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Abstract: This study aims to discuss evidence for the efficacy of aerobic exercise in reducing drug
addiction and improving the physical and mental health of drug addicts. We systematically searched
several online databases as of the end of September 2022, including PubMed, EMBASE, the Cochrane
Library, Web of Science, Scopus, Science Direct, CNKI, VIP, CBM, and Wanfang. All articles were
identified, screened and included according to the inclusion or exclusion criteria. The Cochrane
Handbook for Systematic Reviews of Interventions was used as a criterion for assessing the method-
ological quality of included studies. Random and fixed effects models were used for the analysis
of standard mean differences (SMD) or mean differences (MD) with their 95% confidence intervals
(CI). A total of 27 studies involving 2022 drug addicts were finally included in the analysis. The
results of the meta-analysis showed that aerobic exercise could improve the physical fitness [body fat
percentage: MD = —0.74, 95%CI (—1.40, —0.08), vital capacity: MD = 213.79, 95%CI (46.28, 381.29),
muscle force: MD = 1.21, 95%ClI (0.34, 2.08), flexibility: MD = 4.61, 95%CI (2.98, 6.25), balance: MD =
9.95, 95%CI (6.29, 13.62)], regulate the systolic blood pressure: MD = —4.38, 95%CI (—7.08, —1.68),
diastolic blood pressure: MD = —2.66, 95% CI (—3.82, —1.51), beats per minute: MD =—1.92, 95%CI
(—3.19, —0.65); emotional state [anxiety: MD = —4.56, 95% CI (—5.67, —3.45), depression: MD =
—3.28, 95%CI (—5.16, —1.39), drug craving: SMD= —1.68,95% CI(—2.56, —0.80)], and promote the
mental health [anxiety: MD = —0.22, 95%CI (—0.33, —0.11), obsessive—compulsive: MD = —0.26,
95%CI (—0.50, —0.03), somatization: MD = —0.21, 95%CI (—0.27, —0.14), depression: MD = —0.21,
95%CI (—0.28, —0.15), psychoticcism: MD = —0.12, 95%CI (—0.18, —0.06), phobic anxiety: MD =
—0.11, 95%CI (—0.16, —0.07), paranoid ideation: MD = —0.09, 95%CI (—0.15, —0.02), interpersonal
sensitivity: MD = —0.16, 95%CI (—0.22, —0.10), hostility: MD = —0.12, 95%CI (—0.18, —0.05)], with
statistically significant differences(p < 0.05)] of drug addicts. Thus, aerobic exercise could effectively
improve the physical fitness, emotional state and mental health of drug addicts, and reduce their
drug addiction. For clinical practitioners and researchers, this study could provide more reliable
evidence for addiction treatment.

Keywords: aerobic exercise; physical fitness; emotional state; mental health; drug addicts;
meta-analysis

1. Introduction

One of the most serious problems in the world is drug addiction, which has been
classified as a world public health hazard. Drugs refer to heroin, methamphetamine,
marijuana, cocaine and other illegal substances that can cause addiction under the control
of the state. Drugs can trigger abnormal excitatory or inhibitory effects in the human central
nervous system, with a range of neurological and psychiatric symptoms [1,2]. They may
disrupt the delicate balance that exists between the energy-producing metabolic system
and the inherent cytoprotective mechanisms, putting drug addicts at high risk for the
development of metabolic syndrome when taking drugs. Drug addiction is closely related
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to the onset and recurrence of chronic mental disorders and the individual’s physical,
psychological and environmental conditions. It is also easy to increase the risk of accidental
injury, suicide and death due to excessive use [3]. According to the United Nations Office
on Drugs and Crime World Drug Report 2022, about 300 million people worldwide used
drugs in this year [4]. More than 36 million people were living with drug abuse disorders.
Between 2010 and 2022, the number of drug addicts increased by 22%. At the same time,
sharing syringes increases the transmission of multiple viruses among drug users, such as
HIV and hepatitis B virus [5,6]. Thus, drug addiction has become a global problem that
endangers personal health and family stability, threatens public health and affects social
order. Currently, the main treatment methods for drug addicts include pharmacotherapy,
cognitive behavioral therapy and psychological intervention methods. Although these
methods are commonly available in drug abuse treatment programs, there is pessimism
in this area about the efficacy of these treatments for drug use disorders. This frustrating
situation prompts the reconsideration of therapeutic strategies against drug addicts.

Non-pharmacological intervention has become a priority in the treatment of drug
addicts, and exercise interventions have been suggested as an important measure of phys-
ical therapies. The American College of Sports Medicine has repeatedly and strongly
recommended exercise interventions as an effective way to promote health and treat dis-
ease. Animal studies and human trials have shown that exercise can effectively prevent
addiction, inhibit drug-seeking behaviors, help drug addiction and prevent relapse [7,8].
Among all types of exercises associated with the treatment of drug addiction, aerobic
exercise could be the first choice, with the advantages of low cost and few side effects,
and being the most commonly used. In particular, it has demonstrated some inspiring
results in the treatment practice of drug addicts. According to previous studies, regular
aerobic exercise could regulate a variety of psychological symptoms in drug addicts, such
as anxiety, depression, paranoia, hostility or compulsiveness, and bring many benefits
in physiological and psychological health. Aerobic exercise can improve physical fitness,
reduce withdrawal symptoms, increase the quality of life, decrease daily usage and craving,
and enhance the therapeutic effect of detoxification [9]. A recent meta-analysis suggests
that traditional Chinese health-promoting exercise is effective in improving physical and
mental health in drug user disorders [10]. However, there are some limitations, such as the
intervention mode of the included research being globally unpopular, and there is a lack
of publication bias tests. The current literature on aerobic exercise interventions for drug
addiction has reported fewer large-sample, multicenter rigorous randomized controlled
trials, and further organized studies are still needed [11]. Based on the lack of convincing
analysis and evaluation, it is necessary to seek more evidence related to the intervention
effect of aerobic exercise. In view of this condition, the purpose of this study was to explore
the effects of aerobic exercise on the physical fitness, emotional state, and mental health of
drug addicts through a systematic review and meta-analysis.

2. Methods

This study was conducted according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement and the Cochrane Handbook of
Systematic Reviews.

2.1. Literature Search Strategy

A comprehensive search was conducted as of the end of September 2022, through the
following databases: PubMed /MEDLINE, Scopus, EMBASE, Science Direct, Cochrane Li-
brary, Web of Science, China National Knowledge Infrastructure (CNKI), Chinese Biomedical
Literature Database (CBM), WanFang, Weipu Database (VIP). Randomized controlled trials
(RCTs) of aerobic exercise interventions for drug addicts were identified. Any research that
may qualify was considered for review regardless of the publishing language, population, or
main results. The databases were searched using a combination of subject terms and keywords.
The literature was identified after repeated pre-screening, supplemented by hand searching
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and tracing references of included literature when necessary. Database searches were limited
to studies assessing humans and adults, and conducted using the following keywords: aer-
obic exercise, physical training, drugs, detoxification, heroin, cannabis, methamphetamine,
rehabilitation, drug addiction, randomized controlled traits.

2.2. Study Selection

To be included in the systematic review and meta-analysis, studies had to fulfill the
following inclusion criteria. Inclusion criteria included study participants aged 18 years or
above who were drug dependent and met the diagnostic criteria for illicit drug abusers; the
intervention duration and the sample size were unlimited, and all the participants were
involved in aerobic exercise. The outcome indicators of this study involved physical fitness
(body composition (body mass index, BMI; mass; body fat percentage), cardiorespiratory
function (systolic blood pressure, diastolic blood pressure, beats per minute, vital capacity),
muscle force (grip strength), flexibility (sit-and-reach), balance (one-leg stand with eye
closed)), emotional state (anxiety (self-rating anxiety scale, SAS), depression (self-rating
depression scale, SDS), drug craving (brief cocaine craving questionnaire, CCQ; desire for
speed questionnaire, DSQ; visual analog scale, VAS)), mental health (symptom checklist-90,
SCL-90). Exclusion criteria included duplicate published studies, studies with unqualified
results, and those without appropriate outcome indicators.

2.3. Data Extraction

Two reviewers independently screened the title and abstract of the studies and then
performed full-text reading and study selection based on eligibility criteria. The extracts
included basic information (first author, year of publication, sample size, age), intervention
aspects (treatment duration, intensity, frequency, time, comparison details), and outcome
indicators. Disagreements between the two reviewers were resolved in discussions with the
senior author. Authors of original publications were contacted for additional information if
necessary.

2.4. Methodological Quality Assessment

The methodological quality of the included studies was assessed by using the Cochrane
risk of bias tool, with assessment form entries containing random sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and other biases.

2.5. Statistical Analysis

All the data extracted from each study were analyzed by Stata 16.0 software and
Review Manager 5.4 software. The heterogeneity of included studies was assessed using
the I? statistic. Fixed-effect (I2 <50% or p value > 0.1) and random-effect models (2 > 50%
or p value < 0.1) were used as analysis models based on the heterogeneity results. Effect
values were counted using the standardized mean of difference (SMD), mean difference
(MD) and 95% confidence interval (CI). In addition, a p value less than 0.05 in the Egger
test for publication bias indicated publication bias sensitivity analysis tests for the stability
of the results by excluding each study consecutively.

