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Abstract 

Frailty is a kind of clinical state or a kind of complex pathological syndrome characterized by 
impaired physiological functions, weakened physical and mental resistance to stress, and 
reduced ability to maintain homeostasis in multiple systems. Several types of risk factors can 
affect the occurrence and development of frailty either independently or in conjunction with one 
another, including age, gender, and exercise habits; and multidimensional systemic treatment 
are often required to alleviate or improve frailty. Physical exercise is the various kinds of 
systematic and conscious activities, it has been demonstrated that regular exercise can promote 
the normal metabolism processes within the body, thereby preventing or alleviating the 
symptoms of various diseases. Physical exercise has the potential to regulate oxidative stress, 
immune response, and endocrine balance in the body of frail people by activating multiple 
signaling pathways including mitochondrial function, cytokine secretion, and regulation of 
inflammatory factors, its applications in frailty have been made significant progress and the 
underlying mechanisms have been further elucidated. In this review, we have summarized the 
recent progress on the applications of physical exercise in frailty and the potential mechanisms, 
hoping that our reviews may provide some helpful guidance for further research. 
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Introduction 

Frailty is a complex syndrome of polyphysiological 
decline, and frailty often results in adverse health 
outcomes. These include reduced physiological function, 
physical and mental stress resistance, and reduced ability 
to maintain homeostasis. The occurrence of frailty is 
associated with several kinds of diseases, including 
neurodegenerative diseases, cardiovascular diseases, and 
sarcopenia; Additionally, the prevalence of frailty exhibits 
particular characteristics. An epidemiological study 
conducted in Europe demonstrated that the prevalence of 

frailty in the community and the non-community was 12% 
and 45%, respectively; there was a notable discrepancy 
between the two groups [1, 2]; and in China, the 
prevalence of frailty among individuals aged 65 and above 
was 18.8-50.9%; specifically, almost 10% individuals 
aged over 60 years old, 15% individuals aged between 75-
84 years old, and approximately 25% of individuals aged 
over 85 years old were suffered from frailty, there is a 
significant correlation between the prevalence of frailty 
and age [3]. Statistical results of the World Health 
Organization (WHO) demonstrated that there were 1 
billion people aged 60 years old or older in 2019, this 
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figure is projected to reach 2 billion by 2050. The 
significant increase in the elderly population is 
accompanied by a corresponding rise in the number of 
individuals experiencing frailty. This has the potential to 
place a considerable enormous economic and mental 
burden on frail people and their families [4].  
Physical exercise is a kind of regular activity that could 
improve human body development and working ability, 
maintain the balance of mind and body, and reduce the 
occurrence of many kinds of metabolic diseases. The 
accumulating evidence demonstrated that physical 
exercise could improve the metabolism, reduce oxidative 
stress, enhance the immunoregulation and antioxidant 
effect, and is emerging as a promising non-
pharmacological intervention for reducing the incidence 
rate and mortality associated with various diseases. For 
example, Paddy C Dempsey et al. followed and studied the 
effect of physical activity (PA) volume and intensity on 88 
412 middle-aged adults, and found that PA volume and 
physical activity intensity could decrease the risk of 
cardiovascular disease [5]; Qiaoyun Wang et al. [6] 
provided the evidence that physical exercise could reduce 
the incidence rate of cancer and improve the prognosis of 
cancer patients and had the better effects on various types 
of cancers at different stages by inhibiting the cancer cell 
proliferation and regulating the cancer mechanism. 
Similarly, frailty is a kind of complex polyphysiological 
decline syndrome, physical exercise is currently 
considered the preferred solution for preventing or treating 
frailty at present, and the applications of physical exercise 
in frailty are manifold and include improvements in 
physical function, quality of life, and mental health, which 
exhibit the irreplaceable advantages.  
In this review, we have summarized the recent progress on the 
applications of physical exercise in frailty and the potential 
mechanisms, hoping that our reviews may provide some helpful 
guidance for further research. 
 
Results and Discussion 

Clinical manifestations, risk factors, and 
pathogenesis of frailty 
The main clinical manifestations of frailty are the decline 
in the function of multiple organs in the body, including 
extreme fatigue, unexplained weight loss, and recurrent 
lung or urinary tract infections [4, 7]. Exactly, frailty could 
result in a decrease of mitochondria in muscle cells and the 
functional muscles, further weakening the muscle strength 
and coordination [8]; leading to worsening of 
cardiovascular disease and poor prognosis [9]; affecting 
the activity of nerve cells in patients, to reduce their 
cognitive function; decrease the number of T and B cells 
in the body, to further affect their immune function; even 
decrease the glomerular filtration rate of patients and to 
affect their renal function [10-12]. 

Frailty could increase the risk of disability, functional 
decline, hospitalization, and even death when the elderly 
are under stress because frail elderly people need long-
term care and treatment, usually bringing increasing 
medical expenses for the patients and their families [13]. 
The accumulative evidence demonstrated that many kinds 
of risk factors, including genetic factors, aging, economic 
conditions, education level, unhealthy lifestyle, and 
geriatric syndrome could result in the occurrence and 
deterioration of frailty, increasing difficulty of screening 
and identifying biomarkers of frailty [14, 15]. Zekun 
Zheng et al. [10] recruited and analyzed the data of 500 
000 middle-aged and older adults in the United Kingdom 
from 2006 to 2022, found that there was a statistical 
correlation between frailty and polygenic risk score on 
Parkinson's disease; Zhou et al. [16] investigated and 
analyzed the data of 7471 older adults aged over 80 years 
from 2002 to 2014 from in China, results demonstrated 
that there were 2,930 cases of frailty were identified, and 
the people with the polygenic risk score>2.47×10-4 

