12 months to see any change along with the
improvement in physical fitness. Two-way repeated measures ANOVA was applied to analyse the differences in
change by group (HIIT and MICT) and time (baseline, 3 months, 6 months, 9 months and 12 months).

Results: The within-group factor displayed significant changes in the HIIT and MICT groups in terms of systolic BP
(F (4,336) = 12.799, P < 0.001,η2 = 0.204), diastolic BP (F(4,336) = 9.495, P < 0.001, η2 = 0.16), VC (F(4,336) = 18.121, P < 0.001,
η2 = 0.177), hand grip (F(4,336) = 34.815, P < 0.001, η2 = 0.293), sit-and-reach (F(4,336) = 13.871, P < 0.001, η2 = 0.142),
push-up (F(4,336) = 28.805, P < 0.001, η2 = 0.255), one-leg standing with eyes closed (F(4,336) = 14.495, P < 0.001, η2 =
0.156) and choice reaction time (F(4,336) = 20.603, P < 0.001, η2 = 0.197). The craving level decreased after 12 months
of intervention in both groups (F(2,168) = 11.25, P < 0.001, η2 = 0.118), but no significant differences in physical fitness
and craving level were found in between groups and the interactions of group × time.

Conclusions: After 12 months of intervention, physical fitness improved while craving level decreased in the two
groups. These findings suggest that both HIIT and MICT have positive effects on individuals with SUD in terms of
physical fitness.

Trial registration: ChiCTR1900022158 Chinese Clinical Trial Registry: Registered 27th March, 2019.

Keywords: High‐intensity interval training, Moderate‐intensity continuous training, Substance use disorder, Physical
fitness, Amphetamine‐type stimulants, Tai chi
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Background
Substance use disorder (SUD) is a highly destructive,
chronic and relapsing disease that brings adverse conse-
quences to society and the individuals with SUD, requir-
ing more effective treatment methods [1]. The social
harm caused by the illicit drug problem is huge. At the
same time, helping individuals rehabilitate from drug
abuse and return to normal life has become an import-
ant field of rehabilitation. As a result of long-term drug
abuse, individuals with SUD suffer from serious physical
and psychological damage, leading to the occurrence of
various chronic diseases and complications [2]. Individ-
uals with SUD have less muscle protein and mass than
healthy individuals, resulting in hypertension reflexes,
dyskinesia and gait instability [3]. In addition, SUD may
lead to a decline in physical fitness, tachycardia, high
blood pressure (BP) and chronic cardiovascular diseases
[4]. Physical and mental injuries affect the quality of life
of patients with SUD but also have a negative impact on
detoxification. Effective physical health education and
exercise guide are the best carriers to promote the inte-
gration of an individual’s body and mind, to realise
‘strengthening the body and civilised the spirit’, to im-
prove the recovery rate of drug withdrawal and to re-
duce the relapse rate [5]. A study showed that exercise
may serve to complement other therapy and medication
approaches for methamphetamine users, particularly if
users are able to more readily utilise relapse prevention
skills and incorporate positive behavioural changes con-
sistent with treatment goals [6]. Currently, exercise is
considered a potential new treatment for SUD, and exer-
cise intervention is also regarded as an independent and
important supplemental means for SUD [7]. Exercise has
become one of the promising intervention methods for
SUD because it is economical and produces long-term
effects.
A growing body of research has demonstrated that

aerobic exercise can be an effective and persistent treat-
ment for those with SUD, which can effectively increase
the abstinence rate, ease withdrawal symptoms and re-
duce anxiety and depression [8]. Moderate-intensity aer-
obic exercise has shown good rehabilitation benefits in
assisting detoxification, relieving withdrawal syndrome
and inhibiting relapse impulse and relapse behaviour,
and it is considered relatively safe and green [9]. Fur-
thermore, a large number of theoretical and empirical
studies have found that short-term, medium-intensity
aerobic exercise, traditional Chinese sports and resist-
ance exercise can significantly improve the cognition,
psychological behaviour and physical function of drug
dependents, improve their quality of life and reduce drug
cravings [10]. In terms of psychological rehabilitation,
many studies have shown that exercise can produce
positive emotions for drug users, including regulating

emotions, experiencing pleasure and reducing depres-
sion symptoms and insomnia [11].
Although the mechanism of exercise detoxification is

not clear, it does bring benefits to individuals with SUD.
Studies have shown that exercise can improve executive
function and brain activity [12], which may be an im-
portant reason to curb addiction in individuals with
SUD. To further enhance the training effect, the most
suitable exercise mode should be explored. To date,
many articles on drug rehabilitation have described the
benefits of moderate-intensity continuous training
(MICT). However, future research in the field of exercise
intervention should focus on using anaerobic exercise as
an intervention to explore whether there is a dose-effect
relationship to inhibit relapse [13]. Many studies com-
pared the effect of high-intensity interval training (HIIT)
and MICT, and research indicates that HIIT has better
effects on cognitive ability and cardiopulmonary func-
tion than MICT [14]. The results of sports studies
showed that MICT and HIIT are both beneficial but
have different effects on the improvement of body func-
tion [15]. Moreover, meeting the minimum 2008 Phys-
ical Activity Guidelines for Americans by either
moderate- or vigorous-intensity activities is associated
with nearly the maximum longevity benefit [16].
Although people pay attention to MICT exercise re-

habilitation, the emergence of HIIT has attracted much
concern for its time saving and favourable effect. The
improvement in mental and cognitive health due to
HIIT, compared with traditional high-intensity sports, as
an effective way to improve physical health, has also
attracted great interest in recent years [17].
Increasing evidence showed that despite a reduction in