3. Results
3.1. Literature Search

According to the search strategy mentioned above, 1568 records were retrieved from
the databases. After deleting duplicate records, there were 956 records left. The titles and
abstracts were reviewed, and 863 studies that did not meet the standards were excluded.
We reviewed the full text of the remaining 93 studies, and further excluded 66 studies.
Finally, we included 27 studies for systematic review and meta-analysis (Figure 1).
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Figure 1. Research screening and selection process according to PRISMA.

3.2. Characteristics of Studies

Twenty-seven RCTs were included in this review, involving 2022 drug addicts. The
sample size included in the studies ranged from 22 to 200, and the duration of aerobic
exercise intervention ranged from 2 weeks to 32 weeks, with a frequency of 3~7 and 15~120
min each week. The basic information of the included studies is shown in Table 1.

Table 1. The basic characteristics of the included studies.

Exercise Prescription Variables

Age Control
Author Year Sample (T/g 0 Intensit Duration Frequency  Time Group Outcome
y (Weeks) (Times/Week) (min)
High
intensity:
exercise heart Maintaining
rate should the original D), (2), 3), ¥,
Qu, YM.[12] 2021 60 / be greater 24 3 60 drug (8), (10), (11),
than 75% of treatment for (12), (13)
the maximum addiction
heart rate
(HRmax).
Routine
rehabilitation
64.23 + health @), ), 9)
Gui, Z.[13] 2021 67 3.15/64.42 Moderate 24 5 120 education (10) ! (11; (1'2)
+2.91 and treatment ! !
for drug
addiction
Lu, CX.[14] 2021 61 0%11'4?7,7%32 12 5 Routine 11), (12), (13
u, CX.[14] 61/32. / / rehabilitation (11), (12), (13)

+0.6
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Table 1. Cont.

Exercise Prescription Variables

Age Control
Author Year Sample (T/C) . Duration Frequency  Time Group Outcome
Intensity . .
(Weeks) (Times/Week) (min)
Maintain
- (1), 4), (8),
Zhang, C.X- 9001 8o / Moderate 12 4 60 original 9),(10), (11),
[15] lifestyle (12), (13)
habits !
. (1), (2), 3), (4),
32+5/30 Conventional
Zhu [16] 2020 100 15 Moderate 12 5 60 rehabilitation (5), (62)1, O()7), 9)
41.08 + . (1), 4), ©), (6),
Zhang [17] 2020 72 9.94/39.11 / 24 5 80 Routine 7), (8), (10),
g
rehabilitation
+8.9 (13)
Liao,SX. o0 a0 1§9/;5i6 L 65%-TS%of 5 0 Routine  (2), (4), 8), (9),
[18] ’ 2 95' HRmax rehabilitation (10), (13)
(1), (2), @), 9),
34.56 + o/ 2010 .. (10), (14), (15),
Zhang, WP 000 80 9.35/35.87 50%~60% 12 5 60 Traditional ;" 17" (1g)’
[19] HRmax rehabilitation
+10.45 (19), (20), (21),
(22)
3173 % Routine
Zhu, H.[20] 2019 60  4.7/32.1 4+ Moderate 32 4 90 opiee o (1,2),13)
4.99
33.74 + (2), (3), (4), 5),
Zhu [21] 2018 80 7.11/37.76 Moderate 24 3-5 60 Standard care  (6), (7), (8), (9),
+9.85 (10), (12)
34.8 £ .
Zhang, M.Z. Routine (1), 4), (5), (6),
[27] 2018 65 8.14§E:3;;.7 + Moderate 24 5 20 rehabilitation 9), (10), (13)
Low to
3018 = medium Routine ), (), ©5), (6),
Wei, Y.J. [23] 2018 58 3.7/29.39 + . 17 3 60 e e (7), (8), (9),
exercise rehabilitation
34 intensity (10), (11), (12)
60%~79% of (1), ), (8), 9),
. Daily (10), (14), (15),
Zha[;'dr]z'H' 2017 6 LY 5%5239 + ?nlig‘e"‘r’; taet 12 3 60  rehabilitation  (16), (17), (18),
’ intensit activities  (19), (20), (21),
ensity 22)
37.47 + 1), (2), 3), (4),
Zhu [25] 2016 59 8.41/42.69 Moderate 24 3~5 60 Standard care  (5), (6), (7), (8),
+11.37 9), (10)
(1), (2), 4), (5,
(6), (7), (10),
344+7/38 B Traditional  (12), (14), (15),
Geng [26] 2016 82 +10 4.5 MET 2 3-5 60 rchabilitation (16, (17), (18),
(19), (20), (21),
(22)
. (2),(3), @), ),
34 +7/38 Routine
Zhu,D.[27] 2016 82 10 4.5 MET 12 3-5 60 opin o (6),7),8),0),

(10)
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Table 1. Cont.

Exercise Prescription Variables

Age Control
Author Year Sample (T/O) Intensit Duration Frequency  Time Group Outcome
y (Weeks) (Times/Week) (min)
(), (5), (6), (7),
34 + . 9), (10), (14),
Ge[g%’]J T 016 60 71173774 / 12 5 45 rehigﬁﬂgfion (15), (16), (17),
+9.88 (18), (19), (20),
(21), (22
283 & Routin
Fu,GJ.[29] 2016 200  7.83/27.99 Moderate 20 7 30 outine (11), (12)
rehabilitation
+ 8.17
(1), (2), 4), (5),
3747 84  40%~60% Traditional 6), (9), (10),
Wang, F. [30] 2015 60 41.57 + target heart 12 5 45 rehabilitation (14), (15), (16),
10.53 rate (17), (18), (19),
(20), (21), (22)
Moderate
Wang, D.S. 322+ 6.97 intensity 5 Routine 1), (5), (6), (8),
[31] 201550 34.76 - 7.96 65~75% 12 3 30~40 rehabilitation (13)
HRmax
Daily
Sun, B.L. 2015 60 29 +£5.28 / 12 3~5 60 rehabilitation ), (18), (19),
[32] L (20)
activities
3526 & Psychological
Huang [33] 2015 100 12.22/35.21 / 20 / 30 yth 8 (11)
+12.12 erapy
(14), (15), (16),
Bi, C. [34] 2014 95 / Moderate 12 3 60 Daily routine  (17), (18), (19),
(20), (21), (22)
36.0 + Sham
external
Smelson [35] 2013 101  9.4/404 + / 2 46 15 : (11), (13), (18)
119 Qi-therapy
' (EQT)
4l i (11), (12), (14),
Zhuang, S.M. ’ 55~69% 5 No exercise (15), (16), (17),
[36] 201365 5'91/51'06 HRmax 12 5 40~50 intervention (18), (19), (20),
' (21), (22)
ot O
Fan,LP.[37] 2012 22  198/27.64 / 8 5 60 | oexerase e
1169 intervention (17), (18), (19),
' (20), (21), (22)
27. +
Huang, H. o T Daily life
(35 2000 110 1.8/22{?.2 4+ 50~60%VO2max 24 3 40-60 ST 1), (12)

Note: T, aerobic exercise group; C, control group; (1), BMI; (2), body fat percentage; (3), mass; (4), vital capacity;
(5), systolic blood pressure; (6), diastolic blood pressure; (7), beats per minute; (8), grip strength; (9), sit-and-reach;

(10), one-leg stand with eye closed; (11), SAS; (12), SDS; (13), drug craving; (14~22), SCL-90.

3.3. Methodological Quality

We evaluated the bias risk of all included studies according to the Cochrane collabora-
tion tool. The risk of bias in the included studies is shown in Figure 2.
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Figure 2. The risk of bias in the included studies.

3.4. Meta-Analysis Results
3.4.1. Physical Fitness
Body Compositions

In this meta-analysis, there were eighteen studies (a total of 1075 drug addicts) in-
volving aerobic exercise interventions for body composition in drug users, with the main
indicators including BMI, body fat percentage and mass. The results of heterogeneity anal-
ysis suggested that BMI studies should use a random effects model (I? = 80%, p < 0.00001)
and studies on body fat percentage (I> = 1%, p = 0.43) and mass (I> = 0%, p = 0.44) should
use a fixed effects model. The results of the meta-analysis showed that there was a statistical
significance between aerobic exercise and the control group in terms of body fat percentage
in drug addicts [MD = —0.74, 95%CI (—1.40, —0.08), p = 0.03] (Figure 3), and no significant
difference in BMI [MD = —0.74, 95%CI (—1.54, 0.06), p = 0.07], and mass [MD = —1.32,
95%CI (—2.87, 0.22), p = 0.09], as shown in Figures 4 and 5.