suffered from frailty at the higher risk, this evidence 
suggested the correlation between genetic factors and 
frailty; Galluzzo et al. [17] provided the evidence that the 
prevalence and incidence of frailty in women was higher 
than that in men, and increased with the advancing age, 
demonstrated the relationship between aging and frailty; 
Sirven et al. [18] provided the data that the elderly people 
with the bad economic conditions can easily to withstand 
the frailty symptoms compared to people with better 
economic conditions in Europe, demonstrating that 
economic conditions also become the risk factor of frailty. 
To validate the relationship between unhealthy lifestyles 
and frailty, Li et al. [19] analyzed 3,279 volunteers from 
Dongfeng-Tongji in China, the analysis results 
demonstrated that unhealthy lifestyles including smoking, 
drinking alcohol, and physical inactivity on cognitive 
impairment had a significant relationship with frailty.   
Brain deterioration, cardiovascular dysfunction, and 
deprivation of muscle function are the main manifestations 
of frailty, the evidence demonstrated that the high level of 
cerebral white matter, impaired cerebral perfusion, the 
occurrence of neuroinflammation [20, 21], increased 
inflammation, reduced physical activity [22], and 
increased inflammatory inflammation [23] were highly 
associated with the process of frailty. Further evidence 
demonstrated physical inactivity could alter the brain 
structure, reduce neurogenesis, synaptic plasticity, and 
angiogenesis in frail people [24], and physical activity 
levels were closely correlated with the total brain volume 
and cerebral white matter volume [25]; and reduced 
physical activity could decrease the synthesis of nitric 
oxide, which could result in arterial stiffness and 
cardiovascular dysfunction in frail people [26]. 

Exercise applications in frailty 
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Physical exercise and frailty 
Physical exercise is a regular aerobic physical exercise that 
is used to improve the speed, strength, endurance, 
coordination, agility, and flexibility of the body, there are 
numerous forms of physical exercise including jogging, 
push-ups, squats, sit-ups, single-leg pull-ups, and sitting 
forward bends, those different kinds of physical exercises 
could activate multiple physical functions and reduce the 
occurrence and development of multiple diseases [27]. 
This evidence demonstrated that physical exercise can also 
increase muscle density and mass, enhance 
cardiopulmonary function, accelerate metabolism in the 
body, regulate the excitability and inhibition processes of 
the central nervous system, improve immune regulatory 
function, and exhibit superior therapeutic effects on frailty 
[28-30]. In particular, there are several kinds of physical 
exercises, including aerobic exercise, strength training, 
flexibility training, and balance training. Given that the 
specific methods of exercise, the desired outcomes, and 
the energy consumption expenditure involved vary from 
one exercise to another, these different physical exercises 
also have different advantages in alleviating frailty. 

Aerobic exercise and frailty 
Aerobic exercise is a type of exercise that primarily 
provides the energy requirement for exercise through the 
process of aerobic metabolism [31]. In the human body, 
when the level of exercise is not high, the main source of 
energy supply for the body comes from the aerobic 
metabolism of sugar. During aerobic exercise, oxygen can 
fully decompose and consume sugars and fats in the body, 
enhancing and improving cardiovascular function, 
preventing osteoporosis, and regulating psychological and 
mental states [32, 33]. Recent evidence has demonstrated 
the efficacy of aerobic exercise applications in the 
treatment of frailty, with significant advancements being 
made in this field. For example, Bisset et al. [34] analyzed 
the effect of aerobic exercise on C57Bl/6 mice, comprising 
12 male mice and 22 female mice, and found that aerobic 
exercise could delay the development of frailty in both 
male and female mice, and extend the life expectancy of 
female mice; similarly, Lefferts et al. [35] compared the 
effect of total steps/day and faster aerobic steps/day (≥60 
steps/min) on frailty in individuals with hypertension, 
demonstrated that aerobic steps/day could decrease the 
incidence of developing frailty compared with total 
steps/day; Zhang et al. [36] investigated the correlation 
between aerobic exercises and frailty from 2008 to 2011 in 
China, found that aerobic exercise could decrease the risk 
of aerobic exercise, it was determined that the NMJ 
pathway-related genetic risk was one of the key regulators 
of frailty, and aerobic exercise could partly decrease the 
effect of NMJ pathway-related genetic risk on frailty. 

Strength exercise and frailty 

Strength exercise is a form of exercise that has been 
demonstrated to enhance bone, muscle, and ligament 
strength, improve joint function, increase bone density and 
metabolism, and further control or slow down the 
progression of various chronic diseases, including 
osteoporosis and cardiovascular disease. Consequently, 
strength exercise also could retard the progression of 
frailty. For example, Weng et al. [37]  collected and 
analyzed recent articles about the applications of strength 
exercise in frailty, and the data demonstrated that strength 
exercise had a partial effect on alleviating the process of 
frailty; Similarly, Aas et al. [38] investigated the effect of 
strength training with protein supplementation on frailty, 
found that acute strength training could alleviate the 
symptoms of frailty by regulating the expressions of LC3-
I and LC3-II, and by activating the ubiquitin-proteasome 
system and mitochondrial fission. Winters-Stone et al. 
[39] designed a single-blind, randomized controlled trial 
to study the effects of strength training or Tai Ji Quan on 
frailty cancer people, the results demonstrated that both 
strength training and tai ji quan could alleviate the 
symptoms of frailty, especially, strength training resulted 
in a three-fold reduction in inactivity, and had the better 
effects in women than that in men. Baltasar-Fernandez et 
al. [40] investigated the effect of a 6-week resistance 
training and fast walking interval training program on frail 
older adults aged above 75 years old and found that this 
kind of 6-week training could effectively decrease the 
frailty index, alleviate the symptoms of frailty, offering a 
promising avenue for frailty treatment.  

