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LIST OF WORKS CONSTITUTING A DOCTORAL DISSERTATION 
 
The presented doctoral dissertation entitled: “The effects of Baduanjin Exercise as a single 
intervention and combined with Er-Xian Decoction on physical and mental health”, consists of 
a series of three papers published in foreign journals with a total Impact Factor (IF) score of 
5.134 and they are all listed on the Ministry of Education and Science (MEiN): 
 
Paper 1:  
Li, K., Walczak-Kozłowska, T., Lipowski, M., Li, J., Krokosz, D., Su, Y., Yu, H., & Fan, H. 
(2022). The effect of the Baduanjin exercise on COVID-19-related anxiety, psychological well-
being and lower back pain of college students during the pandemic. BMC Sports Science, 
Medicine and Rehabilitation, 14(1), 102. 
https://doi.org/10.1186/s13102-022-00493-3 (IF = 2.367) 
 
Paper 2:  
Li, K., Yu, H., Kortas, J. A., Lin, X., Lipowski, M. (2022). The effect of 12 weeks of Baduanjin 
exercise on cognitive function, lower limb balance and quality of life of the elderly with mild 
cognitive impairment: a randomized controlled trial. Gazzetta Medica Italiana – Archivio per 
le Scienze Mediche,181, 811-823.  
https://doi.org/10.23736/S0393-3660.22.04802-1 (IF = 0.117) 
 
Paper 3:  
Li, K., Yu, H., Lin, X., Su, Y., Gao, L., Song, M., Fan, H., Krokosz, D., Yang, H., & Lipowski, 
M. (2022). The Effects of Er Xian Decoction Combined with Baduanjin Exercise on Bone 
Mineral Density, Lower Limb Balance Function, and Mental Health in Women with 
Postmenopausal Osteoporosis: A Randomized Controlled Trial. Evidence-Based 
Complementary and Alternative Medicine, 2022, 8602753. 
https://doi.org/10.1155/2022/8602753 (IF = 2.650) 
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INTRODUCTION 
 

People’s lifestyles have changed dramatically with the COVID-19 epidemic. It has 

greatly influenced their physical and mental health. A sedentary lifestyle and a lack of physical 

activity are common problems in people of all ages globally. These conditions slow down 

physiological processes and disturb metabolism, leading to the development of chronic and 

geriatric diseases and even premature death (Ozemek et al., 2019). In sedentary behavior, the 

neck, lumbar spine, and other body parts stay inactive for a long time. Students typically spend 

many hours seated on non-ergonomic chairs and assuming incorrect postures to carry out their 

curricular activities, leading to a general musculoskeletal overload (Caromano et al., 2015), 

especially at the neck and low back (Vujcic et al., 2018). Haroon et al. (Haroon et al., 2018) 

reported university students using laptops for more than 3 hours per day as a risk factor for neck 

pain. This leads to an abnormal body position, causing pain in the waist, abdomen, and back, 

in addition to decreased muscle strength. Relevant research also shows that chronic pain 

increases patient-perceived stress (Ehlert et al., 2001; Jankord & Herman, 2008). Growing 

evidence suggests that the COVID-19 pandemic is contributing to an increased incidence of 

mental health problems, anxiety, and depression (Faisal et al., 2021; Hyland et al., 2020; 

Kathirvel, 2020; Wu et al., 2021). 

A lack of physical activity is one of the main causes of geriatric diseases, especially for 

menopausal women. During menopause, due to declining ovarian function, women secrete little 

estrogen, and the level of bone metabolism decreases. Studies have shown that exercise can 

promote a slight increase in estrogen concentration (Saintier et al., 2006). Therefore, estrogen 

plays a very important role in the mechanism of female bone metabolism. Estrogen inhibits the 

secretion of thyroid hormone, which reduces bone absorption, promotes the secretion of 

calcitonin, and reduces bone resorption. Estrogen receptors secrete factors that can effectively 

improve the proliferation of osteoblasts and promote bone-transforming growth factor β. In 

contrast, a lack of physical activity has adverse effects on estrogen. It can cause a range of 

adverse effects, such as hot flashes, depression, difficulty sleeping, and bone and heart health 

problems (Stojanovska et al., 2014). 

A lack of exercise also adversely affects the cognitive function of people with mild 

cognitive impairment (MCI). Several studies have suggested that MCI is a mental disease with 

mild symptoms. It is characterized by depression, irritability, apathy, anxiety, agitation, and 

sleep problems (Feldman et al., 2004; Martin & Velayudhan, 2020). The pathologic and 

molecular substrate of people diagnosed with MCI is not well-established. Neuronal 
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degeneration initiated at different levels of the central nervous system may drive cognitive 

decline as a final common pathway at this stage of the dementing disease process (Mufson et 

al., 2012). Despite no apparent disease in the limb function of the elderly with MCI, cognitive 

function is impaired or memory is reduced to varying degrees. Acute exercise can induce 

changes in Plasma brain-derived neurotrophic factor (pBDNF) concentration, and significant 

associations have been observed between acute exercise and cognitive memory (Piepmeier & 

Etnier, 2015). 

The existing data show that sports and physical activity are effective regulators of chronic 

and geriatric diseases, improve physiological functions affected by chronic diseases and 

geriatric diseases (Pedersen & Saltin, 2015), and prevent mental health and cognitive 

dysfunction. Therefore, exercise interventions and therapies can improve these to some extent. 

The effectiveness of Baduanjin as an exercise intervention has been recognized in many 

international studies (Wang et al., 2021). As a traditional Chinese mind–body aerobic exercise, 

Qigong is based on Taoist philosophy and traditional Chinese medicine theories (Jones, 2001). 

Qigong is a combination of postures, meditation, and movements designed to improve holistic 

health and facilitate mind–body integration (Jones, 2001; McCaffrey & Fowler, 2003). It 

consists of eight independent, simple, subtle, and smooth movements (Ekman, 2003). Although 

the potential effectiveness of each movement may be different, the overall Baduanjin exercise 

has been demonstrated to have positive effects on the body and mind (P., 2003). Baduanjin 

exercise can enhance Qi function through the whole exercise of body posture, movement, 

breathing, and meditation–that is, drawing on natural forces to optimize and balance energy 

within, through the purposeful coordination of body, breath, and mind (Koh, 1982). With the 

combination of self-awareness, self-correction of the posture and movement of the body, the 

flow of breath, and stilling of the mind, Baduanjin exercise is thought to comprise a state that 

activates the natural self-regulation capacity, stimulating the balanced release of endogenous 

neurohormones and a wide array of natural health recovery mechanisms (Jahnke et al., 2010). 

Osteoporosis is a systemic, multifactorial disease that causes morbidity and mortality in 

the elderly and is increasing in prevalence worldwide (Reginster & Burlet, 2006). Western 

medicine is still the primary treatment for women with postmenopausal osteoporosis (PMOP). 

However, the long-term use of Western medicine still cannot completely cure the disease. 

Moreover, most Western drugs are expensive, have adverse effects, and damage the patient’s 

body. Examples of such medications include bisphosphonates, tibolone, calcitonin, and 

parathyroid hormone (PTH) therapy (Barrionuevo et al., 2019; Delmas, 2002; Eastell et al., 

2019). 
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Er Xian decoction (EXD) is a multi-herb formula composed of six herbs: Rhizome 

curculiginis, Herba epimedium, Radix morinda officinalis, Rhizome anemarrhenae, Cortex 

phellodendron, and Radix angelica sinensis. As a traditional Chinese medicine, it has several 

biological and pharmacological effects (Sze et al., 2009). It has long been used to treat 

osteoporosis, perimenopausal syndrome, and age-related diseases in elderly patients (Liu et al., 

2005; Shen et al., 1995; Wang et al., 1998). Many animal studies and clinical experiments have 

shown that traditional Chinese medicine has a significant effect in the prevention and treatment 

of PMOP, with fewer adverse effects on the body in comparison to chemically synthesized 

medicines (Mukwaya et al., 2014). 

This thesis is based on a series of three studies with different participant groups: (1) 

examining the influence of Baduanjin exercise on college students’ low back pain, COVID-19-

related anxiety, and mental health during the pandemic; (2) improving cognitive function and 

physical health with a Baduanjin exercise intervention in the elderly with MCI; (3) using 

Chinese herbal medicine (EXD) combined with Baduanjin exercise to improve the symptoms 

of menopausal women. These studies also aimed to further support the effectiveness and safety 

of Baduanjin exercise in clinical trials. 

The final goal of this thesis is to evaluate the value and function of Baduanjin as a 

traditional exercise in China. It also aims to explore the effects of Baduanjin exercise as a single 

intervention and in combination with medicine on the physiological function, psychological 

state, and cognitive function of different age groups. It aims to further verify the safety, 

effectiveness, and scientificity of the single and combined interventions. There is currently no 

literature on related research. This is a very valuable and innovative topic. 
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RESEARCH ISSUES 
 

1. Research objectives 

The final goal of this thesis is to evaluate the value and function of Baduanjin as a 

traditional exercise in China. It also aims to explore the effects of Baduanjin exercise as a single 

intervention and in combination with medicine on the physiological function, psychological 

state, and cognitive function of different age groups. It aims to further verify the safety, 

effectiveness, and scientificity of the single and combined interventions. 

 

2. The research questions and hypotheses 

Question 1: 

What impact did the Baduanjin exercise intervention have on college students’ physical and 

mental health during the COVID-19 pandemic? 

Hypothesis 1: 

Baduanjin exercise can improve the physical and mental health of college students during the 

COVID-19 pandemic. 

Question 2: 

What is the effect of Baduanjin on the cognitive function, lower limb balance function, and 

quality of life of the elderly with MCI?  

Hypothesis 2: 

Baduanjin exercise can improve the cognitive function, lower limb balance function, and 

quality of life of the elderly with MCI. 

Question 3: 

Can the combination of EXD and Baduanjin exercise work more effectively than the single 

intervention (Baduanjin exercise alone or Er Xian decoction alone) in treating the BMD, lower 

limb balance function, and mental health of PMOP patients? 

Hypothesis 3: 

The combination of EXD and Baduanjin exercises has a more effective therapeutic effect on 

BMD, lower limb balance function and mental health of patients with PMOP compared to using 

these methods independently. 
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TEST PROCEDURE 
 

1. Tested persons 

Characteristic information of participants in the experiment: 

Paper 1: 

A total of 400 participants who were college students met the eligibility criteria; 13 dropped 

out after the first screening for personal reasons unrelated to the study: 5 had a scheduling 

conflict, 6 did not give a reason, and 2 could not perform the exercises. Finally, 387 participants 

were randomly allocated in a 1:1 ratio to a 12-week Baduanjin exercise group (BEG, n = 195) 

or a 12-week control group (CG, n = 192). The average age of college students participating in 

this experiment was 24 ± 3 years. 

Paper 2: 

According to the inclusion criteria and exclusion criteria, 76 participants with MCI 

completed the questionnaire survey of this study. After the screening, 6 participants were 

excluded with no reason provided, 7 were excluded due to plan conflicts, and 3 were excluded 

because their physical conditions were unsuitable. Finally, a total of 60 participants qualified 

for the study. They were randomly allocated in a 1:1 ratio to a 12-week Baduanjin exercise 

group and a 12-week leisure walking group, with 30 cases in each group. The average age of 

participants in this experiment was 61 ± 2 years. 

Paper 3: 

A total of 57 participants (mean age 57 ± 2 years) with PMOP were allocated to three 

groups. Seven participants dropped out after the first screening for personal reasons unrelated 

to the study: 2 had a scheduling conflict, 2 did not give a reason, and 3 could not perform the 

exercises. The remaining 50 eligible participants were enrolled and randomly assigned to the 

BE group (n = 18), EXD group (n = 15), or combined BE + EXD group (n = 17). All participants 

completed their intervention. 
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2. Research methods and materials 

 

2. 1. Measurement of waist pain 

Nordic Musculoskeletal Questionnaire 

The Nordic Musculoskeletal Questionnaire (NMQ) was applied to measure 

musculoskeletal pain (de Barros & Alexandre, 2003; Mendonca et al., 2018; Pinheiro et al., 

2002). The internal consistency of the NMQ in our study was α = 0.93. 

2. 2. Measurement and evaluation of bone density 

Bone mineral density 

A dual-energy X-ray absorptiometry (DEXA) scan is a valid and reliable tool for 

measuring BMD (lumbar spine [LS] and femoral neck [FN]; Prodigy-GE Healthcare, Chicago, 

IL, USA) (Smith-Ryan et al., 2017). During a DEXA scan, participants lay supine on an open 

X-ray table. The participants were asked to remain still during the scan as the large scanning 

arm passed over their bodies. We also calculated the Z-score, which compares the obtained 

bone density to the age-matched normal average bone and is often helpful in cases of severe 

osteoporosis (Blake & Fogelman, 2007; Kanis, 1994).  

2. 3. Test methods for evaluating balance ability  

Berg Balance Scale  

The Berg Balance Scale (BBS) includes 14 items: standing up from a sitting position; 

standing without support; sitting position without a backrest but landing with both feet or 

putting them on a stool; sitting down from a standing position; transferring; closing eyes 

without support; standing with both feet together without support; upper limbs stretching and 

moving forward in standing position; picking up articles from the ground in a standing position; 

turning to look back in a standing position; turning 360 degrees; putting one foot on a step or 

stool in standing position without support; standing without support with one foot in front. The 

higher the score, the better the balance (Berg et al., 1992). The Cronbach’s α value of this test 

is 0.828. 

Timed Up and Go test 

In the Timed Up and Go (TUG) test, the participant wears their usual shoes and sits on a 

chair (the height of the chair is around 45 cm), leaning against the chair’s back with their hands 

at their sides. After hearing the instruction to start, the participant immediately gets up from the 

chair and walks forward for 3 meters with their usual gait, turning around after passing a marker. 

They then walk back to the chair and turn to sit down, ending with leaning back on the chair. 

No help can be given during the test (Podsiadlo & Richardson, 1991). The time is recorded (in 
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seconds) with a stopwatch. The shorter the test time, the better the balance ability. The 

Cronbach’s α value of this test is 0.794. 

10-meter walking test 

The 10-meter walking test (10MWT) evaluates walking ability on a 14-meter straight line 

marked at 2 m and 12 m. Participants must walk along the line, starting from 2 m and finishing 

at 12 m. The time and steps taken for walking between 2 m and 12 m are recorded. The shorter 

the walking time, the better the balance (Bushnell et al., 2015). The Cronbach’s α value of this 

test is 0.775. 

One-leg standing test 

A one-leg standing test (OLST) was used to assess static balance. The participants were 

asked to close their eyes, stand on their preferred leg, lift the other leg to an approximately 90° 

angle at the knee, keep their arms by their sides, and maintain balance without using any 

assistive device. The test was completed when the stance foot shifted or when the lifted foot 

was replaced on the ground (whichever occurred first). The longer they stood on one leg, the 

better the balance (Michikawa et al., 2009). The Cronbach’s α value of this test was 0.815. 

2. 4. Measurement methods for mental health 

The Coronavirus Anxiety Scale 

The Coronavirus Anxiety Scale (CAS) was developed by Sherman A. Lee (Lee, 2020). It 

consists of five items developed based on the psychological descriptions of fear and anxiety 

symptoms (American Psychiatric Association, 2013; Barlow, 1991; Cosmides & Tooby, 2000; 

P., 2003). The internal consistency of the CAS in our study was α = 0.793. 

Psychological Well-Being Scale 

This questionnaire was originally designed and proposed by Ryff (Ryff & Keyes, 1995), 

but we used the version developed by Ryff and Almeida (Delaney, 2014). The Psychological 

Well-Being Scale (PWBS) is a measurement tool with a multi-dimensional structure and six 

subscales that are the principal elements of psychological well-being. These subscales are 

autonomy, personal growth, environmental mastery, purpose in life, positive relations with 

others, and self-acceptance. The internal consistency of the PWBS (total scale) in our study was 

α = 0.784. 

Self-Anxiety Scale 

The Self-Anxiety Scale (SAS) is used to evaluate subjective feelings of anxiety in patients 

and can be used as a self-assessment tool for the clinical understanding of anxiety symptoms 

(Zung, 1971). It consists of 20 items. The critical standard of anxiety assessment in China is 50 
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points. The lower the score, the less psychological anxiety. The Cronbach’s α value of this 

measure is 0.835. 

Self-Rating Depression Scale 

The Self-Rating Depression Scale (SDS) is a short-term self-rating scale compiled by 

Zung in 1965 (Zung, 1965). It is easy to implement and can effectively reflect the symptoms of 

depression, together with their severity and changes. The scale consists of 20 declarative 

sentences and corresponding question items. The lower the score, the lower the level of 

depression. The Cronbach’s α value of this test was 0.851. 

2. 5. Methods for evaluating cognitive function 

Montreal Cognitive Assessment 

The Montreal Cognitive Assessment (MoCA) is mainly used to screen the elderly who 

complain of memory loss where the Mini Mental State Examination (MMSE) score is still in 

the normal range, with high sensitivity and good reliability and validity. The MoCA includes 

seven dimensions: visual space and executive function, naming, attention, language, abstraction, 

delayed recall, and orientation. This gives a total score out of 30 points (Folstein et al., 1975), 

and the higher the score, the better the cognitive function. The Cronbach’s α value of this scale 

was 0.826. 

Mini Mental State Examination 

The MMSE was used to evaluate the cognitive status of participants before and after the 

intervention. This is a simple tool for the classification of cognitive impairment in the elderly. 

The higher the score, the better the cognitive function (Nasreddine et al., 2005). Combined with 

the education level and cognitive score, cognitive status was comprehensively evaluated. In so 

doing, the evaluation criteria for cognitive impairment in the elderly were acquired. The 

Cronbach’s α value of this scale was 0.862. 

2. 6. Assessment of quality of life 

Quality of life assessment 

The 12-Item Short Form Survey (SF-12) questionnaire was designed and put forward by 

Ware and Sherbourne (Ware & Sherbourne, 1992). This paper uses the American version 

developed by Gandek, Ware, Aaronson, et al. (Gandek et al., 1998). The scores obtained by the 

participants were totaled. The higher the score, the better the physical condition of the 

participants. The Cronbach’s α value of this scale was 0.847. 
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MAIN RESULTS AND CONCLUSIONS FROM INDIVIDUAL PAPERS 
 

Paper 1:  

The effect of the Baduanjin exercise on COVID-19-related anxiety, psychological well-

being and lower back pain of college students during the pandemic (2022) 

The outcomes for the Baduanjin group differed significantly from the control group. 