exercise duration and volume, HIIT results in similar or
greater physical adaptations relative to MICT, including
improvements in body composition, cardiovascular func-
tion and metabolic health [18]. Compared with the trad-
itional moderate-intensity continuous aerobic training,
HIIT has better exercise enjoyment and provides the
same effects in terms of aerobic fitness, quality of life,
efficiency, safety, tolerance and short-term exercise
adherence [19].
HIIT not only brings more effective training to healthy

people but is also an important means for the rehabilita-
tion of many chronic diseases. In recent years, HIIT has
become a form of alternative or complementary aerobic
endurance training. In long-term and short-term studies,
it has the same value as, if not better than, MICT in
terms of fitness, cardiovascular function, quality of life,
exercise efficiency, safety, tolerance and exercise adher-
ence within a short time period [20]. A meta-analysis of
10 studies on patients with coronary artery disease
showed that HIIT is more effective in improving pa-
tients’ mean peak oxygen uptake (VO2 peak) than MICT
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[21]. Studies have confirmed that HIIT can effectively
prevent and treat type 2 diabetes and cardiovascular dis-
ease, and it has great potential in the field of public
health [22]. A previous study also found that HIIT can
improve the maximum oxygen uptake (VO2 max) of pa-
tients with SUD, indicating that not only will they have a
strongly decreased mortality rate but also a considerable
reduced risk of developing cardiovascular disease [23].
Given its time-saving and remarkable effect, HIIT has
gradually become an alternative to the traditional train-
ing mode, and it has achieved good results. An acute
bout of HIIT can also be more enjoyable than an acute
bout of MICT [24]. Notably, sedentary young adults re-
port greater enjoyment from a single bout of HIIT and
endorse it as an exercise regime they would chose to
continue on their own [24]. A six-week long-term HIIT
and MICT trial for sedentary people also showed that
the subjects’ enjoyment of HIIT increased while the
pleasure of MICT decreased slightly [19]. These findings
showed that HIIT has better exercise enjoyment than
MICT.
To date, only few articles in the literature discussed

the effect of HIIT on SUD. One showed that HIIT is
feasible for patients with SUD in treatment, whereas an-
other reported that HIIT can improve depression and
reduce the risk of cardiovascular disease [23]. However,
the theoretical basis for adopting HIIT has not been fully
confirmed in scientific reports. The effects of MICT on
the physical functioning of individuals with SUD have
been demonstrated, but whether different intensities or
forms of exercise produce the same or superior results
remains unclear. Considering the benefits and theoret-
ical results of HIIT in the study of many chronic dis-
eases, it is feasible to apply it in SUD. Therefore, this
study proposes the following question: which exercise is
better for SUD: HIIT or MICT? The purpose of this
study was to compare the physical fitness of HIIT or
MICT intervention amongst individuals with SUD. This
study hypothesised that HIIT has better physical fitness
recovery effect than MICT for SUD.

Methods
Design
This single-blind (assessors-blind), two-group rando-
mised controlled trial was conducted from January 2019
to December 2019. The study protocol was approved by
the Ethical Committees of the Shanghai University of
Sport and the Shanghai Narcotics Control Commission.
Written consent was obtained from each participant.

Participants
The participants were all male amphetamine-type stimu-
lant (ATS)-dependent individuals. At the time of recruit-
ment, a total of 1200 individuals with SUD were

receiving treatment in a Shanghai Compulsory Rehabili-
tation Centre (SCRC). A total of 120 ATS-dependent
subjects voluntarily participated in this study. The inclu-
sion criteria were (1) age 18–40; (2) subjects who met
the diagnosis of methamphetamine (MA) dependence
according to the Diagnostic and Statistical Manual of
Mental Disorders Criteria (DSM-IV); (3) the treatment
duration in SCRC should be more than 1 year; (4) no
serious medical or mental illness; and (5) educational at-
tainment of primary school or above. Exclusion criteria
were as follows: (1) currently diagnosed diseases of the
cardiovascular system, respiratory system and nervous
system; (2) anti-social personality disorder and border-
line personality disorder; and (3) subjects who were un-
willing to accept the assigned intervention conditions.

Procedure
Participants recruited from SCRC were randomly
assigned by computer-generated randomisation to either
the HIIT (n = 60) or MICT groups (n = 60). Participants
in both groups received a 1 h intervention 3 times per
week for 12 months. The HIIT exercise sessions were
administered in the form of circuit training with a work-
to-recovery ratio of 1:0.5, whilst MICT was carried out
without recovery sessions for the TC group. They all
performed the intervention under the supervision of
professional instructors on a basketball field under fair
weather or in an indoor fitness gym. The interventions
were conducted every Monday, Wednesday and Friday.
The outcomes of physiological and physical fitness in-
cluding BP, vital capacity (VC), push-up, sit-and-reach,
one-leg standing with eyes closed, choice reaction time
(CRT) and hand grip were assessed at the baseline, 3
months, 6 months, 9 months and 12 months. The ATS
craving level was assessed at the baseline, 6 months and
12 months. The experienced researchers conducted the
assessment and were blinded to the two groups. All sub-
jects voluntarily participated in this experiment, and they
signed the informed consent prior to the study. The
study was performed in accordance with the Declaration
of Helsinki II. Participants received no compensation
during the intervention, but extra nutritious food was
provided on the training day.

Intervention

HIIT group
The training contents in the HIIT group included non-
confrontational basketball training, resistance training
(weight training and strength machines), rope skipping
and running. The duration of each training session was
60 min, including 10 min of warm-up, 40 min of HIIT
session and 10 min of cool down. In each training ses-
sion, subjects were asked to complete the HIIT session
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under the training and recovery ratio of 1:0.5. The exer-
cise intensity was monitored by using a heart rate (HR)
monitor (Polar TeamPro), and the HR was maintained
at 80–85 % of the subjects’ maximum HR (80–85 %
HRmax) under the supervision of professional instruc-
tors. The average HR was maintained at 150–160 beats
per minutes during the HIIT training session and 130–
140 beats during the recovery session. The training
patterns were short interval training organised by the
experienced instructors from Shanghai University of
Sports. An exercise training expertise team instructed
and supervised the training plan of the HIIT group.