Experimental Control Mean Difference Mean Difference
Study or Subgrouy Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
QuYM 2021 245 652 30 2639 529 30 48% -189[489,1.11] = 1 I
Zhu 2020 2062 509 44 2142 485 43 100% -080}-289,129 -
Liao SX 2020 238 511 10 2485 381 10 28% -1.05[5.00,290] —
Zhang WP 2020 2325 6.95 40 23.07 803 40 40% 018[-3.11,347) =1 T
ZhuH 2019 245 49 30 2803 36 30 92% -35315.71,-1.35)
Zhu 2018 3261 289 37 3297 511 12 47% -036[3.40,268] Ee————e——————
Zhu 2016 2078 383 30 2106 353 29 123% -0.28[-2.16,1.60] e
Zhu D 2016 kil 2 42 32 5 27 111% -1.00(-2.98,0.98] e
Geng JJ 2016 3094 2862 30 31.92 389 27 143% -098[-272,076] = 1= L.
Geng 2016 3333 256 42 3299 389 27 158% 034132200 )
Wang F 2015 2078 383 30 2057 39 28 11.0% 0211.78,220) — vy
Total (95% CI) 365 303 100.0% -0.74[-1.40,-0.08] >
Heterogeneity Chi*=10.14,d= 10 (P=0.43),F=1%

4 2 2 H
Favours (experimental] Favours (control]

o

Test for overall effect Z= 2.21 (P=0.03)

Figure 3. Forest plot comparing body fat percentage in aerobic exercise groups and control
groups [12,16,18-21,25-28,30].

Cardiopulmonary Function

Nineteen studies (a total of 1141 drug addicts) reported the results of cardiopulmonary
function evaluation, including vital capacity, systolic blood pressure, diastolic blood pres-
sure and beats per minute. The results of heterogeneity analysis showed that the studies
of vital capacity (I> = 80%, p < 0.00001) and systolic blood pressure (I> = 61%, p = 0.003)
should use a random effect model; and the studies of diastolic blood pressure (12 = 17%,
p = 0.28) and beats per minute (I> = 0%, p = 0.66) should use a fixed effects model. The
pooled effect of these studies showed that in vital capacity [MD = 213.79, 95%CI (46.28,
381.29), p = 0.01], systolic blood pressure [MD = —4.38, 95%CI (—7.08, —1.68), p = 0.001],
diastolic blood pressure [MD = —2.66, 95%CI (—3.82, —1.51), p < 0.00001], and beats per
minute [MD= —1.92, 95%CI (—3.19, —0.65), p = 0.003], the aerobic exercise intervention
groups had better rehabilitation results than the control groups, as shown in Figures 6-9.
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Experimental Control Mean Difference Mean Difference

Mean _SD Total Mean Sl al_Weig d % Cl IV, Random, 95% CI
Zhang CX 2021 2623 114 40 2647 155 40 103% -0.24[-0.84,0.36) -
Qu YM 2021 2611 315 30 2672 302 30 77% -0.61}217,0.95) T
Zhang 2020 242 249 38 2543 263 34 88% -1.23[-242,-0.04) e
Zhu 2020 2361 346 44 248 386 43 78% -1.19}-273,0.35) -
Zhang WP 2020 2498 456 40 2518 486 40 63% -0.20[-2.27,187] —_—
ZhuH 2019 241 318 30 2803 26 30 80% -303[540,-2.46)
Zhang MZ 2018 24 2 35 24 2 30 94% 000[-098, 0098 -1
Zhao ZH 2017 2198 215 30 2584 365 30 7.8% -386[538,-234]
Zhu 2016 2434 249 30 2354 246 28 86%  0.80[-0.46,206] 1=
Geng 2016 239 19 42 2363 277 27 88%  027}092,1.46) ——p—
Wang F 2015 2434 249 30 2319 237 28 86%  1.15[-0.10,240] =
Wang DS 2015 2367 174 25 2411 317 25 81% -0.44-186,098] —r
Total (95% CI) 414 386 100.0%  -0.74[-1.54, 0.06] >
Heterogeneity. Tau®= 1.53; Chi*= 56.21, df= 11 (P < 0.00001); F= 80% % o o ol 4

Test for overall effect Z=1.82 (P=0.07) Favours [experimental] Favours [control]

Figure 4. Forest plot comparing BMI of aerobic exercise groups and control groups [12,15-17,19,20,
22,24-26,30,31].

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean __ SD _Total Mean __ SD Total Weight IV, Fixed, 95% CI IV. Fixed. 95% CI
Qu'YM 2021 7527 729 30 7804 703 30 181% -2.77[-6.39,0.85] -
Zhu 2020 71.09 1173 44 7511 1293 43 88% -4.02[-9.21,1.17) —
Zhu 2018 6151 577 37 6151 577 12 169% 000[-3.76,3.76) — —
WeiYJ 2018 6092 634 28 628 898 30 150% -1.88[-5.86,2.10) = =
Zhu 2016 7158 947 30 6945 696 29 133% 213[-2.10,6.36) —r——
ZhuD 2016 60 6 42 83 9 27 16.1% -3.00[-6.85,0.85] N
FanLP 2012 5537 559 11 5524 519 11 11.7% 013[-4.38 464] _
Total (95% CI) 222 182 100.0% -1.32[-2.87,0.22] &>
Heterogeneity: Chi*= 5.89, df= 6 (P = 0.44), F= 0% -1:0 5 5 1?0

Test for overall effect Z=1.68 (P = 0.09) Favours [experimental] Favours [control]

Figure 5. Forest plot comparing mass of aerobic exercise groups and control groups [12,16,21,23,25,27,37].
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Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Qu YM 2021 364837 52418 30 328457 532.21 30 68% 363.80 [96 49, 631.11]
GuiZ2021 282611 53485 34 2699.41 627.26 33 67% 126.70(-152.80, 406.20] =
Zhang CX 2021 354765 43759 40 324272 33495 40 75% 304.93(134.16, 475.70) L
Zhu 2020 315089 52652 44 318052 597.89 43  70% -29.63[-26657,207.31) T
Zhang 2020 2,79274 69813 38 299435 464.05 34 67%  -201 61 472,90, 69 68] T
Zhang WP 2020 23187 B6532 40 234733 79319 40 59%  -28.63[-392.40,33514) i 7
Liao 8X 2020 34541 52833 10 35058 691.03 10  44%  -51.70[-590.83,487.43]
Zhu 2018 220732 47678 37 2127 39931 12 67% 80.32-192.89, 353.53) —
Zhang MZ 2018 2271 488 35 2,381 601 30 67% -110.00[-37905, 159 05) =
WeiYJ 2018 3,20593 50136 28 29775 54857 30 67% 228 43 |41 79, 498 69) 7
Zhao ZH 2017 472737 59134 30 361327 61756 30 B6.4% 1114.10(808.14,1420.06] —
Geng 2016 241979  587.01 42 258081 62865 27 65% -161.02[-457.24,135.20) r—
Zhu 2016 379247 9317 30 313569 109628 29 46% 656.78(136.82,1176.74) = = 0
Zhu D 2016 2,288 580 42 2170 656 27 64% 118.00[-18531,421.31) |
Wang F 2015 379247 9317 30 326271 1,131.97 28 45% 52976 |-5.92, 1065 44] _
Sun BL 2015 4,268.55 601.432 29 361327 617.558 30 64%  655.28(344.23, 966.33] =1
Total (95% CI) 539 473 100.0% 213.79 [46.28, 381.29) -
Heterogeneity: Tau®= 89384.58; Chi*= 76 34, df= 15 (P < 0.00001), F= 80% 000 500 560 1000

Test for overall effect Z=2.50 (P=0.01) Favours (experimental] Favours [control]

Figure 6. Forest plot comparing vital capacity of aerobic exercise groups and control
groups [12,13,15-19,21-27,30,31].

Experimental Control Mean Difference Mean Difference
Study or Subgrou e otal e SD_Tot. el lom, 95% C dom, 95% C|
Zhu 2020 11687 997 44 12983 1155 43 102% -12.96[17.50,-8.42)
Zhang 2020 13128 1849 38 13435 1738 34 61% -3.07[11.36,5.22) —
Zhu 2018 11046 91 37 11775 976 12 81% -7.29[-1354,-1.04)
Zhang MZ 2018 1M1 14 35 107 11 35 B85% 4.00(-1.90,9.90) T
Wei YJ 2018 12089 921 28 12593 1198 30 90% -504[1052 044
Geng 2016 11583 104 42 11967 1058 27 95%  -3.84[-892,1.24) ——r
Zhu 2016 1259 1527 30 127.28 1873 29 57% -1.38(-10.12,7.36) —
ZhuD 2016 109 11 42 112 10 27 95%  -3.00-8.03,203 ==
Geng JJ 2016 10993 1098 30 11244 79 27 97%  -251[7.44,242 —
Wang F 2015 121 13 44 127 18 44 77% -6.00[1256,0.56) r
Wang DS 2015 12786 1511 25 12556 1901 25 51%  240}7.12,11.92) —
FanLP 2012 12518 409 11 13309 541 11 109% -7.91[11.92,-390] =
Total (95% CI) 406 344 100.0%  -4.38[-7.08,-1.68] >
Heterogeneity: Tau*= 13.25; Chi#= 28.37, df=11 (P = 0.003), F=61% 20 10 150 240

Testfor overall effect Z=3.18 (P = 0.001) Favours [experimental] Favours [control]