Baduanjin exercises were very beneficial to participants’ mental health and physiological 

functions. The intervention effect on the Baduanjin exercise group was remarkably better than 

that of the control group (p < 0.05). COVID-19-related anxiety scores of the Baduanjin group 

reduced progressively from 5.22 ± 0.45 to 5.07 ± 0.27 (p < 0.05). which means that Baduanjin 

exercise can effectively improve COVID-19-related anxiety The total PWBS score increased 

significantly from 70.11 ± 8.65 to 84.12 ± 7.38 (p < 0.05), which indicates that the 

psychological well-being of participants in the Baduanjin group is significantly higher than that 

of the control group. And the prevalence of low back pain decreased significantly from 22.45 

± 1.67 to 18.35 ± 1.05 (p < 0.05) among the Baduanjin group of college students. It shows that 

Baduanjin exercise can effectively relieve the symptoms of low back pain and reduce the 

prevalence of low back pain. 

Paper 2: 

The effect of 12 weeks of Baduanjin exercise on cognitive function, lower limb balance 

and quality of life of the elderly with mild cognitive impairment: a randomized controlled trial 

(2022) 

In comparison to the leisure walking group, participants in the Baduanjin group had a 

significant improvement in cognitive function (MMSE: from 21.83 ± 2.22 to 27.4 ± 2.07, p < 

0.05; MoCA: from 19.96 ± 1.92 to 24.48 ± 2.33, p < 0.05). The Baduanjin exercise group 

showed significant improvement in lower limb balance function (BBS: from 47.68 ± 1.95 to 

52.38 ± 2.19, p < 0.05; TUG: from 9.63 ± 0.15to 8.64 ± 0.21, p < 0.05); 10 MWT: from 0.93 ± 

0.02to 1.27 ± 0.2, p  <  0.05). The Baduanjin exercise group had a great effect on the quality of 

life than the leisure walking group (PCS: from 47.88 ± 2.27 to 53.79 ± 1.95], p < 0.05; MCS: 

from 57.33 ± 1.84 to 62.55 ± 2.02, p < 0.05). In addition, after the Baduanjin exercise 

intervention, a significant positive correlation existed between lower limb balance (BBS) and 

the improvement of cognitive function (MMSE; r = 0.32, p < 0.05). A significant positive 

correlation was also found between lower limb balance (10 MWT) and the improvement in 

cognitive function (MMSE; r = 0.36, p < 0.05). The change in quality of life (MCS) was 

positively correlated with cognitive function (MoCA) improvement (r = 0.59, p < 0.01). 
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Paper 3: 

The Effects of Er Xian Decoction Combined with Baduanjin Exercise on Bone Mineral 

Density, Lower Limb Balance Function, and Mental Health in Women with Postmenopausal 

Osteoporosis: A Randomized Controlled Trial (2022) 

In comparison to the Er Xian decoction (EXD) and Baduanjin exercise (BE) groups, the 

EXD + BE group showed the strongest effects on Bone mineral density BMD (LS: from 0.75 

± 0.01 to 0.98 ± 0.01, p < 0.05; FN: from 0.73 ± 0.01 to 0.97 ± 0.01, p < 0.01). Lower limb 

balance function improved (OLST: from 3.88 ± 0.22 to 7.3 ± 0.19, p < 0.01; BBS: from 39.31 

± 1.26 to 45.23 ± 1.02, p < 0.01; TUG: from 7.23 ± 0.14 to 6.54 ± 0.19, p < 0.01), and mental 

health scores decreased (SDS: from 50.71 ± 2.04 to 46.06 ± 2.26, p < 0.01; SAS: 53.37 ± 1.83 

to 46.02 ± 1.23, p < 0.001). In the EXD + BE group, a correlation was found between BMD 

and lower limb balance (BBS: r = 0.35, p < 0.05; TUG: r = -0.52, p < 0.01). The change in 

mental health (SAS score) was correlated with BMD (FN) improvement (r = -0.57, p < 0.01). 

  



�

16 

DISCUSSION AND GENERAL CONCLUSIONS 
 

The purpose of this study was to explore and verify whether Baduanjin exercise is a 

harmless non-pharmaceutical intervention with minimal adverse effects. Baduanjin exercise 

can be used for treating musculoskeletal physiological health, cognitive function, and mental 

health problems caused by the COVID-19 epidemic and geriatric diseases. Through this 

research using Chinese herbal medicine combined with Baduanjin exercise, we further support 

the effectiveness and safety of Baduanjin exercise as an adjuvant therapy in clinical trials. The 

participants had no adverse reactions during the intervention, and all were satisfied with the 

intervention program. 

A series of three articles have been published to show the main findings. 

Paper 1: The effect of Baduanjin exercise on COVID-19-related anxiety, psychological 

well-being, and lower back pain of college students during the pandemic (2021). 

Paper 2: The effect of Baduanjin exercise on cognitive function, lower limb balance, and 

quality of life of the elderly with mild cognitive impairment: A randomized controlled trial 

(2022). 

Paper 3: The effects of Er Xian decoction combined with Baduanjin exercise on bone 

mineral density, lower limb balance function, and mental health in women with postmenopausal 

osteoporosis: A randomized controlled trial (2022). 

In terms of its effect as an exercise intervention, Baduanjin has been recognized in 

international studies (Kuorinka et al., 1987). Similar to the well-recognized traditional Tai Ji, 

Baduanjin Qigong is characterized by slow and relaxing movements. In addition, Baduanjin 

exercise has been recognized as an effective way of alleviating lower back pain (even as a 

chronic condition) caused by lumbar disc herniation (Xu et al., 2018; Yuan et al., 2020). It 

improves the strength and flexibility of the neck, shoulders, and back. In addition, the latest 

studies have found that in China, Baduanjin has been used as an essential adjuvant therapy and 

postoperative rehabilitation component in COVID-19 (Ma et al., 2020; Rong et al., 2021; X. B. 

Zhang et al., 2021). Baduanjin can promote lower limb function, especially lower limb balance 

and muscle strength development, and quality of life to a certain extent (Fan Weiying, 2021; 

Jiang Yunzhi, 2021; Meng, 2018). Thus, it helps reduce the occurrence and development of 

diseases related to these parts of the body (Gao et al., 2018; Teut et al., 2016). The positive 

effect of Baduanjin exercise on mental health has been previously observed in cohorts of 

college students, as well as middle-aged and older people (Chen et al., 2017; Ding & Wang, 

2014; Peng et al., 2015). 
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In paper 1, one of the most remarkable findings was that the effect of the Baduanjin 

intervention on COVID-19-related anxiety was significant. This result is consistent with other 

studies (Paggi et al., 2016; Wheaton et al., 2012; X.-B. Zhang et al., 2021; Zou et al., 2018) 

showing that Baduanjin exercise has a significant effect on alleviating anxiety symptoms. For 

example, Zhang et al. proposed that Baduanjin exercise had a certain positive influence on 

COVID-19 patients in square-cabin hospitals, conducive to alleviating anxiety and depression 

symptoms (X.-B. Zhang et al., 2021). A systematic review confirmed the efficacy of Baduanjin 

exercise in reducing depression and anxiety symptoms in people with physical or mental 

illnesses (Zou et al., 2018). During the pandemic, people who exercise more have been less 

anxious than people who exercise less (Lesser & Nienhuis, 2020). Therefore, exercise helps to 

relieve COVID-19 anxiety, fear, and stress, although the detailed mechanism by which 

Baduanjin improves COVID-19-related anxiety is not fully understood. As a comprehensive, 

multi-component intervention, Baduanjin may act through many intermediate variables along 

the pathway to improve anxiety outcomes. In the future, it is still necessary to strengthen the 

research on the neurobiological mechanisms of Baduanjin exercise in improving COVID-19-

related anxiety. 

Another result of paper is that the Baduanjin group showed a significant decrease in the 

prevalence of lower back pain and improved psychological well-being. Statistically significant 

changes were observed in these measures after the 12-week intervention. This improvement 

may be due to the benefits of regular Baduanjin exercise, which adjusts breathing to make the 

process smoother, unifying the mind and breathing, strengthening muscles and tendons to make 

the body more flexible and unite the mind and body (Geng & Wang, 2008; X, 2012). At the 

same time, Baduanjin stresses “take the waist as the axis” in practice (Zhang & Ren, 2011). 

Therefore, regular Baduanjin exercise enhances participants’ physical and mental health and 

decreases the prevalence of low back pain. Baduanjin exercise can relieve stress, promote sleep 

quality, and enhance mental health and well-being during the coronavirus pandemic. 

In paper 2, for older people with MCI, one of the most remarkable findings was that the 

cognitive function (MMSE and MoCA) data after the intervention in the Baduanjin exercise 

group were significantly different from those in the walking group. Our results are the same as 

others, showing that Baduanjin exercise greatly improved participants’ cognitive function 

(Lautenschlager et al., 2008; Liu et al., 2016; Reynolds III et al., 1999; Suzuki et al., 2013; Xiao 

et al., 2021; Yu et al., 2021; Zheng et al., 2020). For example, Yu et al.(Yu et al., 2021) reported 

that Baduanjin combined with traditional therapy significantly improved MCI participants’ 

cognitive and memory functions compared with traditional therapy. In this intervention study 
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of MCI participants, MMSE and MoCA were selected as the cognitive function measurement 

indicators. Although the study did not add other cognitive function measurement indicators, the 

research results were not affected and were consistent with others’ research ideas and methods 

(Nascimento et al., 2015; Varela et al., 2012; Wei & Ji, 2014). The detailed mechanism by 

which Baduanjin improves cognitive function is not fully understood. A relative study showed 

that Tai Ji and Baduanjin could significantly increase grey matter volume in the insula, medial 

temporal lobe, and putamen after 12 weeks of exercise to modulate brain structure and memory 

function in older adults (Tao et al., 2017). These findings might reveal the likely 

neurobiological mechanisms of Baduanjin exercise in improving the memory and cognition of 

patients. 

Although epidemiological research has established that cognitive dysfunction can have 

negative effects on quality of life and sleep (Reynolds III et al., 1999)�there is a gap in the 

literature regarding the impact of cognitive function on physical activity, lower limb function, 

and overall quality of life in older adults with MCI. 

Another result of paper II was that the participants in the Baduanjin group showed 

improvement in quality of life and physical performance. The magnitude of the improvement 

was modest. It may be due to differences in the style, duration, and intensity of the Baduanjin 

intervention and the characteristics of the participants. Several factors may explain the positive 

effects of Baduanjin training on lower limb balance function and quality of life in elderly 

patients with MCI. First, the effect of Baduanjin on lower limb balance function among patients 

has been well-demonstrated in our study. The present study is in keeping with these findings 

since, as reported elsewhere, the lower limb balance function of the Baduanjin group was 

improved (Liu et al., 2016; Xiao et al., 2021). Second, we found significant improvements in 

quality of life from Baduanjin exercise in the present study. And the improvements in quality 

of life are associated with improving the cognitive function of patients with MCI. This result is 

consistent with the research of other scholars (HP, 2010; Uemura et al., 2013).  

In paper 3, we found that Er Xian decoction combined with Baduanjin exercise had more 

advantageous effects on the prevention of bone loss and the improvement of BMD in patients 

with PMOP than either intervention alone. However, this study shows only that exercise 

combined with medicine may have a therapeutic advantage over each monotherapy in 

improving BMD; the detailed mechanism is not completely clear in terms of whether this is 

merely an additive benefit or whether some synergistic effect occurs. At present, no literature 

exists about the mechanism by which this combination improves BMD. Thus, a longer-term 
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trial is required to evaluate the effects of Er Xian decoction combined with Baduanjin exercise 

on BMD. 

Another result of paper III was that the participants in the EXD + BE group showed 

significant improvement in lower limb balance. This supports previous studies showing the 

improvement of lower limb balance function with the combination of Er Xian decoction and 

Baduanjin exercise (Nian et al., 2006; Qin et al., 2008; Tian et al., 2020; Wang et al., 2021; Zhu 

et al., 2021; ZOU et al., 2011). Interestingly, we observed significant improvements in mental 

health in the EXD + BE group. These improvements were related to improving BMD in patients 

with PMOP, and this result is consistent with the research of other scholars (Acimovic, 2018; 

Chan et al., 2014; Chen et al., 2008; Jing et al., 2018; Sze et al., 2009; Wang et al., 2014; Zhou 

et al., 2020). Positive effects of EXD + BE were observed on lower limb balance and mental 

health in women with PMOP, but the detailed mechanisms need further study. 

General conclusions from the dissertation: 

Baduanjin exercise, a Chinese traditional health Qigong, was useful for different genders 

and different age groups. 

During the COVID-19 pandemic Baduanjin exercise can effectively decrease anxiety and 

depression in college students, further improving their physical and mental health. 

For people with mild cognitive dysfunction, Baduanjin exercise is more obvious and safer. 

Twelve weeks of Baduanjin exercise not only significantly improved cognitive function but 

also improved lower limb balance ability (especially among the middle-aged and elderly 

groups). 

As an important clinical intervention, Baduanjin exercise can be considered as one of the 

interventions supporting treatment of the osteoporosis in menopausal women as it improves 

bone density. The effect of Er Xian decoction combined with Baduanjin exercise was 

significantly better than that of each monotherapy. 
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LIMITATIONS OF THE STUDIES AND FUTURE RESEARCH DIRECTIONS 
 

Limitations of the studies 

First, this study has only speculated the possible mechanism of the effects of Baduanjin 

exercise as a single intervention and in combination with medicine on the physiological 

function, psychological state, and cognitive function of different age groups through indirect 

indicators. Nevertheless, it did not explain in more detail the mechanism of the central nervous 

system and biological indicators. 

Secondly, a series of studies related to this study is limited by the impact of the COVID-

19 pandemic, and the lack of representativeness of research data and participants. Its reference 

value for new clinical intervention methods is limited.  

In addition, the measurement results of a series of studies related to this study - "the 

effects of Baduanjin exercise as a single intervention and in combination with medicine on the 

physiological function, psychological state, and cognitive function of different age groups" - 

rely too much on the use of scales. Therefore, the subjective measures might have introduced a 

bias, leading to the potential overestimation of intervention effects. 

Finally, a series of studies related to this study lacks the follow-up process after the 

intervention and cannot determine whether the Baduanjin exercise as a single intervention and 

in combination with medicine will maintain the influence on the physiological function, 

psychological state, and cognitive function of different age groups for a long time. At present, 

there is no more intensive study, and the mechanism of the influence is not clear. 

Future Research Directions 

Baduanjin exercise seems to be a very interesting exercise for different groups in different 

countries. It can be adapted to different needs by individualizing internal load and intensity. It 

starts with a low dose and gradually increases it which makes it suitable for different groups. 

Future research should further determine the potential function of this exercise mode 

through more detail about the mechanism of the central nervous system and biological 

indicators to understand why the Baduanjin exercise as a single intervention and in combination 

with medication can cause changes in the physiological function, psychological state, and 

cognitive function of different age groups.  

Since a series of studies related to this study is a small sample of exercise intervention 

research, increase the sample size and increase the authority and validity of the data. Correlation 



�

21 

studies should add different groups to strengthen and broaden the results, which is an important 

research direction in the future.  

Baduanjin exercise may be used as the main single intervention or a clinical intervention 

with auxiliary drugs. It plays a very important role. Being safe and available, this regular and 

healthy exercise can be performed at home. 
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ABSTRACT 
 

Background 

Increasing evidence supports the role of physical exercise on human physical and mental 

health. Baduanjin is a form of Chinese traditional Qigong exercise for health. Few studies have 

assessed the function of Baduanjin exercise. Its effects on physical and mental health and its 

related mechanisms have not been verified or explained. 

Aims of research 

This thesis aims to evaluate the value and function of Baduanjin as a traditional exercise 

in China. It also aims to explore the effects of Baduanjin exercise as a single intervention and 

combined with medicine on the physiological function, psychological state, and cognitive 

function of different age groups. It aims to further verify the safety, effectiveness, and 

scientificity of both the single intervention and the combined medicine and exercise 

intervention. 

Participants and methods 

All three papers reported on simple randomized controlled trials.  

1. In the first published paper, 387 college student participants were randomly allocated 

in a 1:1 ratio to a 12-week Baduanjin exercise group (BEG, n = 195) or a 12-week control group 

(CG, n = 192). 

2. In the second published paper, 60 participants with mild cognitive impairment were 

randomly allocated in a 1:1 ratio to a 12-week Baduanjin exercise group or a 12-week leisure 

walking group, with 30 cases in each group. 

3. In the third published paper, 50 participants with postmenopausal osteoporosis were 

allocated to three groups: the Er Xian decoction group (EXD, n = 15), the Baduanjin exercise 

group (BE, n = 18), or the combined group (EXD + BE, n = 17). Participants were evaluated 

after 8 weeks and 16 weeks of the intervention treatment. 

All the participants completed a field test (see papers). The sociodemographic data 

collected comprised age, gender, education, smoking status, drinking status, sedentary time, 

exercise frequency, employment status, body mass index, menopause duration, and marital 

status. 

The first published paper used the Coronavirus Anxiety Scale (CAS), Psychological 

Well-being Scale (PWBS), and Nordic Musculoskeletal Questionnaire (NMQ).  

The second published paper used the Mini Mental State Examination (MMSE), Montreal 

Cognitive Assessment (MoCA), Berg Balance Scale (BBS), Timed Up and Go (TUG) test, 10-
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meter walking test (10 MWT), and 12-Item Short Form Survey (SF-12) with the Physical 

component score (PCS) and Mental component Score (PCS). 

The third published paper used bone mineral density (BMD; The lumbar spine [LS] and 

the femoral neck [FN]), the one-leg standing test (OLST), BBS, TUG test, Self-Anxiety Scale 

(SAS), and Self-Rating Depression Scale (SDS). 

Results 

In the first published paper, the between-groups comparison showed that the Baduanjin 

group presented significant differences in comparison to the control group. The intervention 

effect on the Baduanjin exercise group was remarkably better than that of the control group 

(p < 0.05). Participants in the Baduanjin group had significantly improved COVID-19-related 

anxiety scores, decreasing from 5.22 ± 0.45 to 5.07 ± 0.27 (p < 0.05). The total psychological 

well-being score increased from 70.11 ± 8.65 to 84.12 ± 7.38 (p < 0.05), and the prevalence of 

low back pain decreased from 22.45 ± 1.67 to 18.35 ± 1.05 (p < 0.05) among college students. 

In the second published paper, compared to participants in the leisure walking group, 

participants in the Baduanjin group showed a significant improvement in cognitive function 

(MMSE: from 21.83 ± 2.22 to 27.4 ± 2.07, p < 0.05; MoCA: from 19.96 ± 1.92 to 24.48 ± 2.33, 

p < 0.05). The Baduanjin exercise group showed significant improvement in lower limb balance 

function (BBS: from 47.68 ± 1.95 to 52.38 ± 2.19, p < 0.05; TUG: from 9.63 ± 0.15to 8.64 ± 

0.21, p < 0.05); 10 MWT: from 0.93 ± 0.02to 1.27 ± 0.2, p < 0.05). Physical component score 

(PCS) and Mental component Score (PCS) are two important indicators reflecting the quality 

of life. The Baduanjin exercise group showed a greater effect on quality of life (PCS: from 

47.88 ± 2.27 to 53.79 ± 1.95], p < 0.05; MCS: from 57.33 ± 1.84 to 62.55 ± 2.02, p < 0.05). In 

addition, after the Baduanjin intervention, a significant positive correlation existed between 

lower limb balance (BBS) and improved cognitive function (MMSE; r = 0.32, p < 0.05). A 

significant positive correlation also existed between lower limb balance (10 MWT) and the 

improvement of cognitive function (MMSE; r = 0.36, p < 0.05). The change in quality of life 

(MCS) was positively correlated with cognitive function (MoCA) improvement (r = 0.59, 

p < 0.01). 

