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Despite our attention to population aging in recent decades, aging 
in people with long-term medical disabilities has been overlooked. 
People living with long-term disabilities have various problems as-
sociated with premature aging as their biological age is higher than 
their chronological age.1) Given the high prevalence of chronic dis-
eases in people with disabilities, the presence of frailty and geriatric 
diseases needs to be identified before advanced age.2,3) Since the 
United Nation’s declaration of the Healthy Ageing Decade (2020–
2030), worldwide concerns have increased regarding healthy aging 
policies for older populations.4,5) Considering these concerns, we 
should be aware of the urgent need to establish a healthy aging 
strategy for people with aging and disability. 

People with congenital or acquired disabilities in childhood and 
early adulthood, such as cerebral palsy, spinal cord injury, and po-
liomyelitis, experience a variety of problems throughout their lives. 
As they age, ordinary functional decline due to natural aging is su-
perimposed on pre-existing dysfunction, creating various late ef-
fects.6,7) “Late effects” is a concept referring to all new health prob-
lems deriving from the chronic impairment associated with exist-
ing impairment and disability. Chronic pain and dysfunction 
caused by stiffness and deformity often exacerbate pre-existing dis-
abilities in middle and old age. Degenerative changes in the spine 
and joints due to abnormal repetitive motions and improper pos-
ture occur early in life, leading to functional decline. Secondary 
disorders related to medical and musculoskeletal complications in-
volved in long-term disability, such as osteoporosis, osteoarthritis, 
fractures, obesity, and sarcopenia, are a major health threat later in 
life.3) Efforts to prevent or alleviate the morbidity of late effects and 
worsening of existing disabilities are the key task to ensure the 
right to access the highest attainable standard of health for people 
with disabilities. Therefore, a continuous systemic response is ur-
gently required. 

Age-related functional decline among people with disabilities is 
a chronic and complex problem that is challenging to manage. Ide-

ally, reversible factors could be identified and addressed appropri-
ately as early as possible; however, the complexity of aging with 
disabilities makes it difficult for long-term survivors with disabili-
ties to receive appropriate medical care.1,3) Regarding individual 
chief complaints and symptoms, most healthcare professionals 
provide a piecemeal approach and symptomatic resolution of in-
dividual problems. Consequently, these patients often do not re-
ceive appropriate care that fits their needs and suits their prob-
lems. For example, surgical or nonsurgical treatments offered for 
secondary musculoskeletal problems are sometimes ineffective or 
lead to unexpected adverse effects on functional consequences. 
Thus, the treatment and management of these problems are of 
concern because they cannot be resolved by fragmented clinical 
treatment. 

How can we improve on these situations? In recent years, we 
have increasingly recognized the influence of lifestyle, behavioral, 
and biological risk factors on the initial impairment, which influ-
ences the development of secondary or late effects. Successful ag-
ing with long-term disabilities has been discussed in a unique con-
text, i.e., a complex construct comprising several interrelating do-
mains including psychological resiliency and adaptation, autono-
my, social connectedness, and the availability of appropriate and 
accessible healthcare.1) The overarching view of disability en-
twined with aging is essential. A paradigm shift has emphasized the 
“life-course perspective.” Indeed, the life experience of people with 
disabilities must be considered based on this life-course perspec-
tive.8) For example, the median age of the polio survivor popula-
tion has already exceeded 60 years in Korea.7) Thus, our focus 
should now be on the interaction between aging and the effects of 
longstanding preexisting disabilities. From the life-course perspec-
tive of polio survivors, the development of secondary disorders, 
their aggravation, and limited function in connection with these 
disorders, all of which are predictable with aging, have become a 
serious threat to the health of these survivors. Thus, a comprehen-
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sive, integrated approach and intervention to overcome and pre-
vent these late effects in people with disabilities have emerged as a 
new paradigm. 

From the perspective of geriatric rehabilitation, it is important 
not only to provide rehabilitative treatments according to the 
care needs in the acute and subacute recovery phases but also to 
detect various late effects or worsening of physical disabilities as 
early as possible, to implement appropriate interventions, and to 
monitor the outcome periodically for people with disabilities 
who are experiencing a functional decline in middle and old age. 
The primary healthcare system for people with disabilities, 
which has been implemented as a pilot project for the past 3 
years since the Act on Guarantee of Right to Health and Access 
to Medical Services for People with Disability came into force in 
Korea in 2017, is expected to play a significant role in the age-re-
lated issues of people with disabilities.9) This is a system in which 
general healthcare and specific management for their impairment 
and disability work together to reflect the types and levels of dis-
ability, while also considering the clinical features and needs of 
people with disabilities living in the community. The attention of 
primary care physicians to the life course of people with severe 
disabilities and the provision of medical treatment and health-
care management in the community would help to solve prob-
lems related to aging with disability and simultaneously improve 
the primary healthcare system throughout the community, a 
win-win approach and the starting point of healthy aging for 
people with disabilities. 

However, the currently implemented pilot project for people 
with disabilities has limitations, such as the absence of a link be-
tween general healthcare and disability management and a lack of 
collaboration with community resources. Meanwhile, in 2018, the 
Regional Health and Medical Centers for people with disabilities 
were established as a multidisciplinary workforce, such as physi-
cians, nurses, social workers, and therapists, to serve as a link be-
tween community healthcare and social care systems for the medi-
cal and healthcare management of people with disabilities living in 
the community. It is time to prepare a healthy aging strategy for ag-
ing with disability by utilizing the multidisciplinary capabilities of 
the Regional Health and Medical Centers and facilitating commu-
nication and collaboration among healthcare and social care pro-
viders for people with disabilities.  
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INTRODUCTION 

Fragility fractures, which occur owing to low-energy trauma such 
as a fall from a standing height or lower, are a major public health 
and economic concern worldwide, with an incidence estimated to 
outnumber those of stroke, heart attack, and breast cancer com-
bined.1,2) With aging populations, fragility fractures are predicted 
to become a burden on healthcare systems. Although fragility frac-
tures occur at various sites, including the wrist, humerus, and 
spine, commonly causing pain and disability and reducing quality 
of life, hip fractures present the most serious consequences. A re-
cent epidemiological study using a nationwide database revealed 
that 14% and 21% of women and men, respectively, died within 1 
year of hip fractures.3) Even if they recover, more than six out of ten 
older adults with hip fractures require assistance to carry out their 
activities of daily living.4,5) Therefore, preventing these low-trauma 
fractures is critical for independent living in older age. 

Osteoporosis is a metabolic skeletal disorder characterized by 
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Effects of Muscles on Bone Metabolism—with a Focus on Myokines 
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Skeletal muscles and bones, the largest tissues in the body of a non-obese person, comprise the 
musculoskeletal system, which allows mobility and protects internal organs. Although muscles 
and bones are closely related throughout life, observations during development and aging and in 
human and animal disuse models have revealed the synchronization of tissue mass such that 
muscle phenotype changes precede alterations in bone mineral density and strength. This review 
discussed that mechanical forces, which have been the traditional research focus, are not the 
only mechanism by which muscle-derived signals may affect bone metabolism and emphasized 
the significance of skeletal muscles as an endocrine organ that secretes bone-regulatory factors. 
Consequently, both mechanical and biochemical aspects should be considered to fully understand 
muscle–bone crosstalk. This review also suggested that specific myokines could be ideal thera-
peutic targets for osteoporosis to both increase bone formation and reduce bone resorption; 
moreover, these myokines could also be potential circulating biomarkers to predict musculoskele-
tal health. 
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low bone mass and poor bone quality, which result in an increased 
risk of fragility fractures. The prevalence of osteoporosis increases 
with age in both men and women in Korea, reaching nearly 70% in 
women aged > 70 years.3) Based on the underlying mechanisms of 
osteoporosis, many effective drugs, such as anti-resorptives or 
bone-forming agents, have been developed and used in clinical 
practice to improve bone strength.6) However, despite these ef-
forts, decreases in the incidence of osteoporosis and resultant frac-
tures have been stagnant, thereby forming the major cause of in-
creased morbidity and mortality in older adults. Given the multi-
faceted pathogenesis of fragility fractures, a systemic approach to 
various risk factors besides deteriorated bone health is essential for 
fracture prevention.  

Sarcopenia corresponds to a progressive loss of skeletal muscle 
mass and function due to an imbalance between protein synthesis 
and breakdown.7) Several lines of evidence indicate that sarcopenia 
is closely associated with higher mortality and adverse health out-
comes, such as metabolic and degenerative diseases, disability, co-
morbidities, and institutionalization in older adults.8-10) As a result, 
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this syndrome has received attention globally in the last decade 
and is now considered a “geriatric giant” in super-aged societies.11) 
In particular, sarcopenia directly enhances fragility fractures by in-
creasing the risk of falling due to aberrant balance and poor physi-
cal performance.12,13) Consequently, to effectively reduce fragility 
fractures, not only the metabolism of each bone and muscle but 
also the mechanisms underlying their interactions should be eluci-
dated. The present review discusses muscle–bone communication, 
with a focus on the impact of muscles on bone health. 

CLINICAL EVIDENCE SUPPORTING THE HIGHLY 
INTEGRATED NATURE OF MUSCLES AND BONES 

Skeletal muscles and bones represent the largest tissues in the body 
of a non-obese person and comprise the musculoskeletal system, 
the structure of which allows mobility and protects the internal or-
gans.14) In the law of the jungle, the coordination between muscles 
and bones is critical. For example, even if an animal has strong 
bones, weak muscles make it difficult to avoid predators. Converse-
ly, in cases of weak bones but strong muscles, abrupt muscle-de-
rived stress on the neighboring bones might increase fracture risk. 
Therefore, muscular and bone changes are likely matched through-
out life. 

Epidemiological studies have revealed that muscle and bone 
losses frequently occur simultaneously, especially in older individ-
uals. In a nationwide population-based study of Asians aged > 65 
years, lower height-adjusted appendicular skeletal muscle was as-
sociated with lower bone mineral density (BMD) after considering 
potential confounders.15) Other studies, including a systematic re-
view and meta-analysis, have consistently suggested that mid-
dle-aged and older adult men and women with sarcopenia are 
more likely to have a higher risk of developing osteoporosis than 
those without sarcopenia.16-18) More importantly, skeletal muscles 
affect not only bone mass but also bone quality and strength. Poor 
structural parameters of the femoral neck and distal radius, includ-
ing thinner cortices, reduced cortical area, deteriorated microarchi-
tecture, and lower section modulus, are more common in men 
with lower muscle mass and weaker handgrip strength.19,20) In a 
representative cohort of the general Korean population aged ≥ 50 
years, women with sarcopenia had markedly decreased femoral 
neck composite strength indices for compression, bending, and 
impact.21) These findings provide clinical evidence of the strong re-
lationship between muscles and bones in aging. 

To describe the concurrent development of osteoporosis and 
sarcopenia, “osteosarcopenia,” a unique geriatric syndrome, was 
initially proposed by Hirschfeld et al.22) Although common hor-
monal, nutritional, lifestyle, and genetic determinants may explain 

at least some of the highly integrated nature of muscles and 
bones,23-26) the pathogenesis of osteosarcopenia is multifactorial 
and remains actively investigated. From the perspective of physi-
cians investigating the musculoskeletal system, the clinical implica-
tion of osteosarcopenia is that treatment strategies that target ei-
ther osteoporosis or sarcopenia separately may not be sufficient for 
fracture prevention; thus, novel approaches to simultaneously im-
prove both tissues are needed. Several comprehensive reviews on 
osteosarcopenia have been published recently.27-29) 

MUSCLE CHANGES OCCUR FIRST, FOLLOWED BY 
BONE ALTERATIONS 

Although the crosstalk between muscles and bones is bidirection-
al, some clinical and preclinical observations indicate the dominant 
role of muscles over bones in synchronizing the mass and quality 
of these two tissues. For example, a longitudinal study of 138 boys 
and girls during pubertal development revealed that the rate of 
muscle force accrual was the highest a few months before the peak 
gain in bone strength.30) Similarly, other studies including adoles-
cents and young adults showed that lean mass changes preceded 
alterations in whole-body BMD and bone strength.31,32) Anteced-
ent muscle atrophy also affected bone loss in an animal model.33) 
Furthermore, when astronauts return to normal gravity, their mus-
cle loss is recovered six times faster than the bone loss.34) Conse-
quently, these data suggest that muscle changes occur first, fol-
lowed by bone alterations, in the sequence of muscle–bone com-
munication. 

MUSCLE FORCE-GENERATED MECHANICAL 
SIGNALS TO THE BONE 

The impact of muscles on bones has traditionally been addressed 
from a mechanical standpoint. The skeletal muscles attach to 
bones along the motion axis, transforming skeletal segments into 
a lever system that requires significant muscle force to generate 
the torque necessary for movement.35) The muscle force-generat-
ed strain transducing anabolic activity in nearby bones has been 
theoretically supported by the “mechanostat” theory.36,37) Osteo-
cytes, the most mechanosensitive bone cells, respond to fluid 
shear stress and convert mechanical strain into biochemical sig-
nals to recruit osteoclasts or osteoblasts.38,39) Therefore, osteo-
cytes are key players in mediating the loading effects on bone 
strength. The model of bone as a biomechanical tissue is further 
supported by the results of murine experiments showing the 
beneficial effects of low-magnitude mechanical stimuli on bone 
mass and structure.40,41) 
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Patients with spinal cord injury (SCI) are a useful human mod-
el to better understand the importance of muscle atrophy in bone 
health.42) This devastating condition refers to temporary or per-
manent spinal cord damage, mainly resulting from trauma, such 
as sports injuries, falls, or vehicle accidents, and mimics neurecto-
my by surgical procedures to induce deteriorated musculoskeletal 
phenotypes. Paralyzed patients enter an extreme catabolic state 
and undergo dramatic contractile and morphological muscular 
changes below the injury level, leading to a substantial loss of 
muscle mass, function, and endurance.43-45) Osteoporosis is a 
common consequence of SCI, with bone loss occurring at a rate 
of 1% per week during the first 6–12 months after SCI, that is, 
5–20 times faster than that observed with aging, prolonged bed 
rest, or microgravity.43,46-48) Interestingly, bone loss is observed 
mainly in the paralyzed limbs and not in the non-affected areas.46) 

Other studies have shown that electrical stimulation of paralyzed 
muscles markedly reduces deleterious post-SCI bone adaptations 
and even reverses, at least partially, bone loss after SCI.44,49,50) 
These human data point to the elimination of internal loading via 
muscle contractions and regular gravity loading via ground reac-
tion forces as the primary causes of SCI-related weak bone 
strength. 

Consistent with findings showing concomitant muscle atrophy 
and bone loss in rodent disuse models of hindlimb unloading and 
botulinum toxin injection,33,42,51,52) muscle-induced mechanical im-
pulses are the main factors with positive effects on bone metabo-
lism. 

BEYOND MECHANICAL: THE ROLE OF MYOKINES 
ON THE MUSCLE–BONE CROSSTALK 

To describe cytokines or other peptides that are expressed, synthe-
sized, and secreted from the skeletal muscles and exert biological 
activity in the human body, Pedersen et al.53) coined the term 
“myokine,” from the Greek words for “muscle” and “motion.” Rec-
ognizing muscles as an endocrine organ marks a watershed mo-
ment in our knowledge of how muscles communicate with other 
organs, such as the liver, brain, and adipose tissues, and establishes 
the notion of the critical need to maintain muscle health to reduce 
clinical disorders. With the development of modern technologies, 
including quantitative mass spectrometry-based proteomics, sev-
eral secretome analyses have led to the identification of novel mus-
cle-derived factors and various candidates from the supernatants of 
mouse C2C12 cells, human skeletal muscle cells, and L6 rat myo-
tubes.54-58) Determining their biological roles in human health is 
currently a hot topic in this field. 

Because skeletal muscles and bones are in close anatomical prox-

imity, myokines likely biochemically influence bone homeostasis 
in a paracrine manner, a possibility strongly supported by 
long-standing observations in humans and rodents. Extensive 
muscle damage in open fractures is well known to impede fracture 
healing, with more negative consequences if the muscles are lost 
rather than crushed.35,59-61) Quantitative peripheral computed to-
mography, mechanical testing, and histomorphometry analysis in 
a mouse model indicated that covering open tibial fractures 
stripped from the periosteum with muscle flaps increased bone re-
generation quality and rate compared to those obtained by cover-
ing them with similarly vascularized fasciocutaneous tissues.62,63) 
Furthermore, early soft tissue cover with a vascularized muscle flap 
markedly improved the healing of severe open tibial fractures after 
trauma in humans.64) These findings supported the idea that mus-
cle production of local growth factors may induce bone formation, 
irrespective of physical load, and that biochemical and mechanical 
stimuli work together for muscle–bone crosstalk.65) 

Several research groups have experimentally demonstrated the 
direct effect of myokines on bone metabolism. Conditioned media 
(CM) collected from C2C12 myotubes exerted protective effects 
against glucocorticoid-induced osteoblast and osteocyte apoptosis 
through β-catenin activation,66) and the primary myoblast CM of 
exercised mice significantly enhanced in vitro osteoblastogenesis.67) 
We first demonstrated that myotube CM suppressed in vitro bone 
resorption by inhibiting osteoclastogenesis and the resorptive ac-
tivity of individual osteoclasts, whereas the same CM increased os-
teoblast viability and migration, thereby stimulating calvaria bone 
formation (Fig. 1).68) Furthermore, systemic treatment with myo-
tube CM through the tail vein in ovariectomized mice increased 
bone mass by 30.7% compared to that of the non-CM.68) Although 
skeletal muscles can secrete complex factors, including positive or 
negative regulators, in terms of bone metabolism, our results 
showed the osteoprotective in vitro and in vivo net effects of various 
myokines on bone metabolism. 

Fig. 1. Myotube-conditioned media (CM) show dual osteoprotective 
effects of simultaneously stimulating bone formation and inhibiting 
bone resorption.

Osteoclasts Osteoblasts

Myotube 
CM

Viability ↑
Migration ↑

Differentiation ↓
Resorptive activity ↓

Dual effects of stimulating bone formation and inhibiting bone resorption
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The finding that CM from skeletal muscle cells can promote 
bone formation while inhibiting bone resorption has crucial thera-
peutic implications in the management of osteoporosis. Although 
anti-resorptive agents, such as bisphosphonate and denosumab, 
have been most frequently used to treat osteoporosis worldwide, 
these drugs also concomitantly suppress bone formation due to a 
coupling phenomenon, raising questions about their long-term 
side effects and efficacy.69,70) Bone-forming medications such as 
teriparatide or abaloparatide have been suggested as alternatives. 
However, these drugs also sequentially stimulate bone resorption, 
rendering their anabolic action ineffective after 2 years of use.71) 
Therefore, dissociation of bone resorption from bone formation is 
essential for effective osteoporosis treatment. In this regard, mus-
cle-secreted factors with opposing effects on osteoblasts and osteo-
clasts might be ideal candidates as potential therapeutic targets 
against metabolic bone diseases. 

MUSCLE-DERIVED FACTORS INFLUENCING BONE 
METABOLISM 

Specific myokines affecting bone homeostasis are being continu-
ously discovered. Among these factors, myostatin and irisin have 
attracted the most attention in muscle–bone interactions. Myo-
statin, also known as growth differentiation factor 8, is a protein 
released by myocytes.72) Its levels are increased in catabolic situa-
tions, causing muscle atrophy, such as inflammation, microgravi-
ty, and immobilization.73) Although myostatin has been primarily 
evaluated as a negative regulator of muscles,74-76) increasing data 
indicate its direct function in bone remodeling. Myostatin 
strongly accelerates receptor activator of nuclear factor-κB ligand 
(RANKL)-mediated osteoclastogenesis,77) whereas osteogenic 
differentiation of bone marrow-derived mesenchymal stem cells 
increases in a load-dependent manner in myostatin-deficient 
mice, resulting in improved bone mass and strength.78,79) Conse-
quently, myostatin plays a detrimental role in both bones and 
muscles. Irisin is a myokine that regulates energy metabolism and 
is activated by physical activity. In bone metabolism, irisin stimu-
lated in vitro osteoblastogenesis and in vivo bone formation and 
prevented bone loss in hindlimb-suspended mice,67,80,81) while in-
hibiting bone resorption by directly suppressing osteoclast differ-
entiation or indirectly downregulating RANKL expression in os-
teoblasts and osteocytes.82,83) Therefore, exercise-induced irisin is 
a pro-osteogenic factor explaining the parallel muscle and bone 
changes. 

Our group proposed lumican, a small leucine-rich repeat pro-
teoglycan, as a muscle-derived osteoprotective factor.84) Norheim 
et al.85) identified lumican in CM collected from human myotubes 

based on the results of proteomic analyses using database searches 
and reported significantly upregulated lumican expression in hu-
man skeletal muscles following strength training. These results 
matched our findings of its strong production and secretion in 
both cell lysates and the CM of myotubes.84) Importantly, lumican 
knockdown markedly reduced the known beneficial effects of 
myotube CM on the bones, while adding lumican to these CM 
restored the reduced osteoblast viability caused by lumican silenc-
ing.84) Additional in vitro and animal experiments revealed that lu-
mican not only increased bone formation by stimulating osteo-
blast viability and differentiation but also suppressed osteoclasto-
genesis and in vitro bone resorption.84,86) These findings indicate 
that lumican may be a myokine involved in bone anabolism. 

β-Aminoisobutyric acid (BAIBA), a metabolite released during 
muscle contraction, is involved in various metabolic processes 
such as improved insulin resistance and white adipose tissue 
browning.87,88) BAIBA has also recently demonstrated bone-pro-
tective activities such as enhancing osteocyte survival under oxida-
tive stress and reducing bone loss with hindlimb unloading.89,90) 
Brain-derived neurotrophic factors,91) follistatin,92) leptin,93) inter-
leukin (IL)-6,94) and IL-795) have been suggested as myokines that 
link muscle activity with skeletal health. In contrast, biochemical 
muscle–bone communication is a complicated process involving 
various beneficial or detrimental mediators to preserve musculo-
skeletal homeostasis. Therefore, in addition to the important roles 
of individual myokines, future studies should focus on identifying 
how combinations of these muscle-derived factors precisely regu-
late bone metabolism, especially in vivo. 

CONCLUSION 

Although muscles and bones have a close relationship throughout 
life, observations during development and aging and in both hu-
man and animal disuse models revealed that the synchronization 
of tissue mass occurs in such a way that changes in muscle pheno-
types precede BMD and bone strength alterations.30-34) The pres-
ent review discussed evidence that mechanical forces, which have 
been the traditional focus, are not the only mechanisms by which 
muscle-derived signals may affect bone metabolism and empha-
sized the significance of skeletal muscles as an endocrine organ 
that secretes bone-regulatory factors. Consequently, both me-
chanical and biochemical aspects should be considered to fully 
understand muscle–bone crosstalk. Moreover, muscle-secreted 
factors could be ideal therapeutic targets for osteoporosis, with 
dual effects of increasing bone formation and reducing bone re-
sorption. 

A particularly intriguing characteristic of myokines is that they 
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can affect muscle metabolism in an autocrine manner. In addition 
to myostatin and irisin, which have well-established functions in 
muscles,96-98) apelin rejuvenated behavioral and circadian pheno-
types and prevented muscle weakness and poor physical activity in 
aged mice.99,100) These results suggested that muscle-derived fac-
tors may be promising pharmacological candidates against osteo-
sarcopenia and can simultaneously control bone and muscle losses 
beyond those due to osteoporosis (Fig. 2). 

The ultimate objective of musculoskeletal research is to prevent 
fragility fractures and their consequent morbidity and mortality. 
To achieve this objective, the early detection of high-risk popula-
tions who are vulnerable to these low-trauma fractures is critical, in 
addition to effective treatment for osteoporosis and sarcopenia. In 
this regard, the levels of muscle-released factors can be easily mea-
sured in the blood; thus, myokines, whose actions on bone and/or 
muscle metabolism have been verified, could be useful as potential 
circulating biomarkers to predict musculoskeletal health. However, 
despite tremendous efforts to uncover the pivotal role of myokines 
in muscle and bone metabolism, human evidence of the clinical 
applicability of these muscle-derived factors as therapeutic targets 
and blood-based biomarkers for musculoskeletal diseases is lack-
ing. Future efforts are expected to provide a solution to these lim-
itations, allowing older individuals to live healthy lives through in-
dependent daily activities. 
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INTRODUCTION 

In recent decades, the aging population has dramatically increased. 
Loss of bone and muscle mass are common side effects of aging 
and have become a growing public health problem. Osteoporosis 
is a skeletal illness that affects bone microarchitecture and 
strength.1) Sarcopenia, in contrast, is defined as a loss of muscle 
mass, strength, and/or functional capacity.2) While sarcopenia and 
osteoporosis frequently co-occur, whether one condition occurs 
before the other and how the two are connected are unclear.3) Kirk 
et al.4) defined osteosarcopenia as a subpopulation of older adults 
with both osteoporosis and sarcopenia. Osteosarcopenia is a syn-
drome characterized by poor bone density (osteopenia/osteopo-
rosis) and decreased muscle mass, strength, and/or functional ca-
pacity (sarcopenia).4) Because loss of bone mass is frequently cou-
pled with a loss of muscle mass, this condition leads to a new para-
digm in which bone may affect muscle and vice versa, necessitating 
additional research into the mechanisms of bone and muscle inter-
action. Muscle and bone are physically and physiologically linked 
and interact as a functional unit and both are influenced by aging.5) 
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They share common mechanical and molecular mechanisms.6,7) 
The discovery of both bone and muscle as endocrine organs has 
recently demonstrated that muscle and bone can produce, express, 
and release cytokines and other peptides with paracrine, autocrine, 
or endocrine effects.7) The discovery of myokines, including myo-
statin, which are secreted by muscle, as well as the molecular biolo-
gy revolution in the previous decade, has prompted in-depth inves-
tigations of muscle-bone interactions. Sclerostin is a cysteine knot 
protein released into the environment. It is part of the gene aberra-
tive in neuroblastoma (DAN) family of proteins, which are pro-
teins that stop bone morphogenetic protein (BMP) and Wing-
less-related integration site (Wnt) signaling.8) Produced by the 
sclerostin gene (SOST),8) sclerostin is a powerful inhibitor of bone 
growth that is produced mostly by osteocytes. Sclerostin was re-
cently discovered in muscle cells in vitro and in muscles from vari-
ably aged mice with diverse metabolic and load-bearing capabili-
ties.9) This finding could be the first step toward establishing the 
role of sclerostin in not only bone formation but also in myogene-
sis. Although a new paradigm has discovered the significance of 
sclerostin in bone-muscle crosstalk, the role of sclerostin remains 
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controversial and the mechanisms are unknown. We discuss the 
role of sclerostin in bone-muscle crosstalk, as well as potential 
common pathways in the following sections. This new knowledge 
is critical for the development of therapeutics for pathophysiologi-
cal illnesses such as aging-related osteosarcopenia. In addition to 
targeting pathways that control bone and muscle at a systemic lev-
el, manipulating pathways that allow communication between 
bone and muscle is also important and could lead to new thera-
peutic targets that prevent, mitigate, or restore bone and muscle 
degradation.  

BONE-MUSCLE CROSSTALK BEGINS WITH EARLY 
DEVELOPMENT AND DIFFERENTIATION 

The human musculoskeletal system is a complex organ system 
composed of bones, muscles, tendons, ligaments, cartilage, joints, 
and other connective tissues that work together to perform coordi-
nated motor activity.10) Bone and muscle cells are produced from a 
common mesenchymal precursor during intrauterine develop-
ment and undergo organogenesis through carefully regulated gene 
activation and inactivation so that bone and muscle develop simul-
taneously.10) Both tissues attain their maximum mass around the 
same period and begin to lose mass at around the same age.10) Nu-
merous studies have reported pleiotropic genes that regulate both 
bone and muscle, including methyltransferase 21C, AARS1 Lysine 
(METTL21C), a member of the methyltransferase superfamily, 
and myocyte enhancer factor 2C (MEF2C).11) The deletion of 
both genes in rats affected both bone and muscle densities, indicat-
ing that bone and muscle share a similar signaling mechanism.11) 

SCLEROSTIN 

Molecular Aspects and Expression 
Sclerostin was discovered by researchers of rare hereditary diseases 
associated with sclerostin. Sclerosteosis is an autosomal recessive 
illness that manifests in early childhood as increased bone mass, 
thickening of the bone cortex, gigantism, and facial and head mal-
formations.12) With increasing age, these clinical signs become 
more prominent. This disorder is caused by a mutation in SOST, 
which encodes the protein sclerostin and is located on the long 
arm of chromosome 17 (17q12-q21).12) Sclerosteosis carriers have 
a normal phenotype, lower sclerostin levels, higher bone mineral 
density (BMD), and higher levels of bone production biomark-
ers.12) 

Sclerostin is a 190-residue glycoprotein member of the DAN/
Cerberus protein family that is thought to contain a cysteine knot 
and a glycoprotein that are secreted mostly by the bone matrix, 

and cartilage matrix.13) Sclerostin has two conserved N-linked gly-
cosylation sites and several positively charged lysine and arginine 
residues, giving it a projected isoelectric point (pI) of 9.5.14) The 
structure of sclerostin is characterized by disordered N- and C-ter-
minal arms in the free solution state, as well as three loops formed 
around the cysteine knot motif.15) The cysteine knot is at the base 
of Loops 1 and 3; their tips are linked by a disulfide link, giving the 
protein a structured core.15) The opposing side of the cysteine 
knot, Loop 2, is highly mobile in solution and is a functionally im-
portant portion of the protein that binds low-density lipoprotein 
receptor-related protein (LRP) 5/6 (Fig. 1).15) 

SCLEROSTIN AS A MEDIATOR OF BONE-MUSCLE 
CROSSTALK VIA MECHANICAL LOADING AND 
ACTIVITY 

Mechanical interaction was once thought to be the only method of 
muscle-bone communication.11) For an organism to move, it relies 
on the movement of its bones, which are related to skeletal mus-
cles.11) Muscle forces are the source of mechanical stress that results 
in bone strain.11) Loss of skeletal muscle mass induces bone loss 
due to bone unloading, which supports the mechanical link be-
tween bone and muscle.11) Osteosarcopenia is another disorder 
that demonstrates the close link between bone and muscle.1,16) The 
“mechanostat” theory describes the mechanical interaction be-
tween muscle and bone,16) in which the muscles put mechanical 
stress on bones and the balance of bone turnover shifts away from 

Fig. 1. The molecular structure of sclerostin showing the presence of 
disulfide bonds, resulting in a 3-loop structure.11)
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bone resorption and toward bone formation.16) 
Skeleton unloading, which is frequently induced by immobiliza-

tion, greatly reduces bone growth and mass.17) Understanding of 
the process of mechanotransduction has advanced at a breakneck 
pace. However, for many years, the mechanism by which osteo-
cytes convert loading information into biochemical signals that di-
rect bone formation has remained a mystery.17) Sclerostin expres-
sion may be regulated by mechanical loading in a way that affects 
osteocyte function.17) Sclerostin is a crucial regulator of unload-
ing-induced bone loss and plays an important function in mecha-
notransduction in bone.18) Sclerostin levels were higher in human 
studies of bed rest.19) Some studies reported that increasing me-
chanical loading reduces osteocyte sclerostin expression, whereas 
decreased loading, such as from disuse or aging, is linked to in-
creased sclerostin production and bone loss.17) Sclerostin is a pro-
tein that inhibits bone growth.13,17,20) Osteoclast resorption shifts 
the balance of bone remodeling in favor of osteoclast resorption 
when there is a lack of mechanical stimulus or disuse.20) During 
this mechanotransduction process, the lysosome rapidly degrades 
sclerostin, allowing new bone production by osteoblasts to oc-
cur.20) In contrast, the molecular processes by which osteocytes 
sense and transduce loading-related signals into changes in scleros-
tin expression remain unclear.20) 

Immobilization, Aging, and Defective Autophagy 
Several aging-related conditions, including aging itself, trigger al-
terations in autophagy, which could affect bone and muscle.21) Au-
tophagy is a lysosome-dependent system that regulates cytoplas-
mic turnover in cells and is an important part of cellular proteosta-
sis.21,22) Autophagosomes remove damaged, broken, or unneces-
sary proteins and organelles by fusion with lysosomes. This main-
tains a balance between protein formation and breakdown. Auto-
phagy ability decreases with age, in part because lysosomal acidity 
decreases and fewer autophagy-related proteins are formed.21-23) 
The load-dependent breakdown of sclerostin is controlled by au-
tophagy in bone, which is stimulated by mechanical load.20) De-
fects in lysosome function in older adults can affect bone health by 
preventing the removal of sclerostin, an inhibitor of bone forma-
tion.20) 

Muscle, like bone, alters its mass in response to reduced load sit-
uations such as bed rest, immobilization, and inactivity.24) To meet 
the lower mechanical demand, the myofibrillar content and levels 
of supporting proteins are reduced, resulting in smaller myofibers 
and, consequently, muscle mass.24) Mechanical demand also influ-
ences skeletal muscle mass and performance. Outside of the nor-
mal homeostatic setpoint, high-intensity resistance training boosts 
the number of myofibrils and other muscle fiber contractile con-

trol mechanisms in the body.24) When these organelles and pro-
teins are recruited, the cross-sectional area of muscle fibers increas-
es, resulting in greater muscular hypertrophy (morphology) (func-
tion).24) The link between muscle loading and sclerostin expression 
is not as obvious as in the case of bone-induced mechanical load-
ing. Sclerostin is a mediator that regulates bone-muscle cross-
talk.5,11) 

At the molecular level, osteocytes are believed to use at least two 
important chemicals, sclerostin and receptor activator of nuclear 
factor β ligand (RANKL), to control bone response to mechanical 
loading.25,26) Sclerostin, which is encoded by SOST, is only pro-
duced postnatally by mature osteocytes.27) Sclerostin reduces bone 
formation in vitro and in vivo by inhibiting osteoblast proliferation 
and differentiation through the canonical Wnt signaling pathway.27) 
Sclerostin likely suppresses Wnt-β-catenin signaling by binding to 
low-density LRP5/6.15,28) Furthermore, because its expression in-
creases with mechanical unloading and decreases with loading,29) 
sclerostin may be crucial in bone response to mechanical load-
ing.27,29) Lin et al.8) proved that unloading decreased Wnt/β-caten-
in signaling in WT mice, indicating that it is physiologically re-
sponsive to mechanical unloading. Sclerostin and Dkk1 were both 
responsive to mechanical stimulation, among several Wnt antago-
nists.29) Unloading had little effect on Wnt/β-catenin signaling in 
the absence of sclerostin, suggesting the major role of sclerostin in 
antagonizing Wnt/β-catenin signaling in the context of mechano-
transduction.8) The increased sclerostin released by osteocytes in 
response to unloading suppresses Wnt/β-catenin signaling, caus-
ing apoptosis and reducing osteoblast activity, resulting in de-
creased bone production and lower bone mass.8) 

Muscle was initially defined as a secretory organ by Pedersen6) 
who used the term “myokines” to describe the substances pro-
duced by muscles. Along with the discovery of myokines, the bone 
can also function as a secretory endocrine organ, producing many 
substances that regulate both bone and muscle. Muscle metabo-
lites have recently been discovered to modulate bone mass.6) Scle-
rostin, which will be addressed further in the section below, is one 
of several myokines that affect bones. 

ROLE OF SCLEROSTIN AND WNT SIGNALING 
PATHWAY IN BONE-MUSCLE CROSSTALK AS A 
PARACRINE ORGAN 

Skeletal muscles and bones were long thought to be mechanically 
linked in the sense that muscles attach and put stress on bones.6,7,30) 
In the last decade, however, studies demonstrated that these two 
tissues work together at a higher level through crosstalk signaling 
processes that are important for the functioning of both paracrine 
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and endocrine tissues.7,30) Muscle and bone create factors (myok-
ines and osteokines, respectively) that circulate and can operate as 
endocrine molecules that target distant organs.30) This field of 
study is fairly new; future studies are needed to learn more about 
how this hypothesized paracrine or endocrine crosstalk and bio-
chemical interactions work. 

Sclerostin Expression in Bone and Muscle 
Sclerostin is a glycoprotein produced primarily by the bone and 
cartilage matrixes.8,31) Animal tests have shown that sclerostin can 
inhibit the formation of new bone.14,31) Sclerostin overexpression 
causes reduced bone mass, bone growth, and bone strength in 
mice.31) Sclerostin inhibits osteoblastogenesis and preosteocyte 
differentiation in osteoblasts, and also causes osteocytes to release 
RANKL to induce osteoclastogenesis and rapid bone resorption.31) 
Bone remodeling refers to two processes that are constantly in-
volved in bone construction and reconstruction throughout a per-
son’s life. Osteoclasts and osteoblasts are responsible for bone re-
sorption and production, respectively.32) Both of these cells are 
firmly connected in a basic multicellular unit (BMU) component, 
and bone resorption always occurs before bone formation.32) Scle-
rostin expression by nascent osteocytes at the start of osteoid min-
eralization serves as a negative feedback signal to osteoblasts, pre-
venting excessive BMU.32) Sclerostin maintains quiescence in the 
cells surrounding the bone during bone remodeling to avoid os-
teoblast activation and bone growth without first resorbing the 
bone.32) Sclerostin inhibits osteoblast proliferation and differentia-
tion during the early and late stages of osteoblast proliferation and 
differentiation, which is how it inhibits bone production.32) Scle-
rostin also promotes osteoblast death and osteocyte RANKL re-
lease, both of which are important for osteoclast activity and devel-
opment.32) A higher BMD score is associated with more osteo-
cytes.32,33) Moreover, sclerostin signaling to osteoblasts as target 
cells is more paracrine than endocrine (Fig. 2).33) 

The action and control of sclerostin in bone are better under-
stood than those in muscles. A few recent studies have suggested 
the role of sclerostin in muscle mass modulation. The Wnt signal-
ing system is also important in muscle stem cell formation.34) Kim 
et al.35) reported increased lean body mass with age in SOST -/- 
mice (p = 0.06). However, sclerostin overexpression via an ade-
no-associated virus resulted in the opposite body composition 
phenotype in SOST -/- mice, with increased body fat mass and a 
small but significant decrease in lean body mass. Humans with 
low muscle mass had higher circulating sclerostin levels than 
healthy controls.36) These findings have led to the concept that 
sclerostin also facilitates endocrine communication between 
bone and adipose tissue and influences adipose tissue accumula-

tion.37) Sclerostin may influence adipocyte metabolism by indi-
rectly modulating bone morphogenetic protein (Bmp) signal-
ing.35) Early studies of sclerostin activity suggested that it might 
serve as a Bmp antagonist35,38); however, genetic and pharmaco-
logical evidence suggests that it predominantly operates as a Wnt 
signaling inhibitor.39) Wnt signaling markers were enhanced in the 
white adipose tissue of SOST -/- mice, as expected, whereas Bmp 
signaling was reduced.35) Consistent with this discovery, the ex-
pression levels of Bmp4 and its receptor Bmpr1a were inversely 
linked to the levels of Wnt signaling in adipocytes both in vitro 
and in vivo. Moreover, the Bmp antagonist noggin prevented the 
effects of recombinant sclerostin on adipocyte metabolism in vi-
tro.35) These findings are consistent with recognized crosstalk be-
tween the Wnt and Bmp pathways, Bmp signaling’s adipogenic ef-
fects, and recent findings that Bmp4 enhances adipocyte hyper-
trophy by increasing fatty acid production while reducing oxida-
tion.40) 

The Wnt/β-catenin pathway is a prominent therapeutic target 
for osteoporosis. Since sclerostin, a bone-forming inhibitor, is 
inhibited, many studies have investigated whether muscle cells 
may also produce this protein. SOST mRNA expression levels 
were also reported in different tissues, including skeletal muscle, 
despite being regarded as an osteocyte-specific protein41); how-
ever, its synthesis in muscle has not been described in detail. 

Fig. 2. Sclerostin inhibits osteoblast proliferation and differentiation 
in both the early and late stages, limiting bone formation. Sclerostin 
also promotes osteoblast apoptosis and RANKL release, both of 
which are necessary for osteoclast activity and differentiation.26-29)
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Magaro et al.9) studied bone-muscle crosstalk in vitro in osteo-
genic (2T3) and myogenic (C2C12) cell lines to demonstrate 
the role of sclerostin. Conditioned media derived from differen-
tiating C2C12 cells considerably affected the functional matura-
tion of osteoblasts.9) They also examined SOST/sclerostin pro-
tein expression and secretion in C2C12 and C57 muscle cells 
and found that it is produced at all three levels.9) A transient 
gain-of-function experiment in young mice with growing bones 
assessed the similarity of muscle sclerostin and osseous scleros-
tin.9) The skeletal system was also negatively affected by mus-
cle-released sclerostin in this study.9) The co-administration of 
muscle and osseous sclerostin showed a similar effect. These 
findings suggest that muscle sclerostin may function in tandem 
with bone sclerostin to prevent osteogenesis and subsequent 
bone growth.9) 

Molecular Pathway of Sclerostin in Bone 
The Wnt/β-catenin signaling system plays a key role in osteo-
blast cell proliferation and development.9,32,41) Wnt is a glycopro-
tein that binds to the LRP5/6 receptor and Frizzled co-receptor 
to trigger signaling pathways. Through suppression of glycogen 
synthase kinase 3 (GSK3) activity using protein complexes with 
Disheveled (Dsh), Axin, and adenomatous polyposis coli (APC), 
this receptor complex blocked the phosphorylation of β-caten-
in.9,32) β-catenin accumulates in the cytoplasm and translocates to 
the nucleus as a result of this protein complex interaction.32) 
β-catenin is a transcriptional coactivator that collaborates with 
other transcription factors to kick-start gene expression, which 
leads to cell proliferation and differentiation.42) Mutations in the 
N-terminal chain of the human LRP5 protein decrease its affinity 
for sclerostin, resulting in an abnormal condition defined by in-
creased bone mass, indicating that sclerostin is involved in bone 
mass control.32,33) Meanwhile, β-catenin activity is necessary for 
the development of mesenchymal stem cells from osteoblasts. 
Wnt pathway activation increases family transcription factor 2 
(Runx2) expression in mice, whereas β-catenin inactivation re-
sults in a decrease in components needed for osteoblast develop-
ment, such as Runx2 and Osx, and poor osteoblast differentia-
tion. β-catenin also stimulates osteoblastogenesis while inhibit-
ing chondrogenesis.43) 

Structural studies of sclerostin and LRP5/6 also provided infor-
mation on how these two proteins interact. Sclerostin has a flexible 
loop domain surrounded by two cysteine-containing fixed-struc-
ture finger domains.13,32) Recently, the flexible loop domain was 
demonstrated to be responsible for its interaction with the LRP6 
receptor.14,15) Additionally, a sclerostin monoclonal antibody can 
bind to this location, preventing sclerostin-LRP interaction.15) In 

contrast, LRP5/6 is a transmembrane protein. In its extracellular 
domain, LRP5/6 has four β-propeller domains separated by four 
epidermal growth factor (EGF) domains: low-density lipoprotein 
receptor domain class A (LDLA), a transmembrane domain, and a 
cytoplasmic domain.15) The cytoplasmic domain is required for 
the recruitment of the GSK3/Dsh/axin/APC complex, whereas 
the extracellular domain is antagonistic and is in charge of binding 
to Wnt protein.15) LRP6’s first two propellers (E1E2) are also in-
volved in binding to Wnt and sclerostin ligands, suggesting that 
sclerostin and Wnt are competitors for binding to LRP6.15) Scle-
rostin inhibition is caused by a conformational shift in the LRP6 
domain (Fig. 3).15)  

Molecular Pathway of Sclerostin in Muscle 
Although the mechanism by which sclerostin modulates muscle 
mass is not fully understood, the Wnt signaling system, which is 
important for mediating sclerostin in bone, is also thought to func-
tion in muscles. Wnt signaling is required for embryonic muscle 
development and adult skeletal muscle homeostasis.44) Muscle tis-
sue is a highly flexible and complicated structure. Myogenesis, or 
muscle development, is the consequence of a well-coordinated 
network of transcriptional cascades and signaling channels.44) Wnt 
signaling influences the expression of myogenic regulatory factors, 
which are important transcriptional regulators of myogenic lineage 
development and differentiation.34) Wnt signaling is also critical for 
the development of the dermomyotome.34) Mice lacking both 
Wnt1 and Wnt3a do not form the medial compartment of the der-
momyotome, which is associated with decreased myogenic factor 
5 (Myf5) expression via a β-catenin-dependent process.34) Addi-
tionally, Wnt6-catenin-dependent signaling from the dorsal ecto-
derm is necessary for somite epithelial structure and dermal myo-
tome development.34) 

The Wnt family of human proteins consists of 19 members: 
Wnt1, Wnt2, Wnt2b (Wnt13), Wnt3, Wnt3a, Wnt4, Wnt5a, 
Wnt5b, Wnt6, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt9a (Wnt14), 
Wnt9b (Wnt14b), Wnt10a, Wnt10b, Wnt11, and Wnt16.45) These 
genes encode cysteine-rich secreted glycoproteins.45) Wnts can 
connect with important autocrine regulators and/or participate in 
paracrine modification by adhering to nearby cell membrane re-
ceptors.45) Wnt3a and Wnt4 are hypothesized to be greatly in-
volved in bone-muscle interaction.46) These two proteins can also 
be separated into two categories based on their functions: Wnt3a is 
involved in the canonical signaling pathway, whereas Wnt4 acti-
vates both canonical and noncanonical signaling pathways.46) A 
strict balance between signaling pathways and their precise activa-
tion is required for successful skeletal muscle regeneration, with a 
temporal switch from Notch to canonical Wnt signaling required 
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Fig. 3. Activation (right): Wnt protein binds to the LRP5/6 receptor and the Frizzled co-receptor to activate signalling pathways. With the help of 
protein complexes with Disheveled (Dsh), Axin, and Adenomatous Polyposis coli, this receptor complex inhibits the phosphorylation of β -cat-
enin (APC) causing β-catenin accumulation in the cytoplasm and translocated to the nucleus. Inactivation pathway (left): sclerostin will inhibit 
Wnt signalling pathway causing dissociation of LRP 5/6 complex and frizzled receptor.14,29,33,34) LRP, lipoprotein receptor-related protein; GSK3, 
glycogen synthase kinase 3; APC, adenomatous polyposis coli; Dsh, disheveled.
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for proper differentiation.46) Notch signaling is blocked by canoni-
cal Wnt signaling, allowing myogenic commitment and differenti-
ation to proceed (Fig. 4).46) 

Sclerostin as inhibitor of Wnt3a signaling in muscle 
Wnt3a, which is found in the extracellular matrix of various cell 
types, is expressed in C2C12 myoblast cells and 2T3 osteoblasts 
and occurs at relatively high levels in both human (16.9 ± 2.4 ng/
mL) and mouse (0.225–3.74 ng/mL) serum, suggesting a poten-
tial role of Wnt3a in bone-muscle crosstalk.45) Sclerostin inhibited 
Wnt3a-mediated crosstalk between MLO-Y4 osteocytes and mus-
cle cells (C2C12) by modulating the Wnt/β-catenin pathway.5) 
Sclerostin, a negative regulator of the Wnt/β-catenin signaling 
pathway, was also used to assess if the effect of MLO-Y4 condi-
tioned media (CM) and Wnt3a on C2C12 cell differentiation pro-
motion was attributable to the Wnt/β-catenin signaling pathway.5) 
Sclerostin inhibited the capacity of 10% MLO-Y4 CM and 10 ng/
mL WNT3a to differentiate C2C12 cells.5) The combination of 
CM and WNT3a, did not slow the acceleration of C2C12 cell dif-
ferentiation by sclerostin.5) These findings indicate that the Wnt/
β-catenin signaling pathway is involved in the MLO-Y4 CM and 
WNT3a promotion of C2C12 cell development.5) When WNT3a 
and sclerostin competed for binding to LRP5 and LRP6, they di-
minished sclerostin’s inhibitory effect on the Wnt/β-catenin signal-

ing pathway.5) 

Canonical Wnt signaling causes satellite cell development in 
adult skeletal muscles, mostly through the Wnt3a ligand. Ru-
dolf et al.,47) reported that the disruption or stimulation of β-cat-
enin in adult satellite cells affected regeneration, highlighting 
the importance of balanced canonical Wnt signaling for skeletal 
muscle regeneration. Wnt3a also activated MyoD and myogen-
in, which are essential myogenic regulatory proteins (Fig. 5).48) 

Sclerostin as inhibitor of the Wnt4 canonical signaling pathway in 
muscle 
The Wnt4 pathway is also involved in the action of sclerostin in 
muscle.49) Myoblast differentiation consists of two primary steps: 
irreversible cell cycle exit and subsequent myogenic factor ex-
pression and activation.49) Myf5 and MyoD are expressed early in 
myogenesis. Myogenin and MRF4 are activated as cells proceed 
toward a differentiated phenotype and work together to form an 
irreversible commitment to final differentiation.49) Myf5 levels 
are elevated in the G0 phase of cell differentiation.49) Borello et 
al.50) previously demonstrated that the canonical Wnt/β-catenin 
signaling pathway regulates Myf5 expression directly during so-
mitogenesis. Wnt4 overexpression induced Myf5 expression, 
while Wnt4 silencing suppressed Myf5 expression during myo-
blast and satellite cell differentiation, implying a role for the ca-
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Fig. 4. Activation of Wnt signaling during muscle regeneration. (A) In quiescent satellite cells, Wnt signaling (blue line) is inactive; (B, C) Ca-
nonical Wnt signaling suppresses the Notch pathway, leading the satellite cell to switch from proliferation to differentiation. (D) Wnt signaling 
induces myogenic gene expression via Barx2 activation, stimulates Follistatin, inhibits myostatin, and translocates the negative regulator Setdb1 
into the cytoplasm, promoting myoblast development and fusion. (E) Finally, Wnt activity returns to low levels. Overall, Wnt/β-catenin signaling 
must be regulated in a timely manner for muscle regeneration to occur.30,35,37-39)
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Fig. 5. Mechanism of sclerostin as inhibitor of Wnt3a signaling in muscle via Wnt/β-catenin signaling pathway.4,29,38,40,41) Wnt3a may have a role in 
bone-muscle crosstalk via the canonical pathway (Wnt/β-catenin signaling). Sclerostin was revealed to inhibit Wnt3a-mediated crosstalk, result-
ing in reduction of the Wnt/β-catenin signaling pathway and inhibition of satellite cell development. Wnt3a also induces MyoD and Myogenin, 
both of them are required for myogenesis. Myf5, myogenic factor 5; LRP, lipoprotein receptor-related protein; GSK3, glycogen synthase kinase 3; 
APC, adenomatous polyposis coli; Dsh, disheveled; TCF/LEF, T-cell factor/lymphoid enhancer factor.
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Fig. 6. Mechanism of sclerostin as inhibitor of Wnt4 signaling in muscle via Wnt/β-catenin signaling pathway and Wnt4’s effect to myosta-
tin.4,29,41,42,44,45) (Left and center) Wnt4 bone and muscle crosstalk occurs via the Wnt/β-catenin signaling pathway, which inhibit by sclerostin. 
Wnt4 overexpression increased Myf5 expression, which is necessary for myogenesis. (Right) Myostatin is also thought to be involved in the Wnt4 
pathway. Wnt4 induces myogenesis by inhibiting myostatin thus preventing muscle wasting and cachexia. Myf5, myogenic factor 5; LRP, lipopro-
tein receptor-related protein; GSK3, glycogen synthase kinase 3; APC, adenomatous polyposis coli; Dsh, disheveled; TCF/LEF, T-cell factor/
lymphoid enhancer factor.
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nonical pathway in Wnt4’s myogenic characteristics.49) While 
Wnt4 was initially described as a noncanonical Wnt, it is also in-
volved in the activation of the canonical Wnt/β-catenin signaling 
pathway.49) Wnt4 hypertrophic activity in C2C12 and satellite 
cells was linked to Tcf/LEF promoter activation, demonstrating 
the involvement of Wnt/β-catenin signaling in myogenesis regu-
lation.49) 

Myostatin may also be involved in the Wnt4 pathway.51) Myosta-
tin acts via Smad2 and Smad3 receptor-associated proteins.51) 
Phosphorylated Smad2 and Smad3 form a heterodimeric complex 
with the common mediator Smad4. These activated Smad pro-
teins act as the primary intracellular mediators of myostatin signal-
ing by translocating into the nucleus and activating target gene 
transcription via interactions with DNA and other nuclear fac-
tors.51) Takata et al.51) reported that Wnt4 had no effect on Smad2 
phosphorylation in differentiated C2C12 myoblasts but sup-
pressed myostatin-induced Smad2 phosphorylation. Wnt4 in-
duced myogenesis by inhibiting myostatin.51) Wnt4-mediated sup-
pression of the myostatin pathway may be related to decreased 
myostatin expression and/or decreased myostatin/Smad trans-
duction.51) However, myostatin did not decrease Tcf/LEF activity 
caused by Wnt4 overexpression in proliferating and differentiated 
C2C12 myoblasts. Thus, myostatin did not affect the Wnt4/β-cat-

enin signaling pathway (Fig. 6).51) 

CONCLUSION 

Numerous investigations have confirmed the existence of 
bone-muscle communication. Mechanical and endocrine relation-
ships explain how these two organs communicate. Sclerostin is a 
novel myokine and osteokine that increases bone metabolism via 
mechanical loading. Physical activity and mechanical loading re-
duce sclerostin levels, which prevent future bone and muscle loss. 
Aging causes changes in autophagy, which could affect bones and 
muscles. 

