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Abstract 

Objective  Drug-dependent individuals often face severe physical and mental health impairments, necessitating safe 
and adaptable rehabilitation strategies. This study aims to investigate the effects of Pilates exercise on the physical 
and mental health of drug-dependent individuals. Specifically, the study seeks to evaluate changes in body composi-
tion, physical fitness, blood biochemistry, and psychological outcomes following a structured Pilates intervention.

Methods  This study was conducted as a double-blind, parallel-group, randomized controlled trial. A total of 43 
substance-dependent individuals were recruited from the Judong Drug Rehabilitation Center and randomly assigned 
to either the Pilates intervention group (n = 22) or the control group (n = 21). The experimental group underwent 
Pilates program of two weekly sessions for 24 weeks, while the control group received conventional rehabilitation. We 
assessed physical and mental health indicators at baseline, 12, and 24 weeks. Repeated measures analysis of variance 
was employed to discern inter-group differences, and Spearman correlation analysis was applied to assess the rela-
tionship between fluctuations in scores on anxiety and depression scales and those of associated physiological 
metrics.

Results  After 24 weeks of Pilates intervention, the intervention group showed significant improvements (p < 0.05) 
in body fat percentage, skeletal muscle mass, sit-and-reach distance, push-up performance, one-leg standing 
with eyes closed, vital capacity, white blood cell count, and neutrophil count. Psychological assessments revealed 
significant differences in scores on the Self-Rating Depression Scale (SDS) and Self-Rating Anxiety Scale (SAS) 
between the experimental and control groups (p < 0.01), with more pronounced effects in the experimental group. 
Additionally, changes in SDS scores were correlated with changes in sit-and-reach distance (r = -0.657, p < 0.001), 
one-leg standing with eyes closed (r = -0.734, p < 0.001), and vital capacity (r = -0.490, p = 0.001). Changes in SAS scores 
were correlated with changes in the neutrophil-to-lymphocyte ratio (r = -0.304, p = 0.048), platelet-to-lymphocyte 
ratio (r = -0.320, p = 0.037), sit-and-reach distance (r = -0.595, p < 0.001), one-leg standing with eyes closed (r = -0.704, 
p < 0.001), and vital capacity (r = -0.472, p = 0.001).
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Introduction
Drug addiction poses a global public health challenge, 
contributing to severe morbidity and mortality world-
wide [1]. Beyond compromising both individual health 
[2] and societal stability [3], this disorder significantly 
reduces workforce productivity and burdens healthcare 
systems [4]. Current estimates indicate approximately 
300 million individuals suffer from drug-related disor-
ders, including addiction-induced dependence. Studies 
have shown that even short-term, low-level drug use can 
lead to severe physical and mental damage, manifesting 
symptoms such as arrhythmia, nausea, vomiting, sweat-
ing, fever, irritability, impulsiveness, mania, or aggressive 
behavior. Overdose can even lead to coma or death [5]. 
Long-term drug dependence can cause even more irre-
versible harm to the physical and mental health of drug 
users, characterized by extreme physical emaciation, 
unstable mental state, and a decline in the function of 
various internal organs [6]. These physiological declines 
substantially impair quality of life [7], while post-with-
drawal mental health complications remain primary con-
tributors to relapse [8]. These pathophysiological insights 
underscore the urgent need to develop comprehensive 
rehabilitation strategies targeting both the biological and 
psychological dimensions of addiction recovery.

Current therapeutic approaches for substance use dis-
orders predominantly encompass pharmacotherapy [9], 
cognitive-behavioral interventions [10], and psychologi-
cal counseling. However, these modalities present limita-
tions including adverse effects, elevated implementation 
costs, and insufficient evaluation protocols [11]. Exercise 
therapy has emerged as a promising rehabilitation strat-
egy owing to its multimodal benefits, operational feasi-
bility, and safety profile [12], with established efficacy in 
addiction recovery [13–15]. Robertson et al. (2016) found 
that exercise can reduce dopaminergic neuronal damage 
induced by drugs, thereby reducing the drug cravings 
and relapse rates of drug users [16]. Cabral et al. (2018) 
found that high-intensity interval exercise may also be 
beneficial in improving the initial withdrawal symp-
toms of drug abusers [17]. In terms of physical condi-
tion improvement, Brown et al. (2010) found significant 
enhancement in the cardiopulmonary function of drug-
dependent individuals after periodic moderate-intensity 

aerobic exercise intervention and maintained this good 
recovery benefit during the subsequent three-month fol-
low-up period [18]. In subsequent research, Dolezal et al. 
(2013) confirmed that methamphetamine-dependent 
individuals significantly improved their maximum oxy-
gen uptake and lower limb strength after a combination 
of endurance and resistance training intervention. They 
also effectively controlled body weight and reduced body 
fat percentage and fat mass [19]. Giménez-Meseguer 
et al. (2015) found that after implementing a group-based 
exercise program for drug-dependent patients, the inci-
dence of injury and muscle pain decreased, obesity rates 
declined, and vitality was enhanced, greatly improving 
their quality of life [20]. Emerging evidence demonstrates 
exercise-induced mental health improvements in absti-
nent populations, particularly in alleviating anxiety and 
depression [21], enhancing self-esteem [22], and optimiz-
ing sleep architecture [23, 24]. Nevertheless, while exten-
sive evidence supports exercise efficacy in addressing 
substance dependence, debate persists regarding optimal 
modality selection and intensity calibration for maximal 
therapeutic outcomes.

Janse Van Rensburg et al. (2013) found that compared 
with high-intensity and low-intensity acute aerobic 
exercise, moderate-intensity aerobic exercise is more 
effective at reducing withdrawal symptoms, alleviating 
negative emotions, and stress in drug-dependent individ-
uals, and the intervention benefits are more long-lasting 
[25]. Ercan et al. (2016) also found in their research that 
moderate-intensity aerobic exercise and strength train-
ing are more helpful in reducing anxiety and depression 
in drug-dependent populations [26]. In contrast, Gimé-
nez-Meseguer et  al. (2020) reported enhanced affective 
benefits from low-intensity mind–body therapies versus 
moderate-intensity protocols [15], corroborating behav-
ioral evidence of inverse intensity-cognition correlations 
[27]. The choice of exercise intensity is also limited by 
the physical condition of individuals undergoing drug 
rehabilitation. Chronic substance abuse induces physical 
deconditioning characterized by asthenia, psychomotor 
retardation, and cardiometabolic impairment [5], render-
ing moderate-high intensity protocols potentially hazard-
ous [28]. In addition, many studies have mentioned the 
issue of low compliance in individuals undergoing drug 
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rehabilitation during exercise intervention [29, 30]. This 
may be due to the long-term single form of exercise prac-
tice leading to addiction to the feeling of boredom with 
exercise [31], and the unreasonable intensity setting mak-
ing it difficult for the addicted population to make pro-
gress during the exercise process, which in turn leads to 
a loss of self-confidence and poor quality and completion 
of exercise [32]. These multifaceted limitations under-
score the critical need for personalized exercise prescrip-
tion strategies in addiction rehabilitation.