MICT group
The MICT group was trained with Tai Chi, mind-body
exercise and recreational activity. The average HR dur-
ing exercise was maintained at 105–125 beats per mi-
nute according to the HR monitor (Polar TeamPro)
under the supervision of an instructor which obtained
55–65 % HRmax. The duration of the MICT interven-
tion was similar to that of the HIIT intervention, and
the training intervention of the two groups was con-
ducted at the same time. Tai Chi for the MICT group
was a kind of modified Tai Chi. The recreational activity
adopted the ninth edition of ‘Guang Bo Ti Cao’ designed
by the China General Administration of Sports, whilst
the mind-body exercise adopted a kind of modified Qi
Gong, Tai Chi and Yoga with moderate intensity. Each
session in the MICT group included 10 min of warm-
up, 10 min of recreational activities (Guang Bo Ti Cao),
10 min of mind-body exercise, 20 min of Tai Chi and
10 min of cool down. The duration of Tai Chi in a train-
ing session was increased to more than 20 min in the
second half of the year, along with the reduction of the
training duration of mind-body exercise and recreational
activity. One experienced instructor from the Shanghai
University of Sport instructed the MICT group.

Outcome measures
Primary outcomes
The physical fitness tests were administered by experi-
enced investigators. Measurements were performed in
the morning at the same time. BP was measured under
standardised conditions prior to other tests: participants
were asked to rest for 5 min and had not taken any caf-
feine or tobacco products within 30 min. The HR of in-
dividuals with SUD was monitored with Polar TeamPro.
The fitness test followed the protocol of the national

physical fitness test. Push-up, sit-and-reach, one-leg
standing with eyes closed, VC, height and weight, CRT
and hand grip were assessed using the model of BW-FC-
9201L (Fitness Assessment System) to determine the
physical fitness outcomes. All tests were repeated twice,
and the best performance was recorded. VC

measurement requires that the subject holds the test in-
strument and breathes out all the air with maximum
force after the maximum inhalation with millilitres (ml).
Muscle strength tests include hand grip and push-up.
During the hand grip test, subjects were instructed to
grasp the grip strength device for a few seconds with
their maximum strength indicated by kilograms (kg).
The push-up test was performed on the push-up testers,
with subjects’ forefoot or toes on floor, hips and back
straight and the push-up tester placed near the subject’s
chest. The repetition numbers were counted automatic-
ally by the push-up tester whenever the torso move
down and up front of the tester sensors. The test index
of flexibility was sit and reach. Subjects were asked to sit
in front of the device with slippers and knees straight
and stretch their hands and body forward as far as pos-
sible. Maximum distance was measured in centimetres
(cm) where subjects’ fingertips could reach. In the choice
reaction time test, the subjects used the middle and
index fingers of the dominant hand to quickly press the
random signal button. The results were evaluated in
terms of time in milliseconds (ms). Balance function was
measured by the duration of standing on one leg with
eyes closed in seconds (s). During the test, the subjects
stood on the test mat with the dominant leg, eyes closed;
the time of standing on one leg until any part of sub-
ject’s body touched the test mat was recorded.

Secondary outcome
The craving level was assessed using the visual analogue
scale (VAS), which is a response scale that measures
subjective attitudes that cannot be observed directly.
Subjects were asked to indicate, on a scale from 0 (no
craving for ATS drugs) to 10 (strong craving for ATS
drugs), the extent of their craving for ATS drugs. A VAS
is considered an appropriate means of assessing cue-
induced ATS craving [25].

Statistical analyses
Statistical analyses were performed using SPSS 22.0
(Chicago, IL, USA). Pearson chi-squared test was applied
for categorical variables of demography, and independ-
ent sample t-test was applied for continuous variables at
the baseline comparison. Pearson chi-squared test and
independent sample t-test were used to compare the dif-
ferences in demographic characteristics at baseline.
The normal distribution of variables was tested with

the Kolmogorov–Smirnov test, and two-way repeated
measures ANOVA was applied to test whether the treat-
ments differ after 12 months. Time (baseline, 3 months,
6 months, 9 months and 12 months) was the within-
group factor, and groups (HIIT and MICT) were the
between-group factors for the physical fitness compari-
son. Time (baseline, 6 months and 12 months) was the
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within-group factor, and groups (HIIT and MICT) were
the between-group factors for the craving level of VAS
comparison. A post-hoc test with Bonferroni correction
was used to examine differences in the baseline and 3
months, 6 months, 9 months and 12 months when
ANOVA showed a significant interaction. Effect size was
used with the partial eta square as η2. All data except
the post-hoc test were presented as the mean ± standard
deviation, and P < 0.05 was considered statistically sig-
nificant. The data of the post-hoc test were presented as
the mean difference ± standard error, and statistical sig-
nificance was set at P < 0.05.
Data that failed to pass the Kolmogorov–Smirno test

were subjected to the non-parametric test with Mann–
Whitney U test.