According to a new paradigm, muscle and bone can function as 
paracrine organs, secreting chemicals to modulate their action. 
Sclerostin also plays a significant role in bone and muscle crosstalk 
by activating the Wnt/β-catenin signaling pathway, which acts as a 
powerful inhibitor. Wnt3a and Wnt4 also play a critical role in 
myogenesis in muscles. Some studies have shown that Wnt4 inter-
acts with the myostatin pathway to regulate muscle hypertrophy. 
Further research is required to fully elucidate the processes under-
lying sclerostin regulation of bone-muscle communication to de-
velop innovative methods to prevent the development of osteopo-
rosis and sarcopenia (Fig. 7). 
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Fig. 7. Summary of sclerostin role in bone and muscle crosstalk.46) Crosstalk between bones and muscles is mediated not just by mechanical 
loads and activity, but also as a paracrine organ. Sclerostin is a key regulator of unloading-induced bone loss and is involved in bone mechano-
transduction. Sclerostin levels will be reduced as a result of increased activity and mechanical loading. Sclerostin is a Wnt antagonist that responds 
to mechanical stimulation. Mechanical loading reduces sclerostin levels, which activates Wnt/β signaling. A meanwaging will result in alterations 
in autophagy, which will have an impact on bone and muscle. Meanwhile, a new paradigm has emerged, claiming that bone and muscle can func-
tion as an endocrine organ, secreting sclerostin, which can function as both myokines and osteokine. Reduced sclerostin levels in the bone lower 
osteoclast and RANKL stimulation, resulting in increased bone growth and osteoblast. On the other hand, two key wnt families play important 
roles in muscle: Wnt3 which acts via the canonical pathway and Wnt4 which acts via both the canonical and non-canonical pathways. Wnt3 and 
Wnt4 activation leads to myogenesis. Sclerostin is an effective inhibitor of both.
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INTRODUCTION 

Fear of falling is a geriatric condition that has been described as 
both a cause and a consequence of falls.1) This condition is defined 
as the loss of confidence to avoid falls while performing relatively 
non-hazardous daily activities so that the person avoids perform-
ing them despite having the capabilities to do so.2,3) The prevalence 
of fear of falling ranges between 3% and 85% and varies among 
populations, partly due to the diversity of methods used for its 
measurement.4) As fear progresses, the person restricts the perfor-
mance of activities inside and outside the home, increasing the 
likelihood of further mobility restriction,5,6) which contributes to a 
cycle of inactivity and deconditioning, with a loss of postural con-
trol, in addition to functional limitation, mobility disability,7) in-
creased risk of falls,8) and, ultimately, institutionalization.9) Fear of 
falling involves physical, cognitive,10) and psychological compo-
nents,10,11) which do not necessarily overlap; its predictors have 
been well studied from the individual aspect, with the physical and 
functional components being the most investigated. A loss of pos-
tural control,12-14) functional impairment,15) mobility disability,16,17) 
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visual and hearing impairments,18) and a history of falls8) are pre-
dictors of fear of falling. Regarding the cognitive component, the 
fear of falling is associated with decreased executive functions, de-
creased memory, verbal fluency,19) and increased time to perform 
dual tasks.20) Concerning the psychological component, depres-
sion is a predictor of fear of falling,11,21) and emotion regulation, 
fear of falling, and fear-related avoidance behavior are correlated.22) 
Other conditions that predict fear of falling are age,16) being fe-
male,16,17) poor self-perception of health,16,21) and polypharmacy.21) 

Regarding the environment, most studies have evaluated the in-
fluence of the built environment as a variable that influences mo-
bility and disability in older adults, in which the aesthetics of the 
built environment and the combination of land use and access are 
predictors of increased physical activity in this population.23) Like-
wise, a combination of neighborhood attributes is significantly re-
lated to physical activity. Residential density,24) commercial desti-
nations, transit stops, and sidewalks are associated with increased 
compliance with physical activity guidelines, while neighborhoods 
that are highly walkable but unsafe and with few recreational facili-
ties show higher compliance with total physical activity guide-
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lines.25) In contrast, older adults living in neighborhoods with low 
socioeconomic conditions, residential instability, and negative 
street characteristics show a higher prevalence of physical disability 
and difficulty in leaving the home.26) Some studies have also iden-
tified characteristics that negatively affect the mobility and physical 
activity of older adults from the perspective of the environment. 
However, few studies have reported on the relationship between 
fear of falling and the environment, a necessary topic as this geriat-
ric condition directly affects mobility.  

This review focuses on the relationship between the fear of fall-
ing and the environment in which older adults live. It is important 
to identify whether the characteristics of the environment contrib-
ute to the presence or progression of fear of falling, as occurring 
with physical activity or the presence of a disability. Assessment of 
the fear of falling should be approached not only from a clinical 
perspective but also from other sectors that accompany and guar-
antee the preservation and improvement of health in groups of 
older adults. Moreover, the development of intersectoral interven-
tions requires the identification of the environmental attributes 
that most influence the fear of falling. 

According to the World Health Organization (WHO), healthy 
aging involves creating environments and opportunities that en-
able people to be and do what they value throughout their lives. 
Therefore, a better understanding of how people interact with 
their environment and to what extent the environment hinders or 
enables their functional capacity is required. In this sense, the 
healthy aging model argues that the adaptation of older adults to 
their environment requires understanding and interventions relat-
ed to geriatric conditions from the following five areas or factors: 
the built environment; people and their relationships; attitudes 
and values; health and social policies; the systems that support 
them and the services they provide.27,28) 

In this context, the objective of this review is to describe the sci-
entific evidence in the last 5 years regarding older adults with a fear 
of falling and the relationship of this condition with environmental 
factors according to the model of healthy aging. 

LITERATURE SEARCH 

We conducted a review based on the parameters of the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement.29) We searched the Scopus, Web of Science, 
and PubMed databases. The search in the Web of Science and 
PubMed used the keyword “fear of falling” initially, with refine-
ment using Boolean (AND) and specific descriptors such as “envi-
ronment, build environment, family relations, social relations, atti-
tudes, health policy, public policy, health services, factors a scoping 

review intervention.” We conducted this search between January 
and April 2021. 

The inclusion criteria were quantitative and qualitative studies 
of any design and scope focused on environmental components 
(housing, neighborhood, and city) and fear of falling in older peo-
ple and manuscripts published in English between 2016 and 2021. 
We excluded articles that described the environment and fear of 
falling as independent covariates and those that only mentioned 
them as related aspects without measurement. 

We identified a total of 143 articles. A reviewer assessed these 
studies to eliminate duplicates and select those eligible for analysis. 
After 21 duplicate records were eliminated, there were 126 articles 
for screening based on the titles and abstracts, of which 99 were 
eliminated because the variables of interest did not meet the inclu-
sion criteria. Subsequently, full-text analysis was performed on the 
remaining 27 articles and 10 were excluded because the variables 
of interest in the present review were independent covariates or as-
pects related to the topic but without measurement. Finally, we in-
cluded 17 articles in the analysis. Fig. 1 illustrates the study selec-
tion.  

Data Extraction  
For the analyses, we extracted data on sample size, sociodemo-

Records or citations identified in 
the search 

Scopus (n=40)
Web of Science (n=13)

PubMed (n=90)

Single records or citations 
screened by title and abstract 

(n=126)

Full-text papers screened for 
eligility 
(n=27)

Total studies included in the 
quantitative synthesis 

(n=17)

Total studies included in the 
qualitative synthesis

(n=17)

Duplicate records or citations 
(n=21)

Additional records or citations 
identified in other sources

(n=0)

Deleted records or citation
(n=99)

Full-text papers excluded
(n=10)

Fig. 1. Information flow diagram for the different phases of the review.
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graphic characteristics (age and sex), study type (cross-sectional, 
longitudinal, or experimental), and environmental dimensions 
from the perspectives of healthy aging (the built environment; 
people and their relationships; attitudes and values; health and so-
cial policies; and the systems that support them and the services 
they provide).27,28,30) 

RESULTS 

Study Characteristics 
The 17 studies included in the analysis had a total sample of 2,901 
participants; the average participant age was 72 ± 6 years, 59.9% of 
whom were female and 40.1% were male. Among the included 
studies, 58.8% (n = 10) were cross-sectional, 11.8% (n = 2) were 
clinical trials (CT) (one explanatory and one pragmatic CT), 5.9% 
(n = 1) were longitudinal studies, and 23.5% (n = 4) were qualita-
tive studies. The characteristics of the quantitative studies and 
their measurements and interventions with respect to the environ-
ment are presented in Tables 1 and 2. The characteristics of the 
qualitative studies and identified topics are listed in Table 3. 

Study Quality 
The results of the present review showed that most of the studies 
were cross-sectional; thus, the level of evidence was low. However, 
explanatory multivariate analysis predominated in eight of the 
studies, which performed linear and logistic regressions. The single 
longitudinal study used latent class analysis, while the two CTs re-
ported results based on per-protocol and intention-to-treat analy-
ses. Only two studies reported correlational findings. All studies 

used valid outcome measures and the analyses were adjusted for 
key sociodemographic and clinical variables. 

RELATIONSHIPS BETWEEN FEAR OF FALLING AND 
THE ENVIRONMENT 

The results showed that most of the studies assessed or provided 
interventions for factors related to the “built environment,” name-
ly, the home, neighborhood, and city. A smaller number of studies 
described the fear of falling and the perception of social support 
and safety; their results showed an approach to factors related to 
“people and their relationships.” Likewise, studies also mentioned 
“attitudes” regarding concern about falling among older adults. No 
specific results were identified with respect to the other factors 
mentioned in the healthy aging model. 

Fear of Falling and Factors Related to the Built Living 
Environment 
Only one pragmatic CT demonstrated the results of a modifica-
tion of the living environment. The authors assessed the effective-
ness of nighttime automated LED lighting on the path from the 
bedroom to the bathroom31) in reducing the fear of falling and im-
proving sleep in older adults. Intention-to-treat analysis showed a 
significantly decreased nighttime fear of falling, from a score of 
5.5 ± 3.0 to 3.8 ± 3.2 (on a 1–10-point scale) at the end of the study 
(z = -3.31, p = 0.001, r = 0.30). Per-protocol analysis yielded similar 
results, with a decrease from 5.6 ± 3.1 at baseline to 4.0 ± 3.4 at fi-
nal assessment (z = -2.41, p = 0.016, r = 0.26). Additionally, the 
mean scores on the Falls Efficacy Scale International (FES-I) scale 

Table 1. Clinical trials included in the analysis

Study (yr) Number of  
participants

Average  
age (y) Sex Sample source Study type Environmental intervention carried out

Son et al.38) 
(2020)

32 75.5 Female (50%) Elderly with mild dementia 
who attended a dementia 
center in K-town, Korea

EC Intervention based on white noise therapeu-
tics. A white noise walking program was 
applied for the experimental group 
(n = 16), and a walking program only for 
the control group (n = 16). Frequency two 
times/week, duration 4 weeks. Primary 
outcome variables: walking time (joining a 
chair, walking 3 m, turning, and sitting 
down again, level of anxiety and fear of fall-
ing.

Male (50%)

Tholking et al.31) 
(2020)

64 80.8 Female (66%) Community elderly (Neth-
erlands)

Pragmatic clinical trials 
with pre and posttest

Intervention to improve night lighting 
through an automated LED guide light 
(Gight) installed inside the house, in the 
path from the bedroom to the bathroom. 
Use of this strategy for 6 months. Primary 
outcome variables: rate of night falls and 
fear of falling.

Male (34%)

EC, explanatory clinical trial.
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Table 2. Cross-sectional and longitudinal studies included in the analysis

Study (yr) Number of  
participants

Average  
age (y) Sex Sample source Study type Measurements conducted

Smith et al.39) 
(2016)

1,188 78.7 Female (71%) Vulnerable community-dwelling 
elderly receiving long-term 
home care (Detroit).

Longitudinal  
(15 months)

Barriers at the entrance of the residence: unsta-
ble front porch, broken steps.Male (29%)

Accessibility for mobility in the neighborhood. 
Use of Google Street View images in Google 
Earth to identify sidewalks on both sides of 
the street, continuous sidewalks, smooth/flat/
unbroken sidewalks, free of obstacles, wide 
enough for two people to pass comfortably, 
and public transportation stop on the street.

Use of commercial, business, institutional or 
recreational land within the residential block.

Harada et al.42) 
(2017)

238 69.5 Female (45%) Frail elderly community mem-
bers in a suburban residential 
area of Japan.

Cross-sectional Neighborhood environment: Abbreviated 
Neighborhood Environment Walkability 
Scale instrument with 8 subscales: residential 
density, land use diversity, land use accessibili-
ty, street connectivity, walking and cycling fa-
cilities, aesthetics, traffic safety and security, 
and security against crime.

Male (55%)

Auais et al.45) 
(2017)

1,841 69.5 Female (51.9%) Community elders from five in-
ternational cities: Kingston, 
Saint-Hyacinthe, Tirana, Man-
izales, and Natal.

Cross-sectional Living space mobility in five different cities.
Male (48.1%) Living Space Assessment (LSA) instrument.

Mortazavi et 
al.32) (2018)

450 70.4 Female (51.9%) Elderly people in the rural and 
urban community of Bojnurd 
(Iran).

Cross-sectional Instrument: Home Safety Checklist.
Male (48.1%)

Darvishpoor 
Kakhki et al.33) 
(2018)

301 68.6 Female (54.8%) Elderly with hypertension admit-
ted to one of the hospitals of 
Shahid Beheshti University of 
Medical Sciences.

Cross-sectional Activities reported on the FES-I scale.
Male (45.2%) Presence of hazards in the environment.

Lee et al.44) 
(2018)

394 65.4 Female (55.9%) Middle-aged adults belonging to 
an integrated health system in 
four cities: Killeen, Temple, 
College Station, and Bryan 
(United States).

Cross-sectional Neighborhood environment assessed across 4 
domains:Male (44.1%)

- traffic safety (traffic speed, traffic volume and 
distracted drivers)

- crime safety (strangers. drunk people and 
crime rates)

- physical environments (light condition, drain-
age ditches, sidewalk condition and street 
maintenance)

- social environments (people walking and bik-
ing, social support)

Lee et al.43) 
(2018)

7,730 72.5 Female (59.2%) Community elders from 16 cities 
and provinces in Korea.

Cross-sectional Discomfort with neighborhood environment: 
home entrance/hallway, stairs, bathroom, 
bedroom, living room, doorways, kitchen/
dining room, other or no space, getting on and 
off buses (subway), up and down stairs/
slopes, lack of transportation, roads too 
bumpy to travel, transit services without con-
sideration for older adults, hazards from too 
much traffic, or no discomfort when going 
out.

Male (40.8%)

Accessibility to neighborhood facilities: amount 
of time to access markets/supermarkets, hos-
pitals/clinics/health centers, public offices, el-
derly care service centers, other care service 
centers and bus/underground stations.

Social support: existence of close relatives, close 
friends/neighbors and visits from people oth-
er than cohabitants in the last month.

(Continued to the next page)
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Study (yr) Number of  
participants

Average  
age (y) Sex Sample source Study type Measurements conducted

Lee et al.35) 
(2020)

907 84.8 Female (78.2%) Elderly people belonging to life 
centers in Houston, Chicago, 
and Seattle.

Cross-sectional Outdoor environment of the place of residence 
(Living Centers): quality of the design of the 
outdoor areas or corridors, comfort in reach-
ing the outdoor areas, physical comfort in the 
outdoor areas and satisfaction with the use of 
the outdoor areas.

Male (21.8%)

Curl et al.40) 
(2020)

129 70 Female (81%)
Male (19%)

Elderly members of community 
group networks in Greater 
Christchurch, New Zealand.

Cross-sectional Outdoor activities assessed through 9 of the 16 
items of the FES-I scale: going to the store; 
walking up or down stairs, walking in the 
neighborhood; walking on a slippery surface; 
walking in a crowded place, walking on an un-
even surface; walking up or down a slope, us-
ing public transportation; crossing the street.

Difficulties in walking in the neighborhood: 
presence/absence of footpaths, condition of 
footpaths, slope, width of footpath, obstacles 
on footpath, puddles or leaves, steps or stairs, 
busy roads, crosswalk facilities, street lighting, 
traffic speed and crime.

Self-report of perceived accessibility based on 
the Lättman et al.’s scale (Accessibility of the 
Built Environment for the Satisfaction of 
Needs).

Romli et al.48) 
(2021)

1,489 68.5 Female (56.3%)
Male (43.7%)

Elders included in the first wave 
of the Malaysian Elders Longi-
tudinal Research (MELoR) 
project.

Cross-sectional Hazards in the home using the HOME FAST 
tool. It covers 7 key areas: flooring, furniture, 
lighting, bathroom, storage, stairs, and mobili-
ty.

Representatives of three cultural 
ethnicities: Malay, Chinese, and 
Indian.

Canever et al.41) 
(2021)

308 64.5 Female (57.8%) Elderly community members 
registered in the three Basic 
Health Units of Balneário Arro-
io do Silva (Brazil).

Cross-sectional Perception of the neighborhood’s-built environ-
ment assessed through the Neighborhood 
Environment Walkability Scale: infrastructure 
(presence of sidewalks, green and recreational 
areas, hills, trash and sewage); traffic in the 
neighborhood (safety and pollution); and 
general safety in the neighborhood (lighting 
and walking safety).

Male (42.2%)

FES-I, Falls Efficacy Scale International; HOME FAST, Home Falls and Accidents Screening Tool.

Table 2. Continued

also improved significantly, from 36.9 ± 12.9 at baseline to 
31.5 ± 11.8 at the final evaluation (z = -2.69, p = 0.007). Likewise, 
57% of the participants reported a subjective decrease in their fear 
of falling, with a high appreciation of the use of this innovative 
strategy (8.4 ± 0.8 on an appreciation scale of 0–10). 

In contrast, three cross-sectional studies evaluated the relation-
ship between the fear of falling and environmental hazards within 
a dwelling. First, they applied a home safety checklist and showed 
that the greatest fear of falling was associated with walking on a 
slippery surface, while the lowest fear was associated with getting 
dressed or undressed. Likewise, the use of inappropriate footwear, 
slipping on uneven surfaces, and reaching objects in high places 
showed the highest mean scores in people with a fear of falling. A 
significant relationship was observed between housing safety sta-

tus, prevalence of falls, and fear of falling (p < 0.0001).32) A second 
study showed similar results regarding demanding physical activi-
ties reported by hypertensive older adults and the intensity of their 
fear of falling, including walking on slippery surfaces, walking on 
uneven surfaces, walking up or down a slope, climbing or descend-
ing stairs, reaching for an object or bending, and taking a bath or 
shower. 

The fear of falling is also higher when hazards are present in the 
environment of older people; for instance, the fear of falling is sig-
nificantly higher than that in individuals living in safer places 
(p = 0.001).33) The third study applied an instrument to identify 
hazards in housing, which showed a higher frequency (30%) in 
toilet and bathroom areas (no grab bar, no non-slip mat, distant 
toilet), slippery floors, housing without access to headlights, and 
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inadequate footwear. Binary logistic regression analysis of the total 
score of the instrument showed no significant association with fear 
of falling (Exp(β) = 1.010, p = 0.694); however, further analysis of 
the instrument subscales showed a lower probability of association 
between a high fear of falling and housing hazards (p = 0.023) and 
higher with functional problems (p < 0.001). Neither domain (en-
vironmental hazards and functional problems) was associated with 
activity restriction due to a fear of falling.34) 

Concerning the barriers around the home and their relation-
ship to the fear of falling, one study evaluated the perceived level 
of outdoor qualities in older adults who were classified as fre-
quent and infrequent users of hallways and outdoor living areas. 
The researchers asked the participants about the design quality, 
physical comfort, and their perceived satisfaction with such ar-
eas. The results showed a greater fear of falling among individu-
als who were not frequently outdoors (odds ratio [OR] = 0.597, 
p = 0.023 for infrequent outdoor use and OR = 0.418, p = 0.003 
for frequent outdoor use), as well as a low perceived level of the 
general design qualities of the outdoor areas and comfort when 
using these areas (OR = 0.522, p = 0.004 for infrequent users and 
OR = 0.414, p = 0.002 for frequent users). Additionally, ade-
quate corridor design (OR = 0.614; 95% confidence interval 
[CI], 0.405–0.931), comfort levels in the use of outdoor areas 
(OR = 0.657; 95% CI, 0.437– 0.989), and frequency of use of out-
door areas (OR = 0.538; 95% CI, 0.368–0.787) were associated 
with a decreased fear of falling outdoors after adjusting for individ-
ual factors (age, sex, health status, history of falls, vision impair-
ment, and mobility aids).35) 

Finally, two qualitative studies described the environmental fac-
tors associated with a fear of falling; one study reported a greater 

fear of falling among older adults in assisted living facilities report-
ed with poor nighttime lighting and poor ambulatory surfaces in 
their housing.36) A second qualitative follow-up study evaluating 
the results of adaptations made to older adults’ bathrooms showed 
that, at 23 months, older adults reported that they continued to use 
their walk-in shower without any difficulty; they noted that this 
adaptation had reduced the hazard and led to a larger and safer 
space with less fear of falling or injury. Similarly, the new bathroom 
reduced the physical burden on caregivers to assist with bathing, 
which led to better self-care and autonomy.37) 

Fear of Falling and Factors Related to Neighborhood Built 
Environment 
Among the factors related to neighborhood environment, a ran-
domized CT assessed the effects of an intervention based on white 
noise therapy and walking on walking time, anxiety, and fear of 
falling in older adult patients with mild dementia. The interven-
tion aimed to block external sounds to reduce the detection of am-
bient noise and disperse other noises in an irregular and open 
space, allowing individuals to focus on and detect specific sounds 
and more efficiently perform activities and tasks. The results 
showed a decrease in the fear of falling in both groups (experimen-
tal group, walking plus white noise; control group, walking only), 
with a significant difference in the experimental group with a con-
fidence level of 99% (p < 0.01) and an 11.5-point decrease com-
pared to the control group.38)  

In contrast, a longitudinal study evaluating outdoor mobility tra-
jectories in vulnerable older adults showed four latent trajectories: 
those with low mobility frequency, high mobility, decreasing mo-
bility over time, and those who did not go outdoors regularly 

Table 3. Qualitative studies included in the analysis

Study (yr) Participants Sample source Themes or categories found
Jonasson et al.47) (2018) 12 Older adults Older adults with Parkinson disease Fear of falling as a disturbance in everyday life.

Fear of falling as a varying experience.
Handling fear of falling by adopting different strategies.

Hamed et al.46) (2021) 25 Females Older women with osteoporosis on a 12-week  
balance training program

Fear of falling is a protection and danger.
Fear of falling is a sense of unease.
Fear of falling is to be vulnerable.
Fear of falling is a call for help.

Okoye et al.36) (2021) 9 Older adults Older adults and their caregivers at a compassionate 
home

Incidence of falls and fear of falling.
4 Caregivers Factors associated with falls and fear of falling.

Health implications of falls and fear of falling.
Coping strategies to deal with falls and fear of falling.

Golding-Day and Whitehead37) 
(2020)

13 Older adults Community elders The environment.
3 Caregivers Autonomy with personal care.

Wider occupation.

www.e-agmr.org

88 Claudia Liliana Valencia Rico et al.



(homebound). Compared to those who frequently went out-
doors in a typical week, older adults who never went out tended 
to have more difficulty walking and a fear of falling; moreover, 
older adults with a fear of falling were almost four times more 
likely to be housebound compared to older adults who went out 
more frequently (OR = 3.55; 95% CI, 1.91–6.59) and also 
showed a higher probability of older age (OR = 1.92; 95% CI, 
1.25–2.97). Similarly, approximately 14% of respondents lived in 
a block with mixed land use, 24% had barriers at their home en-
trance, and the mean sidewalk accessibility score was 3.5 ± 1 on a 
scale of 0–6.39) 

Five cross-sectional studies reported an association of fear of 
falling with neighborhood aspects such as living in a neighborhood 
with many broken sidewalks, drainage ditches, presence of strang-
ers,35) worse perceived accessibility and neighborhood condi-
tions,40) living near places with garbage accumulation and/or plac-
es with open sewers,41) living in places with high crime rates, and 
low social support.42,43) In contrast, Lee et al.44) reported a lower 
likelihood of fear of falling in older adults who perceived that their 
neighborhoods had well-lit streets, well-maintained streets, and 
low traffic speed (OR = 0.324; 95% CI, 0.162–0.646). Likewise, 
Lee et al.43) described a lower fear of falling in adults living near su-
permarkets, stores or free markets, commercial businesses, bus 
stops, parks, plazas, walking tracks, bike lanes and/or sports courts, 
and outdoor gyms, as well as those living in places with sidewalks 
on most streets, with level streets, and those considered safe for 
walking during the day and at night; as well as those residing near a 
bus stop, and having an outdoor gym and safe places to walk. 

Fear of Falling and Factors Related to the City Built 
Environment 
Only one study addressed this category. This study assessed fear of 
falling and mobility in the living spaces of five cities with signifi-
cantly different socioeconomic and cultural characteristics in mid-
dle- and high-income countries. The results demonstrated that fear 
of falling was related to mobility in living spaces and that the 
strength of the association differed between cities. Before adjusting 
for confounders, the relationship between the fear of falling and 
living space was significant for the overall sample of the five cities. 
After adjustment, the relationship remained significant for three of 
the five cities; in the other two sites, this association was weak and 
was explained mainly by functional and clinical factors. In these 
two cities, the scores were significantly worse, physical environ-
mental barriers were more common, and older adults in these sites 
required high functional reserves to overcome these barriers and 
prevent their living spaces from shrinking with age. Additionally, 
the authors explained that these people lacked the financial means 

to compensate for the effect of environmental challenges on their 
living spaces; thus, they relied mainly on their functional re-
serves.45) 

Fear of Falling, People, and their Relationships 
Five studies evaluating aspects related to neighborhood social sup-
port and safety reported significant differences between the per-
ception of high social support and reduced fear of falling 
(OR = 0.842; 95% CI, 0.772–0.919). These studies defined social 
support as the cumulative effects of the existence of close relatives, 
friends/neighbors, and visits received by people other than cohab-
itants in the last month.43) These characteristics were more signifi-
cant in individuals with a history of falls. A second study reported 
that the likelihood of having a fear of falling outdoors was almost 
two times that of those who perceived that their neighborhood 
had many strangers (OR = 2.520; 95% CI, 1.238–5.129).44) In con-
trast, another study found that the perception of safety from crime 
influenced physical activity in frail older adults and that the fear of 
falling was a mediating factor in the relationship between safety 
from crime and physical activity.42) Likewise, a study reported that 
older adults living in places with high crime rates were more likely 
to report fear of falling (OR = 2.62; 95% CI, 1.50–4.56).41) Finally, 
qualitative studies indicated that a fear of falling involved difficulty 
spending time with friends and family due to constant worry about 
falling and an inability to engage in joint activities due to loss of 
self-confidence.46) 

Fear of Falling, Attitudes, and Values 
Four qualitative studies reported on attitudes regarding the fear of 
falling; these studies revealed behaviors or predispositions such as 
feeling ashamed of public stigmatization due to falling in front of 
an acquaintance. Fear of falling was seen as a dichotomous condi-
tion that protected against harm since it generated a greater aware-
ness of the dangers of the environment and cautious behaviors; 
moreover, potential danger manifested in a feeling of discomfort 
owing to the lack of control of such dangers. Thus, slippery surfac-
es, snow, or rain were reported as the greatest risks for falls and 
generated greater concern and fear of consequences.46) In contrast, 
two studies reported that adults with a fear of falling felt vulnerable 
due to the feeling of aging, awareness of falls, and disability symp-
toms that led them to perceive danger in everyday environ-
ments.46,47) 

Another qualitative study reported an unwillingness to accept 
age-related changes in physical capacity, poor disposition towards 
walking aids, and misconceptions about falls and fear of falling as 
inevitable situations that cannot be controlled by the person him-
self/herself, but rather by spiritual forces. This study also identified 
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caution and greater care to perform activities, as well as avoidance 
of activities when fear of falling is present.36) 

DISCUSSION AND CONCLUSION 

When analyzing the results from the environmental factors con-
templated in the healthy aging model, results were found for three 
of them. In the first instance, it can be said that most of the studies 
evaluated factors related to the built environment, specifically the 
home and neighborhood. A second aspect is that which shows the 
relationships of the older adult with his or her family and commu-
nity; however, only some results are described from the perception 
of support and social security in the neighborhood. Third, we 
identified some results related to the attitudes of older adults about 
a fear of falling. We did not identify studies on the fear of falling 
and health policies, systems, or services provided. 

As the built environment was the main component identified in 
this review, it is necessary to comment that its measurement is di-
verse depending on the interests of the authors. In this sense, four 
studies evaluated or performed intervention of aspects related to 
the housing environment through validated scales or check-
lists.31,32,35,48) On the other hand, six of these studies were dedicated 
to measuring or intervening aspects of the neighborhood environ-
ment through various instruments assessing perception in terms of 
discomfort, accessibility, or use of different neighborhood ele-
ments.35,38,40-42,49) Finally, three studies that assessed both aspects of 
the built environment (home and neighborhood) using different 
instruments were identified.33,39,45) This can be explained by the 
fact that the built environment has been addressed from environ-
mental gerontology by different disciplines and theoretical per-
spectives through disability models,30) neighborhood models,50) 
land use,51) and person-environment adjustment,52) among others. 
However, most of the studies analyzed in this review did not speci-
fy the theoretical perspective underlying their work. 

The main results of studies on the built environment showed 
that poor lighting, irregular or slippery floors, bathrooms and 
showers without grab bars, the presence of stairs, and objects in 
high places were the factors most related to the fear of falling. Like-
wise, home exterior design was of vital importance for older adults 
to decide to use it frequently. People with a fear of falling do not go 
out frequently in the house with exteriors that are considered un-
safe or uncomfortable. This is an important aspect to consider, as 
adults with a fear of falling who do not go outdoors are four times 
more likely to be confined and have difficulty walking.39) Among 
the characteristics of the neighborhood environment, irregular 
sidewalks, poor street lighting, garbage, noise, and poor accessibili-
ty to places of commerce, are perceived as unsafe factors for mobil-

ity in adults with a fear of falling. As the built environment is a 
space that has been planned, shaped, and used to meet the needs 
of daily life,51) neighborhood characteristics can greatly affect the 
life and health of individuals, influencing their decisions, the risks 
to which they are exposed, and the resources they can access. 

A higher frequency of fear of falling has been reported among 
older adults in neighborhood environments compared to home 
environments. Deshpande et al.53) attributed this difference to 
greater demands to control balance and maintain stability in the 
neighborhood environment so that the fear of falling in the neigh-
borhood environment may precede that in the home environ-
ment. Likewise, people who express fear of falling inside the 
home, in general, have a lower functional capacity than those who 
experience a fear of falling only related to activities in the neigh-
borhood. 

Environmental gerontology has shown that built environments 
of the home and neighborhood are particularly important for the 
functional health and well-being of older adults54,55); however, the 
specific predictors of the built environment that influence the on-
set or progression of the fear of falling have not been identified. 
Therefore, it is important to continue investigating this subject, as 
the WHO has proposed strategies to achieve age-friendly envi-
ronments through compliance with a set of basic indicators that 
include the physical and social environment. Among these indica-
tors is the accessible physical environment, assessed through 
quality of life in the neighborhood, ease of walking, accessibility 
of public spaces and buildings, accessibility of public transport ve-
hicles, accessibility of public transport stops, and accessibility of 
housing.56) 

In contrast, studies have reported a negative correlation between 
the perception of social support and fear of falling,43) while the per-
ception of an unsafe neighborhood or one with many strangers in-
creases the probability of fear of falling in older adults.44) Thus, fear 
of falling acts as both an outcome variable derived from poor safety 
and a mediating factor between the presence of delinquency and 
the performance of physical activity.42) The World Report on Ag-
ing and Health27) described the importance of older adults being 
able to create and maintain relationships as a fundamental aspect 
of the environment in which they live. The relationships they es-
tablish with children, partners, family, friends, neighbors, col-
leagues, acquaintances, and the community, in general, generate 
feelings of trust and belonging to certain groups that can provide 
support and contribute to well-being. Based on this concept, the 
results of the present review only show some existing relationships 
between older persons and their community environment; there-
fore, this knowledge also warrants attention from empirical evi-
dence. 
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Regarding the attitudes of older adults, the qualitative results of 
this review illustrated some ways by which older adults react to a 
fear of falling and identified signs of embarrassment, vulnerability, 
dual sensations of danger/protection, poor disposition to walking 
aids, and erroneous thoughts about possible ways of addressing 
concerns about falling. These aspects are important to consider 
when developing interventions to avoid or reduce the fear of fall-
ing. Likewise, these attitudes must be investigated and validated 
from a quantitative perspective to provide generalizable results that 
contribute to the profile that characterizes a person with a fear of 
falling. 

Finally, all the included studies evaluated individual covariates 
(age, sex, comorbidities, hospitalizations, presence of falls, physical 
capacity, visual acuity, polypharmacy, perception of health status, 
etc.) as mediating aspects between the presence of a fear of falling 
and the environment. Kakhki et al.33) reported that people with 
functional problems had a higher probability of presenting a high 
degree of fear of falling within the dwelling. Likewise, Lee et al.35) 
showed that comfort levels in outdoor living areas and their fre-
quency of use were associated with a decreased fear of falling after 
adjusting for individual factors such as age, sex, health status, histo-
ry of falls, vision problems, and use of mobility aids. These findings 
demonstrated the importance of considering individual variables 
when evaluating the relationship between the fear of falling and the 
environment as conditions that cannot be seen in isolation, given 
the variability in the aging process. Thus, the same environment 
can have different effects on individuals.57) 

In conclusion, our results confirmed that the relationships be-
tween the fear of falling and environmental factors are mainly evi-
denced in the aspects of the built environment. The evidence sup-
porting these relationships was derived from cross-sectional stud-
ies that have mostly performed multivariate analyses, taking into 
account mediating covariates related to intrinsic capacity (especial-
ly physical and functional aspects). Older adults with a fear of fall-
ing are characterized by perceptions that the built environments 
are dangerous when they do not meet the requirements of safety, 
accessibility, and comfort, as well as the importance of living in 
communities where crime levels are controlled and where social 
support is provided to older adults to improve their insecurity and 
feelings of vulnerability.  

The limitations of this review include the lack of generalizability 
of the results regarding the relationships between the fear of falling 
and the environment owing to the level of evidence. Likewise, it is 
difficult to  make conclusion regarding environmental factors be-
cause  different studies have approached this concept from differ-
ent theoretical perspectives and paradigms.  
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INTRODUCTION 

In our aging world, human life expectancy is increasing with ad-
vances in medicine and improvements in living conditions. Conse-
quently, the size of the older population is increasing worldwide.1) 
This increase brings with it many new terms, situations, and chal-
lenges. With aging, progressive physical impairments and func-
tional disabilities occur as a part of the natural process.2) 

As with all organ systems and tissues of the body, changes in 
swallowing occur with aging. Aging is an independent risk factor 
for dysphagia.3) Dysphagia symptoms occur in approximately 1/3 
of healthy older adults and 2/3 of hospitalized older people.4-6) 
Presbyphagia is a condition characterized by structural and func-
tional changes in the swallowing mechanism in healthy older indi-
viduals along with the normal aging process. All stages of swallow-
ing are affected.5-10) The changes observed in presbyphagia include 
reduced bolus control, preparation, and transport; delayed swallow 
triggering and initiation; delayed opening of the upper and lower 
esophageal sphincters (UOS and LOS, respectively); and de-
creased esophageal peristalsis and dysfunction. 

Considering etiologic causes besides presbyphagia, the most 
common cause of dysphagia in older adults is secondary dysphagia 
due to neurogenic causes such as stroke.3-5,11,12) The number of 
causes of secondary dysphagia increases with age. This further 
complicates swallowing function in older adults. Therefore, know-
ing, recognizing, and managing presbyphagia is important.  

In recent years, research on dysphagia in older adults has in-
creased.3,12-23) However, recommendations for geriatric dysphagia 
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management in the literature have generally comprised chapters in 
the management guidelines of secondary causes such as stroke for 
a single limited part of dysphagia such as diagnosis, for treatment 
from the point of view of a single discipline, or for a single stage of 
swallowing such as oropharyngeal dysphagia (OPD). Dysphagia is 
now defined as a geriatric syndrome, and physician/health care 
professionals caring for older patients require comprehensive and 
clinical practice recommendations for dysphagia diagnosis, treat-
ment, and follow-up.6,17,24-26) Moreover, dysphagia does not consist 
only of OPD because as esophageal dysphagia (ED) also occurs 
not uncommonly in older adults; however, no guidelines yet exist 
for the management of ED in the geriatric population.3,23) 

To address this gap, both in our country and worldwide, this 
study aimed to provide recommendations for clinical practice from 
the perspective of experienced multidisciplinary specialists, based 
on the questions “who, why, where, when, what, and how.” 

METHODS 

This study was performed between February and May 2021 via 
e-mail using the three-round modified Delphi survey method. 

Aim, Definitions, and Focus of the Recommendations 
This study defined dysphagia as any disorder in the transfer of oral 
food to the stomach. Thus, the term included both OPD and ED. 
The recommendations are intended for all individuals 65 years of 
age and older, regardless of the presence of any specific disease. We 
developed recommendations for older adults, from diagnosis to 
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treatment and follow-up, under the headings of the 5Ws (who, 
why, what, where, and when) and 1H (how) question method. 
These recommendations are not specific to any disease and should 
not be applied to individuals under 65 years of age. 

Methodology for Generating the Recommendations 
A multidisciplinary expert group created the recommendations. 
We initially formed an expert task force comprising a geriatrician, a 
gastroenterologist, and two physiatrists, who then selected consul-
tant experts. The selection criteria for the consultant experts in-
cluded at least 5 years of experience in the care of geriatric patients 
or patients with dysphagia and active treatment or follow-up of 
these patients.27) In addition, we required that the consultants have 
knowledge regarding the diagnosis and treatment of dysphagia 
from experts in fields not specifically focused on dysphagia. More-
over, experts from all regions of the country (north, south, east, 
and west) were recruited to avoid a single-region view. Thus, we 
invited 20 physiatrists, 20 geriatricians, 10 gastroenterologists, five 
neurologists, five otolaryngologists, five speech-language patholo-
gists (SLPs), five dietitians, two dentists, two general surgeons, and 
two social workers to participate via e-mail. 

We then formed a consultant expert group comprising the 48 
invited experts (18 physiatrists, 14 geriatricians, five otolaryngolo-
gists, two gastroenterologists, two neurologists, two dietitians, two 
dentists, one SLP, one general surgeon, and one social worker) 
who agreed to answer each questionnaire from their perspectives 
as experienced professionals in geriatrics and/or dysphagia in 38 
different centers in 14 cities. Although the study started with 48 
professionals, different numbers participated in each Delphi round, 
from 48 experts in the first round, to 42 and 39 experts (29 centers 
and 14 cities) in rounds two and three, respectively. 

We created consensus recommendations through a seven-step 
process. In the first step, the task force searched the main bib-
liographic databases (PubMed, EMBASE, and Cochrane Library) 
using the keywords “older,” “older adult,” and “dysphagia.”  

Guidelines, meta-analyses, systematic reviews, and randomized 
and nonrandomized comparative studies were first evaluated to es-
tablish appropriate question patterns. The abstracts of the identi-
fied literature were read, and the entire article was screened when 
necessary. The literature search included the last decade up to Jan-
uary 2021. Later, the task force team created six open-ended and 
unlimited commentary questions, suitable for the following 5Ws 
and 1H question patterns: “Who, why, where, when, with what, 
and how should dysphagia be evaluated and treated?”28) These 
six-question words, also known as journalistic questions, allowed 
us to examine all aspects of the subject. This question model, 
which is also a creative thinking technique, was used to describe 

the problem.29,30) 

In the second step, the six-question survey created by the task 
force was sent via e-mail to the consultant expert group members 
who agreed to participate in the study. The purpose of this (first) 
Delphi round was to identify the management, diagnosis, rehabili-
tation, and follow-up of dysphagia in older adults to understand 
potential problems and make recommendations. For this reason, 
the experts were asked to submit their detailed and unlimited 
opinions and suggestions within 1 week. 

In the third step, the suggestions and comments of the 48 con-
sultant experts invited by the task force were collected and 429 
items were created (who-why 120 items, when 20 items, where 7 
items, with what 82 items, and how 200 items). 

In the fourth step (second Delphi round), a draft of the survey 
containing the majority opinions was sent back to the consultant 
group by task force and the feedback of their opinions was expect-
ed within 4 weeks. 

In the fifth step, the task force revised the survey according to 
the responses from the consulting experts. During the revision, we 
removed items defined as overall divergence (OD) and, when 
available, added suggested explanations to the items. In addition, 
the task force listed items in the risk factor/symptom-sign showing 
an overall consensus (OC) for both dysphagia and aspiration un-
der the “who-why” heading. Finally, 328 items were created (who-
why 115 items, when 7 items, where 5 items, with what 52 items, 
and how 149 items). 

In the sixth step, the final version of the survey was shared with 
the consulting expert group (third Delphi round), with a 4-week 
period to respond. The experts were asked to reconsider questions 
that were particularly close to consensus. 

In the seventh step, the task force created the final version of 216 
items (who-why 7 items, when 7 items, where 5 items, with what 
51 items, and how 146 items), based on the responses received 
from the consultant experts (Figs. 1, 2). 

Strength and Classification of Recommendations 
The consultant experts rated all recommendations on a 10-point 
scale (from 0 point “I totally disagree” to 10 point “I totally agree”). 
This 10-point scale was divided into three terms that indicated the 
strength of agreement in response to each statement. While many 
methods have been applied in the literature to evaluate the strength 
of recommendations, three measures—percentage (%), median 
value, and interquartile range [IQR]—were used to increase the 
strength of the recommendations according to each item.31-33) The 
strengths of the recommendations were classified as OC (agree-
ment rate between 8 and 10 points ≥ 80%, median value 9–10, 
and IQR ≤ 2); approaching consensus (AC), which indicated no 
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Fig. 1. Summary of the recommendation I. Recommendations for older adults, from diagnosis to treatment and follow-up, under the headings of 
the 5Ws (who, why, what, where, and when) and 1H (how) question method.

Summary of the recommendations-I

When
Screening time for dysphagia in the elderly should be determined individually

All seniors aged ≥80 years should be screened at least once a year (screening test)
Elderly aged ≥65 years with any dysphagia related-risk factor OR -related symptom/sign should be screened at 

least once a year (screening test)
Elderly aged ≥65 years with any dysphagia related-severe risk factor OR aspiration related-symptom/sign should 

be screened at least once a year (screening test+clinical evaluation)
Elderly aged ≥65 years and hospitalized for any reason, should be questioned in terms of dysphagia during each 

visit.

Where
Screening: primary health care centers/telehealth and telemedicine

Clinical and instrumental evaluation: secondary and/or tertiary health center
Education

Dysphagia-related risk factors
Progressive/non-progressive central 

neurological diseases
Pulmonary disease
Connective tissue disease
Cancer, radiotherapy and surgery history 

of head, neck, anterior mediastinum and 
gastrointestinal tract

Gastrointestinal tract diseases such as 
gastroesophageal reflux, peptic ulcer, 
achalasia,

Conditions that cause cognitive 
dysfunction,

Recent history of tracheostomy, intubation 
and mechanical ventilation,

Recent long-term use of nasogastric tube, 
Presence of sarcopenia and frailty,

Multiple comorbidities
Polypharmacy,
Drug use that may affect swallowing
Prolonged hospitalization

Aspiration-related (severe)  
risk factors

Progressive/non-progressive central 
neurological diseases

Cancer, radiotherapy and surgery history 
of head, neck, anterior mediastinum and 
gastrointestinal tract,

Conditions that cause cognitive 
dysfunction,

Recent history of tracheostomy, intubation 
and mechanical ventilation,

Recent long-term use of nasogastric tube,
Presence of sarcopenia and frailty,

Dysphagia-related symptoms/
signs

Change in eating habits,
Difficulty in chewing,
Spillage of food from the mouth during 

feeding,
Residual food in the mouth,
Drooling,
Coughing, choking and voice change 

during/after swallowing,
Increased need for throat clearing, 
Sticky feeling the throat during/after 

swallowing,
Retrosternal obstruction/stuck/sticky 

feeling after feeding,
Painful swallowing,
Repeated swallowing and need for multiple 

swallowing,
Progressive swallowing difficulty, 

Prolonged swallowing time,
Delayed pharyngeal phase,
Head and posture change during feeding,
Presence of signs of lower respiratory tract 

infection
History of pneumonia more than 3 times a 

year

Aspiration-related symptoms/
signs

Weakened or absent voluntary cough 
reflex,

Coughing/choking and voice change 
during/after feeding,

Shortness of breath/bruising, 
Drooling,
Increased need for throat clearing,
Repetitive and multiple swallowing,
Feeling of having something stuck in the 

throat while swallowing,
Decrease in laryngeal elevation, 
Presence of signs of lower respiratory tract 

infection 
Decrease in oxygen saturation with pulse 

oximetry during/after feeding
History of pneumonia more than 3 times a 

year

Who-Why
All seniors aged ≥80 years

Elderly people aged ≥65 years with any dysphagia related-risk factor AND/OR -related symptom/sign
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Fig. 2. Summary of the recommendation II. Recommendations for older adults, from diagnosis to treatment and follow-up, under the headings 
of the 5Ws (who, why, what, where, and when) and 1H (how) question method.

Summary of the recommendations-II

Basic screening test
1. Risk factor+symptom/sign list
2. Simple screening test questions:

“Do you have difficulty swallowing in solid foods/
liquids?”
“Do you experience coughing, choking or obstruction 
during/after feeding in solid food/liquid?”
“Do you think there is any difference or change in 
feeding in solid food/liquid compared to your younger 
self?”