In the third published paper, compared to the EXD and BE groups, the EXD + BE group 

showed the strongest effects on BMD (LS: increased from 0.75 ± 0.01 to 0.98 ± 0.01, p < 0.05; 

FN: increased from 0.73 ± 0.01 to 0.97 ± 0.01, p < 0.01). The EXD + BE group in Lower limb 

balance function has significantly improved. Mainly shown as follows (OLST: 3.88 ± 0.22 to 

7.3 ± 0.19, p < 0.01; BBS: 39.31 ± 1.26 to 45.23 ±1.02, p < 0.01; TUG: 7.23 ± 0.14 to 6.54 ± 

0.19, p < 0.01). The EXD + BE group plays a significant role in eliminating and reducing 
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anxiety and depression. Mental health scores as follow (SDS: 50.71 ± 2.04 to 46.06 ± 2.26, 

p < 0.01; SAS: 53.37 ± 1.83 to 46.02 ± 1.23, p < 0.001). In the EXD + BE group, a correlation 

existed between BMD and lower limb balance (BBS: r = 0.35, p < 0.05; TUG: r = -0.52, 

p < 0.01). The change in mental health (SAS score) was correlated with BMD (FN) 

improvement (r = -0.57, p < 0.01). 

Conclusion 

These results show that Baduanjin exercise as a single intervention and in combination 

with medicine (Er Xian decoction) had significant effects on the physiological functions (bone 

density, lower limb balance), psychological state, and cognitive function of different age groups. 

The studies verified the safety, effectiveness, and scientificity of Chinese traditional health 

Qigong.  
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STRESZCZENIE 
 

Wprowadzenie  

Coraz więcej dowodów wspiera tezę o znaczeniu ćwiczeń fizycznych dla zdrowia 

fizycznego i psychicznego człowieka. Baduanjin jest formą chińskiego tradycyjnego 

ćwiczenia zdrowotnego Qigong. Dotychczas niewiele badań podjęło się oceny funkcji jakie 

pełnią ćwiczenia Baduanjin. Ich wpływ na zdrowie fizyczne i psychiczne oraz związane z 

nimi mechanizmy oddziaływań nie zostały dotychczas wystarczająco zweryfikowane, czy 

wręcz wyjaśnione. 

Cel badań 

Głównym celem pracy była ocena terapeutycznej skuteczności Baduanjin jako 

tradycyjnej chińskiej formy aktywności fizycznej. W pracy przyjęto następujące zadanie 

badawcze: określenie wpływu 12. tygodniowych ćwiczeń Baduanjin rozumianych jako 

pojedyncza interwencja oraz w połączeniu z oddziaływaniem medycznym (spożywaniem 

wywaru Er-Xian) na stan psychiczny, funkcje poznawcze, równowagę ciała oraz mobilność 

funkcjonalną różnych grup wiekowych. 

Osoby badane i metody badawcze  

Prace stanowiły randomizowane badania kontrolne. 

1. W pierwszej opublikowanej pracy, 387 uczestników, studentów college'u, zostało 

losowo przydzielonych w stosunku 1:1 do 12-tygodniowej grupy ćwiczeniowej Baduanjin 

(BEG, n = 195) lub 12-tygodniowej grupy kontrolnej (CG, n = 192). 

2. W drugiej opublikowanej pracy, 60 uczestników z łagodnymi zaburzeniami 

poznawczymi zostało losowo przydzielonych w stosunku 1:1 do 12-tygodniowej grupy 

ćwiczeń Baduanjin lub 12-tygodniowej grupy spacerów rekreacyjnych, z 30 przypadkami w 

każdej grupie. 

3. W trzeciej opublikowanej pracy 50 uczestników z osteoporozą pomenopauzalną 

zostało przydzielonych do trzech grup: grupa Er Xian (EXD, n = 15), grupa ćwiczeń 

Baduanjin (BE, n = 18) lub grupa łączona (EXD + BE, n = 17). Uczestnicy byli oceniani po 

8 tygodniach i 16 tygodniach leczenia interwencyjnego. 

Wszyscy uczestnicy wypełnili test terenowy. Zebrane dane socjodemograficzne 

obejmowały wiek, płeć, wykształcenie, status palenia tytoniu, status picia alkoholu, czas 

spędzony w pozycji siedzącej, częstotliwość ćwiczeń, status zatrudnienia, wskaźnik masy 

ciała, czas trwania menopauzy oraz stan cywilny. 

W pierwszej opublikowanej pracy wykorzystano Skalę Lęku przed Koronawirusem 



�

36 

(CAS), Skalę Dobrostanu Psychologicznego (PWBS) oraz Nordycki Kwestionariusz 

Mięśniowo-Szkieletowy (NMQ).  

W drugiej opublikowanej pracy wykorzystano Mini Mental State Examination (MMSE), 

Montreal Cognitive Assessment (MoCA), Berg Balance Scale (BBS), Timed Up and Go 

(TUG) test, 10-metrowy test chodzenia (10MWT) oraz 12-Item Short Form Survey (SF-12) z 

Physical component score (PCS) i Mental component Score (PCS). 

W trzeciej opublikowanej pracy wykorzystano gęstość mineralną kości (BMD; 

kręgosłup lędźwiowy [LS] i szyjka kości udowej [FN]), test stania na jednej nodze (OLST), 

BBS, test TUG, Skalę Samopoczucia (SAS) i Skalę Samooceny Depresji (SDS). 

Główne wyniki  

W pierwszej opublikowanej pracy, porównanie między grupami wykazało, że grupa 

Baduanjin miała znacząco różniła się w stosunku do grupy kontrolnej. Efekt interwencji w 

grupie ćwiczącej Baduanjin był znacząco lepszy niż w grupie kontrolnej (p < 0,05). 

Uczestnicy grupy Baduanjin uzyskali znacząco lepsze wyniki na skali lęku związanego z 

COVID-19, zmniejszając je z 5,22 ± 0,45 do 5,07 ± 0,27 (p < 0,05). Całkowita punktacja 

dobrostanu psychologicznego wzrosła z 70,11 ± 8,65 do 84,12 ± 7,38 (p < 0,05), a częstość 

występowania bólu dolnej części pleców zmniejszyła się z 22,45 ± 1,67 do 18,35 ± 1,05 

(p < 0,05) wśród studentów college'u. 

W drugiej opublikowanej pracy, w porównaniu z uczestnikami grupy spacerującej 

rekreacyjnie, uczestnicy grupy Baduanjin wykazali znaczącą poprawę funkcji poznawczych 

(MMSE -3,56 [95% CI -4,65 do -2,48], p < 0,05) i MoCA (-1,68 [95% CI -2,85 do -0,52], 

p < 0,05). W grupie ćwiczeń Baduanjin stwierdzono istotną poprawę równowagi ciała (BBS 

-4,73 [95% CI -5,87 do -3,59], p < 0,05); TUG 0,52 [95% CI 0,42 do 0,61], p < 0,05); 10MWT 

-0,24 [95% CI -0,31 do -0,16], p < 0,05). Physical component score (PCS) i Mental component 

Score (PCS) to dwa ważne wskaźniki odzwierciedlające jakość życia. Grupa ćwicząca 

Baduanjin wykazała większy wpływ ćwiczeń na jakość życia (PCS -1,94 [95% CI -2,89 do -

1], p < 0,05); MCS -1,8 [95% CI -2,86 do -0,75], p < 0,05).  

Ponadto po interwencji Baduanjin zaobserwowano istotną dodatnią korelację pomiędzy 

równowagą ciała mierzoną w teście BBS a poprawą funkcji poznawczych (MMSE; r = 0,32, 

p < 0,05). Istotna dodatnia korelacja istniała również pomiędzy wynikami testu 10 MWT a 

poprawą funkcji poznawczych. Zmiana jakości życia (MCS) była pozytywnie skorelowana z 

poprawą funkcji poznawczych (MoCA) (r = 0,59, p < 0,01). 

W trzeciej opublikowanej pracy, w porównaniu do grup EXD i BE, grupa EXD + BE 

wykazała najsilniejszy wpływ na BMD (LS: wzrosła z 0,75 ± 0,01 do 0,98 ± 0,01, p < 0,05; 
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FN: wzrosła z 0,73 ± 0,01 do 0,97 ± 0,01, p < 0,01). W grupie EXD + BE nastąpiła istotna 

statystycznie poprawa równowagi ciała (OLST: 3,88 ± 0,22 do 7,3 ± 0,19, p < 0,01; BBS: 

39,31 ± 1,26 do 45,23 ± 1,02, p < 0,01) oraz mobilności funkcjonalnej (TUG: 7,23 ± 0,14 do 

6,54 ± 0,19, p < 0,01). Interwencja w grupie EXD + BE odgrywała znaczącą rolę w eliminacji 

i redukcji lęku i depresji (SDS: 50,71 ± 2,04 do 46,06 ± 2,26, p < 0,01; SAS: 53,37 ± 1,83 do 

46,02 ± 1,23, p < 0,001). W grupie EXD + BE istniała korelacja pomiędzy BMD a równowagą 

ciała w teście BBS (r = 0,35, p < 0,05) oraz mobilnością funkcjonalną w teście TUG (r = -

0,52, p < 0,01). Zmiana stanu zdrowia psychicznego (SAS score) była skorelowana z poprawą 

BMD (FN) (r = -0,57, p < 0,01). 

Wnioski 

Przedstawione wyniki sugerują, że ćwiczenia Baduanjin bez i w połączeniu ze 

spożywaniem wywaru Er Xian miały pozytywny wpływ na gęstość kości, równowagę ciała, 

mobilność funkcjonalną oraz stan psychiczny i funkcje poznawcze w różnych grupach 

wiekowych. 
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The effect of the Baduanjin exercise 
on COVID-19-related anxiety, psychological 
well-being and lower back pain of college 
students during the pandemic
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Hongli Yu1 and Hongying Fan4 

Abstract 
Background: This study aimed to examine the effect of Baduanjin exercise on COVID-19-related anxiety, psychologi-
cal well-being, and the lower back pain of college students during the coronavirus pandemic in China.

Setting: The study was carried out in a temporary experimental center of four universities in Wenzhou city in Zheji-
ang Province, China.

Population: 387 participants who were college students were allocated to two groups: the Baduanjin exercise 
group(BEG, n = 195); and the Control group(CG,n = 192).

Methods: In this randomized controlled trial,387 participants who were college students were randomly allo-
cated in a 1:1 ratio to 12-week Baduanjin exercise group (BEG, n = 195)and 12-week Control group(CG,n = 192).
CAS(Coronavirus Anxiety Scale), PWBS(Psychological Well-being Scale),NMQ( Nordic Musculoskeletal Questionnaire), 
was used to assess COVID-19-related anxiety, psychological well-being, and lower back pain at second times ( before 
and after the intervention). The paired t-test and an independent t-test (with a 95% confidence interval) was used to 
compare the outcome variables of the two groups.

Results: Within-group comparison, there was no significant difference in the control group before and after the 
intervention. In contrast, the Baduanjin group had a significant improvement before and after the intervention. 
Between-group comparison, the Baduanjin group had a significant difference from the control group. The interven-
tion effect on the Baduanjin exercise group was remarkably better than that of the control group (p < 0.05). Partici-
pants in the Baduanjin group significantly improved the corvid-19-related anxiety score decreased from ( 5.22 ± 0.45 
to 5.07 ± 0.27, p < 0.05). The total psychological well-being score increased from (70.11 ± 8.65 to 84.12 ± 7.38,p < 0.05) 
and the prevalence of low back pain decreased from (22.45 ± 1.67 to 18.35 ± 1.05, p < 0.05) among college students.

Conclusion: During the pandemic, the Baduanjin exercise contributes to the reduction of the perceived anxiety 
related to COVID-19, decreases the prevalence of the lower back pain, and improves the psychological well-being of 
college students.

Trial registration: Clinicaltrials.gov, NCT04432038. Registered on June 16, 2020.
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Background
Since the beginning of the COVID-19 pandemic until 
May 2021, numerous changes and restrictions have been 
introduced by countries that have significantly influenced 
the lifestyle of the inhabitants. People’s traditional daily 
life and physical activities in China were highly affected 
by the government’s policy as well as by the trajectory of 
changes in the pandemic situation (e.g. changes in the 
spread of COVID-19 virus, periods of increased mortal-
ity and morbidity). Meanwhile, the pandemic has made 
Chinese universities lockdown, and college students 
have to study online courses at home. Long-term online 
courses have increased students’ sedentary time, while 
pandemics have reduced daily exercise and social time 
[1]. Long-term sedentary behavior resulting from COV-
ID-19’s isolation policy may have physical and psycho-
logical effects on college students [2–6], Those effects can 
lead to increase of the severity and prevalence of chronic 
diseases in different groups [7–17].

Numerous studies have shown that sedentary behavior 
has become a leading global public health problem, and 
as we all know this behavior is an important risk factor 
of several diseases, and even loss of life. In the sedentary 
behavior, the neck and lumbar spine and other body parts 
stay dormant for a long time. Students typically spend 
many hours seated on non-ergonomic chairs and assum-
ing incorrect postures to carry out their curricular activi-
ties, leading to a general musculoskeletal overload [18], 
especially at the neck and low back [19]. Haroon et  al. 
[20] reported university students use laptops for more 
than three hours per day as a risk factor for neck pain. 
This leads to an abnormal body position, causing pain in 
the waist, abdomen and back, in addition to decreased 
muscle strength. Sedentary behavior is one of the main 
risk factors for various chronic noncommunicable dis-
eases, such as spondylosis, periarthritis of shoulder, non-
specific low back pain and many others [21, 22]. It also 
increases the severity of perceived stress, and reduces 
people’s quality of life and psychological well-being. Rel-
evant research shows that chronic pain increases patient 
Perceived stress when our body perceives stress [23, 24]. 
Approximately 15  min after the onset of stress, corti-
sol levels rise systemically and remain elevated for sev-
eral hours [25, 26]. However, although a stress-induced 
increase in cortisol secretion is adaptive in the short-
term, excessive or prolonged cortisol secretion may have 
crippling effects, both physically and psychologically [24, 
27, 28].and thus should be recognized as an additional 

risk factor during the pandemic when people generally 
report greater fear and more worries [29, 30]. There is 
growing evidence pointing that the COVID-19 pandemic 
contributes to the increased number of cases of mental 
health problems, anxiety, and depression [31–34].

Baduanjin, in terms of its effect as an exercise interven-
tion, has been recognized in many international studies 
[35]. As a traditional Chinese mind-body aerobic exer-
cise, Qigong is based on Taoist philosophy and traditional 
Chinese medicine theories [36]. Qigong is a combination 
of postures, meditation, and movements designed to 
improve holistic health and to facilitate mind-body inte-
gration [36, 37]. It consists of eight independent, simple, 
subtle, and smooth movements [38]. Although the poten-
tial effectiveness of each movement may be different, the 
overall Baduanjin exercise has been demonstrated to have 
a good effect on body and mind [38]. Baduanjin exercise 
can enhance Qi function through the whole exercise of 
body posture, movement, breathing, and meditation—
that is, to draw upon natural forces to optimize and bal-
ance energy within, through the purposeful coordination 
of body, breath, and mind [39]. With the combination of 
self-awareness with self-correction of the posture and 
movement of the body, the flow of breath, and stilling 
of the mind, Baduanjin exercise is thought to comprise 
a state which activates the natural self-regulation capac-
ity, stimulates the balanced release of endogenous neu-
rohormones, and a wide array of natural health recovery 
mechanisms [40].

For instance, the Baduanjin exercise has been recog-
nized as an effective way of alleviating the lower back 
pain (even its chronic condition) caused by lumbar disc 
herniation [41, 42]. It improves the strength and flexibil-
ity of the neck, shoulder, and back. Thus, it helps reduc-
ing the occurrence and development of diseases related 
to the above-mentioned parts of the body [43, 44]. The 
positive effect of the Baduanjin exercise on mental health 
was previously observed in cohorts of college students, 
as well as middle-aged and older people [45–47]. Beside, 
studies show that Baduanjin played an obvious role in 
adjuvant therapy and postoperative rehabilitation during 
COVID-19 epidemic [48–50].

However, little is known about the effect of the Badu-
anjin exercise on the prevalence of lower back pain, 
COVID-19-related anxiety and psychological well-being 
in college students during the pandemic. Thus, this arti-
cle aims to explore the effects of Baduanjin interven-
tion on physical and mental health of people during the 

Keywords: Qigong, Baduanjin exercise, College student, COVID-19-related anxiety, Mental health, The prevalence of 
low back pain, Pandemic
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pandemic, together with providing theoretical and prac-
tical references for healthy lifestyles for sedentary groups.

Materials and methods
Design
The purpose of the study was to examine whether Badu-
anjin exercises can decrease COVID-19-related anxiety, 
decrease the prevalence of lower back pain, and increase 
psychological well-being in College Students during the 
pandemic. The protocol of this study was approved by 
the Ethics Board for Research Projects at the Institute 
of Psychology, University of Gdansk, Poland (decision 
no. 33/2020). Figure  1 presents the stages of the study 
regarding also the flow of the respondents.

Participants
From September 2020 to December 2020, four univer-
sities students were randomly selected from Wenzhou 
City in Zhejiang Province, China. According to the 
inclusion criteria, the participants were between 20 
and 30 years old. Furthermore, they must have worked, 
studied, or lived in a selected school for more than two 
months in the past year and needed to be able to par-
ticipate in online and offline activities as well as answer 
questions from the surveys. Eventually, a total of 387 
participants were qualified for the study.

Fig. 1 Study flow diagram of the progress through the phases of the experiment
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The intervention
2.3.1 Randomization and allocation
387 participants who fulfilled the eligibility criteria were 
allocated randomly to two intervention-based groups; 
the Baduanjin exercise group (BE; n = 195) or the Control 
group (CG; n = 192). To ensure blinding, an independent 
researcher who was not a part of this study performed 
the randomized allocation. A 1:1 simple randomization 
technique was employed. A unique, computer-gener-
ated random code was assigned for each participant via 
SPSS (version 26.0, Armonk, New York, USA) statistical 
software. The allocation was concealed in sealed opaque 
envelopes, which were provided to researchers before 
applying the assigned interventions. All study personnel 
and participants were blinded to treatment assignment 
for the trial duration. The experimental intervention time 
for the two groups was 12 weeks.