Balance exercise and frailty 
As frailty progresses, the proliferation of muscle cells 
turns to slow, muscle tissue begins to atrophy, and muscle 
function begins to decline in individuals with frailty. 
Impaired balance and lower limb muscle strength are some 
of the main symptoms of frailty, they also represent a 
significant risk factor to result in falls in older adults [41]. 
Much evidence demonstrated that exercise could increase 
the strength of muscles and reduce the risk of frailty. For 
example, Costa et al. [42] recruited 22 volunteers to 
investigate the effect of short-term balance exercise on 
frailty, the results demonstrated that this kind of balance 
exercise could alleviate the symptoms of frailty including 
muscle strength, psychological status, and postural 
balance; Similarly, Karagül et al. [43] designed a 
randomized prospective trial to assess the effectiveness of 
balance exercise, results demonstrated that the symptoms 
of frailty were improved in frail older adults after six 
weeks of balance exercise.  

Traditional Chinese exercise on frailty 
Traditional Chinese exercise is a form of exercise which 
formed under the guidance of traditional Chinese medicine 
and traditional Chinese martial arts. The Yellow Emperor's 
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Inner Canon has recorded a variety of exercise and health 
preservation methods, including walking, guiding, and 
breathing [44], these methods have been further developed 
into traditional Chinese exercise, including Tai Chi, 
Baduanjin, and Yijinjing; these forms of exercise can be 
considered the inheritances and manifestations of 
traditional Chinese exercise [45-47]. It has been 
demonstrated that traditional Chinese exercise can prevent 
and alleviate the symptoms of diseases by smoothing the 
Qi and blood meridians, activating muscles and bones, and 
regulating and harmonizing the internal organs; 
furthermore, it has also been proven to improve muscle 
strength, cardiovascular function, and respiratory function 
[48, 49]. The accumulative evidence demonstrated that 
traditional Chinese exercise also showed effectiveness in 
frailty. For example, Xia et al. [50] compared the effect of 
the 24-week Baduanjin on frailty people with cognitive 
functions, and found that Baduanjin exercise could 
improve the cognitive and physical functions of frailty 
people; similarly, Wang et al. [51] evaluated the effect of 
Baduanjin exercise on frailty people, the results 
demonstrated that Baduanjin exercise could significantly 
improve the working memory and cognitive flexibility of 
frailty people after a 24-week treatment; Jiayuan et al. [52] 
provided the evidence that Tai Chi Chuan could alleviate 
the cognitive and physical function in frailty people; and 
Kasim et al. [53] demonstrated that Tai Chi could improve 
the antioxidant capacity and vascular function, thereby 
alleviating the symptoms of frailty including physical and 
mental fatigue.  

The underlying mechanisms of physical exercise 
application in frailty 

Oxidative stress and frailty 
Oxidative stress is a negative effect resulting from the 
presence of free radicals in the body, it is widely accepted 
that oxidative stress plays a pivotal role in the process of 
aging and the development of age-related diseases [54, 
55]. It has been reported that oxidative stress is a 
significant contributing factor to a multitude of diseases, 
including neurodegenerative diseases, cardiovascular 
diseases, and chronic metabolic diseases, these conditions 
may directly or indirectly affect the development or 
progression of frailty [56, 57]. In a healthy body, excessive 
ROS can damage cellular proteins, lipids, and DNA, 
leading to fatal cell damage and the development of 
various pathologies under conditions of oxidative stress. 
For example, Chen et al. [58] reported that oxidative stress 
could regulate gut microbiota in frailty; Han et al. [59] 
provided evidence that H. pylori, a kind of microorganism 
isolated from gut microbiota has a high relationship with 
the development and progression of NAFLD. Besides its 
role in regulating gut microbiota, Wu et al. [60] conducted 
a longitudinal investigation of 11,277 older people in 

China between 2003 and 2018, and found a significant 
association between antioxidant index and frailty, 
indicating that oxidative stress plays a pivotal role in the 
development of frailty and its associated changes in 
antioxidant index. Gomes et al. [61] found that aging 
could lead to an increase in the levels of lipid peroxidation 
and reactive oxygen species (ROS) levels, and decrease 
glutathione levels (GSH) in older flies; aging was also 
found to improve the loss of locomotion and balance of 
flies and result in the iron accumulation, increase the ROS 
levels and lipid peroxidation levels in the fly body; 
indicated that oxidative stress may play a role in the 
pathogenesis of frailty. There is evidence demonstrating 
that physical exercise alleviates frailty by regulating 
oxidative stress; for example, de Barros et al. [62] reported 
that lasting regular exercise could regulate oxidative stress 
and immune response to reduce the risk and the symptoms 
of frailty. This evidence demonstrated that oxidative stress 
plays a role in the deterioration of frailty, and physical 
exercise can alleviate the process of frailty by regulating 
oxidative stress. 

