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Abstract 

Background: Falls are one of the most serious health problems among older adults. Sarcopenia is characterized by 
a decrease in muscle mass, strength, and physical function. Due to potentially age-related conditions, both falls and 
sarcopenia have common risk factors. However, the association between sarcopenia and falls is controversial. Moreo-
ver, the sex differences in the impact of sarcopenia on falls is not yet clear. This study aimed to investigate the sex 
differences in the impact of sarcopenia, defined by the Asian Working Group for Sarcopenia (AWGS), on falls in Korean 
older adults.

Methods: In this cross-sectional study, we used data from the Korean Frailty and Aging Cohort Study; 2323 com-
munity-dwelling older adults (1111 males and 1212 females) aged 70–84 years were recruited in this cross-sectional 
study. To evaluate sarcopenia, the AWGS diagnostic algorithm was used. We compared the faller and non-faller 
groups. We performed unadjusted and fully adjusted logistic regression analyses to evaluate the relationship between 
sarcopenia, falls, and fall-related fractures.

Results: A total of 239 (24.1%) females in the faller group had a history of falls in the past year, which was statistically 
higher than that in males (176, 15.8%). In the fully adjusted model, handgrip strength (odds ratio [OR] = 1.508, 95% 
confidence interval [CI] = 1.028–2.211), and short physical performance battery (OR = 2.068, 95% CI = 1.308–3.271) 
were significantly lower in the male faller group. However, in the fully adjusted model, the female faller group only 
showed a significantly low appendicular skeletal muscle mass index (OR = 1.419, 95% CI = 1.058–1.903).

Conclusions: This large cohort study aimed to identify the sex differences in the incidence of sarcopenia in the older 
Korean population, using the AWGS diagnostic algorithm, and its correlation with falls and fall-related fractures. The 
incidence of falls did not increase in the sarcopenia group. Among the sarcopenia components, sex differences affect 
the history of falls. Therefore, when studying the risk of falls in old age, sex differences should be considered.
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Background
Falls are one of the most serious problems that threaten 
the health of older adults and untimely cause death, 
physical injury, immobility, socio-psychological dys-
function, and hospitalization [1]. Fall risk factors in 
older adults include aging, female sex, living alone, 
cognitive impairment, fear of falling, vitamin D defi-
ciency, multiple medications, visual impairment, and 
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chronic comorbidities such as cardiopulmonary dis-
ease, depression, osteoarthritis, and diabetes [2–5]. 
The risk of falls increases dramatically in people aged 
> 75 years. In the community-dwelling population, one-
third of older adults aged > 65 years and 50% individu-
als aged > 80 years experience falls each year; among 
them, > 40% experience recurrence [6]. Approximately 
20–30% of fallers sustain fall-related injuries that 
reduce their mobility and independence in performing 
the activities of daily living and increase the risk of pre-
mature death [7].

The physiological changes that usually occur due to 
aging vary, and one of them is sarcopenia, caused by a 
decrease in skeletal muscle mass. Sarcopenia directly 
causes a decrease in muscle strength and physical func-
tions, thus causing disability and increasing the risk of 
mortality [8, 9]. Muscle mass and strength decrease as 
a person ages, and changes in body composition occur 
in both males and females; these changes occur regard-
less of the changes in body weight [10]. The prevalence 
of sarcopenia differs depending on the diagnostic method 
used and sex; sarcopenia occurs in 10% individuals aged 
> 65 years, and its prevalence increases with age by > 50% 
after the age of 80 years [11–13].