Baduanjin exercise group
In this group, the participants were performing the 
Baduanjin exercises for 12  weeks. They were guided by 
a professional Qigong Baduanjin coach in the first week 
and then began a formal 11-week intervention period of 
Baduanjin exercises after mastering moving and breath-
ing methods. During this intervention period, the par-
ticipants were exercising independently, and each week 
they have been doing the Baduanjin exercises no fewer 
than five times for a total duration of 45 min per session 
[51]. They were required to wear sportswear and sports 
shoes during these exercises. Participants performed a 
warm-up exercise for approx. 5–10 min before the prac-
tice, with formal exercises beginning after 3–5 min of Qi 
practicing. Stretching exercises for 5 min after the exer-
cise were also performed by the participants. The coach 
guided subjects through a group exercise once a week 
(during the formal 11-week intervention period). Partici-
pants need to provide instant feedback which they had 
encountered in their daily exercises to the doctor and 
coach at any time.

Control group
To examine the validity of the pre and post-test learning 
health knowledge, participants needed to join a WeChat 
group to finish the test. Participants were instructed to 
learn health knowledge on the Internet independently 
during the learning process. They were asked to be 
learning for 12 consecutive weeks. Each week, they had 
to learn no fewer than 5 times and learn at least 30 min 
every time. To ensure that participants learn health 
knowledge independently, each participant was asked to 
check-in before and after learning in a WeChat group. 
And participants had to complete the quiz after learn-
ing the health knowledge course each time. Management 

staff undertook a return visit to the control group every 
other week and showed each course’s quiz results.

Measurements
Nordic musculoskeletal questionnaire (NMQ)
The Nordic Musculoskeletal Questionnaire was applied 
to measure the musculoskeletal pain [52–54]. Nordic 
Musculoskeletal Questionnaire (NMQ) were collected 
[55]. NMQ is valid, reliable and responsive [56, 57]. Both 
English and Chinese versions of the NMQ have been 
used in several studies for the analysis of musculoskel-
etal symptoms in an occupational health context [58].
This questionnaire addresses three main parts. The first 
part is about any trouble (such as pain, ache, discom-
fort and numbness) felt by the respondent in the last 
12 months. The second part asks the same question but 
for the last seven days. The final part is about the disabil-
ity caused by the trouble in the last 12 months. In each 
part, the data collected were about different anatomical 
areas: neck, upper back, lower back, shoulders, elbows, 
wrists/hands, hips/thighs/buttocks, knees and ankle/
feet. The responses were recorded in the form of binary 
options (“yes” and “no”).Severe pain was assessed using 
the Numerical Pain Rating Scale [59], which classifies a 
score of eight or higher as severe pain. Severe pain was 
classified according to the criteria of Boonstra et  al. 
(2016), which considers: no pain (score = 0), mild pain 
(≤ 5), moderate pain (6 and 7), and severe pain (≥ 8) [60].
Previous studies have demonstrated that NMQ is well-
validated [35].The internal consistency of the Nordic 
Musculoskeletal Questionnaire in our study was α = 0.93.

The coronavirus anxiety scale (CAS)
For the research purposes, we used the Coronavirus 
Anxiety Scale (CAS) developed by [61] which consists of 
5 items developed based on the psychological descrip-
tions of fear and anxiety symptoms [38, 62–64]. The five 
items of the CAS (Lee, 2020) were presented to the par-
ticipants: dizziness, sleep disturbances, tonic immobility, 
appetite loss, and abdominal distress. Participants had 
to rate them on the same 5-point scale as in the original 
version (How often have you experienced any of the fol-
lowing in the past 2  weeks? 0 = not at all; 1 = rare, less 
than a day or two; 2 = several days; 3 = more than 7 days; 
4 = nearly every day over the last 2  weeks). The total 
score is calculated by adding the scores for each of the 
responses [61]. The internal consistency of the Corona-
virus Anxiety Scale CAS scale in our study was α = 0.793.

Psychological well-being scale (PWBS)
This questionnaire was originally designed and proposed 
by Ryff [65], yet we used the version developed by Ryff 
and Almeida [66] for this study, which is more in line 
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with the current pandemic situation. After being quoted 
by many experts and scholars [67–69], it’s reliability was 
scored as being high. PWBS is a measurement tool with a 
multi-dimensional structure, this scale has six subscales. 
They are principal elements of psychological well-being. 
These subscales are autonomy, personal growth, environ-
mental mastery, purpose in life, positive relations with 
others, and self-acceptance. Each subscale entails three 
items rated on a 6-point Likert scale (from strongly disa-
gree = 1 to strongly agree = 6). Eight-item this scale are 
reverse scored. This scale has a score range of 18–108, 
with a higher score indicating better PWB.The internal 
consistency of the PWBS total scale in our study was 
α = 0.78.

Statistical analyses
IBM SPSS Statistics, Version 26.0 (IBM, Armonk, New 
York, USA) was used for statistical analysis. A one-way 
analysis of variance and chi-square tests were used to 
analyze baseline demographic characteristics between 
two groups. After analyzing normal distribution with 
the Kolmogorov-Smirnoff (K-S) test, the descriptive 
characteristics of variables were expressed using means 
and standard deviations (SD). The paired t-test (t-test 
for dependent variables) was used to verify the group’s 
changes before and after the intervention. An independ-
ent sample t-test (t-test for independent variables with a 
95% confidence interval) was used to compare the two 
groups’ mean values after the intervention. The tests were 

conducted to examine the effect of Baduanjin exercise on 
COVID-19-related anxiety, psychological well-being, and 
the prevalence of lower back pain of college students. 
P-value of 0.05 has been adopted for the standard evalu-
ation of significant differences, and p = 0.01—for notice-
able significant differences. The correlation analysis was 
used to analyze the correlation between the prevalence of 
lower back pain, changes in psychological well-being, and 
improvement of COVID-19-related anxiety.

Results
Descriptive statistics of sociodemographic information 
of Baduanjin exercise group and controls
A total of 387 participants were in this study, and most 
of them were College/Undergraduate students (57.62%). 
Men covered 50.9%. There were no significant differences 
between the Baduanjin exercise group and the control 
group regarding gender, age, education level, marital sta-
tus, smoking history, drinking history, Sedentary time, 
Frequency of participation in exercise (p > 0.05). More 
detailed statistics of the participants’ characteristics are 
presented in Table 1.

The musculoskeletal pain among the participants 
of the study
Before we started analyzing between-group and within-
group differences, we decided to find out which part 
of the body college students most commonly experi-
ence pain. The analysis of scores obtained in the Nordic 

Table 1 Descriptive statistics of sociodemographic information of Baduanjin exercise group and controls; n = 387

In the case of variables with a quantitative measurement scale, the data was presented using mean ± standard deviation

Variable BEG (n = 195) CG (n = 192) X2 p

Age (years) 24 ± 4 23 ± 3 − 0.32 0.964

Gender (M/F) Men 106 (54.3%) 91 (47.3%) 0.716

Female 89 (45.7%) 101 (52.7%)

Education College/Undergraduate 114 (58.4%) 109 (56.7%) 1.493 0.439

Postgraduate Student 49 (25.25%) 61(31.9%)

Doctoral candidate 20(10.4%) 22(11.4%)

Marital status Married 19 (9.7%) 13 (6.7%) 0.719 0.35

Other 176 (90.3%) 179 (93.3%)

Smoking
status

Never
Yes
Ever smoking

104 (53.3%)
65 (33.3%)
26 (13.4%)

99 (51.56%)
70 (36.4%)
23 (12.04%)

0.819 0.631

Drinking status Never
Yes
Ever drinking

106 (54.35%)
77 (39.4%)
12 (6.25%)

109 (56.7%)
69 (35.9%)
14 (7.4%)

0.496 0.774

Sedentary time (hour)  ≤ 5
5–9
10 ≥ 

40 (20.5%)
58 (29.8%)
97 (49.7%)

37 (19.2%)
63 (32.9%)
92 (47.9%)

1.33 0.628

Frequency of participation in exer-
cise (times / week)

 ≤ 3
3–5
5 ≥ 

83 (42.5%)
70 (35.8%)
42 (21.7%)

78 (40.6%)
67 (34.8%)
47 (24.6%)

− 0.25 0.356
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Musculoskeletal Questionnaire (NMQ)[35] before the 
intervention (at baseline) revealed that among 387 of 
participants, the highest prevalence of pain was in the 
waist (22.39%), and the lowest prevalence—in the thigh 
(6.25%). The details are presented in Fig. 2.

Nordic musculoskeletal questionnaire (NMQ): 
before and after the intervention
Before the intervention, there were no significant dif-
ferences in scores obtained in the Nordic Musculo-
skeletal Questionnaire (NMQ) between BEG and CG 
(p > 0.05), and after the intervention, BEG group scored 
significantly lower than CG group in NMQ (p > 0.05). 
There was significant decrease in scores obtained in 
NMQ between the two assessments in the BEG group, 
yet the difference between the two measurements in 
the CG group was insignificant (see Table 2 and Fig. 3 
for the details).

Coronavirus anxiety scale (CAS): before and after 
the intervention
Before the intervention, there was no significant dif-
ference between BEG and CG in scores obtained in the 
CAS (p > 0.05), however, such a between-group difference 
was found after the intervention (p < 0.05). Moreover, 
in both—the BEG and CG, the scores obtained in CAS 
decreased in exercise time (BEG: p < 0.01; CG: p < 0.05). 
The Baduanjin exercise group was significantly lower 
than the control group (p < 0.05). Table 3 and Fig. 4 pro-
vides more details.

Psychological well-being (PWBS): before and after 
intervention
Before the intervention, there were no significant dif-
ferences in the PWBS scores between BEG and CG 
(p > 0.05). However, groups differed significantly after 
the intervention (p < 0.05) with BEG group scoring sig-
nificantly better in environmental mastery, personal 
growth, self-acceptance, and PWBS total score. Sig-
nificant improvement between the two assessments was 
observed only in the BEG group: participants received 
better scores in such PWBS’s subscales as environmental 

Fig. 2 The musculoskeletal pain among the participants of the study; 
n = 387

Table 2 Nordic Musculoskeletal Questionnaire (NMQ): scores 
before and after intervention in the two groups (BEG vs. CG); 
n = 387

CG Control group, BEG Baduanjin exercise group
1  Between-group difference
2 Within-group difference
* p < 0.05
** p < 0.01

Group Before intervention After intervention p2

CG(n = 192) 22.51 ± 1.81 22.47 ± 1.46 > 0.05

BEG (n = 195) 22.45 ± 1.67 18.35 ± 1.05** < 0.05

p1 > 0.05 < 0.05

Fig. 3 NMQ: before and after intervention between the two groups: 
control group vs. Baduanjin exercise group. p* < 0.05; p** < 0.01

Table 3 Coronavirus Anxiety Scale (CAS) before and 
after intervention between the two groups (BEG vs. CG); n = 387

Control group; BEG Baduanjin exercise group

p1: Between-group difference

p2: Within-group difference
* p < 0.05
** p < 0.01

Group Before intervention After intervention p2

CG(n = 192) 5.21 ± 0.67 5.18 ± 0.78 < 0.05

BEG (n = 195) 5.22 ± 0.45 5.07 ± 0.27** < 0.01

p1 > 0.05  < 0.05
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mastery, personal growth, positive relations with others, 
self-acceptance, and in the PWBS total score (see Table 4 
and Fig. 5 for the details).

Correlation between the prevalence of low back pain, 
changes of psychological well-being, and improvement 
of COVID-19 related anxiety
After 12 weeks of intervention, COVID-19-related anx-
iety, the prevalence of low back pain and psychologi-
cal well-being in participants in the two groups have 
improved in comparison to the assessment before the 

intervention. Partial correlation analysis was used to 
analyze the correlation between the prevalence of low 
back pain, changes in psychological well-being, and 
improvement of COVID-19 related anxiety. The results 
(Table  5) show that when controlling for age and sex, 
there is a significant positive correlation between the 
changes in the prevalence of low back pain (NMQ) 
and the COVID-19-related anxiety (CAS) score 
(r = 0.445, p < 0.05). In addition, the change of psycho-
logical well-being (PWBS) was negatively correlated 
with the change in COVID-19-related anxiety (CAS) 
(r = − 0.631, P < 0.01). Table 5 and Fig. 6 provides more 
details.

Fig. 4 CAS: before and after intervention between the two groups: 
control group vs Baduanjin exercise group; p * < 0.05; p ** < 0.01

Table 4 Psychological Well-Being (PWBS) before and after intervention between the two groups (BEG vs. CG); n = 387

AU: Autonomy; EM: Environmental Mastery; PG: Personal Growth; PRWO: Positive Relations with Others; PL: Purpose in Life; SA: Self-Acceptance; TS: PWBS total score; 
CG: Control group; BEG: Baduanjin exercise group

*p < 0.05; **p < 0.01

Group AU EM PG PRWO PL SA TS

CG
(n = 192)

Before intervention 12.19 ± 2.12 11.40 ± 1.68 8.15 ± 2.21 13.73 ± 2.15 13.33 ± 2.38 10.12 ± 1.67 68.92 ± 6.72

After intervention 12.22 ± 1.81 11.43 ± 2.01 8.23 ± 1.89 13.88 ± 2.46 13.39 ± 2.63 10.07 ± 1.35 69.22 ± 5.34

BEG (n = 195) Before intervention 13.21 ± 2.06 11.48 ± 2.19 8.45 ± 2.33 13.54 ± 2.47 13.46 ± 2.24 9.97 ± 1.38 70.11 ± 8.65

After intervention 13.28 ± 2.37 14.23 ± 2.04* 14.31 ± 2.43* 14.32 ± 1.78 13.51 ± 2.27 13.47 ± 2.65* 84.12 ± 7.38**

Fig. 5 PWBS: before and after intervention between the two groups: control group vs Baduanjin exercise group; *p < 0.05; **p < 0.01

Table 5 Correlations between changes in the prevalence of 
low back pain, psychological well-being and Coronavirus-related 
anxiety

The data in the table is the correlation coefficient (r)

p* < 0.05; p** < 0.01

CAS Coronavirus anxiety scale, NMQ Nordic musculoskeletal questionnaire, 
PWBS Psychological well-being

Variable NMQ PWBS

CAS 0.445* − 0.631*
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Discussion
This study aimed to evaluate the effectiveness of the Bad-
uanjin intervention on the physical and mental health of 
college students during the COVID-19 pandemic. The 
research purpose was underlying the practical need to 
explore and find a harmless, non-drug intervention with 
minimal side effects in musculoskeletal and mental health 
problems caused by the COVID-19 pandemic and sed-
entary behavior. And further support the feasibility and 
acceptability of clinical trials of Baduanjin exercise. The 
main finding was that the reduction of COVID-19-re-
lated anxiety of college students is due to the 12-week 
training of Baduanjin. While no improvement was 
observed in the health education control group. In addi-
tion, participants in the Baduanjin group also showed a 
simultaneous decrease in the prevalence of lower back 
pain and psychological well-being. And the change of the 
prevalence of lower back pain and psychological well-
being is significantly correlated with the improvement of 
COVID-19-related anxiety. Participants had no adverse 
reactions during the exercise intervention, and all partici-
pants were satisfied with the exercise program.

In our research, one of the most remarkable find-
ings was that the effect of the Baduanjin interven-
tion on COVID-19-related anxiety was significant 
and higher than that of the health education control 
group. After the intervention of the Baduanjin exercise, 
COVID-19-related anxiety has decreased significantly 
from 5.22 ± 0.45 to5.07 ± 0.27. The results are consist-
ent with other studies [70–73] showing the Baduanjin 
exercise has a significant effect on alleviating anxiety 
symptoms. For example, Yu L et  al. proposed that the 
Baduanjin exercise has a certain positive influence on 
COVID-19 patients in the Square cabin hospital, which 
is conducive to alleviating the anxiety and depression 
symptoms of the patients [72]. A systematic review 
concluded that the efficacy of Baduanjin exercise in 

reducing depression and anxiety symptoms in people 
with physical or mental illnesses [73]. In addition, some 
studies have shown that excessive exercise or exercise 
addiction harms anxiety and psychological well-being 
[74]. Simultaneously, during the pandemic, people who 
exercise more are less anxious than people who exercise 
less [75]. Therefore, exercise helps to relieve COVID-19 
anxiety, fear, and stress.

Although the detailed mechanism by which Badu-
anjin improves COVID-19-related anxiety is not fully 
understood. As a comprehensive, multi-component 
intervention, Baduanjin may act through many interme-
diate variables along the pathway to improved anxiety 
outcomes. Several studies have suggested that COVID-
19 is a new infectious disease with the characteristics of 
human-to-human transmission, long latency and high 
mortality [76–79]. There is still a lot of uncertainty about 
the origin, nature and process of the disease. Therefore, 
people are extremely lack of understanding of it. For 
the time being, there is no specific cure for the disease, 
which also aggravates people’s panic and fear of COVID-
19. Therefore, it is necessary to find suitable ways to 
alleviate people’s anxiety and depression. These findings 
suggest that exercise-induced changes in the HPA axis 
modulate stress reactivity and anxiety in humans [80, 81]. 
Another possible mechanism for the anxiolytic effects of 
exercise is via mediation by the endogenous opioid sys-
tem. Endogenous opioids have a role in the regulation 
of mood and emotional responses [82]. As a traditional 
qigong exercise, Baduanjin exercise has the advantage 
of accessible learning and no need for physical strength, 
relaxing the mind, and promoting sleep [83]. Some stud-
ies have also shown that Baduanjin exercise significantly 
reduces anxiety and depression [84–86]. These findings 
might reveal the likely neurobiological mechanisms of 
Baduanjin exercise in improving COVID-19-related anxi-
ety of people.

Fig. 6 Correlations between changes in the prevalence of low back pain, psychological well-being and Coronavirus-related anxiety
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Another result of our study found that with the 
improvement of COVID-19-related anxiety, the partici-
pants in the Baduanjin Group also showed significantly 
decrease in the prevalence of lower back pain and psy-
chological well-being. Statistically significant changes 
were observed in these measures after the 12-week inter-
vention. This improvement may be due to the benefits of 
regular Baduanjin exercise are expressed through adjust-
ing breathing to make the process smoother, unifying 
mind and breathing, strengthening muscles and tendons 
to make the body more flexible, and the union of mind 
and body [87, 88]. At the same time, Baduanjin stresses 
‘take the waist as the axis’ in practice [89]. Therefore, reg-
ular Baduanjin exercise enhances participants’ physical 
and mental health and decreases the prevalence of low 
back pain.

