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Falls are a threat to the health of older adults and can reduce their ability to remain 
independent. Furthermore, fall is known as one of the geriatric syndromes and is more 
common in older people and about 20 to 40 percent of older people have reported a 
history of falling per year. It should be noted that fall or fear of falling causes immobility 
in the elderly and immobility is linked with various non-communicable diseases, geriatric 
syndromes development, and mortality in the long term. As a result, finding a cost-
effective, safe, and proper approach to prevent, control, and even treat of falls is 
absolutely crucial. Regarding the exercise benefits in all ages especially in the elderly, we 
supposed that various types of exercise such as aerobic, balance, and resistance training 
with different intensities have variant advantages in these subjects. Therefore, in this 
review study, we investigated the charter of different types of exercise in preventing and 
controlling fall based on recent evidence, providing involved mechanisms, as well as the 
effects of exercises on fall-related risk factors.  
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Definition of fall and prevalence 

    Falling is defined as a location change from an upper 
surface to a lower surface like the floor or the ground. 
Despite that many definitions are considered for falls, 
there is a key point in most opinions that a falling is 
involuntary (1), and it is not affected by medical 
reasons such as blood pressure or a stroke and/or a 
strong extrinsic force (2). It is important to attend to 
the definition of falls in studies because it leads to 
collecting of wrong data and can affect occurrence and 
prevalence rates. Falls are known as one of the 
geriatric syndromes and are more common in older 
people according to the reasons will discuss in the next 

sections. Falls are liable for immobility, morbidity, and 
mortality, therefore in aged people are highlighted as a 
one of the main problems of social health (1).  
    The prevalence determination of falls in this high-
risk population is considered essential for identifying 
risk factors and prevention programs. About 20 to 40 
percent of older people (≥ 65 years) have reported a 
history of fall per year, while older adults over 70, 
reported more than that (3). According to a systematic 
review and meta-analysis in 2019, the lowest 
prevalence of falls has been reported in the United 
States 22% and in England 28% while the highest 
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prevalence of falls was in Egypt 60.3% (1). These 
variations in the prevalence of falls may be related to 
the ethnicity, culture, study designs, sample size, 
sampling methods, age, the definition of fall, and the 
presence of various risk factors (1). 
    Of five hospital events, two cases related to falls and 
their frequency daily varies from 1.4 to 13.0 per 1000 
patients (4). For a person who has experienced a fall 
once, the chance of falling would increase two-thirds in 
the following year (5). Among those who experienced 
a fall, about 65% of females and 44% of males fell 
inside their homes and about 25% of males and 11% of 
females had a fall in their gardens. Falling indoors 
occurs in the rooms that are most commonly used 
including bedrooms, kitchens and dining rooms (6). 
People under 75 years have more likely to fall outdoors 
than people over 75 years (6). In the community, 80% 
of falls occur during the day and only 20% during the 
night. Some studies have been proven that the rate of 
falls are superior in women than men (7). The reason 
could be that females have hormonal changes during 
elderly or after menopause that could be followed with 
loss in bone mass and sarcopenia faster than males (1). 
The results of previous studies showed a low level of 
education was associated with falls in the elderly 
which means a lack of awareness would impress 
people for accepting healthcare advice about their 
health (8). In a study in 2011, presented fall prevalence 
are different in various races that reflect differences in 
culture, socioeconomic status, and geographic 
distribution. In addition, the rate of falls increase on 
cold and wintry days (9). Plus, older patients in 
psychiatric problems are more expected to experience 
fall than normal older adults, regarding the psychiatric 
signs, cognitive disorders and psychotropic drugs’ side 
effects.   

Fall and complications 

    Falls are more prevalent in older adults and mostly 
leads to injury (10), suffering from various diseases, 
delay in improvement, decreasing social relationships, 
increasing psychosocial complications, depression, low 
quality of life and also it imposes a great burden on the 
people and their families or relatives (11). 