The factors related to the development of sarcopenia 
include reduction in muscle cells; imbalance between 
protein breakdown and synthesis; decrease in the levels 
of inflammatory cytokines, cortisol, and sex hormones; 
insulin resistance; and lifestyle-related factors such as 
nutritional intake and physical activity. In particular, life-
style-related factors are the primary risk factors for sarco-
penia, including malnutrition, reduced physical activity, 
alcohol intake, and smoking [14]. With aging, the skeletal 
muscle mass, muscle strength, endurance, and contrac-
tility are affected, and an individual’s sense of balance 
decreases. Moreover, this decrease in proprioceptive sen-
sory function leads to a decrease in the ability to balance, 
which causes difficulties in motor control. Changes in 
these factors lead to a decrease in physical function and 
slowness in gait, thus increasing the risk of falls in older 
adults [15]. According to a recent Asian study, there is a 
difference in the prevalence of sarcopenia between sexes 
(19.2% in males and 8.6% in females), and sex differences 
may affect fall risk, but this has not yet been studied [16]. 
Moreover, obesity or sarcopenic obesity, another risk 
factor for falls, is more common in elderly females [17]. 
Therefore, sex differences may affect the risk of falls in 
patients with sarcopenia.

This study aimed to investigate the sex differences in 
the impact of sarcopenia, defined by the AWGS, on falls 
in community-dwelling Korean older adults using base-
line data from the Korean Frailty and Aging Cohort Study 
(KFACS).

Methods
Data and study population
In this cross-sectional study, we used the data from 
the 2016–2017 KFACS to investigate the relationship 
between sarcopenia, defined by the AWGS, and falls. 
The KFACS is a nationwide, multicenter study per-
formed in eight medical and two public health cent-
ers across South Korea in community-dwelling older 
adults aged 70–84 years. A total of 3014 participants 
with incomplete data on weakness due to cerebrovas-
cular accident, with a deformity or motor deficit in 
the extremities, with severe cognitive impairment and 
blindness, with inability to complete the short physical 
performance battery (SPPB) test, and without DEXA 
data were excluded. Finally, 2323 participants (1111 
males and 1212 females) were included (Fig.  1). Data 
on baseline demographics and medical history, includ-
ing age, sex, years of education (< 6 years, 6–12 years, 
or > 12 years), location of residence (rural or city), 
smoking status, alcohol consumption, body mass 
index (BMI), and chronic comorbidities, were also col-
lected. Participants who smoked more than one ciga-
rette per week and drank alcohol at least once a week 
were defined as smokers and drinkers, respectively. 
The KFACS protocol was approved by the Institutional 
Review Board (IRB) of the Clinical Research Ethics 
Committee of Kyung Hee University Medical Center 
(IRB number: 2015–12-103), and all participants pro-
vided written informed consent.

Sarcopenia
Sarcopenia was defined using the AWGS diagnostic cri-
teria, which was updated in 2019 [18]. Participants with 
a low muscle mass and either low muscle strength or low 
physical performance were characterized as having sar-
copenia. Participants characterized as having sarcopenia 
with a low muscle mass, and both low muscle strength 
and low physical performance were further characterized 
as having severe sarcopenia.

(1) Muscle mass: DEXA is more widely used as it is a 
noninvasive, accurate, and convenient method for 
measuring muscle quantity [19]. Using DEXA, we 
calculated the appendicular skeletal muscle mass 
index (ASMI) at different heights, and the results 
are expressed as ASMI/height2 (cutoff values: 
< 7.0 kg/m2 for males and < 5.4 kg/m2 for females).

(2) Muscle strength: Using a hand dynamometer 
(JAMAR, Bolingbrook, IL, USA), the participants’ 
handgrip strength (HGS) on both sides was meas-
ured twice, with the elbow flexed at 90° while in a 
sitting position, and the highest value was obtained 
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(cutoff values: < 28 kg for males and < 18 kg for 
females).

(3) Physical performance: The SPPB test is a well-
established physical performance test that evalu-
ates the lower extremities in older adults. This test 
assesses the following items: standing balance, 4-m 
walking speed, and five repeated chair stands. Each 
item was scored 4 points, with a higher score indi-
cating better lower extremity physical function. In 
the AWGS diagnostic criteria, a score of ≤9 points 
indicates low physical performance.