Several factors may explain the positive effects of Badu-
anjin training on the prevalence of lower back pain and 
psychological well-being in college students. First, the 
Baduanjin exercise can effectively decrease the preva-
lence of lower back pain. The present study is in keep-
ing with these findings, since, as reported elsewhere, 
Baduanjin exercise can reduce lower back pain [43, 90]. 
And a significant positive correlation between the preva-
lence of lower back pain(NMQ)and COVID-19-related 
anxiety(CAS) (r = 0.445) was observed in the present 
study. Second, it found significant improvements in psy-
chological well-being from Baduanjin training in the pre-
sent study, related to the decrease of COVID-19-related 
anxiety of college students. This result is consistent with 
the research of other scholars [5, 91–94]. There was also 
a significant negative relationship between changes in 
COVID-19-related anxiety(CAS)and psychological well-
being (PWBS) (r = − 0.631).

During the coronavirus pandemic, Baduanjin exercise 
can relieve stress and promote sleep quality, enhance 
mental health and well-being.

Limited of the study
The function of Baduanjin during the COVID-19 pan-
demic has been mentioned many times above. Mean-
while, Baduanjin seemes to be a very interesting 
exercise for college students in different countries. It 
can be adapted to different needs by individualizing 
internal loadand intensity. It starts with a low dose and 
gradually increases itwhich makes it suitable for different 
groups.While this study has revealed many new angles 
for further research, there are limitations to the current 
findings.

First, This study has only speculated the possible mech-
anism of the Baduanjin exercise’s influence on COVID-
19-related anxiety, the prevalence of lower back pain, 
and psychological well-being through indirect indicators. 

Nevertheless, it did not explain in more detail the mech-
anism of the central nervous system and biological 
indicators.

Second, this study is limited by the impact of the pan-
demic, the lack of representativeness of research data 
and participants. Participants group consisted only on 
college students. Correlation studies should add differ-
ent groups to strengthen and broaden the results, which 
is an important research direction in the future. Besides, 
outcomes of COVID-19-related anxiety and psychologi-
cal well-being in this study were measured by subjective 
questionnaires (CAS and PWBS). Therefore, the subjec-
tive measures might have introduced a bias, leading to 
the potential overestimated intervention effects.

Third, the study did not mention the current pain level, 
whether the participants had chronic pain or whether 
participants took painkillers. It is worth considering in 
the future research.

Finally, the results show that the absence of follow-
up beyond the 12-week Baduanjin exercise intervention 
period has had a beneficial effect on lower back pain, 
COVID-19-related anxiety, and psychological well-being. 
However, it is not sure whether the intervention effect 
still exists after 12 weeks.

Conclusion
In short, this research shows that during the epidemic 
period, the 12-week Baduanjin exercise can alleviate the 
anxiety of college students about COVID-19, decrease 
the prevalence of low back pain, further promote the 
health of college students and enhance their psychologi-
cal well-being. Besides, the Baduanjin is an effective, safe, 
and helpful exercise, which can improve different groups’ 
physical and mental health. In the future, more research 
should focus on the intervention means of the combina-
tion of non-drugs or the lowest dose of drugs that can 
bring health benefits to the different groups with seden-
tary lifestyle.
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a B S t r a c t
BacKGroUNd: Mild cognitive impairment (Mci is called the precursor state of alzheimer disease (ad) has a great 
impact on people’s health.While there is accumulating evidence supporting Baduanjin exercise has an effect on Mci, 
few studies have objectively assessed these specific benefits, particularly related to the Baduanjin exercise and MCI. 
this study aims to explore the effect of Baduanjin on cognitive function, lower limb balance function, and quality of 
life of the elderly with mild cognitive impairment. a randomized controlled trial study, with pre and post-testing of two 
parallel groups (BeG, lWG). Sixty participants with Mci were allocated to three groups: the Baduanjin exercise group 
(BEG=30); and the Leisure walking group (LWG=30).
METHODS: In this randomized controlled trial, 60 participants with MCI were randomly allocated in a 1:1 ratio to 12-
week Baduanjin exercise group and 12-week leisure walking group, with 30 cases in each group. MMSE(mini-mental 
state examination scale), Moca (Montreal cognitive assessment), BBS (Berg Balance Scale), tUG (timed Up and Go 
Test), 10MWT (10-meter walking test), SF-12 (12-Item Short Form Survey) was used to assess the cognitive function, 
the lower limb balance function and quality of life at second times (before and after the intervention). the paired t-test 
and an independent t-test (with a 95% confidence interval) was used to compare the outcome variables of the two groups.
RESULTS: There were no significant differences between the Baduanjin exercise and the control group at baseline in 
demographic. Compared to participants in the leisure walking group, participants in the Baduanjin group had a signifi-
cantly improvement in the Cognitive function (MMSE -3.56 [95% CI, -4.65to-2.48], P<0.05) and MoCA(-1.68 [95% 
CI,-2.85to-0.52], P<0.05); Baduanjin exercise group shows significantly improvement in the lower limb balance function 
(BBS -4.73 [95% CI, -5.87to-3.59], P < 0.05); TUG (0.52 [95%CI, 0.42 to 0.61], P < 0.05); 10MWT(-0.24 [95CI, -0.31to-
0.16], P < 0.05);Baduanjin exercise group have great effect on quality of life (PCS -1.94 [95% CI, -2.89to-1], P < 0.05) 
and MCS (-1.8 [95%CI,-2.86 to-0.75], P < 0.05, increased from 59.39±2.41 to 62.65±1.56, P < 0.05;) In addition, after 
the intervention of Baduanjin, there is a significant positive correlation between Lower Limb Balance (BBS) and the 
improvement of Cognitive Function (MMSE) Score (r=0.328, P<0.05). A significant positive correlation between Lower 
Limb Balance (10MWT) and the improvement of Cognitive Function (MMSE) score (r=0.366, P<0.05). Meanwhile, 
the change of Quality of life (MCS) was positively correlated with Cognitive Function (MoCA)improvement (r=0.593, 
P<0.01).
coNclUSioNS: Baduanjin exercise appears to be a feasible and acceptable intervention to improve the cognitive 
function and lower limb balance function and quality of life of the elderly with MCI among older adults. Our findings 
emphasize the significance of Baduanjin exercise into elder health management.Feasibility of the approach for a large 
scale RCT was also confirmed.
(Cite this article as: li K, Kortas Ja, lin X, Yu h, lipowski M. the effect of 12 weeks of Baduanjin exercise on cognitive 
function, lower limb balance and quality of life of the elderly with mild cognitive impairment: a randomized controlled trial. 
Gazz Med Ital - Arch Sci Med 2022;181:811-23. DOI: 10.23736/S0393-3660.22.04802-1)
Key words: Qigong; Cognitive dysfunction; Alzheimer disease; Cognition; Mental Health.
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tion and decreased negative emotion of patients 
with brain injuries in the early rehabilitation pe-
riod.27 a recent randomized controlled trial also 
showed that participating in the Baduanjin ex-
ercise positively impacted anxiety, depression, 
and the quality of life of patients with ulcerative 
colitis 28. it has been shown that the Baduanjin 
exercise increase the flexibility of joint motion,29 
balance and stability in the lower limbs of the 
elderly.30

in this paper, leisure walking and Baduanjin 
are selected as the main intervention measures 
because these exercises are easy to learn and prac-
tice and unlikely to cause injury. therefore, it is 
a suitable type of exercise for Mci patients. the 
aim of this study is to explore the influence of the 
Baduanjin exercise on cognitive function, lower 
limb balance function, and quality of life among 
the elderly with mild cognitive impairment. this 
research provides an excellent theoretical basis 
for the choice of non-drug intervention methods 
for patients with mild cognitive impairment. it 
also provides a basis for the popularization and 
application of Qigong.

Materials and methods

Experimental design

This study enrolled 76 participants for the first 
time. After the first screening, 16 participants 
dropped out. Only 60 were left. Due to personal 
reasons, unrelated to the study. For example: 
6 for No reason provided;7 for Schedule con-
flict;3 for No physical condition. The remaining 
60 eligible subjects were enrolled and randomly 
assigned to the Baduanjin group (N.= 30) or the 
leisure walking group (N. = 30). 30 completed 
the entire Baduanjin exercise intervention. in 
the leisure walking group, 30 completed the en-
tire leisure walking exercise intervention. even-
tually, data from 30 participants in the Baduan-
jin group and 30participants in the control group 
were included in the final analyses. The Ethics 
Board approved the protocol of this study for 
research projects at the institute of psychol-
ogy, University of Gdansk, poland (decision 
no. 33/2020). Figure 1 presents the stages of the 
study regarding also the flow of the respondents 
(Figure 1).

Mild cognitive impairment (Mci) refers to 
the average self-care ability in daily life 

with mild memory or cognitive impairment. it’s 
an unstable clinical state of cognitive decline 
between normal ageing and dementia and is 
called the precursor state of alzheimer disease 
(ad).1 10%-15% of MCI patients progress to 
dementia every year, and ad accounts for the 
vast majority.2 There are nearly 37 million MCI 
patients in mainland china.3 Graham found 
that non-dementia cognitive dysfunction in the 
elderly aged 60 and over in North America is 
16.8%, while the incidence of Mci in Japan is 
6.1%.4, 5 the incidence of Mci and alzheimer’s 
disease increases with age,6, 7 Many research re-
sults show that mild cognitive impairment has 
no effect on daily life in the early stage. if mild 
cognitive impairment cannot be prevented and 
treated on time, the decline of cognitive func-
tion will affect patients’ daily walking speed, 
balance ability, and physical function.8-13 pa-
tients will eventually be unable to live indepen-
dently. thus, the quality of life will be seriously 
affected and bring a heavy burden to individuals 
and families. taking effective measures to inter-
vene in patients with mild cognitive impairment 
would significantly reduce the prevalence rate 
of dementia.

clinical studies14-18 found that exercise is an 
effective strategy to avoid the early diagnosis of 
ad and prevents the occurrence of illness. as 
traditional chinese health qigong, Baduanjin is 
widely popular in china. Similar to well-recog-
nized traditional tai Ji, Baduanjin qigong is also 
characterized by slow and relaxing movements.a 
set of Baduanjin exercises consists of only 8 sep-
arate and smooth movements.19 in addition,the 
latest studies have found that in china, Bad-
uanjin has been used as an essential adjuvant 
therapy in coVid-19.20-22 Meanwhile, Baduan-
jin can promote lower limb function, especially 
lower limb balance ability and muscle strength 
development and quality of life to a certain ex-
tent.23-25 Yuen M et al. show that Baduanjin is 
effective in improving balance, leg strength, and 
mobility and is a safe and sustainable form of 
home-based exercise for people with chronic 
stroke.26 Shijia et al. found that the Baduanjin 
exercise significantly enhanced cognitive func-
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• activities of daily living are normal, ADL<26;
• irregular exercise, and can complete a cer-

tain degree of sports activities in the state of 
sports monitoring;

• there are no terrible living habits, such as al-
coholism and excessive smoking, and the body is 
healthy without organic diseases;

• no binocular or corrected vision above 1.0, 
and normal hearing (above 20dB).

Exclusion criteria
• Serious cardiovascular diseases (high blood 

pressure, BP>166/96 mmHg);
• severe myopathy, the history of upper limb 

injury in the past 6 months, lumbar dysfunction 
or damage, various diseases that are not suitable 
for long-standing, severe osteoporosis, etc.;

• has experienced invasive treatment in the 
past 6 weeks, or have undergone these treatment 
plans in the next 10 weeks;

• severe cognitive impairment, mental illness 
or other neurodegenerative diseases (pd, stroke, 
frontotemporal degeneration, vascular dementia, 
Lewy body dementia, etc.);

• taking psychotropic drugs, drugs affecting 
physical mobility, cholinesterase inhibitors, and 
other medications recently or for a prolonged pe-
riod of time.

The intervention

Randomization and allocation

Sixty participants who fulfilled the eligibility 
criteria were allocated randomly to two interven-
tion-based groups; the Baduanjin exercise group 
(BEG; N.=30) or the Leisure walking group 
(WG, N.=30). To ensure blinding, an indepen-
dent researcher who was not a part of this study 
performed the randomized allocation. a 1:1 
simple randomization technique was employed. 
a unique, computer-generated random code was 
assigned for each participant via SpSS (version 
26.0, Armonk, New York, NY, USA) statisti-
cal software. the allocation was concealed in 
sealed opaque envelopes, which were provided 
to researchers before applying the assigned in-
terventions. all study personnel and participants 
were blinded to treatment assignment for the trial 
duration. the experimental intervention time for 
the two groups was 12 weeks.

Subjects

From October 2021 to January 2022, 76 elderly 
citizens from 6 villages were randomly selected 
from the lingxi township of Wenzhou city, 
zhejiang province, china. the participants 
were between 55-65 years old. participants 
must have lived in the selected villages for more 
than 6 months in the past year. according to 
the inclusion criteria and exclusion criteria, 76 
residents completed the questionnaire survey 
of this study. after the screening, 6 participants 
were excluded with no reason provided, 7 were 
excluded due to plan conflicts, and 3 were ex-
cluded because their physical conditions were 
unsuitable. Finally, a total of 60 participants 
qualified for the study.

Diagnostic criteria for recruitment of subjects

Inclusion criteria
• Age ≥55 years old, no significant difference 

in physical condition;
• compliance with MCI diagnostic criteria;31

• has specific cognitive dysfunction but does 
not meet the diagnostic criteria of dementia 
(MoCA<26, MMSE>24);

• has the main complaint of memory loss, and 
other cognitive functions are normal;

Figure 1.—Stages of the study regarding also the flow of the 
respondents.

allocated to Baduanjin  
exercise group (N.=30)

Intention-to-treat analysis (N.=30)
-  Excluded from analysis (N.=0)

Intention-to-treat analysis (N.=30)
-  Excluded from analysis (N.=0)

12 weeks after baseline (N.=0)
-  Lost to follow-up (N.=0)

12 weeks after baseline (N.=0)
-  Lost to follow-up (N.=0)

allocated to leisure walking  
exercise group (N.=30)

Excluded (N.=7)
-  No reason provided (N.=6)
-  Schedule conflict (N.=7)
-  No physical conditions 

(N.=3)

Assessed for eligibility (N.=76)

randomized (N.=63)

enrollment

allocation

analysis

Follow-up
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every other week. participants should communi-
cate with doctors and coaches if they encounter 
any problems in the daily routine process. if any 
of the participants suffered from acute exacerba-
tion of cognitive impairment during the experi-
mental period, the participants should follow the 
doctor’s advice and quit.

Measurements

Montreal Cognitive Assessment Score

Montreal cognitive assessment Score (Moca) 
is mainly used to screen the elderly who com-
plain of memory loss, but the MMSe score is 
still in the normal range, with high sensitivity, 
good reliability, and validity. Moca includes 
seven dimensions, including: visual space and 
executive function; naming; attention; language; 
abstraction; delayed recall; and orientation. This 
has a total score of 30 points,33 and the higher the 
score, the better the cognitive function. the eval-
uation refers to the educational level. if the edu-
cational years are ≥12 years, the MoCA score<26 
is considered to belong to Mci patients, and the 
MoCA Score ≥ 26 means that the cognitive func-
tion is normal. For those with less than 12 years 
of education, the score of Moca<25 is consid-
ered MCI patient, and the score of MoCA≥25 
is considered as normal cognitive function. 
Cronbach-α value of this paper is 0.84.

Mini-Mental State Examination

the Mini-Mental State examination (MMSe) 
was used to evaluate the cognitive status of the 
subjects before and after the intervention. this 
tool is a simple tool for the classification of cog-
nitive impairment in the elderly. it consists of 

Baduanjin exercise group

The general plan is 30 Participants in the Bad-
uanjin exercise group will receive 12 weeks of 
Baduanjin exercise training with a frequency of 
5 days a week and 45 min a day, including 10 
min warm-up and finish. The training scheme 
originated from health Qigong - Baduanjin, pub-
lished by the General administration of Sport of 
china.32 the whole Baduanjin exercise training 
plan is divided into two periods. the main task of 
the first periods (1 week) as to get the whole set 
of Baduanjin exercises consisting of 8 postures 
(Figure 2). Two professional Qigong Baduanjin 
coaches guided them in the first-week, until mas-
tering moving and breathing methods. the sec-
ond periods (11 week) was an essential part of the 
programme. participants begin a formal 11-week 
intervention period of Baduanjin exercises. dur-
ing this intervention period, the participants were 
exercising independently.the coach would guide 
subjects through a group exercise every week for 
1 time during the 11 week. participants should 
communicate with doctors and coaches if they 
encounter any problems in the daily routine pro-
cess. if any of the participants suffered from acute 
exacerbation of cognitive impairment during the 
experimental period, the participants should fol-
low the doctor’s advice and quit.

Leisure walking group

participants should keep leisure walking exercise 
every week. the exercise time and place were 
not limited. leisure walking practice should be 5 
times a week, and the total duration of each exer-
cise was 45min/time. They were required to walk 
exercise for 12 consecutive weeks. the coach un-
dertook a return visit to the leisure walking group 

Figure 2.—Eight postures.
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ing the marker. they then walk back to the back 
chair and turn to sit down, ending with leaning 
back on the back chair. No help can be given to 
anybody during the test.36 the time is recorded 
(in seconds) with a stopwatch. Before the formal 
test, the subjects can practice 1-2 times to ensure 
that the subjects understand the whole test pro-
cess. the formal test is conducted 3 times, and 
the average value is taken, with the scoring crite-
ria is as follows: 1) if completion time <10 sec-
onds, the subjects can conduct free movement; 
2) if completion time <20 seconds, most of them 
can move independently; 3) if completion time 
is 20-29 seconds, the activity is unstable, and 
there is a high risk of falling; 4) if completion 
time>30 seconds, there is activity obstacle. The 
Cronbach-α value of this paper is 0.74.

10-meter walk test

The 10-meter walking test (10MWT) evaluates 
walking ability: walk on a 14-meter straight line 
marked at 2 m and 12 m, respectively. partici-
pants must walk along the line, starting from 2 m 
and finishing at 12 m. The time and steps taken 
for walking between 2 m and 12 m are recorded. 
the pace is then calculated, and the calcula-
tion formula is: [pace (m/s)=10/ time], and the 
stopwatch can be used to time the test.37 the 
Cronbach-α value of this paper is 0.77.