Physical complications 

Fractures 

    Fractures and injuries are considered part of fall 
complications which lead to disability and even death. 
Sixty four percent of whole fall-induced injuries are 
related to fractures. The most common fractures 
include the proximal femur, limbs, spine, and hip. It 
should be noted that females aged 50 years and older 
regarding osteoporosis are mostly at risk of a fracture 
(12). A quarter of the female and a third of the male 
with a femoral fracture usually passed over within a 
next year of fracture; and among survived subjects, 
half were disabled constantly and the other half needed 
long-term treatment or specific care (13). Also, there is 
potent evidence to reveal that after hospital discharge, 
osteoporotic fracture patients have higher morbidity, 

subsequent fractures, and mortality (5). They cause a 
decrease in height, an increase in thoracic kyphosis and 
consequently cardiorespiratory failure, reduction in 
quality of life and life expectancy. Fall-induced hip 
fractures are known as a serious worry among the 
elderly and are the most common. Annually, hip 
fractures are reported more than 258,000. In addition, 
the prevalence of this complication among females is 
estimated twofold as high as males (5). 
    Fall syndrome in older adults (> 75 years) forms 
70% of whole emergency unit visits and 40% of 
hospital receptions; also, the average recovery time in 
the mentioned subjects is estimated around 30 days 
(14). Even after discharge from the hospital, half of the 
elderly require special nursing care (5). 

Diseases 

    Fall or fear of falling causes immobility in the 
elderly. Given the literature, elderly immobility is 
linked with a risk of various diseases such as type 2 
diabetes, cardiovascular disease and mortality in the 
long-term (15-17). It has been reported that physical 
inactivity reduced lipoprotein lipase (LPL) level as a 
regulating lipoprotein. Low LPL leads to increased 
triglyceride, reduced plasma HDL levels, as well as 
affect blood pressure and metabolic situations (18). 
Falls may cause trauma brain injury (TBI). It was 
reported that fall in elderly induced TBI, and was 
associated with dementia. Pathologic studies have 
proven that β-amyloid protein increases in the brain 
immediately after a TBI (19). Also, the Apolipoprotein 
E overexpresses amongst those who have an 
experience of fall. Apolipoprotein E disturbs the lipid 
transportations to regenerating neurons; and this way 
would reduce growth and branching of neuritis and 
causes dementia (18). 

Social complications 

    Fall restricts mobility to the extent that may decrease 
the ability to do routine activities including dressing, 
bathing, shopping, or housekeeping. Also, a decrease 
in mobility in older adults could cause avoiding 
heading public events, meeting, and ceremony and 
consequently leads to social isolation within the family 
or the community (20). It is even possible to increase 
dependence on family and friends. In other words, 
excessive and permanent inactivity may lead to a 
decrease in muscle strength and postural control, which 
could cause limitations in physical and social activities; 
subsequently, muscle atrophy, lower mobility, and 
imbalance as well as increasing the risk of falling 
would happen (21).  

Psychosocial complications 

    After fall, most physicians pay attention to urgent 
injuries and fractures and often ignore its psychological 
consequences. Falls can cause serious psychological 
trauma to the elderly, which make rehabilitation period 
more difficult (22). Psychological consequences that 
appear immediately including fear, self-efficacy, 
decreased confidence, body image impairment, 
insecurity, embarrassment, depression, and anxiety 
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(22). The sum of these psychological consequences 
that is linked with a motor part is called post-fall 
syndrome (23). Fear of falling and post-fall syndrome 
are psychosocial problems that cause decrease in aged 
people’s mobility (23). 
    Despite these descriptions, the main reason for the 
social isolation and psychological consequences could 
be considered inactivity or sedentary lifestyle 
regarding falling or fear of falling. Falls can disrupt 
older people’s lives, even if the damage is not severe 
enough to require hospitalization; therefore, any kind 
of falls in these people should be considered and 
followed. 