Inflammation and frailty 
Inflammatory response represents a crucial component of 
the human body's intrinsic defense mechanisms. In the 
event of tissue damage or infection, the body's tissues will 
enter a state of normal self-protection and damage repair. 
Consequently, inflammation may be regarded as a defense 
response of the human body against environmental 
stimuli. Pro-inflammatory cytokines and anti-
inflammatory cytokines are the main inflammatory factors 
that play important roles in the inflammatory response. 
The accumulative evidence demonstrated a strong 
correlation between the inflammatory response and frailty, 
inflammatory cytokines including interleukin IL-6, tumor 
necrosis factor-alpha (TNF-𝛼), and nuclear factor 𝜅B (NF-
𝜅B), interleukin 10 could directly participate in process of 
frailty. For example, Arosio et al. [63] investigated 452 
people between 43 and 114 years old in Italy, they found 
that inflammatory cytokines, including IFN-𝛾, IL-10, IL-
6, IL-1𝛽, TNF-𝛼 were increased significantly in older 
individuals, and Frailty Index could regulate the levels of 
Interferon-𝛾. Similarly, Cybularz et al. [64] analyzed the 
data of 120 participants and found that the expressions of 
interleukin IL-8 and CRP were increased, and the levels of 
intermediate monocytes were also elevated, demonstrating 
that there was a relationship between chronic systemic 
inflammation and frailty. Furthermore, Zhang et al. [65] 
demonstrated that the neutrophil-to-lymphocyte ratio, a 
biomarker of inflammation, was highly associated with 
frailty.  
It has been demonstrated that physical exercise has the 
better effects on frailty by inhibiting the inflammation. 
Bisset et al. [34] reported that aerobic exercise led to an 
increase in the levels of pro-inflammatory cytokines (IL-
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2, IL-3, IL-5, IL-6, IL-9, interferon 𝛾) and a chemokine 
(KC) in female frail people, indicated that there were sex-
based differences in the efficacy of aerobic exercise in 
alleviating the symptoms of frailty. Lavin et al. [66] found 
that aerobic exercise could reduce the expression of IL-1𝛽, 
and increase IL-6 expression in younger people; 
furthermore, higher postexercise increased the expression 
of IL-8 and TNF-𝛼; aerobic exercise increased the 
expression of muscle IL-1𝛽 and MCP-1. Especially, to 
understand the relationship between physical exercise and 
frailty, Marcos-Pérez et al. [67] evaluated the effects of a 
three-month exercise on 12 elder people and 12 aged 
C57BL/6 mice, found that pro-inflammatory biomarkers, 
including IL-6, CXCL-1, CXCL-10, IL-1𝛽, IL-7, GM-
CSF were decreased after exercise intervention, and 
CXCL-10 and IL-1𝛽 were identified as the potential 
biomarkers of functional improvement of frail people. 

Autophagy and frailty 
Autophagy is a natural dynamic life process in that cells 
utilize lysosomal degradation to selectively clear 
damaged, aging, or excess biomolecules and organelles, 
releasing free small molecules for cellular recycling. 
Autophagy represents a significant protective mechanism, 
playing an important role in the development of cancer, 
neurodegenerative diseases, cardiovascular diseases, and 
infectious diseases to regulate the occurrence and 
development of diseases. Because frailty is a kind of 
polyphysiological decline syndrome associated with 
numerous diseases, including neurodegenerative diseases 
and cardiovascular diseases, autophagy also plays an 
important role in frailty. For example, Sasaki et al. [68] 
reported that IL-6 could regulate the expression of STAT3 
and autophagy in myotubes via Fyn, Fyn could regulate 
the IL-6-STAT3-autophagy axis to affect the process of 
sarcopenia, exhibiting an autophagy-dependent signaling 
pathway in frailty. Sebastián et al. [69] investigated the 
effect of TP53INP2 on sarcopenia, and found that 
autophagy was increased in old transgenic mice, 
upregulation of autophagy improved the muscle atrophy in 
old mice, and re-expression of TRP53INP2 in aged mice 
improved muscle atrophy, enhanced mitophagy, and 
reduced ROS production. Wu et al. [70] provided evidence 
that Artemisia leaf extract could activate TRPML1 and 
downregulate autophagy/mitophagy to protect the neurons 
in Parkinson's disease. Similarly, physical exercise has 
been demonstrated to alleviate frailty by regulating 
autophagy. Zeng et al. [71] provided evidence that 12-
week exercise training could regulate the expression of 
atrogin-1, MuRF1, and Beclin1, increase the LC3-II/LC3-
I ratio, and improve the mitochondrial function in 21-
month-old rats with sarcopenia. Li et al. [72] showed that 
exercise improved motor function and cognitive function 
in rats with Parkinson's disease by reducing ROS, cytokine 
levels, and mitochondrial autophagy. Similarly, Zhou et al. 

[73] demonstrated that exercise increased FNDC5/irisin 
levels in the nucleus pulposus, and FNDC5/irisin could 
activate autophagy to delay senescence and apoptosis. 
Notably, Kuramoto et al. [74] demonstrated that hepatic 
autophagy activation plays an important role in metabolic 
benefits, and provided that fibronectin (FN1) is a kind of 
an exercise-induced, muscle-secreted, autophagy-
inducing circulating factor, and FN1-regulated the 
autophagy through IKK𝛼/𝛽-JNK1-BECN1 pathway, 
exhibiting a new signaling pathways for exercise 
application in frailty.   
 