Results
A total of 120 male individuals with SUD participated in
the study. Of these individuals, 86 completed the inter-
vention, and 34 subjects dropped out because of differ-
ent reasons (Fig. 1).
The subjects in the HIIT group had the following demo-

graphics: age, 33.65 ± 4.27 years; height, 172.69 ± 5.65 cm;
weight, 76.05 ± 10.95 kg; and years of illicit drug use,
8.90 ± 5.22 years. Meanwhile, subjects in the MICT group
had the following demographics: age, 32.20 ± 5.07 years;
height, 174.36 ± 5.70 cm; weight, 76.33 ± 9.54 kg; and years
of illicit drug use, 7.14 ± 4.53 years. At baseline, the inde-
pendent T-test result of the physical fitness and craving
level of VAS between the two groups showed no signifi-
cant difference (P > 0.05; Table 1).

Physiological outcomes
The results analysed using repeated measures ANOVA
indicated significant differences in the within-group fac-
tor in terms of systolic blood pressure (SBP) (F (4,336) =
12.799, P < 0.001,η2 = 0.204), diastolic blood pressure
(DBP) (F(4,336) = 9.495, P < 0.001, η2 = 0.16) and VC
(F(4,336) = 18.121, P < 0.001, η2 = 0.177) after 12 months
of exercise intervention. There was no significant differ-
ence between groups and interactions of group × time in
SBP, DBP and VC.

Physical fitness
Significant differences were found in the within-group
factor of hand-grip power (F(4,336) = 34.815, P < 0.001,
η2 = 0.293), sit-and-reach (F (4,336) = 13.871, P < 0.001,
η2 = 0.142), push-up (F (4,336) = 28.805, P < 0.001, η2 =
0.255), one-leg standing with eyes closed (F(4,336) =
15.495, P < 0.001, η2 = 0.156) and CRT (F (4,336) = 20.603,
P < 0.001, η2 = 0.197) tests.
Furthermore, the CRT decreased by 0.03 s in the experi-

mental group and decreased by 0.04 s in the control group
(Fig. 2). Although the balance in both groups improved
from the beginning, the two groups showed an improve-
ment in the first half of the year. However, the balance test
by one-leg standing with eyes closed did not improve from
the seventh month, indicating that the MICT group had a
better balance score than the HIIT group (Fig. 3). Subjects
in the HIIT and MICT groups showed a gradual improve-
ment in the upper-limb strength due to push-ups, and the
mean difference of subjects in the HIIT group was 4.4
more than subjects in the MICT group (Fig. 4).

Fig. 1 Flow diagram of intervention progress through the phases of the two groups. (SUD: Substance Use Disorder; HIIT: High-intensity Interval
Training; MICT: Moderate-intensity Continuous Training; CDRC: Compulsory Detoxification and Rehabilitation Centre)
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No significant differences were found between groups
and interactions of group × time in terms of hand-grip
power, push-up, sit-and-reach, one-leg standing with
eyes closed and CRT test (Table 2).

Level of craving
The craving level of VAS after 12 months of exercise
intervention significantly decreased (F(2,168) = 11.25, P <
0.001, η2 = 0.118) in both groups, but no significant dif-
ferences with interactions of group × time were found in
VAS (Fig. 5).

Discussion
Physical fitness improved in both groups
In this study, a randomised controlled trial of HIIT and
MICT was conducted to explore whether HIIT is more
conducive to the rehabilitation of physical functions for
individuals with SUD than MICT. During 12 months of
exercise intervention, the HIIT and MICT groups exhib-
ited a significant improvement in VC, grip strength,
push-up, sit-and-reach, one-leg standing with eyes
closed and CRT. The BP and craving level in the two

Table 1 Baseline demographic characteristics of participants

HIIT group MICT group T-value
(n = 60) (n = 60)

Means SD Means SD

Height (cm) 172.69 5.65 174.36 5.71 −1.587

Weight (kg) 76.05 10.95 76.34 9.54 − 0.151

Age (years) 33.65 4.27 32.2 5.07 1.806

Year of illicit drug use (years) 8.9 5.22 7.14 4.53 0.916

Systolic BP (mmHg) 127.9 16.22 128.22 19.41 − 0.098

Diastolic BP (mmHg) 74.9 12.36 73.41 14.64 0.594

Vital capacity (ml) 3983.74 793.97 4116.93 629.42 −1.006

Hand grip (kg) 47.24 7.55 48.08 7.79 − 0.596

Push up (Rep) 26.26 18.703 21.66 13.23 1.537

Sit-and-reach (cm) 15.11 6.4 15.57 6.81 − 0.380

One-leg stand with eyes closed (s) 23.71 17.2 22.82 17.67 0.278

Choice reaction time (ms) 0.5409 0.0994 0.5331 0.0728 0.485

Craving level of VAS 2.16 1.57 2.54 1.82 −1.028

Data were analysed with independent T test; *, p < 0.05; **, P < 0.01
HIIT High-intensity Interval Training; MICT Moderate-intensity Continuous Training; BP Blood Pressure; VAS Visual Analogue Scale

Fig. 2 Comparison of choice reaction time between the HIIT and MICT groups. The solid line represents the HIIT group, and the broken line
represents the MICT group. The grey line on the bottom indicates the exercise intervention period. Standard deviation is displayed as bars. (HIIT:
High-intensity Interval Training; MICT: Moderate-intensity Continuous Training)
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groups decreased significantly, but no significant differ-
ences were found between the HIIT and MICT groups.

CRT declined
CRT is one of the most important indicators of physical
fitness. It reflects the function of the human nervous sys-
tem to some extent. The smaller the reaction time, the
faster the human body responses, and the better the
function of the nervous system is. Performance in a CRT
task is applied as an indicator of cognitive capacity, in-
cluding aspects of eye-hand reaction time, attentiveness
and processing speed [26]. The results consistently
showed that physical activity can improve CRT, which

indicates that any form of exercise is helpful to improve
the CRT.