Financial complications 

    According to a systematic review, it has shown that 
fall-related costs were estimated between 0.85% and 
1.5% of the whole healthcare costs (24). Of course, 
these costs depended on fall severity, injury type, and 
recovery time. Treatment fees for fall-induced fractures 
are extremely expensive including hospitalization 
costs, emergency department costs, outpatient 
treatment costs, and indoor care. Estimates of these 
costs have been reported to be different between 
different countries, which can be related to differences 
in the quality of health care, insurance coverage, or 
variations in complications. Annually, a substantial 
amount of approximately $50 billion is allocated to 
cover medical expenses associated with non-fatal fall 
injuries, while an additional $754 million is dedicated 
to addressing fatal falls. This financial burden is 
distributed across different sources, with Medicare 
shouldering approximately $29 billion, private or out-
of-pocket payers contributing $12 billion, and 
Medicaid covering $9 billion of the total costs (25, 26). 
The direct medical expenditures encompass a wide 
range of healthcare services, including hospitalization, 
nursing home care, and professional fees for medical 
practitioners, rehabilitation programs, community-
based services, utilization of medical equipment, 
expenses related to prescription drugs, and 
administrative costs associated with insurance 
processing. However, it is important to note that these 
direct costs do not fully account for the comprehensive 
impact of fall injuries, such as long-term consequences 
including disability, reliance on others for daily 
activities, productivity loss due to absence from work 
and household responsibilities, as well as diminished 
overall quality of life (25, 26).  

Etiology of fall / risk factors 

    There are potentially many risk factors for falling, 
which are categorized into intrinsic, extrinsic and 
combined causes (17, 27-29). Intrinsic risk factors 
known individual characteristics that linked with risk 
of falling in elderly. Extrinsic risk factors are social 
and physical factors that related to the environment. 
Fall external factors are more common in people under 
75 years of age. If both intrinsic and extrinsic factors 
are present, falls are classified as combined risk factors 

(27). In this review, we examine the most common risk 
factors for falls in the elderly. 

Osteoporosis 

    Osteoporosis and sarcopenia are two 
musculoskeletal aging’s symptoms that increase risk of 
fall in the elderly. There are many reasons for 
musculoskeletal aging such as alterations in body 
composition, inflammation and hormonal imbalance. 
Inflammatory molecules directly and indirectly affect 
musculoskeletal metabolism and endocrine system 
(30). Inflammaging is defined as age-related chronic 
inflammation and it is caused by the lifetime exposure 
to antigenic agents including clinical and subclinical 
infections (31). Inflammaging leads to a decrease in 
muscle mass and strength, bone loss, sex steroids and 
growth hormone decline (32). 
    Furthermore, with age subcutaneous fat reduces, and 
visceral fat and fat infiltration to muscle fibers 
increase. These events lead to insulin resistance and 
inflammation which show musculoskeletal metabolism 
alterations and disruption in mesenchymal stem cell 
differentiation and cause sarcopenia and osteoporosis 
(32). In other terms, an increase in abdominal fat and 
fatty acids in the muscle fibers disrupt natural cellular 
signaling and lead to inflammation and hormonal 
imbalance that affect muscle and bone tissues (33). Sex 
steroids hormones are crucial for bone and muscle 
metabolism and functions, reduces with age. This leads 
to osteoporosis, sarcopenia, and the increase of the 
inflammatory markers; it ultimately increases the risks 
of fall in the elderly (33). 

Sarcopenia 

    Sarcopenia is known as loss of strength and muscle 
mass as well as diminished physical performance (29, 
34, 35). The agents that lead to the progress of 
sarcopenia in the elderly include chronic inflammation 
and hormonal imbalance (with the same previous 
section mechanisms), atrophy of motoneurons, reduced 
protein intake and immobility (36). Sarcopenia has 
been linked with poor toleration, physical inactivity, 
slow gait speed and decreased mobility that all of the 
mentioned factors increase the risk of fall. Also, it was 
reported that weakness of lower body muscles that 
caused by loss of muscle mass and strength, leads to 
increased 2-3-fold of fall risk (34). Sarcopenia-induced 
fall happens because the physical performance in the 
elderly (36).  

