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Abstract
Themost important issue for the clinical application of sarcopenic obesity (SO) is the lack of a consensus definition. The aim of the present study
was to determine the best measurement for SO by estimating the association between various definitions and the risk of falls and metabolic
syndrome (MS). We studied a community of 765 adults aged 65 years and older in 2015–2017. Sarcopenia obesity was measured by sarcopenia
(defined by lowmuscle mass with either low handgrip strength or low gait speed or both) plus obesity (defined bywaist circumference, body fat
percentage and BMI). The MS was defined according to the National Cholesterol Education Program ATP III. Logistic regression models were
constructed to examine the relationships between sarcopenia obesity and risk of fall and MS. In the analysis of the fall risk with SO defined by
waist circumference, the participants with non-sarcopenia/non-obesity were treated as the reference group. The OR to fall in participants with
SO was 10·16 (95 % CI 2·71, 38·13) after adjusting for confounding covariates. In the analysis of the risk of the MS between participants with
individual components of sarcopenia coupledwith obesity defined bywaist circumference, the risk was statistically significant for low gait speed
(OR: 7·19; 95 %CI 3·61, 14·30) and low grip strength (OR: 9·19; 95 %CI 5·00, 16·91). A combination of low grip strength and abdominal obesity for
identifying SOmay be amore precise and practical method for predicting target populations with unfavourable health risks, such as falls risk and
MS.
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Sarcopenia is indicated by decreased skeletal muscle during the
ageing process(2). In addition to skeletal muscle loss, a decline in
muscle strength and physical performance simultaneously
develops, leading to health hazards, including falls, disability,
frailty, quality of life deterioration, frequent hospitalisation and
mortality(1,3,4). Recently, studies have started to focus on the
process of changing body composition with ageing, including
decreasing muscle mass and increasing fat mass(5). Although sar-
copenia has a negative impact on health, the impact of obesity
on morbidity and mortality in older adults (≥ 65 years old) has
been inconclusive(6,7). Reasonable weight gain could enhance
the health capacity for the unpredicted stress of multiple
illnesses(8); in contrast, some researchers have suggested that
obesity-induced insulin resistance, the metabolic syndrome

(MS) and cardiovascular events result in poor health
outcomes(9,10). Therefore, it seems that sarcopenia and obesity
together might have a greater or lesser impact in older adults.
Many studies have focused on the health impact when sarcope-
nia and obesity are combined, so-called ‘sarcopenic obesity’
(SO)(11). SO seems to be associated with a substantial risk for
low physical function, CVD and mortality(12,13). As a conse-
quence, understanding the impact and management of SO is
especially important.

In sarcopenia, there are several consensuses on a clinical
definition(14,15); however, the definition of SO remains
controversial(16). The prevalence and associated outcomes are
significantly affected by the variable definitions and diagnostic
criteria. One study in Singapore with a small number of
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participants showed a high level of variations in the prevalence
rates across different SO definitions(17). Different indicators of
clinical outcomes were also assessed in different studies exam-
ining SO(16). Almost all previous studies of SO defined sarcope-
nia as synonymous with low muscle mass(16). However, current
consensuses suggest that the sarcopenia definition should
include both low muscle mass and low muscle strength(15,18).
In addition, most studies use only BMI to define obesity.
However, BMI may be a less than accurate tool for measuring
body fat in the older population, which partly explains the
obesity paradox(19). To date, studies with comprehensive com-
binations of different obesity parameters and different sarcope-
nia indices to evaluate the impact of SO remain lacking. It is
crucial to identify patients at risk for the research and targeting
of treatment approaches. A harmonising definition of SO is
needed to make the clinical diagnosis and management of SO
more practical(20). Sarcopenia and its components have been
noted to be associated with the risk of fall, but whether obesity
enhances the risk is not conclusive. Additionally, obesity has
been noted to be associated with the risk of MS, but whether sar-
copenia and its components aggravate the risk is unclear.

The aim of the present study was to determine the best mea-
surement of SO by estimating the impact on fall risk and MS. In
addition, we also independently estimated muscle mass, muscle
strength andmuscle function with obesity parameters to provide
further insight into the influence of individual sarcopenia
parameters.

Methods

Study participants

In Taipei city, Taiwan, yearly regular health check-ups for indi-
viduals who are 65 years of age or older are provided free by the
government. We enrolled participants who were 65 years of age
or older, did not experience chest pain or bone pain while exer-
cising, did not have problems of cognitive impairment or conges-
tive heart failure, were not currently receiving regular
haemodialysis or medical therapy for malignancy and had
received health check-up examinations at the health examina-
tion centre of the Tri-Service General Hospital (TSGH) between
2015 and 2017. All participants provided demographic details,
health condition information and data related to physical activ-
ities by structured questionnaires. Written informed consent was
obtained from all participants prior to participation in the health
screening programme. The study protocol was approved by the
institutional review board of TSGH, Taiwan.

