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ABSTRACT:

BACKGROUND:

Population aging is associated with increasing prevalence of chronic diseases, frailty,

disability, and cognitive decline. Contemporary medicine increasingly focuses not only on

lifespan extension but also on preservation of physical and cognitive function in older adults.

Regular physical activity is considered one of the most effective non-pharmacological

interventions supporting healthy aging.

AIM:

This review aims to summarize current evidence on the impact of regular physical activity,

particularly combined aerobic and resistance exercise, on longevity, healthspan, frailty

reduction, and cognitive health in older adults.

MATERIALS AND METHODS:

A narrative literature review was conducted using PubMed and Cochrane Library databases,

including clinical studies, controlled trials, systematic reviews, and meta-analyses published

over the last two decades. Animal studies, case reports, editorials, opinion papers, and non-

English publications were excluded.

RESULTS:

Regular physical activity was consistently associated with reduced all-cause mortality,

improved cardiorespiratory fitness, reduced frailty, and better cognitive function in older
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adults. Evidence suggests that adequate activity levels may reduce mortality risk by 19–30%.

Aerobic exercise, high-intensity interval training (HIIT), and resistance training improve

VO₂max, cardiovascular health, muscle strength, and functional independence, while reducing

sarcopenia and fall risk. Physical activity is also linked to enhanced neuroplasticity and a

lower risk of dementia, whereas prolonged sedentary behavior increases the risk of cognitive

decline.

CONCLUSIONS:

Regular physical activity, particularly combined aerobic and resistance exercise, remains one

of the most evidence-based strategies for promoting longevity and healthy aging. Structured

exercise programs may play a central role in preventive and geriatric medicine by improving

healthspan, preserving independence, and reducing frailty in aging populations.

KEYWORDS:
longevity, healthspan, exercise, mortality, frailty, cognition, resistance training, VO2max,
healthy aging

INTRODUCTION:

Current demographic data indicate that societies worldwide are aging rapidly. In 2019,

only 1 in 11 people was aged 65 years or older. It is projected that by 2050 this proportion

will increase to 1 in 6 people [7]. According to data from the World Health Organization

(WHO), this corresponds to approximately 1.6 billion people aged 65 years or older in 2050,

representing 16% of the global population [6]. Contemporary medicine faces the challenge of

treating diseases that are highly prevalent among older adults, as their proportion in society is

increasing, and these diseases are associated with high treatment costs and a need for long-

term care of older, chronically ill individuals. Traditional infectious threats have been

replaced by the predominance of chronic non-communicable diseases, among which

cardiovascular disorders, arterial hypertension, metabolic disorders, including diabetes,
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oncological diseases, and dementing disorders, especially dementia, play a key role [6].

Chronic diseases are strongly associated with a decline in functional capacity, which is why

regular physical activity is particularly important in this population. Scientific evidence

indicates that physical activity undertaken in middle and older age is associated with

improved odds of healthy aging [5].

The current challenge for medicine is not only lifespan, but above all ensuring that

older adults live in the best possible physical and mental health, with preserved cognitive

function. The essence of healthy aging is to extend the period of high-quality life as much as

possible while minimizing the clinical and functional consequences of aging [6]. Healthy

aging is shaped by a constellation of biological, psychological, social, and behavioral factors.

Among modifiable lifestyle factors, regular movement plays a key role. Systematic physical

activity may delay the clinical manifestation of chronic diseases, optimize survival indicators,

and stimulate cognitive and motor functions in older adults [6]. Higher levels of physical

activity have a positive effect not only on physical condition and body fitness, but are also

closely linked to brain health benefits throughout life [8].

Because physical activity may influence cellular and molecular mechanisms involved

in biological aging, geroscience views it as an important regulator of the aging process.

Consequently, movement is an important component of lifestyle medicine, combining

elements of holistic prevention and targeted supportive therapy in the treatment of

pathological processes in patients [11]. Furthermore, physical activity is one of the best-

studied non-pharmacological interventions in the context of healthy aging [10].

Taking the above into account, the thesis of this paper is as follows: Regular physical

activity, particularly a combination of aerobic and resistance exercise, remains one of the

most evidence-supported non-pharmacological interventions associated with increased

lifespan, improved healthspan, and reduced frailty in aging populations.