Impaired sensory system 

    Visual, vestibular, and somatosensory information 
are basic parts of maintaining balance during standing 
and walking (37). It has been shown that impaired 
eyesight especially decreased contrast sensitivity, 
disrupted visual field and depth conception have a 
direct relationship with fall risk (38). Allen et al., 
published a review article concerning age-related 
changes in the vestibular system, and how this may 
lead to imbalance and falling. They concluded 
somatosensory information from the hip and ankle is 
important to maintain balance during standing (38). 
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Plus, Quigley et al., reported that bilateral 
polyneuropathy in lower limbs decrease somatosensory 
input from feet and ankles; disrupts balance during 
standing and noticeably increases risk of falls (37).  

Diseases 

    Certain conditions such as arthritis, diabetes, 
hypertension, visual impairment, and chronic 
obstructive pulmonary disease enhance fall risks in the 
elderly (39). Chronic diseases are on the rise in the 
elderhood concerning physiological and psychological 
alterations. Approximately 92% of elderly are involved 
in at least one chronic disease and 65-85% are involved 
in two or more chronic diseases (40). 
    Rossini et al., have demonstrated that rheumatic 
diseases and inability to get up from the floor are the 
strongest risk factors for fall in elder women living at 
home. They confirmed that corticosteroid therapy that 
is used for treating of rheumatic diseases could induce 
osteoporosis and consequently fall risk (41). 
    Several studies introduced diabetes mellitus as a fall 
risk factor among elderly. Possible mechanisms for 
that consist of peripheral neuropathy, autonomic 
neuropathy, retinopathy, diabetic foot ulcers, 
hypoglycemia, and diabetes medications (42, 43). 

Vitamin D deficiency 

    Previous studies have shown that vitamin D, in 
addition to bone density and bone resorption, affects 
muscle strength (44). The main source of vitamin D is 
the skin and exposure to sunlight. In the elderly, the 
concentration of vitamin D3 precursor decreases in the 
skin, so they are involved in vitamin D deficiency and 
reduced muscle strength and bone health, and 
alternatively, experience falls (45). Especially if the 
condition is empowered with malnutrition in the 
elderly, the risk of falls would enhance multifold. 

Medications 

    Drugs groups linked with increased fall risk are 
known “Fall risk increasing drugs”. The most common 
group are sedatives, hypnotics, antipsychotics, 
antidepressants, antihypertensive and cardiovascular 
drug. They may cause sedation, disrupt balance and 
coordination that lead to increase of fall risk (46). Also, 
Physiological alterations created by age in blood 
pressure-regulating systems leads to disruption 
cardiovascular function and cause a change in blood 
pressure (47). On the other hand, vascular diseases 
such as coronary or carotid stenosis are common in 
aged people, so blood pressure is needed to provide 
adequate blood supply to tissues (46). In addition, 
Antihypertensive drugs, diuretics or antiarrhythmic 
drugs that interfere with the cardiovascular system may 
empower some falls-related risk factors (47). 

Insomnia 

    Insomnia is prevalent among the elderly and may 
have considerable adverse consequences including 
falls. It has been reported that insomnia is notably 
linked with falls in adults ≥ 60 years aged. Insomnia 
symptoms are poor postural control, poor 

consciousness, attention, slow reflex time, distress, and 
mood changes (48), which can raise the risk of falls. 
Furthermore, it has been shown that a decreasing of 
sleep duration, extreme daily sleepiness, or sleep 
disorders that are common in the elderly would 
enhance fall risk (48). 
    Although, elderly used psychotropic medications for 
insomnia treatment, including antipsychotics, 
antidepressants, and antianxiety, it has been proven 
that the association between insomnia and falls is 
independent of medication usage (49). Some evidence 
have indicated that non-pharmacological interventions, 
including meditation, yoga, Tai Chi, acupuncture, or 
acupressure are useful to treat insomnia and can 
diminish the risk of falls (50). 