Quality of life assessment SF-12

this questionnaire was designed and put forward 
by Je Ware and cd Sherbourne. this paper uses 
the american version developed by GandekB, 
WareJe, aaronson NK, and others.38 this ver-
sion is also in line with the current research situ-
ation and has sufficient reliability and effective-
ness. SF-12 consists of 12 items and 8 sub-items: 
physical function (PF), role body (RP), physical 
pain (Bp), general health (Gh), vitality (Vt), so-
cial function (SF), role-emotion (RE), and men-
tal health (MH). The subscales PF, RP, BP, and 
Gh constitute the scores of body composition 
summary (PCS), while the subscales VT, SF, RE, 
and Mh constitute the scores of mental composi-
tion summary (McS). the answer categories of 
each item in the questionnaire ranged from 2 to 
6, and the original scores range from 1 to 6. the 
actual scores obtained by the participants were 

five parts: orientation; memory (instantaneous 
and short-term memory); attention and calcula-
tion; aphasia (oral expression, naming, retelling, 
reading, listening and understanding, writing); 
and vision. There are 30 items with a total score 
of 30. The higher the score, the better the cog-
nitive function.34 combined with the education 
level and cognitive score of the elderly, the cog-
nitive status was comprehensively evaluated. in 
so doing, the evaluation criteria of cognitive im-
pairment in the elderly were acquired. according 
to educational level, MMSe scores were deter-
mined as follows: ≤19 (illiterate), ≤22 (primary 
school), ≤26 (junior high school and above) 
were divided into cognitive impairment; MMSE 
scores 17-19 (illiteracy), 20-22 (primary school), 
24-26 (junior high school and above) were clas-
sified as mild cognitive impairment. Cronbach-α 
value of this paper is 0.862.

Berg Balance Scale

Berg Balance Scale (BBS) includes 14 items: 
standing up from sitting position; standing with-
out support; sitting position without a backrest, 
but landing with both feet or putting them on a 
stool; sitting down from standing position; trans-
ferring; closing eyes without support; standing 
with both feet together without support; upper 
limbs stretching and moving forward in stand-
ing position; picking up articles from the ground 
in a standing position; turning to look back in a 
standing position; turning 360 degrees; putting 
one foot on a step or stool in standing position 
without support; and standing without support 
with one foot in front. the scoring standard of 
each item is from 0 to 4, and the total score is 
from 0 to 56. This is divided into five grades: 
zero; poor; fair; good; and normal.35 Cronbach-α 
value of this paper is 0.78.

Timed Up and Go Test

the subjects are wearing the shoes they usually 
wear, sitting on the back chair (the height of the 
chair is about 45cm), leaning against the chair’s 
back with their hands on both sides of the body. 
after hearing the “Start” instruction, the sub-
jects immediately get up from the back chair, 
and then walk forward for 3 meters according to 
the usual walking gait, turn around after bypass-
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was considered statistically significant. The 
pearson correlation test was used to analyze 
the correlation between lower limb Balance, 
changes in quality of life, and improvement of 
Cognitive Function.

Result

Descriptive statistics of sociodemographic infor-
mation of Baduanjin exercise group and leisure 
walking group

A total of 60 MCI participants were in this study, 
and most of them were Farmer (41.66%). Men 
covered 51.6%. comparing the general data of 
the Baduanjin exercise group and leisure walk-
ing group, the results showed no significant dif-
ferences between the Baduanjin exercise group 
and leisure walking group in social demographic 
data. included gender, age, occupation, education 
level, marital status, family per capita monthly 
income, smoking history, and drinking history 
(P>0.05) (Table I).

MMSE and MoCA: before and after the interven-
tion

Before the intervention, there was no significant 
difference between the two groups in MMSe 
and MoCA (P>0.05). After the intervention, 

counted and scored. the higher the score, the 
better the physical condition of the participants. 
Cronbach-α value of this paper is 0.81.

Statistical analysis

Statistical analysis was performed using SpSS 
(version 26.0, Armonk, New York, USA). The 
Shapiro-Wilk tests were performed to deter-
mine the normality of the data distribution. 
Normally distributed data were expressed as 
means with Sds, and the student’s t-test was 
used to compare between-group differences at 
baseline. Non-normally distributed data were 
presented with median (P25, P75) and then 
Mann-Whitney U test was used. the baseline 
characteristics between comparison groups 
were analyzed using the Chi-square test (χ2) 
or the Fisher’s Exact Test for categorical vari-
ables described as frequencies (percentages). 
the paired t-test was used to compare within 
a group before and after the intervention. an 
independent t-test (with a 95% confidence in-
terval) was used to compare between-group dif-
ferences after the intervention. the t-tests were 
conducted to examine the effect of the Baduan-
jin exercise on cognitive function, lower limb 
balance function, and quality of life of partici-
pants with mild cognitive impairment. P<0.05 

Table I.— Descriptive statistics of sociodemographic information of Baduanjin exercise group and leisure walking 
group (N.=60).
Variable BEG (N.=30) LWG (N.=30) p

57.18±1.69 57.8±1.54
Gender (M/F) Men 15 (50%) 16 (53.3%) 0.796

Female 15 (50%) 14 (46.7%)
employment status Farmer

Worker
13 (43.3%)
6 (20%)

12 (40%)
7 (23.3%)

0.825

teacher 3 (10%) 5 (16.7%)
other 8 (26.7%) 6 (20%)

education Junior high school and below 19 (63.3%) 15 (50%) 0.571
Technicalsecondary school/high school 7 (23.3%) 9 (30%)
College/Undergraduate
postgraduate

4 (13.4%) 6 (20%)

Marital status Married 23 (76.7%) 20 (66.7%) 0.39
other 7 (23.3%) 10 (33.3%)

Smoking
status

Never
Yes

10 (33.3%)
9 (30%)

7 (23.3%)
9 (30%)

0.641

Never Smoked 11 (36.7%) 14 (46.7%)
drinking status Never

Yes
8 (26.7%)

13 (43.3%)
6 (20%)

13 (43.3%)
0.784

Never drink 9 (30%) 11 (36.7%)
data was presented nuber of participants (percentage).
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in the Baduanjin exercise group were higher 
than previously (P<0.05), with significant dif-
ferences. Simultaneously, there was a consider-
able difference in the TUG and 10MWT scores 
in the leisure walking group (P<0.05). Experi-
mental data showed that the Baduanjin exercise 
and leisure walking could play a positive role 
in improving the lower limb balance of Mci 
participants. in comparing the two groups, the 
BBS, TUG, and 10MWT in the Baduanjin ex-
ercise group were higher than the leisure walk-
ing group (P<0.05), with significant differences 
(Table III, Figure 4).

in summary, the overall effect of the Baduan-
jin exercise on improving the lower limb balance 
ability of Mci participants was better than that in 
the leisure walking group.

the scores of MMSe and Moca in the Bad-
uanjin exercise group and the leisure walking 
group were higher than before the intervention 
(P<0.05). Further comparing the MMSE and 
Moca scores, the MMSe and Moca scores in 
the Baduanjin exercise group were higher than 
the leisure walking group (P<0.05) (Table II, 
Figure 3). It showed that the effect of the Bad-
uanjin exercise on improving Mci participants’ 
cognitive function was better than the leisure 
walking group.

BBS, TUG, 10MWT: before and after intervention

Before the intervention, there was no signifi-
cant difference in the BBS, TUG, and 10MWT 
scores between the two groups (P>0.05). After 
the intervention, the BBS, TUG, and 10MWT 

Figure 3.—MMSE and 
Moca scores in the Bad-
uanjin exercise group 
higher than the leisure 
walking group.

Table II.— MMSE and MoCA: before and after intervention between the two groups (N.=60).
Group MMSe Moca

Before intervention after intervention Before intervention after intervention
LWG(n=30) 21.56±2.06 23.83±2.11 20.61±1.86 22.79±2.17
BEG(n=30) 21.83±2.22 27.4±2.07 19.96±1.92 24.48±2.33
Between-Group Mean 

(95% ci)
-0.27 (-1.37 to 0.83) -3.56 (-4.65 to -2.48)a 0.64 (-0.33 to 1.62) -1.68 (-2.85 to -0.52) a

p 0.628 0.00 0.19 0.005
LWG: leisure walking group; BEG: Baduanjin exercise group; MMSE: Mini-mental State Examination; MoCA: Montreal cognitive 
assessment; P Between-group difference; aP<0.05.

Table III.— BBS, TUG, and 10MWT: before and after intervention between the two groups (N.=60).

Group
BBS tUG 10MWT (m/s)

Before 
intervention after intervention Before 

intervention after intervention Before 
intervention after intervention

LWG(n=30) 47.31±1.94 47.64±2.21 9.84±0.11 9.16±0.15 0.92±0.01 1.03±0.04
BEG(n=30) 47.68±1.95 52.38±2.19 9.63±0.15 8.64±0.21 0.93±0.02 1.27±0.2
Between-Group 

Mean (95% ci)
-0.36

(-1.37 to 0.64)
-4.73

(-5.87 to -3.59) a
0.21 

(0.14 to 0.28)
0.52

(0.42 to 0.61)a
0

(-0.01 to 0)
-0.24

(-0.31 to -0.16) a
p 0.471 0.00 0.169 0.00 0.195 0.00
LWG: leisure walking group; BEG: Baduanjin exercise group; BBS: Berg Balance; TUG: Timed Up and Go; 10MWT: 10-meter walk test; 
P Between-group difference; a: P<0.05.
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it showed that after two kinds of intervention, 
the overall effect of the Baduanjin exercise in 
improving the quality of life of Mci participants 
was better than that of the leisure walking group.

Correlation between Lower Limb Balance, chang-
es of Quality of life, and improvement of Cognitive 
Function

After 12 weeks of intervention, Cognitive Func-
tion, lower limb Balance, and Quality of life 
in participants in the two groups have improved 
than before the intervention. We use correlation 
analysis to analyze the correlation between low-
er limb Balance, changes in Quality of life, and 
improvement of Cognitive Function. The results 
(Table V, Figure 6) show that there is a signifi-

Quality of life (SF-12): before and after intervention

Before the intervention, there was no signifi-
cant difference in SF-12 scores between the 
two groups (P>0.05). After the intervention, the 
scores on the quality of life (pcS, McS) of the 
Baduanjin exercise group and the leisure walking 
group were both improved after the intervention 
(P<0.05), with a significant difference. Especially 
the Baduanjin exercise had a noticeable effect on 
improving Mci participants’ quality of life. in 
comparison, the leisure walking group has no 
significant change. Furthermore, the comparative 
scores of quality of life (pcS, McS) in the Bad-
uanjin exercise group were higher than the leisure 
walking group after intervention (P<0.05), with a 
significant difference (Table IV, Figure 5).

Figure 4.—The BBS, TUG, and 10MWT in the Baduanjin exercise group higher than the leisure walking group.

Figure 5.—Comparative 
scores of quality of life 
(pcS, McS) in the Bad-
uanjin exercise group 
higher than the leisure 
walking group after in-
tervention. 

Table IV.— Quality of life (SF-12): before and after intervention between the two groups (N.=60).
Group pcS (physical component score) McS (Mental component Score)

Before intervention after intervention Before intervention after intervention
LWG(n=30) 47.33±2.06 51.84±1.69 58.11±1.66 60.74±2.04
BEG(n=30) 47.88±2.27 53.79±1.95 57.33±1.84 62.55±2.02
t -0.98 -4.11 1.72 -3.43
Between-Group Mean 

(95% ci)
-0.55 (-1.67 to 0.56) -1.94 (-2.89 to -1)a 0.78 (-0.12 to 1.69) -1.8 (-2.86 to -0.75) a

p 0.327 0.00 0.089 0.00
LWG: leisure walking group; BEG: Baduanjin exercise group; BBS: Berg Balance; TUG: Timed Up and Go; 10MWT: 10-meter walk test; 
P Between-group difference; a: P<0.05.
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cognitive function.Mci participants had no ad-
verse reactions during the whole exercise inter-
vention, and all participants were satisfied with 
the exercise program.

Effect of Baduanjin exercise on cognitive func-
tion of the elderly with MCI

in our research, one of the most remarkable 
findings was that the experimental data after 
intervention in cognitive function (MMSe and 
Moca) of the Baduanjin exercise group were 
significantly different from those of the walking 
group. our results are the same as those, show-
ing the Baduanjin exercise greatly improved 
participants’ cognitive function.39-45 For exam-
ple, Yu, l . proposed that Baduanjin combined 
with traditional therapy significantly improved 
Mci participants’ cognitive and memory func-
tions compared with traditional therapy. in this 
intervention study of Mci participants, MMSe 
and Moca were selected as cognitive function 
measurement indicators. although the study did 
not add other cognitive function measurement 
indicators, the research results were not affected 
and were consistent with the research ideas and 
methods.46-48

although the detailed mechanism by which 
Baduanjin improves cognitive function is not 
fully understood. as a comprehensive, multi-

cant positive correlation between lower limb 
Balance (BBS) and the improvement of cogni-
tive Function (MMSE) score (r=0.337, P<0.05). 
Meanwhile, a significant positive correlation be-
tween Lower Limb Balance (10MWT) and the 
improvement of Cognitive Function (MMSE) 
score (r=0.416, P<0.05). In addition, the change 
of Quality of life (McS) was positive correlated 
with Cognitive Function (MoCA)improvement 
(r=0.525, P<0.01). However, there is no signifi-
cant correlation between Cognitive Function and 
Quality of life (pcS).

Discussion

the primary purpose of this study was to clarify 
the effects of Baduanjin on cognitive function, 
lower limb balance function, and quality of life of 
the elderly with mild cognitive impairment. the 
major findings were that participants with MCI 
intervened with 12-week Baduanjin exercise 
have a significant improvement in the cognitive 
function. in contrast, no improvement was ob-
served in the leisure walking group. in addition, 
participants in the Baduanjin group also showed 
a concomitant improvement in lower limb bal-
ance function and quality of life. and the change 
of quality of life and lower limb balance ability is 
significantly correlated with the improvement of 

Figure 6.—Results showing a significant positive correlation between Lower Limb Balance (BBS) and the improvement of 
Cognitive Function (MMSE) score.

Table V.— Correlations between changes in Lower Limb Balance,Quality of life and Cognitive Function.
Variable BBS tUG 10MWT pcS McS
MMSe 0.337a -0.122 0.416a 0.021 0.012
Moca -0.034 0.285 -0.148 0.041 0.525b

The data in the table is the correlation coefficient (r). aP<0.0.5; bP<0.01.
MMSE: Mini-mental State Examination; MoCA: Montreal Cognitive Assessment; BBS: Berg Balance Scale Test Score; TUG: Timed Up 
and Go; 10MWT: 10-meter Walk Test; PCS: Physical Component Score; MCS: Mental component Score.
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improvement in quality of life and physical per-
formance. and the magnitude of the improve-
ment was modest. this lower degree of improve-
ment may be due to differences in style, duration, 
and intensity of the Baduanjin intervention and 
the characteristics of the participants. Several 
factors may explain the positive effects of Bad-
uanjin training on lower limb balance function 
and quality of life in the elderly with MCI. First, 
the effect of Baduanjin on lower limb balance 
function among patients has been well demon-
strated in our study. the present study is in keep-
ing with these findings since, as reported else-
where. the lower limb balance function of the 
Baduanjin group has been improved,44, 45 and a 
significant positive correlation between Lower 
limb Balance (BBS) and the improvement of 
Cognitive Function (MMSE) score (r=0.337, 
P<0.05). Meanwhile, a significant positive corre-
lation between Lower Limb Balance (10MWT) 
and the improvement of Cognitive Function 
(MMSE) score (r=0.416, P<0.05) were observed 
in the present study. Second, we found that sig-
nificant improvements in quality of life from 
Baduanjin exercise in the present study. and the 
improvements in quality of life are associated 
with improving the cognitive function of pa-
tients with Mci. this result is consistent with the 
research of other scholars.53, 54 there was also a 
significant positive relationship between changes 
in cognitive function (Moca) and quality of life 
(MCS) (r=0.593, P<0.01).

Limitations of the study

First, this study has only speculated the possible 
mechanism of the Baduanjin exercise’s influence 
on cognitive function, lower limb ability, and 
quality of life through indirect indicators. Nev-
ertheless, it did not explain the mechanism of the 
central nervous system and biological indicators.

Second, the indicators of lower limb balance 
ability used in this study are all single-task results. 
these result from the interaction of perception, 
behavior, and cognitive process. a single-task 
test may not fully evaluate and reflect the hori-
zontal function of lower limbs. Multi-task state 
measurement combined with single-task state 
measurement can measure and reflect the hori-
zontal function of lower limbs more effectively.

component intervention, Baduanjin may act 
through many intermediate variables along the 
pathway to improved cognitive outcomes. Sev-
eral studies have suggested that Mci is a men-
tal disease with mild symptoms.the pathologic 
and molecular substrate of people diagnosed 
with Mci is not well established. in fact, it can 
be argued that neuronal degeneration initiated 
at different levels of the central nervous system 
drive cognitive decline as a final common path-
way at this stage of the dementing disease pro-
cess.49 although there is no apparent disease in 
the limb function of the elderly with Mci, the 
cognitive function is decreased and impaired, 
or the memory is reduced to varying degrees.
Acute exercise can induce changes in pBDNF 
concentration, and significant associations were 
observed between acute exercise and cognitive 
memory.50 consistent with our studies, a study 
showed that tai chi and Baduanjin practice 
could modulate mental control function and the 
resting-state functional connectivity (RSFC) of 
the cognitive control network in older adults. 
the suggests that mind-body exercises such as 
tai chi and Baduanjin may be potential and ef-
fective methods for preventing cognitive decline 
in older adults.51 another study showed that tai 
Chi and Baduanjin could significantly increase 
grey matter volume (GMV) in the insula, medial 
temporal lobe, and putamen after 12-weeks of 
exercise to modulate brain structure and memory 
function in older adults.52 These findings might 
reveal the likely neurobiological mechanisms 
of Baduanjin exercise in improving the memory 
and cognition of patients.

Effect of Baduanjin exercise on lower limb bal-
ance and quality of life of the Elderly with MCI 
and correlation

epidemiological investigation points out that 
cognitive dysfunction will reduce people’s qual-
ity of life and sleep.43 however, those investiga-
tions do not simultaneously involve the cognitive 
function and other health indicators affecting the 
real-life status of the elderly with Mci, such as 
physical activity, quality of life, and sleep.

another result of our study found that besides 
improving cognitive function measurement, the 
participants in the Baduanjin Group also showed 
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2010;65:1093–100. 
12. inzitari M, Newman aB, Yaffe K, Boudreau r, de rek-
eneire N, Shorr r, et al. Gait speed predicts decline in at-
tention and psychomotor speed in older adults: the health 
aging and body composition study. Neuroepidemiology 
2007;29:156–62. 
13. atkinson hh, rosano c, Simonsick eM, Williamson Jd, 
davis c, ambrosius Wt, et al.; Health ABC study. Cognitive 
function, gait speed decline, and comorbidities: the health, ag-
ing and body composition study. J Gerontol a Biol Sci Med 
Sci 2007;62:844–50. 
14. Colcombe S, Kramer AF. Fitness effects on the cognitive 
function of older adults: a meta-analytic study. psychol Sci 
2003;14:125–30. 
15. Lü J, Fu W, Liu Y. Physical activity and cognitive func-
tion among older adults in china: a systematic review. J Sport 
Health Sci 2016;5:287–96. 
16. Sadeghi h, Shojaedin SS, alijanpour e, abbasi a. the 
effects of core Stability exercises on Balance and Walking 
in Elderly Fallers with Mild Cognitive Impairment: A Ran-
domized control trial. Journal of research in rehabilitation 
Sciences 2020;1:110–7.
17. lv Jiaojiao lY. exercise: an effective hand for preventing 
Alzheimer’s disease. Sports Science 2016;36:96-7.
18. Lv Jiaojiao LY. Influence of physical activity on cognitive 
function of the elderly with mild cognitive impairment and its 
possible mechanism. chinese Journal of rehabilitation Medi-
cine 2016;31:732-6.

additionally, the outcome indicators used in 
this study are subjective assessment scale (taking 
SF-12 health scale as an example). This is per-
sonal and limited by human factors and external 
influences. As an intervention means, exercise 
cannot be blind to the subjects.

