
1. Introduction

The risk of fall is an important issue for elderly in countries of ag-

ing population, especially for those with sarcopenia or osteoporosis.

The aging process will have degeneration of motor neurons, reduced

protein synthesis and insufficient nutritional intake that sedentary life-

style or chronic diseases will further add to the cause of forcing indi-

vidual to become bedridden or physically disabled. As an effect of

such rare disease,1 falling is a major concern for causing disability and

being bedridden. Sarcopenia is an age-related chronic inflammatory

condition, which involves changes to hormonal imbalance. Frailty is

characterized by a decline of physiological functions of various sys-

tems that a person becomes less inclined to respond to stress.

2. Frailty

The outcome of such frailty in elderly is often associated with

decreased quality of life and mobility,2 which may contribute to re-

duced ability to perform common daily functions and even falling, as

well as observing an increase in hospital stay. When an elderly per-

son is obese and suffers from muscular deficiency, the condition is

called sarcopenic obesity.3 In addition, the loss of muscle mass, as

well as changes in muscular composition, including increased vis-

ceral fat, which infiltrates and obstructs the innervation of muscle

cells, will have complication effect and increase cardiovascular risk.4

The risk of fall in elderly women is about 1.5 to 2 times that of elderly

men.5 The annual chance of falling for elderly over the age of 65 is

approximately 28–35% and the rate increases to 32–42% over the

age of 70. The incidence rate of falling is 30% to 40% in real life and

this number can reach as high as 50% for elderly over the age of 80.

In fact, the incidence rate of falling for elderly in long-term care

institutions is even higher up to 50% per year.6 Many literatures

have focused on the pathophysiology of sarcopenia and the effect of

frailty, as well as some on osteoporosis, in relation with falls in the el-

derly. Sarcopenia is defined as a decrease in muscle mass and st-

rength, which is considered a natural phenomenon of aging.7 In

2001, the scholar, Fried, proposed five main clinical indicators of

frailty (aka. Fried’s frailty phenotype), including unintentional weight

loss, self-reported fatigue, decreased muscle strength, slow walking,

low physical performance which usually shows as slower speed, and

less physical activeness.9,10

3. Sarcopenia

In 1997, American scholar, Rosenberg, first coined the Greek

term “Sarcopenia” for the condition.8 It is mainly observed as a de-

cline in muscle strength, which leads to reduced mobility in elderly,

that these senior citizens will have more difficulty in performing daily

activities, such as walking, sitting and lifting heavy objects, eventually

becoming susceptible to postural imbalance and falling. Muscle mass

generally declines with age and is often accelerated by infrequent use

of muscles, easily affecting gait and balance. This will end up with falls

and decreased mobility, which in turns lead to an endless cycle of

International Journal of Gerontology 17 (2023) 149�152

https://doi.org/10.6890/IJGE.202307_17(3).0001

Review Article

Sarcopenia, Frailty and Fall Risk-Narrative Review

Chieh Chen a *, Da-Ming Liao b

a
Division of Family Medicine, Hualien Armed Forces General Hospital, Hualien County, Taiwan,

b
Dental Department, Puli Christian Hospital, Nantou County, Taiwan

A R T I C L E I N F O

Accepted 2 December 2022

Keywords:

osteosarcopenia,

malnutrition,

falls,

frailty,

geriatric syndrome

S U M M A R Y

The biggest impact of Taiwan’s population aging on society is the increase in the demand for geriatric
medical care and the increase in the burden of social and economic welfare. It will have an impact on
domestic consumption, domestic demand and labor supply, and changes in the demographic structure
will also have an impact on the economy. There will be a series of changes in consumer demand and in-
frastructure as the workforce shrinks and productivity weakens. The negative effects of sarcopenia in
obese or osteoporotic populations are greater than those in the general healthy population, and sar-
copenia is additive to the effects of obesity and osteoporosis on metabolism and physical activity. The
increase of adipose tissue in the elderly can also lead to an increase in chronic inflammation in the body,
increase insulin resistance, reduce muscle synthesis and increase muscle breakdown, resulting in an in-
crease in the prevalence of sarcopenic obesity in the elderly. Studies have shown that sarcopenia in-
creases the risk of falls in the elderly, and also causes obese elderly people to easily lose muscle under a
calorie-restricted diet. It can be seen from the above that nutritional supplementation and moderate
aerobic and resistance exercise can reduce the risk of sarcopenia and falls in the obese elderly. Falls and
their related injuries represent one major health care issue in the elderly population. Falls are a com-
mon event among older adults and are associated with increased morbidity and disability.