Environmental factors 

    In general, the most important factor that increases 
the risk of falling in the elderly is related to 
environmental factors. It has been shown that 81.7% of 
people who are exposed to environmental factors have 
experienced falls. Some of these environmental 
hazards include the entrance door, poor staircase 
design or its damage, irregularity and clutter in the 
environment, slippery passages or bathroom floors, 
unsafe mattresses, insufficient lighting (51, 52). 
According to previous researches, improving the 
conditions of the living environment such as 
optimizing sidewalks, streets, parks and public places, 
improving the construction of infrastructure facilities 
can be effective in preventing the elderly falling (52). 

Exercise role 

    The role of exercise types in the falls as noted 
previously, falls are the main cause of injury in the 
elderly (53). Falls mostly threaten the older adults’ 
physical and mental health. In the introduction, the 
types of injuries related to falls were described briefly. 
With the increased healthcare costs associated with 
falls, sports and clinical professionals have put a 
stronger emphasis on prevention and controlling of this 
trouble than in the past. In a recent study, researchers 
documented the role of exercise and physical activity 
as a healthy and cost-effective method for preventing 
non-communicable diseases and their side effects (53-
61). In this section, we intend to describe the roles of 
various types of exercises (balance, aerobic, and 
resistance exercise) and their mechanisms with a focus 
on fall prevention. 

Balance training 

    The ability to stand on one foot is known as balance 
(62-63). As a result, balance training should be 
included in the training program for the elderly as one 
of the key components of fall prevention (64). Leiros-
Rodriguez R, Garcia-Soidan et al., found that 6 weeks 
balance training (two 50-minute sessions a week) 
substantially improved the balance in 14 elderly 
women (Berg Balance Scale) (65). In addition, Zhao et 
al., used two different training protocols; one of them 
included Tai chi training and the other one included 
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specific balance training. They reported that the risk of 
falls reduced significantly in both groups (15.2 and 
18.8 percent, respectively). The balance marker was 
evaluated in this study by chair stand test, which is one 
of the fall risk tests (66). One of the most important 
compatibilities of balance training is the improvement 
in neuromuscular coordination, vestibular sense, and 
proprioception (64). This can lead to a better 
understanding of the person’s stance in space and 
controlling his/her movements and would play an 
effective role in fall prevention.  Importantly, it was 
proven that increased sensorimotor control of the brain 
by balance training could increase activities of the 
supplementary motor area in the brain (67). In fact, one 
of the most important compatibilities in the brain is the 
increasing of the brain’s sensorimotor control after 
balance training, which is closely related to improved 
balance. At the same time, it has been shown that 
balance training can improve the spinal cord reflection 
by playing a positive role in neuromuscular activities 
such as improving the information processing in the 
spinal cord through the afferent and efferent nerves and 
in turn improve the balance by better controlling of 
autonomous system and voluntary motions (68). 
Furthermore, the Central Nervous System seems to be 
able to set the responses to the spinal cord reflection 
more effectively after one course of balance training. It 
also seems to be able to prevent fluctuations of the 
joints involved in movements and falls (68). As 
mentioned in the introduction, fear of falling is also an 
important factor in reducing the quality of life among 
the elderly, which can sometimes lead to fall directly 
(69). Moreover, balance training can psychologically 
diminish the fear of falling apart from the 
aforementioned neurophysiologic and physical 
adaptations (68) and reduce the rate of falls in the 
elderly. In the meantime, it is noteworthy that balance 
training should increase gradually from easy to 
difficult levels, such that apart from the mentioned 
physiological adaptations, the moves are learned more 
effectively and the risks of injuries will be reduced 
(70). According to the American College of Sports 
Medicine, performing balance training 2 or 3 times a 
week can lead to the best outcomes in reducing the 
risks of falling among the elderly (71). 