Balance improved
The one-leg standing with eyes closed test was per-
formed to measure the balance control of the subjects.
The increase in time spent standing on one foot with
eyes closed in individuals with SUD indicated the im-
provement in their balance ability. A previous study
showed an improvement in balance control after long-
term practice of Tai Chi [27]. In this study, the MICT
group was able to stand on one leg with eyes closed for
14 s longer than the baseline, while the HIIT group was

Fig. 3 Balance comparison of the HIIT and MICT groups by one-leg standing with eyes closed. The solid line represents the HIIT group, and the
broken line represents the MICT group. The grey line on the bottom indicates the exercise intervention period. Standard deviation is displayed as
bars. (HIIT: High-intensity Interval Training; MICT: Moderate-intensity Continuous Training)

Fig. 4 Comparison of push-ups between the HIIT and MICT groups. The solid line represents the HIIT group, and the broken line represents the
MICT group. The grey line on the bottom indicates the exercise intervention period. Standard deviation is displayed as bars.(HIIT: High-intensity
Interval Training; MICT: Moderate-intensity Continuous Training; REP: Repetitions)

Yan-guang et al. BMC Sports Science, Medicine and Rehabilitation            (2021) 13:6 Page 7 of 11



only able to do so for 11 s longer than the baseline.
These findings proved that both HIIT and MICT could
improve balance ability. Although there was no signifi-
cant difference between groups, the MICT group
showed more potential to improve balance than the
HIIT group because of the Tai Chi content.

Blood pressure decreased
The subjects in the HIIT and MICT groups had the
same effect on DBP and SBP; both types of training ef-
fectively reduced the BP for individuals with SUD. A re-
duction in BP can have a positive effect on the health of
individuals. SBP is controlled by total peripheral resist-
ance, which is determined by the diameter of small

arteries and arterioles [27]. The decrease in BP in indi-
viduals with SUD may be due to increased flexibility in
their blood vessels through training and reduced periph-
eral resistance. In this study, exercise intervention can
significantly reduce BP, which may be due to Tai Chi
and HIIT, which improved the cardiac function of sub-
jects, as well as increase stroke output and blood circula-
tion. The relaxation form of exercise may reduce the
tension of the vascular centre and vascular smooth mus-
cles and accelerate blood flow, leading to the reduction
in BP. The practice of regular physical exercise can re-
duce resting BP and induce post-exercise hypotension,
which is a reduction in BP below resting values after ex-
ercise training [28]. Therefore, HIIT and MICT have a

Table 2 Physical fitness comparison between the HIIT and MICT groups at baseline and 12 months

HIIT (n = 40) MICT (n = 46) Within-group Between-group Time × Group

Baseline 12 months Baseline 12 months F value F value F value

Systolic BP (mmHg) 129.40 ± 16.39 123.03 ± 15.34 124.32 ± 20.53 123.5 ± 16.28 12.799** 0.384 1.647

Diastolic BP (mmHg) 75.10 ± 11.75 70.90 ± 8.81 70.32 ± 11.94 71.55 ± 14.69 9.495** 0.796 1.665

Vital capacity (ml) 3891.53 ± 779.25 4475.83 ± 853.85 4192.93 ± 538.29 4647.39 ± 1032.35 18.121** 1.117 0.519

Grip strength (kg) 47.21 ± 7.24 51.75 ± 7.22 48.08 ± 7.72 52.23 ± 7.41 34.815** 0.315 0.058

Push up (Rep) 23.67 ± 17.08 43.40 ± 21.12 20.87 ± 13.65 37.03 ± 20.08 28.805** 3.017 0.587

Sit and reach (cm) 15.41 ± 5.92 15.88 ± 7.98 14.76 ± 6.55 13.97 ± 7.74 13.871** 1.654 0.277

One-leg stand with eyes
closed (s)

21.61 ± 14.32 30.33 ± 24.09 21.22 ± 16.38 37.02 ± 27.75 15.495** 1.102 1.112

Choice reaction time (s) 0.55 ± 0.10 0.47 ± 0.06 0.52 ± 0.07 0.48 ± 0.06 20.603** 0.639 1.662

Data were analysed with repeated measures ANOVA, * displayed as F value < 0.05; ** displayed as F < 0.01
HIIT High-intensity Interval Training; MICT Moderate-intensity Continuous Training; BP Blood Pressure; VAS Visual Analogue Scale

Fig. 5 Craving level comparison of the HIIT and MICT groups. The solid line represents the HIIT group, and the broken line represents the MICT
group. The grey line on the bottom indicates the exercise intervention period. Standard deviation is displayed as bars. (HIIT: High-intensity Interval
Training; MICT: Moderate-intensity Continuous Training)
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similar effect of reducing BP. Both HIIT and MICT can
be applied as effective exercises for rehabilitation for in-
dividuals with SUD in terms of reducing BP.

Flexibility and vital capacity improved
HIIT, MICT or Tai Chi exercise for different types of
participants can improve flexibility [29], which was con-
sistent with the results of this study. The results showed
that the two kinds of exercises have similar promoting
effects on muscle flexibility.
In this study, VC in the HIIT group increased by

496 ml, whereas that in the MICT group increased by
514 ml. These results demonstrated that improvements
in VC were similar. Some preliminary evidence suggests
that Tai Chi exercise may increase lung function [30],
because Tai Chi combines breathing with movement
closely to improve breathing efficiency. Furthermore, an-
other study showed that HIIT and MICT are both ef-
fective for improving lung function [31]. HIIT is at least
as effective as MCT for improving functional capacity
and quality of life measures in patients with pulmonary
disease[31]. Therefore, the experimental results were
similar to those of some studies, which proved that both
HIIT and MICT have similar effects on improving lung
VC.