As a mind–body practice within the comprehensive 
exercise paradigm, Pilates shares core components with 
yoga and Tai Chi, including postural alignment, breath 
regulation, and cognitive integration during train-
ing [33–35]. These disciplines collectively demonstrate 
injury prevention capacity while conferring benefits in 
weight management, musculoskeletal optimization, flex-
ibility enhancement, and cardiovascular adaptation [36, 
37]. Notably, Pilates distinguishes itself through broader 
therapeutic scope and precise intensity modulability [38], 
exhibiting superior synergistic effects on holistic health 
outcomes [39]. Current evidence confirms yoga- and Tai 
Chi-based interventions effectively address substance use 
disorders via craving reduction, stress modulation, and 
physiological enhancement [40–42]. Nevertheless, the 
application of Pilates in addiction rehabilitation remains 
empirically uncharted, underscoring the imperative to 
investigate its therapeutic potential for diversifying evi-
dence-based exercise interventions.

In the treatment of individuals undergoing drug reha-
bilitation, body composition detection and physical fit-
ness testing can help monitor the physical recovery of 
individuals undergoing drug rehabilitation [43], and anxi-
ety and depression scores are one of the core indicators 
to verify the degree of mental health [44], and hematol-
ogy analysis can also provide objective physiological data 
[45]. Drug abuse has a direct impact on hematological 
parameters [45–47], among which the neutrophil-to-
lymphocyte ratio (NLR) and the platelet-to-lymphocyte 
ratio (PLR) can be important prognostic factors for anxi-
ety [48, 49]. Anxiety and the often accompanying depres-
sion can also affect body balance [50, 51], and the 
neurological basis supporting this connection lies in the 
convergence of vestibular information processing and 
somatic and visceral sensory information processing in 
the parabrachial nucleus [52]. These pathways are related 
to avoidance conditioning, anxiety, and conditional fear 
responses. Monoamines affect the regulation of these 
pathways, which may affect the alertness of balance con-
trol and the anxiety effect, as well as the development of 
anxiety [52]. In addition, higher levels of anxiety symp-
toms and depressive symptoms are associated with lower 
lung function [53, 54], and the improvement of flexibility 

is usually accompanied by the alleviation of anxiety 
symptoms [55, 56]. These psychophysiological linkages 
warrant rigorous investigation within exercise-based 
detoxification assessments, offering novel perspectives to 
elucidate intervention mechanisms while informing the 
development of precision exercise protocols.

To our knowledge, this is the first attempt to explore 
the impact of Pilates exercise therapy on the physical and 
mental health of individuals undergoing drug rehabilita-
tion based on the logical connection between hemato-
logical indicators, physical fitness, and psychological 
state. Our dual-phase analysis aims to 1) elucidate Pilates’ 
impacts on physiological-psychological health, and 2) 
develop evidence-based exercise protocols for addiction 
rehabilitation, thereby advancing personalized interven-
tion strategies in substance use disorder management.

Methods
Study design
This study adhered to the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) Guide-
lines and was designed as a randomized controlled trial, 
with random group allocation and outcome assessment 
conducted by researchers not involved in the inter-
vention. Participant recruitment and the trial were 
conducted at the Judong Compulsory Isolation Drug 
Rehabilitation Center in Zhenjiang City, Jiangsu Prov-
ince, with the assistance of police officers within the 
center. After initial screening, eligible participants under-
went baseline testing, followed by random assignment 
to either the Pilates group or the control group. Both 
groups underwent a standardized rehabilitation program 
during the 24-week study period. In addition, the Pilates 
group completed targeted Pilates training. To evaluate 
the intervention’s effectiveness, interim assessments were 
conducted at the end of week 12, and final assessments 
were performed at the end of week 24. The health indi-
cators studied included body composition, physical fit-
ness, blood biochemistry, and psychological mood. The 
study was approved by the Ethics Committee of Soochow 
University (Approval No. SUDA20231211H03) and all 
procedures followed the guidelines of the Declaration of 
Helsinki [57]. All participants provided written informed 
consent. The current study has been registered on the 
platform of the China Trial Registration Center (Regis-
tration number: ChiCTR2400087067). The methodology 
and reporting of this research adhere to the principles 
outlined in the Consolidated Standards of Reporting Tri-
als (CONSORT) guidelines.

Sample size
The sample size was determined a priori using G*Power 
software (version 3.1.9.7; Heinrich-Heine-Universität 
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Düsseldorf, Germany). For the two-way repeated-
measures Analysis of Variance (ANOVA), we adopted 
Cohen’s convention for effect sizes: f = 0.1 (small), 
0.25 (medium), and 0.4 (large). A medium effect size 
(f = 0.25) was selected based on previous comparable 
interventions [58], with an alpha error probability of 
0.05 and a power of 0.8. Input parameters included 2 
groups, 3 repeated measurements, and an assumed cor-
relation of 0.5 among repeated measures. The analysis 
indicated a required total sample size of 28 participants 
(14 per group) [59].

Participants
A total of 52 volunteers were initially recruited based 
on willingness to participate. After medical examination 
and basic information survey, 8 individuals who did not 
meet the inclusion and exclusion criteria were excluded, 
resulting in a final sample of 44 verified drug-dependent 
individuals.

Randomization was performed using a computer, 
with the IBM SPSS 26.0 statistical software employed to 
generate a series of random numbers. The sequence of 
random numbers was maintained by a third party not 
involved in the study to ensure impartiality. Participants 
were assigned to either the Pilates group (assigned by odd 
numbers) or the control group (assigned by even num-
bers). The randomization scheme was securely stored in 
an opaque, sealed envelope, which was opened only after 
the completion of baseline measurements for each study 
subject to determine their group assignment. Research-
ers responsible for outcome measurements were blinded 
to group assignments, minimizing selection and perfor-
mance bias.

Inclusion and Exclusion Criteria:

1.	 Inclusion criteria included: (1) Male, meeting the 
diagnostic criteria for mental disorders caused by 
psychoactive substances according to the Chinese 
Classification and Diagnostic Criteria of Mental Dis-
orders, 3rd Edition (CCMD-3); (2) Having completed 
physiological detoxification and entering the rehabili-
tation phase, with a remaining compulsory isolation 
and drug rehabilitation time of more than 6 months; 
(3) Willing to participate in the study and sign an 
informed consent form; (4) Not familiar with Pilates 
training to avoid or balance the interference of the 
training effect.

2.	 Exclusion criteria included: (1) Having infectious 
diseases or a history of mental illness; (2) Diagnosed 
with cardiovascular, respiratory, metabolic diseases, 
or contraindications to exercise by a hospital medical 
examination.

Basic information was collected from eligible partici-
pants, including age, height, weight, resting heart rate, 
systolic and diastolic blood pressure, duration of drug 
dependence, type of drug used, and duration of stay in 
the center. Participants were randomly divided into the 
Pilates group (n = 22) and the control group (n = 22) 
using a computer. During the intervention, one par-
ticipant withdrew from the Pilates group due to non-
compliance, resulting in a final sample size of 22 in the 
Pilates group and 21 in the routine treatment group for 
statistical analysis. Given that the proportion of miss-
ing data was minimal (< 5%) and assumed to be missing 
completely at random, we opted to exclude the missing 
data from the analysis. Recruitment, the randomization 
scheme, and final sample distributions group are pre-
sented in the consolidated standards of reporting trials 
diagram (Fig. 1).

Blinding
In this study, due to the nature of the exercise interven-
tion, there were distinct differences between the Pilates 
group and the control group, making it challenging to 
implement blinding. However, randomization of par-
ticipants and the assessment of outcome measures were 
conducted by researchers who were uninvolved in the 
intervention process, ensuring the integrity of the study’s 
methodology.