Aerobic training 

    Aerobic training mainly includes walking, running, 
swimming, cycling, etc. which provides various 
advantages such as cardiovascular, muscular, and 
metabolic adaptations (72, 61). At the same time, 
previous studies have been indicated the direct effect 
of the reduction in cardiovascular fitness and its 
complications on risk of fall. Furthermore, regarding 
etiology of aging, getting older is accompanied by 
various systematic physiological and cellular 
dysfunctions that pave the way for the reduction of 
cardiovascular functions (73). Moreover, the positive 
effects of aerobic training on the reduction of falling 
among the elderly have been proven in several Meta 
analyses and review studies (74). Sousa et al., reported 
in a study, that three sessions of aerobic training for 32 

weeks could reduce the risk of fall in old men 
significantly (75). It should be noted that the research 
in this field has been carried out with the focus on the 
effect of aerobic training on the fall risk indicators and 
the probable mechanisms induced by the aerobic 
training for fall prevention have received less 
attentions. Aerobic training like running is mainly 
performed in the form of rhythmic movements (that 
call for neuromuscular coordination). The most 
important factors of these training includes 
neuromuscular coordination, balance, and the mobility 
enhancement (76). At the same time, with doing 
aerobic exercise, the brain (the central and peripheral 
nervous system) provides better adaptations to motion 
demands, however, the mechanisms of this response 
have not been well clarified so far. Studies have 
indicated the significant increase in walking speed, 
balance test, and the reduced time of chair squat as a 
results of endurance training for the elderly (76). 
Therefore, it can be stated that aerobic training can 
improve neuromuscular coordination, mobility, and 
reduce the risks of falls significantly. 
    Aerobic training leads to better social life and 
reduces the fear of falls (one of the most important 
factors of falls) among the elderly by preventing 
psychological and behavioral problems, improving 
mood and the feeling of usefulness (77). The main 
mechanisms include the increased synthesis of 
hormones such as dopamine (effective in improving 
learning and focusing), serotonin (effective in 
improving the mood and the feeling of happiness), 
oxytocin (effective in improving and controlling 
anxiety), norepinephrine (effective in improving the 
focus and motivation), and increased expression of 
brain-derived neurotropic factor. These can lead to the 
survival, growth, differentiation of nerve cells, and 
inducing synaptic plasticity in the long run and 
improving the function of impaired neural pathways 
(77). It should also be noted that the aforementioned 
points are the long-term aerobic training adaptations.  
    Apart from the reduction of fall risks, another 
advantage of aerobic training is preventing 
musculoskeletal disorders such as Sarcopenia, arthritis, 
and osteoporosis (36). It has been well proven that 
aerobic training is effective on most of the signaling 
pathways involved in Sarcopenia (78). Results of 
various studies show that aerobic training improves the 
mitochondria and muscular functions by improving 
maximal oxygen consumption (VO2max), 
mitochondrial density and numbers, insulin sensitivity, 
and energy expenditure (79), reducing the fat 
accumulation in skeletal muscle (79), improving the 
function of the mitochondrial enzymes such as citrate 
synthase and cytochrome c oxidase in muscular fibers 
and increasing the gene expressions involved in 
mitochondrial biogenesis (80). Furthermore, it has 
been well proven that chronic aerobic activities are 
accompanied by the expression of mitochondrial fusion 
factors such as mitofusin 1 and 2 and fission protein 1, 
dynamin-related protein 1, and IGF1 and increase the 
PGC1alpha levels significantly (81). These 
mechanisms mainly increase muscular protein 
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synthesis, improve muscular functions, and play an 
important role in preventing Sarcopenia in the elderly. 
As Sarcopenia is one of the most serious causes of falls 
and its consequences, it can be stated that aerobic 
activities probably improve the musculoskeletal 
functions, balance, and fall prevention indirectly by 
suppressing muscle loss indices. 
    Moreover, aerobic training plays an important role 
in bone health and preventing osteoporosis (82). The 
major mechanisms in this field consist an increase in 
Bone Mineral Density caused by the increasing 
osteoblast activities, enhancing the levels of bone 
formation biomarkers such as bone-specific alkaline 
phosphatase, Osteocalcin , calcium serum, and 
reducing the levels of bone resorption biomarkers such 
as deoxypyridinoline (83). Consequently, it can be 
stated that aerobic training can reduce the risk of falls 
and reduce their complications such as pelvic fractures 
in the elderly by improving bone health (preventing 
osteoporosis) through the aforementioned mechanisms. 
    Notably, moderate-intensity aerobic training 
improves sleep quality (increasing the sleep time, 
reducing the falling asleep time, reducing hypnotics by 
playing a positive role in the circadian melatonin 
rhythm, rectal temperature, sleep stages (reducing the 
time of light sleep, increasing the time of REM (Rapid 
Eye Movement)) and increasing the parasympathetic 
nervous system activity (48, 83). Consequently, since 
the reduction of the quality of sleep is one of the risk 
factors of falls among the elderly, the mentioned 
mechanisms would be considered as indirect effects of 
aerobic training that reduces the risk of falls in the 
elderly. 