Copyright © 2023, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

International Journal of Gerontology

journal homepage: http://www.sgecm.org.tw/ijge/

* Corresponding author. Division of Family Medicine, Hualien Armed Forces General

Hospital, No. 295-55, Zhongmei Road, Hualien City, Hualien County 970, Taiwan.

E-mail address: guppy5230@yahoo.com.tw (C. Chen)

https://doi.org/10.6890/IJGE.202307_17(3).0001


faster deterioration. Degenerative changes from disease to frailty

(de-conditioning) involves risk factors, such as age, genetics or envi-

ronment, and chronic condition, which may lead to frailty, disability,

cognitive impairment, and even death. The National Nutrition and

Health Status Survey from 2014 to 2015 found that the prevalence of

frailty among Taiwanese aged 65 and over was 7.8%, and the preva-

lence of pre-frailty was 50.8%.11 Compared with normal people, pa-

tients with sarcopenia have significantly lower body weight and lean

body mass, significantly lower grip strength, and significantly weak-

ened lower extremity flexors, so they fall quite frequently.12–16

Sarcopenia is associated with poor physical fitness, lack of exercise,

slowed gait speed, and decreased mobility, as these are also the com-

mon features of frailty, contributing to an increase of falling.

De-conditioning is a continuous process and an indication of an

urgent need for more efficient and more effective medical interven-

tion. De-conditioning is an independent indicator that can help to

predict multiple comorbidities and disability, in which the measure-

ment of biomarkers such as body mass index, blood pressure, waist-

to-hip ratio, cardiorespiratory fitness, and even the function of mas-

tication is part of assessment for frailty. There are many different

causes and risk factors that predispose elderly to fall, and they can

be classified as intrinsic or extrinsic in characteristics.20–26 Intrinsic

factors include those related to bodily function and health condition

such as physiological dysfunction or balance disorder. Extrinsic fac-

tors include adverse drug reaction, use of restraints, and environ-

mental factors such as poor lighting or lack of safety equipment in

bathroom. Physiologically, the degeneration of nervous system will

affect the maintenance of stability and symmetry of an individual’s

gait, making the person prone to falls. Compared with young people,

the total muscle mass and the number of muscle fibers in the elderly

often show a significant decrease, as aging does cause muscle atro-

phy. From the age of 60 to 90, the average muscle strength de-

creases by 20% to 30%. These physical problems will make the el-

derly unable to cope with falling. Furthermore, concomitant medical

diseases such as inappropriate hypoglycemic and hypertensive

drugs, antihistamines and sedatives, etc., may affect the sense of

balance and make the elderly more prone to falls, as well.27 In recent

years, the public has become more attentive to the problem of

sarcopenia, especially in the health sports centers, nutrition associa-

tions and experts in geriatric medicine, since the definition of the

disease was established in 2010 by the European Working Group on

Sarcopenia (EWGSOP), which stated sarcopenia as “progressive” loss

of muscle mass and reduced muscle function (in terms of strength

and physiological activeness), eventually leading to a syndrome of

increased late incidence, poor quality of life, and death.14 The diag-

nostic standard and classification are based on three components:

low muscle mass, low muscle strength and low physical perfor-

mance. Sarcopenia is determined by factors of muscle mass, muscle

strength, and physical performance and it is positively correlated

with falls in the elderly. Decreased muscle strength is a major cause

of falls in patients with sarcopenia. For example, muscle weakness in

the calf, inability to lift the foot higher or the stride becoming

smaller, etc.15,16 Interventions to prevent sarcopenia may be impor-

tant in preventing falls in older adults. According to recent studies,

approximately 6% of all medical expenditures for older Americans

were related to falls, and 5% of older adults who fell must be ad-

mitted for treatment.20 Elderly with frailty is more vulnerable to in-

jury as they have less physiological reserve capacity to maintain the

required stability in face of stress. They also have poor prognosis or

even death from falls, fractures and disability, since they are more

dependent and may need long-term care. Sarcopenia and osteopo-

rosis can coexist and are closely related; thus, preventing sarcopenia

will help to prevent falls and reduce fractures.