MAIN BODY:

Physical activity and all-cause mortality
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The recommended frequency and form of physical activity differ depending on the age

of the individuals for whom these exercises are recommended. It is recommended that people

aged 65 years or older perform 150 to 300 minutes per week of moderate- to vigorous-

intensity physical activity [1]. In older adults, it is particularly important to implement

comprehensive, multicomponent exercise programs. Their physical activity should integrate

resistance exercises aimed at muscle strength, balance training to prevent falls, and aerobic

exercise [1]. Regular resistance training is strongly associated with lower all-cause mortality

rates, as well as a reduced risk of death from cardiovascular causes and causes directly related

to cancer [2]. Comparisons between high and low levels of physical activity have shown that

frequent physical activity is associated with a lower incidence of as many as 13 types of

cancer, including adenocarcinoma of the esophagus, and cancers of the lung, liver,

endometrium, breast, and rectum [14]. Physical activity has a significant impact not only on

overall body condition and reduced risk of various cancers, but also on a lower risk related to

the incidence of depression. Compared with individuals reporting complete physical inactivity,

patients who achieved only half of the recommended volume of physical activity,

corresponding to 4.4 marginal metabolic equivalent hours per week (mMET-h/week), had an

18% lower risk of developing depressive states (95% CI: 13%–23%) [15].

Age is not the only factor that should be considered when discussing lifespan, healthy

aging, and longevity. Body weight is also important. In individuals with normal weight (BMI

18.5–25) and overweight (BMI 25–30), every minute of activity, whether a light walk or a

more intense effort, provides health benefits [12]. In individuals with obesity (BMI >30), the

key determinant of mortality-risk reduction appears to be total daily activity volume rather

than the intensity of individual training sessions. This is consistent with the 2020 WHO

recommendations, which clearly indicate that every movement is beneficial and that every

adult should include physical activity in daily life [12].

To properly assess the relationship between physical activity and healthy aging, it is

also necessary to consider the effects of a predominantly sedentary lifestyle. Evidence

suggests that sedentary behavior is not linearly harmful, but becomes harmful after a certain

threshold is exceeded. Above the threshold of approximately 10 to 10.5 hours per day, the

mortality-risk curve begins to increase sharply and exponentially. If an older person sits for

12 hours per day, their risk of premature death increases almost threefold compared with

people who sit for less than 10 hours per day [13]. However, introducing movement reduces

the risk of death regardless of the remaining hours spent sitting. Adherence to WHO
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recommendations, that is, 150–300 minutes of exercise per week, is associated with similarly

low mortality risk regardless of whether a person sits for 8 or 11 hours after exercising [13].

Optimal reduction in the risk of premature death is observed at a movement volume

corresponding to the upper range of WHO guidelines. Nevertheless, from a public-health

perspective, a particularly substantial health gain results from the behavioral change itself,

namely moving from extreme physical inactivity to even minimal forms of activity. Evidence

indicates that this relationship remains stable regardless of adiposity level. This means that the

protective effect of regular exercise on survival indicators is observed even when the

intervention does not induce a reduction in the patient’s fat mass [12].

Cardiorespiratory fitness, VO₂max, and longevity

Cardiorespiratory fitness and VO₂max are particularly important in the context of

longevity. Regardless of sex, age, origin, and comorbidities, an inverse association between

cardiorespiratory fitness (CRF) and mortality is well documented [16]. In addition, high CRF

is associated with a broad range of benefits within the cardiovascular system and beyond. It is

associated with a statistically significant reduction in the incidence of coronary artery disease

(CAD), arterial hypertension, type 2 diabetes, cerebrovascular events (stroke), and

oncological diseases [16]. Current evidence suggests no clear upper threshold for fitness

benefits in relation to longevity, as individuals in the group with the highest fitness level,

defined as an oxygen uptake above the 97th percentile for their age and sex, had the lowest

risk of death among all studied groups. These individuals had a substantially lower risk of

death compared with the remaining groups. Above-average aerobic fitness does not appear to

induce adverse cardiotoxic effects in relation to long-term survival indicators [16].

In the context of healthy aging and improvement of aerobic capacity, High-Intensity

Interval Training (HIIT), a structured method of aerobic training, deserves particular attention.

It involves repeated short bouts of high-intensity exercise interspersed with active or passive

low-intensity recovery periods [18]. Studies provide clinical evidence that HIIT has a

favorable safety profile in patients with chronic inflammatory conditions, such as rheumatoid

arthritis, and may also offer advantages over traditional continuous aerobic training [19]. The

use of high intensity induces stronger adaptation in VO₂max, which, from a clinical

perspective, may contribute to improved long-term survival indicators in these patients [19].
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Scientific evidence indicates that the functional status of the circulatory system

extends beyond the isolated performance of the heart muscle. It represents an integrated

homeostatic chain combining pulmonary ventilation, central hemodynamic capacity, and

tissue-level oxygen utilization in skeletal-muscle mitochondria. Dysfunction in any of these

elements is associated with increased mortality risk. In this context, HIIT may be considered a

complementary therapeutic intervention capable of stimulating multiple components of the

oxygen transport cascade [17]. In summary, the structural and functional integrity of the

cardiovascular system is an important determinant of human longevity, and its most sensitive

reflection is cardiorespiratory fitness (CRF) [17].