Conclusion 

The efficacy of physical exercise in mitigating frailty has 
been substantiated by empirical evidence. A multitude of 
clinical studies have demonstrated that diverse forms of 
physical exercises, including aerobic exercise, strength 
exercise, balance exercise, and traditional Chinese 
exercise could alleviate the symptoms of frailty through 
the activation of distinct signaling pathways. However, 
there are still several issues that require further 
investigation. (1) Types of physical exercise, exercise 
forms, exercise intensity, and exercise duration are 
diverse, several clinical trials provided evidence that 
physical exercise has different therapeutic effects on 
frailty in different ages people and different sexes, some 
physical exercises have been shown to affect female older 
people but not male people, It is, therefore, necessary to 
consider how to ensure the uniformity and standardization 
of clinical application of physical exercise; (2) the 
underlying mechanisms of physical exercise application in 
frailty was were insufficient and not sufficiently 
elucidated. Although there is evidence that physical 
exercise can alleviate frailty by regulating oxidative stress, 
inflammation, or autophagy, there is a lack of direct 
evidence to prove the relationship among them, and the 
further mechanisms have not been explored; (3) the 
different frail people have the different medical histories, 
healthy statuses, endurance levels, and preferences, 
therefore, it is necessary to develop personalized or 
humanized exercise training. 
In conclusion, the establishment of standardization of 
physical exercise applications in frailty, the deepening of 
basic research, and the development of diversified 
personalized physical training will facilitate the resolution 
of numerous applications and result in significant 
advancements in the field of physical exercise applications 
in frailty. 

Acknowledgments: None. 

Conflict of interest: None. 

Financial support: None. 



Feng et al.  

  
Bull Pioneer Res Med Clin Sci, 2024, 4(1):37-45                                                                                                                                        42  

Ethics statement: None. 

References 

1. Savelieva I, Fumagalli S, Kenny RA, Anker S, 
Benetos A, Boriani G, et al. EHRA expert consensus 
document on the management of arrhythmias in 
frailty syndrome, endorsed by the Heart Rhythm 
Society (HRS), Asia Pacific Heart Rhythm Society 
(APHRS), Latin America Heart Rhythm Society 
(LAHRS), and cardiac arrhythmia Society of 
Southern Africa (CASSA). Europace. 
2023;25(4):1249-76. 

2. O'Caoimh R, Galluzzo L, Rodríguez-Laso Á, Van 
der Heyden J, Ranhoff AH, Lamprini-Koula M, et al. 
Prevalence of frailty at population level in European 
ADVANTAGE joint action member states: A 
systematic review and meta-analysis. Ann Ist Super 
Sanita. 2018;54(3):226-38. 

3. Ma L, Tang Z, Zhang L, Sun F, Li Y, Chan P. 
Prevalence of frailty and associated factors in the 
community‐dwelling population of China. J Am 
Geriatr Soc. 2018;66(3):559-64. 

4. Dent E, Martin FC, Bergman H, Woo J, Romero-
Ortuno R, Walston JD. Management of frailty: 
Opportunities, challenges, and future directions. 
Lancet. 2019;394(10206):1376-86. 

5. Dempsey PC, Rowlands AV, Strain T, Zaccardi F, 
Dawkins N, Razieh C, et al. Physical activity 
volume, intensity, and incident cardiovascular 
disease. Eur Heart J. 2022;43(46):4789-800. 

6. Wang Q, Zhou W. Roles and molecular mechanisms 
of physical exercise in cancer prevention and 
treatment. J Sport Health Sci. 2021;10(2):201-10. 

7. Veronese N, Custodero C, Cella A, Demurtas J, Zora 
S, Maggi S, et al. Prevalence of multidimensional 
frailty and pre-frailty in older people in different 
settings: A systematic review and meta-analysis. 
Ageing Res Rev. 2021;72:101498. 

8. Gielen E, Dupont J, Dejaeger M, Laurent MR. 
Sarcopenia, osteoporosis and frailty. Metabolism. 
2023;145:155638. 

9. He D, Wang Z, Li J, Yu K, He Y, He X, et al. 
Changes in frailty and incident cardiovascular 
disease in three prospective cohorts. Eur Heart J. 
2024;45(12):1058-68. 

10. Zheng Z, Lv Y, Rong S, Sun T, Chen L. Physical 
frailty, genetic predisposition, and incident 
Parkinson disease. JAMA Neurol. 2023;80(5):455-
61. 

11. Salaffi F, Di Matteo A, Farah S, Di Carlo M. 
Inflammaging and frailty in immune-mediated 
rheumatic diseases: How to address and score the 
issue. Clin Rev Allergy Immunol. 2023;64(2):206-
21. 

12. Karakousis ND, Biliou S, Pyrgioti EE, 
Georgakopoulos PN, Liakopoulos V, Papanas N. 
Frailty, sarcopenia and diabetic kidney disease: 
Where do we stand? Int Urol Nephrol. 
2023;55(5):1173-81. 

13. Cesari M, Prince M, Thiyagarajan JA, De Carvalho 
IA, Bernabei R, Chan P, et al. Frailty: An emerging 
public health priority. J Am Med Dir Assoc. 
2016;17(3):188-92. 

14. Walston J, Hadley EC, Ferrucci L, Guralnik JM, 
Newman AB, Studenski SA, et al. Research agenda 
for frailty in older adults: Toward a better 
understanding of physiology and etiology: Summary 
from the American Geriatrics Society/National 
Institute on Aging research conference on frailty in 
older adults. J Am Geriatr Soc. 2006;54(6):991- 
1001. 

15. Calvani R, Marini F, Cesari M, Tosato M, Anker SD, 
von Haehling S, et al. Biomarkers for physical frailty 
and sarcopenia: State of the science and future 
developments. J Cachexia Sarcopenia Muscle. 
2015;6(4):278-86.  