Falls and fall‑related fracture
Falls was confirmed based on the participants’ response 
to the following question: In the past year, have you had 
falls? “Falls” was defined as a sudden contact of any part 
of the body, except the feet, with the ground. Participants 
with a history of falls were classified as fallers, while 
those with no history of falls were classified as non-fall-
ers. Multiple falls were defined as two or more falls in the 
past year. Fall-related fractures were defined as fractures 
of bones in any part of the body due to falls in the past 
year.

Statistical analysis
The demographic characteristics of the participants were 
analyzed using a t-test for continuous variables and the 
chi-square test for categorical variables. The results are 
expressed as mean ± standard deviation (SD) or number 
and ratio (%) according to the characteristics of the vari-
ables. Unadjusted and fully adjusted analyses were per-
formed using logistic regression models to examine odds 
ratios (ORs). Each model was fully adjusted for multiple 
interrelations between fall and other potential confound-
ing variables such as age, depression, osteoarthritis, oste-
oporosis, diabetes mellitus, location of residence, family 
group, vitamin D level, number of medications, Mini-
Mental Status Examination in the Korean version of the 
CERAD assessment packet (MMSE-KC) and BMI. The 
collected data were analyzed using SPSS 23.0 software 
(IBM, Inc., Chicago, IL), and a P-value of < 0.05 was con-
sidered significant.

Results
The baseline characteristics of the participants are shown 
in Table  1. Among the 2325 participants, 1111 (47.7%) 
were males and 1212 (52.3%) were females. A total of 239 
(24.1%) females in the faller group had a history of falls 

Fig. 1 Flow chart of the participant recruitment process. KFACS, Korean Frailty and Aging Cohort Study; MMSE-KC, Mini-Mental Status Examination 
in the Korean version of the CERAD assessment packet
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in the past year, which was statistically higher than that 
in males (176, 15.8%). The prevalence of sarcopenia was 
18.2% in males, which was statistically higher than that 
in females (11.8%). The prevalence of severe sarcopenia 
was not significantly different between the sexes. Sex, 
age, BMI, HGS, ASMI, and SPPB score were significantly 
different between the groups. Other socioeconomic char-
acteristics, including years of education, marital status, 

income, residency, smoking, and chronic comorbidities, 
were significantly different between the groups.

Table  2 shows a comparison of the non-faller and 
faller groups according to the variables of the sarcopenia 
definition, physical performance parameters, and sex. 
Among males, the faller group had lower HGS, and SPPB 
score and a higher proportion of patients with severe sar-
copenia than the non-faller group. Among females, the 

Table 1 Baseline characteristics of the participants according to sex

Abbreviations: BMI body mass index; HGS handgrip strength; ASMI appendicular skeletal muscle mass index; SPPB short physical performance battery; WBC white 
blood cell; Hb hemoglobin; 25(OH) D 25-hydroxyvitamin D; MMSE-KC Mini-Mental Status Examination in the Korean version of the CERAD assessment packet
a  Sarcopenia: Low ASMI (< 7.0 kg/m2 for males and < 5.4 kg/m2 for females) and either a low HGS (< 28 kg for males and < 18 kg for females) or low physical 
performance (SPPB score ≤ 9 for both sexes)
b Severe sarcopenia: Low ASMI with a low HGS and low physical performance
c 1 million Korean won = USD 900

*P < 0.05

Characteristic Male Female P
(n = 1111) (n = 1212)

Age (mean ± SD) 76.87 ± 3.8 76.11 ± 3.8 < 0.001*
BMI (mean ± SD) 23.96 ± 2.9 24.8 ± 3.0 < 0.001*
HGS, kg (mean ± SD) 32.23 ± 5.8 21.10 ± 3.9 < 0.001*
ASMI, kg/m2 (mean ± SD) 7.04 ± 0.8 5.83 ± 0.7 < 0.001*
SPPB total (mean ± SD) 11.09 ± 1.2 10.59 ± 1.5 < 0.001*
Sarcopeniaa, n (%) 202(18.2) 143(11.8) < 0.001*
Severe  sarcopeniab, n (%) 44(4.0) 39(3.2) 0.335