Resistance training and functional longevity

When analyzing healthy aging and longevity, it is necessary to focus on sarcopenia. In

contemporary medicine, sarcopenia is classified as a progressive and systemic disorder of the

muscular system that determines the health profile of the geriatric population. The

pathomechanism of this condition is based on involutional, age-related loss of muscle mass,

which is closely correlated with loss of strength potential and impairment of whole-body

motor function [20]. The consequences of these disorders manifest directly as frailty

syndrome, leading to loss of motor autonomy and representing a strong independent predictor

of hospitalization and premature death [20]. To properly understand sarcopenia, it is

appropriate to distinguish muscle strength from muscle power, because although these two

terms may appear synonymous, they refer to different concepts [22]. The first term refers to

the maximal ability of muscles to generate tension against resistance, or in other words, how

heavy an object a patient is able to lift. The second term is the product of force and the speed

at which it is developed, meaning the ability to generate the greatest possible force in the

shortest possible time [22]. Maximal muscle power has been shown to be a stronger

independent predictor of all-cause mortality than isolated raw strength. This is directly related

to the fact that age-related involution first affects fast-twitch fibers (type II), impairing reflex

and stabilization functions. In the available data, patients with the lowest values of relative

muscle power showed an approximately 4- to 5-fold higher risk of death compared with the

group with optimal neuromuscular dynamics. These findings support power-oriented training
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as an important and independent strategy in geriatric prevention, aimed at compressing

morbidity and extending healthspan [22].

In the area of geriatric prevention and clinical prevention of frailty syndrome, experts

indicate that prevention of physical decline in older adults should be based on systematic

implementation of progressive resistance training (PRT). Exercise is recommended 2–3 times

per week, engaging the legs, back, and hips, and the most effective exercise intensity is

reported to be 70–80% [21]. Frailty syndrome is a risk in itself, but susceptibility to falls

among older adults also carries substantial risk. Falls are among the most serious causes of

loss of independence and premature mortality in older adults. To counteract this, working on

strength alone is not sufficient; combining different movement stimuli within a single training

session, referred to as multicomponent training, is recommended [21]. This type of training

should combine strength exercises with dynamic balance tasks and stimulation of

neuromuscular power. According to available data, such physical activity reduces the number

of falls by 30% [21].

In the context of older-adult health, activities of daily living (ADL), meaning basic life

activities, and instrumental activities of daily living (IADL), meaning more complex everyday

activities, are distinguished. Both concepts directly influence the level of independence in

daily life among older adults. The training approaches described above improve both ADL

and IADL, and muscle weakness and dependence in older adults are dynamic states [3].

Dependence in older age, resulting from both ADL and IADL limitations, is not a linear and

irreversible process. Appropriately programmed physical activity may help reverse frailty

status to the pre-frailty stage. This translates directly into improved motor function, reduced

disability, and the preservation of autonomy and independence in the older adult’s home

environment [3].

Physical activity and cognitive aging

Physical fitness among older adults is one aspect of healthy aging, and regular

physical activity is a major factor in aging healthily and achieving longevity. However,

training affects not only motor function, but also cognitive functions, whose preservation

reduces the risk of dementia and therefore also contributes to healthy aging [25]. Of particular
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importance for clinical practice is the finding that higher levels of physical activity correlate

with specific neuropsychological domains that are particularly vulnerable to

neurodegenerative processes: episodic memory and verbal fluency [4]. Endurance training

plays an important role in improving cerebral circulation; it also stimulates angiogenesis and

induces the expression of brain-derived neurotrophic factor (BDNF), which is responsible for

stimulating neurogenesis in the hippocampus, a key structure for episodic memory [4]. In turn,

resistance training practiced by older adults stimulates the secretion of insulin-like growth

factor 1 (IGF-1) and irisin, and by inhibiting sarcopenia it reduces low-grade inflammation,

which is one of the important pathophysiological factors in dementia [4]. In addition, regular

training has a positive effect on white-matter plasticity, which may contribute to

counteracting aging processes [26].

