
1. Introduction

Frailty is common in older adults and is characterized by func-

tional decline and early mortality. With rising life expectancy and

prolonged periods of physical frailty, it is crucial to understand the

clinical and physiological aspects of frailty to improve prevention

and management strategies. According to the International Confer-

ence on Frailty and Sarcopenia Research (ICFSR), frailty is defined as

“a clinical state in which there is an increase in an individual’s vulner-

ability for developing an increased dependency and mortality when

exposed to a stressor”.1 Although the prognostic implications of

frailty have been widely recognized, there is currently no consensus

for its operationalization across clinical settings. Multiple validated

instruments based on different conceptual approaches have been

developed to measure frailty. The frailty phenotype is currently the

recommended international standard for frailty identification and

assessment.2 The frailty phenotype is defined by five criteria: in-

voluntary weight loss, exhaustion, slow gait speed, weakness, and

sedentary behavior. An individual is considered frail when three or

more of these components are present. Pre-frailty is identified when

one or two components exist. Rockwood et al.3 have used deficit

accumulation to determine the presence of frailty by employing a

frailty index, which is calculated by considering several potential

age-related symptoms, signs, and diseases to assess frailty. The most

cited frailty assessment tools are frailty phenotype and frailty index.

Many risk factors, such as older age, obesity, female sex, living

alone, polypharmacy, malnutrition, lower vitamin D levels, and phy-

sical inactivity, were associated with older adults being more likely to

experience frailty.4

Frailty is associated with declines in physiological capacity ac-

ross sensory, neurological, and musculoskeletal systems, which in-

creasing the likelihood of falls, fragility fractures, and impairing ac-

tivities of daily living (ADL), ultimately leading to hospitalizations and

mortality.5 Despite its potential severity, frailty is recognized as a re-

versible condition, and strategies have been implemented to either

reverse or delay its onset and progression. Physical activity plays a

central role in this regard. Physical activity is known to preserve or

improve the function of many physiologic systems at abnormal le-

vels in frail older adults.6 Our review aimed to provide data and de-

scribe the mechanisms involved in frailty affecting specific organs

and systems and to review how physical activity hinders some of

those harmful mechanisms, thus improving physical function and

delaying or reversing frailty. We conducted a narrative review to up-

date the available literature on the field of the prevention and treat-

ment of frailty based on physical activity and exercise interventions.

We conducted a search on PubMed, Medline, and Cochrane Plus da-

tabases for original articles, reviews and meta-analyses. The follow-

ing terms were used: [frailty]; [exercise training]; [exercise interven-

tions]; [physical activity]; [physical exercise].

2. Pathophysiology of frailty

Frailty is a clinical syndrome that affects multiple critical sys-

tems, including the endocrine, respiratory, and cardiovascular sys-

tems, as well as musculoskeletal systems. Among these systems,

musculoskeletal system might be as a target organ of frailty pro-

cesses. Musculoskeletal functioning is a key component in quantifi-

cation of frailty. This condition significantly impacts the musculo-

skeletal system, where age-related physiological declines in muscle

mass, strength, and bone mineral density are notably exacerbated.7

Understanding the pathophysiological mechanisms underlying frailty’s
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onset and progression to disability and mortality is crucial for devel-