Resistance training 

    Resistance training is considered as body fitness 
program mainly performed by a variety of training 
modalities such as body weight, elastic bands, free 
weights, machines, and medicine balls with different 
goals (84). Weakness and muscle mass reduction are 
the most known problems in the elderly that are mainly 
accompanied by poor balance and poor gait ability, 
reduction of body activities and body weight, and 
finally leads to the increased risk of falls, 
hospitalization and even death (85). Among the 
recommended physical interventions, resistance 
training has a crucial strategy to prevent weaknesses 
and falls (70). Results of several studies have shown a 
significant improvement in the balance, gait speed, and 
SPPB and TUG test scores that all indicate a reduction 
in the fall risks regarding adaptability to resistance 
training (70). Nonetheless, few studies have focused on 
the other mechanisms involved. 
    It has been well proven that getting older is one of 
the reasons for the degeneration of the neuromuscular 
system, which is accompanied by a decrease in muscle 
abilities to power generation, impaired control in body 
movements, and daily activities (84). It is noteworthy 
that the neuromuscular system in the elderhood 
maintains its adaptability to training stimuli (86). The 
muscle activation pattern in movements that call for 
neuromuscular coordination decline by aging. The 

heightened levels of agonist-antagonist co-activation in 
the elderly leads to a reduction in joint stability and 
maintaining balance (87). The aforementioned change 
in the movement pattern in the elderly can be 
accompanied by an improvement in mobility and fall 
prevention. Moreover, this activation pattern can 
reduce the perception of individuals from their 
environmental position while moving. Resistance 
training is considered as one of the most effective 
strategies in improving neuromuscular coordination 
and movement patterns in the elderly (88). These 
mechanisms mainly include decreased agonist-
antagonist co-activation, improved coordination 
between agonist/synergist muscles in movements, 
increased neural drive to the primary agonist resulting 
in greater motor unit recruitment and higher motor unit 
firing rates, and improved Golgi tendon function and 
the vestibular sense (87), which could lead to better 
neuromuscular system feedback to the movements. 
Ultimately, improved mobility and neuromuscular 
coordination through these mechanisms can directly 
reduce the risks of falling and its consequences in the 
elderly. 
    Tensile and/or compressive stress, which is induced 
by resistance exercises, plays a significant role in 
increasing muscle protein synthesis (MPS) and its 
contractility (89). The other major mechanisms 
involved in this field consist of increased protein 
synthesis through the insulin-like growth factor 1 /Akt/ 
mammalian Target of Rapamycin (80), increased 
expression of transcription factors involved in muscle 
growth such as FOXO1, FOXO2, and FOXO3 (90), 
decreased myostatin expression (the factor involved in 
protein breakdown) and increased follistatin expression 
(the factor involved in protein synthesis) (80), 
increased intrinsically sensitive mechanical molecules 
expression (91), decreased expression of some other 
genes involved in the muscular atrophy such as 
Atrogin-1 and MuRF-1 (92), modulated protein 
expressions involved in mitophagy and autophagy. In a 
stark contrast, by improving of mitochondria quality, 
cellular homeostasis, and reducing cellular apoptosis 
could prevent mass reduction and muscle strength (93). 
On the other hand, an increase in anabolic process of 
muscles through the explained mechanisms can be 
considered as the most important effect of resistance 
exercises for Sarcopenia prevention and reduction of 