Fall in past year, n (%) 176(15.8) 293(24.1) < 0.001*
Two or more falls in the past year, n (%) 27(2.4) 41(3.4) 0.178

Fall-related fracture, n (%) 21(1.9) 43(3.5) 0.015*
Medications, n (mean ± SD) 3.64 ± 3.0 3.30 ± 2.6 0.005
Years of education, n (%) < 6 298 (26.0) 688 (56.8) < 0.001*

7–12 473 (42.6) 402 (33.2)

> 13 349 (31.4) 122 (10.1)

Marital status, n (%) Married 1021 (91.9) 788 (65.0) < 0.001*
Income, million won per month, n (%)c > 3 216 (19.4) 225 (18.6) < 0.001*

1–3 553 (49.8) 447 (36.9)

< 1 342 (30.8) 540 (44.6)

Residency, n (%) Urban 867 (77.9) 1029 (85.1) < 0.001*
Rural 244 (22.1) 183 (14.9)

Current smoker, n (%) 730 (65.7) 22 (1.8) < 0.001*
Alcohol use, n (%) 661 (59.5) 709 (58.0) 0.46

Hypertension, n (%) 595 (53.8) 714 (58.9) 0.19

Dyslipidemia, n (%) 277 (24.9) 497 (41.0) < 0.001*
Diabetes mellitus, n (%) 274 (24.7) 243 (20.0) 0.16

Depression, n (%) 21 (1.9) 44 (3.6) 0.11

Osteoarthritis, n (%) 121 (10.9) 392 (32.3) < 0.001*
Osteoporosis, n (%) 34 (3.1) 312 (90.2) < 0.001*
WBC,  109/L (mean ± SD) 5.87 ± 1.5 5.77 ± 1.6 < 0.001*
Hb, mmol/L (mean ± SD) 14.11 ± 1.3 12.87 ± 1.1 < 0.001*
25(OH) D (ng/ml, SD) 24.83 ± 9.3 22.63 ± 10.6 < 0.001*
MMSE-KC (mean ± SD) 26.28 ± 2.8 25.32 ± 3.3 < 0.001*
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faller group had lower HGS, ASMI, and SPPB scores than 
the non-faller group. In females, sarcopenia was more 
prevalent in the faller group than the non-faller group; 
however, no significant difference was observed in those 
with severe sarcopenia.

Table  3 shows the unadjusted and fully adjusted 
logistic regression analysis results of sarcopenia defi-
nition and other parameters defined by the AWGS 
according to a history of fall. The male faller group 
had a significantly lower HGS (OR = 1.670, 95% con-
fidence interval [CI] = 1.171–2.382), and a lower 
SPPB score (OR = 2.439, 95% CI = 1.600–3.718) in 
the unadjusted model. In contrast, the female faller 

group had a significantly lower ASMI (OR = 1.392, 
95% CI = 1.048–1.850), lower SPPB score (OR = 1.505, 
95% CI = 1.110–2.042), and higher prevalence of sar-
copenia (OR = 1.520, 95% CI = 1.039–2.224) in the 
unadjusted model. Meanwhile, the male faller group 
had a significantly lower HGS (OR = 1.508, 95% 
CI = 1.028–2.211), lower SPPB score (OR = 2.068, 95% 
CI = 1.308–3.271), and higher prevalence of severe 
sarcopenia (OR = 2.417, 95% CI = 1.224–4.771) in 
the fully adjusted model. However, the female faller 
group only had a low ASMI in the fully adjusted model 
(OR = 1.419, 95% CI = 1.058–1.903). Other physical 
performance parameters, including lower SPPB score 

Table 2 Sarcopenia parameters of the non-faller group and faller group according to sex

Abbreviations: HGS hand grip strength; ASMI appendicular skeletal muscle mass index; SPPB short physical performance battery
a  Sarcopenia: Low ASMI (< 7.0 kg/m2 for males and < 5.4 kg/m2 for females) and either a low HGS (< 28 kg for males and < 18 kg for females) or low physical 
performance (SPPB score ≤ 9 for both sexes)
b Severe sarcopenia: Low ASMI with a low HGS and low physical performance