Figure 7. Forest plot comparing systolic blood pressure in aerobic exercise groups and control
groups [16,17,21-23,25-28,30,31,37].
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Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean Sl ot lean SD_Total Weight IV, Fixed. 95% CI IV, Fixed, 95% C|
Zhu 2020 7467 8.41 44 7883 1091 43 79% -416[-8.26,-0.06) |
Zhang 2020 8441 801 38 86.91 11.28 34 64% -250[7.07,2.07) I
Zhu 2018 7268 7.24 37 7758 1067 12 32% -490[-11.37,1.57) ——— |
Zhang MZ 2018 72 9 35 n 6 30 98% 1.00[-2.67 467 S
WeiYJ 2018 6886 89 28 7243 1324 30 40% -357[9.34,2.20] |
Zhu 2016 69.23 106 30 6959 11.83 29 40% -0.36[-6.10,5.38) e
Geng 2016 7593 822 42 8093 961 27 69% -5.00[-9.40,-060] ==
Zhu D 2016 68 8 42 14l 1 27 58% -3.00[7.80,1.80] T
Geng JJ 2016 68.83 7.55 30 70.92 96 27 65% -2.09[-6.61,2.43) =
Wang F 2015 69.23 106 30 6964 976 28 48% -0.41[565483 B T
Wang DS 2015 7362 91 25 695 1327 25 33% 4.12[-219,1043) ]
FanLP 2012 8218 1.94 1" 86 253 11 37.4% -382[-5.70,-1.94) .
Total (95% CI) 392 323 100.0% -2.66[-3.82,-1.51] <&
Heterogeneity. Chi*=13.28, df=11 (P= 0.28); F=17% o = p i

Test for overall effect Z= 4.53 (P < 0.00001) Favours [experimental] Favours [control]

Figure 8. Forest plot comparing diastolic blood pressure in aerobic exercise groups and control
groups [16,17,21-23,25-28,30,31,37].

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Zhu 2020 6944 723 44 7252 1062 43 110% -3.08[6.91,075 —
Zhang 2020 7053 86 38 7351 1112 34 75% -2.98[7.61,1.65] R
Zhu 2018 7278 8.1 37 7533 1397 12 23% -255[1087,577] ¢
WeiYJ 2018 72.79 559 28 7427 928 30 105% -1.48[5.39 243 S —— e
Zhu 2016 7387 712 30 7283 758 29 11.4% 1.04[2724.80] S 1T
ZhuD 2016 7 7 42 3 8 27 118% -2.00}569 1.69 S
Geng JJ 2016 7156 7.45 30 72 7.04 27 11.4% -0.44[4.20,332) T =
Geng 2016 78.79 7.02 42 80 7.04 27 139% -1.21}4.61,219] e ep——
FanLP 2012 81 19 1 85 438 11 202% -4.00[-6.82,-1.18] p——————
Total (95% Cl) 302 240 100.0% -1.92[-3.19,-0.65] -
Heterogeneity. Chi*= 5.86, df= 8 (P = 0.66); F= 0% T TR

Test for overall effect Z=2.97 (P = 0.003) Favours [expenn}ental] Favours [control)
Figure 9. Forest plot comparing beats per minute in aerobic exercise groups and control
groups [16,17,21,23,25-28,37].

Muscle Force

Eleven studies (a total of 644 drug addicts) measured the effects of aerobic exercise on
grip strength. The results of heterogeneity analysis suggested that grip strength studies
should use a fixed effects model (I = 31%, p = 0.15). The pooled effect size showed
significant effects of aerobic exercise intervention on muscle force [MD = 1.21, 95% CI (0.34,
2.08), p = 0.007], as shown in Figure 10.

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed, 95% C| IV, Fixed, 95% Cl
Qu'YM 2021 4033 426 30 3881 453 30 152% 152[071,375) =
Gui Z2021 3766 524 34 3994 929 33 57% -228[5.91,1.35 —_— 1
Zhang CX 2021 4717 415 40 46.02 347 40 269% 1.15[-053,283 T
Zhang 2020 4798 7.03 38 4986 69 34 73% -188[510,134] -1
Liao X 2020 4303 719 10 3813 513 10 25% 4.90[-057,10.37] S e
Zhu 2018 33.03 573 37 3292 43 12 B1% 011295317 = - I
WeiYJ 2018 4289 483 28 4162 872 30 58% 1.271-2.33,487) == |
Zhao ZH 2017 449 627 30 4152 597 30 79% 3.38(0.28,648)
Zhu 2016 3907 544 30 3498 831 29 58% 4.09(0.49,7.69]
ZhuD 2016 26 4 42 24 6 27 11.5% 200[-0.57,457) 7
Wang DS 2015 4456 9.07 25 4477 824 25 33% -0211501,459
Total (95% CI) 344 300 100.0%  1.21[0.34,2.08] >
Heterogeneity: Chi*=14.46, df=10 (P=0.15), F=31% 4 2 S 2 ‘

Testfor overall eflect Z=2.72 (P = 0.007) Favours [experimental] Favours [control]
Figure 10. Forest plot comparing muscle force of aerobic exercise groups and control
groups [12,13,15,17,18,21,23-25,27,31].

Flexibility

Twelve studies (a total of 752 drug addicts) measured the effects of aerobic exercise
on flexibility for sit-and-reach. The results of the heterogeneity analysis suggested that
sit-and-reach studies should use a random effects model (I? = 58%, p = 0.006). The pooled

effect size showed significant effects of aerobic exercise on flexibility [MD = 4.61, 95%CI
(2.98, 6.25), p < 0.00001], as shown in Figure 11.
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Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mear SD_Total Weif ndom, 95% C| IV, Random, 95% CI
GuiZ 2021 3673 316 34 2814 692 33 11.4% 8.59(6.00,11.18] .
Zhang CX 2021 816 387 40 574 387 40 136% 242(0.72,412) .
Zhu 2020 1182 677 44 823 808 43 101% 359(0.45,6.73) ——a
Liao SX 2020 161 441 10 886 433 10 85% 7.24(341,11.07] -
Zhang WP 2020 1478 1292 40 975 1176 40 58% 503[038,10.44]
Zhu 2018 1065 516 37 882 58 12 8.8% 1.83[-1.85,551)] -1
Zhang MZ 2018 14 5 35 9 8 30 97% 5.00(1.69,8.31) ==
Wei YJ 2018 1006 95 28 583 962 30 65% 4231-069,9.15 i
Zhao ZH 2017 1598 667 30 79 788 30 88% 808[439,11.77] Ep——
Zhu 2016 678 11.18 30 296 105 29 56% 3.82F1.71,935) = 5
Zhu D 2016 14 5 42 14 14 27 57% 0.00[-5.49,5.49] T
Wang F 2015 678 1118 30 333 107 28 55% 3.45(-218,9.08) ]
Total (95% Cl) 400 352 100.0% 4.61[2.98, 6.25] >
Heterogeneity. Tau? = 4.34; Chi*= 26.15, df= 11 (P = 0.006); = 58% S 5 =

Testfor overall effect Z= 5.54 (P < 0.00001) Favours [experimental] Favours [control]
Figure 11. Forest plot comparing flexibility of aerobic exercise groups and control groups
[13,15,16,18,19,21-25,27,30].

Balance

Sixteen studies (a total of 1010 drug addicts) used a one-leg stand with eyes closed as
an index to evaluate balance ability. The results of the heterogeneity analysis suggested that
one-leg stand with eye closed studies used a random effects model (I? = 83%, p < 0.00001).
The results showed that after the aerobic exercise intervention, the experimental group
had a longer standing time on one leg with eyes closed than the control group [MD = 9.95,
95%CI (6.29, 13.62), p < 0.00001], as shown in Figure 12.

Experimental Control Mean Difference Mean Difference
Study or Subaroup _ Mean __SD _Total Mean _ SD Total Weight IV, Random, 95% Cl IV, Random, 95% C1
Zhang CX 2021 177 681 40 1414 644 40 85%  3.56(0.66,6.46) ——
Qu YM 2021 1787 1094 30 1357 803 30 78%  4.30[057,917] =
GuiZ2021 1718 431 34 1747 528 33 87%  001[230,232 SiE
Zhu 2020 3611 2077 44 2764 1493 43 65%  847(087,16.07]
Zhang 2020 2461 2013 38 1654 928 34 67%  8.07(0951519 ==
Liao 5X 2020 1505 1023 10 116 873 10 61% 3.45[-4.89,11.79] =
Zhang WP 2020 2878 1363 40 0965 718 40 78% 1913(14.36,23.90] —
Zhu 2018 4536 3746 37 27.07 1346 12 38% 17.39(3.12,31.66]
Zhang MZ 2018 30 25 35 17 15 30 55% 13.00(3.13,2287
WeiYJ 2018 2557 1514 28 196 1314 30 66% 5971351329 b .
Zhao ZH 2017 1598 667 30 79 788 30 83% 808[439,11.77] —_—
Geng 2016 3684 2756 42 276 3422 27 35% 924612, 24.60] ==
ZhuD 2016 37 28 42 21 13 27 55% 16.00(6.21,25.79
Zhu 2016 3235 2459 30 1254 777 29 57% 1981(1057,29.05]
Geng JJ 2016 4676 2758 30 276 3422 27 33% 19.16[291,3541]
Wang F 2015 3235 2459 30 1273 784 28 57% 19.62(10.35, 28.89)
Total (95% Cl) 540 470 100.0%  9.95[6.29, 13.62] >
Heterogeneity: Tau®= 38.84; Chi*= 88.24, df=15 (P < 0.00001); F=83% p _140 5 240

Testtor.ayarall effect 2=i5.32(p:= 0.00001) Favours [exparimental] Favours [control]

Figure 12. Forest plot comparing the balance in aerobic exercise groups and control
groups [12,13,15-19,21-28,30].