Dietary standardization
To minimize dietary confounding effects on blood bio-
markers, all participants received standardized meals 
designed by a certified nutritionist. Caloric intake was 
calculated as 25–30 kcal/kg/day, with macronutrient 
distribution set at 55% carbohydrates, 20% protein, and 
25% fat. Meals were prepared and provided uniformly by 
the rehabilitation center’s kitchen, and consumption was 
supervised by staff to ensure compliance. External food, 
caffeine, alcohol, dietary supplements, and smoking were 
strictly prohibited.

Exercise intervention
The exercise modality selected for this study was Pilates, 
which was divided into mat Pilates and reformer-based 
Pilates training. Considering the convenience and opera-
bility of group intervention within the drug rehabilitation 
center, mat Pilates was chosen. Given the remote loca-
tion of the center and strict management of visitors, the 
Pilates intervention was conducted through video teach-
ing by a professional Pilates instructor, and was super-
vised by the teaching assistant from the rehabilitation 
guidance department during each session. After a pilot 
experiment confirming the quality of the movements, the 
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participants were arranged to complete the exercises in a 
fixed area within the center every week.

The Pilates exercise program was designed based on 
the principles of progressiveness, appropriateness, and 
overload. Participants underwent appropriate training 
loads to induce adaptive changes in the body, and after 
mastering the basics, the load was gradually increased 
to improve the body’s endurance and stimulate more 
significant beneficial changes [33, 34]. The Pilates group 
underwent two 1-h exercise interventions per week for 
a total of 24 weeks. The 24-week Pilates program (2 ses-
sions/week, 1 h/session) was designed based on evidence 
from prior mind–body exercise studies in substance-
dependent populations. For example, yoga interventions 
lasting 24 weeks with comparable frequency and session 
duration have demonstrated significant improvements 
in anxiety, depression, and physical function [40]. The 
selected protocol balances feasibility (to minimize drop-
out) and dose sufficiency to achieve cumulative physi-
ological and psychological effects. The overall training 
plan was divided into four stages: adaptation, autonomy, 
proficiency, and mind–body unity. Control of exercise 
intensity was crucial throughout the program, consid-
ering the generally poor physical condition of the drug 
rehabilitation participants [5], with different intensities 
and densities at various stages (Table S1).

Participants’ attendance and exercise fidelity were 
recorded in each session. Each training session was 
divided into a warm-up (5 min), main practice (45 min), 

rest intervals, and final relaxation meditation (10 min). 
The warm-up exercises were of low intensity, reach-
ing 40–50% of the maximum heart rate (HRmax) to 
fully mobilize the body’s functions. Movement selection 
and set configurations were dynamically adjusted based 
on phase-specific HRmax targets (Table  S2). The final 
relaxation meditation allowed the heart rate to gradu-
ally return to normal. Specific movements were taught 
by a professional Pilates instructor through video, and 
the rehabilitation guidance police officers were respon-
sible for supervision during training. The main practice 
movements included the supine spinal rotation, supine 
crunch, rolling abdominal twist, supine roll up, seated 
spinal extension, supine twist, rolling like a ball, swan 
dive, spear, and Seal clap flippers, among others [60] 
(Table  S2). Participants in the Pilates group demon-
strated high adherence to the intervention, completing 
96% of scheduled sessions (46/48 sessions on average). 
No adverse events related to the exercise protocol were 
reported throughout the study. In accordance with the 
pre-specified per-protocol analysis, one participant was 
excluded from the final analysis due to attendance falling 
below the predefined compliance threshold (< 90% of ses-
sions attended, equivalent to missing > 3 sessions).

Exercise intensity was controlled by the maximum 
heart rate, and the monitoring device was the domor 
smart armband produced by Beijing Oxygen Orange 
Company. The Pilates group wore the device during exer-
cise, and heart rate data could be displayed in real-time 

Fig. 1  Flow diagram of the study
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on the screen. During the practice, the teaching assis-
tant paid attention to the heart rate changes of each par-
ticipant and urged them to meet the movement quality 
standards. The exercise density, a common indicator in 
physical education classes, represented the proportion of 
the main practice activity time of an individual in a train-
ing class to the total class time in this study (Table S1). 
The teaching assistant also guided and supervised the 
individuals undergoing drug rehabilitation according to 
the exercise density requirements of different training 
stages.

Both groups of participants underwent the same stand-
ardized rehabilitation program within the detoxification 
facility. This program included routine treatments and 
care, such as daily labor tasks, substance abuse educa-
tion, and legal and ideological education. Routine labor 
activities (e.g., light gardening) were documented and 
balanced between groups. However, the control group 
did not receive specialized exercise interventions.

Outcome measurements
Physical health indicators included body composition, 
physical fitness, and blood biochemistry. Body composi-
tion indicators included Body Mass Index (BMI), body fat 
percentage, waist-hip ratio, protein content, skeletal mus-
cle mass, mineral content, and fat-free mass, all measured 
by a body composition analyzer (produced by Jilin Don-
ghuayuan, model: DBA-210), using contact electrodes to 
measure bioelectrical impedance and analyze relevant 
data. Before measurement, participants were required to 
fast and empty their bladders. Participants entered their 
personal information on the machine with a card, stood 
barefoot on the analyzer, held the handles with both 
hands, and saved personal data after the test. The specific 
indicators of physical fitness included vital capacity, grip 
strength, sit-and-reach, vertical jump, push-ups, choice 
reaction time, and one-leg standing with eyes closed. The 
testing equipment was all sourced from Shanghai Bang-
wen Equipment. Researchers supervised participants to 
ensure strict adherence to the physical fitness test stand-
ards. Blood biochemistry was tested before, during, and 
after the experiment, with blood routine tests, using the 
blood routine mode automatic-venous whole blood-
Complete Blood Count (CBC) + DIFF. Specific indicators 
include the number of white blood cells (WBC), number 
of neutrophils, number of lymphocytes, number of red 
blood cells (RBC), hemoglobin (Hb), Packed cell volume 
(PCV), mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), red blood cell distribution width 
(RDW), platelet count, mean platelet volume (MPV), 
platelet distribution width (PDW), and platelet pres-
sure (PHV). Venous blood samples were collected after 

a 12-h overnight fast. The specific blood collection pro-
cess and blood routine test were arranged by the medical 
staff within the compulsory isolation drug rehabilitation 
center, and the researchers then integrated and recorded 
the test results.

The psychological health indicators encompass subjec-
tive measures of depression and anxiety. The Self-Rating 
Depression Scale (SDS) [61] and the Self-Rating Anxiety 
Scale (SAS) [62] were utilized to assess the participants’ 
levels of depression and anxiety, respectively. Both scales 
have been validated in Chinese populations [63, 64]. The 
SDS consisted of 20 items, with respondents selecting 
from four possible answers per question, each corre-
sponding to a score of 1 to 4. Items 2, 5, 6, 11, 12, 14, 16, 
17, 18, and 20 were reverse-scored, while the rest were 
scored directly. The sum of the item scores equated to the 
total score, which was then converted to a standard score 
by multiplying by 1.25 and rounding to the nearest whole 
number. A higher standard score indicated a more severe 
level of depression. The SAS, similarly composed of 20 
items, employed a 4-point rating scale for each ques-
tion, with responses scored from 1 to 4. It was assessed 
using a standard scoring method, with the exception that 
reverse scoring applied to items 5, 9, 13, 17, and 19. A 
higher standard score on the SAS reflects greater levels 
of anxiety.

The collection and organization of research data were 
performed with rigorous verification by two researchers 
working in concert to ensure data accuracy.