16. Zhou J, Li X, Gao X, Wei Y, Ye L, Liu S, et al. 
Leisure activities, genetic risk, and frailty: Evidence 
from the Chinese adults aged 80 years or older. 
Gerontology. 2023;69(8):961-71. 

17. Galluzzo L, Noale M, Maggi S, Feraldi A, 
Baldereschi M, Di Carlo A, et al. Frailty prevalence, 
incidence, and association with incident disability in 
the Italian longitudinal study on aging. Gerontology. 
2023;69(3):249-60. 

18. Sirven N, Dumontet M, Rapp T. The dynamics of 
frailty and change in socio-economic conditions: 
Evidence for the 65+ in Europe. Eur J Public Health. 
2020;30(4):715-9. 

19. Li F, Yan Y, Zheng L, Wang C, Guan X, Hong S, et 
al. Frailty and its combined effects with lifestyle 
factors on cognitive function: A cross-sectional 
study. BMC Geriatr. 2023;23(1):79. 

20. Dhamoon MS, Cheung YK, Moon Y, DeRosa J, 
Sacco R, Elkind MS, et al. Cerebral white matter 
disease and functional decline in older adults from 
the Northern Manhattan study: A longitudinal cohort 
study. PLoS Med. 2018;15(3):e1002529. 

21. Kant IM, Mutsaerts HJ, van Montfort SJ, Jaarsma-
Coes MG, Witkamp TD, Winterer G, et al. The 
association between frailty and MRI features of 
cerebral small vessel disease. Sci Rep. 
2019;9(1):11343. 

22. Blodgett J, Theou O, Kirkland S, Andreou P, 
Rockwood K. The association between sedentary 
behaviour, moderate-vigorous physical activity and 
frailty in NHANES cohorts. Maturitas. 
2015;80(2):187-91. 



Feng et al.  

  
Bull Pioneer Res Med Clin Sci, 2024, 4(1):37-45                                                                                                                                        43  

23. Aiello A, Farzaneh F, Candore G, Caruso C, 
Davinelli S, Gambino CM, et al. Immunosenescence 
and its hallmarks: How to oppose aging strategically? 
A review of potential options for therapeutic 
intervention. Front Immunol. 2019;10:2247. 

24. Arnardottir NY, Koster A, Domelen DR, Brychta RJ, 
Caserotti P, Eiriksdottir G, et al. Association of 
change in brain structure to objectively measured 
physical activity and sedentary behavior in older 
adults: Age, gene/environment susceptibility-
Reykjavik study. Behav Brain Res. 2016;296:118-
24. 

25. Kant IM, de Bresser J, van Montfort SJ, Aarts E, 
Verlaan JJ, Zacharias N, et al. BioCog consortium. 
the association between brain volume, cortical brain 
infarcts, and physical frailty. Neurobiol Aging. 
2018;70:247-53. 

26. Sayed N, Huang Y, Nguyen K, Krejciova-Rajaniemi 
Z, Grawe AP, Gao T, et al. An inflammatory aging 
clock (iAge) based on deep learning tracks 
multimorbidity, immunosenescence, frailty and 
cardiovascular aging. Nat Aging. 2021;1(7):598-
615. 

27. Angulo J, El Assar M, Álvarez-Bustos A, Rodríguez-
Mañas L. Physical activity and exercise: Strategies to 
manage frailty. Redox Biol. 2020;35:101513. 

28. Zanotto T, Mercer TH, van der Linden ML, Rush R, 
Traynor JP, Petrie CJ, et al. The relative importance 
of frailty, physical and cardiovascular function as 
exercise-modifiable predictors of falls in 
haemodialysis patients: A prospective cohort study. 
BMC Nephrol. 2020;21(1):99. 

29. Lee SY, Nyunt MSZ, Gao Q, Gwee X, Chua DQL, 
Yap KB, et al. Association of Tai Chi exercise with 
physical and neurocognitive functions, frailty, 
quality of life and mortality in older adults: 
Singapore longitudinal ageing study. Age Ageing. 
2022;51(4):afac086. 

30. Liao CD, Chen HC, Huang SW, Liou TH. The role 
of muscle mass gain following protein 
supplementation plus exercise therapy in older adults 
with sarcopenia and frailty risks: A systematic 
review and meta-regression analysis of randomized 
trials. Nutrients. 2019;11(8):1713. 

31. Keating N, Coveney C, McAuliffe FM, Higgins MF. 
Aerobic or resistance exercise for improved 
glycaemic control and pregnancy outcomes in 
women with gestational diabetes mellitus: A 
systematic review. Int J Environ Res Public Health. 
2022;19(17):10791. 

32. Piercy KL, Troiano RP, Ballard RM, Carlson SA, 
Fulton JE, Galuska DA, et al. The physical activity 
guidelines for Americans. JAMA. 
2018;320(19):2020-8. 

33. Schootemeijer S, van der Kolk NM, Bloem BR, de 
Vries NM. Current perspectives on aerobic exercise 
in people with Parkinson's disease. 
Neurotherapeutics. 2020;17(4):1418-33. 

34. Bisset ES, Heinze-Milne S, Grandy SA, Howlett SE. 
Aerobic exercise attenuates frailty in aging male and 
female C57Bl/6 mice and effects systemic cytokines 
differentially by sex. J Gerontol A Biol Sci Med Sci. 
2022;77(1):41-6. 

35. Lefferts EC, Bakker EA, Carbone S, Lavie CJ, Lee 
DC. Associations of total and aerobic steps with the 
prevalence and incidence of frailty in older adults 
with hypertension. Prog Cardiovasc Dis. 
2021;67:18-25. 