HIIT is better in strength development
The results of this study showed that the grip strength
of the HIIT group increased by 5.48 kg, whilst that of
subjects in the MICT group increased by 4.68 kg. The
number of push-ups in the HIIT group increased by
seven repetitions, whilst that in the MICT group in-
creased by less than five repetitions. These results
showed that the improvement in grip strength in the
two groups was similar, but the improvement in push-
ups in the HIIT group was better than that in the MICT
group. Both groups increased (P < 0.05) muscle strength,
whereas greater muscle strength was gained in the HIIT
group. The possible explanation is the training content
of the HIIT group includes resistance training [32],
which can effectively improve muscle strength. This re-
sult has been supported in a previous study. A study re-
ported that HIIT is better at improving upper limb,
waist and abdominal strength for individuals with SUD
compared with MICT [33].
Interestingly, increased muscle strength was also ob-

served in the MICT group. Some preliminary evidence
suggests that Tai Chi exercise may increase the body’s
muscle strength [34]. However, another study found that
Tai Chi has no advantages in improving muscle strength
[27]. Whether Tai Chi intervention improved the
strength in the MICT group is unclear, because subjects
in the MICT group not only practiced Tai Chi but also
engaged in medium-intensity broadcast exercise.

Does HIIT training have a better effect than MICT?
After 12 months of exercise training, the results showed
that HIIT and MICT training had the same effect on the
physical fitness of individuals with SUD. The results
were not consistent with the previous hypothesis. In
general, the greater the intensity of exercise, the more
profound the stimulation to the human body, and the
more significant the training effect is. However, the dif-
ferences in physical fitness and craving level between the
two groups were not significant. In terms of standing on
one leg with eyes closed, the benefits of the subjects in
the control group were even better than those in the ex-
perimental group, thereby indicating that Tai Chi has a
better effect on improving balance ability. The advantage
of HIIT over MICT is mainly in terms of cardiovascular
function [35], but there is no evidence to support that
HIIT training is superior to MICT.
Our results showed the same positive effects on VC,

grip strength, sit-and-reach, choice reaction time, one-
leg standing with eyes closed and push-up in the two
groups. Notably, craving levels decreased in the two
groups, which proved the correlation between physical
fitness and craving level. Several studies have also dem-
onstrated the same effect of HIIT and MICT. In the ex-
ercise intervention with HIIT for type 2 diabetes over 12
weeks, another study found no significant difference in
the test indicators of positively altering body fat and in-
creasing peak power output, glucose control, cardiovas-
cular risk and microvascular complication markers in
the HIIT and MICT groups [15]. In an exercise inter-
vention for obese men, HIIT was verified as an equally
effective exercise mode for improving 24 h glycaemic
control in overweight and obese adults compared with
MICT [36]. However, Haykowsky et al. [37] showed that
HIIT is superior to MICT in terms of improving VO2

peak for patients with congestive heart failure, with simi-
lar effects on left ventricular function and exercise com-
pliance. Similarly, in patients with coronary heart
disease, studies demonstrated that HIIT has greater ef-
fect on ventilatory threshold and VO2 peak compared
with MICT, with similar effects on BP [38].
The advantages and disadvantages of HIIT and MICT

remain uncertain, but many studies believe that these
two training methods produce equal benefits. There may
be several reasons for this phenomenon. Firstly, patients
with different symptoms are suitable for varying training
methods, and different training methods can produce
varying benefits at different stages of the disease. For ex-
ample, long-term continuous aerobic exercise training
plays an important role in maintaining the health and
well-being of patients with cardiovascular disease, in-
cluding the potential to maintain self-care ability and
clinical benefits during aging [39]. Short HIIT is useful
in the initial and improved stages of cardiac
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rehabilitation, whilst MICT or HIIT regimens are more
appropriate for the improvement and maintenance
stages, as they have higher physiological stimulation
[21]. Secondly, the correlation between the physical ben-
efits and the amount of exercise generated by HIIT and
MICT is greater than the intensity of exercise. Martin J.
Gibala et al. [40] compared the six-week HIIT based on
Wingate with traditional endurance training; they found
a reduction in the weekly training amount (90 % reduc-
tion in the HIIT group) and time input (67 % decrease in
the HIIT group), but the training had similar improve-
ment on various indexes of skeletal muscle and cardio-
vascular adaptation. Related studies focus more on the
difference between these two training methods and less
on the comparison of the total amount of exercise in the
same or different situations. Thirdly, no study has ex-
plored the optimal intensity of HIIT training. Different
intensities of HIIT training may have varying effects on
various subjects. Although research suggested that the
two training methods have similar effects, as individuals
with SUD lose interest to MICT, HIIT and MICT can
be alternatively arranged to maintain training interest.

Conclusions
This study proved that HIIT and MICT intervention are
both effective training methods to improve physical fitness
in individuals with SUD. The physical fitness of hand grip,
sit-and-reach, push-up, balance and reaction time im-
proved while craving level decreased in both groups.

Limitations
The participants were selected from a Shanghai mandatory
detoxification and rehabilitation centre. As physical activity
is beneficial for drug dependents physically and mentally,
exercise as a supplementary treatment is one of the drug re-
habilitation treatments listed in Shanghai detoxification and
rehabilitation centres. All substance dependents need to
participate in physical activity. Therefore, a participant that
does not engage in sports could hardly be found. As a result
of this limitation, we failed to confirm the level of benefits
brought by exercise training.
In general, the exercise intensity of HIIT is 90–95 %

HRmax [41], while the exercise intensity of the experi-
mental group in this study was around 80–85 % HRmax.
Most of the subjects belonged to the low-exercise group,
so their physical conditions were weak after taking illicit
drugs, accounting for the difference in exercise intensity.
Considering the exercise risk of the subjects, the optimal
exercise intensity could not be achieved. The actual ex-
ercise intensity in the HIIT group may not be the opti-
mal intensity to stimulate the physical function of
individuals with SUD, which may be one of the factors
that caused no significant difference between the HIIT
group and MICT group.