Measurement of body composition

Bodyweight and body height were measured with a digital scale
and a stadiometer and were recorded to the nearest 0·01 kg and
0·1 cm, respectively. BMI was calculated as body weight in kilo-
grams divided by the square of body height in metres. The hori-
zontal plane at the level of the middle point between the
uppermost border of the bilateral iliac crests and the lower bor-
der of the 12th rib was measured as waist circumference. We
used a Bioelectronics Impedance Analyzer (BIA) to measure

appendicular skeletal muscle (ASM) (InBody 720, Biospace)
and used body height in metres to adjust ASM to ASM/ht2 to
define the skeletal muscle mass index. We also measured body
fat mass and body fat percentage. All participants avoided eating
or drinking anything at least 8 h before this procedure. We used
the sex-specific cut-offs proposed by the consensus from the
AsiaWorking Group of Sarcopenia (AWGS) in 2014 for low skel-
etal muscle mass index (7.0 kg/m2 in men and 5·7 kg/m2 in
women)(14).

Functional performance measurement

Measuring and calculating the mean value of three measure-
ments of the dominant hand’s grip strength was conducted using
a dynamometer (Exacta™Hydraulic Hand Dynamometer; North
Coast Medical Inc.). Walking time was measured over a straight
line 6 metres long at their usual gait speed. Gait speed was cal-
culated as the distance divided by walking time. Based on the
sarcopenia definition by AWGS in 2014, the cut-off value for
low handgrip strength was less than 26 kg for men and less than
18 kg for women, and a gait speed less than 0·8 m/s was used as
the cut-off for low gait speed(14).

Definition of sarcopenia

Sarcopenia was defined as low skeletal muscle mass index with
either lowhandgrip strength or low gait speed or both, according
to the consensus of the EuropeanWorking Group on Sarcopenia
in Older People (EWGSOP) in 2010(21) The cut-off values of low
skeletal muscle mass index, low handgrip strength and low gait
speed were in accordance with the consensus of AWGS in
2014(14) Our study was conducted between 2015 and 2017.
The EWGSOP2 was published in 2019(15) Therefore, we used
EWGSOP 2010. In addition, one of the strengths was using
EWGSOP 2010 because it enabled us to compare our results
to those of studies in the same period. Most studies on SO were
conducted before EWGSOP2 was published.

Definitions of sarcopenic obesity

SO was defined by the above sarcopenia definition plus obesity.
However, the definition of obesity among older adults has been
inconsistent, andwe attempted to examine the impact on clinical
outcomes in community-dwelling older adults based on different
definitions of obesity. We defined obesity by three different
parameters based on the definition of obesity from the Health
Promotion Administration in Taiwan: BMI≥ 27 kg/m2; waist cir-
cumference of≥ 90 cm for men and≥ 80 cm for women; and
body fat percentage of> 25 % for men and> 30 % for women(22).
In addition, we also used each component of sarcopenia (low
muscle mass, low handgrip and slow gait speed) combined with
the obesity parameters to define different phenotypes of SO.

Definition of the metabolic syndrome

We used the National Cholesterol Education Program (NCEP)
expert panel on the detection, evaluation and treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III)
guidelines(23) to define the cut-off points for hypertension,
hyperglycemia, hypertriacylglycerolaemia and low levels of
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HDL. Modified criteria of abdominal obesity for Asian people
were based on guidelines from the International Diabetes
Federation(24). MS was defined as the fulfilment of three or more
of the following conditions:(1) hypertension with systolic blood
pressure≥ 130 mmHg or diastolic blood pressure≥ 85 mmHg;
(2) hyperglycemia with fasting glucose≥ 100 mg/dl;(3) hyper-
triacylglycerolaemia with serum TAG≥ 150 mg/dl;(4) low level
of HDL cholesterol as< 40 mg/dl in males and< 50 mg/dl in
females, and (5) abdominal obesity as waist circumference≥ 90
cm in males or≥ 80 cm in females.