Statistical methods
Data are presented as means (standard deviation, SD), 
medians (interquartile range, IQR), or frequencies (%). 
Differences in clinical baseline characteristics between 
the two participant groups were assessed using homoge-
neity chi-square tests for categorical variables, independ-
ent samples t-tests for normally distributed continuous 
variables, or non-parametric tests for non-normally dis-
tributed continuous variables. A 2 (group: exercise and 
control) × 3 (time points: baseline, 12 weeks, 24 weeks) 
repeated measures ANOVA was employed to evaluate 
the outcome parameters of physical and psychological 
health, as it accommodates correlated measurements 
across time points. Normality assumptions were veri-
fied via Shapiro–Wilk tests (p > 0.05 for all variables), 
and Greenhouse–Geisser corrections were applied if 
sphericity was violated. Post-hoc pairwise comparisons 
used Bonferroni-adjusted p-values to control for Type I 
error. When significant interactions were present, simple 
effects analyses were conducted; otherwise, main effects 
were considered. Correlation analyses for changes in 
relevant health indicators were preceded by normality 
tests; Pearson correlation was used for data conforming 
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to a normal distribution, and Spearman correlation was 
applied otherwise. The level of statistical significance was 
set at p < 0.05. All statistical analyses were performed 
using IBM SPSS 26.0 (IBM Corp., Armonk, NY, USA). 

Graphical representations were created with GraphPad 
Prism 9.0.0 (GraphPad Software Inc., San Diego, CA, 
USA), adhering to consistent formatting guidelines for 
data visualization.

Results
The demographic data showed no statistically signifi-
cant differences between the exercise group and the con-
trol group in terms of age, height, body weight, resting 
heart rate, systolic and diastolic blood pressure, years of 
drug dependence, types of drugs used, and duration of 
compulsory isolation for drug rehabilitation (P > 0.05) 
(Table 1).

The results of the repeated measures analysis of the 
physical health variance comparing the Pilates group 
with the control group at baseline, week 12, and week 24 
are presented in Tables 2 and 3.

Body composition outcomes
Statistically significant time × group interactions were 
observed after 24 weeks for the body fat [F(2,82) = 9.669, 
p < 0.01, η2 = 0.191] and skeletal muscle mass [F(2,82) = 
7.174, p < 0.01, η2 = 0.149]. Upon further analysis through 
simple effects, it was found that the Pilates group showed 
a significant increase in body fat percentage from 

Table 1  Baseline characteristics of participants

SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, Data presented as the 
mean (SD) or count (%).; *p < 0.05; **p < 0.01

Characteristic Pilates group Control group P-value
(n = 22) (n = 21)

Mean age (SD), y 29.50 (3.38) 31.52 (3.57) 0.063

Mean height (SD),cm 172.82 (5.10) 171.19 (4.00) 0.252

Mean body weight (SD), kg 68.65 (8.08) 70.58 (9.74) 0.483

Mean resting Heart Rate(SD), 
bpm

87.50 (15.23) 88.38 (8.43) 0.817

Mean SBP (SD), mmHg 131.41 (16.03) 125.05 (11.43) 0.143

Mean DBP (SD), mmHg 74.73 (9.98) 77.00 (9.21) 0.443

Mean years of drug use 
(SD), y

6.38 (3.15) 5.18 (2.25) 0.158

Type of Drug Used, n (%) 0.792

Methamphetamine 18(81.82) 18(85.71)

Heroin and Other Drugs 4(18.18) 3(14.29)

Mean duration of isolation 
(SD), y

1.04 (0.37) 1.09 (0.33) 0.651

Table 2  Primary outcomes: Body composition and Physical fitness

Data presented as the mean(SD); *p < 0.05; ** p < 0.01

Pilates group(N=22) Control group (N=21) Time*group(F) Eta

Week 0 Week 12 Week 24 Week 0 Week 12 Week 24

Body Composition outcomes
  BMI(kg/m2) 22.92(1.99) 23.20(2.02) 23.09(2.19) 24.07(3.15) 24.34(3.30) 24.66(3.37) 0.209 0.005

  Body fat (%) 18.48(5.38) 20.65(4.54) 17.48(4.76) 18.73(4.90) 19.28(4.95) 19.00(4.86) 9.669** 0.191

WHR 0.86(0.03) 0.87(0.03) 0.86(0.03) 0.87(0.03) 0.88(0.03) 0.88(0.03) 0.555 0.013

  Protein Mass(kg) 10.91(0.81) 10.76(0.79) 11.30(0.86) 11.07(1.17) 11.12(1.18) 11.52(1.21) 1.550 0.036

  Skeletal Muscle 
Mass(kg)

30.90(2.42) 30.38(2.42) 32.16(2.54) 31.30(3.50) 31.41(3.39) 31.90(3.64) 7.174** 0.149

  Mineral 
Amount(kg)

3.91(0.28) 3.84(0.30) 3.99(0.30) 3.86(0.40) 3.84(0.37) 4.00(0.37) 1.588 0.037

  Fat-Free Mass(kg) 55.33(4.11) 54.45(4.13) 57.19(4.30) 55.53(5.87) 55.60(5.69) 58.13(5.96) 2.023 0.047

Physical Fitness outcomes
  Sit 
and Reach(cm)

7.30(8.08) 10.38(7.48) 14.30(6.56) 7.30(3.93) 7.89(5.23) 7.94(4.76) 40.004** 0.494

  Vertical 
Jump(cm)

34.78(6.73) 35.40(5.35) 35.40(4.74) 33.61(6.16) 36.13(6.59) 35.77(6.90) 1.048 0.025

  Push-ups(count) 13.05(4.04) 17.64(4.92) 21.32(6.65) 16.81(6.45) 16.38(5.23) 16.48(7.65) 22.348** 0.353

  Reaction Time(s) 0.51(0.06) 0.52(0.07) 0.50(0.08) 0.51(0.07) 0.52(0.05) 0.53(0.05) 1.255 0.030

  One-Leg Stand 
with Eyes Closed(s)

13.13(2.67) 52.71(11.93) 35.02(9.95) 14.63(5.11) 14.64(6.37) 14.88(3.68) 65.656** 0.616

  Grip Strength(kg) 45.28(7.12) 49.27(5.44) 53.91(7.58) 45.21(7.19) 49.61(6.06) 50.81(8.45) 40.000 0.077

  Lung 
Capacity(cc)

3638.45(661.43) 3702.73(779.47) 3882.73(637.11) 3451.33(456.64) 3438.67(587.45) 3353.52(312.84) 5.455** 0.117
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baseline to 12 weeks, which was followed by a significant 
decrease from 12 to 24 weeks [F(2,40) = 24.999, p < 0.01, 
η2 = 0.556]. In contrast, the control group exhibited no 
significant differences in body fat percentage across all 
measured time points(Fig. 2A).

Additionally, the Pilates group demonstrated higher 
skeletal muscle mass at 24 weeks compared to both base-
line and 12 weeks, with significant differences observed 
[F(2,40) = 29.968, p < 0.01, η2 = 0.600]. Conversely, no sig-
nificant changes in skeletal muscle mass were noted for 
the control group at any of the assessed stages (Fig. 2B).