The long-term effect of HIIT training for individuals
with SUD remains unclear, and the mechanism under-
lying HIIT training needs further confirmation. In future
studies on exercise intervention, the exercise intensity of
HIIT will be further enhanced to maintain 90 % HRmax
or higher, and the interval time will be strictly
controlled.

Abbreviations
HIIT: High-intensity Interval Training; MICT: Moderate-intensity Continuous
Training; SUD: Substance Use Disorder; BP: Blood Pressure; SBP: Systolic
Blood Pressure; DBP: Diastolic Blood Pressure; VC: Vital Capacity; VAS: Visual
Analog Scale; ATS: Amphetamine-type Stimulant; MA: Methamphetamine;
SCRC: Shanghai Compulsory Rehabilitation Center; DSM-IV: Diagnostic and
Statistical Manual of Mental Disorders Criteria; CRT: Choice Reaction Time

Acknowledgements
The study was supported by staffs of Shanghai Gao Jing mandatory
detoxification and rehabilitation center.

Authors' contributions
D Z ,YG Y and JY C contributed to design of the study, analysis and
interpretation of the data and writing of the manuscript. XW P, Ml S, TY W
and JB W designed the training plan, guided the participants in exercise and
tested the participants. SY Y, D X and K X collected data and approved final
version of manuscript. All authors read and approved the manuscript and
have given consent for the submission of the final article.

Funding
This study was funded by Shanghai Drug Administration and National key
research and development (2018YFC0807405).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from corresponding author on reasonable request.

Ethics approval and consent to participate
Ethics approval was obtained from the Ethical Committees of the Shanghai
University of Sport and the Shanghai Narcotics Control Commission (SNCC).
Written informed consent was received from all participants prior to the start
of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Wushu College, Shanghai University of Sport, 200438 Shanghai, China.
2School of Sport Psychology, Shanghai University of Sport, 200438 Shanghai,
China. 3Shanghai Drug Administration, 200080 Shanghai, China. 4Shanghai
Gaojing Drug Compulsory Detoxification and Rehabilitation Center, 200439
Shanghai, China. 5School of International Education, Shanghai University of
Sport, 200438650 Qing Yuan Huan road, Yang Pu District, Shanghai, China.

Received: 23 October 2020 Accepted: 14 January 2021

References
1. Bellamoli E, et al. rTMS in the treatment of drug addiction: an update about

human studies. Behav Neurol. 2014;2014:815215.
2. Kolodny A, et al. The prescription opioid and heroin crisis: a public health

approach to an epidemic of addiction. Annu Rev Public Health. 2015;36:
559–74.

3. Liu QQ. G.C., Yulu Shequ - a unique rehabilitation program for illicit drug
users in Kaiyuan in southwest China. Harm Reduct J. 2011;8:4.

4. Cruickshank CC, Dyer KR. A review of the clinical pharmacology of
methamphetamine. Addiction. 2009;104(7):1085–99.

Yan-guang et al. BMC Sports Science, Medicine and Rehabilitation            (2021) 13:6 Page 10 of 11



5. Magill M. R.L., Cognitive-behavioral treatment with adult alcohol and illicit
drug users: a meta-analysis of randomized controlled trials. J Stud Alcohol
Drug. 2009;70(4):516–27.

6. Mooney LJ, et al. Exercise for methamphetamine dependence: rationale,
design, and methodology. Contemp Clin Trials. 2014;37(1):139–47.

7. Lynch WJ, et al. Exercise as a novel treatment for drug addiction: a
neurobiological and stage-dependent hypothesis. Neurosci Biobehav Rev.
2013;37(8):1622–44.

8. McLachlan CDHM, Coleman GJ. The effects of exercise on the oral
consumption of morphine and methadone in rats. Pharmacology,
biochemistry, and behavior. 1994;48(2):563–8.

9. McNamara J, McCabe MP. Striving for success or addiction? Exercise
dependence among elite Australian athletes. J Sports Sci. 2012;30(8):755–66.

10. Zhu D, et al. Long-Term Effects of Tai Chi Intervention on Sleep and Mental
Health of Female Individuals With Dependence on Amphetamine-Type
Stimulants. Front Psychol. 2018;9:1476.

11. Brown RA, et al. A Pilot Study of Aerobic Exercise as an Adjunctive
Treatment for Drug Dependence. Ment Health Phys Act. 2010;3(1):27–34.

12. D’Souza MS. Brain and Cognition for Addiction Medicine: From Prevention
to Recovery Neural Substrates for Treatment of Psychostimulant-Induced
Cognitive Deficits. Front Psychiatry. 2019;10:509.

13. Colledge F, et al. Anaerobic Exercise Training in the Therapy of Substance
Use Disorders: A Systematic Review. Front Psychiatry. 2018;9:644.

14. Ismail H, et al. Clinical outcomes and cardiovascular responses to different
exercise training intensities in patients with heart failure: a systematic
review and meta-analysis. JACC Heart Fail. 2013;1(6):514–22.

15. Terada T, et al. Feasibility and preliminary efficacy of high intensity interval
training in type 2 diabetes. Diabetes Res Clin Pract. 2013;99(2):120–9.

16. Arem H, et al. Leisure time physical activity and mortality: a detailed pooled
analysis of the dose-response relationship. JAMA Intern Med. 2015;175(6):959–67.

17. Mekari S, et al., Effect of High Intensity Interval Training Compared to
Continuous Training on Cognitive Performance in Young Healthy Adults: A
Pilot Study. Brain Sci, 2020. 10(2).