3. Eating assessment tool (EAT-10)
4. Swallowing disturbances questionnaire (SDQ)
5. Observation of a meal (pandemic)

Clinical evaluation
1.  Clinical evaluation of dysphagia should include detailed 

medical history (anamnesis) including questioning 
of risk factors and symptoms, general systemic 
examination, evaluation of dysphagia signs, and 
bedside swallowing test (BST).

2.  The systemic examination should include examination 
of the neurological, cardiopulmonary, gastrointestinal, 
dental and musculoskeletal systems that may be 
associated with dysphagia.

3.  The BST should be chosen individually and pathology-
specific.

4.  Suggested bedside swallowing test

-Volume-viscosity swallowing test
-Water swallow test with pulse oximetry
-Gugging Swallowing Screen test
-Observation of a meal (pandemic)

Instrumental evaluation
1. Multidisciplinary team
2. After suspicious clinical evaluation
3. For treatment selection and follow-up

Suggested Methods
Oropharyngeal Dysphagia
A. Flexible fiberoptic nasoendoscopy
B. Videofluoroscopy
C. Magnetic resonance, tomography, sintigraphy*

Esophageal Dysphagia
A. Videofluoroscopy
B. Pharyngoesophagography / esophagography
C. Upper gastrointestinal endoscopy
D. Manometry
E. Magnetic resonance, tomography, sintigraphy *

Sarcopenic Dysphagia
A. Magnetic resonance imaging

With what

How

Basic screening test: a trained health care professional (multidisciplinary team)
Clinical evaluation: SLP/physician/trained nurse (multidisciplinary team)

Instrumental evaluation: multidisciplinary team

Follow-up
The follow-up time may vary depending on the patient's personal characteristics, type and etiology of dysphagia.

Basic screening test, clinical evaluation, bedside screening test, flexible fiberoptic nasoendoscopy
Nutritional assessment and evaluation of rehabilitation modalities given

Pneumonia history Pneumonia finding Hospitalization history Aspiration findings/symptoms  Alarm symptoms
Malnutrition Dehydration Weight loss  Cognitive dysfunction, delirium Oral hygiene
Dental care Sarcopenia

*: it is for selected cases, it is not first option;
SLP, speech language pathologist; ROM, range of movement; CTAR, Chin Tuck Against Resistance; EMST, expiratory muscle strength training.

1.  Multidisciplinary team (according to the existing facilities and possibilities of each center in terms of personnel and equipment)
2. Individual, pathology- and etiology-specific rehabilitation
3. Dysphagia characteristics should be defined before rehabilitation
4.  Determination and solution of the underlying cause is the first-line treatment method in the rehabilitation (drugs/surgery/botulinum injection)
5. Compensatory and therapeutic combination therapy should be used

Oropharyngeal Dysphagia

First-line rehabilitation modalities
Environmental modification
Oral sensorial stimulation (Thermal, touch and pressure)
Second-line rehabilitation modalities

Swallowing maneuvers
Oropharyngeal exercises (ROM, Strengthening and CTAR)
Electrical stimulation (Oropharyngeal motor level)

Third-line rehabilitation modalities
Transcranial electrical stimulation
Transcranial magnetic stimulation
Electrical stimulation (Oropharyngeal sensorial level)
Biofeedback

Esophageal Dysphagia

First-line rehabilitation modalities
Education and information

Oral hygiene-oral care
Positioning and posture modification

Diet (Bolus volume, texture) modification
Feeding route modification (Artificial nutrition)

Dental care and prostodontic rehabilitation
Nutritional rehabilitation

Second-line rehabilitation modalities
Head and neck exercises (ROM and Strengthening)

Breathing exercises (inspiratory and EMST)
Psychological support (patient/caregiver)

Home program
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OC but substantial support (agreement rate between 8 and 10 
points of 65%–79%, median value 8–10, and IQR ≤ 3); and OD, 
which indicated significantly different opinions within the group 
(agreement rate between 8 and 10 points of < 65%, median value 
< 8, or IQR > 3). The recommendations in this paper were “rec-
ommended and should be” for OC (strong recommendation), 
“considered and may be” for AC (weak recommendation), and 
“not recommended and should not be used” for OD.  

Statistical Analysis 
IBM SPSS Statistics for Windows (version 25.0; IBM Corp., Ar-
monk, NY, USA) was used to perform the statistical analysis. The 
strength of agreement was calculated for each item according to 
proportions (8%–10% response), median values, and IQR using 
the Kappa method.34,35)  

Ethical Approval 
All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the University of 
Health Sciences Turkey, Ankara Diskapi Training and Research 
Hospital (IRC No. 2021/103-02) and with the 1964 Declaration 
of Helsinki and its later amendments or comparable ethical stan-
dards. This study complied the ethical guidelines for authorship 
and publishing in the Annals of Geriatric Medicine and Re-
search.36) In addition, signed informed consent was obtained from 
each participant before study.

RESULTS 

In the first Delphi round, a 429-item survey was prepared in line 
with the recommendations of the consultant expert group and an-
swers to the six open-ended questions created by the task force. In 
the second Delphi round, 76.5% of these items were accepted as 
OC and AC and 101 items were removed. In the third Delphi 
round, 65.9% of these items were accepted as OC and AC, 112 
items were removed, and 216 items were finalized. Tables 1–4 
show the distributions of the strengths of the recommendations 
from the third Delphi round. 

Of the recommendations in six sections, 144 were strong and 52 
were weak, and 20 were not recommended: who-why section (7 
strong recommendations), when section (5 strong and 2 weak rec-
ommendations), where section (5 strong recommendations), 
what section (37 strong recommendations, 5 weak recommenda-
tions, and 9 do not recommend), how section (90 strong recom-
mendations, 45 weak recommendations, and 11 do not recom-
mend). 

Who-Why Sections 
The three strong recommendations in the Who section included 
“dysphagia should be considered in older adults aged ≥ 80 years 
(regardless of symptoms/signs and risk factors), and aged ≥ 65 
years with any risk factor for dysphagia AND/OR with any symp-
toms/signs associated with dysphagia.” In the Why section, we 
created four lists for the dysphagia and aspiration-related risk fac-
tors and symptoms/signs specified in the Who section. 

When Section 
The five strong recommendations in this section were “Older peo-
ple identified in the Who section should be screened at least once 
a year” and “For the diagnosis of dysphagia, screening tests and 
clinical evaluations should be performed at least once yearly in all 
older people aged ≥ 65 years with any severe risk factor AND/OR 
with any symptoms/signs associated with dysphagia.” 

Where Section 
The five strong recommendations in this section were “While 
the dysphagia screening test can be performed in older adults at 
primary healthcare centers, clinical evaluation should be per-
formed at secondary and tertiary health centers in older patients 
with dysphagia as a result of screening” and “To screened older 
adults for dysphagia starting from primary care, education on 
this subject should be included in the curriculum in medical fac-
ulties and all health-related faculties (such as emergency medical 
technician training and nursing)” as well as “The telehealth/tele-
medicine system can also be used to perform screening tests for 
dysphagia.”  

What Section  
The 37 strong recommendations included diagnosis management, 
the definition of multidisciplinary teams, formal and non-formal 
screening tests that can be applied, the definition of clinical evalua-
tion, swallowing tests that can be applied, and instrumental evalua-
tion methods. 

How Section 
The 90 strong recommendations included rehabilitation manage-
ment, the general characteristic of dysphagia rehabilitation, modal-
ities (education and information, dietary modification, artificial 
route modification, and nutritional rehabilitation as first-line mo-
dalities for both OPD and ED and positioning, postural modifica-
tions, oral hygiene, oral/dental care, swallowing maneuvers and 
sensory stimulation as first-line modalities for OPD), follow-up 
management (team, methods, and follow-up lists) as well as sarco-
penic dysphagia (SD) and frailty-related dysphagia (FRD) man-
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Table 1. Distributions of the strength of the recommendations for the 3th Delphi Round-1

8%-10% IQR Median SOA
A. WHO-WHY A1. All individuals ≥ 80 years old 89.2 2.0 10.0 OC

A2. Elderly people aged ≥ 65 years with any dysphagia related-risk factor 97.3 0.0 10.0 OC
A3. Elderly people aged ≥ 65 years with any dysphagia related-symptom/sign 91.9 1.0 10.0 OC

Dysphagia-related risk factors
Progressive/non-progressive central neurological diseases
Connective tissue disease
Radiotherapy and surgery history of head, neck, anterior mediastinum and gastrointestinal tract
Conditions that cause cognitive dysfunction, 100 0 10 OC
Recent history of tracheostomy, intubation and mechanical ventilation,
Presence of sarcopenia and frailty,
Drug use that may affect swallowing

Other risk factors assessed in Delphi Round-3
Cancer history of head, neck, anterior mediastinum and gastrointestinal tract 83.8 2.0 9.0 OC
Lack of teeth that can affect chewing function 67.8 3.0 9.0 AC
Presence of respiratory system disease (such as COPD, pulmonary fibrosis and asthma) 83.0 2.0 9.0 OC
Temporomandibular joint problems, oral structural deformity and malocclusion 66.5 3.0 8.0 AC
Presence of gastrointestinal tract diseases such as gastroesophageal reflux, peptic ulcer, achalasia 81.9 2.0 9.0 OC
Multiple drug use (polypharmacy) 88.4 2.0 9.0 OC
Recent long-term use of nasogastric tube 89.2 2.0 9.0 OC
Hospitalization due to acute attacks of comorbidities 75.7 2.0 8.0 AC
Prolonged hospital stay 83.8 2.0 9.0 OC
Decreased hand grip-and general muscle-strength, difficulty getting out of bed and chair 78.4 2.0 9.0 AC
Slow walking speed, difficulty climbing stairs 70.3 3.0 9.0 AC
Decreased overall muscle mass and muscle wasting 79 2.0 9.0 AC
Functional dependence, limitation in activities of daily living and immobilization 66.1 3.0 8.0 AC
Tiredness and weakness in the last few months 65.4 2.0 8.0 AC
Any reason to develop delirium 78.3 2.0 9.0 AC

Aspiration-related (severe) risk factors
Progressive/non-progressive central neurological diseases
Cancer, radiotherapy and surgery history of head, neck, anterior mediastinum and gastrointestinal 

tract,
Conditions that cause cognitive dysfunction, 97.3 1.0 10.0 OC
Recent history of tracheostomy, intubation and mechanical ventilation,
Recent long-term use of nasogastric tube,
Presence of sarcopenia and frailty
Other severe risk factors assessed in Delphi Round-3
Multiple comorbidities 78.8 2.0 9.0 AC
Presence of respiratory system disease 78.4 3.0 8.0 AC
Any reason to develop delirium 73.0 2.0 9.0 AC
Presence of gastrointestinal tract diseases such as gastroesophageal reflux, peptic ulcer, achalasia 68.5 3.0 8.0 AC

Dysphagia-related symptoms/signs
Change in eating habits,
Difficulty in chewing,
Spillage of food from the mouth during feeding,
Residual food in the mouth, 97.3 1.0 10.3 OC
Drooling,
Coughing, choking and voice change during/after swallowing,
Increased need for throat clearing,

(Continued to the next page)
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8%-10% IQR Median SOA
Sticky feeling the throat during/after swallowing
Retrosternal obstruction/stuck/sticky feeling during/after feeding,
Painful swallowing,
Repeated swallowing and need for multiple swallowing,
Progressive swallowing difficulty,
Delayed pharyngeal phase,
Head and posture change during feeding,
Presence of signs of lower respiratory tract infection

Other dysphagia-related symptoms/signs assessed in Delphi Round-3
History of pneumonia more than 3 times a year 83.8 2.0 9.0 OC
Presence of tachypnea 65.3 3.0 8.0 AC
Involuntary weight loss 71.9 3.0 8.0 AC
Movement disorder and weakness in the tongue and lip muscles 67.6 3.0 8.0 AC
Low tongue pressure 72.9 3.0 8.0 AC
Decreased oral sensation 75.7 3.0 8.0 AC
General malaise/fatique, decreased muscle strength 67.6 2.0 8.0 AC
Low body mass index, cachexia 79.2 2.0 8.0 AC

Aspiration-related symptoms/signs
I. Weakened or absent voluntary cough reflex,
II. Coughing/choking and voice change during/after swallowing,
III. Shortness of breath/bruising,
IV. Drooling, 94.6 1.0 10.0 OC
V. Increased need for throat clearing,
VI. Repetitive and multiple swallowing,
VII. Feeling of having something stuck in the throat while swallowing,
VIII. Decrease in laryngeal elevation,
IX. Presence of signs of lower respiratory tract infection
X. Decrease in oxygen saturation with pulse oximetry during/after feeding

Other aspiration-related symptoms/signs assessed in Delphi Round-3
Retrosternal obstruction/stuck/sticky feeling during/after feeding, 69.4 3.0 8.0 AC
History of pneumonia more than 3 times a year 86.7 2.0 8.0 OC
Weakness in chewing muscles 66.7 3.0 8.0 AC
Decreased bite force, low bite pressure 65.4 2.0 8.0 AC

B. WHEN B1. All elderly people aged ≥ 80 years should be screened for dysphagia at least once a year with a sim-
ple screening test (regardless of symptoms and risk factors).

94.6 1.0 10.0 OC

B2. Screening time for dysphagia in the elderly should be determined individually. 75.2 2.0 9.0 AC
B3. All elderly people aged ≥ 65 years, with any risk factor should be screened with a simple screening 

test for dysphagia at least once a year.
91.9 1.0 10.0 OC

B4. All elderly people aged ≥ 65 years, with any dysphagia symptoms/signs should be screened for 
dysphagia at least once a year with a simple screening test.

91.8 1.0 10.0 OC

B5. For the diagnosis of dysphagia, screening test and clinical evaluation should be performed at least 
once a year in all elderly people aged ≥ 65 years and with any severe risk factor.

89.2 2.0 10.0 OC

B6. For the diagnosis of dysphagia, screening test and clinical evaluation should be performed at least 
once a year for all elderly people aged ≥ 65 years with any aspiration-related dysphagia symptoms 
and signs.

91.9 1.0 10.0 OC

B7. All elderly people aged ≥ 65 years, hospitalized for any reason, should be questioned in terms of 
dysphagia during each visit.

70.3 3.0 8.0 AC

Table 1. Continued

(Continued to the next page)
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Table 1. Continued

8%-10% IQR Median SOA
C. WHERE C1. All elderly people aged ≥ 65 years can be screened for dysphagia with a simple screening test in 

primary health care centers.
91.9 1.0 10.0 OC

C2. Elderly people who are thought to have dysphagia as a result of screening in primary care should 
only be evaluated in a secondary and/or tertiary health center.

83.8 2.0 9.0 OC

C3 In order for the elderly to be screened for dysphagia starting from primary care, education on this 
subject should be included in the curriculum in medical faculties.

89.2 2.0 10.0 OC

C4. In order for the dysphagia screening test to be performed in the elderly starting from primary care, 
education on this subject should be included in the curriculum in all health-related faculties (such as 
emergency medical technician, nursing).

89.2 2.0 10.0 OC

C5. The telehealth/telemedicine system can also be used in the screening test for dysphagia (this 
method should be used in special cases such as pandemics).

91.9 2.0 10.0 OC

IQR, interquartile range; SOA, strength of agreement; AC, approaching consensus; OC, overall consensus; OD, overall divergence.

(Continued to the next page)

Table 2. Distributions of the strength of the recommendations for the 3th Delphi Round-2

8%-10% IQR Median SOA
D. WHAT Diagnosis management

D1. The screening test for dysphagia can be administered by a trained health care professional (for ex-
ample, a trained rehabilitation nurse).

86.5 1.75 10.0 OC

D2. Clinical evaluation for the diagnosis of dysphagia should be performed by a SLP, if possible, or if 
not available, by physicians and/or a trained nurse.

89.2 2.0 9.25 OC

D3. If possible, screening for dysphagia by a trained team member assigned in a multidisciplinary team 
may facilitate diagnosis, treatment and follow-up.

83.9 2.0 9.0 OC

D4. Although clinical and further evaluation for the diagnosis of dysphagia varies according to the con-
ditions and possibilities of each center, it should be done in a multidisciplinary team.

91.9 1.0 10.0 OC

D5. In the broadest form among the multidisciplinary team, primary care physician, home care ser-
vices and health personnel in the elderly care center in primary care; neurologist, physiatrist, geriatri-
cian, otolaryngologist, gastroenterologist, internal medicine, general surgery, radiology and psychia-
try specialists in the secondary and tertiary care, dental physician, SLP, nurse, dietitian, psychologist, 
physiotherapist and social worker should be included. Family and caregivers should also be included 
in this team.

94.4 0.75 10.0 OC

D6. If there is not a SLP in the multidisciplinary team, one of the branches of geriatrics, physical medi-
cine and rehabilitation, neurology, otolaryngology and gastroenterology should take primary respon-
sibility for the coordination and organization of the team, depending on the type of dysphagia (oral, 
pharyngeal, esophageal).

86.5 1.0 10.0 OC

Screening tests
D1. Risk factor+ symptom/sign lists can be used as a screening test for dysphagia. 94.6 1.75 10.0 OC
D2. The following 3 questions can be used as a dysphagia screening test in the elderly: 91.9 1.0 10.0 OC
“Do you have difficulty swallowing in solid foods/liquids?”
“Do you experience coughing, choking or obstruction during/after feeding in solid food/liquid?”
“Do you think there is any difference or change in feeding in solid food/liquid compared to your 

younger self?”
D3. Eating assessment tool (EAT-10) can be used as a dysphagia screening tool. 81.1 1.0 10.0 OC
D4. Swallowing disturbances questionnaire (SDQ) can be used as a dysphagia screening tool. 71.3 2.88 8.5 AC
D5. Observation of mealtime can be used as a screening tool for dysphagia. 86.5 2.0 9.0 OC

Clinical evaluation
D1. Clinical evaluation of dysphagia should include detailed medical history (anamnesis) including 

questioning of risk factors and symptoms, general systemic examination, evaluation of dysphagia 
findings, and bedside swallow test.

100 1.0 10.0 OC

D2. General systemic examination should include examination of the neurological, cardiopulmonary, 
gastrointestinal, dental, and musculoskeletal systems that may be associated with dysphagia.

97.3 1.0 10.0 OC

D3. Neurological examination should include consciousness and cranial nerve reflexes associated with 
swallowing, speech, voice, coordination, involuntary movement and motor planning.

100 1.0 10.0 OC
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8%-10% IQR Median SOA
D4. Cardiopulmonary examination should include auscultation, pulse and respiratory rate, and cough 

reflex.
94.4 1.0 10.0 OC

D5. Gastrointestinal examination should include inspection, bowel auscultation, palpation assessment 
for localized tenderness, palpable mass and lymphadenopathy.

91.9 1.0 10.0 OC

D6. Dental examination should include evaluation of oral hygiene, teeth, denture fit, malocclusion, 
tone and sensation of muscles and soft tissues in the oral cavity.

94.6 1.0 10.0 OC

D7. Musculoskeletal examination should include assessment of posture, mobility, oropharyngeal and 
postural structures, range of motion, muscle strength and tone of the temporomandibular joint and 
extremities.

94.6 1.0 10.0 OC

D8. Bedside swallow test should be chosen individually and according to the pathology, based on the 
suspected OPD or ED with the screening test.

97.3 0.75 10.0 OC

D9. Volume-Viscosity Swallowing Test (VVST) can be used as a bedside screening test after the exam-
ination.

94.6 1.88 10.0 OC

D10. The Sydney Swallow Questionnaire (SSQ) can be used as a bedside screening test after the ex-
amination.

69.4 2.38 8.0 AC

D11. The Yale Swallowing Protocol can be used as a bedside screening test after the examination. 69.4 2.88 8.0 AC
D12. The 3 oz water swallow test can be used as a bedside screening test after the examination. 77.8 2.0 9.0 AC
D13. Water swallow test with pulse oximetry can be used as bedside screening test after examination. 81.1 1.75 10.0 OC
D14. The Gugging Swallowing Screen test (GUSS) can be used as a bedside screening test after the ex-

amination.
81.1 2.0 9.5 OC

D15. Observation of mealtime can be used as a clinical assessment (for the Pandemic process). 81.8 2.0 9.0 OC
Instrumental evaluation

D1. Instrumental evaluation should be made after clinical evaluations. 97.3 0.0 10.0 OC
D2. Instrumental evaluation is not required for all patients. It should be done if there is any doubtful 

clinical evaluation.
94.6 1.0 10.0 OC

D3. If the patient has a serious risk factor and/or symptom-sign for dysphagia, further evaluation 
should be performed after clinical evaluation.

97.3 0.0 10.0 OC

D4. The choice of advanced evaluation method should be decided by a multidisciplinary team. 97.3 0.0 10.0 OC
D5. The choice of advanced evaluation method should be decided according to the underlying pathol-

ogy, dysphagia, and the patient's current characteristics.
94.6 0.75 10.0 OC

D6. The choice of the advanced evaluation method should be decided according to the facilities and 
conditions of the center performing the evaluation.

94.4 0.75 10.0 OC

D7. FEES is an effective method for OPD. 94.4 0.75 10.0 OC
D8. Evaluation of VF swallowing is an effective method for OPD. 89.2 0.75 10.0 OC
D9. Evaluation of electrophysiological dysphagia limit is an effective method for OPD. 47.6 3.75 7.75 OD
D10. Ultrasonographic evaluation of oropharyngeal structures is an effective method for OPD. 37.1 4.25 7.0 OD
D11. Accelerometric evaluation is an effective method for OPD. 22.9 2.75 6.0 OD
D12. Tongue pressure measurement is an effective method for the diagnosis of OPD. 38.9 3.75 7.0 OD
D13. Magnetic resonance imaging, computed tomography and scintigraphy may be effective methods 

in the diagnosis of OPD; they may not be suitable for every patient and are not the first-line methods.
88.9 1.75 10.0 OC

D14. VF evaluation is an effective method for ED. 83.8 1.75 10.0 OC
D15. Barium swallow pharyngoesophagography/esophagography is an effective method for ED. 86.5 1.38 10.0 OC
D16. Upper gastrointestinal endoscopy is an effective method for ED. 83.8 1.0 10.0 OC
D17. Manometry is an effective method for ED. If possible, high-resolution manometry should be 

used.
81.1 1.0 10.0 OC

D18. Muscle ultrasonography is an effective method for ED. 13.9 3.0 5.25 OD
D19. Endoscopic ultrasonography and ultrasound elastography are effective methods for ED. 44.4 3.0 8.0 OD
D20. Magnetic resonance imaging, computed tomography and scintigraphy may be effective methods 

in the diagnosis of ED; they may not be suitable for every patient, and they are not the methods of 
choice in the first-line.

86.5 1.88 10.0 OC

Table 2. Continued

(Continued to the next page)
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8%-10% IQR Median SOA
D21. For SD, imaging of muscle wasting with magnetic resonance imaging is an effective method for 

diagnosis.
69.4 3.0 9.25 AC

D22. For SD, imaging of muscle wasting with computed tomography is an effective method for diag-
nosis.

51.4 5.0 7.25 OD

D23. For SD, imaging of muscle wasting with ultrasonography is an effective method for diagnosis. 55.6 4.63 8.0 OD
D24. Advanced assessment methods can also be used for treatment selection and follow-up. 97.2 1.0 10.0 OC

IQR, interquartile range; SOA, strength of agreement; AC, approaching consensus; OC, overall consensus; OD, overall divergence; ENMG, electroneuromyog-
raphy; VF, videofluoroscopy; FEES, fiberoptic endoscopic evaluation of swallowing; OPD, oropharyngeal dysphagia; ED, esophageal dysphagia; SD, sarcopenic; 
SLP, speech language pathologist.

Table 2. Continued

(Continued to the next page)

Table 3. Distributions of the strength of the recommendations for the 3th Delphi Round-3

8%-10% IQR Median SOA
E. HOW Rehabilitation management

E1. A management algorithm (in terms of diagnosis and treatment) created by a multidisciplinary 
team should be used in the management of both OPD and ED in the elderly.

97.2 0 10.0 OC

E2. The tools/methods used in this algorithm may change in accordance with the current facilities and 
possibilities of each center in terms of personnel and equipment.

88.9 0 10.0 OC

E3. Patients who do not have dysphagia but have more than one serious risk factor should also be in-
cluded in a rehabilitation program that includes oral hygiene, compensatory methods such as modi-
fications and a follow-up program.

86.1 1.0 10.0 OC

E4. Both OPD and ED rehabilitation should be personalized. 97.2 0 10.0 OC
E5. Both OPD and ED rehabilitation should be pathology specific. Dysphagia characteristics should 

be well defined before rehabilitation.
94.4 0 10.0 OC

E6. Rehabilitation of both OPD and ED should be specific to the etiology. 80.6 2.0 10.0 OC
E7. Determination and treatment of the underlying cause is the first-line method in the rehabilitation 

of both OPD and ED.
97.2 0 10.0 OC

E8. Treatment of the underlying cause should include elimination of correctable risk factors for dys-
phagia.

100 0 10.0 OC

E9. Treatment of the underlying cause of ED may be drugs and may be the first-line method. 100 1.0 10.0 OC
E10. Treatment of the underlying cause of ED may be a surgical method and may be the first-line 

method.
94.4 1.0 10.0 OC

E11. Treatment of the underlying cause of ED may be botulinum injection and may be the first-line 
method.

94.4 1.0 10.0 OC

E12. Treatment of the underlying cause of OPD may be a surgical method and may be the first-line 
method.

94.4 1.0 10.0 OC

E13. Treatment of the underlying cause of OPD may be a medical drug and may be the first-line meth-
od.

94.4 1.0 10.0 OC

E14. Treatment of the underlying cause of OPD may be botulinum injection. 88.9 1.88 10.0 OC
Rehabilitation-compensatuar methods

EA1. EDUCATION AND INFORMATION is an effective treatment method in the rehabilitation of 
OPD.

100.0 0 10.0 OC

EA2. Education and information is the first-line treatment method for OPD. 100.0 0.75 10.0 OC
EA3. Education and information is an effective treatment method for ED. 100.0 1.0 10.0 OC
EA4. Education and information is the first line treatment method for ED. 100.0 1.38 10.0 OC
EA5. In the rehabilitation of dysphagia in the elderly, education and information should include the 

patient, patient relatives and caregivers.
100.0 0 10.0 OC

EA6. Active participation of the patient, their relatives and caregivers should be ensured in the rehabili-
tation of dysphagia in the elderly.

100.0 1.0 10.0 OC

EA7. POSITIONING AND POSTURAL MODIFICATIONS are effective methods in the rehabili-
tation of OPD.

100.0 0.75 10.0 OC

EA8. Positioning and postural modifications are the first-line treatment method for OPD. 89.5 2.0 10.0 OC
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8%-10% IQR Median SOA
EA9. Positioning and postural modifications are effective methods in the rehabilitation of ED in the el-

derly.
73.7 2.75 8.5 AC

EA10. Positioning and postural modifications are the first-line treatment method for ED. 73.5 2.75 8.0 AC
EA11. ENVIRONMENTAL MODIFICATION is an effective method in the rehabilitation of OPD. 65.4 3.0 8.0 AC
EA12. Environmental modification is the first line treatment method for OPD. 65.2 3.0 8.0 AC
EA13. Environmental modification is an effective method in the rehabilitation of ED in the elderly. 52.6 3.75 6.0 OD
EA14. DIETARY MODIFICATION is an effective method in the rehabilitation of OPD. 100.0 0.75 10.0 OC
EA15. Dietary modification is the first line treatment for OPD. 91.2 1.0 10.0 OC
EA16. Dietary modification is an effective method in the rehabilitation of ED. 81.5 2.0 9.0 OC
EA17. Dietary modification is the first line treatment method for ED. 80.6 2.0 9.0 OC
EA18. SWALLOWING MANEUVERS are effective methods in the rehabilitation of OPD. 94.1 2.0 10.0 OC
EA19. Swallowing maneuvers are the second line treatment method for OPD. 76.4 2.0 9.0 AC
EA20. Swallowing maneuvers are effective methods in the rehabilitation of ED. 61.1 3.0 8.0 OC
EA21. ARTIFICIAL ROUTE MODIFICATIONS are effective methods in the rehabilitation of 

OPD.
100.0 1.0 10.0 OC

EA22. Alternative feeding route modification is the first line treatment method for OPD. 94.4 1.0 10.0 OC
EA23. Alternative feeding route modification is an effective method in the rehabilitation of ED. 88.9 1.0 10.0 OC
EA24. Alternative feeding route modification is the first line treatment method for ED. 85.3 2.0 9.5 OC
EA25. ORAL HYGIENE AND ORAL CARE are effective methods in the rehabilitation of OPD. 85.3 2.0 9.0 OC
EA26. Oral hygiene and oral care is the first line treatment method for OPD. 94.3 1.0 10.0 OC
EA27. Oral hygiene and oral care are effective methods in the rehabilitation of ED. 66.1 2.0 10.0 AC
EA28. Oral hygiene and oral care is the first line treatment method for ED. 77.8 2.75 9.0 AC

Rehabilitation-therapeutic methods
EB1. DENTAL CARE AND PROSTODONTIC REHABILITATION are effective methods in the 

rehabilitation of OPD.
100.0 1.0 10.0 OC

EB2. Dental care and prosthodontic rehabilitation are the first line treatment method for OPD. 88.9 2.75 8.0 AC
EB3. Dental care and prosthodontic rehabilitation are effective in rehabilitation of ED. 66.7 2.75 8.0 AC
EB4. Dental care and prosthodontic rehabilitation are the first line treatment method for ED. 66.1 3.0 8.0 AC
EB5. SENSORY STIMULATIONS INCLUDING THERMAL, TACTILE AND PRESSURE are 

effective methods in the rehabilitation of OPD.
100.0 1.0 10.0 OC

EB6. Sensory stimulation is the first line treatment method for OPD. 88.9 1.75 8.0 OC
EB7. JOINT RANGE OF MOVEMENT (OROPHARYNGEAL) EXERCISES are effective meth-

ods in the rehabilitation of OPD.
90.9 2.0 9.5 OC

EB8. Joint range of movement exercises are the second line treatment method for OPD. 77.8 3.0 8.0 AC
EB9. OROPHARYNGEAL MUSCLE STRENGTHENING and RESISTANT EXERCISES (in-

cluding CTAR) are effective modalities in rehabilitation of OPD.
100.0 1.75 10.0 OC

EB10. Oropharyngeal muscle strengthening and resistance exercises are the second line treatment 
methods for OPD.

75.8 3.0 8.0 AC

EB11 HEAD AND NECK (CERVICAL SPINE) JOINT RANGE OF MOVEMENT EXERCISES 
are effective methods in the rehabilitation of OPD.

69.3 3.0 8.0 AC

EB12. Head and neck range of motion exercises are the second line treatment method for OPD. 67.6 3.0 8.0 AC
EB13. Head and neck range of motion exercises are an effective method in the rehabilitation of ED. 67.0 3.0 8.0 AC
EB14. Head and neck range of motion exercises are the second line treatment method for ED. 65.1 3.0 8.0 AC
EB15. HEAD AND NECK (CERVICAL SPINE) STRENGTHENING EXERCISES are effective 

methods in the rehabilitation of OPD.
65.6 3.0 8.0 AC

EB16. Head and neck strengthening exercises are the second line treatment method for OPD. 68.1 3.0 8.0 AC
EB17. Head and neck strengthening exercises are effective methods in the rehabilitation of ED. 65.6 2.75 8.0 AC
EB18. Head and neck strengthening exercises are the second line treatment method for ED. 68.1 3.0 8.0 AC
EB19. EXPIRATORY MUSCLE STRENGTHENING EXERCISES are effective methods in the re-

habilitation of OPD.
88.9 1.0 10.0 OC

Table 3. Continued
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8%-10% IQR Median SOA
EB20. Expiratory muscle strengthening exercises are the second line treatment method for OPD. 85.3 2.75 9.5 AC
EB21. Expiratory muscle strengthening exercises are effective methods in the rehabilitation of ED. 87.1 2.0 9.0 AC
EB22. Expiratory muscle strengthening exercises are the second line treatment method for ED. 65.6 3.0 8.0 AC
EB23. INSPIRATORY RESPIRATORY MUSCLE STRENGTHENING EXERCISES are effective 

methods in the rehabilitation of OPD.
89.1 2.0 10.0 OC

EB24. Inspiratory respiratory muscle strengthening exercises are the second line treatment method for 
OPD.

67.8 3.0 8.0 AC

EB25. Inspiratory respiratory muscle strengthening exercises are effective methods in the rehabilita-
tion of ED.

65.3 3.0 8.5 AC

EB26. Inspiratory respiratory muscle strengthening exercises are the second line treatment method for 
ED.

68.9 2.75 8.0 AC

EB27. OROPHARYNGEAL MOTOR NEUROMUSCULAR ELECTRIC STIMULATION is an 
effective method in rehabilitation of OPD.

88.9 1.25 10.0 OC

EB28. Oropharyngeal motor neuromuscular electrical stimulation is the second line treatment meth-
od for OPD.

77.8 2.25 9.5 AC

EB29. TRANSCRANIAL ELECTRIC STIMULATION is an effective method in the rehabilitation 
of OPD.

69.6 3.0 9.0 AC

EB30. Transcranial electrical stimulation is the third line treatment method for OPD. 66.7 2.75 9.0 AC
EB31. Transcranial electrical stimulation is an effective method in the rehabilitation of ED. 52.6 4.0 6.0 OD
EB32. SENSORY NEUROMUSCULAR ELECTRIC STİMULATİON is an effective method in the 

rehabilitation of OPD.
72.2 3.0 10.0 AC

EB33. Oropharyngeal sensory neuromuscular electrical stimulation is the third line treatment for 
OPD.

83.3 2.0 9.0 AC

EB34. TRANSCRANIAL MAGNETIC STIMULATION is an effective method in the rehabilitation 
of OPD.

66.7 3.0 8.0 AC

EB35. Transcranial magnetic stimulation is the third line treatment method for OPD. 72.2 3.0 8.0 AC
EB36. Transcranial magnetic stimulation is an effective method in the rehabilitation of ED. 47.8 3.75 5.0 OD
EB37. BIOFEEDBACK is an effective method in the rehabilitation of OPD. 66.7 3.0 8.0 AC
EB38. Biofeedback is the third line treatment method for OPD. 72.2 2.75 9.0 AC
EB39. Biofeedback is an effective method in the rehabilitation of ED. 48.1 4.5 5.0 OD
EB40. ACUPUNCTURES are effective methods in the rehabilitation of OPD. 57.8 5.0 5.5 OD
EB41. Acupuncture is an effective method in the rehabilitation of ED. 46.5 6.0 5.5 OD
EB42. KINESIO TAPING is an effective method in the rehabilitation of ED. 44.7 5.5 5.0 OD
EB43. DRUG THERAPY is an effective method in the treatment of OPD and ED. 45.5 4.5 5.0 OD
EB44. Nutritional rehabilitation is an effective method in the treatment of OPD. 94.1 1.0 10.0 OC
EB45. Nutritional rehabilitation is the first line treatment method for OPD. 88.2 1.0 10.0 OC
EB46. Nutritional rehabilitation is an effective method in the treatment of ED. 89.1 1.5 10.0 OC
EB47. Nutritional rehabilitation is the first line treatment for ED. 88.3 0.5 10.0 OC
EB48. All elderly people with suspected both OPD and ED should be nutritionally evaluated. 97.1 1.0 10.0 OC
EB49. Every elderly person diagnosed with both OPD and ED should be evaluated nutritionally. 94.3 0.5 10.0 OC
EB50. Nutritional evaluation can be done by a dietitian, if possible, or by physicians and other trained 

health personnel; if possible, within the multidisciplinary team that programs dysphagia manage-
ment.

94.2 1.0 10.0 OC

EB51. A formal test should be used for nutritional assessment. 97.1 1.0 10.0 OC
EB52. In the rehabilitation of OPD, compensatory and therapeutic methods should be used together 

as a combination therapy.
98.2 0 10.0 OC

EB53. In the rehabilitation of ED, compensatory and therapeutic methods should be used together as 
a combination therapy.

94.3 0.5 10.0 OC

EB54. PSYCHOLOGICAL SUPPORT-REHABILITATION for the patient is an effective method in 
the treatment of OPD.

77.8 2.5 10.0 AC

EB55. Psychological support-rehabilitation for the patient is the second line method for OPD. 68.5 3.0 8.0 AC

Table 3. Continued
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8%-10% IQR Median SOA
EB56. Psychological support-rehabilitation for the patient is an effective method in the treatment of 

ED.
66.7 3.0 8.0 AC

EB57. Psychological support-rehabilitation for the patient is the second line method for ED. 66.3 3.0 8.0 AC
EB58. PSYCHOLOGICAL SUPPORT-REHABILITATION for the caregiver is an effective method 

in the treatment of OPD.
78.2 2.0 9.5 AC

EB59. Psychological support-rehabilitation for the caregiver is the second line method in treatment for 
OPD.

68.8 2.75 9.0 AC

EB60. Psychological support and rehabilitation for the caregiver is an effective method in the treat-
ment of ED.

69.4 3.0 8.0 AC

EB61. Psychological support-rehabilitation for the caregiver is the second line method in treatment for 
ED.

66.3 3.0 8.5 AC

EB62. Rehabilitation applications in the form of a home program are an effective method in the treat-
ment of OPD.

78.0 2.75 9.0 AC

EB63. Rehabilitation applications in the form of a home program are an effective method in the treat-
ment of ED.

67.6 3.0 8.0 AC

Follow-up
EA1. In general, the follow-up time in elderly patients with dysphagia should be arranged according to 

the patient's personal characteristics, type and etiology of dysphagia, so the follow-up period may 
vary from person to person.

100.0 0 10.0 OC

EA2. The follow-up time and follow-up method in elderly patients with dysphagia should be decided 
by a multidisciplinary team.

94.1 0 10.0 OC

EA3. In the follow-up of elderly patients with dysphagia, tests applied for screening can be used. 85.0 2.0 10.0 OC
EA4. Clinical evaluation methods can be used in the follow-up of elderly patients with dysphagia. 81.3 0.25 10.0 OC
EA5. Bedside swallow tests can be used for follow-up in elderly patients with dysphagia. 90.2 1.25 10.0 OC
EA6. FEES as the instrumental methods, can be used for follow-up. 86.7 0.25 10.0 OC
EA7. Videofluoroscopy, as the instrumental methods, can be used for follow-up. 44.1 3.25 8.0 OD
EA8. Ultrasonography, one of the advanced evaluation methods, can be used for follow-up. 42.9 3.75 8.0 OD
EA9. If the elderly patient with dysphagia, who is taken to rehabilitation program with therapeutic 

methods, is hospitalized, swallowing difficulty should be questioned at each visit, weekly clinical 
evaluation, and instrumental evaluation method at admission and discharge.

95.2 0.25 10.0 OC

EA10. If the elderly patient with dysphagia, who is admitted to the rehabilitation program with thera-
peutic methods, is an outpatient, the swallowing difficulty should be questioned before each treat-
ment, a weekly clinical evaluation, and an instrumental evaluation method at the beginning and end 
of the treatment should be followed up.

100.0 0 10.0 OC

EA11. Patients who were included in the rehabilitation program with compensatory methods, are 
evaluated according to the patient's compliance with the treatment, stabilization of dysphagia, risk of 
developing complications, frequency of complications and level of control; first once a week, then 
every 15 days, then monthly or at 2 months, then at 3-6 monthly intervals. It can be followed up with 
clinical evaluation in the short-term follow-up period and instrumental evaluation methods in the 
long-term follow-up periods.

95.6 0.25 10.0 OC

EA12. In elderly patients with dysphagia treated with surgical methods (in- and out-patient), follow-up 
intervals should be decided according to the surgical method applied and personal characteristics.

95.2 0 10.0 OC

EA13. In elderly patients with dysphagia treated with chemodenervation method, follow-up intervals 
should be decided according to the patient's condition.

95.0 0.25 10.0 OC

EA14. In elderly patients with dysphagia treated with drug therapy, follow-up intervals should be de-
cided according to the patient's condition.

100.0 0.25 10.0 OC

EA15. In all elderly patients included in the rehabilitation program, the follow-up of dysphagia and the 
follow-up of nutritional status should be combined.

100.0 0 10.0 OC

EA16. A formal test can be used to monitor nutritional status. 90.5 0 10.0 OC
EA17. Eating-nutritional characteristics such as appetite status, 3-day food consumption record, num-

ber of meals, and hydration status can be questioned to monitor nutritional status.
81 0.5 10.0 OC

EA18. Follow-up should include reassessment of the continuation and modification of compensatory 
modalities such as diet, posture modification, maneuvers, and alternative feeding.

95.2 0.25 10.0 OC

Table 3. Continued
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8%-10% IQR Median SOA
EA19. Follow-up should question and evaluate the risk of silent aspiration. 100.0 0 10.0 OC
EA20. Follow-up should include questioning and evaluation of possible complications of dysphagia. 97.3 0 10.0 OC

Follow-up list
History of pneumonia
Pneumonia symptom/signs
Hospitalization history 100.0 0 10.0 OC
Aspiration symptoms/signs
Alarm symptoms
Malnutrition
Dehydration
Weight loss
Cognitive dysfunction, delirium
Oral hygiene
Dental care
Sarcopenia

Other items evaluated in Delphi Round-3
Muscle weakness 65.7 1.5 9.0 AC
Functional independence, state of mobilization 71.4 1.25 9.0 AC

IQR, interquartile range; SOA, strenght of agreement; AC, approaching consensus; OC. overall consensus; OD, overall divergence; OPD, oropharyngeal dys-
phagia; ED, esophageal; FEES, Fiberoptic endoscopic evaluation of swallowing 

Table 3. Continued
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Table 4. Distributions of the strength of the recommendations for the 3th Delphi Round-4

8%-10% IQR Median SOA
E. HOW-Special Sarcopenıa related dysphagıa

S1. Definition: SD is the presence of dysphagia in the presence of generalized sarcopenia (imaging 
confirming the loss of swallowing muscles, exclusion of other causes other than sarcopenia as the 
cause of dysphagia, and specifying sarcopenia as the main cause of dysphagia even if other causes ac-
company). Definite, probable and/or possible sarcopenic dysphagia should be rehabilitated.

100.0 0 10.0 OC

S2. Since isolated dysphagia rehabilitation will not be sufficient in SD rehabilitation, additional rehabil-
itation applications are required.

97.1 0.5 10.0 OC

S2a. Rehabilitation components of SD should consist of patient education, increasing physical activity, 
muscle strengthening exercises and nutritional support.

100.0 0 10.0 OC

S2b. Muscle strengthening should include oropharyngeal and generalized muscle strengthening exer-
cises.

100.0 0 10.0 OC

S2c. Measures such as ensuring oral hygiene to increase oropharyngeal muscle strength, treatment of 
periodontal diseases and use of appropriate prostheses should be added to the rehabilitation pro-
gram.

100.0 0 10.0 OC

S2d. Neuromuscular electrical stimulation method can be added to the treatment when the exercise 
program for muscle strengthening is insufficient.

94.1 0.75 10.0 OC

S3. Nutritional support should include providing adequate calorie and protein intake, vitamin D sup-
plementation, and the use of nutritional supplements that are likely to increase protein synthesis in 
suitable patients.

97.5 0 10.0 OC

Frailty-related dysphagia
K1. Since frailty includes the effects on physical, psychological, cognitive and social functions, cogni-

tive dysfunction, psychological dysfunction such as depressive mood, dependence in daily living ac-
tivities and social isolation may predispose to the development of dysphagia.

97.1 0.75 10.0 OC

K1a. In the presence of frailty (feeling of fatigue/burnout, low muscle strength, involuntary weight 
loss, slowing of walking speed, decrease in physical activity), oral phase dysphagia which includes 
dysfunction in chewing functions, may be observed. This potentiates each other with presbysphagia.

100.0 0 10.0 OC

K1b. Frailty can be due to many reasons such as cognitive, psychological, multiple diseases, polyphar-
macy. Frailty screening tests should be performed, followed by a comprehensive geriatric evaluation.

100.0 1.25 10.0 OC
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agement (diagnosis and rehabilitation). 

DISCUSSION 

This study presents the opinions and recommendations regarding 
“geriatric and dysphagia” from experienced multidisciplinary ex-
perts from many regions of Turkey. We collected and analyzed ex-
pert opinions according to the three-round Delphi method to de-
termine the extent of consensus on the content and effectiveness 
of management methods in older adults with both OPD and ED. 
We divided this study into sections and subsections based on the 
5Ws and 1H question pattern, including detailed diagnosis, treat-
ment, and follow-up. Moreover, the 216-item recommendations 
were designed to be as detailed as possible and shed light on al-
most all potential questions and problems in clinical practice. 

Who 
In the “who” section, we sought to answer the question “who 
should be considered for dysphagia?” Accordingly, we created 
three strong recommendations: “dysphagia should be considered in 
all older adults aged ≥ 80 years (regardless of symptoms/signs and risk 
factors), and in those ≥ 65 years of age with any risk factor for dyspha-
gia AND/OR with any symptoms/signs associated with dysphagia.” 
We added an explanation to avoid the use of unnecessary, excessive 
and/or wrong methods: “These recommendations primarily sug-
gest a simple screening test. However, this does not mean that clin-
ical evaluation and further evaluation are unnecessary.” 

Depending on the decrease in reserves with aging, anatomical, 
physiological, and functional changes in swallowing functions and 
in the systems of the whole body are defined as “presbyphagia.”35) 

8%-10% IQR Median SOA
K2. In the presence of frailty, additional rehabilitation applications are required as isolated dysphagia 

rehabilitation will be insufficient.
100.0 0 10.0 OC

K2a. Methods for correctable causes, such as special treatments of the components of frailty, preven-
tion of polypharmacy and inappropriate drug use, should be the primary treatment.

100.0 0.25 10.0 OC

K3. In the presence of frailty-related dysphagia, cognitive rehabilitation and psychological support 
should be added to the dysphagia rehabilitation program if necessary.

100.0 0.25 10.0 OC

K4. In the presence of frailty-related dysphagia, increasing physical activity, muscle strengthening exer-
cises and nutritional support should be added to the dysphagia rehabilitation program.

100.0 0.25 10.0 OC

K5. Muscle strengthening should include oropharyngeal and generalized muscle strengthening exer-
cises.

100.0 0.25 10.0 OC

K6. Measures such as ensuring oral hygiene to increase oropharyngeal muscle strength, treatment of 
periodontal diseases and use of appropriate prostheses should be added to the rehabilitation pro-
gram.

100.0 0.5 10.0 OC

K7. Nutritional support should include protein, vitamin and calorie support (to be determined ac-
cording to the needs of the patient).

100.0 0.25 10.0 OC

IQR, interquartile range; SOA, strenght of agreement; AC, approaching consensus; OC, overall consensus; OD, overall divergence. OD, oropharyngeal dyspha-
gia; ED, esophageal dysphagia; SD, sarcopenic dysphagia.

Table 4. Continued

These changes in swallowing function begin at 65 years of age. Al-
though the rate of presbyphagia varies according to the diagnosis 
method, dysphagia occurs in 15%–70% of adults aged > 65 years, 
with the highest rate in adults aged ≥ 80 years.3,5,12,20,37-40) There-
fore, we recommended a simple screening test for all older people 
aged ≥ 80 years with a high risk of dysphagia. 

In this study, the recommendation that “dysphagia should be 
considered regardless of the symptoms and signs in older people 
aged ≥ 65 years” was also considered, but it was decided that was 
not suitable for clinical practice. However, presbyphagia may be-
come pathological and progress to dysphagia due to various disor-
ders/diseases, the incidence of which increases with age. There-
fore, we also recommended the screening of individuals aged ≥ 65 
years with onset of swallowing disorders, dysphagia-related risk 
factors, and/or dysphagia-related symptoms and signs.  

Why 
In this section, we to answer the questions “why should dysphagia 
be considered in older adults, which conditions pave the way for 
this disorder, and which conditions make us think of it?” Since this 
paper prioritized practical use, the recommendation list included 
only risk factors and symptoms/signs accepted by the OC (Fig. 1). 
Accordingly, we created risk factor and symptom/sign lists for dys-
phagia and aspiration.  

Risk factors associated with dysphagia and aspiration 
Presbyphagia, which is age-related, is a natural physiological condi-
tion. The secondary causes of dysphagia complicate this situa-
tion.10,14) The most feared complication of dysphagia is aspiration, 
pneumonia, and the associated 30%–50% increase in mortali-
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ty.14,41,42) Therefore, it is important to be aware of the dysphagia-re-
lated risk factors that may complicate presbyphagia. Among the 
causes of dysphagia, the most common causes of OPD are neuro-
logical diseases, particularly stroke.3,4,6,17,20,43,44) Disorders causing 
cognitive dysfunction, the presence of malignancy, history of ra-
diotherapy/surgery, respiratory diseases such as chronic obstruc-
tive pulmonary disease (COPD), and medical factors such as the 
use of tracheostomy and mechanical ventilation have a high sensi-
tivity in predicting aspiration pneumonia (AP).3,12,19) 

ED occurs 16% less often than OPD and its incidence increases 
with age. In some cases, such as esophageal cancer, this rate rises to 
70%.12,45) Although it can vary regionally, the most common cause 
of ED is gastroesophageal reflux (GER).45,46) In addition, structural 
and inflammatory problems of the gastrointestinal tract (GIT), 
such as stricture, web, ring, malignancy, esophagitis, and/or motili-
ty disorders, can cause ED in older people.23,47) 

In addition, conditions such as Parkinson disease, myotonic dys-
trophy, and myasthenia gravis; infectious conditions such as candi-
da; some connective tissue diseases; multiple comorbidities; mul-
tiple drug therapy (polypharmacy); and the use of swallowing-re-
lated drugs can cause both OPD and ED.6,48,49) 

The present study defined the following as dysphagia-related 
risk factors by OC: progressive/non-progressive central neurological 
diseases (stroke, dementia, Parkinson disease, myasthenia gravis, multi-
ple sclerosis, motor neuron disease, and neuromuscular diseases); con-
nective tissue diseases (scleroderma, systemic lupus erythematosus, poly-
myositis, dermatomyositis, Sjogren’s syndrome); respiratory system dis-
eases (COPD, lung fibrosis, and asthma); history of head, neck, anteri-
or mediastinum, and GIT cancer and radiotherapy and surgery to 
these regions; high comorbidity burden; multiple comorbidities; poly-
pharmacy; drug use that may affect swallowing; recent history of tra-
cheostomy, intubation, and mechanical ventilation; recent long-term use 
of nasogastric tube; conditions that cause cognitive dysfunction; the 
presence of sarcopenia and frailty; GIT diseases such as GER, peptic 
ulcer, and achalasia; and prolonged hospitalization. 