Physical fitness outcomes
Statistically significant time × group interactions were 
observed after 24 weeks for various physical fitness 
parameters, including sit and reach [F(2,82) = 40.004, p < 
0.01, η2 = 0.494], push-ups [F(2,82) = 22.348, p < 0.01, η2 = 
0.353], one-leg stand with eyes closed [F(2,82) = 65.656, 
p < 0.01, η2 = 0.616], and lung capacity [F(2,82) = 5.455, 
p < 0.01, η2 = 0.117]. Subsequent simple effects analysis 
revealed that, at 24 weeks, the Pilates group exhibited 
significantly higher sit-and-reach values compared to the 
control group [F(1,41) = 13.113, p < 0.05, η2 = 0.242], with 
significant improvements from baseline observed at both 
12 weeks [F(2,40) = 72.404, p < 0.05, η2 = 0.784] and 24 
weeks, whereas the control group showed no significant 
changes (Fig. 2C).

At baseline, the Pilates group had a lower push-ups 
count compared to the control group [F(1,41) = 5.315, 
p = 0.026, η2 = 0.115]. However, by 24 weeks, the Pilates 
group’s push-up count had significantly increased and 

was higher than the control group [F(1,41) = 4.923, p = 
0.032, η2 = 0.107]. The Pilates group showed significant 
improvements in push-ups at both 12 weeks and 24 
weeks [F(2,40) = 27.211, p < 0.01, η2 = 0.576], while the con-
trol group did not exhibit significant changes (Fig. 2D).

The Pilates group also demonstrated significantly 
longer times in the one-leg stand with eyes closed at both 
12 weeks [F(1,41) = 14.210, p = 0.001, η2 = 0.257] and 24 
weeks [F(1,41) = 76.067, p < 0.01, η2 = 0.650], with signifi-
cant improvements in balance ability observed at each 
time point [F(2,40) = 159.012, p < 0.01, η2 = 0.888]. In con-
trast, the control group did not show significant changes 
throughout the study(Fig. 2E).

Finally, significant differences between groups were 
found at 24 weeks for lung capacity [F(1,41) = 11.770, p = 
0.001, η2 = 0.223]. The Pilates group showed a continu-
ous increase in lung capacity with significant differences 
between baseline, 12 weeks, and 24 weeks [F(2,40) = 6.537, 
p = 0.003, η2 = 0.246]. The control group’s lung capacity 
changes were not statistically significant during the study 
period (Fig. 2F).

Complete blood count outcomes
Statistically significant interactions between time and 
group were observed after 24 weeks for the WBC Count 
[F(2,82) = 4.027, p < 0.05, η2 = 0.089], Neutrophil Count 
[F(2,82) = 4.129, p < 0.05, η2 = 0.091], Platelet Count 
[F(2,82) = 7.491, p < 0.05, η2 = 0.154], and PHV [F(2,82) = 
5.916, p < 0.01, η2 = 0.126].

Following these findings, a simple effects analysis was 
conducted. It revealed that in the Pilates group, the WBC 

Table 3  Primary outcomes:Complete blood count

Data presented as the mean(SD); *p < 0.05; ** p < 0.01

Pilates group(N=22) Control group (N=21) Time*group(F) Eta

Week 0 Week 12 Week 24 Week 0 Week 12 Week 24

Complete Blood Count outcomes
  WBC Count(109/L) 6.14(1.09) 7.21(1.42) 7.27(0.91) 6.65(1.27) 6.80(1.42) 6.88(1.51) 4.027* 0.089

  Neutrophil Count(109/L) 3.57(0.82) 4.12(0.94) 4.02(1.05) 3.97(0.96) 3.82(0.92) 3.66(1.22) 4.129* 0.091

  Lymphocyte Count(109/L) 1.99(0.44) 2.46(0.58) 2.66(0.70) 2.05(0.43) 2.41(0.49) 2.60(0.40) 0.515 0.012

  RBC Count(109/L) 5.03(0.26) 4.91(0.27) 4.95(0.26) 5.22(0.41) 5.19(0.36) 5.16(0.36) 0.890 0.021

  Hb(g/L) 155.91(8.07) 154.82(8.17) 154.32(5.78) 160.29(8.73) 162.71(8.82) 160.14(8.88) 2.091 0.049

  PCV(%) 45.98(2.18) 44.40(2.13) 44.64(1.74) 47.29(2.97) 46.88(2.49) 46.24(2.66) 2.698 0.062

  MCV(fL) 91.33(2.65) 90.58(2.69) 90.43(2.75) 90.68(2.92) 90.32(2.51) 89.80(2.74) 0.698 0.017

  MCH(pg) 30.90(1.07) 31.59(1.17) 31.24(1.24) 30.81(1.33) 31.40(1.14) 31.12(1.10) 0.049 0.001

  MCHC(g/L) 338.59(4.64) 348.27(8.83) 345.55(6.88) 342.33(5.58) 347.52(6.50) 346.62(5.97) 2.638 0.060

  RDW(fL) 41.22(1.33) 38.10(0.87) 39.05(1.20) 41.76(1.48) 38.30(1.20) 39.05(1.47) 1.535 0.036

  Platelet Count(10^9/L) 225.05(38.34) 234.09(43.03) 238.73(51.67) 245.71(56.80) 235.33(47.11) 225.38(51.60) 7.491* 0.154

  MPV(fL) 9.58(0.66) 9.19(0.60) 9.52(0.70) 9.37(0.71) 9.07(0.67) 9.51(0.68) 1.562 0.037

  PDW(fL) 16.15(0.27) 16.10(0.25) 16.24(0.27) 16.12(0.33) 16.11(0.25) 16.21(0.26) 0.254 0.006

  PHV(%) 0.21(0.03) 0.21(0.03) 0.223(0.04) 0.23(0.05) 0.21(0.04) 0.21(0.04) 5.916* 0.126
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count significantly increased from baseline at both 12 
weeks and 24 weeks [F(2,40) = 29.797, p < 0.01, η2 = 0.598], 
whereas the control group showed no significant changes 
(Fig.  2G). The Neutrophil Count in the Pilates group 
also demonstrated a statistically significant increase 
from weeks 0 to 12 [F(2,40) = 10.127, p < 0.01, η2 = 0.336] 
(Fig.  2H). Additionally, the simple effects analysis indi-
cated that the changes in Platelet Count from baseline 
to 12 weeks [F(2,40) = 5.233, p < 0.05, η2 = 0.207] (Fig. 2I)
and the changes in PHV from weeks 0 to 12 in the con-
trol group [F(2,40) = 6.910, p < 0.01, η2 = 0.257] were both 
statistically significant(Fig. 2J).

Mental outcomes
Statistically significant interactions between time and 
group were observed after 24 weeks for both SDS 
[F(2,82) = 9.669, p < 0.01, η2 = 0.191] and the SAS [F(2,82) = 
7.174, p < 0.01, η2 = 0.149].

Subsequent simple effects analysis revealed that the 
SDS scores in the Pilates group were significantly lower 
than those in the control group at both 12 weeks (44.32 
± 3.01 vs. 51.33 ± 2.01; p < 0.01) and 24 weeks (40.82 
± 2.50 vs. 50.33 ± 2.10; p < 0.01). Similarly, SAS scores 
were significantly lower in the Pilates group compared 
to the control group at 12 weeks (45.32 ± 2.70 vs. 48.29 

Fig.2  Comparative Analysis of the Two Groups at Baseline, 12, and 24 Weeks Using Two-Way ANOVA with Repeated Measures; (A-L): Results 
derived from simple effects analysis following the verification of interaction effects between the Pilates group and the control group for body fat 
percentage, skeletal muscle mass, sit-and-reach distance, push-up performance, one-leg stand with eyes closed, vital capacity, white blood cell 
count, neutrophil count, platelet count, plateletcrit, SDS, and SAS. * p < 0.05; ** p < 0.01
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± 2.12; p < 0.01) and 24 weeks (42.55 ± 2.22 vs. 45.19 
± 2.09; p < 0.01).