36. Zhang YJ, Yao Y, Zhang PD, Li ZH, Zhang P, Li FR, 
et al. Association of regular aerobic exercises and 
neuromuscular junction variants with incidence of 
frailty: An analysis of the Chinese longitudinal health 
and longevity survey. J Cachexia Sarcopenia Muscle. 
2021;12(2):350-7. 

37. Weng WH, Cheng YH, Yang TH, Lee SJ, Yang YR, 
Wang RY. Effects of strength exercises combined 
with other training on physical performance in frail 
older adults: A systematic review and meta-analysis. 
Arch Gerontol Geriatr. 2022;102:104757. 

38. Aas SN, Tømmerbakke D, Godager S, Nordseth M, 
Armani A, Sandri M, et al. Effects of acute and 
chronic strength training on skeletal muscle 
autophagy in frail elderly men and women. Exp 
Gerontol. 2020;142:111122. 

39. Winters-Stone KM, Stoyles S, Dieckmann N, 
Eckstrom E, Luoh SW, Horak F, et al. Can strength 
training or tai ji quan training reduce frailty in 
postmenopausal women treated with chemotherapy? 
A secondary data analysis of the GET FIT trial. Res 
Sq. 2023. doi:10.21203/rs.3.rs-3425168/v1 

40. Baltasar-Fernandez I, Soto-Paniagua H, Alcazar J, 
Uceta Espinosa MI, Alegre LM, Gracía-García FJ, et 
al. Long-term effects of a 6-week power-based 
resistance training and fast walking interval training 
program on physical function, muscle power, 
disability, and frailty in pre-frail and frail older 
adults. Gerontology. 2024;70(7):701-14. 
doi:10.1159/000536363 

41. Khow KSF, Visvanathan R. Falls in the aging 
population. Clin Geriatr Med. 2017;33(3):357-68. 

42. Costa JN, Ribeiro AL, Ribeiro DB, Neri SG, Barbosa 
DF, Avelar BP, et al. Balance exercise circuit for fall 
prevention in older adults: A randomized controlled 
crossover trial. J Frailty Sarcopenia Falls. 
2022;7(2):60-71. 

43. Karagül S, Kibar S, Ay S, Evcik D, Ergin S. The 
effect of a 6-week balance exercise program on 
balance parameters in frailty syndrome: A 



Feng et al.  

  
Bull Pioneer Res Med Clin Sci, 2024, 4(1):37-45                                                                                                                                        44  

randomized controlled, double-blind, prospective 
study. Georgian Med News. 2023;(345):37-42. 

44. Liu NY. Getting qi and arrival of qi. Zhongguo Zhen 
Jiu. 2014;34(8):828-30. 

45. Wan X, Shen J, He G. Effects of traditional Chinese 
exercises on frailty, quality of life, and physical 
function on frail and pre-frail older people: A 
systematic review and meta-analysis. J Frailty 
Aging. 2022;11(4):407-15. 

46. Cheng ZJ, Zhang SP, Gu YJ, Chen ZY, Xie FF, Guan 
C, et al. Effectiveness of Tuina therapy combined 
with Yijinjing exercise in the treatment of 
nonspecific chronic neck pain: A randomized clinical 
trial. JAMA Netw Open. 2022;5(12):e2246538. 

47. Deuel LM, Seeberger LC. Complementary therapies 
in Parkinson disease: A review of acupuncture, tai 
chi, qi gong, yoga, and cannabis. Neurotherapeutics. 
2020;17(4):1434-55. 

48. Li F, Harmer P, Fitzgerald K, Eckstrom E, Akers L, 
Chou LS, et al. Effectiveness of a therapeutic Tai Ji 
Quan intervention vs a multimodal exercise 
intervention to prevent falls among older adults at 
high risk of falling: A randomized clinical trial. 
JAMA Intern Med. 2018;178(10):1301-10. 

49. Gong X, Rong G, Wang Z, Zhang A, Li X, Wang L. 
Baduanjin exercise for patients with breast cancer: A 
systematic review and meta-analysis. Complement 
Ther Med. 2022;71:102886. 

50. Xia R, Wan M, Lin H, Qiu P, Ye Y, He J, et al. 
Effects of a traditional Chinese mind–body exercise, 
Baduanjin, on the physical and cognitive functions in 
the community of older adults with cognitive frailty: 
Study protocol for a randomised controlled trial. 
BMJ Open. 2020;10(4):e034965. 

51. Wang X, Wu J, Zhang H, Zheng G. Effect of 
Baduanjin exercise on executive function in older 
adults with cognitive frailty: A randomized 
controlled trial. Clin Rehabil. 2024;38(4):510-9. 

52. Jiayuan Z, Xiang-Zi J, Li-Na M, Jin-Wei Y, Xue Y. 
Effects of mindfulness-based Tai Chi Chuan on 
physical performance and cognitive function among 
cognitive frailty older adults: A six-month follow-up 
of a randomized controlled trial. J Prev Alzheimers 
Dis. 2022;9(1):104-12. 

53. Kasim NF, van Zanten JV, Aldred S. Tai Chi is an 
effective form of exercise to reduce markers of frailty 
in older age. Exp Gerontol. 2020;135:110925. 

54. Sadjapong U, Yodkeeree S, Sungkarat S, Siviroj P. 
Multicomponent exercise program reduces frailty 
and inflammatory biomarkers and improves physical 
performance in community-dwelling older adults: A 
randomized controlled trial. Int J Environ Res Public 
Health. 2020;17(11):3760. 