*P < 0.05

Characteristic Male P Female P

Non‑faller (n = 935) Faller (n = 176) Non‑faller (n = 919) Faller (n = 293)

HGS, kg (mean ± SD) 32.6 ± 5.8 30.5 ± 5.8 < 0.001* 21.3 ± 3.9 20.7 ± 3.8 0.044*
ASMI, kg/m2 (mean ± SD) 7.04 ± 0.8 6.97 ± 0.8 0.297 5.86 ± 0.7 5.74 ± 0.7 0.014*
SPPB (mean ± SD) 11.2 ± 1.2 10.6 ± 1.6 < 0.001* 10.6 ± 1.4 10.3 ± 1.8 0.013*
Sarcopeniaa (n, %) 162 (17.3) 40 (22.7) 0.109 98 (10.7) 45 (15.4) 0.037*
severe  Sarcopeniab (n, %) 29 (3.1) 7 (8.5) 0.001* 32 (3.5) 7 (2.4) 0.356

Table 3 Logistic regression analysis of sarcopenia parameters and fall history according to sex

Abbreviations: OR odds ratio; CI confidence interval; HGS hand grip strength; ASMI appendicular skeletal muscle mass index; SPPB short physical performance battery

The fully adjusted model was adjusted for age, depression, osteoarthritis, osteoporosis, diabetes mellitus, location of residence, family group, vitamin D level, number 
of medications, MMSE-KC score, and body mass index
a  Low HGS, < 28 kg for males and < 18 kg for females; low ASMI, < 7.0 kg/m2 for males and < 5.4 kg/m2 for females; low SPPB, score ≤ 9 for both sexes
b  Sarcopenia: Low ASMI (< 7.0 kg/m2 for males and < 5.4 kg/m2 for females) and either a low HGS (< 28 kg for males and < 18 kg for females) or low physical 
performance (SPPB score ≤ 9 for both sexes)
c Severe sarcopenia: Low ASMI with a low HGS and low physical performance

*P < 0.05

Characteristic Unadjusted model Fully adjusted model

Male Female Male Female

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Low  HGSa 1.670
(1.171–2.382)*

1.109
(0.803–1.531)

1.508
(1.028–2.211)*

0.941
(0.669–1.324)

Low  ASMIa 0.845
(0.611–1.167)

1.392
(1.048–1.850)*

0.828
(0.593–1.157)

1.474
(1.077–2.016)*

Low  SPPBa 2.439
(1.600–3.718)*

1.505
(1.110–2.042)*

2.159
(1.365–3.414)*

1.269
(0.909–1.772)

Sarcopenia b 1.403
(0.949–2.075)

1.520
(1.039–2.224)*

1.292
(0.834–2.003)

1.191
(0.973–1.973)

Severe  sarcopeniac 2.911
(1.526–5.550)*

0.678
(0.296–1.554)

2.538
(1.274–5.056)*

0.542
(0.231–1.272)
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and sarcopenia, were attenuated when the confounding 
factors were considered.

Table 4 shows the logistic regression analysis results of 
sarcopenia parameters for fall-related fractures according 
to sex. In the unadjusted model, the male fall-related frac-
ture group had a significantly lower HGS (OR = 2.573, 
95% CI = 1.072–6.178), and SPPB score (OR = 4.928, 95% 
CI = 2.002–12.131), and a higher prevalence of sarcope-
nia (OR = 2.842, 95% CI = 1.162–6.951) and severe sar-
copenia (OR = 4.264, 95% CI = 1.208–14.055). Similarly, 
in the unadjusted model, the female fall-related fracture 
group had a significantly lower SPPB score (OR = 2.548, 
95% CI = 1.380–4.704) and a higher prevalence of sar-
copenia (OR = 2.36, 95% CI = 1.137–4.899). In the fully 
adjusted model, both male and female fall-related frac-
ture groups had a significantly lower SPPB (OR = 4.167, 
95% CI = 1.449–11.986, and OR = 2.607, 95% CI = 1.315–
5.171, respectively). However, in the fully adjusted 
model, a high prevalence of sarcopenia was found only 
in the female fall-related fracture group (OR = 2.497, 95% 
CI = 1.142–5.434).