The same risk factors were also assessed for their relationships 
with aspiration. Progressive/non-progressive central neurological dis-
eases; history of head, neck, anterior mediastinum, and GIT cancer and 
radiotherapy and surgery to these regions; recent history of tracheosto-
my, intubation, and mechanical ventilation; recent long-term use of a 
nasogastric tube; conditions that cause cognitive dysfunction; and pres-
ence of sarcopenia and frailty were accepted as OC as aspiration-re-
lated risk factors. These factors are also reported in the literature as 
predictors of aspiration.6,50) 

SD and FRD, which are among the risk factors for both dyspha-
gia and aspiration, are discussed in detail in the “How” section. 

Symptoms/signs associated with dysphagia and aspiration 
The strongly recommended (OC) symptoms/signs suggestive of 
dysphagia were: change in eating habits (volume and consistency mod-
ification); difficulty in chewing; spillage of food from the mouth during 
feeding; food residue in the mouth; drooling, coughing, choking, and 
change of voice during/after feeding; increased need for throat clearing; 
choking while swallowing; sticky feeling; retrosternal obstruction/
stuck/sticky feeling after swallowing; painful swallowing; repeated 
swallowing; need for multiple swallowing; progressive swallowing diffi-
culty; prolonged swallowing time; delayed pharyngeal phase; head and 
posture changes during feeding; the presence of signs of lower respirato-
ry tract infection; and a history of > 3 cases of pneumonia per year. 

Among these symptoms/signs, retrosternal obstruction/stuck/
sticky feeling, painful swallowing, and progressive swallowing diffi-
culty especially after swallowing were characteristic of ED. Recom-
mendation studies stated that painful swallowing should be con-
sidered an important symptom of ED.23,43) 

We also compiled the following strongly recommended list of 
symptoms/signs that may be associated with aspiration: weakened 
or absent voluntary cough reflex, coughing/choking during/after feed-
ing, change of voice (wet and hoarse voice) during/after feeding, short-
ness of breath/bruising, drooling, increased need for throat clearing, re-
petitive and multiple swallowing, feeling that something is stuck in the 
throat during swallowing, decrease in laryngeal elevation, presence of 
signs of lower respiratory tract infection (fever, cough, increased spu-
tum, tachypnea), decreased oxygen saturation by pulse oximetry 
during/after feeding, and a history of pneumonia > 3 times a year. 

When-Where 
In these sections, we sought answers to the question “when and 
where should dysphagia be screened/evaluated in older people?” 
We made seven and five recommendations in response to “when” 
and “where,” respectively. Among these recommendations, 10 
were strong and 2 were weak. Consistent with the answer to the 
“who” question, “all older people aged ≥ 80 years regardless of the 
presence of symptoms and/or risk factors, and those aged ≥ 65 years 
with risk factors and/or dysphagia symptom-signs should be screened 
once a year with a simple screening test for dysphagia” was accepted as 
a strong recommendation. In addition, we also recommended that 
“screening test and clinical evaluation should be performed at least once 
a year in people aged ≥ 65 years with severe aspiration-related risk fac-
tors and/or symptoms/signs.” 

In recent years, annual wellness visits have been recommended 
for people aged ≥ 65 years, especially as a cancer screening and 
prevention strategy51) to potentially reduce mortality and morbidi-
ty. Considering the impact of dysphagia on morbidity and mortali-
ty, screening should be performed at least once a year when adding 
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screening for dysphagia to these annual well-being visits. 
In this paper, we rejected the recommendation for screening two 

and four times a year due to the potential increase in workload. In-
stead, we added a weak recommendation that the screening time 
could be individually adjusted. 

However, a screening test alone is not sufficient in patients with 
aspiration-related risk factors/symptom-signs; thus, clinical evalu-
ation should be added to examinations in these patients. Screening 
tests are considered the first-line method for diagnosis in the litera-
ture.3,4,12,45) However, in recent years, these tests have been recom-
mended to be completed with a comprehensive clinical examina-
tion for both OPD and ED.23,45) Since the present paper is intended 
for application in clinical practice, we recommended clinical evalu-
ations in addition to screening tests only in cases accompanied by 
aspiration-related parameters. 

In addition, we strongly recommended screening tests in prima-
ry health care centers, while clinical and instrumental evaluations 
should be performed in secondary and tertiary care centers. 

Many medical branches such as general practitioners, dentists, 
social workers and geriatrics, gastroenterology, neurology, otolar-
yngology, physical medicine and rehabilitation, and surgery may 
encounter older patients, from general practices, which are prima-
ry health centers, to tertiary hospitals. Therefore, screening is the 
first-line recommendation to both detect vulnerable patients and 
prevent unnecessary/excessive referrals to secondary and tertiary 
centers.  

An important point here is to reveal the need for dysphagia edu-
cation in all health professionals caring for geriatric patients. The 
experts in the present study expressed hesitations about where and 
by whom the evaluations would be done. In the literature, the need 
for education on the diagnosis, treatment, and possible complica-
tions of dysphagia is a general problem; moreover, all experts 
strongly accepted the recommendation for more education on this 
issue.52,53) 

What 
This section sought to answer the question “what should be evalu-
ated in older adults with dysphagia?” to create recommendations 
for methods for diagnosing dysphagia. Accordingly, the diagnosis 
of dysphagia was evaluated under four subsections: management 
principles, screening tests, and clinical and instrumental evalua-
tions. 

Management principles 
Since aging is a natural process of life, it is practically impossible to 
carry out a detailed evaluation in all older people to identify pres-
byphagia and dysphagia. Therefore, the proposed diagnosis algo-

rithm in the present study was first-line screening tests, second-line 
clinical evaluation, and third-line instrumental evaluation.3,4,12,45) 

Because swallowing is a sensorimotor complex behavior that in-
volves many systems, starting from the central nervous system to 
the stomach, and is shaped by the sequential coordinated move-
ment of these systems, many medical branches and healthcare pro-
fessionals in clinical practice may encounter older people with dys-
phagia. Guidelines on dysphagia management, as well as me-
ta-analyses and reviews, suggest the need for multidisciplinary 
team efforts.54,55) In the present study, although the team members 
in each center could change according to circumstances and capa-
bilities, we suggested the establishment of a multidisciplinary team 
and formulated six strong recommendations. However, since mul-
tidisciplinary teams are not universal in clinical practice for the 
first-line simple screening for dysphagia, we created a recommen-
dation that “if possible, performing the dysphagia screening test by a 
trained team member assigned in a multidisciplinary team may provide 
convenience in terms of diagnosis, treatment, and follow-up.” In addi-
tion, since dysphagia is not only a condition involving the patient 
but also a social health problem involving caregivers, we strongly 
recommended including patients and their relatives in the manage-
ment team. 

In addition, SLPs specialized in dysphagia are primarily respon-
sible for dysphagia management worldwide.5,12,56) However, other 
health specialists play a more active role due to their low number 
in some places such as our country. For this reason, we recom-
mended that other medical specialists may play an active role in 
the absence of SLPs both in terms of clinical evaluation and prima-
ry responsibility. 

Screening tests 
Among 25 initial items for simple screening tests, based on the rec-
ommendations of the consultant experts, five of the items were ac-
cepted at the end of the third Delphi round (four strong and one 
weak). Thus, we recommended three informal/subjective screen-
ing tests and two formal/objective tests: 

(1)  Lists of risk factors + symptoms/signs that can be used as a 
screening test for dysphagia. 

(2)  Three questions that can be used as a screening test for dys-
phagia: 

- “Do you have difficulty in swallowing solid foods/liquids?” 
-  “Do you experience coughing, choking, or obstruction during/

after feeding with solid food/liquid?” 
-  “Do you think there is any difference or change in feeding with 

solid food/liquid compared to your younger self?”  
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Almost all studies in older adults have reported changes in eating 
habits (reduced volume, changed consistency, and increased meal 
times) with increasing age.6,38,48,52) Bolus formation and chewing 
ability especially decrease owing to age-related changes in swallow-
ing function, in addition to changes in the choice of food consis-
tency.11) Therefore, we accepted that the symptom of changes in 
eating habits and difficulty with solid foods/liquids, especially in 
older adults, may be appropriate screening questions for the diag-
nosis of geriatric dysphagia. In addition, changes in eating habits 
are an important symptom of OPD and presbyphagia and are an 
alarm symptom in severe esophageal pathologies such as peptic 
stricture and esophageal cancer in ED. Thus, we included this 
symptom in our three-question survey. This survey can be used 
when assessing the signs/symptoms of dysphagia in older people. 
In addition, we also added a key finding suggesting bolus aspira-
tion, “coughing, choking and feeling of obstruction during/after 
feeding,” a question sentence. This question is also important be-
cause studies in older adults reported coughing and choking 
during feeding as the most common symptoms of aspiration.11,38,52) 
We also strongly recommended “observation of a patient’s meal-
time in their natural home environment can be used as a screening 
test” in special conditions such as pandemic conditions, in which 
patients cannot come to centers or in which distancing is required. 
Observation of mealtime, foods that he/she can eat or avoid, food 
selection, and whether there are signs of aspiration during feeding 
can suggest the presence of dysphagia. 

Among the evaluated objective screening tests, the Eating As-
sessment Tool-10 (EAT-10) was strongly recommended.13,57) The 
EAT-10 is a self-administered, questionnaire-based test that evalu-
ates dysphagia symptoms and severity without any food intake. 
This test is commonly applied as a screening test in older adults; 
besides evaluating the symptoms of OD, it also includes questions 
related to painful swallowing, the feeling that something is stuck 
in the throat, and difficulty in swallowing solid food, which are 
among the symptoms of ED. Therefore, the tool is also valid for 
ED.6,47) Since the present study aimed to evaluate both OPD and 
ED, we considered the EAT-10 to be suitable for screening. 

Clinical evaluation 
In this subsection, the experts voted on 24 recommendations in 
the first Delphi round. Among the 15 recommendations created in 
the third Delphi round, 12 were strong and three were weak. 

According to the World Health Organization (WHO); clinical 
evaluation involves the organized and targeted assessments of all 
components that comprise a function such as swallowing, as well 
as their relationships with each other.58) Thus, the goal of the clini-
cal evaluation of swallowing functions is to understand the nature 

of swallowing functions. Therefore, we strongly recommended 
that “the clinical evaluation of dysphagia should include a detailed 
medical history (anamnesis) with questions about risk factors and 
symptoms, general systemic examination, evaluation of dysphagia signs, 
and a bedside swallowing test (BST)” and “the general systemic exam-
ination should include an examination of the neurological, cardiopul-
monary, gastrointestinal, dental and musculoskeletal systems that may 
be associated with dysphagia.” We also detailed the symptoms/signs 
to be evaluated in systems related to swallowing to facilitate use in 
practice. 

Seven of the 15 recommendations in this subsection are relat-
ed to BSTs. BSTs are often used for the diagnosis of OPD. Re-
searchers have frequently used various questionnaire screening 
tests including aspiration symptoms/findings and the wa-
ter-swallow test (WST) in dysphagia studies among healthy old-
er people.40,59,60) In this paper, we strongly recommended the vol-
ume viscosity swallowing test (VVST), Gugging Swallowing 
Screen test (GUSS), and WST with pulse oximetry. The VVST 
is performed with three different volumes (5, 10, and 20 mL) 
and three different viscosities (liquid, mildly thick, and extreme-
ly spoon-thick), while the GUSS test applies different food con-
sistencies (solid, semisolid, and liquid) and amounts of food/liq-
uid.13,61,62) These two tests are among the best BSTs as they re-
semble real swallowing functions with foods consumed in daily 
life (solid, semisolid, and liquid) and minimize the risk of aspira-
tion during the evaluation.3,63) The VVST can be used in patients 
with potential difficulty in swallowing liquids of different viscosi-
ties, while the GUSS can be used in patients with potential diffi-
culty in swallowing liquids and solid foods. Although the guide-
lines for patients with stroke recommend the GUSS, some re-
views on OD in older adults have recommended the VVST.6,64) 
The WST with pulse oximetry has been recommended as a test 
of choice in patients with aspiration symptoms with liquid.65) Al-
though the WST is relatively easy to perform compared to other 
tests and is often used in the literature, other tests are recom-
mended owing to the lower specificity and sensitivity of the 
WST and risk of aspiration compared to other tests.66) 

In addition, we strongly recommended that “the BST should be 
chosen individually and pathology-specifically, according to the suspect-
ed OPD or ED with the screening test.” As mentioned above, any of 
these three tests can be selected based on the symptoms/signs re-
ported in the patient’s history and the examination features. We 
did not describe a specific BST for ED. This is because in OPD, 
symptoms occur during or immediately after swallowing, whereas 
in ED, symptoms such as delayed passage into the esophagus and a 
sensation of obstruction in the throat, chest, and/or epigastrium/
retrosternal occur after the bolus is swallowed. Studies have rec-
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ommended ruling out OPD primarily in patients with dysphagia 
symptoms/signs.23) For these reasons, we recommended the 
GUSS, which also includes evaluation with solid food, as a swal-
lowing test in patients with suspected ED. 

Instrumental evaluation 
The third Delphi resulted in 24 recommendations (15 strong, one 
weak, and eight non-recommendations). As a general recommen-
dation, instrumental evaluation for dysphagia was recommended 
in suspected cases after clinical evaluation (such as the presence of 
severe risk factors and/or aspiration-related symptoms/signs). We 
strongly recommended that “the choice of instrumental method 
should be determined within a multidisciplinary team based on the 
characteristics of the underlying pathology, the type of dysphagia, the 
patient, and the center performing the evaluation” and that “these in-
strumental methods would be useful in treatment selection and fol-
low-up.” This subsection also discussed instrumental methods in 
detail. 

Videofluoroscopy (VF) and flexible fiberoptic endoscopic eval-
uation of swallowing (FEES) are the most widely studied and rec-
ommended gold standard methods in the diagnosis of OPD.2,48,58) 
The choice of method depends on the advantages and disadvan-
tages.43) We recommended both FEES and VF as first-line meth-
ods for OPD diagnosis. 

In contrast, the recommended methods of assessment in ED in-
clude barium swallow pharyngoesophagography/esophagography, 
upper gastrointestinal system endoscopy, and manometry (high-res-
olution manometry if possible).2,43) Guidelines and meta-analyses 
recommend barium radiography first to rule out structural and in-
flammatory causes, followed by manometry to assess motility dis-
orders. Endoscopy has been proposed as a first-line modality in in-
strumental evaluation, especially in patients with symptoms of 
persistent dysphagia.2,12,23,45) In the present study, we added the VF 
as this method allows evaluation of the mouth to the LES, includ-
ing the observation of UES patency and bolus transport. In addi-
tion, the American College of Radiology recommends the VF for 
dysphagia.67) 

As in other guidelines, we recommended magnetic resonance 
imaging (MRI), computed tomography (CT), and scintigraphy as 
non-first-line methods in difficult cases for both dysphagia types.23) 

How 
This section sought answers to the question “how should dyspha-
gia be treated and followed up?” Dysphagia treatment was catego-
rized as management/general principles and rehabilitation modal-
ities. 

Management/general principles 
This subsection included 14 strong recommendations.  

The primary goal in the management of dysphagia is to prevent 
the development of dysphagia. Thus, the first-line treatment is the 
elimination of factors that can cause dysphagia before using reha-
bilitation modalities.45,48) In OPD, first-line modalities include sur-
gery (in the presence of tumors and cervical osteophytes), medical 
treatment (in cases such as myasthenia gravis and oral candidiasis), 
and botulinum injection (in the presence of sialorrhea and dysto-
nia).23,43) Similarly, the use of antiviral, antifungal, and antibiotic 
drugs in infectious esophagitis causing ED and medical treatment 
of GER and gastroparesis are first-line treatment modalities.23,45) 
The use of proton pump inhibitors for 4 weeks, especially in GER, 
reduces the incidence of GER worldwide and the incidence of ED 
as a result of this decrease.23) Similarly, the first-line treatment mo-
dalities include surgical treatment (cricopharyngeal myotomy and 
dilatation in stenosis, obstruction and neural relaxation disorder of 
UES, and resection of diverticulum and tumors) and botulinum 
toxin injection (application into the cricopharyngeal muscle to re-
duce UES pressure and facilitate bolus passage).2,43,45) In this study, 
we accepted as a strong recommendation that “determination of the 
underlying cause and its treatment should be the first-line treatment 
modality in the rehabilitation of both OPD and ED, and the treatment 
of the underlying cause should include the elimination of correctable risk 
factors for dysphagia.” 

Another special point of this study was that we separately evalu-
ated rehabilitation modalities that can be applied for both OPD 
and ED in detail. OPD management has been evaluated in detail 
due to aspiration complications and recommendations have been 
made for OPD. The aim of the rehabilitation modalities used in 
these guidelines is to improve the speed, strength, and range of 
movement (ROM) of the swallowing muscles (therapeutic meth-
ods) and to modify swallowing mechanics to improve bolus trans-
fer and prevent or minimize aspiration (compensatory meth-
ods).11,68) Combination therapy has been recommended in both 
older people and patients with OPD.2,11,12,25,48) For example, in pa-
tients who cannot be fed orally, nutritional support may be provid-
ed using alternative feeding methods; however, oral stimulation 
and salivary swallowing exercises may also be combined with this 
therapy to stimulate swallowing function. Moreover, in patients 
who can be partially orally fed, a combination of compensatory 
methods such as diet and postural modification may be used, 
while both compensatory and therapeutic methods may form the 
treatment components in patients who can be fully orally fed. The 
treatment of dysphagia may vary individually and may change ac-
cording to structural, functional, and/or anatomic dysfunction.63) 
For these reasons, “the selection of rehabilitation modalities ‘using 
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a management algorithm created by a multidisciplinary team may vary 
based on the existing facilities and facilities at each center in terms of 
personnel and equipment; considering the person’s general physical con-
dition, cognitive and respiratory functions, and motivation as well as 
specific factors related to the person, pathology, and etiology,’ and dys-
phagia characteristics (such as affected areas, severity and progno-
sis) should be well defined” were accepted as strong recommenda-
tions. Moreover, we also recommended that “older people without 
dysphagia but with more than one severe risk factor should be included 
in a rehabilitation program that includes compensatory methods such 
as oral hygiene and some modifications, and a follow-up program.” 
Studies on neurologic dysphagia have reported greater effects of 
multidisciplinary and early treatment compared to mid- and late-
term treatment, as well as significantly reduced AP.23,40) Given the 
presence of presbyphagia in older adults, early treatment becomes 
even more important. 

Rehabilitation modalities 
In this subsection, we generated 91 recommendations (35 strong, 
45 weak, and 11 non-recommendations) for both OPD and ED. 
We then evaluated these modalities separately and defined each as 
first-, second-, and third-line methods to create a treatment algo-
rithm. 

While most of the recommended modalities for OPD were 
strong recommendations, most of the recommendations for ED 
were weak. The reason for this may be that rehabilitation modali-
ties for ED are not widely used and that in our country and world-
wide, recommendations for rehabilitation modalities for this situa-
tion are lacking.  

(1) First-line treatment modalities  
-  Education and information (OPD-ED): Most older people 

lack information about their nutritional status and proper diet.69) 

Reviews and studies have reported that patient perception, moti-
vation, willingness to change, technical knowledge, and health lit-
eracy affect treatment compliance in patients with dyspha-
gia.11,12,14) Thus education is important in the rehabilitation of 
dysphagia. Therefore, we strongly recommended that: “education 
and information involving patients and their relatives are effective re-
habilitation modalities for older adults with both OPD and ED and 
are recommended as a first-line treatment method.”  

-  Oral hygiene-oral care and dental care-prosthodontic reha-
bilitation (OPD-ED): “Oral hygiene, dental care, and prosthodon-
tic rehabilitation are effective rehabilitation modalities and are recom-
mended as a first-line treatment methods for older adults with both 
OPD and ED” (strong recommendation strength for OPD, weak 
recommendation for ED) (OPD: oral hygiene is a strong recom-

mendation, dental care is a weak recommendation; ED: both 
weak recommendations). 
Regular oral hygiene and dental care reduce the colonization of 

virulent bacteria and the incidence of AP, increase sensory sensiti-
zation, and improve the sensitivity of the cough reflex.48,70) Studies 
on oral hygiene are often based on OPD. However, GER, the most 
common cause of ED, also affects the oral region.71) The major oral 
symptom of GER is dental erosion. In addition, it can also cause 
tonsillitis, oral mucosa atrophy, glossitis, xerostomia, and dysgeu-
sia. Moreover, in the presence of GER, microaspiration of bacteria 
into the oral flora along with saliva contents may occur due to 
esophageal dysmotility, damaged swallowing coordination, and 
decreased sensitivity of pharyngeal and laryngeal protective reflex-
es. Therefore, regardless of the pathology of dysphagia, we recom-
mended oral hygiene and oral/dental care. 
-  Positioning and posture modification (OPD-ED): “Positioning 

and postural modifications are effective rehabilitation modalities and 
are recommended as first-line treatment methods for older adults with 
both OPD and ED” (strong recommendation for OPD, weak rec-
ommendation for ED). 
A supine position of at least 60°, and ideally 90°, can prevent re-

sidual, penetration, and aspiration by altering swallowing struc-
tures to protect the respiratory tract and also affects the esophageal 
phase with gravity.12,23,26,43,48,52) However, no study has provided 
strong evidence for positioning. Therefore, our recommendations 
are important to the literature. 

Our consultant experts recommended positioning patients with 
OPD in a sitting position as much as possible and using head and 
posture modifications for OPD. The most common postural mod-
ification considered to be effective is the chin-tuck position (98%), 
which prepares the airway for swallowing by reducing the rate of 
bolus passage, especially in patients with preterm escape.48) In con-
trast, our experts recommended the use of trunk modification for 
ED, most commonly an upright sitting position (91%). Lifting the 
head while lying down and remaining in a sitting position for at 
least 30 minutes after meals were among the recommendations for 
postural modification in patients with GER. 
-  Dietary (bolus volume, texture, consistency) modification 

(OPD-ED): “Dietary modifications are effective modalities for older 
adults with both OPD and ED and are recommended as a first-line 
treatment method” (strong recommendation). 
Dietary modifications are the most recommended compensato-

ry methods for treating dysphagia. Modifications such as volume, 
viscosity, bolus, and texture changes are common methods, espe-
cially for OPD.2,14,23,26,48,52,69) In older adults with chronic dysphagia, 
texture modification such as pureeing and mincing, and thickened 
fluids such as nectar, honey, and pudding consistencies are moder-
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ately recommended. Studies in patients with neurogenic dysphagia 
and liquid aspiration have shown that viscosity changes reduce the 
risk of AP.40) 

Dietary modification is 96% effective in patients with ED, de-
pending on the etiology.43,45) Modifications such as reduced por-
tions and increased meal numbers, providing bite-sized food, re-
moving problematic food (such as hard solids) from the meal, eat-
ing slowly, and drinking liquid with each bite can also be imple-
mented in these patients.63)  

However, these modifications may negatively affect quality of 
life, especially in older patients.43,52) In fact, dietary modification is 
an unconscious compensatory method used by older adults 
against changes observed in presbyphagia. Studies have shown that 
older adults have difficulty swallowing, especially solid food, and 
that patients unconsciously eliminate solid food from their diets 
and modify it by prolonging the meal time or consuming less.71) 
We believe that if this is done under the supervision of a health 
professional, the effects reported as negative will disappear. In sup-
port of this, nutritional management guidelines also strongly rec-
ommend the use of dietary modifications to ensure adequate and 
balanced nutrition in older patients.73) 

-  Feeding route modification (artificial feeding) (OPD-ED): 
“Feeding route modification is effective and is recommended as a first-
line treatment method for older adults with both OPD and ED” 
(strong recommendation). 
The main task of the swallowing function is the intake of neces-

sary and sufficient macro- and micro-nutrients, energy, and calo-
ries for the body. Although the oral route is the priority, the natural 
oral route may not always be able to meet the body’s needs or the 
use of this route may involve a risk of aspiration.2) Nasogastric 
(NG), percutaneous endoscopic gastrostomy, or jejunostomy 
(PEG/PEJ) tubes can be used as life-extending procedures. 
Guidelines and reviews have reported that their use in patients 
with OPD greatly reduces the incidence of AP and ensures ade-
quate and balanced nutrition.12,14,23,69) NG should be chosen in pa-
tients who require short-term tube feeding (2–4 weeks), while 
PEG/PEJ should be used in patients who require or are expected 
to require enteral feeding long-term ( > 28 days). This study rec-
ommended the use of enteral feeding tubes for both types of dys-
phagia, as needed.14,69) However, to avoid overuse/unnecessary 
use, this method has been conditioned to be useful for “patients 
with severe dysphagia and/or high dysphagia risk and/or malnu-
trition/malnutrition risk and/or patients with > 25% residue and/
or > 10% aspiration in all volumes and liquids/ nutrients.” 
-  Nutritional rehabilitation (OPD-ED): “Nutritional rehabilita-

tion is an effective modality and is recommended as a first-line treat-
ment method for older adults with both OPD and ED” (strong rec-

ommendation). 
Malnutrition and dehydration are major complications of dys-

phagia that are associated with morbidity and mortality.12,69) Al-
though protein and energy requirements decrease with age, they 
may increase with disease, inflammation, fever, and physical activi-
ty and cause increased morbidity and mortality.74) This situation 
should not be seen only as a nutritional deficiency; thus, the ex-
perts strongly recommended that “nutrition should be evaluated and 
treated in a multidisciplinary team, with a dietitian if possible; if there 
is no dietitian, this should be done by physicians or trained health per-
sonnel.” 

Malnutrition is defined as unintentional weight loss > 10% in 6 
months or markedly reduced BMI ( < 20 kg/m2).75) Therefore, 
malnutrition can be evaluated with measurements such as weight 
and BMI. However, guidelines recommend the use of a formally 
validated test for nutritional assessment; among these tests, the 
most commonly used and recommended is the Mini Nutritional 
Assessment-Short Form (MNA-SF).23,69,75) This study recom-
mended the use of the MNA-SF at a rate of 95.3%. The Nutrition 
Risk Score-2002 (NRS-2002) and Global Leadership Initiative on 
Malnutrition (GLIM) tests were also recommended at rates of 
92%, while the Malnutrition Universal Screening Tool was recom-
mended at a rate of 87%. The GLIM is a combination of at least 
one phenotype criterion (i.e., involuntary weight loss, low BMI, or 
decreased muscle mass) and one etiology criterion (i.e., reduced 
food intake/malabsorption or severe inflammatory disease). Re-
cent guidelines recommend the GLIM criteria.76) 

Although there is no definitive evidence regarding the effect of 
oral nutritional supplements (ONS), ONS added to the hospital 
diet affects functional recovery in older adults and patients with 
stroke, malnutrition, and cancer.75,76) In addition, recent guidelines 
published in recent years report that ONS can be used to increase 
nutritional intake and achieve nutritional goals in older people 
with malnutrition or at risk of malnutrition.69,74) We recommended 
ONS to improve the nutritional status of older adults with dyspha-
gia and to supplement deficiencies in appropriate patients in a 
team setting.  
-  Oral sensory stimulation (thermal, touch, and pressure) (OPD) 

“Oral sensory stimulation is an effective modality and is recommend-
ed as a first-line treatment method for older adults with OPD” (strong 
recommendation).  

A loss of sense of taste, decreased numbers of sensory receptors, 
and changes in salivary rheology occur with aging regardless of 
OPD.77) The goal of oral sensory stimulation is to increase the sen-
sitivity of these receptors and to initiate and accelerate the oropha-
ryngeal swallowing response. Cold and tactile stimulation can im-
prove the transition from the oral to the pharyngeal phase by in-
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creasing oral awareness.78) Almost all experts in this study (97.5%) 
recommended cold stimulation. Considering that there may be 
changes related to age, we strongly recommend the application of 
oral sensory stimulation in older adults with dysphagia/dysphagia 
risk. 

(2) Second-line treatment modalities 
-  Head and neck exercises (ROM and Strengthening) (OPD-

ED) 
“Head and neck exercises (ROM and strengthening) can be effective 

modalities for older adults with both OPD and ED and can be tried as 
a second-line treatment method” (weak recommendation). 

Exercises are inherently more active and effective methods than 
compensatory mechanisms. Head and neck ROM and strengthen-
ing exercises can be effective in creating the correct feeding posture 
for both OPD and ED.6,12,13,23,43,48) Among these, cervical flexion 
strengthening exercises (Shaker exercise) improve hyoid and la-
ryngeal elevation, increase UES opening, reduce pharyngeal resid-
uals, and improve dysphagia symptoms, especially in patients with 
neurogenic OPD.19) Moreover, lingual weakness is associated with 
muscle weakness in the head and neck muscles.79) The experts in 
the present study weakly recommended exercises as second-line 
treatment methods because older people with cognitive problems 
could find exercising difficult. For this reason, our experts request-
ed that all exercise recommendations include the statement “appli-
cable to patients with adequate awareness and cognitive function.” 
Another important point here is that physical fitness should also 
be considered, as extreme exercise can cause trauma and fatigue in 
elderly patients. 
-  Breathing exercises (inspiratory and expiratory muscle 

strengthening exercises (EMST)) (OPD-ED) 
“Breathing exercises (inspiratory and EMST) are effective modalities 

for older adults with both OPD and ED (strong recommendation for 
OPD, weak recommendation for ED) and can be tried as a second-line 
treatment method” (weak recommendation). 

Swallowing and breathing are closely related because they share 
the same anatomical pathways. Swallowing often (75-95%) begins 
during the expiratory phase of respiration, inspiration is suppressed 
during bolus transport and continues with expiration after swal-
lowing. This is a natural aspiration inhibitor. The cough reflex is 
another pillar of the anti-aspiration mechanism.80) Both of these 
aspiration protective mechanisms deteriorate with age, the cough 
reflex weakens, and inspiration instead of expiration following 
swallowing is observed three times more often compared to young 
people.48) In addition, lung elasticity and both inspiratory and expi-
ratory muscle strength decrease, and compliance increases with 
age. Therefore, both inspiratory and expiratory muscles should be 

strengthened not only in patients with dysphagia but in all older 
people. Recent studies have assessed EMST applications, especial-
ly in patients with OPD. EMST increases the physiological load 
and strengthens the expiratory and suprahyoid muscles.81) While 
EMST may be effective compared to conventional treatments in 
improving the pharyngeal phase in patients with OPD, strong evi-
dence is lacking.5,12,19) The present study recommended adding 
breathing exercises to dysphagia rehabilitation in all geriatric dys-
phagia patients, as permitted by cognitive functions, to maintain 
healthy oxygenation throughout the body.  
- Swallowing maneuvers (OPD)

“Swallowing maneuvers are an effective modality for older adults 
with OPD (strong recommendation) and can be tried as a sec-
ond-line treatment method” (weak recommendation). “It is not 
an effective modality and is not recommended for older adults with 
ED.” 

Swallowing maneuvers are behavioral interventions used to es-
tablish safe and effective swallowing.82) Although evidence for their 
effectiveness is insufficient, these interventions are recommended 
in combination therapy for dysphagia.5) Implementation and adap-
tation difficulties negatively affect the implementation of maneu-
vers.83) In the present study, we asked our experts about the ma-
neuvers they found most effective; 82% of them stated that the 
Mendelsohn maneuver can be effective in older patients, similar to 
the literature.84) This maneuver involves the voluntary holding of 
hyolaryngeal elevation during the peak phase of swallowing. How-
ever, it can cause muscle fatigue in older adults. The present study 
recommended the Mendelsohn maneuver in cognitively and phys-
ically fit patients. 
-  Oropharyngeal exercises (ROM, strengthening, and chin 

tuck against [CTAR]) (OPD) 
“Oropharyngeal exercises (ROM, strengthening, and CTAR) are 

modalities that can be used in older adults with OPD (strong recom-
mendation) and can be tried as a second-line treatment method” (weak 
recommendation). 

Exercises have long been used for treating dysphagia. ROM ex-
ercises are recommended, especially for patients with head and 
neck cancer, to prevent impairments secondary to surgery and ra-
diotherapy.83) These exercises may be effective in older adults with 
OPD due to the loss of elasticity in the tissues with aging. Recent 
studies have evaluated the effectiveness of tongue muscle strength-
ening exercises85) as tongue propulsion strength and squeezing 
pressure against the palate are closely related to swallowing disor-
ders. Tongue strengthening exercises improve swallowing phase 
intervals and food intake in older patients.19,48) In addition, 
strengthening exercises of the swallowing muscles in the oropha-
ryngeal areas provide formation and control of the bolus and re-
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duce the risk of aspiration.86) Additionally, CTAR exercises to 
strengthen the suprahyoid muscles have been applied in recent 
years for treating dysphagia.87) This type of exercise is performed 
to strengthen the suprahyoid muscles. However, there is not yet 
strong evidence regarding its effectiveness. As with all exercises, 
the present study recommended that these exercises should be 
added to treatment in suitable older adults. 
- Electrical stimulation (oropharyngeal motor level) (OPD) 

“Neuromuscular electrical stimulation (NMES) (motor level) is a 
modality that can be applied in older adults with OPD (strong rec-
ommendation) and can be tried as a second-line treatment method” 
(weak recommendation). 

NMES is increasingly used for treating dysphagia in recent 
years.88) It is also often used for treating neurologic OPD and is 
considered to increase muscle strength and achieve muscle con-
traction by stimulating motor nerves.83) Although studies and 
guidelines have reported its positive effect on the oropharyngeal 
phase, the efficacy findings hare inconsistent because of the lack of 
standardization in practice. While suprahyoid and infrahyoid re-
gion applications are reportedly effective in the oral phase, the ef-
fect on the pharyngeal phase alone is not sufficient.89) Besides 
these transcutaneous applications, the effectiveness of stimulations 
applied directly to the pharyngeal region has not been demonstrat-
ed. While there is a decrease in type II muscle fibers with aging, 
type I fibers are not much affected by age. This decrease in muscle 
fiber size causes progressive skeletal muscle loss, atrophy, weak-
ness, and functional disability.90) NMES targets these type 2 fibers. 
Thus, transcutaneous NMES at the motor level has been accepted 
as a method that can be applied in older patients with OPD. 

(3) Third-line treatment modalities 
Third-line treatment modalities have been described only for older 
adults with OPD. 
- Electrical stimulation (Oropharyngeal sensory level) (OPD)  

“Neuromuscular electrical stimulation (NMES) (sensory level) is a 
modality that can be tried in older adults with OPD and can be tried as 
a third-line treatment method” (weak recommendation). 

Sensory nerve fiber stimulation affects swallowing function 
through stimulation of the afferent sensory nerves and has an indi-
rect effect on the swallowing muscles. This stimulation has been 
frequently studied in stroke patients and is reportedly more effec-
tive than motor-level applications.90) In addition, there remains no 
standardized application method such as motor-level applications. 
However, we recommended that this stimulation can be tried in 
patients who cannot tolerate NMES at the motor level. 
-  Transcranial electrical stimulation and repetitive transcrani-

al magnetic stimulation (rTMS) (OPD) 

“Transcranial electrical stimulation and rTMS are modalities that 
can be tried as a third-line treatment method in older adults with 
OPD” (weak recommendation). 

Transcranial applications for treating dysphagia focus on adapta-
tion, compensation, repair, and reorganization in the brain.22)  

Although it is reportedly a safe treatment method in patients 
with neurological dysphagia, results regarding its effectiveness are 
conflicting.14,89) Another method based on the same mechanism, 
rTMS, has shown increased popularity in recent years.91) Unlike 
other electrical stimulation applications, rTMS is reportedly par-
ticularly effective in the pharyngeal phase.13,14) However, as it re-
quires special and costly equipment, this method was recommend-
ed to be tried in patients with OPD after other methods. 
- Biofeedback (OPD) 

“Biofeedback is a modality that can be tried as a third-line treatment 
method in older adults with OPD” (weak recommendation). “It is 
thought to be ineffective in patients with ED and is not recommended.” 

Biofeedback is the training of the ability to provide coordination 
and timing of swallowing with visual, auditory, or sensory signals 
during swallowing muscle activity.92) It is effective in combination 
treatments in patients with OPD.22,92) In addition, a recent study in 
patients with amyotrophic lateral sclerosis and ED showed that 
biofeedback is a promising method.93) However, our experts made 
a weak recommendation in the presence of OPD because of the 
requirement for special training and equipment and serious patient 
cognitive skills. Among other modalities, it can be used in the pres-
ence of suitable conditions and patients. 

Home program (OPD-ED) 
This study weakly recommended that “home programs can be ap-
plied in older adults with OPD and ED.” 

Home programs are widely used methods in clinical practice to 
maximize the benefits of rehabilitation. These programs apply per-
sonalized compensatory and therapeutic methods based on pa-
tient needs and are reportedly effective in adults.12) However, in 
geriatric patients, the effectiveness may vary depending on the pa-
tient’s cognitive and physical dysfunction, treatment compliance, 
and the presence of social support. Therefore, albeit with a weak 
recommendation, we believed that personalized home programs 
for older people will increase the continuum of treatment. Because 
changes in aging are progressive conditions, albeit slow, long-term 
rehabilitation will not occur with only expert-provided therapies. 

Follow-up 
While there were 45 recommendations in the first Delphi round, 
21 items were accepted as strong recommendations at the end of 
the third Delphi round. The follow-up subsection was detailed as 
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much as possible to facilitate clinical practice. Nearly all manage-
ment guidelines suggest follow-up time and methods specifically 
for individual patients.21) The present study recommended that the 
follow-up time and methods may vary according to individual pa-
tient characteristics, dysphagia pathology, and etiology and that 
decisions should be made according to these situations.  

We recommended the use of screening tests, clinical evaluation 
methods, bedside swallow tests, and FEES from instrumental 
methods for follow-up. VF was not recommended to avoid radia-
tion exposure in patients with repeated applications. 

Decision-making requires a multidisciplinary team based on 
treatments such as surgery, chemodenervation, or medical treat-
ment. Moreover, the follow-up intervals should be decided based 
on these varying circumstances. We recommend that patients re-
ceiving rehabilitation should be first evaluated together with nutri-
tional rehabilitation and formal testing or evaluation of feeding-nu-
trition characteristics such as appetite status, food consumption re-
cord for 3 days, number of meals, and hydration status. 

In addition, we detailed follow-up recommendations for rehabil-
itation modalities. Patients undergoing rehabilitation with com-
pensatory methods should be followed up based on patient com-
pliance, dysphagia progression, risk of developing complications, 
and severity of existing complications. Clinical and instrumental 
evaluations should be performed for short and long terms, respec-
tively: initially once weekly, then every 15 days, then monthly or 
every 2 months, and finally at 3–6-month intervals. Furthermore, 
we recommended follow-up of inpatients who underwent rehabil-
itation programs with therapeutic methods by asking about swal-
lowing difficulties at each visit, weekly clinical evaluations, and in-
strumental evaluation methods at admission and discharge. In 
contrast, we recommended follow-up of outpatients who under-
went rehabilitation with therapeutic methods by asking about their 
symptoms/signs of swallowing difficulties before each treatment 
session as well as weekly clinical evaluations and instrumental eval-
uations at the beginning and end of the treatment. The recom-
mended follow-up intervals varied for almost any application, es-
pecially the application of rehabilitative modalities,6) as compensa-
tory methods are not curative modalities for dysphagia, and they 
still carry the risk of dysphagia, whereas therapeutic methods are 
likely to lead to changes in the nature of dysphagia for better or 
worse. 

Apart from these principal recommendations, this study also in-
cluded some symptoms/signs/risk factors that should be on a fol-
low-up list. We recommended that the complications of dysphagia, 
especially the risk of silent aspiration, should be questioned and 
evaluated in terms of treatment continuity and modification. In 
addition, all members strongly recommended the inclusion of as-

piration signs/symptoms, pneumonia history and/or signs, cogni-
tive dysfunction, delirium, recent hospitalization history, alarm 
symptoms, malnutrition, dehydration, weight loss, oral hygiene, 
dental care, and sarcopenia as parameters on a follow-up list. 

How-special 
“Sarcopenia” and “frailty” are terms that have been introduced in 
recent years with respect to geriatric syndrome and have shown in-
creasing importance for older people. Therefore, the need arose in 
our study to create a special section for SD and FRD. Twenty 
strong recommendations were made, including seven for SD and 
13 for FRD. 

Sarcopenia is characterized by a progressive and generalized loss 
of skeletal muscle mass in the whole body accompanied by a loss 
of either muscle strength or physical performance or both. The 
loss of muscle mass and strength in sarcopenia results in physical 
impairment, functional dependence, and maladaptation to stress 
and diseases.79) Sarcopenia affects up to 50% of older people.94) In 
addition to this increased sensitivity to stress and maladaptation, 
when many systems become deficient due to the effect of aging, a 
different multidimensional geriatric clinical syndrome called “frail-
ty” develops.95) 

Recent publications have highlighted the association between 
sarcopenia and frailty and dysphagia. The impairments and defi-
ciencies in all systems that occur in sarcopenia and frailty naturally 
affect swallowing functions and cause dysphagia. Dysphagia itself 
can also cause these two conditions. Malnutrition and dehydra-
tion, the main complications of dysphagia, cause sarcopenia, im-
mune system dysfunction, increased functional disability, and frail-
ty.7,75,79) That is, just as sarcopenia and frailty are risk factors for 
dysphagia, dysphagia is also a risk factor for sarcopenia and frail-
ty.7,96) The present study defined the presence of sarcopenia and 
frailty as both dysphagia- and aspiration-related risk factors. 

SD is the presence of dysphagia (with imaging confirmation of 
the loss of swallowing muscles, exclusion of causes other than sar-
copenia that may cause dysphagia, and specification of sarcopenia 
as the main cause of dysphagia, even with other accompanying 
causes) in the presence of generalized sarcopenia.96) 

Similar to our article, the literature for the diagnosis of SD rec-
ommends a screening test (EAT-10) within the recommended 
steps for generalized dysphagia, followed by a detailed clinical ex-
amination and a BST such as the WST with pulse oximetry, GUSS, 
or VVST.25) In the evaluation of swallowing muscles, the EWS-
GOP stated that dual-energy X-ray absorptiometry (DEXA), bio-
electrical impedance analysis (BIA), MRI, CT, and ultrasound can 
be used.69,96) The present study did not recommend the evaluation 
of the swallowing muscles with CT and ultrasound due to lack of 
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standardization, and weakly recommended the use of MRI, which 
is sensitive to the evaluation of soft tissues. DEXA and BIA were 
dropped after the first Delphi round because they are not univer-
sally available in clinical practice and require specialized equipment 
and personnel. 

Based on the presence/absence of the parameters in the defini-
tion of SD, we created descriptions including definite-, probable- 
and/or possible-SD.7) Sarcopenia itself is associated with physical 
disability, poor quality of life, and even death.97) If dysphagia is 
added to this, it can be predicted that the complications of dyspha-
gia will compound the complications of sarcopenia, resulting in in-
creased morbidity and mortality. Therefore, the experts accepted 
the recommendation that “everyone should be rehabilitated, regard-
less of probable-, possible- or definite-SD.” However, since SD is a sys-
temic condition, treatment applications are needed for both sarco-
penia and dysphagia, just as treatment is applied for both dyspha-
gia rehabilitation and loss of motor function in the extremities in 
patients with stroke.96) Our experts recommended that “the rehabil-
itation program should include patient education, increase in physical 
activity, muscle strengthening (exercises and oral-dental care), and nu-
tritional support.” The muscle strengthening methods include 
strengthening exercises for both oropharyngeal (head-neck, 
tongue, and chewing muscles) and general muscles (the lower ex-
tremities, anti-gravity, postural muscles, and respiratory muscles). 
Increasing oropharyngeal muscle strength requires precautions 
such as ensuring oral hygiene, treating periodontal diseases, and 
using appropriate prostheses. When the exercise program for mus-
cle strengthening is insufficient, the rehabilitation program was 
further elaborated with the NMES method. In addition, treat-
ments should also include nutritional rehabilitation, including ade-
quate calorie and protein intake (1.2–1.5 kg/day), the use of di-
etary supplements that are likely to increase protein synthesis, and 
vitamin D support when needed. Although aging is most com-
monly reported in the etiology of sarcopenia (primary sarcope-
nia), it can also develop as a result of conditions such as physical 
inactivity; malnutrition; organ failure; and malignant, endocrine, 
and metabolic diseases (secondary sarcopenia).98) Aging also 
paves the way for the development of secondary sarcopenia by 
increasing the risk of serious diseases such as cancer and causing 
both inactivity and malnutrition with presbyphagia in older pa-
tients with or without sarcopenia.99) Since the changes that occur 
with age are a natural consequence of life, it is important to treat 
the causes of secondary sarcopenia that can be corrected. Exer-
cise plays a role in both the prevention and treatment of physical 
inactivity by increasing muscle strength throughout the body.100) 
In addition, malnutrition has a serious negative effect on type 2 
muscle fibers, which provide rapid contraction in the swallowing 

muscles. Therefore, nutritional support is recommended in 
SD.25) Recent geriatric studies there have reported that the di-
etary supplementation of protein and amino acids is effective in 
improving muscle mass101,102) Additionally, vitamin D plays a key 
role in muscle function and strength. Therefore, we recommend 
its use to increase muscle mass for treating SD in patients with 
vitamin D deficiency. 