3.4.2. Emotional State
Anxiety

Ten studies (a total of 875 drug addicts) reported the effect of aerobic exercise on the SAS
of drug addicts, and the combined analysis adopted a fixed effects model (1> = 19%, p = 0.26).
The results show that aerobic exercise interventions could significantly reduce the anxiety of
drug addicts [MD = —4.56, 95%Cl (—5.67, —3.45), p < 0.00001], as shown in Figure 13.

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mear SD_Total Mean SD_Total Weight ixed, 95% CI IV, Fixed, 95% CI
Qu'YM 2021 5363 449 30 5671 887 30 98% -3.08([-6.64, 048 I
GuiZ2021 3881 961 34 4277 445 33 99% -396(-7.49,-0.43)
LuCx 2021 4462 B76 27 5388 1197 34 46% -926[-14.47,-4.05)
Zhang CX 2021 5235 754 40 6013 6.79 40 125% -778[1092,-464) E—————
WeiYJ 2018 4582 954 28 5083 934 30 52% -501[987,-0.15)
Fu GJ 2016 4846 996 100 51.34 1038 100 156% -2.88[-5.70,-0.06) G
Huang 2015 4126 589 43 4635 603 45 199% -509[7.58,-2.60] p——
Smelson 2013 302 108 45 324 9.2 4 69% -220[6.43 203] S
Zhuang SM 2013 48 785 32 5124 772 33 B6% -3.24[7.03 055 S——
Huang H 2000 4254 1207 60 47.06 1045 50 7.0% -452[-873,-0.31) - 1 |
Total (95% CI) 439 436 100.0% -4.56 [-5.67, -3.45] L 4
Heterogeneity: Ch*=11.17, df= 9 (P = 0.26), F= 19% o + ) 3 p

Testfor overall eflect Z= 8.04 (P < 0.00001) Favours [experimantal] Favours [control]

Figure 13. Forest plot comparing anxiety in aerobic exercise groups and control groups
[12-15,23,29,33,35,36,38].
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Depression

Ten studies (a total of 819 drug addicts) reported the effect of aerobic exercise on
SDS of drug addicts, and the combined analysis adopted a random effect model (I? =
72%, p = 0.0002). The results showed that aerobic exercise interventions could effectively
alleviate the depression of drug addicts [MD = —3.28, 95%CI (—5.16, —1.39), p = 0.0007], as
shown in Figure 14.

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean __SD_Total Mean __SD_Total Weight Random, 95% Cl IV, Random, 95% CI
Qu'YM 2021 5313 sS1 30 57.24 812 30 109% -4.11[7.54,-068)
GuiZ2021 041 0417 34 066 009 33 171% -0.25(-0.31,-0.19) 1
Lu CXx 2021 4926 857 27 5533 11.72 34 76% -6.07[11.17,-0.97)
Zhang CX 2021 60.65 7.5 40 6195 837 40 108% -1.30[478,218) et
Zhu 2018 46.14 1067 37 4925 831 12 65% -3.11[893 271)] =1 W
Wei YJ 2018 4518 923 28 5223 974 30 80% -7.05[11.93,-217)
Geng 2016 4681 967 42 4841 973 27 83% -1.60[6.29,3.09 e ——
Fu GJ 2016 527 983 100 5569 112 100 121% -299[}591,-007] —
Zhuang SM 2013 5097 831 32 5588 802 33 97% -491[888,-094) A
Huang H 2000 46.89 1207 60 519 11.47 50 B88% -5.01[-9.42,-060) ==
Total (95% CI) 430 389 100.0% -3.28[-5.16,-1.39) >
Heterogeneity: Tau*= 5.40; Chi*= 32.00, df= 8 (P = 0.0002); F=72% T £ o %

Testfor overall effect Z=3.41 (P = 0.0007) Favours [experimantal] Favours [control]
Figure 14. Forest plot comparing depression in aerobic exercise groups and control groups
[12-15,21,23,26,29,36,38].

Drug Craving

Nine studies (a total of 554 drug addicts) used three scales as indicators to evaluate
drug cravings. The pooled analysis using a random effects model (I* = 95%; p < 0.00001)
showed evidence of significant differences between the exercise group [SMD = —1.68
(—2.56, —0.80), p = 0.0002] and the control group, as shown in Figure 15.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lu CX2021 311 032 27 457 032 34 107% -450[-5.47,-354) .
Zhang CX 2021 109.38 2515 40 110865 252 40 11.9% -0.05[-0.49,0.39)
QuYM 2021 80.91 20.06 30 10056 27.79 30 11.7% -0.80 [-1.33,-0.27)
Zhang 2020 69.03 24 38 8306 1893 34 118% -0641.11,-016]
Liao S$X 2020 66.1 27.59 10 68 1433 10 109% -008[-096,079]
ZhuH 2018 809 21.06 30 14117 3889 30 11.6% -1.90252,-1.29]
Zhang MZ 2018 75 27 35 85 40 30 11.8% -0.29[-0.78,0.20]
Wang DS 2015 248 028 25 508 028 25 77% -914[11.09,-719] ¥——
Smelson 2013 108 22 45 133 69 41 119% -0.49[-092,-0.06)
Total (95% CI) 280 274 100.0% -1.68 [-2.56,-0.80]

Heterogeneity: Tau®=1.65; Chi*= 159.24, df= 8 (P < 0.00001); F= 95%

Testfor overall effect Z= 3.74 (P = 0.0002) 4 -2 0 2 4

Favours [a-panm-pmall Favours [control]
Figure 15. Forest plot comparing drug cravings in aerobic exercise groups and control groups
[12,14,15,17,18,20,22,31,35].

3.4.3. Mental Health

The SCL-90 study included nine items and explored the therapeutic effects of aerobic exer-
cise on the mental health of drug addicts (a total of 558 participants). In SCL-90, nine indicators
of mental health symptoms of drug users were included, including anxiety, psychoticism,
phobic anxiety, paranoid ideation, obsessive-compulsiveness, somatization, interpersonal
sensitivity, depression, and hostility. The results of heterogeneity analysis showed that the
studies of anxiety (I? = 63%, p = 0.008) and obsessive-compulsiveness (I?> = 94%, p < 0.00001)
should use a random effect model; the studies of somatization (I2 =38%, p = 0.13), depression
(12 = 23%, p = 0.24), psychoticism (I? = 0%, p = 0.62), phobic anxiety(I? = 0%, p = 0.52), paranoid
ideation (12 = 0%, p = 0.43), interpersonal sensitivity (I> = 0%, p = 0.50), and hostility (I = 0%,
p = 0.64) should use a fixed effects model. Meta-analysis showed that the therapeutic effect of
aerobic exercise on mental health (SCL-90) of drug addicts was significantly superior to that of
the control group. The specific manifestations were as follows: anxiety [MD = —0.22, 95%ClI
(—0.33, —0.11), p < 0.0001], obsessive-compulsiveness [MD= —0.26, 95%CI (—0.50, —0.03,
p = 0.03)], somatization [MD = —0.21, 95%CI (—0.27, —0.14), p < 0.00001], depression [MD =
—0.21, 95%CI (—0.28, —0.15), p < 0.00001], psychoticism [MD = —0.12, 95%CI (—0.18, —0.06),
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p <0.0001], phobic anxiety [MD= —0.11, 95%CI (—0.16, —0.07), p < 0.00001], paranoid ideation
[MD = —0.09, 95%CI (—0.15, —0.02), p = 0.007], interpersonal sensitivity [MD = —0.16, 95%CI
(—0.22, —0.10), p < 0.00001], and hostility [MD = —0.12, 95%CI (—0.18, —0.05), p = 0.0007], as
shown in Figure 16.