4. Frailty, sarcopenia and fall risk

Frailty is described as a syndrome of loss of physiological func-

tions, where the individual is prone to falls. Clinical manifestations in-

clude decreased activity, weight loss, fatigue, decreased appetite,

muscle wasting, bone loss, abnormal gait and balance, and cognitive

dysfunction. Sarcopenia is a geriatric syndrome characterized by de-

creased muscle mass and strength, as well as decreased bodily func-

tion. After the age of 30, muscle mass decreases by 8% every ten years

and it is accompanied by weakness, fatigue and falls. The most pro-

found symptom is weight loss.16 Whereas medical care in the past fo-

cused on prevention, early diagnosis, and long-term care, the current

approach has recognized aging as a key cause of frailty, which interacts

with other age-related physiological changes, environment, diseases

and medications,17 all lead to debilitating symptoms in the elderly.

Changes in the musculoskeletal composition may be due to nutritional

deficiency, of which sarcopenic obesity is one of the considerations.

Many physiological mechanisms are considered to be related to frailty,

among which is the disease of sarcopenia, as one can say that

sarcopenia and frailty are the two sides of the same coin.18 The accu-

mulation of deficiencies (Frailty Index) proposed by Rockwood and

Mitnitski is a classification of 30 to 70 different defective states on a

scale of 0 and 1. The higher the score, the higher the risk of death is for

the individual. If the Frailty Index shows more than 30 items of health

defects, such as multiple comorbidities, mental issues, symptoms and

disability, the factor of age will further add to the morbidity rate of

frailty. Disability, as defined by WHO, consists of six major aspects, in-

cluding cognition, action, self-care, social competence, physical activ-

ity and social participation.19

5. Osteosarcopenia

Osteosarcopenia is a combination of osteopenia or osteoporo-

sis with sarcopenia.21 Both diseases can mutually affect each other.

Since 2001, some researchers have meticulously studied the rela-

tionship between muscles and bones in the elderly to find that mus-

cle mass can help to predict bone density in both genders at older

age, especially being strongly correlated as evidenced in postmeno-

pausal women.22 Therefore, this synergistic relationship between

sarcopenia and osteoporosis may be better viewed as an interaction

of five factors, which are muscle mass, muscle strength, bone min-

eral density, fracture, and quality of life.23 After the age of 50, the

muscle mass decreases by approximately 1% to 2% every year and

the muscle strength decreases by 1.5% to 3%. Some studies con-

cluded that this was due to the decline of estrogen after menopause

in women.24 Sarcopenia and osteoporosis often occur together,

which is referred to as sarcopenic syndrome.

6. Sarcopenic obesity

If an elderly were with muscle atrophy and obesity, the combi-

nation will have multiple negative implications on the health, in

which it will accelerate the deterioration of physical ability and may

lead to morbidities and even mortality.28 Vitamin D supplement ap-

pears to reduce the risk of falls by more than 20 percent in the el-

derly population. According to the “British Medical Journal” report,

people over the age of 65 who can consume 700 to 1,000 interna-

tional units of vitamin D a day may reduce the risk of falling by 19%.

Vitamin D can increase muscle strength, and people who consume

more than 700 units of vitamin D per day have a reduced risk of fall-
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ing.29–31 Studies have found that 400 IU of vitamin D did not signifi-

cantly reduce fracture risk, but an increase to 700 to 800 IU/day of

vitamin D did show a significant reduction in observable fractures.