The SDS scores [F(2,40) = 283.103, p < 0.01, η2 = 0.934] 
and SAS scores [F(2,40) = 111.991, p < 0.01, η2 = 0.848] for 
the Pilates group displayed a continuous downward trend 
throughout the intervention period, with particularly 
notable reductions from weeks 0 to 12. The control group 
also demonstrated a downward trend in SDS [F(2,40) = 
8.985, p < 0.01, η2 = 0.310] (Fig.  2K). and SAS scores 
[F(2,40) = 22.484, p < 0.01, η2 = 0.529] (Fig.  2L), although 
the overall decrease was less pronounced.

The correlations between inflammatory markers, 
physical fitness indicators, and the psychological scale 
scores of SDS and SAS among participants are detailed 
in Supplementary Table  S3. A Spearman correlation 
analysis was conducted to investigate the relationships 
between changes in inflammatory markers, physical fit-
ness indicators, and mental health scores as measured 
by the SDS and SAS. The results are detailed in Table 4.

The change in Neutrophil-to-Lymphocyte Ratio 
(ΔNLR) showed a non-significant trend with ΔSDS 
(r = −0.172, p = 0.270) and a significant negative cor-
relation with ΔSAS (r = −0.304, p = 0.048). Similarly, 
the change in Platelet-to-Lymphocyte Ratio (ΔPLR) 
demonstrated a non-significant trend with ΔSDS 
(r = −0.287, p = 0.062) and a significant negative corre-
lation with ΔSAS (r = −0.320, p = 0.037).

Significant negative correlations were observed 
between changes in physical fitness indicators and 
both ΔSDS and ΔSAS. Specifically, the change in sit-
and-reach distance (ΔSit and Reach) showed a very 
strong significant negative correlation with both 
ΔSDS (r = −0.657, p < 0.001) and ΔSAS (r = −0.595, p < 
0.001). The change in one-leg stand with eyes closed 
(ΔOne-Leg Stand with Eyes Closed) also displayed a 
very strong significant negative correlation with both 
ΔSDS (r = −0.734, p < 0.001) and ΔSAS (r = −0.704, 
p < 0.001). Additionally, the change in lung capacity 
(ΔLung Capacity) was significantly and negatively cor-
related with ΔSDS (r = −0.490, p = 0.001) and ΔSAS 
(r = −0.472, p = 0.001) (Figs. 3 and 4).

Table 4  Correlations between subjects’ characteristics changes 
and the SDS and SAS scale changes

* p < 0.05; ** p < 0.01

Variables ΔSDS ΔSAS

r P r P

Inflammatory markers

  ΔNLR −0.172 0.270 −0.304* 0.048

  ΔPLR −0.287 0.062 −0.320* 0.037

Physical fitness

  ΔSit and Reach, cm −0.657** 0.000 −0.595* 0.000

  ΔOne-Leg Stand 
with Eyes Closed, s

−0.734** 0.000 −0.704** 0.000

  ΔLung Capacity, cc −0.490** 0.001 −0.472** 0.001

Fig. 3  Correlations Between Changes in Subject Characteristics and ΔSDS. A-C The results of Spearman correlation analyses between changes 
in sit-and-reach distance, one-leg stand with eyes closed, and vital capacity with changes in the SDS

Fig. 4  Correlations Between Changes in Subject Characteristics and ΔSAS. A-E The results of Spearman correlation analyses between changes 
in NLR, PLR, sit-and-reach distance, one-leg stand with eyes closed, and vital capacity with ΔSAS
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Discussion
In this randomized controlled trial, we compared the 
effects of a Pilates intervention versus conventional care 
on body composition, physical fitness, blood parameters, 
and mental health in male drug rehabilitation patients. 
The results indicated that the Pilates group showed 
greater improvements in body fat percentage, skeletal 
muscle mass, immune function, upper body and core 
strength, flexibility, balance, vital capacity, and symptoms 
of anxiety and depression compared to the conventional 
care group. Additionally, this study revealed correlations 
between the improvements in anxiety and depression and 
the enhancements in balance, flexibility, lung function, 
the NLR and the PLR, indicating that a Pilates interven-
tion may contribute to the rehabilitation of drug users by 
providing complementary improvements in physical fit-
ness and psychological health. However, further research 
is needed to confirm these findings.

Improvements in body composition and exercise 
performance
After 24 weeks of Pilates intervention, participants in the 
Pilates group exhibited a reduction in body fat percent-
age and an increase in skeletal muscle mass compared to 
baseline measurements. In contrast, the control group 
did not show significant changes in these parameters. 
Interestingly, unlike the continuous increase in skeletal 
muscle mass, the body fat percentage in the Pilates group 
exhibited an initial increase followed by a decrease. This 
could be attributed to drug abuse leading to nervous sys-
tem disorders, causing states of extreme excitement and 
reduced appetite [65]. Drug use can also disrupt gastroin-
testinal function [66], affecting the digestion and absorp-
tion of food, resulting in long-term malnutrition among 
drug users [67]. Compared to healthy individuals, these 
users typically have lower body weight and skeletal mus-
cle mass. After 12 weeks of Pilates training, participants’ 
core muscle groups were frequently exercised, enhancing 
gastrointestinal motility and improving digestive func-
tion [68], leading to an increase in body fat percentage. 
The subsequent decrease in body fat percentage in the 
Pilates group between weeks 12 and 24 may be due to 
the fact that Pilates training achieved an improvement 
in body fat percentage as the intensity of the exercise 
progressed [69]. This also aptly prevents the increase in 
body fat percentage, obesity, and sub-health that is prone 
to occur after the subject’s body functions and digestive 
system are restored. The continuous increase in skeletal 
muscle mass in the Pilates group, which became signifi-
cantly higher than the control group at 24 weeks, is a 
cumulative effect of long-term Pilates training [70]. The 
increase in skeletal muscle mass and decrease in body 

fat percentage in the Pilates group resulted in minimal 
changes in body weight, which may explain the lack of 
significant changes in BMI. Previous studies on healthy 
individuals have indicated that a 12-week Pilates pro-
gram does not significantly improve body composition 
[71, 72]. However, this study shows that a 24-week Pilates 
program positively affected the body composition of drug 
rehabilitation participants, albeit to a limited extent, con-
firming that regular long-term Pilates exercise can effec-
tively increase skeletal muscle mass and improve body fat 
percentage.

The general decline in physical fitness among drug 
users is a prominent issue. However, good physical fitness 
is the cornerstone for individuals to reintegrate into soci-
ety and enjoy a fulfilling life [5]. This study demonstrated 
significant improvements in the physical fitness of drug 
rehabilitation participants through Pilates intervention, 
including flexibility, upper limb and core strength, bal-
ance, and lung function.