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean __SD_Total Mean _SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
Zhang WP 2020 131 033 40 152 045 40 140% -0.21[-0.38,-0.04)
Zhao ZH 2017 119 026 30 1.6 057 30 11.3% -0.41[0863,-019)
Geng JJ 2016 121 036 30 1.3 0.1 27 153% -0.09(-0.24,0.06) i
Geng 2016 14 032 42 142 0.1 27 169% -0.020.150.11) =
Wang F 2015 131 033 30 152 045 28 123% -0.21[-041,-001) |
BiC 2014 157 062 33 1.9 1.03 21 40% -033[0820.16) I
Zhuang SM 2013 184 026 32 217 0.24 33 171% -0.33[045,-0.21) ==
FanLP 2012 225 041 11 258 02 1" 93% -0.33[-060,-0.06)
Total (95% CI) 248 217 100.0% -0.22[-0.33,-0.11] >
Heterogeneity: Tau®= 0.01; Chi*= 18.93, df= 7 (P = 0.008); F= 63% g S =P

Test for overall effect: Z=3.96 (P < 0.0001)

udy or Subgrou
Zhang WP 2020
Zhao ZH 2017
Geng 2016
Geng JJ 2016
Wang F 2015
BiC 2014
Zhuang SM 2013
FanLP 2012

Total (95% CI)

Experimental Col
SD T e

155 041 40 175
147 04 30 184
16 045 42 164
1.47 048 30 16
155 041 30 175
173 061 33 198
151 009 50 219

2 014 11 221

266

ntrol

057
063
035
035
057
083
018
015

ot ei
40 126%
30 120%
27 13.0%
27 127%
28 121%
21 9.8%
50 141%
1 137%

234 100.0%

Heterogeneity: Tau®= 0.10; Chi*= 110.57, df= 7 (P < 0.00001); F= 94%
Test for overall effect Z= 2.23 (P = 0.03)

Zhang WP 2020
Zhao ZH 2017
Geng 2016
Geng JJ 2016
Wang F 2015
BiC 2014
Zhuang SM 2013
FanLP 2012

Total (95% CI)

Experimental

136 025 40 16
114 028 30 237
139 036 42 135
125 038 30 145
136 025 30 186
168 06 33 213
179 032 32 201
195 013 11 223

248

Control
Study or Subgroup _Mean __SD_Total Mean _SD Total Weight

048
433
0.38
0.36
048
099
023
019

Heterogeneity: Chi*=11.33,df=7 (P=0.13), F=38%
Test for overall effect. Z=6.23 (P < 0.00001)

Zhang WP 2020
Zhao ZH 2017
Geng 2016
Geng JJ 2016
Wang F 2015
BiC 2014
Zhuang SM 2013
FanLP 2012

Total (95% Cl)

Experimental

153 047 40 172
123 029 30 176
165 034 42 11
126 037 30 146
153 047 30 172
162 057 33 196
195 027 32 217
217 017 11 242

248

Control
Study or Subgroup Mean SD Total Mean SD Total Weight

053
073
032
0.32
053
1.01
0.28
0.15

Heterageneity: Chi*=9.13,df=7 (P=0.24), F= 23%
Test for overall effect: Z= 6.37 (P < 0.00001)
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Control

Mean Difference

Experimental

Mean Difference

_Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Fixed, 95% Cl 1V, Fixed., 95% CI
Zhang WP 2020 1.38 044 40 146 047 40 85% -0.08(-0.28,0.12)
Zhao ZH 2017 127 028 30 144 037 30 122% -0.17[-0.34,-0.00)
Geng 2016 136 038 42 138 015 27 205% -0.02[-0.15,0.11) — —
Geng JJ 2016 122 044 30 132 0.15 27 120% -0.10(-0.27,0.07] L
Wang F 2015 138 044 30 146 047 28 6.1% -0.08[-0.31,0.15) —
Sun BL 2015 128 028 29 145 0365 30 12.3% -0.17[-0.34,-0.00] =
Bi C 2014 144 043 33 181 091 21 19% -0.37[-0.79,0.05]
Zhuang SM 2013 164 026 32 176 029 33 188% -0.12[-0.25,0.01] =T
Fan LP 2012 206 023 11 231 027 11 77% -0.25[-0.46,-0.04] = o
Total (95% Cl) 277 247 100.0% -0.12 [-0.18, -0.06] >
Heterogeneity: Chi* = 6.22, df = 8 (P = 0.62); I = 0% 4‘-5 4); ps o.gs ojfs
Test for overall effect: Z = 4.00 (P < 0.0001) Favours [experimental] Favours [control]
(e)
Experimental Control Mean Difference Mean Difference
Study or St otal IV, Fixed, 95% CI IV, Fixed, 95% CI
Zhang WP 2020 13 046 40 15 055 40 37% -020[-042002 I
Zhao ZH 2017 111 018 30 1.3 036 30 85% -0.19[0.34,-0.04)
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Figure 16. Forest plot comparing the efficacy of each SCL-90 in aerobic exercise groups and con-
trol groups [18,23,25,27,29,31,33,35,36]. Note: the figures were focused on the following indicators:
(a) anxiety; (b) obsessive- compulsiveness; (c) somatization; (d) depression; (e) psychoticism; (f) pho-
bic anxiety; (g) paranoid ideation; (h) interpersonal sensitivity; (i) hostility.

3.5. Sensitivity Analysis

Sensitivity analysis was carried out by excluding each of the 27 included studies, and
the results did not show essential changes. As such, we considered the results in this study
reliable and stable.

3.6. Publication Bias

In this study, the Egger test was used to analyze the vital capacity index, SAS index of
emotional state, and interpersonal index of mental health of drug addicts during aerobic
exercise interventions. Compared with the funnel plot method, the Egger test overcomes
the drawbacks of subjective judgments of funnel plots and the results were more objective.
The p-values for vital capacity (p = 0.716), SAS (p = 0.760), and interpersonal relationships
(p = 0.096) were tested to be greater than 0.05, indicating that there was no publication bias.

4. Discussion

This meta-analysis was conducted to estimate the effects of an aerobic exercise inter-
vention on the physical fitness, emotional state and mental health of drug addicts, and
provide an overview of the latest evidence through 27 randomized controlled studies.
Our pooled analysis showed that aerobic exercise had a significant beneficial effect on
the emotional state and psychological well-being of drug addicts, with improvements in
aspects of the evaluation indexes of physical fitness.

Firstly, our study showed that aerobic exercise was significantly better than the control
group in enhancing cardiorespiratory fitness, muscle force and balance and flexibility in
drug addicts. Previous studies have shown a significant cardioprotective effect of aerobic
exercise. Aerobic exercise couldimprove oxygen utilization and blood supply to the heart,
increases lung vital capacity, and contributes to cardiopulmonary function and physical
fitness in drug addicts [39]. Wei [40] found that aerobic exercise produced significant
changes in the ability of seated forward bending, reaction time, grip strength, and one-
legged standing time in the rehabilitators, as well as positive effects on the morphology
and physiological functions of the drug addicts after Chinese traditional exercise, i.e., the
facility. Jiang’s [41] research had shown that drug addicts undergoing aerobic exercise
therapy had improved fitness, lowered blood pressure, heart rate, and improved flexibility
while increasing aerobic endurance levels. Analysis of different outcome indicators showed
significant improvements in cardiopulmonary function, such as vital capacity, diastolic
blood pressure, and systolic blood pressure. This indicates that regular stimulation of
appropriate intensity leads to an increase in the adaptability of the individual’s cardiopul-
monary system function, an increase in cardiac output per beat, and an improvement in
cardiovascular elasticity, resulting in an overall enhancement effect [42]. In this study, the
improvement in muscle strength after aerobic exercise intervention in drug addicts was
also quite significant, which could be related to the increase in muscle weight and decrease
in body fat content, and on the other hand to the optimization of muscle fiber type and
volume [43]. The improvement of balance function and flexibility could be related to appro-
priate joint extrusion and body control, thereby enhancing the proprioception input of drug
addicts. Meanwhile, the warm-up and recovery before and after the exercise intervention
encourage them to actively stretch muscles and shift the body’s center of gravity. The
results were not statistically significant for body composition indicators regarding mass
and BMI, and the advantages of aerobic exercise in these aspects could not be determined.
This might be attributed to different exercise protocols, which were insufficient to produce
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significant improvements in body composition indicators. Therefore, more well-designed,
high-quality and large-sample RCTs are needed to confirm these findings.

Next, the results of this study showed that aerobic exercise was effective in alleviating
anxiety and depressive symptoms and reducing the craving for drugs in drug-addicted
individuals. Drug craving is a core symptom of drug addiction and an important indicator
of clinical diagnosis. Anxiety and depression drive addicts to become more dependent
on drugs and are the most common negative emotions associated with drug addiction.
The phenomenon of depression and anxiety in drug addicts concerns ambivalence [44].
They clearly understand that drug use will erode their health and harm society. Still,
the physical and mental discomfort brought by drug addiction stimulates their thirst for
drugs, and there is nowhere to vent this ambivalence, which eventually leads to anxiety
and depressive tendencies in drug addicts. Studies have shown that aerobic exercise
raises body temperature, which induces the release of endorphins, which are effective in
reducing anxiety, depression and craving in drug addicts [45]. The findings of this study
are consistent with the analysis by Wang et al. [46]. The intervention mechanism could be
that aerobic exercise caused changes in adrenaline, and reduced 5-HT neurons induced by
the serotonin reuptake inhibitors, thus promoting dopamine release and alleviating adverse
emotions such as anxiety, depression and craving [47]. The results of this analysis confirm
previous related studies and strengthen the reliability of the present findings, which are of
great value for the application of aerobic exercise in clinical treatment.