fall risks. 
    In addition, the influential role of resistance 
exercises in bone health is well proven (94). According 
to the Mechanostat theory, the bones have an 
intrinsically biological system that reinforces the bones 
in response to high mechanical strain (94). The 
mechanical load induced by resistance exercises is 
accompanied by an increase in Sclerostin expression 
and activity that acts as a Wnt antagonist. Wnt-
signaling pathway increases the osteoprogenitor cell 
populations, decreases apoptosis (immature 
osteoblasts), and forms osteoblastic bones and reduces 
bone decomposition by the inhibition of osteoclast 
activity (95). Furthermore, resistance exercises play a 
significant role in preventing and reducing bone 
fractures by positive effects on the geometric markers 
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of bone strength (86). It has been proven that 
mechanical loads should 1- be applied dynamically, 2- 
induced high-frequency strains, and 3- applied rapidly. 
Moreover, if the high-impact mechanical loading is 
observed in the exercises, few repetitions suffice the 
best bone adaptations (94). In addition, since the 
osteocytes desensitize repetitive loadings (high 
numbers in one set), performing the exercises in short 
repetitions and rests between the sets will be more 
effective than the fixed number of movements in fewer 
sets (94). Moreover, it has been shown that the bones 
are adapted better with the normal movement patterns 
such as one-directional movements therefore, 
performing various movements like multi-directional 
training will be more useful for the skeletal response 
(88). In addition to the mentioned benefits, the 
prevention of osteoporosis and osteosarcopenia can be 
considered the most important advantages of resistance 
exercises to reduce fall risks in the elderly. Resistance 
exercise is recommended as an appropriate strategy to 
improve the quality of sleep (97). It is noteworthy that 
if the resistance exercises are performed 3 sessions a 
week, they will be clinically vital in improving the 
sleep quality and daily functions of the individuals 
(97). According to the proposed mechanism, resistance 
exercises increase body temperature before falling 
asleep and improve the Slow Wave Sleep (SWS) (98). 
Consequently, these exercises are more effective near 
sleep time. In a review study, Kovacevic et al. reported 
that higher intensity and frequency of resistance 
exercises are more advantageous in improving the 
quality of sleep (97). Consequently, resistance 
exercises can be used as a non-pharmacological and 
cost-effective intervention that improves the quality of 
sleep and indirectly reduces the risk of falls in the 
elderly. 

Conclusion 

    Exercising can be used as a safe and cost-effective 
strategy to prevent falls and their complications and the 
subsequent high medical costs in the elderly. Balance, 
aerobic, and resistance exercises decrease the risks of 
falls through the various mechanisms explained in this 
paper. The mechanisms mainly include improved body 
structure, increased balance, improved musculoskeletal 
condition, less drug use, lower risk of various aging-
related diseases, improved sleep quality, improved 
muscle mobility, and decreased fear of fall. 

Suggestions for further studies 

    Considering the above-mentioned reports in this 
study, it can be stated that multi-component training 
including balance, aerobic, and resistance training or 
combination of mentioned training can be the most 
effective approach to prevent falls among the elderly. 
Moreover, it should be noted that further studies are 
required for a better understanding of the mechanisms 
involved in falls and the role of various exercises in 
them. 
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