These findings should be further validated and followed up to exam-

ine alternatives and their dosage, in terms of calcium and vitamin D

in men.32 Musculoskeletal aging is a major public health problem

and burden in Taiwan due to increased pool of aging population be-

ing susceptible to frailty, loss of autonomy and risk of falls, especially

in long-term care institutions.33 Bone mass, muscle mass, and st-

rength increase in late adolescence and early adulthood, but de-

crease significantly after age of 50. These three factors are closely

related, and it is now widely accepted that bones and muscles are

part of endocrine organs that interact through paracrine and endo-

crine signaling pathways.34 Frailty can cause multiple organs and

systems to fail in function. The most common indirect causes of

death in the elderly population are frailty (27.9 %), organ failure

(21.4 %), cancer (19.3 %), dementia (13.8 %), etc.35 Frailty is com-

mon among elderly, and the emphasis is on its prevention, early

diagnosis and care. Interaction among these factors may further

contribute to the incidence of frailty in elderly. And, these factors

can also be roughly summarized aspart of endocrine system dis-

order, systemic inflammatory response, change in the musculo-

skeletal system, and nutritional deficiencies, that among which

sarcopenia is the most prominent factor.36 The same is seen in the

elderly with sarcopenia and osteoporosis, which significantly con-

tribute to frailty. These diseases have led to an increased risk of falls

in the elderly. According to research, falls in long-term care institu-

tions are the primary cause of death and disability for elderly, since

the result corresponded to studies that have investigated “environ-

mental factors” accounting for a large proportion of falls in the

elderly, which was as high as 50%.37,38 More than 1/3 of the seniors

had fallen at least once in a year, that 30% to 50% of the fall incidents

were due to environmental problems.39

7. Sarcopenia and balance

Being strangled in this cycle, muscles begin to deteriorate.40 Gait

and balance are important to the stability of walking and standing

posture of the elderly. Normally, everyone is different in their standing

and walking posture due to their physical condition, as the elderly also

vary due to their own elderly diseases, which have come to play a role

in falling. Maintaining body balance requires coordination of 3 sys-

tems: 1. Vestibular system with sensory organs that regulate balance

by interpreting forces and directional information in relation with the

head position (namely the internal gravity and linear and angular ac-

celeration); 2. Somatosensory system for joint proprioception and ki-

nematic sensation, as well as information from skin and joints, to de-

termine the spatial position and motion relative to the supporting sur-

faces and body parts; 3. Vision for controlling the vertical movement

of body and head, relative to the spatial position of objects in sight.41

Once elderly falls, they will become less confident in walking and pre-

fer to stay in bed or sit in a wheelchair all day, where their muscles and

joints will gradually deteriorate, which is a cycle of endless degrada-

tion.42 Tai Chi specializes in muscle control, helping an individual to

strengthen their upper and lower limbs to achieve an overall balance

and stability. Some studies have pointed out that practicing Tai Chi

could reduce the risk of falling by as much as 50% after 12 months.43

Teeth will affect physiological functions, such as causing sarcopenia,

etc., and the function of bad masticatory muscles will lead to insuffi-

cient protein intake, leading to the occurrence of severe sarcopenia,

forming a vicious circle. Therefore, occlusion of the teeth and oral cav-

ity is also important to affect falls.

8. Conclusion

Many literatures have pointed out that the elderly in a frail state

can rapidly deteriorate in cognitive functions and withdraw from

daily activities, since they are prone to falls and have higher chance

of being hospitalized or dead.44 An important body part affected by

aging is the muscles.45 The world is aging, and life expectancy is in-

creasing, leading to more health problems. In particular, musculo-

skeletal deterioration like sarcopenia and osteoporosis is now a

common problem, which has a variety of causes, involving changes

in body composition, inflammation, and hormonal imbalance. Sar-

copenia, osteoporosis, and sarcopenic obesity are often closely as-

sociated with frailty and can lead to the development of geriatric

syndrome.46 Frailty increases the risk of immobility or falls during

daily activities, and increases the risk of cardiovascular diseases,

cancers, and even death.47 As our population continues to age, it is

most important to identify the elderly at risk of frailty early and treat

or prevent progression to poor prognostic outcome48 that these

interventive measures must be able to promote healthy aging. The

complex relationship between sarcopenia and frailty requires a

comprehensive geriatric assessment, such as nutritional supple-

ment,49–51 regular physical exercise, and various clinical measures to

ensure patient’s psychosocial well-being and medication intake. The

treatment will hopefully prevent the condition and truly improve the

quality of life under long life expectancy, as well as reducing mor-

tality from falls,49,50 especially when falling and sarcopenia are

correlated. Without effective prevention and interventive measures,

the elderly may suffer from disability early on, placing more burden

on the patient and the caregiver. Given this reason, it is necessary to

understand more about the condition by conducting more clinical

studies to understand the complex physiology of sarcopenia, osteo-

porosis, and frailty that leads to falls in the elderly, so that we can

eventually take effective measures at younger age to prevent and

treat sarcopenia. It has been estimated that, in such population,

two-thirds of the death from unintentional injuries are related to a

fall event.51–53 And improve the mobility of the elderly, so pay atten-

tion to the problems of sarcopenia and frailty in the elderly, and

early and active intervention can prevent subsequent disability and

the disadvantages of sarcopenia and frailty.
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