Finally, the results of this study showed that aerobic exercise was effective in promoting
significant improvements in the mental health of drug addicts, and the differences in SCL-
90 scores were statistically significant. Drug addicts may be emotionally depressed due
to their families, living environment, etc., and their mental health outlook may not be
optimistic. In many studies on the mental health of drug addicts, the SCL-90 has become
an important research tool that can effectively screen for common psychological problems
through investigations, usually adopting standardized measurement tools such as the SCL-
90, and taking samples by random or convenient sampling to carry out the test. Although
this avoids the subjectivity of the results, it is difficult to guarantee the representativeness of
the samples, which leads to the poor ecological validity of the research and the difficulty in
popularizing the conclusions [48]. Given the limitations of previous studies, a quantitative
analysis that is representative and leads to broad and general conclusions is particularly
necessary. It is necessary to improve mental health, inducing peak experiences or higher
states of consciousness to replace the appeal of drug-induced pleasure, improving self-
efficacy by preventing destructive or maladaptive behaviors before they occur, and building
better self-esteem relationships and mutual understanding between the addicted individual
and society. Chu et al. [49] also indicated that exercise could positively affect the emotional
state of drug addicts, weakening their feelings of shame and inferiority, remodeling correct
ideals and beliefs, improving the sense of well-being, and contributing to improved mental
health. Thus, it can be inferred that, because it can help individuals establish a better
self-esteem relationship with society, aerobic exercise intervention is beneficial to the
significant improvement of somatization, phobic anxiety, obsessive-compulsive symptoms,
psychoticism, paranoia, interpersonal relationship, hostility, depression, and anxiety.

5. Limitations

There are limitations to our study. Due to the limitations of existing studies, only
published RCTs from the libraries to date were included, and unpublished papers were
not obtained and included; the lack of clear study information in the interpretation of
some of the included literature affects the quality of the studies and reduces the validity
of the assessment of clinically relevant data; as the frequency and intensity of exercise
interventions taken in the 27 papers included in this study varied between studies, as well
as the duration of the experiments conducted, these differences may affect the accuracy of
the meta-analysis results; finally, this review was not registered for systematic evaluation,
and it is recommended to use this in future reviews to better avoid certain scientific biases.
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6. Conclusions

Thus, taken together, the results of this study demonstrated that aerobic exercise could
be an effective adjunct to drug addiction treatment, and be beneficial in improving health
during and after detoxification. This systematic review and meta-analysis assessed the
effectiveness of aerobic exercise intervention in drug addicts, including physical fitness,
emotional state and mental health. Some of the studies included in this study have varying
degrees of heterogeneity and there is still insufficient evidence to suggest a clinical advan-
tage in improving mass and BMI in drug addicts. Therefore, a multicenter, large-sample
RCT and more high-quality, homogeneous studies to further validate the results of this
study are recommended for future studies, thus providing a more reliable evidence-based
basis for clinical practice.

Author Contributions: Methodology, software, formal analysis, investigation, data curation,
writing—original draft preparation and visualization, X.Y. Conceptualization, replication analy-
sis and validation, writing—review and editing, supervision, project administration, and funding
acquisition, R.L.; All authors have read and agreed to the published version of the manuscript.

Funding: This study received funds from the Central Special Fund of China for Scientific Research in
Colleges and Universities (CUG150607).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We are grateful to all the authors of the involved studies who provided the
original data, and the participants.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Davis, PE,; Liddiard, H.; McMillan, T.M. Neuropsychological deficits and opiate abuse. Drug Alcohol Depend. 2002, 67, 105-108.
[CrossRef] [PubMed]

2. Mintzer, M.Z.; Copersino, M.L.; Stitzer, M.L. Opioid abuse and cognitive performance. Drug Alcohol Depend. 2005, 78, 225-230.
[CrossRef] [PubMed]

3. Volkow, N.D.; Jones, E.B.; Einstein, E.B.; Wargo, E.M. Prevention and treatment of opioid misuse and addiction: A review. JAMA
Psychiatry 2019, 76, 208-216. [CrossRef] [PubMed]

4. World Drug Report 2022 Home Page. Available online: https:/ /www.unodc.org/unodc/data-and-analysis/world-drug-report-
2022.html (accessed on 18 August 2022).

5. Cranston, K.; Alpren, C.; John, B.; Dawson, E.; Roosevelt, K.; Burrage, A.; Bryant, J.; Switzer, W.M.; Breen, C.; Peters, PJ.; et al.
Notes from the field: HIV diagnoses among persons who inject drugs—Northeastern Massachusetts, 2015-2018. Morb. Mortal.
WEkly. Rep. 2019, 68, 253. [CrossRef]

6. Degenhardt, L.; Grebely, J.; Stone, J.; Hickman, M.; Vickerman, P.; Marshall, B.D.; Bruneau, J.; Altice, EL.; Henderson, G;
Rahimi-Movaghar, A. Global patterns of opioid use and dependence: Harms to populations, interventions, and future action.
Lancet 2019, 394, 1560-1579. [CrossRef]

7. Lynch, W].; Piehl, K.B.; Acosta, G.; Peterson, A.B.; Hemby, S.E. Aerobic exercise attenuates reinstatement of cocaine-seeking
behavior and associated neuroadaptations in the prefrontal cortex. Biol. Psychiatry 2010, 68, 774-777. [CrossRef]

8.  Smith, M.A.; Lynch, WJ. Exercise as a potential treatment for drug abuse: Evidence from preclinical studies. Front. Psychiatry
2012, 2, 82. [CrossRef]

9.  Buchowski, M.S.; Meade, N.N.; Charboneau, E.; Park, S.; Dietrich, M.S.; Cowan, R.L.; Martin, P.R. Aerobic exercise training
reduces cannabis craving and use in non-treatment seeking cannabis-dependent adults. PLoS ONE 2011, 6, e17465. [CrossRef]

10. Jia, D.; Zhou, J.; Xu, Y.J.J.o.I,; Medicine, C. Effectiveness of Traditional Chinese Health-Promoting Exercise as an Adjunct Therapy
for Drug Use Disorders: A Systematic Review and Meta-Analysis. |. Integr. Complement. Med. 2022, 28, 294-308. [CrossRef]

11. Wang, D.A.; Hu, M; Jia, D.M.; Shan, Z.Q. An opinion piece on exercise intervention for drug addition. Chin. J. Drug Abus. Prev.
Treat. 2020, 26, 216-220. [CrossRef]

12. Qu, Y.M. Effect of Aerobic Exercise and Strength Training on Physique and Mental Health of Male Drug Addicts. Master’s Thesis,
Nanjing Sport Institute, Nanjing, China, 2021.

13.  Gui, Z; Luo, L;; Yuan, D.Z.; Chen, Q.Z.; Qin, Y. Intervention effect of health education combined with long-term aerobic exercise

on psychology, sleep and physique of elderly male drug addicts with depression. Mod. Prev. Med. 2021, 48, 1859-1862.


http://doi.org/10.1016/S0376-8716(02)00012-1
http://www.ncbi.nlm.nih.gov/pubmed/12062785
http://doi.org/10.1016/j.drugalcdep.2004.10.008
http://www.ncbi.nlm.nih.gov/pubmed/15845327
http://doi.org/10.1001/jamapsychiatry.2018.3126
http://www.ncbi.nlm.nih.gov/pubmed/30516809
https://www.unodc.org/unodc/data-and-analysis/world-drug-report-2022.html
https://www.unodc.org/unodc/data-and-analysis/world-drug-report-2022.html
http://doi.org/10.15585/mmwr.mm6810a6
http://doi.org/10.1016/S0140-6736(19)32229-9
http://doi.org/10.1016/j.biopsych.2010.06.022
http://doi.org/10.3389/fpsyt.2011.00082
http://doi.org/10.1371/journal.pone.0017465
http://doi.org/10.1089/jicm.2021.0285
http://doi.org/10.15900/j.cnki.zylf1995.2020.04.010

Int. |. Environ. Res. Public Health 2023, 20, 2272 17 of 19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Lu, C.X,; Dong, X.W.; Zheng, L.; Guo, Y.; Wang, ].S.; Peng, L. The effect of aerobic combined resistance exercise on the mental
health and inflammatory factors of ATS drug dependent compulsory isolation and detoxification patients. Chin. J. Drug Depend.
2021, 30, 269-275. [CrossRef]

Zhang, C.X. Research on the Influence of Aerobic Exercise and Group Psychological Counseling on the Physical and Mental
Health of Compulsory Drug Rehabilitation Personnel. Master’s Thesis, Shanxi University, Taiyuan, China, 2021. [CrossRef]
Zhu, D,; Jiang, M.; Xu, D.; Schollhorn, W.I. Long-Term effects of mind-body exercises on the physical fitness and quality of life of
individuals with substance use disorder—A randomized trial. Front. Psychiatry 2020, 11, 528373. [CrossRef]

Zhang, Z.; Zhu, D. Effect of Taijiquan exercise on rehabilitation of male amphetamine-type addicts. Evid. Based Complement.
Altern. Med. 2020, 2020, 1-11. [CrossRef]

Liao, S.X. The Effect of Different Exercise Modes on Methamphetamine Addicts’” Drug Withdrawal and the Change of Gut
Microbiota in the Best Exercise Mode. Master’s Thesis, Southwest University, Chongging, China, 2020. [CrossRef]

Zhang, W.P. Study on Physical and Mental Intervention of Taichi 13-Type Guided Rehabilitation Exercises on Female Strong
Precepts. Master’s Thesis, Yunnan Normal University, Kunming, China, 2020. [CrossRef]

Zhu, H. Study on the Effect of Aerobic Exercise and Strength Training on the Rehabilitation of Detoxification Personnel. Master’s
Thesis, Nanjing Sport Institute, Nanjing, China, 2019. [CrossRef]

Zhu, D,; Dai, G; Xu, D.; Xu, X.; Geng, J.; Zhu, W,; Jiang, X.; Theeboom, M. 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. [CrossRef]
Zhang, M.Z. Effect of Tai Chi Rehabilitation Exercise on Heart Rate Variability and Related Indexes of Female Methamphetamine
Dependent Individuals. Master’s Thesis, Shanghai University of Sport, Shanghai, China, 2018.