FRD is the presence of dysphagia in patients with frailty. In par-
ticular, in the presence of physical frailty syndrome (feeling of ex-
haustion/fatigue, low muscle strength, involuntary weight loss, 
reduced walking speed, and decreased physical activity), oral 
phase dysfunction, including chewing dysfunction (oral frailty) 
may occur.103) This condition mutually reinforces presbyphagia 
and may result in oropharyngeal residue, laryngeal penetration, 
and aspiration.103,104) As frailty affects physical, psychological, 
cognitive, and social functions, cognitive and psychological dys-
function such as depressive mood, social isolation, and depen-
dence in activities of daily living also pave the way for the devel-
opment of OPD.104) Morbidity and mortality rates increase by 
approximately 3–4-fold in the presence of FRD, regardless of 
physical frailty status.103) Therefore, the recognition and treat-
ment of frailty is important. Studies recommend screening tests 
as a first-line method for the detection of frailty, consistent with 
our general recommendations, and comprehensive geriatric eval-
uations as a second-line method.6) 

As with SD, additional rehabilitation is required in the presence 
of FRD. Because frailty is a biological syndrome with a complex 
and multifactorial etiology, occurring due to the decline of physio-
logical reserves as a result of disease, malnutrition, and changes 
that occur with aging.103) Therefore, in addition to treating the cog-
nitive, psychological, and social effects that constitute frailty, treat-
ment of the correctable causes in the etiology such as obesity, 
polypharmacy, and multiple comorbidities should be included as a 
first-line method in rehabilitation programs.105,106) Because sarco-
penia plays a key role in frailty, we also recommended adopting the 
recommendations for SD in these patients, including increased 
physical activity, muscle strengthening exercises, oral and dental 
care, and nutritional rehabilitation.71,74,105) 

Limitations 
We did not follow a systematic review approach. As systematic re-
views should have specified inclusion and exclusion criteria and 
should include a detailed analysis and interpretation of the litera-
ture, this method is the subject of an article in itself. We could not 
follow the systematic review method in this study due to the desire 
to provide detailed recommendations formed as a common opin-
ion of experts with clinical practice experience. 
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Conclusion 
Despite the many recommendations and reviews worldwide on 
the management of dysphagia in geriatric patients, no study has 
evaluated all aspects of dysphagia in detail. This study applied a 
multidisciplinary approach to attempt to answer all potential ques-
tions and problems encountered in clinical practice regarding geri-
atric dysphagia. We discussed oropharyngoesophageal dysphagia 
in detail, from diagnosis to treatment, and created a 216-item rec-
ommendation list for the management of geriatric dysphagia, SD, 
and FRD. 
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Background: The Short Physical Performance Battery (SPPB) is a well-established functional as-
sessment tool used for the screening and assessment of frailty and sarcopenia. However, the 
SPPB requires trained staff experienced in conducting the standardized protocol, which may limit 
its widespread use in clinical settings. The automated SPPB (eSPPB) was developed to address 
this potential barrier; however, its validity among frail older adults remains to be established. 
Therefore, this exploratory study compared the eSPPB and manual SPPB in patients attending a 
tertiary fall clinic in relation to their construct validity, reliability, and agreement. Methods: We 
studied 37 community-dwelling older adults (mean age, 78.5±6.8 years; mean FRAIL score, 
1.2±1.0; 65% pre-frail) attending a tertiary falls clinic. The participants used the mSPPB and 
eSPPB simultaneously. We evaluated the convergent validity, discriminatory ability, reliability, and 
agreement using partial correlation adjusted for age and sex, an SPPB cutoff of ≤8 to denote sar-
copenia, intraclass correlation coefficients (ICC), and Bland-Altman plots, respectively. Results: 
The eSPPB showed strong correlations with the mSPPB (r=0.933, p<0.01) and Berg Balance Scale 
(r=0.869, p<0.01), good discriminatory ability for frailty and balance, and good to excellent reli-
ability (ICC=0.94; 95% confidence interval, 0.88–0.97). The Bland-Altman plots indicated good 
agreement with the mSPPB (mean difference, -0.2; 95% confidence interval, -3.2–2.9) without 
evidence of systematic or proportional biases. Conclusion: The results of our exploratory study 
corroborated the construct validity, reliability, and agreement of the eSPPB with the mSPPB in a 
small sample of predominantly pre-frail older adults with increased fall risk. Future studies should 
examine the scalability and feasibility of the widespread use of the eSPPB for frailty and sarcope-
nia assessment.  
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INTRODUCTION 

The Short Physical Performance Battery (SPPB) is an established 
tool used to assess lower extremity function.1) Low SPPB scores, 
indicative of poor physical performance, are associated with ad-

verse outcomes such as increased fall risk,2) functional impair-
ment,3,4) cognitive impairment,5) hospital readmission,6) and all-
cause mortality.7) The SPPB also showed good diagnostic accuracy 
for detecting frailty in community-dwelling older persons.8,9) The 
SPPB, which is one of the recommended tests for physical perfor-
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mance, forms an integral part of the diagnostic algorithm for sarco-
penia in both the European Working Group on Sarcopenia in Old-
er People 2 (EWGSOP2)10) and Asian Working Group for Sarco-
penia (AWGS) 2019 consensus definitions.11) In a recent study, 
the high sensitivity of the SPPB when using a cutoff score of ≤ 8 
suggests that it may be a favorable screening tool for sarcopenia in 
clinical settings where muscle mass measurements are not avail-
able.12) Additionally, the SPPB has been suggested as a relevant 
tool to measure outcomes for interventions targeting frailty and 
sarcopenia in older adults.4,7,10,13) 

Generally, the SPPB is administered manually by trained per-
sonnel in accordance with the standardized protocol. The tool 
shows good inter-rater and test-retest reliability when conducted 
by trained experienced personnel.14,15) However, training can be re-
source-intensive, and limitations in manpower may limit the scal-
ability and widespread application of the SPPB in clinical set-
tings.7,16) 

To address these potential barriers to clinical application, a 
multi-sensor-based kiosk using modern sensor technologies and 
computer algorithms to use the SPPB in an automated fashion 
(eSPPB) was first developed in Korea.16) A pilot study of a small 
sample comprising older adults attending a rehabilitation clinic 
demonstrated the feasibility of the eSPPB in a clinical setting.16) 
The eSPPB also showed a good correlation with the manual SPPB 
(mSPPB) performed by a physical therapist.16) However, to date, 
no prospective study has examined the reliability and agreement of 
the eSPPB in frailer older adults with poorer physical performance 
and increased risk of falls. Additionally, previous eSPPB studies 
conducted in geriatric clinical settings were of retrospective na-
ture.17,18) 

A growing body of literature supports the early detection and in-
tervention of sarcopenia and frailty in at-risk older adults.19) The 
SPPB is a useful screening and assessment tool as well as a relevant 
outcome measure for interventions that target sarcopenia and frail-
ty. Therefore, it is important to find ways to adapt the SPPB for 
widespread clinical application in frailer older adult populations. 
Thus, we aimed to examine the construct validity, reliability, and 
agreement of the eSPPB in relation to those of mSPPB among pa-
tients attending a tertiary fall clinic. The results of our exploratory 
study in a real-world clinical setting of frailer older adults with an 
increased risk of falls will shed light on the future scalability of the 
eSPPB. 

MATERIALS AND METHODS 

Study Setting 
This study was conducted in community-dwelling older adults re-

cruited from the Falls and Balance Clinic at Tan Tock Seng Hospi-
tal, a tertiary hospital in Singapore. We recruited participants from 
July 2020 to July 2021. The inclusion criteria included patients 
aged ≥ 65 years attending the Falls and Balance Clinic who were 
able to walk ≥ 100 m independently (with or without aid); those 
who scored ≥ 4 on the Abbreviated Mental Test (AMT), which 
corresponded to the cutoff for mild-moderate dementia in a local 
validation study20); and those who could understand instructions 
and adhere to the study protocol. The exclusion criteria were (1) 
chair or bed-bound status, (2) AMT ≤ 3, and (3) inability to un-
derstand simple commands or provide consent. Informed written 
consent was obtained from the participants or their legally ap-
pointed representative, where appropriate, in the presence of a 
trained research assistant. Ethical approval was obtained from the 
Institutional Review Board of the National Healthcare Group (No. 
2020/00038). 

Manually Measured SPPB (mSPPB) 
A trained physiotherapist conducted the mSPPB. In the balance 
test, the participants were asked to maintain three positions (side-
by-side, semi-tandem, and tandem stances) for 10 seconds. To 
measure gait speed, the participants were timed with a stopwatch 
(Casio Model HS-3, with a measurement accuracy of up to 
1/100-seconds) as they walked 4 m from a standing start. For the 
chair-stand test, the participants were timed for five consecutive 
sit-to-stand repetitions with their arms folded across their chest 
and ending with a fifth sit. We employed a sitting stop, as this was 
the prevalent practice for the timing of the chair stand test. This 
also allowed for comparability with the chair sensor of the eSPPB 
kiosk.16) The cutoff points were based on previously published 
norms for SPPB scoring.1) 

The eSPPB Kiosk 
The eSPPB kiosk prototype was developed by Dyphi (Daejeon, 
Korea). We used the eSPPB setup described in the original valida-
tion study.16) In brief, the three SPPB components can be semi-au-
tomatically estimated. Balance was measured with a load cell array 
that could detect the location of the participant’s foot and measure 
the force applied to it. Gait speed was measured with a one-dimen-
sional light detection and ranging (LiDAR) sensor that could mea-
sure the distance between the sensor and the participant.21) The 
chair stand test was performed five times using a combination of 
two sensors: a load cell-embedded chair to measure the weight of 
the participants and a LiDAR sensor to measure the distance be-
tween the participant and the chair. The three components were 
input directly into a program that allowed the conduction of SPPB 
in a standardized manner with graphic and voice instructions. The 
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eSPPB kiosk algorithm was used to calculate the score for each 
component based on previously published cutoff points. 

Data Collection 

Protocol for mSPPB and eSPPB 
The participants performed the mSPPB and eSPPB simultaneous-
ly to optimize the reliability evaluation and avoid the need for re-
peated assessments. While the physical therapist instructed the 
participants and manually recorded timings for individual test sec-
tions of the mSPPB, the research assistant recorded their perfor-
mance using the eSPPB. The research assistant aided with the set-
up of the eSPPB components and operated the eSPPB software 
during the assessment. 

Other variables 
We collected data on demographics, height, weight, and body mass 
index. The functional ability, basic activities of daily living (ADL), 
and physical activity were evaluated using the modified Barthel In-
dex (MBI),22) Lawton and Brody's instrumental ADL (iADL),23) 
and Frenchay Activities Index (FAI),24) respectively. Frailty status 
was measured using the FRAIL (fatigue, resistance, ambulation, 
illness, loss of weight) scale, a self-reported five-item scale that as-
sesses the domains of fatigue, resistance, ambulation, illnesses, and 
loss of weight.25) Individuals who scored 1–2 were considered as 
pre-frail, whereas those who scored 3–5 were classified as frail. Fall 
efficacy and balance performance were measured using the Falls 
Efficacy Scale International (FES-I)26) and Berg Balance Scale 
(BBS),27) respectively.  

Statistical Analysis  
The sample size was calculated based on the evaluation of the in-
traclass correlation coefficient (ICC) between the mSPPB and 
eSPPB. Using an a priori postulated ICC of 0.80, a study power 
(1−β) of 0.80, and a half-width 95% confidence interval (CI) of 
ICC < 0.15, we required 35 participants for the study.28) Based 
on an anticipated dropout rate of 10%, we recruited 39 partici-
pants. 

Descriptive and inferential statistics were analyzed using IBM 
SPSS Statistics for Windows (version 27.0; IBM, Armonk, NY, 
USA) and MedCalc for Windows (version 20.013; MedCalc Soft-
ware, Ostend, Belgium). Two-sided p <  0.05 was considered sta-
tistically significant. 

First, we performed descriptive statistics to assess the demo-
graphic and clinical characteristics of the study participants. Next, 
we examined the construct validity of the mSPPB and the eSPPB 
in two ways. First, for convergent validity, we evaluated the cor-

relations with common geriatric parameters using a partial cor-
relation coefficient adjusted for age and sex. Second, using a cutoff 
of ≤ 8 to denote sarcopenia,12) we performed independent sam-
ples t-tests to ascertain the ability to discriminate physical func-
tion, physical activity, frailty, balance performance, fear of falling, 
and physical performance between the ≤ 8 and > 8 subgroups.12) 
We then assessed the reliability of the mSPPB and eSPPB based 
on the ICCs of the total and component-specific scores. ICC val-
ues were indicated as: poor reliability ( < 0.5), moderate reliability 
(0.5–0.75), good reliability (0.75–0.9), and excellent reliability 
( > 0.9).29) We also performed paired t-tests to compare the mean 
differences between the readings. Lastly, we constructed 
Bland-Altman plots to determine the agreements between the to-
tal and component-specific scores. Systematic bias was calculated 
as the mean difference between readings, and 95% limits of agree-
ment were calculated as the bias ± 2 standard deviation for the 
differences between readings. Proportional bias was ascertained 
by inspecting the regression line and Pearson correlation to quan-
tify the degree of bias. 

RESULTS 

Recruitment Flowchart 
Of the 88 eligible participants, 35 (39.8%) declined further partici-
pation due to fear of technology, lack of time, or the coronavirus 
disease 2019 (COVID-19) situation. Of the 53 recruited partici-
pants, 16 were excluded from the study as they had incomplete 
data owing to technical issues that resulted in their data not being 
properly captured by the computer or them not being recognized 
by the sensors. Thus, the final sample comprised 37 participants 
who underwent both mSPPB and eSPPB assessments. Age, an-
thropometry, physical function, activity, and frailty status did not 
differ significantly between the included (n = 37) and excluded 
(n = 16) participants (Fig. 1). 

Baseline Characteristics 
The participants were predominantly female (62%) with a mean 
age of 78.5 ± 6.8 years. The AMT scores ranged from 6 to 10; while 
one participant had mild cognitive impairment, none had demen-
tia. The mean FRAIL score was 1.2 ± 1.0; thus, most of the partici-
pants were pre-frail (65%). The mean mSPPB score was 6.6 ± 3.3, 
which is lower than the cutoff of ≤ 8 used to denote sarcopenia. 
The female participants were lighter, shorter, and had lower MBI 
and BBS scores. Our participants from the Falls and Balance Clinic 
were slightly older and appeared to be frailer than those of original 
validation study16) derived from a rehabilitation clinic. This is evi-
denced by the lower BBS, mSPPB, and eSPPB and higher FRAIL 
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scores obtained in our study (Table 1).  

Convergent Validity  
Not surprisingly, we observed a strong correlation between the 
mSPPB and eSPPB total scores (r = 0.933, p < 0.01). Both mSPPB 
and eSPPB total scores showed strong correlations with the BBS 
(r = 0.900 and r = 0.869, respectively, p < 0.01), moderate correla-
tion with the MBI (r = 0.507 and r = 0.508, p < 0.01) and iADL 
(r = 0.465 and r = 0.530, p < 0.05), and weak to moderate correla-
tions with the FRAIL scale (r = -0.441 and r = -0.383, p < 0.05). 
Neither mSPPB nor eSPPB was correlated with the FAI or FES-I. 

Total screened (n=138)

Eligible (n=88)

Recruited (n=53)

Full dataset (n=37) Partial dataset (n=16)

Screen fail (n=50)
Reasons:
• Health reasons (e.g., breathlessness)
• No scheduled physio session

Declined (n=35)
Reasons:
• Fear of technology
• Lack of time
• Unwilling due to COVID-19 situation

Fig. 1. Recruitment flowchart.

Table 1. Baseline characteristics of the current and original validation studies

Current study Original study (Jung et al.16))
Male (n = 14) Female (n = 23) p-value Male (n = 15) Female (n = 25) p-value

Age (y) 76.9 ± 6.4 79.5 ± 7.0 0.451 75.9 ± 4.5 73.4 ± 6.0 0.198
Weight (kg) 70.1 ± 14.1 53.2 ± 11.6 0.002*
Height (m) 1.6 ± 0.08 1.5 ± 0.1 0.002*
BMI (kg/m2) 26.0 ± 5.0 25.0 ± 6.0 0.552
MBI Total (0–100) 98.0 ± 2.5 93.7 ± 7.1 0.074 96.8 ± 3.2 95.7 ± 4.1 0.377
iADL (0–32) 19.7 ± 3.2 17.6 ± 4.6 0.123
FRAIL total (0–5) 0.8 ± 0.8 1.4 ± 1.1 0.304 0.5 ± 0.8 1.2 ± 1.1 0.035**
 Robust 6 (43) 4 (17)
 Pre-frail 8 (57) 16 (70)
 Frail 0 (0) 3 (13)
FAI total (0–45) 26.4 ± 9.5 26.6 ± 11.8 0.689
BBS total (0–56) 47.2 ± 3.2 39.2 ± 11.8 0.068 53.2 ± 2.5 51.4 ± 4.9 0.356
FES-I total (16–64) 28.8 ± 11.1 29.6 ± 10.2 0.919
mSPPB (0–12) 7.6 ± 2.8 6.0 ± 2.5 0.185 10.8 ± 1.6 9.9 ± 2.4 0.161
eSPPB (0–12) 8.1 ± 3.2 5.7 ± 3.2 0.115 10.4 ± 1.7 9.9 ± 2.3 0.677

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; MBI, modified Barthel Index; iADL, instrumental activities of daily living; FRAIL, fatigue, resistance, ambulation, illness, loss of weight; 
FAI, Frenchay Activities Index; BBS, Berg Balance Scale; FES-I, Falls Efficacy Scale International; mSPPB, manual Short Physical Performance Battery; eSPPB, 
automated Short Physical Performance Battery.
*p<0.01, **p<0.05.

The subdomains of the mSPPB and eSPPB showed similar results 
as the total scores, with a moderate to strong correlation with the 
BBS (lowest r = 0.460 for eSPPB gait speed, and highest r = 0.831 
for eSPPB balance), moderate correlations with the MBI and 
iADL, and weak to moderate correlations with the FRAIL scale. 
The FAI was only moderately correlated with eSPPB gait speed 
but was not correlated with the rest of eSPPB subdomains or with 
mSPPB. None of the subdomains in either the mSPPB or eSPPB 
were correlated with the FES (Table 2). 

Discriminatory Ability for Outcomes 
Using a cutoff of ≤ 8 to denote sarcopenia, both mSPPB and eSP-
PB were associated with significantly higher FRAIL scores (mSP-
PB: 1.5 ± 1.0 vs. 0.4 ± 0.5, p = 0.013; eSPPB: 1.5 ± 1.0 vs. 0.6 ± 0.6, 
p = 0.010), lower BBS scores (mSPPB: 38.2 ± 10.0 vs. 50.8 ± 2.9, 
p = 0.008; eSPPB: 36.6 ± 9.8 vs. 50.2 ± 2.8, p = 0.005), and lower 
SPPB total scores (mSPPB: 5.0 ± 2.4 vs 10.5 ± 1.0, p = 0.003; eSP-
PB: 4.4 ± 2.2 vs. 10.1 ± 1.3, p = 0.001). The domain-specific scores 
for balance, gait speed, and chair stand were also significantly lower 
in the ≤ 8 subgroups for both the mSPPB and eSPPB (Table 3). 

Total/Domain Scores and ICCs 
We observed no significant differences in the mean mSPPB and 
eSPPB total and domain scores. Relative to the mSPPB, the eSPPB 
showed excellent reliability for the total score (ICC = 0.94; 95% 
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CI, 0.88–0.97) and gait speed domain (ICC = 0.94; 95% CI, 0.89–
0.97), and good reliability for the balance and chair stand domains 
(ICC 0.86–0.89). The confidence intervals were wider for the bal-
ance and chair stand domains (95% CI, 0.75–0.93 and 0.81–0.94, 
respectively) than those of the total score and gait speed domain. 
Our reliability results were similar to those of the original study, 
which also showed good to excellent reliability for total SPPB 
scores and its domains16) (Table 4). 

Bland-Altman Plots 
The Bland-Altman plot showed good agreement for the eSPPB 
and mSPPB total scores, with most values within the limits of 
agreement. We observed no evidence of systematic (mean differ-
ence = -0.2; 95% CI, -3.2–2.9) or proportional (r = 0.102, 

p = 0.546) biases. Similarly, the domain-specific scores showed 
good agreement for balance (mean difference = 0.1; 95% CI, -1.3–
1.5; r = -0.225, p = 0.181), gait speed (mean difference = -0.2; 95% 
CI, -1.7–1.3; r = -0.100, p = 0.555), and chair stand (mean differ-
ence = -0.1; 95% CI, -1.6–1.3; r = 0.019, p = 0.912), with most val-
ues within the limits of agreement (91.9%, 97.3%, and 94.6%, re-
spectively). We observed no evidence of systematic or proportion-
al biases in the domain-specific scores (Fig. 2). 

DISCUSSION 

Since the original validation study of the automated multi-sensor-
based kiosk for SPPB, emerging evidence from retrospective anal-
yses of clinical populations supports the application of the eSPPB 

Table 2. Convergent validity of mSPPB versus eSPPB and their subdomains

MBI iADL FES FRAIL FAI BBS
mSPPB total 0.507* 0.465** 0.077 -0.441** 0.305 0.900*
 Balance 0.494* 0.413** -0.082 -0.292 0.253 0.789*
 Gait speed 0.282 0.470** 0.150 -0.505* 0.299 0.662*
 Chair stand 0.430** 0.269 0.121 -0.297 0.201 0.718*
eSPPB total 0.508* 0.530* 0.138 -0.383** 0.362 0.869*
 Balance 0.569* 0.499* 0.100 -0.239 0.380 0.831*
 Gait speed 0.163 0.411** 0.286 -0.430** 0.409** 0.460**
 Chair stand 0.309 0.287 0.068 -0.233 0.132 0.555*

Partial correlation adjusted for age and gender.
mSPPB, manual Short Physical Performance Battery; eSPPB, automated Short Physical Performance Battery; MBI, modified Barthel Index; iADL, instrumental 
activities of daily living; FES, Falls Efficacy Scale; FRAIL, fatigue, resistance, ambulation, illness, loss of weight; FAI, Frenchay Activities Index; BBS, Berg Balance 
Scale.
*p<0.01, **p<0.05.

Table 3. Characteristics and comparisons of the means of SPPB scores of ≤8 and >8

mSPPB eSPPB
mSPPB ≤ 8 (n = 26) mSPPB > 8 (n = 11) p-value eSPPB ≤ 8 (n = 23) eSPPB > 8 (n = 14) p-value

MBI total 93.9 ± 6.8 98.6 ± 1.8 0.091 93.3 ± 7.0 98.2 ± 2.1 0.033**
iADL 17.2 ± 4.4 21.1 ± 1.8 0.13 17.2 ± 4.4 20.1 ± 3.2 0.115
FRAIL total 1.5 ± 1.0 0.4 ± 0.5 0.013** 1.5 ± 1.0 0.6 ± 0.6 0.010**
FAI total 24.5 ± 10.8 31.2 ± 9.6 0.756 24.6 ± 11.3 27.5 ± 9.1 0.972
BBS total 38.2 ± 10.0 50.8 ± 2.9 0.008* 36.6 ± 9.8 50.2 ± 2.8 0.005*
FES-I total 27.3 ± 9.4 34.6 ± 11.6 0.343 27.4 ± 9.5 30.3 ± 9.7 0.919
SPPB total (0–12) 5.0 ± 2.4 10.5 ± 1.0 0.003* 4.4 ± 2.2 10.1 ± 1.3 0.001*
 Balance (0–4) 1.7 ± 1.1 3.2 ± 1.0 0.003* 1.5 ± 1.1 3.4 ± 0.8 0.001*
 Gait speed (0–4) 1.8 ± 0.9 3.6 ± 0.7 0.007* 1.6 ± 0.8 3.4 ± 0.8 0.002*
 Chair stand (0–4) 1.5 ± 1.5 3.6 ± 0.5 0.003* 1.3 ± 1.4 3.4 ± 1.1 0.003*

Values are presented as mean±standard deviation.
mSPPB, manual Short Physical Performance Battery; eSPPB, automated Short Physical Performance Battery; MBI, modified Barthel Index; iADL, instrumental 
activities of daily living; FRAIL, fatigue, resistance, ambulation, illness, loss of weight; FAI, Frenchay Activities Index; BBS, Berg Balance Scale; FES-I, Falls Effi-
cacy Scale International.
*p<0.01, **p<0.05.
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in real-world clinical settings.16-18) To our knowledge, this explor-
atory study is the first to compare the validity, reliability, and agree-
ment of the eSPPB with those of the mSPPB among predominant-
ly pre-frail older adults attending a fall and balance clinic. Similar to 
the original validation study involving a less frail population, we 
observed no significant differences in the total and domain scores 
of the eSPPB and mSPPB. In addition, our study builds upon the 
body of evidence by corroborating the construct validity, good-to-ex-
cellent reliability, and good agreement without systematic or pro-

portional biases between the eSPPB and mSPPB readings for total 
and domain scores. 

As the criteria for referral to our Falls and Balance Clinic is recur-
rent falls and/or unsteady gait, it was unsurprising that the overall 
mean score for both the eSPPB and mSPPB was < 8, suggesting 
that a significant number of our participants were already in the 
sarcopenia category. This was consistent with the results of studies 
that reported an association between sarcopenia and an increased 
risk of falls.29,30) In contrast, the higher SPPB scores (mean, 9.9–

Table 4. Comparisons of total/domain SPPB scores and ICCs

Current study Original study (Jung et al.16))
mSPPB eSPPB p-value ICC (95% CI) mSPPB eSPPB ICC

Total score (0–12) 6.62 ± 3.26 6.57 ± 3.38 0.782 0.94 (0.88–0.97) 10.2 ± 2.1 10.1 ± 2.1 0.97
 Balance (0–4) 2.14 ± 1.25 2.24 ± 1.40 0.353 0.86 (0.75–0.93) 3.3 ± 1.0 3.4 ± 0.7 0.77
 Gait speed (0–4) 2.38 ± 1.16 2.32 ± 1.20 0.422 0.94 (0.89–0.97) 3.4 ± 0.8 3.2 ± 0.9 0.84
 RCST (0–4) 2.11 ± 1.61 2.00 ± 1.60 0.378 0.89 (0.81–0.94) 3.5 ± 1.2 3.5 ± 1.2 0.99

Values are presented as mean±standard deviation.
SPPB, Short Physical Performance Battery; ICC, intraclass correlation coefficient; eSPPB, automated Short Physical Performance Battery; mSPPB, manual Short 
Physical Performance Battery; RCST, repeated chair stand test; CI, confidence interval.
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10.8) in the original validation study16) suggested a more robust 
population with a lower prevalence of sarcopenia. 

Our study results supported the construct validity of the eSPPB 
in at-risk older adults by demonstrating its convergent validity in 
terms of balance performance, physical function, and physical ac-
tivity. Notably, the correlation coefficient with the BBS score was 
higher in our study than that in the original validation study. Al-
though the exact reason remains to be elucidated, one possibility is 
the closer relationship between the balance sub-domain and BBS 
in frailer older adults at increased risk of falls, which further affirms 
the convergent validity of the eSPPB in this at-risk population. Our 
results also corroborated the discriminatory ability of frailty, bal-
ance performance, and SPPB scores using a cutoff of ≤ 8 to denote 
sarcopenia. In support of this, participants scoring ≤ 8 on both the 
eSPPB and mSPPB were also in the pre-frail range, based on the 
FRAIL scale. This was consistent with previous studies that 
showed that SPPB score of ≤ 8 was a useful measure for identify-
ing sarcopenia10) and physical frailty phenotype9) in communi-
ty-dwelling older adults. 

Our study also demonstrated excellent reliability for total scores 
and good to excellent reliability for domain scores between the 
eSPPB and the mSPPB. In relation to the original validation study, 
it was reassuring that the ICC in our study was comparable to that 
of the total score and higher for the balance and gait speed domain 
scores, albeit lower for the chair stand despite the frailer popula-
tion. However, caution is needed when interpreting ICCs, as the 
values can be affected by samples heterogeneity, which exemplifies 
the concept of signal-to-noise ratio, wherein the proportion of vari-
ance is due to differences between subjects instead of the assess-
ments performed.31) Despite the good reliability, balance and chair 
stand showed the lowest ICC and widest confidence intervals 
among the domains, suggesting the need to address technical is-
sues related to sensors in frailer older adult populations. 

In addition, we observed good agreement between the SPPB to-
tal score, with almost all data points lying within the 95% limits of 
agreement. The absolute difference in mean scores of 0.2 for SPPB 
total score in our study was lower than the minimally significant 
change of 0.3–0.8 points reported in the LIFE-P study.32) We also 
observed no evidence of systematic or proportional biases. Exam-
ination of the domain scores showed the highest number of outli-
ers in the balance and chair stand assessments, with 8.1% and 5.4% 
of data points, respectively, beyond the limits of agreement. These 
outliers could have resulted from technical challenges in the sens-
ing of balance and chair pads. 

Our study has several limitations. Due to the cross-sectional de-
sign, we were unable to assess the test-retest reliability of the eSP-
PB or evaluate its predictive validity via longitudinal outcomes. As 

an exploratory study, our sample size was small, precluding com-
parisons between sexes or other subgroups. In addition, our results 
pertain to a predominantly pre-frail at-risk patient group attending 
the Falls and Balance Clinic and may not be generalizable to a wid-
er population of frail older persons. As our study sample included 
no individuals with dementia, our results cannot be extrapolated 
to patients with dementia. We employed the sitting stop for the 
chair-stand test to allow comparability with the chair sensor of the 
SPPB. A recent study indicated that the timings for standing versus 
sitting stop in the chair stand test may not be comparable; there-
fore, our results may not be generalizable to settings where a stand-
ing stop is the prevalent practice.33) We also did not collect data 
pertaining to the feasibility and user acceptability of the eSPPB 
from the participants’ perspective. Future studies in larger popula-
tions with greater proportions of frail older adults are needed to 
examine the feasibility and acceptability of the eSPPB for wide-
spread use in clinical settings.  

In summary, the results of our exploratory study corroborated 
the construct validity, reliability, and agreement of the eSPPB with 
the mSPPB in a small sample of predominantly pre-frail older 
adults with increased fall risk. In addition, the balance and chair 
stand domains were associated with potential technical issues that 
need to be addressed to improve the reliability and agreement of 
the readings. This study paves the way for future studies examining 
the scalability and feasibility of the widespread use of eSPPB for 
frailty and sarcopenia detection in the clinical setting.  
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INTRODUCTION 

The proportion of the geriatric population in society is gradually 
increasing. According to a World Health Organization report, the 
number of people aged ≥ 60 years, which was one billion in 2020, 
is expected to increase at an unprecedented rate to 2.1 billion by 
2050.1) National data reveal that the older population will double 
by 2060.2) With an increase in the geriatric population, geriatric 
syndromes are of increasing importance. Geriatric syndromes are 
common, complex, and costly health conditions in older individu-
als.3) Sarcopenia, which causes physical disability with a progres-
sive and generalized decrease in skeletal muscle strength and mass, 
is also defined as geriatric syndrome.4) 
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risk were measured to diagnose sarcopenia. Sarcopenia severity was evaluated using a 4-m walk-
ing speed test. We evaluated the cognitive status of participants using the Standardized 
Mini-Mental Test (SMMT) and the Standardized Mini-Mental Test for the Untrained (SMMT-E). 
Results: It was found that 10.9% (n=22) of participants was risky for sarcopenia and 6.0% (n=12) 
and 33.3% (n=4) had definite and severe sarcopenia, respectively. Examination of the association 
between cognitive impairment and SARC-F showed that 8.6% (n=14) of participants with nor-
mal cognitive function were at risk of sarcopenia compared to 20.5% (n=8) of participants with 
cognitive impairment (p=0.045). Evaluation of the relationship between cognitive function and 
sarcopenia status showed that 3.7% (n=6) of participants with normal cognitive function had 
sarcopenia compared to 15.4% (n=6) among participants with cognitive impairment (p=0.006). 
Conclusion: The rate of sarcopenia was significantly higher in older individuals with cognitive 
than those with normal cognitive functions. 
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In general, 5%–13% of people aged 60–70 years and 11%–50% 
of people aged ≥ 80 years have sarcopenia.5) A systematic study, re-
ported sarcopenia in at least one of 20 members of the community, 
with the incidence increasing to up to one in three in frail older in-
dividuals.6) Sarcopenia is associated with many clinical conse-
quences such as falls, fractures, physical disability, and increased 
mortality, causing high personal, social, and economic burdens.7) 
Sarcopenia is also associated with many chronic and endocrine co-
morbidities such as diabetes mellitus, depression, and cardiovascu-
lar diseases. However, the relationship of sarcopenia with cognitive 
function remains unclear.8) Sarcopenia and cognitive disorders 
share many co-occurrence mechanisms, which has prompted re-
searchers to investigate the relationship between cognitive and 
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motor/ physical functions.9) 

In this context, the present study investigated the relationship 
between sarcopenia and cognitive function in older adults. 

MATERIALS AND METHODS 

Study design and participants
This study included 201 participants aged > 65 years at Depart-
ment of Family Medicine, the Health Sciences University Kartal 
Dr. Lutfi Kirdar City Hospital, Istanbul, Turkey, between July 1, 
2020, and January 31, 2021. The Kartal Dr Lutfi Kirdar City Hos-
pital Clinical Research Ethics Committee approved this study (No. 
2020/514/180/33). Informed consent was obtained from all par-
ticipants at the beginning of the study. This study complied the 
ethical guidelines for authorship and publishing in the Annals of 
Geriatric Medicine and Research.10) We calculated the sample size 
for a known population with an unknown prevalence within the 
95% confidence interval. We evaluated all participants and collect-
ed data on their anthropometric measurements. The same exam-
iner performed all measurements. Body mass index (BMI) was 
calculated as body weight (kg)/height squared (m2). Body analy-
ses of the patients were performed using an Omron Karada Scan 
device on an empty stomach, without metal, and with bare feet. 

Sarcopenia assessment
Sarcopenia was diagnosed according to the European Working 
Group on Sarcopenia in Older People (EWGSOP2) criteria.3,4) 
We also screened all patients based on the SARC-F (strength, as-
sistance with walking, rising from a chair, climbing stairs, and falls) 
questionnaire. We considered participants with a SARC-F total 
score ≥ 4 to be at risk for sarcopenia.11) The handgrip strength of 
patients with sarcopenia risk was evaluated using a Baseline Digital 
Smedley hand dynamometer. We asked the participants were 
asked to keep their elbows close to the body, flex the elbow to 90°, 
and grasp the dynamometer and squeeze as hard as possible. We 
used the highest value of three measurements for analysis. We de-
fined probable sarcopenia as handgrip strength < 27 kg in male 
participants and < 16 kg in female participants.3,4) 

We applied bioelectrical impedance analysis (BIA) to evaluate 
the skeletal muscle masses of participants with probable sarcope-
nia. Jannsen et al.12) defined skeletal muscle index (SMI) as the 
percentage of total body mass (skeletal mass/body weight ×  100), 
and expressed SMI% in units. A low SMI was considered normal if 
it was greater than one standard deviation from the sex-specific 
mean for young adults (18–39 years) based on data from the Third 
National Health and Nutrition Examination Survey (NHANES 
III). Patients with values one standard deviation below the mean 

were defined as having sarcopenia. The present study used cutoff 
values of < 37% (for male) and < 27.6% (for female), with partici-
pants with values these cutoffs categorized as having sarcopenia.3,4) 

We conducted a 4-m walking speed test to evaluate the physical 
performance of the participants, with times ≤ 0.8 m/s indicating 
severe sarcopenia.3,4) 

Cognitive function
We used the Standardized Mini-Mental Test (SMMT) and Stan-
dardized Mini-Mental Test for the Untrained (SMMT-E) to evalu-
ate the cognitive status of the participants. Participants who cor-
rectly completed all test areas received the maximum total score of 
30. We defined normal cognitive function as scores of ≥ 24 points, 
mild dementia as scores of 18–24, and severe dementia as scores 
≤ 18.13,14)  

Statistical analysis
Study data were analyzed using IBM SPSS Statistics for Windows, 
version 21.0 (IBM, Armonk, NY, USA). Descriptive criteria (fre-
quencies, percentages, means, medians, standard deviations, and 
minimum-maximum values) were reported. We applied Kolmog-
orov-Smirnov tests to assess normality. Pearson and Spearman 
correlation tests were used to evaluate the relationships between 
continuous variables. Chi-square test was used. Statistical signifi-
cance was set at p < 0.05. 

RESULTS 

This study included a total of 201 participants—44.3% (n = 89) 
male and 55.7% (n = 112) female. The mean age of the partici-
pants was 73.3 ± 6.0 years. Most the participants were married 
(69.2%; n = 139), high school graduates (29.4%; n = 59), and re-
tired (61.7%; n = 124). The mean BMI was 27.9 ± 4.1 kg/m2. Ac-
cording to BMI classification, approximately half of the partici-
pants (46.8%; n = 94) were overweight. The general characteristics 
of the participants are presented in Table 1. 

In this study, 10.9% (n = 22) of the participants were at risk for 
sarcopenia. To confirm the diagnosis of sarcopenia, we evaluated 
the participants’ muscle mass and handgrip strength, which 
showed that 6.0% (n = 12) of the participants had definite sarco-
penia. The results of walking tests to assess the sarcopenia severity 
revealed severe sarcopenia in 33.3% (n = 4) of the participants 
(Fig. 1). 

Examination of the relationship between demographic data and 
sarcopenia status showed a significant difference between the pres-
ence of sarcopenia and age. In this study, 16.7% (n = 2) of partici-
pants with sarcopenia were aged ≥ 85 years compared to 3.2% 
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(n = 6) of participants without sarcopenia (p = 0.041). We ob-
served no significant differences between other demographic char-
acteristics and sarcopenia (Table 2). 

Evaluation of the cognitive functions of the participants using 
SMMT showed a mean SMMT score of 26.2 ± 3.3. While 80.6% 
(n = 162) of the group had a normal cognitive function, 19.4% 
(n = 39) showed impairment. Our examination of the association 
between cognitive impairment and SARC-F revealed that 8.6% 
(n = 14) and 20.5% (n = 8) of participants with normal cognitive 
function and cognitive impairment, respectively, were at risk of sar-
copenia (p = 0.045). We next assessed the relationship between 
cognitive function and sarcopenia status, finding that 3.7% (n = 6) 
of participants with normal cognitive function were sarcopenic, 
compared to 15.4% (n = 6) of participants with cognitive impair-
ment (p = 0.006) (Table 3). 

DISCUSSION 

This study aimed to determine the prevalence of sarcopenia and 

investigate the relationship between sarcopenia and cognitive 
function in older individuals. It was found that 10.9% (n = 22) of 
participants was risky for sarcopenia and that 6.0% of the partici-
pants had definite sarcopenia. The rate of sarcopenia was signifi-
cantly higher in older individuals with cognitive impairment com-
pared to those without cognitive impairment (15.4% vs. 3.7%). 

Epidemiological studies on the prevalence of sarcopenia have re-
ported sarcopenia in 5%–13% of people aged 60–70 years and 
11%–50% of people aged > 80 years.5) Differences in sarcopenia 
definitions, cutoff values, measurement methods, and formula-
tions have led to different prevalence reports in the literature. BIA 
underestimates fat mass, overestimates muscle mass, and shows a 
small margin of error in estimating skeletal muscle mass.15) Kim et 
al.16) reported sarcopenia frequencies of 14.2% in female and 5.1% 
in male based on the SMI. The authors also reported different sar-
copenia frequencies using different methods to assess muscle 
mass. In our study, the overall incidence of sarcopenia was 5.9%, 
while it was 8.0% in female, and 3.3% in male. The frequency of 
sarcopenia was 25% in participants aged ≥ 85 years, with a signifi-

Table 1. Demographic features of the study participants (n=201)

Characteristic Value
Age (y) 73.3 ± 6.0
 65–74 109 (54.2)
 75–84 84 (41.8)
 ≥ 85 8 (4.0)
Sex
 Male 89 (44.3)
 Female 112 (55.7)
Education (y)
 ≤ 8 97 (48.3)
 ≥ 9 104 (51.7)
Marital status
 Married 139 (69.2)
 Single 7 (3.5)
 Widow/divorced 55 (27.4)
Working status
 Retired 124 (61.7)
 Employed 11 (5.5)
 Non-employed 66 (32.8)
Living condition
 Alone 36 (17.9)
 Wife/husband and children 158 (78.6)
 Mother/father 6 (3.0)
 Other 1 (0.5)
Income (Turkish lira)
 ≤ 2,200 63 (31.3)
 ≥ 2,201 138 (68.7)

Values are presented as mean±standard deviation or number (%).

Find
sarcopenia

Search
sarcopenia

Diagnose
sarcopenia

Classify
sarcopenia

Apply SARC-F

Hand grip evaluation

Muscle mass evaluation

Severe sarcopenia
n=4

Mild sarcopenia
n=8

Physical performance
evaluation

No sarcopenia 
risk n=179

n=201

n=22

n=12

No sarcopenia 
risk n=10

Negative

Normal

Fig. 1. Sarcopenia risk, sarcopenia, and severity. SARC-F, strength, 
assistance with walking, rising from a chair, climbing stairs, and falls.
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cant association between age and sarcopenia. Given the progres-
sive decrease in muscle mass with age, this result was expected. 
However, the frequency of sarcopenia in our study was relatively 
low, even in those aged > 85 years. We attribute this finding to the 
living conditions of the older individuals in this study. Physical in-
activity and obesity are important risk factors for sarcopenia. As 
our study area was an island, the inhabitants have high physical ac-
tivity levels.  

We observed no significant difference in the presence of sarco-
penia between sexes. In their meta-analysis including 58,404 pa-
tients, Shafiee et al.17) reported a similar prevalence of sarcopenia 
between sexes, consistent with our findings. The relationship be-
tween sex and sarcopenia has been inconsistent in the literature. 

Some studies reported a higher reduction in muscle mass in male 
than in female.18,19) Iannuzzi-Sucich et al.20) reported the highest 
prevalence of sarcopenia (52.9%) in male aged > 80 years com-
pared to 31.0% among female of the same age. Various endoge-
nous and exogenous factors determine the prevalence of sarcope-
nia in both sexes. Hormonal changes that play a role in decreasing 
muscle mass occur more slowly in male than in female. After the 
menopause transition, the concentrations of sex steroids contain-
ing both estrogen and androgen decrease significantly. The reduc-
tion in sex steroids in male is much slower than that in female.21) 

In our study, the rate of sarcopenia was significantly higher in 
older individuals with cognitive impairments compared to those 
with normal cognitive functions. Ida et al.22) reported a significant 

Table 2. Relationships between participant demographic characteristics and the presence of sarcopenia

Non-sarcopenic (n = 189) Sarcopenic (n = 12) p-value
Age (y) 0.041
 65–74 105 (55.6) 4 (33.3)
 75–84 78 (41.3) 6 (50.0)
 ≥ 85 6 (3.2) 2 (16.7)
Sex 0.166
 Male 86 (45.5) 3 (25.0)
 Female 103 (54.5) 9 (75.0)
Education (y) 0.188
 ≤ 8 89 (47.1) 8 (66.7)
 ≥ 9 100 (52.9) 4 (33.3)
Marital status 0.446
 Married 132 (69.8) 7 (58.3)
 Single 7 (3.7) 0 (0)
 Widow/divorced 50 (26.5) 5 (41.7)
Working status 0.390
 Employed 11 (5.8) 0 (0)
 Non-employed/retired 178 (94.2) 12 (100)
Living condition 0.151
 Alone 32 (16.9) 4 (33.3)
 Other 157 (83.1) 8 (66.7)
Income (Turkish lira) 0.151
 ≤ 2,200 57 (30.2) 6 (50.0)
 ≥ 2,201 132 (69.8) 6 (50.0)

Values are presented as number (%).

Table 3. Relationship of cognitive function, sarcopenia risk and sarcopenia

Cognitive function
p-value

Normal (n = 162) Impaired (n = 39)
Non-risky for sarcopenia (n = 179) 148 (91.4) 31 (79.5) 0.045
Risky for sarcopenia (n = 22) 14 (8.6) 8 (20.5)
Non-sarcopenic (n = 189) 156 (96.3) 33 (84.6) 0.006
Sarcopenic (n = 12) 6 (3.7) 6 (15.4)
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relationship between sarcopenia and mild cognitive impairment 
(MCI) using the Japanese version of the SARC-F in a study of Jap-
anese participants with diabetes. Another study showed that physi-
cal performance but no other markers of sarcopenia were inde-
pendently associated with cognitive impairment.23) Lee et al.24) re-
ported that sarcopenia was associated with MCI in older Korean 
female. Moreover, a recent meta-analysis showed evidence regard-
ing the relationship between sarcopenia and cognitive impair-
ment.25) 

This study is one of a few to assess sarcopenia and cognitive 
function in the Turkish population. However, our study had some 
limitations. First, because of the study area, the findings cannot be 
generalized. The study area was an island near a large metropolis 
(Istanbul) and the participants had higher socioeconomic status 
and average life expectancy than those of the general population. 
Moreover, as motor vehicles are not allowed on the island, the 
physical movement capacity of the participants was also higher 
than that of the general population. Additionally, the MMT is a 
screening tool that cannot diagnose dementia. Finally, the 
cross-sectional design does not show causality. 

In conclusion, the results of our study revealed the frequency of 
cognitive impairment in older individuals at risk of sarcopenia 
and/or those diagnosed with sarcopenia. With the rapid increase 
in the geriatric population, neuropsychiatric diseases have become 
a critical public health problem worldwide and in our country. The 
correlation between SARC-F and SMMT findings suggests that 
patients at risk of sarcopenia can also be assessed for cognitive im-
pairment. 
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INTRODUCTION 

Common bile duct (CBD) stones occur in 10%–15% of patients 
with gallstone disease.1) Up to approximately 4% of patients have 
symptoms related to CBD stones during the first year after chole-
cystectomy.2) The appropriate treatment for CBD stones remains 
controversial. 

Endoscopic retrograde cholangiopancreatography (ERCP) with 
endoscopic sphincterotomy (EST) plus laparoscopic cholecystec-
tomy (LC) as a two-stage treatment is reportedly a safer treatment 
method than one-stage treatment.3,4) Laparoscopic common bile 
duct exploration (LCBDE) with stone removal plus LC, a one-
stage treatment, has been widely used in the treatment of bile duct 
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stones since the 1980s with the development of laparoscopic sur-
gery.5) With the recent development of surgical devices and tech-
nology, many centers and surgeons have tried to practice LCB-
DE,6,7) showing success in approximately 90% of patients. Howev-
er, persistent and recurrent stones have been reported in 10% of 
patients.7) Previous studies reported no significant differences in 
the success and complication rates between one- and two-stage 
treatments. However, one-stage treatment allows shorter hospital 
stays, requires fewer procedures, and is cost-effective.8,9) Thus, the 
recent results of one-stage treatment are comparable or superior to 
those of two-stage treatment. 

Life expectancy is gradually increasing with current trends in 
economic development and health promotion.10) According to 
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data from the National Statistical Office of South Korea, the popu-
lation aged 65 years or older increased from 5.9% of the total pop-
ulation in 1995 to 15.7% of the total population in 2020.11) Life ex-
pectancy has also increased, reaching 82.3 years in 2016.12) As a re-
sult, the number of older patients undergoing surgical procedures 
is increasing. These patients often have chronic diseases such as 
high blood pressure, diabetes, heart disease, or cerebral infarction; 
therefore, we anticipate additional postoperative risks compared to 
those in younger patients. Recent studies on surgery in older pa-
tients showed that risk stratification with comorbidity better pre-
dicts postoperative outcomes than age.13) In contrast, Liu et al.10) 
reported that patients > 70 years of age had a higher preoperative 
risk for CBD stones, although the results were comparable be-
tween one- and two-stage treatments. However, no studies have 
compared the outcomes of LCBDE in patients aged ≥ 80 years. 

Therefore, this retrospective single-center study investigated 
LCBDE outcomes in the oldest old patients to identify the factors 
associated with increased complications. 

MATERIALS AND METHODS 

Patients 
Overall, 363 patients with CBD stones underwent LCBDE at a 
single center between January 2003 and October 2020. CBD 
stones were diagnosed using abdominal ultrasonography, abdomi-
nal computed tomography, magnetic resonance cholangiopancrea-
tography (MRCP), and ERCP. We enrolled patients who under-
went LCBDE plus LC without attempting ERCP, attempted pre-
operative ERCP but failed, and underwent only LCBDE because 
they had previously undergone LC. We also excluded patients who 
underwent LCBDE in combination with other surgeries. If LCB-
DE was repeated for stone recurrence after LCBDE, only the first 
surgery was included in the study. We retrospectively reviewed the 
medical records for the following data: (1) clinical characteristics 
such as age, sex, body mass index (BMI), American Society of An-
esthesiologists (ASA) score, medical history including surgeries, 
Charlson Comorbidity Index, diameter of CBD, number of CBD 
stones, bilirubin level, preoperative intensive care unit (ICU) man-
agement history, and cause of ERCP failure, (2) surgical outcomes 
including clearance of CBD stones, CBD stone recurrence, opera-
tion time, estimated blood loss, open conversion, and postopera-
tive hospital stays, and (3) postoperative complications graded ac-
cording to the Clavien-Dindo classification. We retrospectively in-
vestigated the postoperative complications using patient medical 
records, including bile leakage, wound infection, pancreatitis, 
dysuria, pneumonia, and urinary tract infection (UTI), and Cla-
vien-Dindo classifications of grade III or higher were classified as 

major complications. This study was approved by the Institutional 
Review Board of Konyang University Hospital (No. 2021-03-
007). The informed consent was waived. This study complied the 
ethical guidelines for authorship and pubhishing in the Annals of 
Geriatric Medicine and Research.14)

LCBDE Technique 
Surgery was performed as previously described.15) The patients 
were placed in the supine position under general anesthesia. LCB-
DE was performed using a four-port method. A 12-mm port was 
used at the umbilicus for the camera, a 10-mm port was placed at 
the midclavicular line just above the nearest point from the CBD 
for the choledochoscope or fan retractor, and 5-mm ports were 
placed at the epigastric area and right anterior axillary line close to 
the right subcostal area. First, we performed cholecystectomy us-
ing a three-port method for the LC. We then performed a choled-
ochotomy approximately 1 cm in length in the center of the anteri-
or wall of the CBD using endo scissors. A flexible choledocho-
scope (Olympus, Tokyo, Japan) was inserted through this incision 
and any CBD stones were retrieved using saline irrigation, a wire 
basket (Olympus), and lithotripsy with a laser (Olympus). Subse-
quently, total stone removal was confirmed using a flexible choled-
ochoscope from the distal CBD to the right and left hepatic ducts. 
The CBD incision was repaired by T-tube insertion, internal drain-
age, or primary suturing using polydioxanone 4-0 or 5-0 sutures 
(Ethicon Inc., Somerville, NJ, USA).  

Statistical Analysis 
Data are expressed as mean ± standard deviation. The patients 
were divided into two groups based on age: < 80 years (group A) 
and ≥ 80 years (group B). For statistical analyses, comparisons be-
tween groups were performed using Student t-tests for continuous 
data and chi-square or Fisher exact tests for categorical data. Logis-
tic regression analysis was used to identify the factors associated 
with the risk of postoperative complications following LCBDE. 
Data were analyzed using PASW Statistics for Windows, version 
18.0 (SPSS Inc., Chicago, IL, USA). Differences were considered 
statistically significant at p < 0.05. 

RESULTS 

Patient Demographics and Disease Characteristics 
A total of 363 patients underwent LCBDE during the study peri-
od, including 240 patients < 80 years (group A; mean age 65.6 ± 
12.8 years) and 123 patients ≥ 80 years of age (group B; mean age 
83.9 ± 3.5 years). 

We compared the demographic data and disease characteristics 
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between groups A and B (Table 1). The BMI was lower in group B 
than that in group A (21.7 ± 3.2 kg/m2 vs. 23.0 ± 3.6 kg/m2, 
p =0.001). Compared to group A, group B had higher rates of  
Charlson Comorbidity Index ≥  5 (43.1% vs. 7.1%, p < 0.001), 
ASA physical status classification > grade III (54.5% vs. 23.3%, 
p < 0.001) and a higher proportion of patients with multiple stones 
(69.1% vs. 57.1%, p = 0.031). The rates of myocardial infarction 
and chronic renal disease were significantly higher in group B— 
13.0% (p = 0.014) and 3.3% (p = 0.047), respectively—than in 
group A. However, the other demographic and disease characteris-
tics did not differ significantly between the two groups, including 
sex ratio, previous abdominal surgery, previous gastrectomy, CBD 
diameter, maximum stone size, hypertension, diabetes, chronic 
obstructive pulmonary disease, cerebrovascular accident, demen-
tia, liver disease, and preoperative ICU management (Table 1). 