Table  5 shows logistic regression analysis results of 
sarcopenia parameters for multiple falls, defined as ≥2 
falls in the previous year, according to sex. In males, in 
the unadjusted model, a lower HGS (OR = 4.396, 95% 
CI = 2.030–9.518), and SPPB score (OR = 2.760, 95% 
CI = 1.143–6.661), and sarcopenia (OR = 2.308, 95% 
CI = 1.022–5.216) were statistically significant factors 
for multiple falls. However, in males, in the fully adjusted 

model, only a low HGS showed a strong association 
with multiple falls (OR = 3.980, 95% CI = 1.706–9.284, 
P < 0.001).

Discussion
We investigated the associations between sarcopenia 
parameters and the incidence of falls and fall-related 
fractures according to sex. Female sex is a known risk fac-
tor for falls, and in this study, the impact of sarcopenia on 
falls and fall-related fractures differed between the sexes 
[5, 16].

In males, low HGS (which represents muscle strength) 
and low physical performance parameters such as low 
SPPB score had an impact on a history of falls; in females, 
only a low ASMI (which indicates muscle mass) had an 
effect. The definition of sarcopenia according to the 
AWGS, which is characterized by low muscle mass plus 
low muscle strength or low physical performance, did not 
show a significant relationship with a history of falls in 
either sex group. Severe sarcopenia, defined as sarcope-
nia plus low physical performance, showed a significant 
relationship with a history of falls. These results can 
be explained by the different risk of falls in males and 
females.

The risk factors for sarcopenia are similar to those for 
age-related conditions [20]. Since the risk factors for 
falls are associated with those for sarcopenia, the cor-
relation between falls and sarcopenia has been studied. 
However, the association between sarcopenia and falls 

Table 4 Logistic regression analysis of sarcopenia parameters for fall-related fractures according to sex

Abbreviations: OR odds ratio; CI confidence interval; HGS hand grip strength; ASMI appendicular skeletal muscle mass index; SPPB short physical performance battery

The fully adjusted model was adjusted for age, depression, osteoarthritis, osteoporosis, diabetes mellitus, location of residence, family group, vitamin D level, number 
of medications, MMSE-KC score, and body mass index
a  Low HGS, < 28 kg for males and < 18 kg for females; low ASMI, < 7.0 kg/m2 for males and < 5.4 kg/m2 for females; low SPPB, score ≤ 9 for both sexes
b  Sarcopenia: Low ASMI (< 7.0 kg/m2 for males and < 5.4 kg/m2 for females) and either a low HGS (< 28 kg for males and < 18 kg for females) or low physical 
performance (SPPB score ≤ 9 for both sexes)
c Severe sarcopenia: Low ASMI with a low HGS and low physical performance

*P < 0.05

**P < 0.01

Characteristic Unadjusted model Fully adjusted model

Male Female Male Female

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Low  HGSa 2.573
(1.072–6.178)*

1.133
(0.553–2.321)

2.169
(0.821–5.729)

0.997
(0.461–2.155)

Low  ASMIa 0.795
(0.332–1.903)

1.600
(0.864–2.963)

0.459
(0.146–1.261)

1.322
(0.656–2.663)

Low  SPPBa 4.928
(2.002–12.131)**

2.548
(1.380–4.704)*

4.167
(1.449–11.986)*

2.607
(1.315–5.171)*

Sarcopenia b 2.842
(1.162–6.951)*

2.36
(1.137–4.899)*

1.891
(0.658–5.433)

2.497
(1.142–5.434)*

Severe  sarcopeniac 4.264
(1.208–14.055)*

1.420
(0.332–6.087)