After 24 weeks of Pilates intervention, the sit-and-
reach performance of participants in the Pilates group 
increased to twice the baseline values and was signifi-
cantly better than that of the control group. The improve-
ment in flexibility is closely related to the design of this 
study’s exercise protocol, which included a significant 
amount of stretching exercises such as “spine extension,” 
“roll down,” and “lateral stretch,” effectively promoting 
the stretching of joint capsules and ligaments, increas-
ing joint mobility. The strength training in Pilates also 
enhanced muscle elasticity and strength, as well as joint 
stability [73], leading to an improvement in flexibility. 
Although the average push-up performance of the Pilates 
group was lower than the control group at the beginning 
of the study, it significantly surpassed the control by week 
24, due to the significant mobilization of the upper limb 
and core muscle groups and the improvement in muscle 
strength and endurance [74]. The balance quality of the 
Pilates group also showed a significant improvement, 
with the one-leg stand with eyes closed nearly doubling 
in duration, reflecting this enhancement. The mecha-
nism behind the improvement in balance may be related 
to the increase in core strength. Through Pilates train-
ing, participants’ core muscle group stability and control 
capabilities were enhanced, leading to positive changes in 
balance ability [75]. This is consistent with studies show-
ing that similar exercises like Tai Chi can improve bal-
ance in drug rehabilitation populations [76, 77]. In the 
Pilates group, vital capacity showed a stable increasing 
trend throughout the study. At 24 weeks, it was signifi-
cantly higher than in the control group, suggesting that 
long-term Pilates training may potentially benefit respir-
atory health in drug rehabilitation individuals. This ben-
efit may be attributed to the mobilization of respiratory 
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muscles, coordination between the chest and abdomen, 
improvement in breathing patterns, and optimization of 
thoracic morphology during Pilates exercises [78]. More-
over, it is worth noting that the improvements in body 
composition and physical fitness of the Pilates group are 
also closely linked. Lower body fat percentage reduces 
the burden of excess fat, making the transmission of 
muscle strength more effective, thereby improving the 
body’s exercise efficiency and functional performance, 
and enhancing strength, flexibility, and balance [79]. 
The enhancement of upper limb and core strength also 
benefits from the increase in skeletal muscle mass in 
the corresponding body parts. The increase in skeletal 
muscle mass and the strengthening of the core muscle 
group improve the stability and control of the trunk, sig-
nificantly improving balance [75]. The increased skeletal 
muscle mass and improved body fat percentage positively 
affect lung function by improving overall health [80].

In summary, Pilates has shown positive effects in 
enhancing flexibility, upper-body and core muscle endur-
ance, balance, and lung function among drug reha-
bilitation participants, which aligns with prior studies 
observing similar benefits [81]. Clinically, these improve-
ments may enhance participants’ ability to engage in 
daily activities (e.g., bending, lifting), indirectly support-
ing rehabilitation goals such as vocational training.

Improvement in blood routine results
The ravages of drug abuse can severely disrupt physiolog-
ical functions and inevitably lead to a decline in immune 
function [82]. Key indicators in routine blood tests, such 
as white blood cells, red blood cells, and platelets, provide 
important information about the immune status of the 
body. White blood cells play an essential role in defend-
ing against invasions by foreign bacteria [83], and plate-
lets also have a significant defensive role [84]. Therefore, 
it is important to monitor the improvement in relevant 
indicators of drug addicts to assess their health status.

During the experimental intervention, the Pilates 
group exhibited significant increases in total white blood 
cell and neutrophil counts, likely reflecting exercise-
induced immunomodulation. Previous research has 
shown that regular exercise can boost the number and 
activity of white blood cells and neutrophils in healthy 
individuals [85]. Thus, the significant rise in white blood 
cell and subtype counts from baseline to week 12 likely 
represents adaptive changes in the early to mid-inter-
vention stages due to Pilates, indicating immune system 
activation. However, these adaptive changes gradually 
attenuated over time. The specific chronic adaptations 
(e.g., enhanced anti-pathogen capacity) still need to be 
further validated through functional immune assays. 
Future studies should integrate inflammatory biomarkers 

and pathogen challenge models to clarify whether Pilates 
can enhance immune competence in drug-dependent 
populations. Meanwhile, the control group showed a 
decrease in platelet count and PHV at 12 weeks, which 
may be related to the weaker physical constitution of 
the participants and the lack of stable support from rou-
tine daily activities for the recovery of immune function, 
leading to a decrease in platelet count and crit. This phe-
nomenon has also been documented in patients with 
opioid and alcohol addiction [86, 87]. Gronesova et  al. 
(2018) found that two weeks of Pilates intervention could 
affect specific blood parameters in healthy women [88], 
mainly manifesting in the reduction of pro-inflammatory 
cytokines and angiogenic chemokine levels, as well as 
the enhancement of NK cell activity. These could also be 
potential mechanisms by which Pilates exercise improves 
immune function. Overall, Pilates intervention appears 
to activate the immune system, but the specific chronic 
adaptations, underlying mechanisms, and relationships 
with other health factors require further exploration, the 
clinical significance of the improvements in these blood 
parameters is currently limited.

Improvement in psychological outcomes 
and the correlation analysis
The exacerbation of anxiety and depressive states in 
drug users is related to a conflict of internal emotions 
[89]. Although they recognize the harmful effects of 
drugs on health and society, the discomfort caused by 
drug use intensifies the craving for drugs. This accumu-
lated conflict of emotions ultimately leads to anxiety and 
depression [90]. The worsening of anxiety and depressive 
symptoms can lead to a stronger dependence on drugs in 
addicts [43], forming a vicious cycle. Therefore, to break 
this cycle, effectively alleviating anxiety and depressive 
emotions caused by drug cravings is crucial for the recov-
ery of individuals in drug rehabilitation.

At 12 weeks, the Pilates intervention reduced anxi-
ety and depression scores by nearly 20%, with sustained 
improvements through follow-up. The participants in the 
conventional care group also showed a slight improve-
ment in anxiety and depressive states, which may be 
due to the physical exercise and teamwork involved in 
daily labor, which to some extent increased their physi-
cal activity and social interaction, thereby promoting 
psychological health. Overall, compared to conventional 
care, Pilates intervention can achieve more significant 
results in the treatment of negative emotions in the short 
term, and long-term Pilates exercise intervention can 
further consolidate and strengthen the therapeutic effect.

The mind–body integration characteristic of Pilates 
played a key role in this process. Pilates emphasizes 
body awareness and breath control [60], which helps to 
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improve individuals’ awareness of their bodily state. Deep 
breathing can activate the body’s relaxation response, 
reduce the levels of stress hormones such as cortisol, 
and promote the production of neurotransmitters in the 
brain (such as endorphins, serotonin, and dopamine) 
[91, 92], thereby achieving the effect of relieving symp-
toms of depression and anxiety. As a form of mind–body 
exercise, Pilates can also regulate the neural activity and 
functional connectivity of brain structures such as the 
prefrontal cortex, hippocampus/medial temporal lobe, 
lateral temporal lobe, insula, and cingulate cortex, as 
well as cognitive control and the default mode network 
[93], thereby repairing and protecting the damaged dopa-
mine system [94]. Fleming et al. (2018) also explored the 
impact of Pilates on psychological health outcomes in a 
meta-analysis, and the results showed that Pilates exer-
cise can significantly reduce depression, anxiety, and 
fatigue [95]. These findings further support the positive 
role of Pilates exercise in improving psychological health.

From a clinical perspective, Pilates training, as a non-
pharmacological intervention, offers a safe, sustainable, 
and cost-effective adjunctive approach for substance 
rehabilitation through its demonstrated efficacy in allevi-
ating anxiety and depressive symptoms. This therapeutic 
strategy holds particular relevance for patient popula-
tions exhibiting contraindications or suboptimal tolera-
bility to conventional pharmacotherapy.