Surgical Outcomes 
We compared surgical outcomes between groups A and B (Table 
2). The methods of CBD repair (primary repair, internal drainage, 

or T-tube insertion) did not differ significantly (p = 0.420). While 
the operation time tended to be shorter in group B, the difference 
was not statistically significant (109.2 ± 45.1 minutes vs. 120.2 ±  
 58.0 minutes, p = 0.066). The estimated blood loss and open con-
version rates did not differ significantly (p = 0.0268 and p = 1.000, 
respectively). The CBD stone clearance rate also did not differ sig-
nificantly between the two groups (93.5% vs. 97.1%, p = 0.160). 
However, the postoperative hospital stay was significantly longer in 
group B compared to that in group A (7.6 ± 6.1 days vs. 6.2 ± 3.9 
days, p = 0.013). 

Postoperative Complications 
The total postoperative complications did not differ significantly 
between the groups (13.8% in group A vs. 20.3% in group B, 
p = 0.130) (Table 3). One case of minor bile leakage and wound 
infection occurred in each group. The Clavien-Dindo classification 
grade II cases, including dysuria, hemobilia, ileus, intra-abdominal 
hematoma, pancreatitis, pneumonia, and UTI, also did not differ 
significantly between the groups. In addition, the rate of major 

Table 1. Comparison of patient demographics and disease characteristics between younger than 80 years old (A) and the 80 years old and 
older group (B)

Variable Total (n =  363) Group A (n =  240) Group B (n =  123) p-value
Age (y) 71.8 ±  13.7 65.6 ±  12.8 83.9 ±  3.5 < 0.001
Sex, female 186 (51.2) 118 (49.2) 68 (55.3) 0.318
BMI (kg/m2) 22.6 ±  3.6 23.0 ±  3.6 21.7 ±  3.2 0.001
Charlson Comorbidity Index ≥  5 70 (19.3) 17 (7.1) 53 (43.1) < 0.001
ASA PS classification ≥  grade III 123 (33.9) 56 (23.3) 67 (54.5) < 0.001
Previous abdominal surgery 109 (30.0) 67 (27.9) 42 (34.1) 0.228
Previous gastrectomy 61 (16.8) 35 (14.6) 26 (21.1) 0.138
CBD diameter (mm) 13.7 ±  5.3 13.5 ±  5.3 14.3 ±  5.1 0.134
Number of stone 0.031
 Single 141 (38.8) 103 (42.9) 38 (30.9)
 Multiple 222 (61.2) 137 (57.1) 85 (69.1)
Maximum stone size (mm) 12.3 ±  6.5 12.2 ±  6.3 14.2 ±  6.9 0.749
Initial total bilirubin (mg/dL) 2.9 ±  3.1 3.1 ±  3.4 2.5 ±  2.3 0.044
Past history
 Hypertension 157 (43.3) 96 (40.0) 61 (49.6) 0.093
 DM 69 (19.0) 50 (20.8) 19 (15.4) 0.259
 COPD 38 (10.5) 23 (9.6) 15 (12.2) 0.471
 MI 29 (8.0) 13 (5.4) 16 (13.0) 0.014
 CRF 5 (1.4) 1 (0.4) 4 (3.3) 0.047
 CVA 38 (10.5) 25 (10.4) 13 (10.6) 1.000
 Dementia 14 (3.9) 8 (3.3) 6 (4.9) 0.566
 Liver disease 10 (2.8) 7 (2.9) 2 (1.6) 0.724
 Preop ICU management 10 (2.8) 6 (2.5) 4 (3.3) 0.739

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index; ASA PS, American Society of Anesthesiologists physical status; CBD, common bile duct; DM, diabetes mellitus; COPD, chronic ob- 
structive pulmonary disease; MI, myocadiac infarction; CRF, chronic renal disease; CVA, cerebrovascular accident; ICU, intensive care unit.
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complications also did not differ significantly between groups 
(8.9% vs. 6.7%, p = 0.526) (Table 2). Major bile leakage (Cla-
vien-Dindo classification grade IIIa) occurred in seven cases 
(5.7%) in group B and in five cases (2.1%) in group A, while acute 
renal failure (Clavien-Dindo grade IV) occurred in one patient in 
group B. 

Risk Factors for Postoperative Complications 
The influence of sex, age, ASA score, surgical history, CBD diame-
ter, stone size, stone number, preoperative bilirubin level, Charlson 
Comorbidity Index, and preoperative ICU management of post-
operative complications after LCBDE are summarized in Table 4. 
A multivariate regression model included factors associated with 
overall postoperative complications at a p < 0.15 significance level 

Table 2. Comparison of surgical outcomes between younger than 80 years old (A) and the 80 years old and older group (B)

Variable Total (n =  363) Group A (n =  240) Group B (n =  123) p-value
CBD drainage 165 (45.5) 115 (47.9) 50 (40.7) 0.221
 Primary repair 198 (54.5) 125 (52.1) 73 (59.3) 0.420
 Internal drainage 139 (38.3) 97 (40.4) 42 (34.1)
 T-tube insertion 26 (7.2) 18 (7.5) 8 (6.5)
Clearance of CBD stone 348 (95.9) 233 (97.1) 115 (93.5) 0.160
Recurrence of CBD stone 50 (13.8) 39 (16.3) 11 (8.9) 0.076
Operation time (min) 116.5 ±  54.2 120.2 ±  58.0 109.2 ±  45.1 0.066
Estimated blood loss (mL) 43.3 ±  86.0 39.8 ±  53.6 50.4 ±  127.8 0.268
Open conversion 11 (3.0) 7 (2.9) 4 (3.3) 1.000
Postoperative overall complication 58 (16.0) 33 (13.8) 25 (20.3) 0.130
Postoperative major complication 27 (7.4) 16 (6.7) 11 (8.9) 0.526
Postoperative bile leakage 14 (3.9) 6 (2.5) 8 (6.5) 0.082
Postoperative hospital stays (day) 6.7 ±  4.8 6.2 ±  3.9 7.6 ±  6.1 0.013

CBD, common bile duct; SD, standard deviation.

Table 3. Comparison of postoperative complications between younger than 80 years old (A) and the 80 years old and older group (B)

Clavien-Dindo Classification Complications Total (n = 363) Group A (n = 240) Group B (n = 123) p-value
Grade I 4 (1.1) 2 (0.8) 2 (1.6)

Bile leakage 2 (0.6) 1 (0.4) 1 (0.8) 1.000
Wound infection 2 (0.6) 1 (0.4) 1 (0.8) 1.000

Grade II 27 (7.4) 15 (6.2) 12 (9.7)
Dysuria 5 (1.4) 4 (1.7) 1 (0.8) 0.666
Hemobilia 1 (0.3) 1 (0.4) 0 (0) 1.000
Ileus 4 (1.1) 2 (0.8) 2 (1.6) 0.607
Intraabdominal hematoma 1 (0.3) 1 (0.4) 0 (0) 1.000
Pancreatitis 1 (0.3) 0 (0) 1 (0.8) 0.339
Pneumonia 14 (3.9) 6 (2.5) 8 (6.5) 0.082
UTI 1 (0.3) 1 (0.4) 0 (0) 1.000

Grade IIIa 24 (6.6) 14 (5.8) 10 (8.1)
Bile leakage 12 (3.3) 5 (2.1) 7 (5.7) 0.116
Intraabdominal fluid collection 7 (1.9) 7 (2.9) 0 (0) 0.100
Pleural effusion 5 (1.4) 2 (0.8) 0 (0)

Grade IIIb 2 (0.5) 2 (0.8) 0 (0)
Ileus 1 (0.3) 1 (0.4) 0 (0) 1.000
Wound dehiscence 1 (0.3) 1 (0.4) 0 (0) 1.000

Grade IV 1 (0.3) 0 (0) 1 (0.8)
ARF 1 (0.3) 0 (0) 1 (0.8) 0.339

Total 58 (16.0) 33 (13.8) 25 (20.3) 0.130

UTI, urinary tract infection; ARF, acute renal failure.
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as determined by univariate analysis. In univariate analysis, age 
≥ 80 years was not an independent factor for postoperative com-
plications (odds ratio [OR] = 1.600; 95% confidence interval [CI], 
0.903–2.837; p = 0.837). In multiple logistic regression analysis, 
Charlson Comorbidity Index ≥ 5 (OR = 2.307; 95% CI, 1.162–
4.579; p = 0.017) and operation time ≥ 2 hours (OR = 3.204; 95% 
CI, 1.802–5.695, p < 0.001) were independent factors associated 
with postoperative complications. 

Causes of Endoscopic Procedure Failure 
The causes of endoscopic procedure failure are listed in Table 5. 
ERCP cannulation and stone removal failure did not differ signifi-

cantly between the two groups (p = 0.874). Among patients who 
did not undergo ERCP, significantly more cases received one-stage 
treatment in group A (10.4% vs. 2.4%, p = 0.006), while group B 
had a higher proportion of patients at high risk for ERCP (27.6% 
vs. 17.1%, p = 0.021). 

DISCUSSION 

As the number of older patients increases in an aging society, sev-
eral studies have demonstrated the safety and feasibility of LCBDE 
in patients aged ≥ 70 years.10,16) However, no previous study has in-
vestigated the safety of LCBDE in patients aged ≥ 80 years. There-

Table 4. Univariate and multivariate analyses of risk factor for postoperative complications

Factor
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value
Male 1.061 (0.605–1.860) 0.837
Age ≥  80 y 1.600 (0.903–2.837) 0.108
BMI <  22.6 kg/m2 1.010 (0.576–1.771) 0.972
ASA PS classification ≥  3 1.469 (0.827–2.610) 0.190
Previous gastrectomy 1.547 (0.776–3.083) 0.215
Previous abdominal surgery 1.277 (0.704–2.316) 0.420
CBD diameter >  8 mm 2.647 (0.917–7.640) 0.072
Largest stone size >  10 mm 1.988 (1.091–3.622) 0.025
Multiple stone 1.652 (0.898–3.040) 0.107
Total bilirubin >  1.3 mg/dL 1.384 (0.780–2.457) 0.267
Charlson Comorbidity Index ≥  5 1.771 (0.928–3.380) 0.083 2.307 (1.162–4.579) 0.017
Preop ICU management 1.733 (0.215–13.947) 0.605
Operation time ≥  2 hr 3.204 (1.802–5.695) < 0.001 3.204 (1.802–5.695) < 0.001
Biliary drainage (primary +/-) 0.741 (0.422–1.301) 0.297

CBD, common bile duct; OR, odds ratio; CI, confidence interval; ASA PS, American Society of Anesthesiologists physical status; ICU, intensive care unit.

Table 5. Causes of endoscopic procedure failure

Cause Total (n =  363) Group A (n =  240) Group B (n =  123) p-value
ERCP cannulation failure 190 (52.3) 127 (52.9) 63 (51.2) 0.874
 Bile duct cannulation failure 33 (9.1) 26 (10.8) 7 (5.7) 0.125
 Periampullary diverticulum 27 (7.4) 20 (8.3) 7 (5.7) 0.407
 Altered surgical anatomy 69 (19.0) 44 (18.3) 25 (20.3) 0.673
 Poor cooperation of patient 51 (14.0) 30 (12.5) 21 (17.1) 0.265
 Suspected ampulla malignancy 3 (0.8) 3 (1.3) 0 (0) 0.554
 ERCP complication 7 (1.9) 4 (1.7) 3 (2.4) 0.693
Failure of stone removal after EST 70 (19.3) 47 (19.6) 23 (18.7) 0.874
 Multiple stones 27 (7.4) 20 (8.3) 7 (5.7) 0.407
 Large stone 43 (11.8) 27 (11.3) 16 (13.0) 0.611
ERCP no try 103 (28.4) 66 (27.5) 37 (30.1) 0.874
 One-stage treatment 28 (7.7) 25 (10.4) 3 (2.4) 0.006
 High risk 75 (20.7) 41 (17.1) 34 (27.6) 0.021

Values are presented as number (%).
ERCP; endoscopic retrograde cholangiopancreatography; EST, endoscopic sphincterotomy.

www.e-agmr.org

144 Hee Jin Yeon et al.



fore, this study aimed to determine the safety of LCBDE and in-
vestigate the risk factors for postoperative complications by com-
paring the patient demographics, LCBDE results, and clinical fac-
tors affecting surgical outcomes between patients aged ≥ 80 years 
and < 80 years. 

Choledocholithiasis is one of the most common causes of acute 
abdominal pain; moreover, the proportion of older patients with 
choledocholithiasis is increasing.15,16) While LC is a basic treat-
ment for gallstones, various methods for CBD stones are used in 
clinical practice.17) One-stage treatment includes LCBDE with 
stone removal plus LC, while two-stage treatment includes 
ERCP with EST or endoscopic retrograde pancreatic drainage 
plus LC.7) Despite these various treatment methods, an accurate 
consensus on the treatment of choledocholithiasis has not been 
established.3,9) The results of a meta-analysis showed no differ-
ences between one- and two-stage treatment in overall morbidity 
(OR = 0.91; 95% CI, 0.66–0.24; p = 0.54) or mortality (OR = 0.36; 
95% CI, 0.08–1.58; p = 0.18). The CBD stone clearance rate was 
higher in the two-stage treatment compared to that in the one-
stage treatment (OR = 0.63; 95% CI, 1.16-2.28; p = 0.005), while 
the hospital stay was shorter for one-stage treatment (mean differ-
ence, -2.46 days; 95% CI, -3.67 to -1.24; p < 0.0001).7) A me-
ta-analysis reported a clearance rate of CBD stones after LCBDE 
of approximately 89.5%–100%.17) In addition, Hua et al.6) reported 
a stone clearance rate of 99%. These results are similar to the stone 
clearance rate of 95.9% in the present study, with no difference be-
tween groups A and B (97.1% vs. 93.5%, p = 0.160). 

ERCP plus LC is a two-stage treatment; in these cases, LC can 
be a relatively simple surgery after endoscopic treatment. However, 
severe complications such as hemorrhage, pancreatitis, and duode-
nal injury can occur following ERCP and EST.18) Recently, Hua et 
al.6) reported a significantly greater number of patients with severe 
complications after two-stage treatment (Clavien-Dindo classifica-
tion, > grade III: 10.7% vs. 0%, p = 0.004); however, the overall 
morbidity was comparable between the one- and two-stage treat-
ment groups (23.8% vs. 22.6%, p = 1.000). Therefore, one-stage 
treatment may be necessary in certain cases, such as those con-
ducted in high-risk patients with ERCP, those surgeries conducted 
by inexperienced endoscopists, or those conducted among pa-
tients who do not agree to undergo endoscopic treatment.19) How-
ever, LCBDE is more difficult than LC; it must be performed by 
an experienced surgeon, and the operation time is longer than that 
of LC.9) 

Several studies have reported a higher incidence of postoperative 
complications in older patients.20,21) Kim et al.19) observed that as 
frailty increased, postoperative mortality (OR = 2.05, p < 0.001) 
and hospital stay (OR = 1.42, p = 0.001) increased after general 

surgery, while the risk of complications did not. Another study on 
postoperative complications in older patients > 80 years reported 
that preoperative ASA physical status classification ≥ 3 and longer 
operation time were dependent factors related to severe postopera-
tive complications requiring ICU or transfer for complication 
management.22) Similarly, our results showed a prolonged hospital 
stay in group B than in group A (7.5 ± 6.1 days vs. 6.2 ± 3.9 days, 
p = 0.013). However, the rates of postoperative complications 
(20.3% vs. 13.8%, p = 0.130) or major complications (8.9% vs. 
6.7%, p = 0.526) did not differ significantly between the groups. 
Our results add to the evidence from the studies by Liu et al.10) and 
Zheng et al.,21) who reported that LCBDE can be considered a safe 
and effective treatment for CBD stones in patients aged > 70 years. 

We also identified risk factors for postoperative complications 
after LCBDE. Liu et al.23) showed that surgeon experience was the 
most important factor for bile leakage (OR = 4.228; 95% CI, 
1.330–13.438; p = 0.03). Hua et al.6) observed a significantly high-
er rate of bile leakage for slender CBD ( < 8 mm vs. ≥ 8 mm: risk 
ratio = 9.87; 95% CI, 1.89–51.6; p = 0.007). In this study, the bile 
leakage rates did not differ between the two groups (5.7% vs. 2.1%, 
p = 0.116). However, multivariate analysis in the present study 
showed that Charlson Comorbidity Index ≥ 5 (OR = 2.307; 95% 
CI, 1.162–4.579; p = 0.017) and operation time ≥ 2 hours 
(OR = 3.204; 95% CI, 1.802–5.695; p < 0.001) were important 
risk factors for postoperative complications, while age ≥ 80 years 
was not (OR = 1.600; 95% CI, 0.903–2.837; p = 0.837). These re-
sults suggested that surgeons should carefully evaluate comorbidi-
ties and be cognizant of the operation time when operating on old-
er patients. 

We also investigated the differences in the causes of endoscopic 
failure according to age group (Table 5). The most common cause 
of ERCP failure was altered surgical anatomy (69/363; 19.0%). 
More patients were at high risk for ERCP in group B than in group 
A, and older patients tended to receive one-stage treatment. In ad-
dition, poor cooperation with ERCP was more common in group 
B (17.1%). A study comparing the results of LCBDE without 
ERCP and after failure of endoscopic stone removal reported no 
significant differences in the length of hospital stay, operation time, 
or number of complications.24) Thus, one-stage treatment without 
attempting ERCP may be non-inferior. Analysis of the group of 
patients who did not undergo ERCP in this study showed that 
one-stage treatment was more common in younger patients 
(10.4% vs. 2.4%, p = 0.006), likely due to avoiding ERCP because 
post-ERCP pancreatitis is more likely to occur in younger patients. 

Previous studies have demonstrated that primary repair is safe 
and should be an alternative to T-tube drainage and internal drain-
age during LCBDE.25,26) In the present study, we most commonly 
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performed choledochotomy repair using the continuous primary 
repair method (198/363; 54.5%). The CBD drainage rates, such 
as T-tube or internal drainage, did not differ significantly between 
the two groups (p = 0.420). 

This study had some limitations. First, since this was a single-in-
stitution retrospective study, the generalizability of the results to 
other populations is limited. However, it is important to note the 
safety of LCBDE in the oldest old patients aged ≥ 80 years. Sec-
ond, the number of patients in the older group was only about half 
that in the younger group; therefore, the risk of bias was high. Fi-
nally, although an operation time of 2 hours or more was an inde-
pendent risk factor for postoperative complications, there is a limit 
to applying these results in clinical practice as the operation time 
cannot be precisely predicted before surgery. However, these find-
ings provide a basis for surgeons to be aware of operative time. 
Further research is needed to develop a method to predict opera-
tive time before surgery. 

In conclusion, LCBDE can be safely performed in the oldest old 
patients aged ≥ 80 years. However, LCBDE should be carefully 
considered in patients with several comorbid diseases and those 
expected to have longer operative times. 
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INTRODUCTION 

The prevalence of overt and subclinical hypothyroidism and meta-
bolic syndrome (MS) is increasing worldwide owing to aging and 
increasing obesity. Thirty percent of the individuals treated with 
levothyroxine (LT4) are > 70 years of age.1) However, elevated 
thyroid-stimulating hormone (TSH) levels caused by aging may 
be due to the adaptation of the thyroid axis or a deficit of thyroid 
hormones. Therefore, treatment recommendations should be spe-
cific to this particular age group, and the treatment effectiveness 
should be monitored. 

MS is characterized by a combination of insulin resistance (IR), 
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dyslipidemia, arterial hypertension (HT), and central obesity. 
Body mass index (BMI) is widely used to assess the presence of 
geriatric syndromes such as sarcopenia and malnutrition.2,3) There-
fore, we used BMI for MS diagnosis in this study as it is more prac-
tical in geriatric medicine and is included in the World Health Or-
ganization (WHO) and American Association of Clinical (AACE) 
criteria.4-6) 

Both MS and hypothyroidism promote atherosclerosis. There-
fore, the cardiovascular (CV) risk increases in the presence of both 
conditions. The Framingham Risk Score calculates the CV risk 
and can predict the occurrence of CV events.7,8) LT4 replacement 
therapy may reduce the risk of MS and atherosclerosis by decreas-
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ing cholesterol levels.9) However, literature on the prevalence of 
MS in older patients as assessed using different criteria is scarce,10) 
and the predictability of both MS definitions for CV risk has not 
been studied in older patients treated with LT4. Therefore, we in-
vestigated the prevalence and metabolic features of the two defini-
tions of MS in older patients with chronic thyroiditis treated with 
LT4 and compared them with controls without chronic thyroid-
itis. We also investigated the ability of both criteria to identify indi-
viduals with LT4 treatment at a high CV risk based on the Fram-
ingham Risk Score. 

MATERIALS AND METHODS 

Subjects 
This observational, cross-sectional, retrospective study assessed 
1396 patients (589 and 807 patients with and without thyroid dis-
ease, respectively) who attended the geriatric outpatient clinic at 
the Medical Faculty Hospital between January 2015 and Decem-
ber 2018. Among patients with thyroid-related disorders, this 
study selected individuals diagnosed with chronic thyroiditis con-
firmed by thyroid ultrasonography and/or anti-thyroid peroxidase 
(anti-TPO) antibodies,11) as well as euthyroid patients treated with 
LT4 for at least 6 weeks. The exclusion criteria for the LT4 treat-
ment group, inclusion criteria for the control group, and number of 
patients are shown in Fig. 1. Finally, this study enrolled 111 of 589 
patients who met the inclusion criteria. Of the 807 patients, we en-

rolled 131 patients who did not have thyroid diseases in the sex-
matched control group. Overall, this study enrolled a total of 242 
patients. Their baseline demographic information, such as age; 
sex; physical data, including body height and body weight; and 
systolic and diastolic blood pressure, were recorded. Histories of 
smoking status, diabetes mellitus (DM), dyslipidemia, HT, and 
laboratory measurements were obtained from electronic medical 
records. 

The study was conducted in accordance with the ethical princi-
ples stated in the “Declaration of Helsinki” and approved by the 
Ege University Human Research Ethics Committee along with the 
permission for the use of patient data for publication purposes 
(Reference number/Protocol No. 18-11.1T/1). Informed consent 
was not obtained from participants as this was a retrospective chart 
review. This study complied the ethical guidelines for authorship 
and pubhishing in the Annals of Geriatric Medicine and Re-
search.12)

Laboratory Measurements 
Hospital laboratory values measured in the same month were re-
corded, including levels of serum TG (mg/dL), total cholesterol 
(TC; mg/dL), high-density lipoprotein cholesterol (HDL-C; mg/
dL), FG (mg/dL), glycated hemoglobin (HbA1c; %, mmol/mol), 
anti-TPO antibody (IU/mL), TSH (mIU/L), and FT4 (ng/dL). 
All measurements were performed using routine laboratory meth-
ods. 

Patients admitted to geriatric outpatient clinic 
from January 2015 to December 2018 (n=1,396)

Patients without thyroid 
diseases (n=807)

Gender matched control 
group (n=131)

Patients with thyroid 
diseases (n=589)

LT4 treatment group 
(n=111)

Inclusion criteria met
•  Patients with free thyroxine (FT4) 

levels within 0.79-1.79 ng/dL
•  Patients with TSH levels within 

0.5-5 mU/L
•  Patients with YAH, FT4, LDL, TG, 

HDL, HbA1c, FG results within 
the same month

•  Non-smokers currently

Exclusion criteria met
•  92 Patients younger than 60 years of age
•  73 Patients treated with other thyroid hormone 

replacement than LT4 therapy
•  95 Patients without treatment of LT4 at least 6 weeks
•  42 Patients whose free thyroxine (FT4) levels, and TSH 

levels were not within normal renges
•  2 Patients without hemoglobin A1c (HbA1c) levels through 

having fasting glucose (FG) levels greater than 125 mg/dL
•  5 Patients without evaluation in terms of diabetes mellitus 

(DM) although having risk factors for DM and FG greater 
than 109 mg/dL

•  63 Patients without blood test results within same month
•  38 Patients with any missing data
•  12 Patients who were smokers currently
•  20 Patients with known vascular diseases (coronary artery 

disease, peripheral vascular disease, and stroke)
•  36 Patients with chronic kidney disease (estimated 

glomerular filtration rate <60 mL/min/1.73 m2), chronic 
liver disease (or with abnormal liver functions tests), and 
severe hypertriglyceridemia (i.e., serum total triglyceride 
(TG) >400 mg/dL) were also excluded as these disorders 
themselves might potentially cause abnormalities in the 
metabolism of lipids, and glucose or affect free thyroid 
hormone measurement or blood pressure

Fig. 1. Flow chart of patients enrolled in the study.
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Definitions 
The diagnostic criteria for MS are shown in Table 1. Given the 
type of research design, our ability to evaluate waist circumference 
(WC) and perform oral glucose tolerance tests (OGTTs) was low. 
Both the waist-to-hip ratio and OGTT results were not available in 
our study. Therefore, the diagnosis of MS according to WHO cri-
teria was limited to the use of BMI > 30 kg/m2, impaired fasting 
glucose (IFG), or type 2 DM based on FG and HbA1c levels only, 
as shown in Table 1. 

IFG was defined as a glucose concentration ≥ 110 mg/dL (6.1 
mmol/L) according to the WHO criteria.4) BMI was calculated by 
dividing weight in kilograms by the square of height in meters. The 
study participants were classified into three categories according to 
their BMI: normal weight ( ≥ 24 kg/m2), overweight ( > 24 and 
< 30 kg/m2), and obese ( > 30 kg/m2).13) IR was calculated using 
the Homeostatic Model Assessment for IR (HOMA-IR) and was 
defined as a HOMA index > 2.5.14) 

CV risk was calculated using the Framingham Risk Score.15) Pa-
tient sex, age, TC level, HDL-C level, use of medication for HT, 
known vascular disease, DM, systolic blood pressure, and smoking 
status were used to calculate the risk value of CV. A Framingham 
Risk Score ≥ 20% or having a diagnosis of DM was chosen as the 
threshold for high CV risk. 

Statistical Analysis 
The results area expressed as mean ± standard deviation and par-
enthetical minimum and maximum values, unless otherwise indi-
cated. The prevalence of various metabolic and CV risk factors for 

different MS definitions was calculated using 2 × 2 contingency ta-
bles. Logistic regression analysis was performed to determine 
which MS criteria best predicted CV risk. Sensitivity, specificity, 
and area under the receiver operating characteristic (ROC) curves 
were used to evaluate the ability of different MS diagnostic criteria 
to correctly identify individuals with a high risk of CV. Two-sided 
p-values < 0.05 were considered statistically significant. Statistical 
analyses were performed using IBM SPSS Statistics for Windows 
(version 25.0; IBM, Armonk, NY, USA). 

Sample Size Calculation 
We conducted a post hoc power analysis in G*Power 3.1 to deter-
mine whether the study sample size was adequate. With a sample 
size of 111 for the prediction of CV risk, an effect size of 0.7, and a 
margin of error of 0.05, the calculated representation power was 
calculated as 0.96. 

RESULTS 

This study enrolled 242 patients, including 111 patients treated 
with LT4 (the LT4 treatment group) and 131 patients without 
thyroid disease (the control group). The sex distribution did not 
differ significantly between the LT4 treatment and control groups. 
Patients in the LT4 treatment group were younger than those in 
the control group. In addition, the LT4 treatment group had a low-
er BMI than that in the control group. The anti-TPO antibodies 
and levothyroxine replacement doses were 370.9 ± 42.8 IU/mL 
(10–1360) and 68.6 ± 31.8 μg (12.5–200), respectively, in the LT4 

Table 1. The criteria selected for clinical diagnosis of metabolic syndrome

Criteria WHO (1999) AACE (2003)
Required IGT, IFG, T2DM or IGT or IFG

Low insulin sensitivity†

And ≥ 2 of abnormalities with
 Obesity BMI > 30 kg/m2 and/or BMI ≥ 25 kg/m2 or

Waist-to-hip ratio‡ Waist ≥ 102 cm (male); ≥ 88 cm (female)‡

 Lipidsa) TG ≥ 150 mg/dL (1.7 mmol/L) and/or TG ≥ 150 mg/dL (1.7 mmol/L) and
HDL-C < 35 mg/dL (0.9 mmol/L) (male); < 40 mg/dL (1.0 

mmol/L) (female)
HDL-C < 40 mg/dL (1.0 mmol/L) (male); < 50 mg/dL (1.3 

mmol/L) (female)
 Blood pressureb) ≥ 140/90 mmHg ≥ 130/85 mmHg
 Other Microalbuminuria Other features of IRc)‡

WHO, World Health Organization; AACE, American Association of Clinical Endocrinologists; T2DM, type 2 diabetes mellitus; WC, waist circumference; TG, 
triglycerides; IGT, impaired glucose tolerance; IFG, impaired fasting glucose; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; IR, insulin 
resistance.
a)Lipids includes patients on drugs for elevated triglycerides for elevated triglycerides.
b)Blood pressure includes taking antihypertensive medication medication.
c)Other features of IR: family history of T2DM, sedentary lifestyle, advancing age, and ethnic groups susceptible to T2DM.
†Data for LT4 treatment group.
‡The criteria is not available in this study.
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treatment group. Forty-eight percent of patients in the LT4 treat-
ment group had thyroid nodules. Thirty-five percent and 28.8% of 
the LT4 treatment group were on drug treatment for hyperlipid-
emia and DM, respectively, while nearly half of the participants 
were on drug treatment for HT (49.5%). The prevalence of CV 
risk and MS according to the WHO and AACE criteria were simi-
lar in both groups (p > 0.05). The characteristics of the patients ac-
cording to the presence of thyroid disease are shown in Table 2. 

We classified the LT4 treatment group into two: low CV risk (71 
patients, 64%) and high CV risk (40 patients, 36%). The mean age 
and BMI were similar between the groups (65.7 ± 5.7 vs. 
68.7 ± 6.8, p = 0.12, and 28 ± 4.4 vs. 29.3 ± 4.9, p = 0.365, respec-
tively). As regards laboratory test results, only the mean HbA1c 
and FG levels were higher in the high CV risk group compared to 
those in the low CV risk group (p < 0.001). A similar situation was 
observed for the IFG (p < 0.001). However, the same relationship 
was not observed for IR (p > 0.05). The diagnosis of MS defined 
by WHO  and AACE was higher in the LT4 treatment group with 
high CV risk than in those with low CV risk (p < 0.001). BMI and 
TG, the MS criteria that were not included among the CV risk cri-
teria, were not identified as significantly associated with the predic-
tion of CV risk in univariate logistic regression analysis. The char-
acteristics of the LT4 treatment group according to CV risk are 

shown in Table 3.  
All individuals in the LT4 treatment group with MS according 

to the WHO criteria were also diagnosed with MS, as defined by 
AACE in the LT4 treatment group. Hypertriglyceridemia and 
overweight status were extremely common components in both 
MS criteria, whereas the occurrence of low HDL-C was low in 
both criteria. HT is more prevalent in patients with MS according 
to the WHO Health Organization criteria. The prevalence of the 
MS components is presented in Table 4. 

The sensitivity and specificity of the AACE criteria were higher 
than those of the WHO criteria. The ability of both criteria to 
identify participants with high CV risk is shown in Table 5. 

DISCUSSION 

In clinical practice, thyroid dysfunction is common among older 
individuals. Thyroid metabolism has a bidirectional relationship 
with metabolic syndrome. However, the prevalence of MS is low 
among euthyroid patients with or without LT4 treatment. We ob-
served no significant difference in the prevalence of MS and CV 
risk between the LT4 treatment and control groups. However, the 
prevalence of MS was significantly higher among individuals with 
high CV risk in the LT4 treatment group. To predict CV risk, the 

Table 2. Characteristics of the study population

Variable LT4 treatment group (n = 111) Control group (n = 131) p-value
Age (y) 66.8 ± 6.2 (60–91) 70.8 ± 5.7 (64–91) < 0.001*
Sex, female 99 (89.2) 105 (80.2) 0.540
BMI (kg/m2) 28.5 ± 4.6 (18–48) 30.5 ± 4.4 (16.7–39) < 0.001*
Body composition 0.001*
 Normal 19 (17.1) 10 (7.6)
 Overweight 51 (45.9) 43 (32.8)
 Obese 41 (36.9) 78 (59.5)
TSH level (mIU/L) 2.2 ± 1.2 (0.5–4.9) 1.9 ± 0.9 (0.5–5) 0.221
FT4 level (μg/dL) 1.2 ± 0.2 (0.8–2.2) 1.2 ± 0.2 (0.9–1.73) 0.799
Fasting glucose level (mg/dL) 102.7 ± 23.9 (73–234) 109.2 ± 28.4 (67–255) 0.142
HbA1c (%) 5.7 ± 0.9 (4.6–11.2) 6.0 ± 0.9 (4.6–10.8) < 0.001*
Triglycerides level (mg/dL) 142.9 ± 64.9 (43–383) 135.3 ± 68.4 (43–420) 0.152
Diabetes mellitus 32 (28.8) 42 (32.1) 0.587
Hypertension 55 (49.5) 91 (69.5) 0.002*
Hyperlipidemia treatment 39 (35.1) 15 (11.5) < 0.001*
IFG 37 (33.3) 52 (39.7) 0.306
WHO criteria of MS 24 (21.6) 40 (30.5) 0.117
AACE criteria of MS 29 (26.1) 45 (34.4) 0.166
CV risk 40 (36) 42 (32.1) 0.515

Values are presented as mean±standard deviation (min–max) or number (%).
LT4, levothyroxine; BMI, body mass index; TSH, thyroid stimulating hormone; FT4, free thyroxine; IFG, impaired fasting glucose; WHO, World Health Orga-
nization; AACE, American Association of Clinical Endocrinologists; MS, metabolic syndrome; CV, cardiovascular.
*p<0.05.
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Table 3. The characteristics of the LT4 treatment group according to CV risk 

Variable Low CV risk (n = 71) High CV risk (n = 40) p-value
BMI (kg/m2) 28.0 ± 4.4 29.3 ± 4.9 0.365
Body composition 0.327
 Normal 15 (78.9) 4 (21.1)
 Overweight 31 (60.8) 20 (39.2)
 Obese 25 (61.0) 16 (39.0)
TSH level (mIU/L) 2.1 ± 1.2 2.3 ± 1.1 0.293
FT4 level (μg/dL) 1.2 ± 0.2 1.28 ± 0.2 0.169
Anti-TPO antibodies (IU/mL) 406.1 ± 476.7 308.5 ± 400.4 0.341
Levothyroxine replacement dose (μg) 69.6 ± 31.6 66.9 ± 32.5 0.466
Fasting glucose level (mg/dL) 94.8 ± 8.4 116.8 ± 34.0 < 0.001*
HbA1c (%)   5.4 ± 0.3 6.3 ± 1.3 < 0.001*
HbA1c (mmol/mol) 36 45
Triglycerides level (mg/dL) 140.0 ± 63.0 148.2 ± 68.8 0.539
IFG 4 (5.6) 33 (82.5) < 0.001*
High triglycerides 34 (47.8) 12 (33.3) 0.660
WHO criteria of MS 4 (5.6) 20 (50.0) < 0.001*
AACE criteria of MS 4 (5.6) 25 (62.5) < 0.001*
HOMA-IR index ≥ 2.5 31 (43.7) 24 (60.0) 0.098

Values are presented as mean±standard deviation or number (%).
CV risk was calculated by the Framingham Risk Score.
CV, cardiovascular; BMI, body mass index; TSH, thyroid stimulating hormone; FT4, free thyroxine; TPO, thyroid peroxidase; IFG, impaired fasting glucose; 
WHO, World Health Organization; AACE, American Association of Clinical Endocrinologists; MS, metabolic syndrome; HOMA-IR, homeostatic model as-
sessment for insulin resistance.
*p<0.05.

Table 4. Prevalence of MS components among LT4 treatment group with MS

MS
Positive MS criteria

HTa) Overweightb) Low HDLc) High TGd) IRe) T2DMf)

WHO (1998) 24 (21.6) 22 (91.7) 24 (100) 4 (16.7) 22 (91.7) 18 (75) 19 (79.2)
AACE (2003) 29 (26.1) 23 (79.3) 29 (100) 12 (41.4) 25 (86.2) 21 (72.4) 24 (82.8)

Values are presented as number (%).
MS, metabolic syndrome; HT, hypertension; HDL-C, high density lipoprotein cholesterol; TG, triglycerides; IR, insulin resistance; T2DM, type 2 diabetes melli-
tus; WHO, World Health Organization; AACE, American Association of Clinical Endocrinologists; HOMA, homeostatic model assessment.
a)Patients taking antihypertensive treatment.
b)Body mass index (BMI) ≥ 25kg/m2.
c)HDL-C < 35 mg/dL (male) and < 40 mg/dL (female) of WHO, HDL-C < 40 mg/dL (male) and < 50 mg/dL (female) of AACE.
d)Triglycerides ≥ 150 mg/dL or drug treatment for elevated triglycerides.
e)Homeostatic model assessment (HOMA) index ≥ 2.5 (hyperinsulinemic euglycemic clamp not available).
f)Patients taking hypoglycemic drug treatment.

Table 5. Ability of diagnostic criteria of metabolic syndrome to identify patients treated with LT4 with high CV risk

Sensitivity Specificity AUC (95% CI) Significance (p)
WHO (1998) 0.83 0.77 0.722 (0.615–0.829) < 0.001
AACE (2003) 0.86 0.82 0.784 (0.685–0.883) < 0.001

CV, cardiovascular; AUC, area under the receiver operating characteristic curve; CI, confidence interval; WHO, World Health Organization; AACE, American 
Association of Clinical Endocrinologists.
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sensitivity and specificity of the AACE criteria were higher than 
those of the WHO criteria in the LT4 treatment group. 

Hypothyroidism is one of the most significant causes of obesity. 
However, using LT4 treatment to treat obesity is not recommend-
ed in patients without overt hypothyroidism. In addition, LT4 
treatment does not have clinical benefits in older persons with sub-
clinical hypothyroidism, and no specific trial in obese older people 
has yet been performed.16) More than three-quarters of patients in 
the LT4 treatment group were overweight or obese, although they 
were receiving adequate LT4 treatment. A recent study reported a 
lower BMI in obese LT4 users aged > 65 years compared to obese 
LT4 users aged < 65 years.17) Thus, age and body composition are 
the main predictive factors of LT4 requirement in obesity, and the 
risk of LT4 over-replacement decreases with aging and higher BMI 
in hypothyroidism.17) 

A recent study reported the relationship between subclinical hy-
pothyroidism and the development of MS only in young men.18) 
Another study including only older people showed the opposite 
finding and that the prevalence of MS was higher in women with 
subclinical hypothyroidism compared to that in men.19) Most par-
ticipants in our study were postmenopausal women. The preva-
lence of MS may have been high owing to the possible effects of 
estrogen withdrawal. 

Thyroid hormones play an important role in energy homeosta-
sis and glycolipid metabolism. Changes in these hormones are risk 
factors for CV diseases.20) In our study, half of the LT4 treatment 
group had IR and nearly one-third had DM. When patients with 
LT4 treatment were classified into groups according to CV risk 
status (high or low risk), HbA1c levels and FG levels were higher 
in the high CV risk group compared to those in the low CV risk 
group, whereas BMI and HOMA-IR index were similar. HbA1c 
and FG levels correlated with a higher CV risk in the LT4 treat-
ment group than was the HOMA-IR index. Hypothyroidism is as-
sociated with a higher risk of cardiac mortality in the general popu-
lation.21) Huang et al.22) indicated that older adults with hypothy-
roidism who used LT4 treatment had a lower CV disease mortality 
risk than those who did not include patients taking antihyperten-
sive medication LT4 treatment. In this study, no additional evi-
dence on the presence of DM was reported. Mele et al.17) showed 
that LT4 users in euthyroid obese group had healthier lipid profile 
than no-users, and they had similar IR and FG to no-users. Thus, 
despite the CV mortality risk being decreased with LT4 treatment 
due to its impact on lipid profile, DM still remains a risk factor for 
CV mortality in patients with hypothyroidism. 

Thyroid gland dysfunction contributes to components of MS, 
including weight gain, lipid disorders, and HT. Among studies that 
have investigated the relationship between thyroid dysfunction 

and MS,23-25) most assessed thyroid function in MS26,27) or MS in 
euthyroid populations or in those with subclinical hypothyroid-
ism.28,29) These studies showed that the presence of MS was associ-
ated with a significantly increased risk of developing subclinical 
hypothyroidism and that individuals with higher TSH levels had 
an increased risk of MS. However, neither the prevalence of MS 
nor appropriate MS criteria have been investigated in older pa-
tients who are biochemically euthyroid but are receiving LT4 
monotherapy. In our study, the prevalence of MS in the LT4 group 
was similar to that in the control group. The prevalence of MS in 
the general population varies widely based on ethnicity, sex, age, 
and presence of comorbidities. Additionally, the prevalence of MS 
is influenced by the increasing prevalence of obesity, and DM also 
affects the prevalence of MS. A study that assessed MS in older 
adults using four criteria—the WHO, US National Cholesterol 
Education Program Adult Treatment Panel III (NCEP-ATP-III), 
International Diabetes Federation (IDF), and Joint Interim State-
ment (JIS) criteria—showed a high prevalence of MS for all defi-
nitions.10) A cross-sectional study off 742 individuals aged > 20 
years in Iran reported that the WHO definition, compared to the 
AACE, identified more patients with MS (41.8% vs. 30.7%). In 
addition, neither criterion showed significantly superior diagnostic 
value for health-related quality of life, although the AACE defini-
tion had higher adjusted odds ratios for reporting poor health-re-
lated quality of life.30) A cohort study of 1,187 Dutch older persons 
aged > 65 years showed a prevalence of MS of 34.2% using the 
NCEP-ATP-III criteria. We analyzed the TC/HDL ratio to deter-
mine the CV risk and found that TC/HDL ratio increased with 
higher serum TSH levels.24) Consequently, the prevalence of MS in 
older individuals and the appropriate criteria for MS in older adults 
are not clear. 

Compared with the WHO criteria, the HDL threshold was 
higher in the AACE criteria ( < 40 mg/dL for males and < 50 mg/
dL for females). HDL cholesterol is known as the cardiac-friendly 
cholesterol. Therefore, the WHO cut-off ( < 35 mg/dL for males 
and < 40 mg/dL for females) may underestimate the CV risk in 
our group of euthyroid patients undergoing LT4 treatment. In ad-
dition, the AACE criteria of MS uses a lower BMI threshold than 
that in the WHO definition. Therefore, compared to the WHO 
criteria, the AACE one may identify more individuals with in-
creased CV risk. Previous findings showed that the WC/BMI-
based definitions of MS were associated with a higher risk of CV 
compared to IR-based definitions.31-33) In our study, the sensitivity 
and specificity of the AACE criteria for the prediction of CV risk 
were higher than those of the WHO criteria. 

The prevalence of hypothyroidism is increasing among older 
patients worldwide. CV risk was further increased in the presence 
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of MS in these patients. The implementation of comprehensive 
geriatric assessment including the evaluation of MS should be un-
dertaken. The use of BMI for the assessment of MS provides an 
easy and quick evaluation as it does not require additional mea-
surements. The AACE criteria were superior to the WHO criteria 
in the prediction of CV risk in older patients undergoing LT4 
treatment. 

This study had several limitations. First, we retrospectively ana-
lyzed only 111 patients with chronic thyroiditis. A randomized 
controlled trial is needed to assess the relationship between MS 
and the degree of Framingham CV risk. In addition, we did not 
consider other MS criteria in the present study as waist circumfer-
ence data were not available. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD), a major global 
burden, is an inflammatory lung disease that causes respiratory dif-
ficulties and airflow limitations.1) Age and COPD prevalence are 
directly related, making COPD a prominent health problem 
among older adults.2) Age-related anatomical and physiological 
changes in the cardiorespiratory system result in high mortality in 
this population.3) COPD at older ages further impairs physical 
well-being and leads to functional disability.4) 

Low gait speed is also a serious risk factor for cardiovascular and 
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all-cause mortality in community-dwelling older individuals.5-7) 
Additionally, gait speed is a marker of functional exercise capacity 
in both patients with COPD and older adults.5,8) Gait requires 
complex integration and interaction between motor, sensory, and 
cognitive systems.9) Gait speed, the vital sign of health and func-
tional capacity, is commonly used to measure mobility.9) Lower 
gait speed is an indicator of impairment, especially in chronic re-
spiratory diseases.10) The 4-meter gait speed test (4MGS) is a valid 
and reliable test to assess gait speed in patients with COPD.11) 

Although studies have assessed gait speed in patients with 
COPD and older adults separately, few have assessed the combina-
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tion of these factors. Determining the optimal cut-off scores and 
predictors of 4MGS will contribute to literature and is important 
for understanding the possible effects of both aging and COPD. 
Moreover, despite the importance of gait speed in older adults 
with COPD, literature on the threshold points for gait speed to 
discriminate between functional exercise capacity and health sta-
tus is also lacking. Therefore, the main purpose of the present 
study was to determine the cut-off point for the 4MGS to better 
discriminate between functional exercise capacity and health sta-
tus in older patients with COPD. The second purpose was to de-
termine possible predictors of gait speed in this patient population. 

MATERIAL AND METHODS 

Study Design and Participants 
This cross-sectional study included 45 older patients (aged ≥ 60 
years) with COPD. An experienced specialist diagnosed COPD 
according to the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) guidelines. Patients who (1) were clinically sta-
ble, (2) were not receiving any antibiotic treatment, and (3) had 
followed the same medication regimen for at least 3 weeks were in-
cluded in the study. We excluded clinically unstable patients or 
those with musculoskeletal, neurological, or cardiovascular diseas-
es that could hinder assessments. 

This study complied the ethical guidelines for authorship and 
pubhishing in the Annals of Geriatric Medicine and Research.12) 
The study protocol was approved by Selcuk University, Faculty of 
Health Sciences Ethics Committee (No. 2021/857). The study 
adhered to the principles of the Declaration of Helsinki, and all 
participants provided written informed consent. This study com-
plied the ethical guidelines for authorship and publishing in the 
Annals of Geriatric Medicine and Research.12)

Outcome Measures 
According to the European Respiratory Society (ERS) and Ameri-
can Thoracic Society (ATS) guidelines, we used a spirometer 
(Quark-SPIRO; COSMED, Roma, Italy) to evaluate pulmonary 
function,13) including forced vital capacity (FVC), forced expirato-
ry volume in 1 second (FEV1), and FEV1/FVC. 

We used the modified Medical Research Council (mMRC) 
Dyspnea Scale to assess dyspnea during certain daily activities. 
This self-administered tool measures the level of difficulty attribut-
able to dyspnea in daily life. The scale has five expressions covering 
the entire range of dyspnea from no limitations (level 0) to full ca-
pacity insufficiency (level 4).14) 

We used the COPD Assessment Test (CAT) to assess symp-
toms and effect of COPD on the health-related well-being of indi-

viduals. This reliable and valid tool has eight items, and the score 
for each range from 0 to 5 (maximum total score = 40), with higher 
scores indicating higher symptom burden.15,16) The GOLD guide-
lines define a CAT score ≥ 10 as “impaired health.”17)  

We used the 4MGS to evaluate gait speed.11) Using floor mark-
ing tape, an 8-m-long hallway was divided into three zones: accel-
eration (2 m), testing (4 m), and deceleration (2 m) zones. The 
participants were asked to walk at their usual speed along the hall-
way, and the examiner recorded the total time from the start to the 
endpoint using a stopwatch. To calculate gait speed, the walking 
distance was divided by time.8) 

We used the 6-minute walk test (6MWT) to assess functional 
exercise capacity, as indicated in the ERS and ATS guidelines. Each 
participant performed two 6MWTs with a minimum rest of 30 
minutes.18) In each of the two tests, as the participants walked 
more, the value was recorded and expected walking percentage 
values were calculated. We recorded the longer of the two walking 
distances and calculated the percentage of predicted (%pred) val-
ues.19) The functional capacity of the participants was categorized 
as normal ( ≥ 82%pred) or abnormal ( < 82%pred).20) None of the 
participants had COPD requiring oxygen therapy during the tests. 

We used the International Physical Activity Questionnaire Short 
Form (IPAQ-SF) to evaluate physical activity level in terms of gait 
and vigorous-to-moderate activities. We assessed the scale score by 
multiplying each activity duration by its known metabolic equiva-
lents (METs).21,22) 

Sample Size 
We determined the minimum required sample size for multiple 
linear regression analysis using G*Power software (version 3.1.9.7; 
Heinrich Heine University, Düsseldorf, Germany) based on the 
results of a previous study, in which the 6MWT scores were a sig-
nificant indicator of 4MGS scores in patients with COPD (R2 =  
0.19).23) The results showed that at least 37 participants were re-
quired for eight determinants in the model (age, body mass index 
[BMI], predicted FEV1, mMRC score, CAT score, 6MWT dis-
tance, predicted 6MWT, and IPAQ-SF) (a probability level of 
0.05, an anticipated effect size of 0.234, and a statistical power level 
of 80%).24) 

Statistical Analysis 
We used IBM SPSS Statistics for Windows (version 25.0; IBM 
Corp., Armonk, NY, USA) to analyze the data. Histograms and 
Shapiro-Wilk tests were used to check for normality. Values are ex-
pressed as median (interquartile range) and mean ± standard devi-
ation for continuous variables and as numbers for categorical vari-
ables. 
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To examine correlations between 4MGS and other variables, we 
used Pearson product-moment correlation coefficients. In addi-
tion, we applied stepwise multiple linear regression analysis to 
identify variables with the largest effect on 4MGS. We also created 
a regression equation for this study. 

We applied receiver operating characteristic (ROC) curve anal-
ysis to assess the discriminative value of 4MGS for abnormal func-
tional exercise capacity (6MWT predicted < 82%) and impaired 
health status (CAT score ≥ 10).25) p-values < 0.05 were considered 
statistically significant. 