Finally, this study lacks the follow-up pro-
cess after the intervention, and cannot determine 
whether the Baduanjin exercise will maintain the 
influence on cognitive function for a long time. 
at present, there is no more intensive study, and 
the mechanism of the influence is not clear.

While this study has revelaed many new an-
gles for further research, there are limitations to 
the current findings. Future research should fur-
ther determine the potential function of this ex-
ercise mode through more detail the mechanism 
of the central nervous system and biological in-
dicators to understand why the Baduanjin exer-
cise can cause changes in cognitive function and 
lower limb balance ability and quality of life of 
the elderly with Mci. Since this study is a small 
sample of exercise intervention research, it is of 
reference value for the availability of new clini-
cal intervention methods.

Conclusions

in short, this research shows that the twelve-
week Baduanjin exercise can improve the cog-
nitive function of the elderly with Mci, espe-
cially the overall cognitive function. in addition, 
the Baduanjin exercise can improve the balance 
function of lower limbs and quality of life. and 
the overall cognitive function improvement of 
the elderly with Mci affects the lower limb func-
tion and quality of life. Besides, the Baduanjin 
is an effective, safe, and helpful exercise, which 
can improve different groups’ physical and men-
tal health. in the future, more directions should 
focus on the intervention means of the combina-
tion of non-drugs or the lowest dose of drugs that 
can bring health benefits to different groups.
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Background. Postmenopausal osteoporosis (PMOP) is a common disease in older women that can severely jeopardize their health.
Previous studies have demonstrated the effect of Er xian decoction (EXD) or Baduanjin exercise (BE) on PMOP. However, reports
on the effect of EXD combined with BE on PMOP are limited.This study aimed to investigate the impact of EXD combined with
BE on bone mineral density (BMD), lower limb balance, and mental health in women with PMOP. Methods. A 1 :1 :1 simple
randomization technique was employed. Fifty participants with postmenopausal osteoporosis were allocated to three groups: the
EXD group (EXD! 15); the BE group (BE! 18); and the combined group (EXD+BE! 17). After both 8 weeks and 16 weeks of
intervention treatment, participants improved significantly with respect to BMD and the one-leg standing test (OLST), Berg
balance scale (BBS), timed up and go (TUG) test, self-anxiety scale (SAS), and self-rating depression scale (SDS).The results were
used to compare the effect of the intervention on BMD, lower limb balance function, and mental health in patients with PMOP.
Results. Compared to the EXD and BE groups, the EXD+BE group showed the strongest effects on BMD, lower limb balance
function, and mental health (p< 0.01). A correlation between BMD and lower limb balance and mental health was noted in the
EXD+BE group. The change in mental health (SAS score) was correlated with BMD (femoral neck) improvement. Conclusions.
The present study demonstrates that EXD combined with BE (EXD+BE) may have a therapeutic advantage over both mon-
otherapies for treating BMD, lower limb balance function, and mental health in patients with PMOP. The feasibility of the
approach for a large-scale RCTwas also confirmed. Er xian decoction combined with Baduanjin exercise (EXD+BE)might offer a
viable treatment alternative for participants with postmenopausal osteoporosis given its promising effects in disease control and
treatment, with good efficacy and safety profiles.

1. Introduction

Osteoporosis is a systemic, multifactorial disease that causes
morbidity and mortality in the elderly and is increasing in
prevalence worldwide [1]. Many factors contribute to

osteoporosis, such as estrogen deficiency, genetics, nutri-
tional deficiencies, chronic diseases, and aging. Postmeno-
pausal osteoporosis (PMOP) symptoms are mainly
characterized by a decrease in bone mineral density (BMD)
and changes in biochemical indicators of bone metabolism
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[2], which affect the stability of the lower limbs and increase
the risk of fracture. Meanwhile, the decrease in BMD, bone
loss, and increased fracture risk has a strong negative impact
on the mental health of postmenopausal women with os-
teoporosis [3–8]. Western medicine is still the primary
treatment for women with PMOP. However, the long-term
use of Western medicine still cannot completely cure the
disease. Moreover, most Western drugs are expensive,
have adverse side effects, and damage the patient’s body.
Examples of such medications include bisphosphonates,
tibolone, calcitonin, and parathyroid hormone (PTH)
therapy [9–11]. Many animal studies and clinical ex-
periments have proved that traditional Chinese medicine
has a significant effect on the prevention and treatment of
postmenopausal osteoporosis (PMOP) and has fewer
side effects on the body than chemically synthesized
medicines [12]. Therefore, the treatment of PMOP with
traditional Chinese medicine will be examined in this
paper.

Er xian decoction (EXD) is a multi-herb formula
composed of six herbs, namely, Rhizome curculiginis, Herba
epimedium, Radix Morinda officinalis, Rhizome anemar-
rhenae, Cortex Phellodendron, and Radix Angelica sinensis. It
has several biological and pharmacological effects [13]. It has
long been used to treat osteoporosis, perimenopausal syn-
drome, and age-related diseases in elderly patients [14–16].

EXD can improve BMD [17], promote endocrine activity
and provide antioxidants [13], and treat menopause-related
symptoms [18, 19]. Moreover, studies have reported that
EXD is effective and safe in reducing the frequency and
severity of hot flashes and improving menopausal symptoms
in perimenopausal women in Hong Kong [18]. EXD showed
neuroprotective effects on corticosterone-injured PC12 cells
in vitro and improved depression-like behavior in mice [20].
In OVX rats, atrophy of the uterus and reduction of BMD
were suppressed by treatment with EXD (Herba epimedium)
[17]. Additionally, studies have reported that EXD can
stimulate the secretion of T from Leydig cells, P from luteal
cells, and E2 from granulosa cells [15].

The effectiveness of Baduanjin as an exercise interven-
tion has been recognized in many international studies [21].
It consists of eight independent, simple, subtle, and smooth
movements and is a form of qigong. BE, an important means
of Chinese traditional rehabilitation therapy [21], can im-
prove patients’ blood microcirculation, transport blood
calcium to the bone, promote calcium absorption, promote
bone mineral salt deposition, promote and increase the
proliferation and activity of bone cells, delay bone loss with
age, and increase BMD [22]. Although the potential effec-
tiveness of each movement may be different, the overall
Baduanjin exercise (BE) has been demonstrated to improve
physical and psychological health [23, 24]. One study has
reported that a 12-week BE program significantly prevents
bone loss in middle-aged women [23]. In addition, clinical
observation shows that BE improves balance and fall risk in
patients with senile osteoporosis [25]. Finally, a compre-
hensive review shows that BE facilitates improvements in
psychological health and may be a suitable choice for in-
terventions [24]. Although several studies have

demonstrated a stimulatory effect of exercise on bone tissue,
it is not recommended as a substitute for medical treatment.

Few published studies have investigated the effects of
combination therapy using physical exercise and drugs to
treat osteoporosis. Therefore, this study aims to evaluate the
effect of EXD combined with BE on patients with PMOP.
After 8 weeks and 16 weeks of intervention, measurements
were performed to investigate the impact of the different
treatments on the BMD, lower limb balance function, and
mental health of study participants.

2. Methods and Materials

2.1. Study Design and Participants

2.1.1. Experimental Design. This study enrolled 57 partici-
pants. Seven participants dropped out after the first
screening for personal reasons unrelated to the study. Two
had a scheduling conflict, two did not give a reason, and
three could not perform the exercises. The remaining 50
eligible subjects were enrolled and randomly assigned to the
BE group (BE, n! 18), EXD group (EXD, n! 15), and
combined group (BE+ EXD, n! 17). All participants
completed their intervention (Figure 1).

2.1.2. Participants. From September 2021 to February 2022,
57 older citizens from six villages were randomly selected
from the Lingxi Township of Wenzhou City, Zhejiang
Province, China. The participants were between 50 and 70
years old, and they were required to have lived in the selected
villages for more than six months in the past year. The
participants completed a questionnaire survey that included
the inclusion and exclusion criteria. After the screening, two
participants left with no reason provided, two left the study
due to scheduling conflicts, and three were excluded because
their physical conditions were unsuitable. Finally, a total of
50 participants qualified for the study.

2.2. Diagnostic Criteria for Subject Recruitment

2.2.1. Inclusion Criteria. The inclusion criteria were as
follows: women are aged from 50 to 79 years old and have
been in natural menopause for more than one year; the BMD
T score of the lumbar spine (L2–L4) or femoral shaft is −2.5
or less; the anatomical structure of the lumbar spine is
suitable for dual-energy X-ray bone density measurement,
and there is no severe scoliosis, trauma, or sequelae related to
bones or surgery; the participant is in good health and can
move outdoors for at least 30 minutes every day; the par-
ticipant can understand the research process, is willing to
participate in a treatment trial, and signed the informed
consent form.

2.2.2. Exclusion Criteria. The exclusion criteria were as
follows: the participant suffers from other severe somatic
diseases or dysfunctions; the participant is unable to stand
stably in place for 30minutes; the participant has taken other
anti-osteoporosis drugs (desquamate, estrogen, raloxifene)
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orally less than three months before entering the group; the
participant suffers from mental illness or cognitive
dysfunction.

2.3. Randomization and Allocation. Fifty participants who
fulfilled the eligibility criteria were randomly allocated to
three intervention-based groups: the BE group (BE, n! 18),
EXD group (EXD, n! 15), or combined group (BE+EXD,
n! 17). To ensure blinding, an independent researcher who
was not a part of this study performed the randomized
allocation. A 1 :1 :1 simple randomization technique was
employed. A unique, random, computer-generated code was
assigned to each participant via SPSS (version 26.0, Armonk,
New York, USA). The allocation was concealed in sealed,
opaque envelopes that were provided to researchers before
applying the assigned interventions. All study personnel and
participants were blinded to the treatment assignment for
the duration of the trial.The experimental intervention times
for the three groups were 8 weeks and 16 weeks.

2.4. Intervention. Calcium carbonate D3 tablets (Caltrate), a
health supplement, can positively affect bone density. These
primary drugs were given to all participants, who were asked
to take two tablets once a day for 16 weeks (calcium car-
bonate D3 tablets (Caltrate); approval number: Sinopharm
Zhunzi H10950029; manufacturer: Wyeth Pharmaceutical
Co., Ltd.; specification: 600mg).

2.4.1. Baduanjin Exercise Group (BE; n! 17). The partici-
pants in this group performed BE for 8 weeks and 16 weeks
and continued to use their primary drugs. In the first week,
they were guided by a professional Baduanjin coach. Then,
they began a formal 15-week BE intervention period after
mastering the moving and breathing methods. During this
intervention period, the participants exercised indepen-
dently. Each week, they performed the BE movements no
fewer than five times, for a total duration of 45 minutes per
session [26]. They prepared for exercises for 5 minutes

Randomized (n = 50)

Allocated to Er xian decoction
combined with TaiChi exercise

group (n = 18)

Intention-to-treat analysis (n = 15)
Excluded from analysis (n = 0)

Excluded: (n = 7)
No reason provided (n = 2)
Schedule conflict ( n = 2)
No physical conditions (n = 3)

Assessed for eligibility (n = 57)

Allocated to Er xian
decoction group (n = 15)

Allocated to Baduanjin
exercise group (n = 17)

8 weeks after baseline (n = 17)
Lost to follow up (n = 0)

8 weeks after baseline (n = 18)
Lost to follow up (n = 0)

8 weeks after baseline (n = 15)
Lost to follow up (n = 0)

Intention-to-treat analysis (n = 18)
Excluded from analysis (n = 0)

Intention-to-treat analysis (n = 17)
Excluded from analysis (n = 0)

16 weeks after baseline (n = 15)
Lost to follow up (n = 0)

16 weeks after baseline (n = 18)
Lost to follow up (n = 0)

16 weeks after baseline (n = 17)
Lost to follow up (n = 0)

Enrollment

Allocation

Follow-Up

Analysis

Figure 1: Study flow diagram of the progress through the phases of the experiment.
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before practice, and they practiced once a day. Follow-up
was performed every two weeks by the coach who adjusted
the exercise intensity according to the specific situation of
the participants.

2.4.2. Er Xian Decoction Group (EXD; n! 15).
Participants in this group continued to use their primary
drugs and also took EXD. The medicinal components of
EXD are as follows: Rhizoma curculiginis (15 g), Herba
epimedii (15 g), Radix Angelica sinensis (10 g), Cortex Phel-
lodendri (10 g), Rhizoma anemarrhenae (10 g), and Radix
Morinda officinalis (10 g) [27].The medicine was mixed with
800ml water, decocted to 150ml, and taken once daily. The
participants consumed the EXD for 16 weeks [28].

2.4.3. Combined Group (BE+ EXD; n! 18). In addition to
consuming primary drugs and EXD, the participants in this
group performed the BE for 8 weeks and 16 weeks. In the
first week, they were guided by a professional Baduanjin
coach and then began a formal 15-week intervention period
of BEs after mastering the moving and breathing methods.
During this intervention period, the participants exercised
independently and performed the BE no fewer than five
times per week for a total duration of 45 minutes per session
[26]. They prepared for the exercises for 5 minutes before
practice and practiced once a day. Follow-up was performed
every two weeks by the coach who adjusted the exercise
intensity appropriately according to the specific situation of
each participant.

2.5. Measurements

2.5.1. Bone Mineral Density (BMD). A dual-energy X-ray
absorptiometry (DEXA) scan is a valid and reliable tool for
measuring BMD (Prodigy-GE Healthcare, Chicago, IL,
USA) [29]. During a DEXA scan, participants lay supine on
an open X-ray table.The participants were asked to keep still
during the scan as the large scanning arm passed over their
bodies. A trained radiologist scanned each participant’s hip
and spine regions for approximately 20 minutes. Using the
information from the DEXA scans, the participants were
classified into the normal bone mass density (score between
−1 and 0 or higher), osteopenia (between −1.1 and −2.4), and
osteoporosis (a score of −2.5 or less) [30]. We also calculated
the Z-score, which compares the obtained bone density to
the age-matched normal average bone and is often helpful in
cases of severe osteoporosis [30, 31].

2.5.2. One-Leg Standing Test (OLST). An OLST was used to
assess static balance. The participants were asked to close
their eyes, stand on their preferred leg, lift the other leg to an
approximately 90° angle at the knee, keep their arms by their
sides, and maintain balance without using any assistive
device. The test was completed when the stance foot shifted
or when the lifted foot was replaced on the ground
(whichever occurred first). Each participant had three at-
tempts for each leg. The standing duration (in seconds) was

recorded for each attempt, and the best (longest) score was
selected for analysis [32]. Cronbach’s α value of this test is
0.69.

2.5.3. Berg Balance Scale (BBS). The BBS includes 14 items:
standing up from a sitting position; standing without sup-
port; sitting position without a backrest, but landing with
both feet or putting them on a stool; sitting down from a
standing position; transferring; closing eyes without sup-
port; standing with both feet together without support;
stretching upper limbs and moving forward in standing
position; picking up articles from the ground in a standing
position; turning to look back in a standing position; turning
360 degrees; putting one foot on a step or stool in a standing
position without support; and standing without support
with one foot in front.The scoring standard of each item was
from 0 to 4, and the total score was from 0 to 56.This range is
divided into five grades: zero, poor, fair, good, and normal
[33]. Cronbach’s α value of this test is 0.77.

2.5.4. Timed Up and Go (TUG) Test. In the TUG test,
participants sat on a straight-back chair (the chair’s seat
height is about 45 cm), wearing the shoes they usually wear,
and then leaned against the back of the chair with their
hands crossed at their chest. After the “start” instruction, the
subjects immediately stood up from the chair, walked for-
ward for 3 meters at their normal walking gait, and turned
around after passing the 3-meter marker.Then, they walked
back to the chair and sat down, returning to the starting
position. The participants could not receive any help during
the test [34]. The time was recorded (in seconds) with a
stopwatch. Before the formal test, the subjects could practice
once or twice to ensure that they understood the whole test
process. The formal test was conducted three times, and the
average value was taken.The scoring criteria are as follows: If
completion time is <10 seconds, the subject can conduct free
movement. If completion time is <20 seconds, the subject
can move independently. If completion time is 20–29 sec-
onds, the subject’s activity is unstable, and there is a high risk
of falling. If completion time is >30 seconds, there is an
obstacle to activity. Cronbach’s α value of this test is 0.71.

2.5.5. Self-Anxiety Scale (SAS). The SAS is used to evaluate
the subjective feelings of anxiety in patients and can be used
as a self-assessment tool for the clinical understanding of
anxiety symptoms [35]. It consists of 20 items, and the
frequency of symptoms defined by the items is evaluated
according to the following scales: 1–4.1 means “given the
other items, ‘never or rarely’ would be more natural than ‘no
or few’”; 2 means “sometimes”; 3 means “most of the time”;
and 4 means “always.”The scores of items 5, 9, 13, 17, and 19
must be calculated in reverse, and the rest can be calculated
in sequence. The scores of the 20 items are added to get the
rough score, and the rough score is multiplied by 1.25 to
obtain the standard score. The critical standard of anxiety
assessment in China is 50 points, and a score of 50 points or
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more indicates anxiety. Cronbach’s α value of this measure is
0.62.

2.5.6. Self-Rating Depression Scale (SDS). SDS is a short-
term self-rating scale compiled by Zung in 1965 [36]. It is
easy to implement and can effectively reflect the symptoms
of depression, together with their severity and changes. The
scale consists of 20 declarative sentences and corresponding
question items. Each item is equivalent to a related symp-
tom, which is graded according to four levels: 1 is “never or
rarely,” 2 is “sometimes,” 3 is “most of the time,” and 4 is
“always.” Ten of the 20 items (items 2, 5, 6, 11, 12, 14, 16, 17,
18, and 20) are scored in reverse order. The scores of the 20
items are summed to obtain the rough score, and the rough
score is multiplied by 1.25 to obtain the standard score.
Cronbach’s α value of this test is 0.85.

2.6. Sample Size. The sample size was determined based on
our pilot study using G∗ Power 3 [37]. An a priori, repeated-
measure ANOVA indicated that a total sample size of 50 was
needed to achieve 95% power to detect the interaction effect
size of 0.21 at a 0.05 level of significance. A total sample size
of 57 participants was enrolled in the study.