oping effective treatment strategies. Aging, combined with increased

oxidative damage and chronic inflammation, underpins dysfunction

across multiple organ systems and contributes to the development

of chronic diseases. Several frailty-related processes, including genomic

instability, cell loss and death, loss of proteostasis, mitochondrial

dysfunction, and altered intercellular communication, have been in

some way related not only to aging itself but also to related oxidative

stress and inflammation (Figure 1). Chronic inflammation is charac-

terized by increased levels of pro-inflammatory cytokines such as

interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-�), and C-reac-

tive protein (CRP), which might adversely affect function and mobil-

ity in older individuals.8 Studies have shown that elevated cellular

and molecular inflammatory mediators have inverse associations

with hemoglobin concentrations, insulin-like growth factor (IGF)-1

levels, and levels of albumin, micronutrients, and vitamins.9 Also,

chronic inflammation is associated with the catabolism of skeletal

muscle and adipose tissue, contributing to the nutritional compro-

mise, muscle weakness, and multiple organ dysfunction.10 Free radi-

cal theory of aging developed by Denham Harman connected oxida-

tive stress with the aging process and aging-related diseases. An im-

balance between pro-oxidant and antioxidant species would result

in molecular and cellular damage.11 Oxidative stress plays a crucial

role in disrupting cell signaling associated with aging. The accumula-

tion of oxidized proteins and disrupted proteostasis results in muscle

loss, motor unit loss, and fragmentation of neuromuscular junctions,

leading to impaired muscle innervation.12 Oxidative stress directly

contributes to frailty by disrupting the mitochondriogenic signaling

pathway in skeletal muscle. Stimulating transcription factor nuclear

erythroid-2 like factor-2 (Nrf2)/antioxidant response element path-

way seems to play a prominent role in the response to oxidative in-

sult and induces antioxidant defense. Consequently, the disruption

of these pathways leads to reduced oxidative capacity, increased

proteolysis, decreased protein synthesis, and mitochondrial dys-

function in skeletal muscle, ultimately resulting in sarcopenia, dis-

abilities, and frailty.13

Physical activity is a crucial strategy for preventing or reducing

frailty-related impairment by counteracting oxidative and inflam-

matory signaling across multiple systems.14,15 It promotes mito-

chondrial biogenesis, enhances protein synthesis, optimizes myo-

kine profile, and suppresses pro-inflammatory cytokine expression,

enhancing muscle structure and function. In the vascular system, the

increase in antioxidant enzymes and nitric oxide availability helps al-

leviate age-related vascular dysfunction and reduce the incidence of

cardiovascular disease.16 Exercise exerts potent anti-inflammatory

and anti-oxidative stress effects by modulating key signaling path-

ways. It plays a critical role in boosting Nrf2 expression, essential for

redox adaptation and protection against reactive oxygen species

(ROS)-induced damage in skeletal muscle.17 Additionally, exercise

activates the IGF-1 pathway to stimulate protein synthesis and uti-

lizes myokines to reduce protein degradation. Furthermore, it en-

hances the signaling of the transcription factor peroxisome pro-

liferator-activated receptor gamma coactivator 1-alpha (PGC-1�),

improving mitochondrial function and reducing nuclear factor kappa-

light-chain-enhancer of activated B cells (NF-�B)-mediate inflamma-

tion.18 These mechanisms normalize cell metabolism, improve exer-

cise adaptation, and confer beneficial effects on skeletal muscle, car-

diovascular, respiratory, and metabolic systems. Long-term exercise

can ameliorate physical disability, cognitive functions, emotional

well-being, social interactions, and overall quality of life in frail el-

derly individuals (Figure 2).19 Frailty is, however, a reversible condi-

tion and numerous strategies have been implemented to reverse it

or delay its onset and progression. Most of the successful interven-

tions focus on exercise and physical activity intervention. Exercise in-

terventions encompass resistance, aerobic, balance, and flexibility

training, each contributing to enhanced physical functioning by im-
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Figure 1. The pathophysiology of frailty. Aging is associated with the onset of chronic inflammation and oxidative stress, which disrupt protein synthesis, mito-
chondrial biogenesis, and genomic stability, as well as impair intercellular communication. These pathophysiological changes culminate in the dysfunction of
multiple systems, including the musculoskeletal, nervous, cardiovascular, respiratory, and endocrine systems, thereby contributing to the development of
frailty.