RESULTS 

This study included 45 older adult patients with COPD (mean 
age, 70.15 ± 7.66 years). Among all the patients, 84.4% were male. 
The participant characteristics are listed in Table 1. 

4MGS was significantly correlated with predicted FEV1 
(r = 0.513), mMRC score (r = -0.586), CAT score (r = -0.630,), 
6MWT distance (r = 0.675), predicted 6MWT (r = 0.709), and 
IPAQ-SF score (r = 0.510) (p < 0.001; Table 2). 

The results of the stepwise multiple regression analysis re-
vealed predicted 6MWT and CAT score as independent and sig-
nificant determinants of 4MGS, explaining 54% of the variance 
(p < 0.001) (Table 3). The regression equation formula was as fol-
lows: 4MGS =  0.791 + (0.005 ×  6MWT predicted) + (-0.008 ×  
CAT score). 

4MGS had a discriminative value for abnormal functional exer-
cise capacity, with an area under the curve (AUC) of 0.71 (p= 0.030, 
95% confidence interval 0.56–0.86). The 4MGS cut-off of 0.96 
m/s had an 85% sensitivity and 56% specificity to predict abnor-
mal functional exercise capacity (Fig. 1A). 

4MGS had a discriminative value for impaired health status, 
with an AUC of 0.79 (p = 0.006, 95% confidence interval 0.65– 
0.93). The 4MGS cut-off of 1.04 m/s had a 90% sensitivity and 
69% specificity for determining impaired health status in the sam-
ple (Fig. 1B). 

Table 1. Characteristic features of the patients (n=45)

Characteristic Value
Age (y) 70.15 ± 7.66
Sex, male (%) 84.4
BMI (kg/m2) 28.12 ± 5.74
Smoking (pack-year) 48.59 ± 38.47
GOLD stage
 I 4
 II 27
 III 11
 IV 3
Pulmonary function test
 (%) 60.75 ± 9.06
 FEV1 (%pred) 56.42 ± 16.93
 FVC (%pred) 71.11 ± 15.83
Comorbidities
 Hypertension 28 (62.2)
 Heart failure 17 (37.7)
 Diabetes mellitus 13 (28.8)
 Asthma 3 (6.6)
CAT score (0–40) 20.77 ± 10.39
mMRC score (0–4) 2.44 ± 1.35
6MWT distance (m) 291.12 ± 147.11
6MWT (%pred) 60.56 ± 7.02
4-meter gait speed (m/s) 0.94 ± 0.28
IPAQ-SF (MET min/wk) 198.00 (0–676.50)

Values are presented as mean±standard deviation or number (%) or median 
(interquartile range).
BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Pul-
monary Disease; FVC, forced vital capacity; FEV1, forced expiratory volume 
in 1 second; mMRC, Modified Medical Research Council; CAT, COPD As-
sessment Test; 6MWT, 6-minute walk test; IPAQ-SF, International Physical 
Activity Questionnaire-Short Form; MET, metabolic equivalent.

Table 2. Correlations between other outcomes and 4-meter gait 
speed (n=45)

Variable Pearson correlation coefficient (r) p-value
Age (y) -0.244 0.107
BMI (kg/m2) 0.056 0.715
FEV1 (%pred) 0.513 < 0.001*
mMRC score (0–4) -0.586 < 0.001*
CAT score (0–40) -0.63 < 0.001*
6MWT distance (m) 0.675 < 0.001*
6MWT (%pred) 0.709 < 0.001*
IPAQ-SF (MET min/wk) 0.51 < 0.001*

BMI, body mass index; FEV1, forced expiratory volume in 1 second; mMRC, 
Modified Medical Research Council; CAT, COPD Assessment Test; 6MWT, 
6-minute walk test; IPAQ-SF, International Physical Activity Question-
naire-Short Form; MET, metabolic equivalent.
*p<0.05.

Table 3. Stepwise multiple linear regression model of 4-meter gait 
speed

Variable B SE Beta p-value
Constant 0.791 0.145 - < 0.001*
6MWT (%pred) 0.005 0.001 0.517 < 0.001*
CAT score (0–40) -0.008 0.004 -0.308 0.023*

Summary of model: R=0.75, R2=0.56, adjusted R2=0.54 (p<0.001).
B, unstandardized regression coefficient; SE, standard error; CAT, COPD 
Assessment Test; 6MWT, 6-minute walk test.
*p<0.05.
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DISCUSSION 

The leading finding of the study demonstrated that gait speeds of 
0.96 m/s and 1.04 m/s were thresholds predicting abnormal func-
tional exercise capacity and impaired health status, respectively. In 
addition, our results indicated that health status and functional ex-
ercise capacity were significant predictors of gait speed, explaining 
54% of the variance in this population. 

4MGS is a valid and reliable tool for patients with COPD,11) 
while gait speed is commonly considered a vital sign in the litera-
ture.26) Moreover, in chronic lung disease, mainly COPD, gait 
speed is related to pulmonary function,27) physical activity,28) dys-
pnea,29) functional exercise capacity,28) quality of life,27) and self-ef-
ficacy.28) Consistent with the literature, we observed correlations 
between gait speed and pulmonary function, dyspnea, health sta-
tus, functional exercise capacity, and physical activity. 

6MWT provides an objective evaluation of functional exercise 
capacity and is commonly used to assess patients with moderate to 
severe pulmonary diseases.30) Changes in 6MWT distance and 
other derived measurements can be used to determine treatment 
outcomes and predict mortality and morbidity in chronic respira-
tory diseases.18) Gait speed is a determinant of functional capacity 
in COPD.27) Our results demonstrated that functional exercise ca-
pacity is a factor influencing gait speed in older patients with 
COPD. These findings indicate that gait speed may be impaired in 

exercise-intolerant older patients with COPD. 
COPD is related to impaired health status.31) The effect of 

COPD on patient health status can be assessed using the CAT.15) 

The CAT score is a determinant of functional exercise capacity,32) 
higher risk of exacerbation,33) and frailty34) in patients with COPD. 
We found that CAT was a determinant of 4MGS, indicating that 
impaired health status can cause a limitation in gait speed in this 
population. Improving patient health status can lead to increased 
gait speed. 

Different 4MGS cut-off scores have been reported in the litera-
ture. Karpman et al.8) reported 0.8 m/s as a cut-off gait speed to 
predict abnormal exercise capacity in patients with COPD. Anoth-
er study in the same population reported that a maximum gait 
speed of 1.27 m/s discriminated intact exercise capacity.35) A study 
of cardiac patients suggested a gait speed of 0.7 m/s as the cut-off 
to predict abnormal exercise capacity.36) Additionally, individuals 
with walking speeds > 1 m/s were independent in activities of dai-
ly living (ADL), less likely to be hospitalized, and less likely to have 
an adverse event.26) Our findings showed that gait speeds of 0.96 
m/s and 1.04 m/s were indicators of abnormal functional exercise 
capacity (sensitivity 85%, specificity 56%) and impaired health 
status (sensitivity 90%, specificity 69%), respectively, in older pa-
tients with COPD. The diversity in reported cut-off values may be 
because of differences in methodologies and sample populations. 
Differences in test administration strategies and reference values 

Fig. 1. Receiver operating characteristic (ROC) curves for 4-meter gait speed cut-off point to discriminate functional exercise capacity and health 
status in older with chronic obstructive pulmonary disease. (A) 6MWT <82%pred and ≥82%pred (cut-off point 0.96 m/s; sensitivity 85%; 
specificity 56%; AUC=0.71, 95% CI 0.56–0.86; p=0.03). (B) CAT score ≥10 and <10 (cut-off point 1.04 m/s; sensitivity 90%; specificity 69%; 
AUC=0.79, 95% CI 0.65–0.93; p=0.006). 6MWT, 6-minute walk test; AUC, area under the ROC curve; CI, confidence interval; CAT, COPD 
Assessment Test.
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might be the underlying causes of discrepancies in the reported 
cut-off values. 

This study had several limitations. First, although the study sam-
ple size was larger than the minimum required, most participants 
were in GOLD classes II and III. Thus, our findings cannot be 
generalized to all levels of COPD severity. The second limitation 
was the absence of an age- and sex-matched healthy control group. 
The inclusion of a control group in this study could provide a 
deeper and wider perspective. Third, we referred to values report-
ed by Enright and Sherrill19) as the reference values for 6MWT 
were not validated in the Turkish population. 

In conclusion, our findings indicated that gait speed could dis-
criminate between impaired health status and abnormal functional 
exercise capacity in older patients with COPD. Moreover, func-
tional exercise capacity and health status were independent deter-
mining factors for gait speed in this population. 
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Background: Screening for sarcopenia in the stroke population is an emerging concept in re-
search and clinical practice. Therefore, this cross-sectional study aimed to assess the prevalence 
of possible sarcopenia and its associated factors among older stroke survivors who visited the 
neurology and rehabilitation departments of three public hospitals in Malaysia. Methods: We ac-
quired data on sociodemographic characteristics, clinical profiles, malnutrition risk, dietary intake, 
physical activity level, and health-related quality of life. Possible sarcopenia was diagnosed in in-
dividuals with decreased calf circumference and low handgrip strength, as proposed by the Asia 
Working Group for Sarcopenia (2019). Finally, we performed descriptive analysis and binary logis-
tic regression. Results: Among 196 older adults with stroke (mean± standard deviation of age: 
67.60 ± 5.70 years), 42.3% had possible sarcopenia, with a higher prevalence in the more ad-
vanced age group (≥70 years). In univariable analysis, possible sarcopenia was significantly asso-
ciated with anthropometric indices, malnutrition risk, nutrient intake, physical activity level, and 
health-related quality of life. In multivariable analysis, body mass index (adjusted odds ratio 
[AOR]=0.57; 95% confidence interval [CI], 0.43–0.75) was the only factor associated with possi-
ble sarcopenia among individuals aged ≥70 years. Recurrent stroke (AOR=3.48; 95% CI, 1.02–
11.92), body mass index (AOR=0.64; 95% CI, 0.54–0.76), and EQ-5D index (AOR=0.15; 95% CI, 
0.03–0.78) were significantly associated with possible sarcopenia in the 60–69-year age group. 
Conclusion: The prevalence of possible sarcopenia among community-dwelling older stroke sur-
vivors was high. Therefore, we recommend routine screening for possible sarcopenia to ensure 
early nutritional and exercise intervention.
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INTRODUCTION 

The aging process places older adults at higher risks of malnutri-
tion and stroke. Approximately three-quarters of strokes occur in 
people aged > 65 years.1) Strokes in older adult patients are gener-
ally more severe and have poorer prognosis and clinical outcomes 
than those in younger patients.2) The assessment for sarcopenia 

among the stroke population is a recently emerging concept in re-
search and clinical practices. Sarcopenia is defined as “a progressive 
and generalized skeletal muscle disorder associated with increased 
likelihood of adverse outcomes including falls, fractures, physical 
disability and mortality”.3) Although sarcopenia is primarily related 
to the aging process, it may be accelerated in the presence of physi-
cal inactivity; malnutrition; and specific diseases such as stroke, 
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endocrine diseases, and malignant tumors.4) 

To date, only few studies have investigated the prevalence of sar-
copenia in the stroke population. Studies in the United States and 
Japan reported a prevalence of sarcopenia after stroke ranging from 
14% to 54%.5,6) Other studies reported a sarcopenia prevalence of 
up to 54% among older Japanese patients undergoing rehabilita-
tion in ward.7,8) Sarcopenia was significantly associated with worse 
recovery activities of daily living, dysphagia, and a lower rate of 
home discharge.7,8) An individual is diagnosed with sarcopenia if 
he or she has low appendicular skeletal muscle mass (ASM) and 
muscle strength or low physical performance.9) However, ASM 
measurement requires expensive devices such as magnetic reso-
nance imaging, computed tomography, dual-energy X-ray absorp-
tiometry, and bioelectrical impedance analysis.9) Acknowledging 
the difficulties of installing advanced diagnostic equipment in the 
primary health care or community setting, the Asian Working 
Group for Sarcopenia (AWGS) in 2019 proposed the terminology 
“possible sarcopenia” to identify the early signs of sarcopenia and 
allow prompt health education, nutritional strategies, and exercise 
interventions.9) The AWGS suggested using either calf circumfer-
ence (CC) or the Strength, Assistance with walking, Rise from a 
chair, Climb stairs and Falls (SARC-F) or SARC-Calf to identify 
individuals with possible sarcopenia. Possible sarcopenia was diag-
nosed based on handgrip strength (HGS) or 5-time chair stand 
test results.9) 

Other than age, sarcopenia is also significantly associated with 
other factors such as household status, lifestyle, physical inactivity, 
poor nutritional and dental status, and diseases8,9); however, evi-
dence is limited in the stroke population.7) To the best of our 
knowledge, no published findings are available regarding possible 
sarcopenia in the community-dwelling older stroke population in 
Malaysia. Thus, the objectives of this study were to assess the prev-
alence of possible sarcopenia among older stroke survivors attend-
ing outpatient clinics and to determine the factors associated with 
possible sarcopenia among different age groups. 

MATERIALS AND METHODS 

Study Design and Setting 
This cross-sectional study was performed in three public hospitals 
with the highest stroke cases in 2015–2016 in the East Coast re-
gion of Peninsular Malaysia from May to August 2019. The statis-
tics of stroke cases discharged from public hospital registries were 
obtained from the Health Informatics Centre, Ministry of Health 
Malaysia. A clinical dietitian applied convenience sampling to 
screen and recruit all patients with stroke attending the neurology 
and rehabilitation departments. The same clinical dietitian per-

formed the survey by rotating between the three hospitals to mini-
mize evaluation errors. 

Participants 
This study included older adults with stroke (age ≥ 60 years) diag-
nosed with stroke as confirmed by a medical doctor and able to 
communicate in Bahasa Melayu. Patients with contracture defor-
mity, amputation, or severe organ failures were excluded. A proxy 
respondent who was the primary caregiver (spouse, parent, child, 
or sibling) was recruited if the respondent presented with severe 
language, vision, or cognitive impairments. Older adults with 
stroke and their caregivers were approached during the awaiting 
hours in the outpatient clinics.  

Sample Size 
A previous study reported a 14% prevalence of sarcopenia among 
middle-aged and older stroke adults.5) Based on the single propor-
tion formula, a 95% confidence interval (CI), and a 10% non-re-
sponse rate, a total of 206 respondents were required in this 
study.10) 

Dependent Variable 

Definition of possible sarcopenia 
We diagnosed possible sarcopenia as the presence of decreased 
CC (males: < 34 cm, females: < 33 cm) and low HGS (males: 
< 28 kg, females: < 18 kg).9) CC was measured using a measuring 
tape with the participant in the seated or supine position with the 
non-paretic knee bent at 90°. For patients with bilateral stroke, the 
CC of both sides were measured, and the maximum values were 
reported. HGS was measured using a Takei Digital Grip Strength 
Dynamometer (Model T.K.K.5401; Takei Scientific Instruments, 
Niigata, Japan)11) with the participant in the standing or seated po-
sition with a fully extended elbow. Each hand (left and right) was 
tested twice, with a 60-second rest in between measurements. All 
readings were recorded in kilograms (kg) and the maximum mean 
HGS of either left or right hand was reported. 

Independent Variables and Measurements 

Sociodemographic and clinical profiles 
The independent variables included sociodemographic profiles, 
clinical characteristics, anthropometric measurements, dietary in-
take, physical activity (PA) levels, and health-related quality of life. 
We extracted data on participant comorbidities including hyper-
tension, diabetes mellitus, hyperlipidemia, atrial fibrillation, and 
ischemic heart disease from their medical records based on the 

Ann Geriatr Med Res 2022;26(2):162-174

163Possible Sarcopenia in Elderly Stroke Survivors



Malaysian Clinical Practice Guidelines.12-14) We also asked the par-
ticipants whether they frequently faced problems (Yes or No) such 
as chewing, swallowing, loss of appetite, speech, memory, sleeping 
at night, and paresis of the dominant arm. 

Anthropometric measurements 
Anthropometric measurements included weight, height, mid-up-
per arm circumference, and waist circumference. Weight was mea-
sured to the nearest 0.1 kg using a Seca Model 803 digital weighing 
scale (Seca, Hamburg, Germany). Height was assessed using a sta-
diometer Seca 206 (Seca, Hamburg, Germany) to the nearest 0.1 
cm. The height of participants with balance and gait problems was 
estimated using knee height and prediction equations derived in a 
previous study on the Malaysian older adult population.15) Body 
mass index (BMI) was also calculated. Waist circumference was 
measured using a measuring tape placed at the midpoint between 
the lower margin of the least palpable rib and the top of the iliac 
crest.16) Mid-upper arm circumference was measured on the 
non-paralytic arm using a measuring tape from the midpoint on 
the triceps between the process acromion and olecranon process. 

Malnutrition risk 
We screened the participants for malnutrition risk based on the 
Malnutrition Risk Screening Tool-Hospital (MRST-H) validated 
in the older adult Malaysian population.17) The MRST-H contains 
five items. Three items are related to financial dependency, feeding 
dependency, and significant unintentional weight loss. The other 
two items in the MRST-H involve anthropometric measurements 
to assess muscle wasting/malnutrition based on sex-specific cut-
off points for mid-upper arm circumference (MUAC) and CC. A 
score is allocated to each question with a positive answer (answer-
ing yes) or an MUAC and CC below the cut-off points. An indi-
vidual is classified as having high malnutrition risk if he or she has 
scores 2 or above.17) The MRST-H scale has an excellent overall di-
agnostic accuracy in discriminating malnourished groups, with an 
area under the curve (AUC) of 0.84 when validated against the 
Subjective Global Assessment.17)  

Dietary intake 
A clinical dietitian assessed the dietary intake of the participants 
using the 7-day Dietary History Questionnaire through face-to-
face interviews.18) The participants were asked to recall all food 
and beverages consumed for the past 7 days. Dietary analysis was 
conducted using the Nutritionist Pro nutrition analysis software 
(Axxya Systems, Redmond, WA, USA) to calculate the daily mean 
intakes of energy, protein, carbohydrate, fat, vitamin A, vitamin C, 
potassium, calcium, and iron. The energy and protein intakes were 

presented in kcal/kg ideal body weight (IBW)/day to prevent 
over- or underestimation of nutrient intake. We calculated IBW for 
older adults by multiplying a BMI of 25 kg/m2 by the participants’ 
actual height squared. Adequate energy and protein intakes were 
defined as the consumption of at least 25 kcal/kg IBW/day and 1.0 
g/kg IBW/day, respectively.19) 

PA levels 
The weekly PA levels were assessed using the short Malay version 
of the International Physical Activity Questionnaire (IPAQ).20) 
The IPAQ comprises seven items with four activity domains (vig-
orous, moderate, walking, and sitting). Each participant was asked 
to report the amount of time (in minutes) and the number of days 
(per week) spent on each activity domain. The participants were 
classified as achieving the recommended PA if they had total meta-
bolic equivalents of task values-minutes per week of 600 or above 
(equivalent to moderate-to-vigorous activity levels).21) 

Health-related quality of life 
The health-related quality of life of participants was assessed using 
the Malay version of the EuroQoL-5 Dimensions-5 Levels (EQ-
5D-5L) questionnaire validated in the Malaysian population.22) 
The participants were asked to rate their health on the day of eval-
uation based on a 5-point scale, indicating increasing severity of 
problems (1 = no problems, 2 = slight problems, 3 = moderate 
problems, 4 = severe problems, and 5 = extreme problems). The 
EQ-5D-5L description system contains five dimensions: mobility, 
self-care, usual activities, pain/discomfort, and anxiety/depression. 
Based on the rating of the five main dimensions of the descriptive 
system, we generated an EQ-5D summary index based on the 
equation proposed by Shafie et al.23) for the Malaysian population. 
The EQ-5D summary index ranged from 0 (death) to 1 (full 
health), with negative values representing states worse than death. 
The participants were also asked to self-rate their “health today” 
based on a scale of 0–100 (from worst to best score) using the 
EQ-visual analogue scale (VAS). 

Ethics Approval 
We performed all methods in this study in accordance with rele-
vant guidelines and regulations. The Medical Research and Ethics 
Committee in the Ministry of Health, Malaysia (No. NMRR-19-
4024-47231 (IIR)) and the UniSZA Human Research Ethics 
Committee approved the study protocol before commencing the 
study (No. UniSZA/UHREC/2019/102). Written informed con-
sent was obtained from cognitively intact older adults with stroke 
or from a proxy if the participants had severe aphasia or hearing, 
vision, or cognitive issues. Also, this study complied the ethical 
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guidelines for authorship and publishing in the Annals of Geriatric 
Medicine and Research.24)  

Statistical Analysis  
Continuous variables are presented as either mean ± standard de-
viation or median (interquartile range) based on the normality of 
data. Categorical variables are presented as frequencies and per-
centages. We performed binary logistic regression to examine fac-
tors associated with possible sarcopenia in different age groups 
(60–69 years and ≥ 70 years) because age is a well-known factor 
for sarcopenia. We included factors with a p-value of < 0.25 in uni-
variable analysis and of clinical importance (sex and protein intake 
per kg IBW per day) in multivariable logistic regression. Variables 
with small cells ( ≤ 5) were excluded from multivariable logistic re-
gression. The magnitudes of the associations are presented as ad-
justed odds ratio (AOR) with 95% CI. Interactions and multicol-
linearity between variables were also checked. All statistical analy-
ses were performed using IBM SPSS Statistics for Windows, ver-
sion 25.0 (IBM Corp., Armonk, NY, USA), with a p-value of 
< 0.05 considered statistically significant. 

RESULTS 

A total of 448 patients with stroke was screened, and 237 of them 
were excluded based on the selection criteria. A total of 211 re-
spondents completed the survey; however, we included only 196 
respondents in the data analysis because 15 of them had unknown 
types of strokes. The mean age of the participants was 67.60 ±  
5.70 years. Two-thirds of the participants (66.3%) were aged 60–
69 years; the remaining participants were aged ≥ 70 years. Approx-
imately half of the participants were in the chronic phase of stroke 
( > 6 months from stroke onset). More than half of the participants 
were males (51.1%), married (73.0%), of Malay origin (86.7%), 
and not working (96.9%). Primary education levels were reported 
by 43.4% of the participants. The stroke cases were predominantly 
ischemic stroke (84.7%) and first-ever stroke (78.1%). Hyperlip-
idemia (95.9%) was the leading comorbidity, followed by hyper-
tension (94.4%), diabetes mellitus (55.6%), ischemic heart disease 
(13.8%), and atrial fibrillation (7.1%). Most participants were 
non-smokers (63.8%), whereas 33.1% were ex-smokers and 3.1% 
were active smokers at the time of the survey. The prevalence of 

Table 1. Comparison of sociodemographic, clinical, nutritional status, lifestyle practices and health-related quality of life between different age 
groups (n=196)

Variable 60-69 y (n = 130) ≥ 70 y (n = 66) p-valuea)

Sex
 Female 60 (46.2) 28 (42.4) 0.651
 Male 70 (53.8) 38 (57.6)
Ethnicity
 Malay 113 (86.9) 57 (86.4) 1.000
 Chinese and Indian 17 (13.1) 9 (13.6)
Marital status
 Married 100 (76.9) 43 (65.2) 0.090
 Single/divorced/widowed 30 (23.1) 23 (34.8)
Education levels
 Never attended school 10 (7.7) 9 (13.6) < 0.001
 Primary 46 (35.4) 39 (59.1)
 Secondary and above 74 (56.9) 18 (27.3)
Types of strokes
 Ischemic 106 (81.5) 60 (90.9) 0.096
 Hemorrhagic 24 (18.5) 6 (9.1)
Position of stroke
 Left 64 (49.2) 31 (47.0) 0.827
 Right 58 (44.6) 32 (48.5)
 Bilateral/unspecified 8 (6.1) 3 (4.5)
Stroke episode
 First 103 (79.2) 50 (75.8) 0.588
 Recurrent 27 (20.8) 16 (24.2)
Stroke duration

(Continued to the next page)
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Variable 60-69 y (n = 130) ≥ 70 y (n = 66) p-valuea)

 Early subacute (0–3 mo) 42 (32.3) 21 (31.8) 0.893
 Late subacute (4–6 mo) 18 (13.8) 11 (16.7)
 Chronic ( > 6 mo) 70 (53.8) 34 (51.5)
Presence of comorbidities (yes)
 Hypertension 123 (94.6) 62 (93.9) 1.000c)

 Diabetes mellitus 74 (56.9) 35 (53.0) 0.65
 Hyperlipidemia 124 (95.4) 64 (97.0) 0.720c)

 Ischemic heart disease 15 (11.5) 12 (18.2) 0.272
 Atrial fibrillation 6 (4.6) 8 (12.1) 0.076c)

Smoking status
 Never smoke 83 (63.8) 37 (56.1) 0.352
 Ex-smoker/Smoking 47 (36.2) 29 (43.9)
Physical activity
 Achieved 37 (28.5) 19 (28.8) 1
 Not achieved 93 (71.5) 47 (71.2)
Adequacy of energy intake
 No ( < 25 kcal/kg IBW) 60 (46.2) 39 (59.1) 0.098
 Yes ( ≥ 25 kcal/kg IBW) 70 (53.8) 27 (40.9)
Adequacy of protein intake
 No ( < 1.0 g/kg IBW) 76 (58.5) 42 (63.6) 0.538
 Yes ( ≥ 1.0 g/kg IBW) 54 (41.5) 24 (36.4)
Nutrient intake
 Carbohydrate (g/day) 211.56 ± 53.87 197.00 ± 51.36 0.071b)

 Fat (g/day) 50.24 ± 14.39 45.43 ± 13.26 0.024b)

 Vitamin A (µg/day) 663.73 ± 507.77 657.67 ± 576.29 0.880d)

 Vitamin C (mg/day) 103.97 ± 59.85 93.12 ± 58.62 0.229b)

 Potassium (mg/day) 1303.54 ± 422.92 1248.49 ± 414.31 0.387b)

 Calcium (mg/day) 567.20 ± 369.47 543.03 ± 320.58 0.650d)

 Iron (mg/day) 12.24 ± 5.71 11.01 ± 4.24 0.010d)

At risk of malnutrition
 Yes 57 (43.8) 30 (45.5) 0.88
 No 73 (56.2) 36 (54.5)
Possible sarcopenia
 Yes 41 (31.5) 42 (63.6) < 0.001
 No 89 (68.5) 24 (36.4)
BMI (kg/m2) 24.53 ± 4.71 23.08 ± 4.38 0.039b)

WC (cm) 86.22 ± 11.83 84.91 ± 10.53 0.448b)

EQ-5D index 0.69 ± 0.47 0.54 ± 0.57 0.030d)

VAS 60.00 ± 20.00 60.00 ± 20.00 0.817d)

Presence of difficulties (yes)
 Chewing 9 (6.9) 9 (13.6) 0.189
 Swallowing 12 (9.2) 11 (16.7) 0.159
 Loss of appetite 9 (6.9) 7 (10.6) 0.413
 Memory 10 (7.7) 8 (12.1) 0.433
 Speech 12 (9.2) 4 (6.1) 0.585
 Sleeping 24 (18.5) 13 (19.7) 0.848
 Paresis of dominant arm 69 (53.1) 31 (47.0) 0.452
Values are presented as mean±standard deviation or number (%). Vitamins A and C, Iron, EQ-5D, and VAS data are expressed as median±interquartile range.
BMI, body mass index; WC, waist circumference; VAS, visual analogue scale; BW, body weight; IBW, ideal body weight.
Ideal body weight at BMI 25 kg/m2 was used.
a)Chi-square test, b)independent t-test, c)Fisher exact test, d)Mann-Whitney U test.
Significant level p<0.05.
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possible sarcopenia was 42.3% among the older adults with stroke. 
Table 1 shows that the prevalence of possible sarcopenia was sig-

nificantly higher in the advanced age group ( ≥ 70 years) than in 
the 60–69-year age group (63.6% vs. 31.5%). Additionally, the ad-
vanced age group had significantly lower educational level 
(59.1% vs. 35.4% had achieved primary education level), fat 
(45.43 ±  13.26 vs. 50.24 ±  14.39 g/day) and iron (11.01 (4.24) 
vs. 12.24 (5.71) mg/day) intakes, BMI (23.08 ±  4.38 vs. 24.53 
±  4.71 kg/m2), and ED-5D index (0.54 (0.57) vs. 0.69 (0.47)) 
than their counterparts. Inadequate energy (59.1% vs. 46.2%) and 
protein (63.6% vs. 58.5%) intakes, high malnutrition risk (45.5% 
vs. 43.8%), and physical inactivity (71.2% vs. 71.5%) were com-
mon, with no significant differences between the two age groups. 
The two groups also did not differ significantly in the presence of 
difficulties in chewing, swallowing, loss of appetite, memory, 
speech, sleeping, and paresis of the dominant arm. 

Table 2 compares the anthropometric measurements and possi-
ble sarcopenia status by sex. Individuals without possible sarcope-
nia had significantly higher MUAC, CC, WC, BMI, and HGS than 
those with possible sarcopenia regardless of sex. 

Table 3 compares the characteristics of individuals with and 
without possible sarcopenia according to age group. The 60– 69-
year age group showed a higher prevalence of possible sarcopenia 
among individuals who failed to meet the PA and energy recom-
mendations; had lower CHO and fat intake; had high malnutrition 
risk; had lower BMI, WC and HRQoL values (EQ-5D index and 
VAS); and had frequent problems with chewing, swallowing, loss 
of appetite and speech. Meanwhile, the advanced age group 
showed a significantly higher prevalence of possible sarcopenia 
among individuals who failed to meet the PA and energy recom-
mendations; had lower CHO intake; had high malnutrition risk; 
had lower BMI, WC, and EQ-5D index values; and were ex- or ac-
tive smokers. 

Table 4 shows that in univariable analysis, both age groups 

shared similar factors related to possible sarcopenia. Participants 
who failed to meet the PA or energy recommendations were three 
times more likely to have possible sarcopenia. Similarly, partici-
pants with high malnutrition risk were 4–9 times more likely to 
have possible sarcopenia. In contrast, increasing CHO intake, 
BMI, WC, and EQ-5D index were associated with lower odds of 
having possible sarcopenia in both age groups. Moreover, every in-
crease in fat intake and VAS score was associated with a lower risk 
of possible sarcopenia in the 60–69-year age group. Ex-smokers 
and smokers were five times more likely to have possible sarcope-
nia in the advanced age group. Multivariable analysis showed that 
recurrent stroke (AOR = 3.48; 95% CI, 1.02–11.92), BMI 
(AOR = 0.64; 95% CI, 0.54–0.76), and EQ-5D index (AOR = 0.15; 
95% CI, 0.03–0.78) remained significant in the 60–69-year age 
group after adjusting for confounding variables. Meanwhile, only 
BMI (AOR = 0.57; 95% CI, 0.43–0.75) remained significant in the 
advanced age group. 

DISCUSSION 

The results of this study revealed a few important findings. First, 
the prevalence of possible sarcopenia among older stroke survivors 
was high, at 42.3%, and was higher in the advanced age group 
( ≥ 70 years) than in the 60–69-year age group. Second, a higher 
BMI was significantly associated with a lower risk of possible sar-
copenia regardless of age. Participants in the younger age group 
(60–69 years) with recurrent stroke were more likely to have pos-
sible sarcopenia. Conversely, a higher EQ-5D index in this age 
group was significantly associated with a lower risk of having possi-
ble sarcopenia. 

The prevalence of possible sarcopenia in the Malaysian stroke 
population was high and deserves attention from healthcare pro-
fessionals for further evaluation and treatment. Other Asian stud-
ies in Japan and Korea reported the prevalence of sarcopenia diag-

Table 2. Comparison of the anthropometric measurements and possible sarcopenia status within females and males

Variable
Female Male

Without possible sarcopenia 
(n = 52)

Possible sarcopenia  
(n = 36) p-valuea) Without possible sarcopenia 

(n = 61)
Possible sarcopenia  

(n = 47) p-valuea)

MUAC (cm) 28.99 ± 3.29 25.49 ± 3.41 < 0.001 30.07 ± 2.37 25.11 ± 2.87 < 0.001
CC (cm) 33.98 ± 3.16 28.84 ± 3.04 < 0.001 36.02 ± 2.58 29.51 ± 2.44 < 0.001
WC (cm) 89.02 ± 10.56 80.93 ± 12.05 0.001 92.07 ± 10.19 77.75 ± 5.66 < 0.001
BMI (kg/m2) 26.47 ± 4.62 20.83 ± 3.74 < 0.001 26.42 ± 3.64 20.59 ± 2.27 < 0.001
HGS (kg) 17.35 ± 5.80 11.52 ± 4.90 < 0.001 27.32 ± 7.77 18.01 ± 7.71 < 0.001

Values are presented as mean±standard deviation.
MUAC, mid-upper arm circumference; CC, calf circumference; WC, waist circumference; BMI, body mass index; HGS, handgrip strength.
a)Independent t-test.
Significant level p<0.05.
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Table 3. Comparison of sociodemographic, clinical, nutritional status, lifestyle practices and health-related quality of life between group with-
out possible sarcopenia and possible sarcopenia within different age groups

Variable

Age group
60-69 y (n = 130) ≥ 70 y (n = 66)

Without possible  
sarcopenia (n = 89)

Possible sarcopenia 
(n = 41) p-valuea) Without possible  

sarcopenia (n = 24)
Possible sarcopenia 

(n = 42) p-valuea)

Sex
 Female 40 (44.9) 20 (48.8) 0.709 12 (50.0) 16 (38.1) 0.439
 Male 49 (55.1) 21 (51.2) 12 (50.0) 26 (61.9)
Ethnicity 0.713b)

 Malay 76 (85.4) 37 (90.2) 0.580 20 (83.3) 37 (88.1)
 Chinese and Indian 13 (14.6) 4 (9.8) 4 (16.7) 5 (11.9)
Marital status
 Married 70 (78.7) 30 (73.2) 0.508 12 (50.0) 31 (73.8) 0.064
 Single/divorced/widowed 19 (21.3) 11 (26.8) 12 (50.0) 11 (26.2)
Education levels
 Never attended school 6 (6.7) 4 (9.8) 0.805 4 (16.7) 5 (11.9) 0.816
 Primary 31 (34.8) 15 (36.6) 13 (54.2) 26 (61.9)
 Secondary and above 52 (58.4) 22 (53.7) 7 (29.2) 11 (26.2)
Types of strokes
 Ischemic 76 (85.4) 30 (73.2) 0.143 24 (100.0) 36 (85.7) 0.079b)

 Hemorrhagic 13 (14.6) 11 (26.8) 0 (0.0) 6 (14.3)
Position of stroke
 Left 40 (44.9) 24 (28.5) 0.245 15 (62.5) 16 (38.1) 0.121
 Right 42 (47.2) 16 (39.0) 9 (37.5) 23 (54.8)
 Bilateral/unspecified 7 (7.9) 1 (2.4) 0 (0.0) 3 (7.1)
Stroke episode
 First 74 (83.1) 29 (70.7) 0.161 19 (79.2) 31 (73.8) 0.768
 Recurrent 15 (16.9) 12 (29.3) 5 (20.8) 11 (26.2)
Stroke duration
 Early subacute (0–3 mo) 29 (32.6) 13 (31.7) 0.933 11 (45.8) 10 (23.8) 0.199
 Late subacute (4–6 mo) 13 (14.6) 3 (12.2) 3 (12.5) 8 (19.0)
 Chronic ( > 6 mo) 47 (52.8) 23 (56.1) 10 (41.7) 24 (57.1)
Presence of comorbidities (yes)
 Hypertension 83 (93.3) 40 (97.6) 0.431b) 24 (100) 38 (90.5) 0.288b)

 Diabetes mellitus 52 (58.4) 22 (53.7) 0.704 13 (54.2) 22 (52.4) 1.000
 Hyperlipidemia 87 (97.8) 37 (90.2) 0.078b) 23 (95.8) 41 (97.6) 1.000b)

 Ischemic heart disease 10 (11.2) 5 (12.2) 1.000b) 4 (16.7) 8 (19.0) 1.000b)

 Atrial fibrillation 5 (5.6) 1 (2.4) 0.664b) 5 (20.8) 3 (7.1) 0.128b)

Smoking status
 Never smoke 55 (61.8) 28 (68.3) 0.557 19 (79.2) 18 (42.9) 0.005
 Ex-smoker/smoking 34 (38.2) 13 (31.7) 5 (20.8) 24 (57.1)
Physical activity
 Achieved 31 (34.8) 6 (14.6) 0.021 11 (45.8) 8 (19.0) 0.027
 Not achieved 58 (65.2) 35 (85.4) 13 (54.2) 34 (81.0)
Adequacy of energy intake
 < 25 kcal/kg IBW/day 34 (38.2) 26 (63.4) 0.009 10 (41.7) 29 (69.0) 0.039
 ≥ 25 kcal/kg IBW/day 55 (61.8) 15 (36.6) 14 (58.3) 13 (31.0)

(Continued to the next page)
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nosis ranging from 31% to 60% among patients with stroke.6,25,26) 
Although these findings are not directly comparable, Ueshima et 
al.27) demonstrated the high diagnostic accuracy of possible sarco-
penia based on its sensitivity, specificity, and F-value. Possible sar-
copenia (diagnosed based on CC and HGS) predicted sarcopenia 
among Japanese men and women with a sensitivity of 0.71 and 
0.71, specificity of 1.00 and 0.94, and F-value of 0.83 and 0.71, re-
spectively. Due to resource constraints, we were unable to perform 
confirmatory diagnosis of sarcopenia following diagnostic proto-
cols. However, the AWGS (2019) suggested the initiation of life-
style interventions among individuals with possible sarcopenia re-
gardless of the final diagnosis. More research is needed to explore 
the usefulness of using possible sarcopenia for predicting sarcope-

nia diagnosis in the Malaysian population. 
The results of this study add to the growing body of evidence 

showing that the syndrome of sarcopenia is multifactorial, with re-
lationships to age, disease, inactivity, and poor nutrition. Unsur-
prisingly, advanced age was significantly associated with possible 
sarcopenia, consistent with findings of other Asian studies.27,28) 
Muscle tissue gradually decreases during aging, resulting in de-
creased muscle mass and strength. 

Moreover, increasing BMI was significantly associated with low-
er odds of having possible sarcopenia regardless of advanced age, also 
consistent with previous studies of community-dwelling older adults 
with stroke or those admitted to the convalescent rehabilitation 
ward.7,27) Indeed, the participants with possible sarcopenia in this 

Variable

Age group
60-69 y (n = 130) ≥ 70 y (n = 66)

Without possible  
sarcopenia (n = 89)

Possible sarcopenia 
(n = 41) p-valuea) Without possible  

sarcopenia (n = 24)
Possible sarcopenia 

(n = 42) p-valuea)

Adequacy of protein intake
  < 1.0 g/kg IBW/day 47 (47.2) 29 (70.7) 0.059 13 (54.2) 29 (69.0) 0.290
  ≥ 1.0 g/kg IBW/day 42 (52.8) 12 (29.3) 11 (45.8) 13 (31.0)
Nutrient intake
 Carbohydrate (g/day) 224.77 ± 50.89 182.88 ± 49.29 < 0.001c) 225.34 ± 59.83 180.81 ± 37.89 0.002c)

 Fat (g/day) 52.05 ± 14.69 46.32 ± 13.04 0.034c) 46.97 ± 11.98 44.55 ± 14.01 0.480c)

 Vitamin A (µg/day) 726.83 ± 334.55 812.07 ± 398.37 0.207c) 735.00 ± 397.26 704.06 ± 429.94 0.774c)

 Vitamin C (mg/day) 102.75 ± 60.49 106.60 ± 59.10 0.735c) 96.48 ± 65.02 91.20 ± 55.37 0.728c)

 Potassium (mg/day) 1300.28 ± 373.58 1310.62 ± 519.36 0.909c) 1336.82 ± 406.98 1198.01 ± 414.78 0.193c)

 Calcium (mg/day) 640.72 ± 277.88 686.67 ± 373.64 0.435c) 617.55 ± 348.62 636.11 ± 329.59 0.830c)

 Iron (mg/day) 13.45 ± 4.33 12.42 ± 4.84 0.225c) 11.70 ± 3.61 11.48 ± 4.73 0.842c)

At risk of malnutrition
 Yes 25 (28.1) 32 (78.0) < 0.001 6 (25.0) 24 (57.1) 0.020
 No 64 (71.9) 9 (22.0) 18 (75.0) 18 (42.9)
BMI (kg/m2) 26.40 ± 4.10 20.46 ± 3.14 < 0.001c) 26.78 ± 4.20 20.97 ± 2.83 < 0.001c)

WC (cm) 90.04 ± 10.58 77.92 ± 10.09 < 0.001c) 92.98 ± 9.73 80.30 ± 7.93 < 0.001c)

EQ-5D index 0.66 ± 0.27 0.40 ± 0.36 < 0.001c) 0.62 ± 0.33 0.41 ± 0.30 0.012c)

VAS 60.00 ± 20.00 50.00 ± 13.00 < 0.001d) 60.00 ± 29.00 52.50 ± 13.0 0.215d)

Presence of difficulties (yes)
 Chewing 2 (2.2) 7 (17.1) 0.004b) 2 (8.3) 7 (16.7) 0.469b)

 Swallowing 2 (2.2) 10 (24.4) < 0.001b) 3 (12.5) 8 (19.0) 0.733b)

 Loss of appetite 2 (2.2) 7 (17.1) 0.004b) 2 (8.3) 5 (11.9) 1.000b)

 Memory 6 (6.7) 4 (9.8) 0.724b) 1 (4.2) 7 (16.7) 0.241b)

 Speech 4 (4.5) 8 (19.5) 0.010b) 1 (4.2) 3 (7.1) 1.000b)

 Sleeping 16 (18.0) 8 (19.5) 1 3 (12.5) 10 (23.8) 0.345b)

 Paresis of dominant arm 43 (48.3) 26 (63.4) 0.132 12 (50.0) 19 (45.2) 0.800

Values are presented as mean±standard deviation or number (%). VAS data are expressed as median±interquartile range.
BMI, body mass index; WC, waist circumference; VAS, visual analogue scale; BW, body weight; IBW, ideal body weight.
Ideal body weight at BMI 25 kg/m2 was used.
a)Chi-square test, b)Fisher exact test, c)independent t-test, d)Mann-Whitney U test.
Significant level p<0.05.
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study were significantly thinner (20.7 ± 3.0 vs. 26.5 ± 4.1 kg/m2) 
than their counterparts. Landi et al.29) reported a lower risk of sar-
copenia among older adult individuals with BMI of > 21.0 kg/m2 
than the risk among those with BMI of < 21 kg/m2 in nursing 
homes of Italy. Cheng et al.30) suggested that higher fat mass can 
have several age-rated effects on lean mass. Individuals with higher 
fat mass might consume higher protein, which is important for sar-
copenia prevention. Our results showed that BMI was weakly to 
moderately correlated with total energy (r = 0.520, p < 0.001) and 
protein intake (r = 0.398, p < 0.001). Despite this, the accurate 
measurement of BMI could be challenging among older adults 
with stroke and hemiparesis. Additionally, older adults with stroke 
show more prominent body composition changes than healthy 
older adults.31). Chang et al.31) showed a significantly lower bone 
mineral content, lower lean mass, and higher trunk fat mass among 

Table 4. Factors associated with possible sarcopenia at univariable and multivariable analysis

Variable
Age group

60-69 y ≥ 70 y
OR (CI) p-valuea) AOR (CI) p-valuea) OR (CI) p-valuea) AOR (CI) p-valuea)

Recurrent stroke -
 No (ref) 1.00 1.00 -
 Yes 2.04 (0.85, 4.88) 0.109 3.48 (1.02, 11.92) 0.047 -
Smoking status -
 Never smoke (ref) - - 1 -
 Ex-smoker/smoking - - 5.07 (1.59, 16.15) 0.006 -
Physical activity 0.024 -
 Yes (ref) 1.00 - 1 -
 No 3.12 (1.18, 8.22) 0.022 - 3.60 (1.18, 10.94) -
Adequacy energy
 ≥ 25 kcal/kg IBW/day (ref) 1.00 - 1.00 -
 < 25 kcal/kg IBW/day 2.80 (1.30, 6.03) 0.008 - 3.12 (1.10, 8.86) 0.032 -
Carbohydrate (g/day) 0.98 (0.98, 0.99) < 0.001 - 0.98 (0.97, 0.99) 0.003 -
Fat (g/day) 0.97 (0.94, 0.99) 0.037 - - -
At risk of malnutrition
 No (ref) 1.00 - 1.00 -
 Yes 9.10 (3.81, 21.77) < 0.001 - 4.00 (1.32, 12.11) 0.014 -
BMI (kg/m2) 0.64 (0.55, 0.75) < 0.001 0.64 (0.54, 0.76) < 0.001 0.57 (0.43, 0.75) < 0.001 0.57 (0.43, 0.75) < 0.001
WC (cm) 0.89 (0.85, 0.93) < 0.001 - 0.84 (0.77, 0.92) < 0.001 -
EQ-5D index 0.07 (0.02, 0.25) < 0.001 0.15 (0.03, 0.78) 0.025 0.12 (0.02, 0.67) 0.016 -
VAS 0.93 (0.90, 0.97) < 0.001 - - -
Hosmer-Lemeshow test - 0.988 - 0.374
Classification table - 0.823 - 0.848
ROC - 90.5 - 88

BMI, body mass index; WC, waist circumference; VAS, visual analogue scale; BW, body weight; IBW, ideal body weight; ROC, receiver operating characteristic; 
Ref, reference category; OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
a)Likelihood ratio test with significance level set at less than 0.05; multicollinearity and interaction terms were checked and not found; Hosmer-Lemeshow test, 
classification table (overall correctly classified percentage) and area under the ROC curve were applied to check the model fitness.
Significant level p<0.05.

older adult Taiwanese patients with stroke (stroke duration ≥ 6 
months) than healthy older adults of similar age. The study postu-
lated that stroke-induced malnutrition, accelerated protein degra-
dation secondary to chronic inflammation, and bone loss follow-
ing physical inactivity might have explained the decrease in lean 
body mass and bone minerals in patients with stroke. Thus, other 
than BMI, body composition evaluation should be integrated into 
routine clinical practice for older adult patients with stroke to allow 
more accurate nutritional screening and assessment. 

Individuals with possible sarcopenia in our study also showed a 
significantly overall poor quality of life, consistent with previous 
findings.32) Further exploration showed that possible sarcopenia 
was significantly associated with the physical dimension of 
HRQoL, namely, mobility, self-care, and usual activities. Sarcope-
nia is characterized by loss of lean body mass and muscle function, 
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which are required for physical functioning in stroke survivors. 
Matsu et al. showed that sarcopenia was a predictor of activities of 
daily living capability in patients with stroke undergoing rehabilita-
tion.33) Improvement in sarcopenia was also associated with better 
functional and discharge outcomes among patients with stroke 
undergoing rehabilitation.34) 

Additionally, participants with recurrent stroke were more likely 
to have possible sarcopenia. However, this factor was only signifi-
cant in the younger age group. Recurrent stroke is often more se-
vere, fatal, and disabling than the first episode.35,36) Thus, these pa-
tients were more likely to experience severe dysphagia, hemipare-
sis, and cognitive impairment, which may hinder their abilities to 
be mobile and consume adequate food. 

This study also found that individuals who failed to consume 
adequate energy intake were more likely to have possible sarcope-
nia, although the relationship lost its significance in the multivari-
able analysis. Other studies have demonstrated that older adults 
with sarcopenia consumed significantly lesser energy, protein, vi-
tamins (vitamin B12 and vitamin D), and minerals (potassium, 
calcium, magnesium, and selenium) than those without sarcope-
nia.35,36) Our study results showed that the adequacy and quality 
of nutrient intake among older adult patients with stroke deserve 
more attention since these patients generally consumed less than 
the recommended values (24.20 ±  5.25 kcal/kg IBW/day; 0.95 
±  0.22 g protein/kg IBW/day; potassium 1285 ±  419.8 mg/day; 
calcium 646.5 ±  318.0 mg/day). Kakehi et al.37) recommended 
the consumption of 25–35 kcal/kg BW/day and 1.2–1.5 g/kg 
BW/day protein during the subacute phase (2–4 weeks after 
stroke onset) and subsequently more energy to match the PA lev-
el during the convalescent phase to prevent sarcopenia. The di-
etary inadequacy among patients with stroke might be explained 
by the presence of oral dysfunction such as chewing, swallowing, 
and speech difficulties. Thus, texture modification, appropriate 
use of nutritional supplements, and oral rehabilitation strategies 
may help achieve adequate energy and protein intakes in these pa-
tients. 