Wei, Y.J. An Experimental Study on the Health Promotion of Compulsory Isolated Drug Addicts by Ba Duan Jin Movement.
Master’s Thesis, Guangzhou University, Guangzhou, China, 2018.

Zhao, Z.H.; Fan, W.Y,; Li, X.H. Effect of aerobic exercise on rehabilitation of drug addicts. Chin. J. Drug Abus. Prev. Treat. 2017, 23,
89-90+92. [CrossRef]

Zhu, D.; Xu, D; Dai, G.; Wang, F.; Xu, X.; Zhou, D. Beneficial effects of tai chi for amphetamine-type stimulant dependence: A
pilot study. Am. J. Drug Alcohol Abus. 2016, 42, 469-478. [CrossRef]

Geng, ].J. The Physical and Mental Rehabilitation Effect Research of Tai Chi for Female Synthetic Drug Abusers in Shanghai.
Master’s Thesis, Shanghai University of Sport, Shanghai, China, 2016.

Zhu, D.; Xu, D.; Dai, G.B.; Geng, ].J. The physical and mental effects of tai chi for synthetic drug abusers. Chin. J. Drug. Depend.
2016, 25, 284-290. [CrossRef]

Geng, ].].; Zhu, D.; Xu, D. The effect of tai chi rehabilitation exercises on the rehabilitation of female drug addicts in compulsory
isolation. Chin. J. Sports Med. 2016, 35, 1048-1051. [CrossRef]

Fu, GJ; Huang, S.J.; Tang, C.Q.; Liu, Y.; Gao, Y.L.; Cao, J.P,; Peng, G.J.; Li, S.L.; Cai, X.H.; Song, X.G. The influence of Wugqinxiong
method on the emotion of drug addicts. J. Anhui Univ. Tradit. Chin. Med. 2016, 35, 26-29.

Wang, F. Effect of Taijiquan Exercise on Compulsory Isolation Detoxification Personnel Rehabilitation Research. Master’s Thesis,
Shanghai University of Sport, Shanghai, China.

Wang, D.S. The Treatment Effects of Aerobic Exercise for Substance Dependent Individuals and Its Mechanism. Master’s Thesis,
Shanghai University of Sport, Shanghai, China, 2015.

Sun, B.L.; Fan, W.Y,; Li, H.X. A preliminary study on the effect of exercise intervention on the physical and psychological
rehabilitation of drug rehabilitation patients. In Proceedings of the 2015 National Symposium on Drug Abuse Prevention and
Control and the 9th Workshop on Drug Abuse Prevention and Control in the Mainland, Hong Kong and Macau, Hong Kong and
Macau, 11-14 October 2015; pp. 201-223.

Huang, X.L.; Wu, S.P; Xu, H.Z. Clinical observation of practicing Baduanjin with methadone to improve anxiety symptoms in
heroin-dependent patients. Shenzhen ]. Integr. Tradit. Chin. West. Med. 2015, 25, 98-99. [CrossRef]

Bi, C. The Study on the Experiments of the Influence Exerted by Exercise Intervention on the Mental Health of Person Isolated for
Drug Rehabilitation. Master’s Thesis, Anhui Normal University, Wuhu, China, 2014.

Smelson, D.; Chen, K.W.; Ziedonis, D.; Andes, K.; Lennox, A.; Callahan, L.; Rodrigues, S.; Eisenberg, D. A pilot study of Qigong
for reducing cocaine craving early in recovery. J. Altern. Complement. Med. 2013, 19, 97-101. [CrossRef] [PubMed]

Zhuang, S.M. Effects of Exercise on Psychological Function of Detoxification w Omen with Heroin Dependence. Master’s Thesis,
Tianjin Medical University, Tianjin, China, 2013.

Fan, L.P. Effects of Exercise on Drug Treatment and Rehabilitation of Methamphetamine Addicts. Master’s Thesis, Guangzhou
Sport University, Guangzhou, China, 2012.

Huang, H.; Yang, F; Yang, S.S.; Xiao, D.S.; Nie, A.H.; Zhou, M. Influence of aerobic training on recovery of heroin addicts. Chin J.
Phys. Ther. 2000, 5, 7-10.

Rahimimoghadam, Z.; Rahemi, Z.; Ajorpaz, N.M.; Sadat, Z. Effects of Pilates exercise on general health of hemodialysis patients.
J. Bodyw. Mov. Ther. 2017, 21, 86-92. [CrossRef]

Wei, S.M.; Fen, K.Z. The application of Yi Jin Jing in drug rehabilitation training. Crime Correct. 2020, 05, 44-48.

Jiang, M. The Physical and Mental Rehabilitation Effect of Jian Xin Exersice on Drug Addicts in Shanghai. Master’s Thesis,
Shanghai University of Sport, Shanghai, China, 2017.


http://doi.org/10.13936/j.cnki.cjdd1992.2021.04.006
http://doi.org/10.27284/d.cnki.gsxiu.2021.000157
http://doi.org/10.3389/fpsyt.2020.528373
http://doi.org/10.1155/2020/8886562
http://doi.org/10.27684/d.cnki.gxndx.2020.003723
http://doi.org/10.27459/d.cnki.gynfc.2020.000731
http://doi.org/10.27247/d.cnki.gnjtc.2019.000038
http://doi.org/10.3389/fpsyg.2018.01476
http://doi.org/10.15900/j.cnki.zylf1995.2017.02.008
http://doi.org/10.3109/00952990.2016.1153646
http://doi.org/10.13936/j.cnki.cjdd1992.2016.03.008
http://doi.org/10.16038/j.1000-6710.2016.11.011
http://doi.org/10.16458/j.cnki.1007-0893.2015.13.052
http://doi.org/10.1089/acm.2012.0052
http://www.ncbi.nlm.nih.gov/pubmed/22757968
http://doi.org/10.1016/j.jbmt.2016.05.012

Int. |. Environ. Res. Public Health 2023, 20, 2272 18 of 19

42.

43.

44.

45.

46.

47.

48.

49.

Wang, C.S.; Chen, L. Research on the Effect of simplified 24-type tajjiquan on the cardiopulmonary function of college boys.
Bull. Sport Sci. Technol. 2018, 26, 91-92. [CrossRef]

Dou, H.B.; Cheng, B.J.; He, H. Study on the influence of the circular resistance training on the muscle strength and aerobic
endurance of female college students. J. Guangzhou Sport Univ. 2020, 40, 87-90+115. [CrossRef]

Nohlen, H.U.; van Harreveld, E; Rotteveel, M.; Lelieveld, G.J.; Crone, E.A. Evaluating ambivalence: Social-cognitive and affective
brain regions associated with ambivalent decision-making. Soc. Cogn. Affect. Neurosci. 2014, 9, 924-931. [CrossRef]

Han, YM,; Luo, X.; Meng, L.S.; Lv, H.; Dong, J.; Lu, H. Application of sports intervention in the field of compulsory isolation for
drug rebabilitation. Sport. Res. Educ. 2019, 34, 11-15+97. [CrossRef]

Wang, D.; Wang, Y.; Wang, Y.; Li, R.; Zhou, C. Impact of physical exercise on substance use disorders: A meta-analysis. PLoS ONE
2014, 9, €110728. [CrossRef]

Dremencov, E.; Csatlésova, K.; DuriSova, B.; Moraviikova, L.; Lacinova, L.; Jezova, D. Effect of physical exercise and acute esci-
talopram on the excitability of brain monoamine neurons: In vivo electrophysiological study in rats. Int. ]. Neuropsychopharmacol.
2017, 20, 585-592. [CrossRef] [PubMed]

Zhang, Y.D. A meta-analysis of the Symptom Checklist 90 scores of vocational college students. Chin. Ment. Health ]. 2011, 25,
705-709.

Chu, I.H,; Lin, Y.J.; Wu, W.L.; Chang, Y.K,; Lin, M. Effects of yoga on heart rate variability and mood in women: A randomized
controlled trial. J. Altern. Complement. Med. 2015, 21, 789-795. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.19379/j.cnki.issn.1005-0256.2018.08.042
http://doi.org/10.13830/j.cnki.cn44-1129/g8.2020.02.021
http://doi.org/10.1093/scan/nst074
http://doi.org/10.16207/j.cnki.2095-235x.2019.03.002
http://doi.org/10.1371/journal.pone.0110728
http://doi.org/10.1093/ijnp/pyx024
http://www.ncbi.nlm.nih.gov/pubmed/28430979
http://doi.org/10.1089/acm.2015.0138

	Introduction 
	Methods 
	Literature Search Strategy 
	Study Selection 
	Data Extraction 
	Methodological Quality Assessment 
	Statistical Analysis 

	Results 
	Literature Search 
	Characteristics of Studies 
	Methodological Quality 
	Meta-Analysis Results 
	Physical Fitness 
	Emotional State 
	Mental Health 

	Sensitivity Analysis 
	Publication Bias 

	Discussion 
	Limitations 
	Conclusions 
	References