2.7. Statistical Analyses. Statistical analysis was performed
using SPSS (version 26.0, Armonk, New York, USA). The
Shapiro–Wilk tests were performed to determine the nor-
mality of the data distribution. Normally distributed data
were expressed as means with SDs, and Student’s t-test was
used to compare between-group differences. Non-normally
distributed data were presented using themedian (P25, P75),
and the Mann–Whitney U test was used. The baseline
characteristics between comparison groups were analyzed
using the chi-square (χ2) test or Fisher’s exact test for
categorical variables described as frequencies (percentages).
We used the paired t-test to compare the differences within
the group at baseline and at 8 and 16 weeks. An ANOVA
with repeated measurements with post hoc tests was used to
compare the differences between different groups, as this
technique is more appropriate for examining the effect of the
combined treatment on BMD, lower limb balance function,
and mental health of patients with PMOP. Statistical sig-
nificance was defined as p< 0.05, and p< 0.01 was the
standard of high statistical significance. The correlation
analysis was used to analyze the correlation between lower
limb balance, changes in mental health, and BMD
improvement.

3. Results

3.1. Descriptive Statistics of Sociodemographic Information of
theThree Groups. The study included 50 participants with
PMOP, and the largest employment group was farmers
(42%). Married participants comprised 84% of the sample.
No significant differences were noted among the three
groups in terms of social demographic data, including age,
occupation, BMI, duration of menopause, duration of

PMOP, and marital status. Table 1 shows the demographic
data.

3.2. BMD inThree Groups at Baseline, 8Weeks, and 16Weeks.
Before the intervention, there was no significant difference
between the three groups in the BMD of the lumbar spine
(L2–4) and femoral neck (p> 0.05). After both 8 weeks and
16 weeks of intervention, the BMD of the lumbar spine and
femoral neck in the EXD+BE and EXD groups was higher
than that at the baseline (p< 0.05). Furthermore, the BMD
of the lumbar spine and femoral neck was higher in the
EXD+BE group than in the BE group (p< 0.05). The BMD
of the lumbar spine and femoral neck in the EXD+BE group
was higher than that in the EXD group (p< 0.01; Table 2 and
Figure 2).

3.3. OLST, BBS, and TUG in Three Groups at Baseline, 8
Weeks, and 16Weeks. Before the intervention, there was no
significant difference in the OLST, BBS, and TUG scores
between the three groups (p> 0.05). After 8 weeks and 16
weeks of intervention, the OLST, BBS, and TUG scores in
the EXD+BE and BE groups were higher than those at the
baseline (p< 0.05). The OLST, BBS, and TUG scores in the
EXD+BE group were higher than those in the BE group
(p< 0.05). Meanwhile, the OLST, BBS, and TUG scores in
the EXD+BE group were higher than those in the EXD
group (p< 0.01; Table 3 and Figure 3).

3.4. Mental Health inThree Groups at Baseline, 8 Weeks, and
16 Weeks. Before the intervention, there was no significant
difference between the three groups in SAS and SDS
(p> 0.05). After 8 weeks and 16 weeks of intervention, the
SAS and SDS scores in the EXD+BE, BE, and EXD groups
were higher than those at the baseline (p< 0.05). The SAS
and SDS scores in the EXD+BE group were higher than
those in the BE and the EXD groups (p< 0.05; Table 4 and
Figure 4).

3.5. Correlation between Changes in Mental Health, Lower
Limb Balance Function, and Improvement of BMD. After 8
weeks and 16 weeks of intervention, the BMD, lower limb
balance, and mental health of participants in all three groups
improved. We used correlation analysis to analyze the
correlation between lower limb balance, changes in mental
health, and BMD improvement. The results (Table 5 and
Figure 5) show a significant positive correlation between
lower limb balance (BBS) and BMD improvement (LS L2–4;
r! 0.359, p< 0.05). Moreover, the results show a significant
negative correlation between lower limb balance (TUG) and
BMD improvement (LS L2–4; r! 0.521, p< 0.01). However,
there is no significant correlation between BMD and OLST.
In addition, the change in mental health (SAS) was nega-
tively correlated with BMD (FN) improvement (r!−0.576,
p< 0.01). However, there is no significant correlation be-
tween BMD and mental health (SDS).

Evidence-Based Complementary and Alternative Medicine 5

70



Table 1: Demographic data.

Variable EXD (n! 15) BE (n! 17) EXD+BE (n! 18) p

Age (years) 56.41± 1.68 57.02± 1.64 57.31± 1.48 0.317

Employment status

Worker 4 (26.6%) 5 (29.4%) 5 (27.8%)

0.578Manager 0 2 (11.8%) 0
Farmer 6 (40%) 7 (41.2%) 8 (44.4%)
Other 5 (33.4%) 3 (17.6%) 5 (27.8%)

BMI (kg/m2) 24.36± 2.03 24.48± 2.09 24.54± 1.99 0.486
Duration of menopause (years) 6.44± 1.81 6.51± 1.23 6.23± 2.21 0.37
Duration of PMOP (years) 4.66± 1.61 4.47± 1.24 4.31± 1.43 0.547

Marital status Married 13 (86.7%) 14 (82.4%) 15 (83.3%) 0.942Other 2 (13.3%) 3 (17.6%) 3 (16.7%)

Table 2: Changes in BMD in the three groups at baseline, 8 weeks, and 16 weeks (g/cm3, x± s), n! 50.
Variable by group

Mean (SE) From baseline to 16 weeks, mean (95% CI)
No. Baseline 8 wk 16wk Within-group change Between-group difference change

Lumbar spine L2−4 (g/cm3)
EXD 15 0.73± 0.01 0.78± 0.03 0.82± 0.02 0.09 (0.07 to 0.1)a NA
BE 17 0.72± 0.02 0.67± 0.01 0.76± 0.01 0.04 (0.03 to 0.05) NA
EXD+BE 18 0.75± 0.01 0.87± 0.01 0.98± 0.01 0.23 (0.22 to 0.24)a NA
EXD vs. BE NA NA NA NA NA 0.06 (0.05 to 0.07)
EXD vs. EXD+BE NA NA NA NA NA −0.15 (−0.16 to −0.14)a
BE vs. EXD+BE NA NA NA NA NA −0.22 (−0.23 to −0.21)a

Femoral neck (g/cm3)
EXD 15 0.75± 0.01 0.81± 0.01 0.85± 0.01 0.1 (0.09 to 0.11)a NA
BE 17 0.75± 0.01 0.77± 0.01 0.75± 0.01 0 (−0.01 to 0) NA
EXD+BE 18 0.73± 0.01 0.87± 0.01 0.97± 0.01 0.24 (0.23 to 0.25)b NA
EXD vs. BE NA NA NA NA NA 0.1 (−0.09 to 0.11)a
EXD vs. EXD+BE NA NA NA NA NA −0.11 (−0.12 to −0.1)a
BE vs. EXD+BE NA NA NA NA NA −0.21 (−0.22 to −0.2)a

Note. BE: BE group; EXD: EXD group; EXD+BE: EXD combined with BE; LS: lumbar spine L2–4; FN: femoral neck; NA: not applicable. a: p< 0.05, b:
p< 0.01.
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Figure 2: Changes in BMD in the three groups at baseline, 8 weeks, and 16 weeks.
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4. Discussion

This study aimed to evaluate the effectiveness of the com-
bination of EXD and BE on the BMD, lower limb balance
function, and mental health of patients with PMOP. The
research reflected the practical need to find a harmless, non-
pharmaceutical intervention with minimal side effects, and
the results support the feasibility and acceptability of EXD
combined with BE in clinical trials. Our main finding is the
significant increase of BMD in patients with PMOP in the
EXD+BE group. In contrast, no significant improvement
was observed in the EXD group or the BE group. Fur-
thermore, participants in the EXD+BE group also showed a
simultaneous improvement in lower limb balance function
and mental health. In addition, these changes in lower limb
balance function and mental health are significantly cor-
related with the improvement of BMD.The participants had
no adverse reactions during the intervention, and all the
participants were satisfied with the intervention program.

4.1.The Effects of EXDCombined with BE on BMD inWomen
withPMOP. One of our most remarkable findings is that the
overall effect of the EXD+BE intervention on BMD is
significantly higher than that of the BE or EXD groups.This
is notable given that most studies, including both population

and experimental studies, have confirmed that EXD or
exercise can improve BMD [12, 14, 23, 38–42].

In addition to medication, exercise can improve BMD.
Exercise has attracted much clinical attention because of its
convenience, affordability, and safety, and it has been rec-
ommended by many guidelines for the prevention and
treatment of osteoporosis [43, 44]. It has been proven that
exercise can effectively intervene in the symptoms of PMOP
[45–48].

The effect of exercise on estrogen levels may explain its
therapeutic effect. Estrogen deficiency and bone resorption
of osteoclasts are important causes of PMOP. Moreover,
estrogen plays a very important role in the mechanism of
female bone metabolism. Studies have shown that exercise
can promote a slight increase in estrogen concentration [45].
Estrogen inhibits the secretion of thyroid hormone, which,
in turn, reduces bone absorption, promotes the secretion of
calcitonin, and reduces bone resorption. Estrogen receptors
secrete factors that can effectively improve the proliferation
of osteoblasts and promote bone-transforming growth
factor β. Furthermore, the production of bone collagen
molecules indirectly reduces the activity of osteoblasts, in-
creases kidney 25-hydroxyl α-hydroxylase activity, and in-
creases the production of 1, 25-(OH) 2D3 to increase the
calcium absorption rate of the small intestine [48].

Table 3: Changes in OLST, BBS, and TUG in the three groups at baseline, 8 weeks, and 16 weeks (x± s), n! 50.
Variable by group

Mean (SE) From baseline to 16wk, mean (95% CI)
No. Baseline 8wk 16wk Within-group change Between-group difference change

Left leg balance (eyes closed), s
EXD 15 3.74± 0.17 4.11± 0.15 4.83± 0.18 1.09 (0.956 to 1.22)a NA
BE 17 3.66± 0.22 8.76± 0.25 8.82± 0.18 5.16 (5 to 5.31)b NA
EXD+BE 18 3.81± 0.17 9.12± 0.13 9.21± 0.17 5.4 (5.26 to 5.53)b NA
EXD vs. BE NA NA NA NA NA −3.98 (−4.11 to −3.85)b
EXD vs. EXD+BE NA NA NA NA NA −4.38 (−4.51 to −4.25)b
BE vs. EXD+BE NA NA NA NA NA −0.39 (−0.52 to −0.27)

Right leg balance (eyes closed), s
EXD 15 3.55± 0.07 3.54± 0.06 3.66± 0.19 0.11 (−0.02 to 0.24) NA
BE 17 3.74± 0.15 7.71± 0.18 7.23± 0.18 3.48 (3.36 to 3.61)b NA
EXD+BE 18 3.88± 0.22 7.21± 0.18 7.30± 0.19 3.41 (3.26 to 3.57)b NA
EXD vs. BE NA NA NA NA NA −3.56 (−3.7 to −3.42)b
EXD vs. EXD+BE NA NA NA NA NA −3.63 (−3.77 to −3.5)b
BE vs. EXD+BE NA NA NA NA NA −0.07 (−0.2 to 0.05)

TUG, s
EXD 15 7.33± 0.18 7.31± 0.16 7.53± 0.24 0.19 (−0.01 to 0.38) NA
BE 17 7.48± 0.23 7.28± 0.17 7.14± 0.18 −0.34 (−0.49 to −0.19)a NA
EXD+BE 18 7.23± 0.14 6.67± 0.16 6.54± 0.19 −0.68 (−0.77 to −0.59)b NA
EXD vs. BE NA NA NA NA NA 0.38 (0.24 to 0.52)
EXD vs. EXD+BE NA NA NA NA NA 0.98 (0.85 to 1.12)c
BE vs. EXD+BE NA NA NA NA NA 0.6 (0.47 to 0.73)b

BBS
EXD 15 38.36± 2.08 36.33± 1.15 39.24± 1.38 0.87 (−0.43 to 2.18) NA
BE 17 38.33± 1.57 39.33± 1.78 41.39± 2.16 3.06 (1.78 to 4.33)a NA
EXD+BE 18 39.31± 1.26 44.27± 1.58 45.23± 1.02 5.92 (5.12 to 6.72)b NA
EXD vs. BE NA NA NA NA NA −2.15 (−3.29 to −1.01)a
EXD vs. EXD+BE NA NA NA NA NA −5.99 (−7.11 to −4.86)c
BE vs. EXD+BE NA NA NA NA NA −3.84 (−4.92 to −2.75)b

Note. BE: BE group; EXD: EXD group; EXD+BE: EXD combined with BE; OLST: one-leg standing test; BBS: Berg balance scale test score; TUG: timed up and
go test; NA: not applicable. a: p< 0.05, b: p< 0.01, c: p< 0.001.
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Table 4: Change in mental health (SDS, SAS) in the three groups at baseline, 8 weeks, and 16 weeks (n! 50).

Variable by group
Mean (SE) From baseline to 16 weeks, mean (95% CI)

No. Baseline 8 weeks 16 weeks Within-group change Between-group difference change
SDS
EXD 15 51.22± 1.74 49.63± 1.72 47.07± 2.19 −4.14 (−5.33 to −2.95)b NA
BE 17 50.03± 1.85 49.51± 1.38 47.06± 1.81 −2.96 (−4.45 to −1.47)a NA
EXD+BE 18 50.71± 2.04 47.53± 2.01 46.06± 2.26 −4.64 (−6.13 to −3.16)b NA
EXD vs. BE NA NA NA NA NA 0.01 (−1.48 to 1.5)
EXD vs. EXD+BE NA NA NA NA NA 1.01 (−0.46 to 2.49)a
BE vs. EXD+BE NA NA NA NA NA 1 (−0.42 to 2.43)a

SAS
EXD 15 53.45± 1.94 51.39± 2.11 50.55± 2.06 −2.89 (−4.67 to −1.12)a NA
BE 17 50.84± 1.83 49.83± 1.82 46.65± 2.28 −4.18 (−5.38 to −2.98)b NA
EXD+BE 18 53.37± 1.83 49.58± 1.31 46.02± 1.23 −7.34 (−8.56 to −6.13)c NA
EXD vs. BE NA NA NA NA NA 3.89 (2.54 to 5.24)b
EXD vs. EXD+BE NA NA NA NA NA 4.52 (3.19 to 5.86)b
BE vs. EXD+BE NA NA NA NA NA 0.63 (−0.65 to 1.92)

Note. BE: BE group; EXD: EXD group; EXD+BE: EXD combined with BE; SAS: self-anxiety scale; SDS: self-rating depression scales; NA: not applicable. a:
p< 0.05, b: p< 0.01, c: p< 0.001.
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Figure 3: Changes in OLST, BBS, and TUG in the three groups at baseline, 8 weeks, and 16 weeks.
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Figure 4: Change in mental health (SDS, SAS) in the three groups at baseline, 8 weeks, and 16 weeks.

Table 5: Correlations between changes in lower limb balance, mental health, and BMD.

Variable BBS TUG OLST SAS SDS
LS L2−4 0.359a −0.521b −0.041 0.353 0.063
FN −0.089 0.096 0.116 −0.576b −0.266
Note.The data in the table are the correlation coefficient (r). a: p< 0.05; b: p< 0.01. LSL2–4: lumbar spine L2–4; FN: femoral neck; OLST: one-leg standing test;
BBS: Berg balance scale test score; TUG: timed up and go; SAS: self-anxiety scale; SDS: self-rating depression scales.
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Figure 5: Correlations between changes in lower limb balance, mental health, and BMD.
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Meanwhile, BE can fully stretch the muscles of the spine,
neck, waist, and hip; increase the flexibility of neck and waist
movement and muscle strength; and stimulate the bone cells
of corresponding segments to strengthen tendons and
bones.

We found that combining EXD with BE (EXD+BE) had
more advantageous effects on the prevention of bone loss
and the improvement of BMD in patients with PMOP than
either intervention on its own. However, this study shows
only that exercise combined with medicine may have a
therapeutic advantage over each monotherapy in improving
BMD; the detailed mechanism is not completely clear as to
whether this is merely an additive benefit or whether there is
some synergistic effect between the two mechanisms. At
present, there is no literature about the mechanism by which
EXD combined with BE improves BMD.Thus, a longer-term
trial would be required to evaluate the effects of EXD
combined with BE on BMD.

4.2. The Effects of EXD Combined with BE on Lower Limb
Balance Function and Mental Health in Women with PMOP.
Our study also demonstrated that the participants in the
EXD+BE group showed significant improvement in lower
limb balance. The present study supports previous studies
showing the improvement of lower limb balance function
from EXD and BE [17, 21, 40, 49–51]. In addition, there is a
significant positive correlation between lower limb balance
(BBS test score) and BMD improvement (lumbar spine
L2–4; r! 0.402, p< 0.05). Meanwhile, we observed a sig-
nificant negative correlation between lower limb balance
(TUG test score) and BMD improvement (femoral neck;
r! 0.661, p< 0.01). However, there was no significant cor-
relation between BMD and lower limb balance (OLST).
These findings were consistent with results reported in other
studies [52, 53].

Second, we observed significant improvements in mental
health from EXD combined with BE. These improvements
are related to improving BMD in patients with PMOP, and
this result is consistent with the research of other scholars
[13, 54–59]. In addition, the change in mental health (self-
anxiety score) was negatively correlated with BMD im-
provement (lumbar spine L2–4; r!−0.625, p< 0.01).
However, we observed no significant correlation between
BMD andmental health (self-rating depression score).These
findings are in line with other studies [60].

In summary, positive effects of EXD combined with BE
were observed on lower limb balance and mental health in
women with PMOP, but the detailed mechanisms need
further study.

5. Limitations of the Study

This study has several limitations. First, the study has a small
sample size for exercise intervention research. As a result, its
reference value for new clinical intervention methods is
limited.

Second, our study did not add clinical data for auxiliary
measurement, which led to an increase in the deviation of
the research results. The patients with PMOP in the
EXD+BE group experienced interference and influence on
indexes related to the investigation, especially on mental
health. This is due to an increase in group communication
and the Hawthorne effect.

Finally, as this study lacks a follow-up process after the
intervention, it cannot determine whether EXD combined
with BE will maintain the influence on BMD in the long
term. At present, there is no more intensive study on the
combination of EXD and BE, and the mechanism of the
influence remains unclear.

6. Conclusion

The 16-week intervention of EXD combined with BE im-
proved the BMD of patients with PMOP, especially the
density of the lumbar spine (L2–4) and femoral neck. We
also found that EXD combined with BE can improve balance
and mental health in patients with PMOP. In addition, our
study shows that BE is an effective, safe, and helpful exercise
that can improve the physical and mental health of women
with PMOP. In the future, research should focus on in-
terventions involving combinations of non-pharmaceutical
treatments or the lowest dose of drugs that can provide
health benefits to different groups.
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