2.965
(0.725–12.116)

1.494
(0.325–6.869)
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is controversial. Several previous studies have evaluated 
the association between sarcopenia, defined by EWG-
SOP diagnostic criteria, and falls. In an Italian study, 
Landi et  al. studied the relationship between sarcope-
nia and the 2-year risk of falls. In a total of 250 patients 
aged ≥80 years, falls were highly prevalent among older 
persons with sarcopenia regardless of sex differences 
(OR = 3.23, 95% CI = 1.25–8.29) [21]. In another study 
in Chile conducted in 1006 community-dwelling par-
ticipants aged > 60 years, falls were associated with sar-
copenia defined by the EWGSOP [22]. However, other 
studies have reported a non-significant association 
between sarcopenia and falls. In a Columbian study con-
ducted in 534 participants (mean age = 74.4, SD = 8.2), 
falls that occurred in the previous year showed no sig-
nificant relationship with sarcopenia [23]. In a previous 
UK study conducted in 286 participants with a mean age 
of 76.1 years, no significant associations were observed 
between sarcopenia and a history of falls [24]. Previous 
studies mainly defined sarcopenia based on the EWG-
SOP criteria; however, due to the differences in body 
composition between Asians and Caucasians, sarcopenia 
defined by the AWGS was found to be more relevant in 
Asians. Even with the same BMI, Asians have a higher 
body fat percentage, lower skeletal muscle mass, and 
prominent abdominal obesity than Caucasians [25]. Only 
one study on sarcopenia, defined by the AWGS, and falls 
was examined. A 2-year prospective Japanese study con-
ducted in 162 individuals showed a significant risk of falls 

in the sarcopenia group in the adjusted logistic regression 
analysis (OR = 7.68, 95% CI = 1.41–41.77) [26]. However, 
this study had certain limitations—it had a small sample 
size, 61 of the 223 participants withdrew from the study, 
and the study was conducted in rural areas with a limited 
population.

In this study, no correlation was found between falls 
and sarcopenia, but a relationship was found between 
falls and the sarcopenia component parameters. In 
males, a correlation was found between low muscle 
strength, low physical performance, and a history of 
falls. These results were similar to those reported a pre-
vious study. In a recent study conducted in Taiwan, low 
HGS was associated with a history of falls in both sexes 
[27]. Our study also showed the same results when the 
average HGS of fallers was compared to thar of non-
fallers. However, when the cutoff value of the AWGS 
was set, low HGS increased the incidence of falls in 
males, but not in females. Although a mean difference 
in muscle strength was observed between the faller 
group and non-faller group, only males showed a sig-
nificant difference when the muscle strength decreased, 
which was one of the criteria for diagnosing sarcope-
nia. Additionally, this study showed that, in males, a 
low HGS had a strong association with multiple falls, 
which was consistent with the results of previous stud-
ies [28]. In both sexes, the faller group showed a lower 
mean SPPB value, which indicates lower physical func-
tion; this finding is consistent with that reported by 

Table 5 Logistic regression analysis of sarcopenia parameters for multiple falls according to sex

Abbreviations: OR odds ratio; CI confidence interval; HGS hand grip strength; ASMI appendicular skeletal muscle mass index; SPPB short physical performance battery

The fully adjusted model was adjusted for age, depression, osteoarthritis, osteoporosis, diabetes mellitus, location of residence, family group, vitamin D level, number 
of medications, MMSE-KC score, and body mass index
a  Low HGS, < 28 kg for males and < 18 kg for females; low ASMI, < 7.0 kg/m2 for males and < 5.4 kg/m2 for females; low SPPB, score ≤ 9 for both sexes
b  Sarcopenia: Low ASMI (< 7.0 kg/m2 for males and < 5.4 kg/m2 for females) and either a low HGS (< 28 kg for males and < 18 kg for females) or low physical 
performance (SPPB score ≤ 9 for both sexes)
c Severe sarcopenia: Low ASMI with a low HGS and low physical performance