proving muscle endurance, power, strength, and overall functional

ability.20 Different types of exercise uniquely contribute to mitigating

chronic inflammation and addressing frailty mechanisms. Aerobic

exercise improves endothelial function and arterial stiffness by re-

ducing inflammatory and oxidative damage signaling in vascular tis-

sue together with an increase in antioxidant enzymes and nitric ox-

ide availability, globally promoting cardiovascular health.21

Resistance training has been demonstrated to enhance bone,

muscle, and ligament strength, improve joint function, increase

bone density and metabolism. In addition, resistance training is as-

sociated with reduced risk of low-grade inflammation related dis-

eases such as atherosclerosis, obesity and insulin resistance. A sys-

temic review22 of 12 trials found that resistance exercise at a mo-

derate level for 3 times/week with a duration of 6–12 weeks can sig-

nificantly reduce inflammation markers. The findings contribute to

providing suggestions for the elderly to participate in resistance

training and reduce the concentration of inflammatory markers.

Flexibility and balance exercises are crucial for maintaining func-

tional mobility, thereby reducing fall risk and alleviating joint stiff-

ness. These programs have been found to improve static and dyna-

mic stability, cognitive function, and quality of life.23

They can be combined according to need and prescribed as a

multicomponent intervention. This multifaceted approach can sti-

mulate and facilitate positive adaptations in various physiological

systems involved in the development of frailty, such as the nervous,

musculoskeletal, and cardiovascular systems. Individually tailored

multicomponent exercise programs combined with adequate nutri-

tion support are among the best ways to prevent and treat frailty-

related physical impairment in the elderly.24

3. Physical activity/exercise intervention in frailty

prevention and treatment

Physical activity is defined as any body movement produced by

the skeletal system that increases energy expenditure. Exercise is a

subset of physical activity that is planned and structured and whose

objective is to maintain or improve physical fitness.25 Sedentary be-

havior is a unique behavior from physical activity and is defined as

low energy expenditure activities in a seated, reclining, or lying pos-

ture during awake hours.26

Many studies have found a significant association between se-

dentary behavior and the risk of frailty. In a cross-sectional study of

3238 community-living Chinese men and women, participants with

sedentary behavior for > 8 hours/day were more likely to suffer from

physical frailty than older adults with sedentary behavior for < 4

hours/day.27 Similarly, a 3-year follow-up study of 7,480 Japanese

older adults showed a significant positive dose–response association

between sedentary time and the risk of frailty.28 Regular physical ac-

tivity participation can reduce the risk of developing of chronic dis-

ease and frailty. The English Longitudinal Study of Ageing (ELSA)

showed that participants who performed in moderate to vigorous

physical activity once a week significantly slowed the progression of

frailty, compared to those who were sedentary during the 10-year

follow-up.29 A systemic review of 10 cohort studies showed that par-

ticipants with the highest level of physical activity were associated

with a 37% reduced risk of frailty when compared with participants

with the lowest physical activity level. In a 20-year longitudinal study

involving 5131 community-dwelling older people from the Taiwan

Longitudinal Study of Aging (TLSA) database, Lin et al. investigated

the relationship between physical activity trajectories and frailty.

The study found that incline and decline physical activity trajectories

are related to the lowest and highest frailty scores.30 However, the

combined association of physical activity and sedentary behavior

with frailty is not yet clear in the literature. Some studies suggest

that physical activity levels may not fully attenuate the detrimental

association between high amounts of sedentary behaviors and frailty.31

Some studies found that moderate to vigorous physical activity can

offset the harmful effects of sedentary behavior.32 Although two dis-

tinct behavioral aspects, combined insufficient physical activity level

and excessive time spent in sedentary behavior may exacerbate the

physiological alterations resulting from the aging process. These be-

haviors lead to a caloric overload and the accumulation of central

adipocytes, which reduces the production of anti-inflammatory adi-

pokines. This process may result in the development of chronic dis-

eases, and, consequently, frailty in older adults. A cross-sectional

study based on the National Health and Nutrition Examination Sur-

vey database found that reducing sedentary behavior by one hour/

day with a concomitant increase of one hour/day of moderate-to-

vigorous intensity physical activity potentiates the reduction of the

risk for frailty.33 These results indicated that increasing physical ac-

tivity level or minimizing sedentary time helps prevent the risk of

frailty.