Our study yielded some intriguing findings, including 
a strong negative correlation between improvements in 
balance, flexibility, and lung function and the increased 
scores on the SAS and the SDS. Additionally, the 
increases in the NLR and the PLR showed a similar nega-
tive correlation with the rise in SAS scores. These find-
ings may provide a new perspective and theoretical basis 
for selecting exercise interventions that can effectively 
improve the physical and mental health of individuals in 
drug rehabilitation.

NLR and PLR, as reliable indicators of inflammatory 
status [96, 97], have been linked by researchers such as 
Furtado et al. to the pathogenesis of psychological disor-
ders like anxiety and depression. A recent study also sup-
ports a mild to moderate positive correlation between 
NLR and PLR and anxiety levels [98]. Notably, in indi-
viduals dependent on opioids, NLR and PLR are lower 
than in healthy controls but significantly elevated in 
those with long-term dependence or active use [86]. In 
our study, changes in NLR and PLR showed a mild nega-
tive correlation with changes in anxiety scores. However, 
due to the variability in the duration of drug dependence 
and the diversity of drug types used by the participants, 
the measurements may be subject to various interfering 
factors, which may limit the reference significance of the 
research findings.

Significant positive correlations were observed 
between improvements in flexibility, balance, and lung 
capacity, and the alleviation of anxiety and depression. 
Previous studies have noted that enhanced personal 
flexibility often parallels the alleviation of anxiety and 
depressive symptoms [55, 56], likely because practices 
that improve flexibility typically include increased body 
awareness and control, which enhance body perception 
and self-awareness, thereby aiding in easing symptoms 
of depression and anxiety [91, 92]. In terms of balance 
control, patients with anxiety and depression exhibit 
balance disorders reliant on proprioception [99, 100]. 
The neurological link between anxiety and panic and 
balance control is that motor responses modulate brain-
stem circuits through descending commands and indi-
rectly through the locus coeruleus and the raphe nuclei. 
Monoaminergic inputs seem to increase the sensitivity 
of vestibular reflex pathways to vestibular inputs, and 
with heightened alertness and anxiety, the activation 
of these pathways may lead to postural sway and spa-
tial motion discomfort [52]. These research findings 
provide theoretical support for the observations in our 
study. The significant correlation between improved 
lung function and the alleviation of anxiety and depres-
sive symptoms may be attributed to the emphasis on 
deep breathing and breath control in Pilates exercises, 
which not only optimize the brain’s oxygen supply but 
also serve as an effective means of anxiety relief [60]. 
Furthermore, enhanced lung function is closely associ-
ated with an individual’s positive perception of physical 
health and overall well-being [101], which in turn pro-
motes the improvement of psychological health [102]. 
Previous research has also indicated a link between 
higher levels of anxiety and depression and lower lev-
els of lung function [53]. Therefore, our findings further 
emphasize the positive role of exercise interventions 
like Pilates in improving lung function to promote 
psychological health.The analysis results suggest that 
we may be able to design more individualized exercise 
intervention plans based on the weaknesses of indi-
viduals in drug rehabilitation in aspects such as flexibil-
ity, balance, and lung function, thereby more efficiently 
improving their physical and mental health. However, 
further research is needed to clarify the exact impact 
mechanisms of these indicators.

Compared to prior studies in exercise-based rehabili-
tation, long-term Pilates training showed greater ben-
efits in improving balance and reducing body fat [44], 
whereas moderate-intensity training was more effective 
in enhancing reaction speed [23]. Additionally, long-term 
Pilates intervention demonstrated similar effects on alle-
viating negative emotions as long-term yoga or moder-
ate-intensity exercise [40].
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Limitations
This study has several limitations that warrant considera-
tion. First, the small sample size and single-center design 
may reduce statistical power and increase the risk of Type 
II errors, particularly in detecting subtle effects of Pilates 
on hematological parameters. Second, the exclusive 
inclusion of male participants undergoing compulsory 
rehabilitation in Zhenjiang, China, limits the generaliz-
ability of the findings to females, voluntary rehabilitation 
populations, or individuals in other cultural contexts. 
For instance, females with substance use disorders often 
exhibit distinct comorbidities [103] that may modu-
late intervention responses. Third, the control group 
received routine care without structured exercise, which 
precludes direct comparisons between Pilates and other 
exercise modalities. Fourth, the reliance on video-based 
Pilates instruction, despite supervision by rehabilitation 
staff, introduces potential variability in exercise fidelity. 
While a pilot study ensured baseline movement accu-
racy, real-time feedback from certified instructors could 
further standardize practice. Finally, the absence of long-
term follow-up data limits our understanding of whether 
the observed benefits persist beyond the 24-week inter-
vention period.

Future research
Future research should aim to address the limitations 
of the current study and further advance the field by 
enhancing population diversity, conducting compara-
tive intervention trials, investigating mechanisms, and 
evaluating long-term outcomes. To enhance population 
diversity, future studies should also recruit larger, gen-
der-balanced cohorts across both voluntary and com-
pulsory rehabilitation settings, including participants 
from diverse geographic, cultural, and socioeconomic 
backgrounds. This would allow for comparative analyses 
to explore whether factors such as gender, drug type, or 
legal status modulate the efficacy of Pilates interventions. 
Direct comparative trials are also needed to evaluate the 
relative benefits of Pilates compared to other evidence-
based exercise modalities, such as yoga or aerobic train-
ing. A three-arm randomized controlled trial design 
(Pilates vs. yoga vs. control) could help clarify whether 
observed outcomes are driven by mind–body integra-
tion, physical intensity, or other modality-specific mech-
anisms. Furthermore, future research should integrate 
neuroimaging techniques (e.g., Functional Magnetic 
Resonance Imaging to assess dopaminergic pathway 
activation) and biomarker analysis (e.g., inflammatory 
cytokines, Brain-Derived Neurotrophic Factor levels) to 
elucidate the neurobiological and immunological mech-
anisms underlying Pilates’ effects on addiction recov-
ery and neuroplasticity. Additionally, post-intervention 

follow-up periods of 6–12 months are necessary to evalu-
ate the durability of physical and mental health improve-
ments, including relapse rates, quality of life metrics, and 
social reintegration outcomes. This will provide criti-
cal insights into the long-term sustainability of Pilates-
based interventions. Finally, systematic dose–response 
studies should investigate the impact of varying Pilates 
intensities, frequencies, and intervention durations on 
rehabilitation outcomes, which could inform evidence-
based exercise prescriptions tailored to clinical guidelines 
for addiction treatment. By addressing these priorities, 
future research can strengthen the scientific rigor of 
Pilates interventions and clarify their role in addiction 
recovery protocols.

Conclusion
The results of this study indicated that Pilates exercise, 
with its progressive intensity, is an effective therapeutic 
method for improving the physical and mental health 
of individuals in drug rehabilitation. After 24 weeks of 
Pilates intervention, participants showed significant 
improvements in body fat percentage, skeletal mus-
cle mass, endurance of the upper limbs and core mus-
cle groups, flexibility, balance, and lung function, with 
moderate activation of the immune system and effective 
alleviation of anxiety and depressive symptoms. Moreo-
ver, this study also found that improvements in anxiety 
and depressive states in the drug rehabilitation popula-
tion may be associated with enhanced physical fitness, 
such as balance, flexibility, and lung function. This sug-
gested that we may be able to design more targeted exer-
cise interventions for the drug rehabilitation population 
by monitoring changes in relevant physiological and 
psychological indicators, thereby enhancing the overall 
effectiveness of exercise-based drug withdrawal.
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