*P < 0.05

**P < 0.01

Characteristic Unadjusted model Fully adjusted model

Male Female Male Female

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Low  HGSa 4.396
(2.030–9.518)**

1.329
(0.641–2.757)

3.980
(1.706–9.284)**

1.174
(0.558–2.469)

Low  ASMIa 0.727
(0.334–1.580)

0.858
(0.415–1.774)

0.678
(0.271–1.700)

0.908
(0.422–1.950)

Low  SPPBa 2.760
(1.143–6.661)*

1.597
(0.800–3.186)

1.866
(0.700–4.973)

1.357
(0.645–2.858)

Sarcopenia b 2.308
(1.022–5.216)*

1.070
(0.412–2.778)

2.077
(0.808–5.334)

1.032
(0.399–2.666)

Severe  sarcopeniac 3.180
(0.920–10.99)

0.745
(0.100–5.566)

2.573
(0.666–9.934)

0.530
(0.068–4.130)
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previous studies [29]. When compared by AWGS cri-
teria, it is still correlated in the unadjusted logistic 
regression analysis. However, in females, attenuation 
was observed in the fully adjusted regression analysis. 
Low physical function is thought to be an important 
risk factor for falls in males; in females, other covariates 
have a greater effect on a history of falls.

In this study, the faller and non-faller groups showed 
sex differences in terms of muscle mass. In males, a sig-
nificant difference was observed in ASMI between the 
faller group and non-faller group, but a lower ASMI was 
observed in the female faller group. Moreover, a signifi-
cant association was observed in females in the unad-
justed and fully adjusted logistic regression analyses. 
This is thought to be due to the sex differences in body 
composition [30]. Females are more strongly affected by 
alterations in body composition as they have a high body 
fat percentage and low muscle mass, which leads to the 
differences in physical performance and balance [31]. In 
a previous study, Walters et al. reported that a low ASMI 
was associated with balance deficit and fall incidence in 
females, but no association was found in males [32]. This 
finding is consistent with the results of our study, and the 
sex-related differences in body composition affect bal-
ance and the risk of falls. This difference between males 
and females can be explained by the difference in body 
composition and is more strongly associated with the 
lack of balance due to low physical performance in males. 
In contrast, the fat mass and muscle mass in females are 
more strongly associated with a lack of balance.

This study has several limitations. This study was 
cross-sectional in nature. However, this study is consid-
ered significant as it is the first large cohort study with 
> 2000 participants to examine the relationship between 
sarcopenia, defined by the AWGS, and falls. Further 
prospective studies and randomized controlled studies 
are warranted to confirm our findings. Second, we used 
a self-reported questionnaire, which might have led to 
a possible recall bias of retrospective individual memo-
ries. If falls and fall-related fractures occur during old 
age, it is considered as a serious event; hence, details of 
the history of falls and falls number might be accurately 
remembered. However, the falls possibly occurred 1 year 
or more before. Third, we did not measure physical activ-
ity level as a covariable factor, which is a risk factor for 
both falls and sarcopenia [33, 34]. Finally, since this study 
was conducted in older adults, which is one of the sar-
copenia component parameters, the results of the physi-
cal performance tests may have varied depending on the 
patients’ fatigue status or body condition as a result of fall 
or fall-related fracture history. Hence, our results may 
not be considered generalizable. This problem has also 
been addressed in other geriatric studies.

Conclusion
This is the first large cross-sectional cohort study to 
examine sarcopenia, defined by the AWGS, and its 
correlation with falls in older Korean population. 
Our results showed that the incidence of falls did not 
increase in the group with sarcopenia defined by the 
AWGS. In this study, we found that falls and fall-related 
fractures were higher in female than in male patients, 
and sex differences in each sarcopenia component 
parameter affected the history of falls. Among sarco-
penia components, low muscle strength, low physical 
performance in males, and low muscle mass in females 
were significant risk factors. Therefore, when studying 
fall risk in old age, sex differences in body composition 
and physical function should be considered.
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