Recently, there has been a noticeable increase in exercise-based

interventions to limit or reverse frailty in older adults. This is because
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Figure 2. Physical activity effectively mitigates frailty-related physical decline through diverse molecular mechanisms. It enhances mitochondrial function by
activating the transcription factor PGC-1� and improves antioxidant defenses by upregulating Nrf2 expression. Furthermore, it stimulates the IGF-1 signaling
pathway, thereby promoting protein synthesis. Physical activity also reduces the release of pro-inflammatory cytokines and modulates NF-�B signaling. Collec-
tively, these effects contribute to improved muscle structure and function, enhanced cardiovascular fitness, and overall metabolic benefits. IGF-1: insulin-like
growth factor 1; NF-�B: nuclear factor kappa-light-chain-enhancer of activated B cells; Nrf2: nuclear factor erythroid 2-related factor 2; PGC-1�: peroxisome
proliferator-activated receptor gamma coactivator 1-alpha.



it is becoming increasingly recognized that regular participation in

physical exercise triggers many beneficial responses that contribute

to healthy aging.34

For the pre-frail older adults, multicomponent exercise pro-

grams had the potential to slow down or prevent progression to

frailty and adverse frailty outcomes. Serra-Prat et al.35 randomly di-

vided 172 pre-frail participants into an exercise intention group and

a usual care group. The results showed the intervention group had

fewer participants who had progressed to becoming frail, compared

with the control group. Chen et al.36 conducted a trial to investigate

the effect of exercise training for pre-frail older adults. Participants

were randomized to either 8 weeks of usual care or an exercise inter-

vention consisting of three weekly supervised sessions of 45–60

min/session of elastic band strengthening exercises. After eight

weeks, the intervention group had more participants who were no

longer prefrail compared with the control group.

Several studies demonstrated significant changes in frailty sta-

tus or reduced frailty prevalence with exercise training in frail older

adults. Sadjapong et al.37 enrolled 64 community-dwelling older

adults with frailty to investigate the effects of a multicomponent

exercise program on the frailty status over a 24-week period. The

program regimen included aerobic training, resistance training, and

balance training, with sessions occurring three days per week for 60

minutes each. The intensity of the sessions gradually increased from

moderate to high, tailored to the participants’ capabilities. The study

demonstrated significant improvements in physical performance

and frailty scores. Kim et al.38 assessed 131 women randomized to

3-month interventions followed by a 4-month postintervention fol-

low-up. The exercise intervention program consisted of 30 min of

strengthening exercises and 20 min of balance and gait training, per-

formed three times per week. At the 4-month follow-up, the inter-

vention group had significantly more reclassified participants to ei-

ther pre-frail or nor-frail status than the control group. A trial of 100

frail older adults who were randomized to supervised multicom-

ponent exercise program group or control group. The multicom-

ponent exercise program consisted of proprioception, aerobic, st-

rength, and stretching exercises for 65 minutes, 5 days per week. The

results showed that in 31.4% of the intervention group, frailty was

reversed after the exercise training program, whereas no one in the

control group reversed frailty after the 6-month period.39 Recently, a

systematic review and meta-analysis of 19 randomized controlled

trials assessed the efficacy of the multicomponent exercise training

for frail older adults and demonstrated significant improvement

muscle strength, balance, and endurance function in frail older adults

randomized to exercise training group.40 Frailty in surgical patients is

presumed to contribute to perioperative complications and slowed

recovery.41 Exercise prehabilitation has been shown to be beneficial

for frail patients planning to total hip arthroplasty, and spinal surgery

for degenerative lumbar spine disease.42,43 These studies assessing

the impact of exercise therapy on musculoskeletal conditions sup-

port its use in improving functional outcomes both before and fol-

lowing surgical procedures. Recently, virtual reality tools, robots,

smart phone motivational program and a telemonitoring system

have been increasingly applied to the care of frail older patients to

increase physical activity level.44,45 However, the methodological

limitations of studies in this field have prevented generalizing data to

real-world.