18. Pentz MA, Riggs NR. Longitudinal relationships of executive cognitive
function and parent influence to child substance use and physical activity.
Prev Sci. 2013;14(3):229–37.

19. Heisz JJ, et al. Enjoyment for High-Intensity Interval Exercise Increases
during the First Six Weeks of Training: Implications for Promoting Exercise
Adherence in Sedentary Adults. PLoS One. 2016;11(12):e0168534.

20. Gayda M, et al. Comparison of Different Forms of Exercise Training in
Patients With Cardiac Disease: Where Does High-Intensity Interval Training
Fit? Can J Cardiol. 2016;32(4):485–94.

21. Liou K, et al. High Intensity Interval versus Moderate Intensity Continuous
Training in Patients with Coronary Artery Disease: A Meta-analysis of
Physiological and Clinical Parameters. Heart Lung Circ. 2016;25(2):166–74.

22. Biddle SJ, Batterham AM. High-intensity interval exercise training for public health:
a big HIT or shall we HIT it on the head? Int J Behav Nutr Phys Act. 2015;12:95.

23. Flemmen G, Unhjem R, Wang E. High-intensity interval training in patients
with substance use disorder. Biomed Res Int. 2014;2014:616935.

24. Jung ME, Bourne JE, Little JP. Where does HIT fit? An examination of the
affective response to high-intensity intervals in comparison to continuous
moderate- and continuous vigorous-intensity exercise in the exercise
intensity-affect continuum. PLoS One. 2014;9(12):e114541.

25. Du J, et al. Use trajectories of amphetamine-type stimulants (ATS) in
Shanghai, China. Drug Alcohol Depend. 2014;143:44–50.

26. Deary IJ, Liewald D, Nissan J. A free, easy-to-use, computer-based simple
and four-choice reaction time programme: the Deary-Liewald reaction time
task. Behav Res Methods. 2011;43(1):258–68.

27. Zhu D, et al. Beneficial effects of Tai Chi for amphetamine-type stimulant
dependence: a pilot study. The American Journal of Drug Alcohol Abuse.
2016;42(4):469–78.

28. Amaral AL, et al., A Single Dose of Beetroot Juice Does Not Change Blood
Pressure Response Mediated by Acute Aerobic Exercise in Hypertensive
Postmenopausal Women. Nutrients, 2019. 11(6).

29. da Silva MR, et al. Effects of high-intensity interval training on endothelial
function, lipid profile, body composition and physical fitness in normal-
weight and overweight-obese adolescents: A clinical trial. Physiol Behav.
2020;213:112728.

30. Niu R, et al. The effect of tai chi on chronic obstructive pulmonary disease:
a pilot randomised study of lung function, exercise capacity and diaphragm
strength. Heart Lung Circ. 2014;23(4):347–52.

31. Ross LM, Porter RR, Durstine JL. High-intensity interval training (HIIT) for
patients with chronic diseases. J Sport Health Sci. 2016;5(2):139–44.

32. Carneiro MAS, et al. High-intensity interval body weight training promotes
different adaptations to combined training in body composition and
muscle strength in young women. Sci Sports. 2018;33(3):e105–13.

33. Andreassen O, et al. The Effect of High-Intensity Interval/Circuit Training on
Cognitive Functioning and Quality of Life During Recovery From Substance
Abuse Disorder. A Study Protocol. Front Psychol. 2019;10:2564.

34. Li JX, Xu DQ, Hong Y. Changes in muscle strength, endurance, and reaction of
the lower extremities with Tai Chi intervention. J Biomech. 2009;42(8):967–71.

35. Locke SR, et al. High-Intensity Interval or Continuous Moderate Exercise: A
24-Week Pilot Trial. Med Sci Sports Exerc. 2018;50(10):2067–75.

36. Parker L, et al. Acute Low-Volume High-Intensity Interval Exercise and
Continuous Moderate-Intensity Exercise Elicit a Similar Improvement in 24-h
Glycemic Control in Overweight and Obese Adults. Front Physiol. 2016;7:661.

37. Haykowsky MJ, et al. Meta-analysis of aerobic interval training on exercise
capacity and systolic function in patients with heart failure and reduced
ejection fractions. Am J Cardiol. 2013;111(10):1466–9.

38. Pattyn N, et al. Aerobic interval training vs. moderate continuous training in
coronary artery disease patients: a systematic review and meta-analysis.
Sports Med. 2014;44(5):687–700.

39. Mandic S, et al. Long-term effects of cardiac rehabilitation in elderly individuals
with stable coronary artery disease. Disabil Rehabil. 2016;38(9):837–43.

40. Gibala MJ, et al. Physiological adaptations to low-volume, high-intensity
interval training in health and disease. J Physiol. 2012;590(5):1077–84.

41. Weston KS, Wisloff U, Coombes JS. High-intensity interval training in
patients with lifestyle-induced cardiometabolic disease: a systematic review
and meta-analysis. Br J Sports Med. 2014;48(16):1227–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yan-guang et al. BMC Sports Science, Medicine and Rehabilitation            (2021) 13:6 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Design
	Participants
	Procedure
	Intervention
	HIIT group
	MICT group
	Outcome measures
	Primary outcomes
	Secondary outcome

	Statistical analyses

	Results
	Physiological outcomes
	Physical fitness
	Level of craving

	Discussion
	Physical fitness improved in both groups
	CRT declined
	Balance improved
	Blood pressure decreased
	Flexibility and vital capacity improved
	HIIT is better in strength development
	Does HIIT training have a better effect than MICT?

	Conclusions
	Limitations
	Abbreviations
	Acknowledgements
	Authors' contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