In addition to the effects of physical activity on brain health, the effects of a sedentary

lifestyle have also been studied. Studies show that long, uninterrupted sitting time among

older adults is associated with an increased risk of neurodegenerative diseases, such as

Alzheimer’s disease and other forms of dementia [8]. Furthermore, regardless of whether a

person follows WHO recommendations regarding the time that should be devoted to exercise,

if the remaining 8–10 hours of the day are spent sitting, the person may still be exposed to a

risk of neurological diseases. Evidence indicates that sedentary behavior increases dementia

risk by 30% [27]. Thus, physical activity in the form of exercise is one aspect, but it is not

sufficient on its own to reduce this risk. A second, inseparable element is how the remaining

hours of the day are spent [8].

In light of recent studies, it has been shown that the aging brain is not developmentally

fixed, which contrasts with older publications suggesting that nerve cells are irreversibly lost

with age [26]. It appears that a person between 60 and 70 years of age who provides the brain

with appropriate stimuli through aerobic exercise may physically remodel brain structures,

increase myelin sheath density, and regulate impulse conduction. In addition, physical activity

may help build a so-called “safety buffer” in the brain. This translates into increased resilience

to age-related pathologies, and even if these pathologies occur, the brain may be better able to

find compensatory pathways [26].

Limitations and controversies
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When discussing longevity, healthy aging, and healthspan, it is also necessary to

address observational bias. Without a broader perspective on the issue, incorrect conclusions

may be drawn. In the context of studies on physical activity in older adults, it may be

observed that older adults who do not follow WHO recommendations regarding the minimum

daily dose of movement die more often than those who do follow the recommendations. One

might therefore draw the incorrect conclusion that lack of physical activity shortens life.

However, the relationship may be reversed: participants may have stopped exercising because

of a developing disease that ultimately led to death [1]. Another incorrect conclusion could be

that HIIT easily leads to overtraining in older adults. However, studies indicate that, under

controlled research conditions, HIIT does not lead to overtraining in older adults more often

than traditional cardio training. Therefore, the key issue is to perform exercise in accordance

with recommendations [18].

Data on exercise in older adults most often show a non-linear relationship. This is

based on the observation that the beginning of the curve contains the zone of the fastest gain.

In other words, moving from complete physical inactivity to even minimal activity, such as

10–59 minutes per week, produces the most pronounced initial reduction in mortality risk [1].

The optimal zone, at the plateau of the curve, corresponding to achieving the exercise

frequency recommended by WHO, reduces the risk of death by approximately 19%–30%. In

older adults, exercise “overdose” leading to death is rarely observed; therefore, this is not a

classic U-shaped curve, as may be seen in extreme endurance athletes [1].

Based on the studies cited above, it may therefore be concluded that an active lifestyle

among older adults and limiting sedentary behavior during the remaining hours of the day

have a positive effect on healthy aging, while also extending healthspan. Exercise affects not

only physical capacity by increasing older adults ’mobility and reducing, for example, the risk

of falls, but also correlates with brain and cognitive function, reducing the incidence of

dementia or other neurological diseases directly related to the aging process.

CONCLUSION

The findings of this narrative review consistently demonstrate that regular physical

activity is one of the most effective non-pharmacological interventions for promoting both
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longevity (lifespan) and quality of life in older adults (healthspan). Across the analyzed

literature, higher levels of physical activity were strongly associated with reduced all-cause

mortality, lower cardiovascular and oncological risk, and improved mental health outcomes.

Importantly, even modest increases in activity levels from a previously inactive state produce

substantial reductions in mortality risk, highlighting the dose-response nature of this

relationship.

Among different exercise modalities, combined aerobic and resistance training

appears to provide the most comprehensive health benefits in aging populations. Aerobic

exercise and HIIT significantly improve cardiorespiratory fitness (VO₂max), which is a well-

established independent predictor of survival. Resistance training, in turn, plays a crucial role

in preserving muscle mass and strength, reducing sarcopenia, and preventing frailty syndrome.

Together, these exercise modalities contribute to maintaining functional independence and

reducing the risk of falls, hospitalization, and disability.

An additional key finding is the positive impact of physical activity on cognitive

health. Regular exercise is associated with improved neuroplasticity, better performance in

cognitive domains such as memory and executive function, and a reduced risk of dementia. In

contrast, prolonged sedentary behavior independently increases the risk of cognitive decline,

even in individuals who meet minimal physical activity recommendations.

Overall, the evidence supports the conclusion that structured, regular physical activity-

particularly a combination of aerobic and resistance exercise-represents one of the strongest

and most well-documented lifestyle medicine interventions for healthy aging. It not only

extends lifespan but also compresses morbidity by preserving physical function, cognitive

capacity, and independence in older adults, thereby significantly improving overall healthspan.
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