Collectively, strong evidence demonstrates that regular physical

activity/exercise has health benefits for older adults, regardless of

age, sex, race, ethnicity, and frailty status. Taking into consideration

current evidence about the benefits of physical activity/exercise for

frail older adults, several guidelines strongly recommend implemen-

tation of physical activity and exercise programs to prevent and re-

verse for older adults. The World Health Organization, 2020 guide-

lines46 on physical activity suggest that adults 65 and older should

engage in 150 minutes of moderate- or 75 minutes of vigorous-in-

tensity aerobic activity and two or more days of muscle-strengthen-

ing activity per week. The US Department of Health and Human Ser-

vices suggests that multicomponent exercises training that includes

balance training as well as muscle-strengthening (at least 2 days a

week) and aerobic activities of at least moderate-intensity per-

formed 3 or more times per week for a duration of 30 to 45 minutes

per session appears most effective to increase functional ability in

older adults with frailty.47

Exercise adherence plays a crucial role in determining whether

and how much the exercise intervention could be effective. It is im-

portant for healthcare providers to identify and address barriers and

enablers to adherence when designing and implementing exercise

interventions for pre-frailty and frailty older adults. Previous studies

have identified common reasons for this lack of adherence, such as

physical limitations, environmental barriers, and time constraints,

lack of motivation and enjoyment of exercise have been recognized

as significant factors influencing adherence.48

In clinical settings, designing exercise programs for frail older

adults should prioritize individualized assessments and adaptations.

Before prescribing exercise to frail older adults, clinicians must con-

sider medical factors such as existing comorbidities, current medica-

tions, recent hospitalizations, and any history of falls or injuries. Pa-

tients must be informed about the possible risks and benefits of the

exercise program. Before initiating an exercise program, the partici-

pant should be given a detailed description of the program. The de-

scription should include the frequency, intensity, time, type, volume,

and progression of the exercise program. A clear description of the

program helps maintain motivation and adherence. Among the ex-

ercises type suitable for frail elderly individuals, aerobic exercise

serves as the foundation, while strength training constitutes the

core. Flexibility training acts as an auxiliary component, and balance

training, alongside virtual training, provides complementary sup-

port.49 Participation in exercise programs may be reduced by lack of

transportation, and time constraints. Thus, although supervised ex-

ercise programs seem to have better outcomes, home-based exer-

cises may be alternative training programs. Video games-based in-

terventions could be a good option to increase motivation to partici-

pate in exercise programs.50 Notwithstanding, as the impact of social

isolation on frailty is well established, group-based exercise enjoys

the additional benefit of socialization.51 Additionally, group-based

exercise settings may provide social bonds, peer support and exer-

cise learning, which is highly determinant for long-term physical ac-

tivity maintenance in frail older adults. Lastly, supervised training ap-

pears to be essential and should be delivered by highly competent

exercise specialists. Indeed, a lack of professional guidance was con-

sidered as a main barrier for older adults before participating in an

exercise program.52

4. Conclusion

Enhancing physical activity intervention and concurrently ad-

dressing sedentary behavior play a crucial role in preventing and

treating frailty in older adults. The pathophysiology of frailty in-

cludes inflammation, oxidative stress, and their effects on skeletal

muscle, respiratory, cardiovascular, endocrine, and nervous systems.

Physical activity/exercise has the potential to exert significant anti-

inflammatory and anti-oxidative stress effects, facilitating the re-

covery of frailty-related physical impairments in the elderly. The
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prescription of a multicomponent exercise program, tailored to pro-

gressively include strength, balance, mobility, and endurance train-

ing, must shift from a casual recommendation to a central interven-

tion in combating frailty in older adults. However, additional re-

search is needed to further contribute to our knowledge about the

optimal dose of individually fitted exercise programs by frailty status.
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