55. Luo J, Mills K, le Cessie S, Noordam R, van Heemst 
D. Ageing, age-related diseases and oxidative stress: 
What to do next? Ageing Res Rev. 2020;57:100982. 

56. Finkel T, Holbrook NJ. Oxidants, oxidative stress 
and the biology of aging. Nature. 
2000;408(6809):239-47. 

57. Teleanu DM, Niculescu AG, Lungu II, Radu CI, 
Vladâcenco O, Roza E, et al. An overview of 
oxidative stress, neuroinflammation, and 
neurodegenerative diseases. Int J Mol Sci. 
2022;23(11):5938. 

58. Chen SY, Wang TY, Zhao C, Wang HJ. Oxidative 
stress bridges the gut microbiota and the occurrence 
of frailty syndrome. World J Gastroenterol. 
2022;28(38):5547-56. 

59. Han H, Jiang Y, Wang M, Melaku M, Liu L, Zhao Y, 
et al. Intestinal dysbiosis in nonalcoholic fatty liver 
disease (NAFLD): Focusing on the gut-liver axis. 
Crit Rev Food Sci Nutr. 2021:1-18. 

60. Wu Y, Cheng S, Lei S, Li D, Li Z, Guo Y. The 
association between the composite dietary 
antioxidant index and frailty symptoms: Mediating 
effects of oxidative stress. Clin Interv Aging. 
2024;19:163-73. 

61. Gomes KK, Dos Santos AB, Dos Anjos JS, Leandro 
LP, Mariano MT, Pinheiro FL, et al. Increased iron 
levels and oxidative stress mediate age-related 
impairments in male and female Drosophila 
melanogaster. Oxid Med Cell Longev. 
2023;2023(1):7222462. 

62. de Barros MP, Bachi AL, Dos Santos JD, 
Lambertucci RH, Ishihara R, Polotow TG, et al. The 
poorly conducted orchestra of steroid hormones, 
oxidative stress and inflammation in frailty needs a 
maestro: Regular physical exercise. Exp Gerontol. 
2021;155:111562. 

63. Arosio B, Ferri E, Mari D, Tobaldini E, Vitale G, 
Montano N. The influence of inflammation and 
frailty in the aging continuum. Mech Ageing Dev. 
2023;215:111872. 

64. Cybularz M, Wydra S, Berndt K, Poitz DM, Barthel 
P, Alkouri A, et al. Frailty is associated with chronic 
inflammation and pro-inflammatory monocyte 
subpopulations. Exp Gerontol. 2021;149:111317. 

65. Zhang Q, Wang Z, Song M, Liu T, Ding J, Deng L, 
et al. Effects of systemic inflammation and frailty on 
survival in elderly cancer patients: Results from the 
INSCOC study. Front Immunol. 2023;14:936904. 

66. Lavin KM, Perkins RK, Jemiolo B, Raue U, Trappe 
SW, Trappe TA. Effects of aging and lifelong 
aerobic exercise on basal and exercise-induced 
inflammation in women. J Appl Physiol (1985). 
2020;129(6):1493-504. 

67. Marcos-Pérez D, Cruces-Salguero S, García-
Domínguez E, Araúzo-Bravo MJ, Gómez-Cabrera 



Feng et al.  

  
Bull Pioneer Res Med Clin Sci, 2024, 4(1):37-45                                                                                                                                        45  

MC, Viña J, et al. Physical interventions restore 
physical frailty and the expression of CXCL-10 and 
IL-1β inflammatory biomarkers in old individuals 
and mice. Biomolecules. 2024;14(2):166. 

68. Sasaki T, Yamada E, Uehara R, Okada S, Chikuda 
H, Yamada M. Role of Fyn and the interleukin-6-
STAT-3-autophagy axis in sarcopenia. iScience, 
2023;26(10):107717. 

69. Sebastián D, Beltrà M, Irazoki A, Sala D, Aparicio 
P, Aris C, et al. TP53INP2-dependent activation of 
muscle autophagy ameliorates sarcopenia and 
promotes healthy aging. Autophagy. 2024:1-10. 

70. Wu LK, Agarwal S, Kuo CH, Kung YL, Day CH, 
Lin PY, et al. Artemisia leaf extract protects against 
neuron toxicity by TRPML1 activation and 
promoting autophagy/mitophagy clearance in both in 
vitro and in vivo models of MPP+/MPTP-induced 
Parkinson's disease. Phytomedicine. 
2022;104:154250. 

71. Zeng Z, Liang J, Wu L, Zhang H, Lv J, Chen N. 
Exercise-induced autophagy suppresses sarcopenia 
through Akt/mTOR and Akt/FoxO3a signal 
pathways and AMPK-mediated mitochondrial 
quality control. Front Physiol. 2020;11:583478. 

72. Li Z, Lv H, Cui X, Di W, Cheng X, Liu J, et al. 
Exercise attenuates mitochondrial autophagy and 
neuronal degeneration in MPTP induced Parkinson's 
disease by regulating inflammatory pathway. Folia 
Neuropathol. 2023;61(4):426-32. 

73. Zhou W, Shi Y, Wang H, Chen L, Yu C, Zhang X, et 
al. Exercise-induced FNDC5/irisin protects nucleus 
pulposus cells against senescence and apoptosis by 
activating autophagy. Exp Mol Med. 
2022;54(7):1038-48. 

74. Kuramoto K, Liang H, Hong JH, He C. Exercise-
activated hepatic autophagy via the FN1-α5β1 
integrin pathway drives metabolic benefits of 
exercise. Cell Metab. 2023;35(4):620-32. 

 
 

 