Similarly, univariable analysis in this study showed that possible 
sarcopenia was significantly associated with physical inactivity. 
Physical inactivity and immobilization after stroke can decrease 
muscle protein synthesis and reduce leg lean mass, leading to re-
duced muscle strength.38) The International Clinical Practice 
Guidelines For Sarcopenia strongly recommend resistance exercise 
and conditionally recommend protein supplementation/pro-
tein-rich diet in sarcopenia treatment.39) Multimodal exercises in-
cluding a combination of resistance, aerobic, walking, and balance 
training are also recommended.40) Thus, attention should be paid 
to increase the PA levels of older adult patients with stroke to pre-

vent sarcopenia and its complications. 
The study has some limitations. First, we could not fully clarify 

the causal relationship between possible sarcopenia and its associ-
ated factors due to the cross-sectional study design. Second, we did 
not examine important variables such as severity of stroke and de-
gree of disability as these data were either largely missing or re-
quired a manual search in the patient records. Third, we did not re-
port on important nutrients such as vitamin D, omega 3 fatty acids, 
selenium, and magnesium because they were largely absent in the 
Malaysian Food Composition Database.41) Fourth, the measure-
ments of CC and HGS may vary according to posture, which 
might have affected the diagnostic accuracy. Xu et al.42) reported 
the highest HGS measured while standing with the elbow fully ex-
tended, followed by standing with the arm raised, sitting with the 
elbow fully extended, and sitting with the elbow flexed 90º among 
764 healthy Chinese individuals. They observed no significant dif-
ferences in HGS among participants sitting with either elbow 
flexed or fully extended. In contrast, Jeong et al.43) reported a sig-
nificantly lower CC when standing than when sitting regardless of 
the measurement side among community-dwelling Korean older 
adults. Although the AUC values of CC did not differ significantly 
when measured in different postures and sides, the AUC of right 
CC was largest when validating against the sarcopenia criteria ac-
cording to the AWGS. Fifth, we did not perform an alternative 
method of sarcopenia screening, namely, SARC-F and 5-time chair 
stand test; thus, comparison of screening results between different 
methods was unlikely. Previous studies have suggested that 
SARC-F might underestimate the prevalence of possible sarcope-
nia among community-dwelling healthy older adults in Asian 
countries.44,45) Additionally, the presence of cognitive decline 
might have influenced the accuracy of the results as the SARC-F is 
a self-report questionnaire; thus, it depends on a participant’s abili-
ty to accurately estimate their physical abilities.46) In contrast, Yao 
et al.47) showed that when validated against the 2019 AWGS diag-
nostic criteria among patients with stroke in China, the sensitivity 
and specificity of the sarcopenia screening tools were as follows: 
SARC-F (sensitivity of 94.7%; specificity of 40.0%), Ishii’s score 
(sensitivity of 90.1%; specificity of 36.0%), and CC alone (sensi-
tivity of 81.8%; specificity of 90.1%). Ishii’s score was derived from 
a sex-specific formula that included age, HGS, and CC values. 
However, they used revised cut-off points for screening when vali-
dated against the diagnostic criteria. Therefore, further research is 
needed to confirm the diagnostic efficacy of these screening tools 
among patients with stroke, and the most appropriate cut-off val-
ues is highly recommended. Sixth, the presence of cognitive de-
cline among the elderly might have influenced the accuracy of the 
self-reported information for dietary intake and physical activity, 
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although a proxy of the respondent was used to improve the re-
sponse rate. Finally, the presence of possible sarcopenia before 
stroke was not addressed in this study because the screening of sar-
copenia was not routinely conducted in the acute stroke phase and 
thus should be examined in future cohort studies. Despite these 
limitations, this is one of the very few studies in Malaysia to ex-
amine the prevalence of possible sarcopenia among stroke survi-
vors and its association with multiple dimensions of factors. An-
other point warranting discussion is stroke-related sarcopenia. 
Sarcopenia is caused not only by aging also by various factors. 
Stroke-related sarcopenia is a new concept that deserves atten-
tion and future clinical studies to elucidate its pathophysiology, 
early identification, prevention, and treatment. Moreover, the 
clinical impacts and associated complications of stroke-related 
sarcopenia on individuals with stroke have not been thoroughly 
studied and understood. 

In conclusion, the prevalence of possible sarcopenia among 
community-dwelling older stroke survivors was high at 42.3%, 
with a higher prevalence in the more advanced age group ( ≥ 70 
years). Furthermore, possible sarcopenia was significantly associat-
ed with BMI, recurrent stroke, and health-related quality of life in 
this population. Sarcopenia is often overlooked; therefore, we 
highly recommend screening for possible sarcopenia to allow early 
nutritional and exercise interventions. 
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INTRODUCTION 

Inadvertent perioperative hypothermia, defined as a decrease in 
core temperature to < 36°C, occurs in 25%–90% of patients un-
dergoing elective surgery.1) Perioperative hypothermia may lead to 
cardiac morbidity, surgical wound infection, pressure ulcers, deep 
vein thrombosis, coagulopathy, transfusion, impaired mentation, 
patient discomfort, prolonged hospitalization, and mortality.2,3) 
Older patients are particularly vulnerable to perioperative hypo-
thermia due to a loss of subcutaneous fat, a blunted vasoconstric-
tive response, and decreased heat production.4) The risk of adverse 
effects also increases with age due to reduced physiological re-
serves.5) 
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of surgery did not differ between the groups (36.9°C±0.5°C and 37.0°C±0.4°C in the control and 
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The primary cause of perioperative hypothermia in patients un-
dergoing surgery under regional or general anesthesia is 
core-to-peripheral body heat redistribution due to anesthesia-in-
duced vasodilation and central inhibition of thermoregulatory va-
soconstriction,2) although the heat loss caused by redistribution is 
smaller for regional anesthesia compared to general anesthesia.6) 
Active convective skin warming before anesthesia induction (i.e., 
prewarming) increases the overall body heat content and reduces 
the core-to-peripheral tissue temperature gradient. In turn, this re-
duces the reduction in core temperature due to heat redistribution 
after anesthesia induction.1) 

For hand or upper extremity surgery, regional anesthesia such as 
brachial plexus block (BPB) can be used instead of general anes-
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thesia. BPB may be preferable to general anesthesia in older pa-
tients who are at a greater risk of postoperative morbidity because 
it is superior in terms of recovery, analgesic consumption, and re-
spiratory complications.7,8) However, there remain no definitive 
guidelines for the prevention of perioperative hypothermia using 
interventions such as temperature monitoring and prewarming in 
patients undergoing surgery using peripheral nerve blocks. The ef-
fects of BPB on thermoregulation and the clinical efficacy of pre-
warming in older patients undergoing BPB have not been estab-
lished.9) Therefore, this study evaluated the effects of BPB on ther-
moregulation and the efficacy of prewarming in older patients un-
dergoing hand surgery with BPB by assessing perioperative core 
temperatures with and without active prewarming using a convec-
tive forced-air warmer. 

MATERIAL AND METHODS 

This prospective, randomized, controlled study was performed be-
tween December 2019 and February 2021 at a single university 
hospital. This study was approved by the Institutional Review 
Board of Konyang University Hospital (No. 2019-01-004) and 
registered with the Korea Clinical Research Information Service 
(https://cris.nih.go.kr/). Written informed consent was obtained 
from the participants and/or their legal representatives. This study 
complied the ethical guidelines for authorship and publishing in 
the Annals of Geriatric Medicine and Research.10) 

This study included patients aged ≥ 65 years undergoing ortho-
pedic hand surgery under BPB and with an American Society of 
Anesthesiologists physical status of I–III. The exclusion criteria 
were preoperative core temperature ≥ 37.5°C or < 36.0°C, obesity 
(body mass index > 35 kg/m2), endocrine or metabolic disease 
(e.g., uncontrolled diabetes, hypothyroidism, etc.), history of alco-
hol abuse, bleeding tendency, local infection at the BPB injection 
site, neuropsychiatric disease, or cognitive disorder. 

The patients were randomly allocated to either the control or 
prewarming group (1:1 ratio) using a random number table gener-
ated by an online software tool (https://www.randomizer.org). 
When the patient arrived at the preanesthetic holding area, an an-
esthesia nurse blinded to the study purpose and not involved in 
data collection opened a non-translucent envelope containing the 
patient’s group allocation. 

In our institution, the ambient temperatures in the preoperative 
holding area and post-anesthesia care unit (PACU) were main-
tained at 22°C–25°C, whereas the ambient operating room tem-
perature was maintained at 21°C–24°C. 

All patients arrived at the preanesthetic holding area without 
premedication and having fasted for a minimum of 8 hours. In the 

preanesthetic holding area, the control group received standard 
preoperative passive insulation using a cotton blanket. The pre-
warming group received 20 minutes of active prewarming using a 
forced-air blanket (Bair Hugger Full Body Blanket Model 30000; 
Arizant Healthcare Inc., Eden Prairie, MN, USA) placed over the 
entire body and then covered with a cotton blanket. During this 
period, active forced-air warmers were set to 43°C (high) and ad-
justed to 38°C (medium) if the temperature was too warm for the 
patient. At the end of active warming, the forced-air blankets were 
removed, and the patients were covered with cotton blankets and 
transferred to the operating room. 

Patients from both groups received the same anesthetic and sur-
gical management by an anesthesiologist and a surgeon who were 
blinded to the group assignments. Under ultrasound and nerve 
stimulator guidance, interscalene BPB was performed using 20–25 
mL 0.5% ropivacaine. The time required for interscalene BPB 
(from needle puncture to needle removal after injection) was re-
corded. After confirming anesthesia using a pin-prick test, all pa-
tients underwent orthopedic hand surgery by the same surgeon. 
During surgery, the patients were covered with a surgical drape 
over the cotton blanket, not a forced-air warmer, and received un-
warmed fluids. If the patient requested sedation, a small amount 
(0.5–2 mg) of midazolam was administered intravenously at the 
anesthesiologist’s discretion. Postoperatively, all patients were 
transferred to the PACU and covered with a cotton blanket. 

We collected data on patient characteristics such as age, sex, 
weight, height, American Society of Anesthesiologists (ASA) 
physical status, incidence and amount of administered midazolam, 
administered fluid, estimated blood loss, duration of anesthesia, 
and duration of surgery. 

Outcome Measurements 
The temperature of all patients was measured by a trained anesthe-
siology resident using an infrared tympanic thermometer (Ther-
moscan IRT 4020; Braun GmbH, Kronberg, Germany)—accu-
rate to ± 0.2°C for temperatures 35.5°C–42°C and to ± 0.3°C for 
temperatures < 35.5°C. The highest value of at least two consecu-
tive measurements from the same ear was recorded. The tympanic 
temperature was measured immediately after arrival in the prean-
esthetic holding area, on arrival in the operating room, immediate-
ly after BPB completion, and at 15-minute intervals during surgery 
and in the PACU. The tympanic temperature measured immedi-
ately after arrival at the preanesthetic holding area was considered 
the baseline core temperature. Hypothermia was defined as a tym-
panic temperature < 36°C. The severity of hypothermia (mild, 
35°C–35.9°C; moderate, 34°C–34.9°C; severe, ≤ 34°C)11) and 
maximum temperature change (difference between the baseline 
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core temperature and lowest temperature between arrival in the 
operating room and PACU discharge) were also recorded. 

The thermal comfort of the patients was evaluated using a nu-
meric rating scale (0 = completely uncomfortable, 10 = completely 
comfortable) immediately after arrival in the preanesthetic holding 
area (before surgery) and PACU (after surgery).12) 

After the BPB procedure and until discharge from the PACU, 
shivering was evaluated using a 4-point scale (0 = no shivering; 
1 = intermittent, low-intensity shivering; 2 = moderate shivering; 
3 = continuous, intense shivering),13) and the highest value was re-
corded. 

The primary outcome was the core temperature at the end of 
surgery. The secondary outcomes included maximum tempera-
ture change, hypothermia incidence and severity during the 
perioperative period (i.e., from arrival at the preanesthetic holding 
area to PACU discharge), perioperative temperature changes, 
perioperative thermal comfort scores, and perioperative shivering 
grade. 

Statistical Analysis 
The smallest difference required to detect hypothermia-related ad-
verse effects is 0.5°C.2,14) A sample size of 16 patients in each group 
was required to detect a temperature difference of 0.5°C ( ± 0.5°C) 
at the end of surgery, with a power of 0.8 and a two-sided α-value 
of 0.05. To compensate for potential dropouts, 20 patients were re-
cruited into each group. 

The data distribution of continuous variables was assessed using 
the Kolmogorov–Smirnov test. Normally distributed variables 
were analyzed using the Student t-test, while non-normally distrib-

uted variables were analyzed using the Mann–Whitney U test. 
Changes in tympanic membrane temperature over time were as-
sessed using repeated-measures analysis of variance with Bonfer-
roni correction. Categorical variables were analyzed using χ2 tests, 
χ2 tests for trends (linear-by-linear associations), or Fisher exact 
tests, as appropriate. Statistical significance was defined as a 
two-sided p-value of < 0.05. Statistical analyses were performed 
using PASW Statistics for Windows, version 18.0 (SPSS Inc., Chi-
cago, IL, USA).  

RESULTS 

A total of 74 patients were screened and 34 were excluded (11 due 
to uncontrolled diabetes, eight due to a history of neuropsychiatric 
disease, four due to a bleeding tendency, three due to cognitive dis-
orders, and eight who refused to participate in the study and pre-
ferred surgery under general anesthesia instead of BPB) (Fig. 1). 
The patient characteristics were comparable between the groups 
(Table 1). 

The temperatures at baseline and on arrival in the operating 
room did not differ significantly between the groups (Table 2). 
The primary outcome variable, i.e., the temperature at the end of 
surgery, did not show a group difference (36.9°C ± 0.5°C and 
37.0°C ± 0.4°C in the control and prewarming groups, respective-
ly; mean difference = -0.16; 95% confidence interval [CI], -0.44 to 
0.12; p = 0.252). The maximum temperature change was signifi-
cantly lower in the prewarming group compared to the control 
group (0.36°C ± 0.4°C and 0.65°C ± 0.3°C, respectively; mean dif-
ference = 0.29; 95% CI, 0.06 to 0.50; p = 0.013). The incidence 

Assessed for eligibility (n=74)
Excluded (n=34)
• Not meeting inclusion criteria (n=26)
• Declined to participate (n=8)
• Other reasons (n=0)

Randomized (n=40)

Allocated to control group (n=20)
• Received allocated intervention (n=20)
• Did not receive allocated intervention (n=0)

Lost to follow-up (n=20)
Discontinued intervention (n=0)

Analyzed (n=20)
• Excluded from analysis (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=20)
• Excluded from analysis (n=0)

Allocated to prewarming group (n=20)
• Received allocated intervention (n=20)
• Did not receive allocated intervention (n=0)

Allocation

Enrollment

Follow-up

Analysis

Fig. 1. Study flow chart.
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Table 1. Patient characteristics

Control (n = 20) Prewarming (n = 20) p-value
Age (y) 73.3 ± 7.7 71.1 ± 5.2 0.298
Sex 0.407
 Male 5 2
 Female 15 18
Weight (kg) 53.3 ± 7.6 58.0 ± 9.2 0.083
Height (cm) 151.4 ± 9.4 151.9 ± 5.9 0.833
Body mass index (kg/m2) 23.4 ± 4.1 25.1 ± 3.9 0.179
ASA physical status 0.704
 I 1 1
 II 16 17
 III 3 2
Midazolam
 Amount (mg) 0 (0–0.38) 0 (0–0.5) 0.799
 Incidence 5 (25) 6 (30) 0.723
Fluids (mL) 200 (150–300) 200 (150–200) 0.565
Estimated blood loss (mL) 10 (1–10) 10 (1–10) 0.738
Time taken for BPB (min) 6.0 ± 2.8 4.9 ± 2.0 0.162
Duration of surgery (min) 50.0 ± 16.5 51.3 ± 15.5 0.806
Duration of anesthesia (min) 93.1 ± 28.1 90.0 ± 20.0 0.689

Values are presented as mean±standard deviation or median (interquartile range) or number (%).
ASA, American Society of Anesthesiologists; BPB, brachial plexus block.

Table 2. Perioperative patient temperature and perioperative outcomes

Control (n =  20) Prewarming (n =  20) Mean difference (95% CI) p-value
Patient temperature (°C)
 Baseline 37.0 ± 0.3 36.9 ± 0.3 0.16 (-0.03, 0.34) 0.100
 On arrival in the OR 37.0 ± 0.3 37.0 ± 0.4 -0.05 (-0.27, 0.18) 0.693
 End of surgery 36.9 ± 0.5 37.0 ± 0.4 -0.16 (-0.44, 0.12) 0.252
Maximum temperature change (°C) 0.65 ± 0.3 0.36 ± 0.4 0.29 (0.06, 0.50) 0.013
Incidence of hypothermia 2 (10) 1 (5) 5 (-18.4, 28.6) > 0.999
Severity of hypothermia > 0.999
 Mild (35°C–35.9°C) 2 (10) 1 (5)
 Moderate (34°C–34.9°C) 0 0
 Severe ( ≤ 34°C) 0 0
Thermal comfort score
 Before surgery 8 (5–10) 8 (5–10) -0.4 (-2.1, 1.3) 0.640
 After surgery 10 (6.3–10) 10 (8–10) -0.8 (-2.3, 0.7) 0.602
Shivering grade > 0.999
 Grade 0 20 19
 Grade 1 0 1
 Grade 2 0 0
 Grade 3 0 0

Values are presented as mean±standard deviation or number (%) or median (interquartile range).
OR, operating room; CI, confidence interval.
Thermal comfort scale: 0=completely uncomfortable, 10=completely comfortable.
Shivering grade: 0=no shivering, 1=intermittent (low-intensity) shivering, 2=moderate shivering, 3=continuous (intense) shivering.
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and severity of perioperative hypothermia did not differ signifi-
cantly between the groups (p > 0.05). 

Fig. 2 shows the perioperative changes in tympanic membrane 
temperature in both groups. In the prewarming group, the tym-
panic temperature did not differ significantly from baseline during 
the entire perioperative period. In the control group, the tympanic 
temperature was significantly lower than the baseline temperature 
immediately and 15 and 45 minutes after arrival in the PACU 
(p < 0.001), as well as 30 and 60 minutes after arrival (p = 0.001). 
However, the tympanic temperature showed no group differences 
at any time point (all p > 0.05). Perioperative changes in tympanic 
membrane temperature also did not differ significantly between 
the groups (p = 0.353) (Fig. 2). 

The perioperative thermal comfort scores and shivering grades 
did not differ between the groups (all p > 0.05) (Table 2). 

DISCUSSION 

This study investigated the effects of BPB on the core temperature 
in older patients who were vulnerable to perioperative hypother-
mia. We also assessed the efficacy of active prewarming in patients 
undergoing hand surgery with BPB by comparing the control and 
prewarming groups. Although the maximum temperature change 
differed significantly between the two groups, the mean tempera-
ture at the end of surgery was close to 37°C regardless of prewarm-
ing, with no significant difference from the baseline temperatures 
observed in either group. In addition, although perioperative hy-
pothermia occurred in 10% (2/20) and 5% (1/20) of patients in 

the control and prewarming groups, respectively, its severity was 
mild in all cases. This suggests that unlike general or neuraxial an-
esthesia, peripheral nerve blocks, such as BPB, do not significantly 
affect thermoregulatory function, even in older patients. Thus, the 
clinical effect of active prewarming in older patients undergoing 
hand surgery with BPB did not appear to be significant. 

Previous studies have suggested that core temperature monitor-
ing may be unnecessary in patients undergoing surgery under pe-
ripheral nerve block because the effects of peripheral nerve block 
are restricted to local thermoregulatory responses.14) However, to 
our knowledge, no prospective randomized controlled trials have 
been conducted to validate this suggestion. Moreover, advanced 
age is a well-known risk factor for hypothermia under both general 
and regional anesthesia1,15,16) and, in the case of regional anesthesia, 
the core temperature of adult patients may decrease by 0.03°C 
with increasing age.16) Furthermore, although preventive interven-
tions for inadvertent hypothermia are recommended for proce-
dures exceeding 30 minutes in duration,17) the efficacy of prewarm-
ing in patients undergoing surgery under BPB remains uncertain.9) 
The results of the present study may shed light on these unresolved 
issues.  

A retrospective cohort study of adult patients undergoing ortho-
pedic surgery under BPB reported an incidence of postoperative 
hypothermia of 40.6%.9) Moreover, a lower preoperative core tem-
perature, history of alcohol abuse, arthroscopic shoulder surgery, 
use of fentanyl, concomitant use of sedatives, larger amounts of in-
travenous fluids, and longer duration of surgery were predictors of 
postoperative hypothermia.9) Based on these results, the authors 
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recommended temperature monitoring as a standard of care in pa-
tients undergoing surgery under BPB. However, the effects of BPB 
on thermoregulation could not be assessed because factors that 
could affect the incidence of hypothermia, such as underlying dis-
eases (e.g., hypothyroidism, alcohol abuse), surgery type (e.g., ar-
throscopic shoulder surgery requiring large volumes of irrigation 
solution), analgesic use (e.g., fentanyl, morphine, pethidine), and 
sedative use (e.g., midazolam, propofol, dexmedetomidine) were 
not controlled. Additionally, prewarming was not performed in all 
patients; therefore, whether prewarming contributed to the pre-
vention of hypothermia could not be assessed. Our study excluded 
patients with a history of diseases that could affect thermoregula-
tion and the type of surgery was limited to non-arthroscopic or-
thopedic hand surgery. Additionally, no intraoperative analgesics 
were administered and only midazolam was used as an intraopera-
tive sedative, which does not noticeably impair thermoregula-
tion.18) 

In this study, the mean tympanic temperatures at the end of sur-
gery were 36.9°C and 37°C, and the incidence of perioperative hy-
pothermia was 10% and 5%, in the control and prewarming 
groups, respectively. A retrospective study of older patients under-
going arthroscopic shoulder surgery under BPB with propofol se-
dation19) reported an incidence of perioperative hypothermia of 
9.2%, which was comparable to the control group in our study. In 
another retrospective study of older patients who underwent both 
BPB and general anesthesia,20) the mean tympanic temperature on 
PACU arrival was 35.3°C, and 93.1% of the patients were hypo-
thermic. Similarly, in a prospective study of 50–80-year-old pa-
tients undergoing spinal anesthesia, the tympanic temperature on 
arrival at the PACU was 35.6°C, and 88% of the patients showed 
hypothermia.21) Unwarmed patients undergoing general or 
neuraxial anesthesia reportedly experience a decrease in core tem-
perature of approximately 1°C–2°C.14) In patients under general 
anesthesia, the core temperature decreased by 1.6°C ± 0.3°C 
during the first hour after induction of anesthesia.22) Meanwhile, 
spinal anesthesia decreased the core temperature by 1.0°C ± 0.3°C 
during the perioperative period.12) In the present study, the maxi-
mum temperature changes during the perioperative period were 
0.36°C ± 0.3°C and 0.65°C ± 0.3°C in the prewarming and control 
groups, respectively. Thus, regardless of prewarming, BPB caused 
less core temperature reduction than general or neuraxial anesthe-
sia. The extent of impairment of thermoregulatory control in pa-
tients undergoing surgery under regional anesthesia is proportion-
al to the level of blockade.16) Therefore, BPB, which causes nerve 
block in only one upper extremity, did not significantly affect ther-
moregulation compared to neuraxial anesthesia. 

Prewarming is the best way to prevent hypothermia caused by 

the redistribution of body heat following anesthesia.23) Among pre-
warming methods, convective forced-air warming is the best in 
terms of cost, safety, and efficacy.24) Prewarming does not signifi-
cantly increase core body temperature via thermoregulatory vaso-
dilatation; rather, it increases the heat content of the body, espe-
cially in the peripheral thermal compartment.12) In this study, 20 
minutes of prewarming using forced air did not alter the tympanic 
temperature at the end of surgery or affect the incidence of hypo-
thermia. This could be because unlike general or neuraxial anes-
thesia, the body heat redistribution due to BPB was not significant, 
even in the control group. Nevertheless, the tympanic temperature 
in the control group decreased between arrival and discharge from 
the PACU. This may reflect the effect of exposure to the cold oper-
ating room environment, unwarmed intravenous and irrigation 
fluids, and heat evaporation from surgical incisions rather than an 
internal core-to-periphery body heat redistribution.2,14) Body heat 
redistribution caused by general or neuraxial anesthesia manifests 
as a rapid decrease in core temperature (within 30 minutes to 1 
hour after anesthesia induction),6) a phenomenon that was not ob-
served in this study. The perioperative temperature in the pre-
warming group did not differ significantly from baseline, possibly 
because prewarming increased the overall heat content of the 
body.25)  

This study has some limitations. First, the core temperature was 
measured using an infrared thermometer. While infrared ther-
mometers are commonly used in patients receiving regional anes-
thesia because they are minimally invasive,9,12,19,21) their reliability is 
controversial.1,26) However, a previous study reported that infrared 
systems can accurately measure skin temperature as the measure-
ment site (rather than the thermometer used) determines the ac-
curacy and precision of temperature monitoring.14) Another study 
demonstrated the low bias of an infrared thermometer (IRT 4000; 
Braun GmbH) to pulmonary artery catheters, suggesting that in-
frared thermometers could be an alternative for perioperative core 
temperature measurement.26) Second, the present study excluded 
patients with a lower preoperative core temperature and pre-exist-
ing diseases that could impair thermoregulation. The efficacy of 
prewarming may differ in patients with various risk factors for 
postoperative hypothermia. However, further research is required 
on this topic. 

In conclusion, while active prewarming at 43°C for 20 minutes 
resulted in a lower maximum temperature change than standard 
preoperative passive insulation, there was no difference in core 
temperature at the end of surgery. The incidence and severity of 
perioperative hypothermia, changes in temperature during the 
perioperative period, thermal comfort scores, and shivering grades 
were also similar to those of the standard preoperative passive in-
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sulation. Therefore, active prewarming may not be routinely re-
quired in patients undergoing orthopedic hand surgeries under 
BPB unless there are multiple risk factors for inadvertent perioper-
ative hypothermia. 
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thor(s) do not need to permission to use tables or figures pub-
lished in AGMR in other journals, books, or media for scholarly 
and educational purposes. This policy is in accordance with the 
Budapest Open Access Initiative definition of open access.

Registration of Clinical Trial Research
It is recommended that any research dealing with a clinical trial be 
registered with a primary national clinical trial registration site 
such as Clinical Research Information Service (http://cris.cdc.
go.kr/), or other sites accredited by the World Health Organiza-
tion ICTRP (http://www.who.int/ictrp/en) and ClinicalTrials.
gov (http://clinicaltrials.gov/), a service of the United States Na-
tional Institutes of Health.

Data Sharing
AGMR encourages data sharing wherever possible, unless this is 

prevented by ethical, privacy, or confidentiality matters. Authors 
wishing to do so may deposit their data in a publicly accessible re-
pository and include a link to the DOI within the text of the man-
uscript.
• Clinical Trials: AGMR accepts the ICMJE Recommendations 

for data sharing statement policy. Authors may refer to the edi-
torial, “Data Sharing statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal Edi-
tors,” in the Journal of Korean Medical Science (https://dx.doi.
org/10.3346/jkms.2017.32.7.1051).

Archiving and Posting Policy
AGMR provides electronic archiving and preservation of access to 
the journal content in the event the journal is no longer published, 
by archiving in the National Library of Korea. According to the de-
posit policy (self-archiving policy) of Sherpa/Romeo (http://
www.sherpa.ac.uk/), authors cannot archive pre-print (i.e., pre-ref-
ereeing) but they can archive post-print (i.e., final draft post-refer-
eeing). Authors can archive the publisher’s version/PDF.

Correction
If correction is needed, it will follow the ICMJE Recommenda-
tion for Corrections, Retractions, Republications and Version 
Control available from: http://www.icmje.org/recommendations/
browse/publishing-and-editorial-issues/corrections-and-version- 
control.html as follows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections 
are needed for errors of fact. Minimum standards are as follows: 
First, it shall publish a correction notice as soon as possible, detail-
ing changes from and citing the original publication on both an 
electronic and numbered print page that is included in an elec-
tronic or a print Table of Contents to ensure proper indexing; 
Second, it shall post a new article version with details of the 
changes from the original version and the date(s) on which the 
changes were made through CrossMark; Third, it shall archive all 
prior versions of the article. This archive can be either directly ac-
cessible to readers; and Fourth, previous electronic versions shall 
prominently note that there are more recent versions of the article 
via CrossMark.

SUBMISSION & PEER REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (http://submit.e-agmr.org/submission/) by the correspond-
ing author. Once you have logged into your account, the online 
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system will lead you through the submission process in a stepwise 
orderly process. Submission instructions are available at the web-
site. All articles submitted to the journal must comply with these 
instructions. Failure to do so will result in the return of the manu-
script and possible delay in publication.

Peer-Review Process
• A submitted manuscript will be evaluated by editors and review-

ers. All manuscripts submitted to AGMR undergo screening by 
the Editorial Board, who then determines whether a manu-
script undergoes external review.

• The journal uses a double-blind peer review process: the review-
ers are not aware of the identity of the authors, and vice versa. 
They are peer reviewed by at least 3 anonymous reviewers se-
lected by the editor. We neither guarantee the acceptance with-
out reviewing process nor very short peer review times for un-
solicited manuscripts. Commissioned manuscripts will also be 
reviewed before publication.

• The average time interval for an initial review process that in-
volves both editorial and peer reviews is approximately 1 
month; occasionally, there are unavoidable delays, usually be-
cause a manuscript needs multiple reviews or several revisions.

• The corresponding author will be notified as soon as possible of 
the editor’s decision to accept, reject, or ask for revisions. When 
manuscripts are returned for a revision, a cover letter from the 
editor provides directions that should be followed carefully. 
When submitting the revised manuscript, authors should in-
clude a Response Letter, which describes how the manuscript 
has been revised. A point-by-point response to the editor 
should be included with the revised manuscript. Authors who 
plan to resubmit but cannot meet this deadline should contact 
the Editorial Office. Manuscripts held for revision will be re-
tained for a maximum of 90 days. The revised manuscript and 
the author’s comments will be reviewed again. If a manuscript is 
completely acceptable according to the criteria set forth in these 
instructions, it is scheduled for publication in the next available 
issue.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal a decision should contact the Editor-in-Chief, explaining in 
detail the reasons for the appeal. All appeals will be discussed with 
at least one other associate editor. If consensus cannot be reached 
thereby, an appeal will be discussed at a full editorial meeting. The 
process of handling complaints and appeals follows the guidelines 
of COPE available from https://publicationethics.org/appeals. 

AGMR does not consider second appeals.

MANUSCRIPT PREPARATION

AGMR focuses on clinical and experimental studies, reviews, case 
reports, editorials and letters in geriatric medicine and gerontolo-
gy. Any researcher throughout the world can submit a manuscript 
if the scope of the manuscript is appropriate.

General Requirements
• The manuscript must be written using Microsoft Word and 

saved as “.doc” or “.docx” file format. The font size must be 11 
points. The body text must be left aligned, double spaced, and 
presented in one column. The left, right, and bottom margins 
must be 3 cm, but the top margin must be 3.5 cm.

• Page numbers must be indicated in Arabic numerals in the mid-
dle of the bottom margin, starting from the abstract page.

• A complete title page should be submitted separately from the 
main document file, and the latter should contain no informa-
tion that identifies the author or the author’s institutional affilia-
tion.

• All manuscripts must be written in clearly understandable En-
glish. Authors whose first language is not English are requested 
to have their manuscripts checked for grammatical and linguis-
tic correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided.

• The use of abbreviations should be minimized and restricted to 
those that are generally recognized. When using an abbreviated 
word, it should be spelled out in full on first usage in the manu-
script, followed by the abbreviation in parentheses.

• Numbers should be written in Arabic numerals, but must be 
spelled out when placed at the beginning of a sentence.

• Drugs and chemicals should be referred to using standard chem-
ical or generic terms. The names and locations (city, state, and 
country only) of manufacturers of equipment and non-generic 
drugs should be given.

• Measurements should be described using the metric system, and 
hematologic and biochemical markers using the International 
System of Units. All units must be preceded by one space, ex-
cept for the following symbols: percentage (%), temperature 
(°C), and degree (°).
All authors of a manuscript must have agreed to its submission 

and are responsible for its content, including appropriate citations 
and acknowledgements; they must also have agreed that the corre-
sponding author has the authority to act on their behalf on all 
matters pertaining to the publication of the paper. By publishing in 
this journal, the authors agree that the Korean Geriatrics Society 
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has the right to protect the manuscript from misappropriation. Il-
lustrations in published articles will not be returned to the authors.

Reporting Guidelines for Specific Study Designs
For specific study designs, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational stud-
ies, and non-randomized studies, authors are encouraged to con-
sult the reporting guidelines relevant to their specific research de-
sign. A good source of reporting guidelines is the EQUATOR Net-
work (https://www.equator-network.org/) and NLM (https://
www.nlm.nih.gov/services/research_report_guide.html).

Composition of Manuscripts
The manuscript sections should be presented in the following or-
der: Cover Letter, Title Page, Abstract and Keywords, Introduc-
tion, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, and Figure Legends. Provide only one 
table or figure per page. Table 1 shows the recommended maxi-
mums of manuscripts according to publication type; however, 
these requirements are negotiable with the editor.

Table 1. Recommended maximums for articles submitted to AGMR

Type of article Abstract 
(word)

Text 
(word)a) Reference Table & 

figure
Original article Struc-

turedb), 250
3,500 50 7

Review 150 6,000 unlimited 7
Case report 150 1,500 20 7
Editorial No 1,200 15 7
Letter to the edi-
tor

No 1,200 15 1

AGMR, Annals of Geriatric Medicine and Research.
a)Maximum number of words is exclusive of the abstract, references, 
tables, and figure legends.
b)Background, methods, results, and conclusion.

Title Page
The Title Page should include only the following information:
• Title: The title and the running title should be 25 or less and 10 

or less words, respectively. Please consider the title very carefully, 
as these are often used in information-retrieval systems. Please 
use a concise and informative title (avoiding abbreviations where 
possible). The title should be written in sentence case (capitalize 
only the first word of the title and proper nouns).

• Author names and affiliations in the correct order: Where the 
family name may be ambiguous (e.g., a double name), please 
indicate this clearly. Present the authors’ affiliation (where the 

actual work was done) below the names. Indicate all institution-
al affiliations, including the city and country, using lower-case 
superscript letters immediately after the author’s name and in 
front of the appropriate address.

• Corresponding author: Clearly indicate who will handle corre-
spondence at all stages of the refereeing and publication process 
and after publication. Provide the full postal address, including 
the city and country and, if available, the e-mail address of each 
author. When stating the author’s degree, do not place periods 
within “MD” and “PhD”. The e-mail address and ORCID of the 
corresponding author should be placed in the title page. Con-
tact details must be kept up-to-date by the corresponding au-
thor. ORCID (Open Researcher and Contributor ID) identifier 
must be also addressed. If the corresponding author does not 
have an ORCID identifier, it can be obtained through the OR-
CID website (https://orcid.org).

• Acknowledgments: This section is for the Conflicts of Interest, 
Funding, Author Contributions, ORCID, Additional Contri-
butions, and Previous Presentations.
- Conflicts of Interest Disclosures: Please include the authors’ 

potential conflicts of interest that could possibly influence 
their interpretation of data. If no conflict exists, please state 
the following: “The researcher(s) claim(s) no conflicts of in-
terest.”

- Funding: For each source of funds, both the research funder 
and the grant number should be listed in this section.

- Author Contributions: The contributions of all authors must 
be described using the CRediT (https://www.casrai.org/
credit.html) Taxonomy of author roles.
Sample:

Conceptualization, GDH; Data curation, JHK; Funding ac-
quisition, GDH; Investigation, JHK, SSL; Methodology, 
AGK; Project administration, GDH; Supervision, GDH; 
Writing–original draft, JHK, SSL; Writing–review & editing, 
GDH, AGK

- ORCID: We recommend that the open researcher and con-
tributor ID (ORCID) of all authors be provided. In order to 
obtain an ORCID, authors should register in the ORCID 
website: http://orcid.org/. Registration is free to every re-
searcher in the world.

- Additional Contributions: All persons who have made sub-
stantial contributions, but who have not met the criteria for 
authorship, are acknowledged here.

- Previous Presentation: Please inform any previous presenta-
tion of the material. Provide the exact data and location of the 
meeting.
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Abstract & Keywords
A concise and factual abstract is required. The abstract should not 
be more than 250 words (150 words for case reports and reviews). 
Abstracts should include the following headings: Background, 
Methods, Results, and Conclusion. Author(s) should specify the 
number of study participants. The abstract’s conclusion should 
emphasize clinical relevance. Do not use vague phrases such as 
“We believe that …” or “We suppose that …”. Non-standard or un-
common abbreviations should be avoided, but if essential, must be 
defined the first time they are mentioned in the abstract. After the 
abstract, list 3-5 keywords to be used for indexing. The keywords 
are from medical subject headings (MeSH; https://www.ncbi.
nlm.nih.gov/mesh). Editorials and Letters to the editor do not re-
quire an abstract. An abstract is often presented separately from the 
article, and therefore must be able to stand alone.

Guidelines for the Main Body
• Introduction: State the objectives of the work and provide ade-

quate background, avoiding a detailed literature survey or sum-
mary of the results.

• Materials and Methods: Authors of empirical papers are expect-
ed to provide full details of the research methods used, includ-
ing study location(s), sampling procedures, date(s) of data col-
lection, research instruments, and data analysis techniques. 
Methods already published should be indicated in a reference; 
only relevant modifications should be described. For Case Re-
ports, the case history or case description replaces the Methods 
section, as well as the Results section. Any study using human 
subjects or materials should be approved by the Institutional 
Review Board, as well through patient consent. Affiliation name 
of Institutional Review Board and approval number must be 
clearly stated as the following: “This study was approved by the 
Institutional Review Board of [Name of Affiliation] (Approval 
Number)”. Any study using animals should state the Institution-
al Animal Care approval and number. Any other ethics approv-
als should also be listed. If no ethical approvals were achieved or 
required, please state the reason (e.g., “In this study, the Institu-
tional Review Board of [Name of Affiliation] approved the ex-
emption and allowed authors to review the patient’s records 
with no need for the informed consents.”). Ensure correct use 
of the terms sex (when reporting biological factors) and gender 
(identity, psychosocial or cultural factors), and, unless inappro-
priate, report the sex and/or gender of study participants, the 
sex of animals or cells, and describe the methods used to deter-
mine sex and gender. If the study was done involving an exclu-
sive population, for example in only one sex, authors should 
justify why, except in obvious cases (e.g., prostate cancer).

• Results: Results should be clear and concise. Excessive repeti-
tion of table or figure content should be avoided.

• Discussion: This should explore the significance of the findings, 
rather than repeating them. Avoid extensive citations or a dis-
cussion of published literature. The main conclusions of the 
study may be presented in a short Conclusion section, which 
may stand alone or form a subsection of the Discussion section.

References
The citation of references in the text should be made using con-
secutive numbers in parentheses (Vancouver style). They should 
be listed in the text in the order of citation, with consecutive num-
bering in this separate section. The style for papers in periodicals 
is as follows: the name and initials of all authors, the full title of ar-
ticle, the journal name abbreviated in accordance with Index 
Medicus, the year and volume, and the first and last page num-
bers. If there are more than 7 authors, write the names of the first 
6 authors, followed by “et al.” The style for a book chapter is as fol-
lows: author and title of the chapter, editor of the book, title of the 
book, edition, volume, place, publisher, year, and first and last 
page numbers. The style for a book is as follows: author, title of 
the book, edition, place of publication, publisher, and year of pub-
lication. The style for a website is as follows: title of the website, 
place of publication, publisher, year of copyright, and Internet ad-
dress. Other types of references not described below should fol-
low ICMJE Recommendations (https://www.nlm.nih.gov/bsd/
uniform_requirements.html). Authors are responsible for the ac-
curacy and completeness of their references and for ensuring that 
their text citations are correct. Papers still in press may be listed 
among the references using the journal name and a tentative year 
of publication. Unpublished data and personal communications 
may be listed only with the author’s written permission.

Reference Style
- Journal article:

1. Oh TJ, Song Y, Moon JH, Choi SH, Jang HC. Diabetic pe-
ripheral neuropathy as a risk factor for sarcopenia. Ann Geriatr 
Med Res 2019;23:170-5.

- Book:
2. Fillit H, Rockwood K, Woodhouse K, Young JB. Brockle-

hurst’s textbook of geriatric medicine and gerontology. 8th ed. 
Philadelphia, PA: Elsevier; 2016.

3. Korea National Statistical Office. Annual report on the cause 
of death statistics, 2015. Daejeon: Korea National Statistical 
Office; 2016.

- Book chapter:
4. Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh 
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JH, Brenner BM, editors. Hypertension pathophysiology, di-
agnosis, and management. 2nd ed. New York, NY: Raven 
Press; 1995. p. 465-78.

- Website:
5. AMA: helping doctors help patients [Internet]. Chicago, IL: 

American Medical Association; c2019 [cited 2019 Dec 22]. 
Available from: http://www.ama-assn.org.

Tables and Figures
Tables should be submitted separately from the main body of the 
paper, and figure legends should be typed on separate sheets.
• Table: Please submit tables as editable text and not as images. 

Avoid using vertical rules. Tables should be simple and should 
not duplicate information already presented in figures. Title all 
tables and number them using Arabic numerals in the order of 
their citation. Tables should be double-spaced, with each table 
on a separate sheet. Describe all abbreviations using footnotes. 
Footnotes are followed by the source notes, other general notes, 
abbreviation, notes on specific parts of the table (a), b), c), 
d)…), and notes on level of probability (*, **, *** for p-values). 
Each column and row should have an appropriate heading. The 
first letter of the first word in each column and row should be 
capitalized. Use Arabic numerals after “Table” in accordance 
with the order of citation, with a space between “Table” and the 
Arabic number. Mean and standard deviation (mean ± SD) and 
numbers of subjects are included and the significance of results 
is indicated through appropriate statistical analysis. The p-value 
should be provided to 3 decimal places and the letter “p” in 
“p-value” written in lower case. Table footnotes should be indi-
cated with superscript markings. All units of measurement and 
concentration should be designated. Exponential terminology 
is discouraged. The table should be drawn in MS word and not 
as an image file (JPG, GIF, TIFF, etc.).

• Figure: Electronic art should be created/scanned and saved and 
submitted as either a TIFF (tagged image file format) or an EPS 
(encapsulated postscript) file. Figures must be cited in the text 
and numbered in order of first mention. Make sure to mark the 
figure number clearly on the figure or part of the electronic file 
name (i.e., Figure 1.tif). Line art must have a resolution of at 
least 1,200 dpi (dots per inch), and electronic photographs, ra-
diographs, CT scans, and scanned images must have a resolu-
tion of at least 300 dpi. Images should be supplied at a size that 
approximates the final figure size in the print journal. If fonts are 
used in the artwork, they must be converted to paths or out-
lines, or embedded in the files. Color images must be created/
scanned, saved, and then submitted as CMYK files. Please note 
that artwork generated using office suite programs such as 

Corel Draw or MS Word, as well as artwork downloaded from 
the Internet (JPEG or GIFF files), cannot be used. Color pho-
tographs will be published if the editor considers them abso-
lutely necessary. The expense of reproducing color photo-
graphs/ designs will be passed on to the author. The author is 
responsible for submitting prints that are of sufficient quality to 
permit accurate reproduction, and for approving the final color 
galley proof.

• Figure legend: All of the figure legends should be typewritten 
and double-spaced. Use a separate sheet for each legend. Figure 
legends should describe briefly the data shown, explain any ab-
breviations or reference points in the photographs, and identify 
all units, mathematical expressions, abscissas, ordinates, and 
symbols.

Other Manuscript Formats
General guidelines are same as for original articles.
• Review Articles: The text is structured in the following order: 

Title page, Introduction, Main text, Conclusion, and Referenc-
es, which should not exceed 100. Unstructured abstracts should 
contain no more than 150 words. Review article does not nec-
essarily need to be reviewed by an Institutional Review Board.

• Case Reports
- Case reports are considered for publication only if they report 

rare conditions, atypical symptoms and signs, or novel diag-
nostic or therapeutic approaches. The manuscript is struc-
tured in the following order: Title Page, Abstract, Introduc-
tion, Case Report, Discussion, References, Tables, and Fig-
ures. The abstract should be unstructured and should be no 
more than 150 words, with no more than 3 keywords at-
tached. The introduction should briefly state the background 
and significance of the case. The actual case report should 
describe the clinical presentation and the diagnostic and ther-
apeutic measures taken. The discussion should focus on the 
uniqueness of the case and should not contain an extensive 
review of the disease or disorder. The number of references is 
limited to 20. The maximum word count is 1,500 words, ex-
cept references, figure legends, and tables.

- A case report is an academic/educational activity that does 
not meet the definition of “research”, which is: “a systematic 
investigation, including research development, testing and 
evaluation, designed to develop or contribute to generalizable 
knowledge.” Therefore, the activity does not necessarily need 
to be reviewed by an Institutional Review Board. However, 
patients have a right to privacy that should not be infringed 
without an informed consent. Identifying information, in-
cluding patients’ names, initials, or hospital numbers, should 
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not be published in written descriptions, photographs, and 
pedigrees unless the information is essential for scientific 
purposes and the patient (or parent or guardian) gives writ-
ten informed consent for publication. Informed consent for 
this purpose requires that a patient who is identifiable be 
shown the manuscript to be published. Complete anonymity 
is difficult to achieve, however, an informed consent should 
be obtained if there is any doubt. For example, masking the 
eye region in photographs of patients is inadequate protec-
tion of anonymity. If identifying characteristics are altered to 
protect anonymity, such as in genetic pedigrees, authors 
should provide assurance that alterations do not distort sci-
entific meaning and editors should so note.

• Editorials are an invited comment on a recently published man-
uscript. Editorial offers broader view of raised issues, balanced 
interpretation, and a link to further questions. Manuscript lim-
itations are 1,200 words and 15 references.

• Letters to the editor: Letters to the editor comment on papers 
published in this journal or on other relevant matters and do 
not require an abstract. Manuscripts may be no longer than 
1,200 words, with 15 or less references and may include only 1 
figure or table. Subtitles should not be used, and any acknowl-
edgements should be included in the body of the letter. Writing 
a letter is an academic/educational activity that does not meet 
the definition of “research”, which is: “a systematic investigation, 
including research development, testing and evaluation, de-
signed to develop or contribute to generalizable knowledge.” 
Therefore, the activity does not necessarily need to be reviewed 
by an Institutional Review Board.

Supplemental Data
Additional data, including Methods, Results, References, Tables, 
Figures, and video, that are difficult to be inserted in the main 
body can be submitted in the form of Supplemental Data. Supple-
mental Data submitted by the author will be published online to-
gether with the main body without going through a separate edit-
ing procedure. All supplemental data, except video materials, are 
to be submitted in a single file, and the manuscript title, authors’ 
name, organization, and corresponding author’s contact informa-
tion must be specified in the first page.

FINAL PREPARATION FOR PUBLICATION

Final Version
After the paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names and 
affiliations of the authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. Symbols 
(e.g., circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction to 
the journal’s column widths. All symbols must be defined in the 
figure caption. If references, tables, or figures are moved, added, or 
deleted during the revision process, renumber them to reflect 
such changes so that all tables, references, and figures are cited in 
numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within 2 days when the manuscript editor 
contacts the corresponding author for revisions. If the response is 
delayed, the manuscript’s publication may be postponed to the 
next issue.

Gallery Proof
The author(s) will receive the final version of the manuscript as a 
PDF file. Upon receipt, the author(s) must notify the Editorial 
Office (or printing office) of any errors found in the file within 2 
days. Any errors found after this time are the responsibility of the 
author(s) and will have to be corrected as an erratum.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 
should contact the journal’s Editorial Office with a detailed de-
scription of the proposed correction. Corrections that profoundly 
affect the interpretation or conclusions of the article will be re-
viewed by the editors. Corrections will be published as corrigenda 
(corrections of the author’s errors) or errata (corrections of the 
publisher’s errors) in a later issue of the journal.

ARTICLE PROCESSING CHARGES

There are no article submission charges or article processing 
charges for AGMR. Only reprinting cost will be charged to the 
authors. Reprints may be ordered directly from the publisher. An 
order form for reprints will be sent with the proofs to the corre-
sponding author. Reprints are available in quantities of 50.
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Date :                                                                                                                     

No. of Manuscript : AGMR-                                                                                                                                                                                                                                           

Title of Manuscript :                                                                                                                                                                                                                                            

Before submitting the manuscript, please complete the author’s checklist below and send it to the editorial office using online submis-
sion system (http://www.e-agmr.org).

General Guideline
☐ The content of the manuscript is original.
☐ The contact information (address, ORCID, e-mail address) of the corresponding author is indicated.

Abstract and Keywords
☐ The abstract is 250 words or less.
☐ The abstract is presented in the order of background, methods, results, and conclusion.
☐ The keywords are from medical subject headings (MeSH) (see https://www.ncbi.nlm.nih.gov/mesh).

References
☐ References are listed in accordance with the “submission guidelines”.
☐ The number of references is appropriate.
☐ One or more articles are cited from the “Annals of Geriatric Medicine and Research”.

Tables and Figures
☐ No more than 7 tables and figures in total.
☐ The title and legends of tables and figures are clear and concise.

Author’s checklist

Print Name Signiture
Corresponding Author                                                                                                                  
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*Must be signed and returned to the editor-in-chief of the journal before the manuscript can be considered for publication

YOUR STATUS
I am the author signing on behalf of all co-authors of the manuscript
Name/Title/Institution/Signature: _______________________________________________________________
E-mail address: _________________________________________________________________________

I have read and agree to the terms of the License Agreement [     ]

Author(s) hereby certify that: 
1. The Author(s) are the sole authors of and sole owners of the copyright in the Contribution.
2. If the Contribution includes materials of others, the Author(s) certify that they have obtained written permission for the use of text, ta-

bles, and/or illustrations from any copyrighted source(s), and agree to supply such written permission(s) to the Korean Geriatrics Soci-
ety (KGS) upon request.

3. In consideration of publication of the Contribution in the Annals of Geriatric Medicine and Research (AGMR), the Author(s) hereby 
grants to KGS for the full term of copyright and any extensions thereto the sole and exclusive, irrevocable license to publish, reproduce, 
distribute, transmit, display, store, translate, create derivate works from and otherwise use the Work in any language or in any form, man-
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