Covariates

Age, cigarette smoking and alcohol consumption were ascer-
tained from personal identification cards and by self-report.
Alcohol consumptionwas defined as drinking at least once every
week. Positive smoking status was defined as ever smoking in
life. The presence of hypertension was defined as average blood
pressure≥ 140/90 mmHg, based on a doctor’s diagnosis by self-
report, or the regular use of medications for blood pressure con-
trol. Diabetes mellitus was defined as fasting plasma glucose
≥ 126 mg/dl, by self-report of a physician’s diagnosis, or the cur-
rent use of diabetic medications (including oral hypoglycemic
agents or insulin injection). Medical histories of stroke, coronary
artery disease, chronic obstructive pulmonary disease, arthritis,
osteoporosis and use of antipsychotic agents or sedative agents
were obtained by self-report. Physical activitieswere assessed by
the International Physical Activity Questionnaire Short Form
(IPAQ)(25). The 5-times sit-to-stand test was administered by ask-
ing the participant to stand up from a chair with their arms folded
across their chest and then sit down for five repetitions as quickly
as possible. The total time was recorded with a stop watch. A
subset of the participants were asked one additional question
regarding whether they had experienced fall events in the past
year.

Statistical analysis

Continuous variables are presented as the mean and standard
deviation. Categorical variables are expressed as the number
(percentage). ANOVA was conducted to examine the
differences in continuous variables among participants categor-
ised as robust and with obesity, sarcopenia and SO. χ2 tests were
used to compare categorical variables. We used multiple logistic
regression analyses to examine the fall risk and MS among
robust, obesity, sarcopenia and SO groups. In fall risk analysis,
binary logistic regression analysis was performed according to
sarcopenia and obesity status after adjustment for confounding
variables. Models were initially adjusted for age and sex and then
further adjusted for health behaviours (smoking and alcohol
consumption), MS, physical activities, osteoporosis, arthritis,
use of antipsychotic agents and sedative agents. In the MS analy-
sis, adjustments for different confounding variables were also
applied. Models were initially adjusted for age and sex and then
further adjusted for health behaviours (smoking and alcohol
consumption), physical activities, uric acid, stroke and coronary
artery disease. We also analysed data after combining individual
components of sarcopenia with different obesity parameters. All

analyses were performed with IBM SPSS Statistics version 22.
Significance was set as a P-value< 0·05 in a two-sided test.

Results

There were 765 older adults who completed an interview as well
as laboratory and clinical examinations enrolled in our study.
Some of the participants (n 468) comprised the subgroup for
the analysis of fall risk. In the analysis of waist circumference-
defined SO, twenty-nine older adults had SO. These participants
with SO tended to have an older age, higher serum levels of TAG,
lower fasting sugar, longer completion time in the 5-times sit-to-
stand test, lower handgrip strength, slower gait speed, higher
body fat percentage, higher fat-to-muscle ratio, higher likelihood
of being female, more likely to have the chronic diseases of
hypertension and arthritis, more likely to have a drug history
of antipsychotic use and higher prevalence of falls in the past
year than participants with a robust status (Table 1).

In the analysis of participants with SO defined by BMI, only
seven older adults fit this definition. This group with SO showed
relatively older age, lower serum HDL-cholesterol levels, higher
serum uric acid levels, higher serum TAG levels, lower fasting
sugar, longer completion time for the 5-times sit-to-stand test,
lower handgrip strength, lower gait speed, higher fat mass,
higher body fat percentage and higher fat-to-muscle ratio than
participants with a robust status. The participants with SO tended
to be female, have a higher percentage of taking antipsychotics
and have a higher percentage of individuals with falls in the past
12 months than participants with a robust status (online
Supplementary Table 1a). There were ninety older adults with
higher body fat percentages and sarcopenia. They had longer
completion times for the 5-times sit-to-stand test, higher body
fat percentage and higher fat-to-muscle ratios and tended to
be female, with a higher prevalence of a history of hypertension
compared with robust participants (online Supplementary
Table 1b).

With the definition of obesity based on higher BMI, we exam-
ined the fall risk among the older adults with non-sarcopenia/
non-obesity, sarcopenia/non-obesity, non-sarcopenia/obesity
and SO and treated the non-sarcopenia/non-obesity participants
as the reference group. The SO group had a higher OR to fall
(OR: 4·66; 95 % CI 1·42, 15·29; P= 0·011) compared with the
robust group after adjusting for confounding covariates. In the
analysis of the fall risk among older adults with SO defined by
waist circumference, the participants with non-sarcopenia/
non-obesity were treated as the reference group. The OR to fall
in the participants with SO was 10·16 (95 % CI 2·71, 38·13;
P= 0·001) after fully adjusting for confounding covariates.
When body fat percentage was used to define obesity, the par-
ticipants with SO had a higher OR to fall (OR: 3·33; 95 % CI 1·07,
10·36; P= 0·038) compared with the robust group after control-
ling for possible confounding factors (Table 2).

In the analysis of MS risk between participants with SO, we
first defined obesity by higher BMI, and the participants with
SO had anOR of 3·65 (95 %CI 0·49, 27·25; P= 0·207) after adjust-
ing for confounders compared with the robust group. When
defining SO by waist circumference, the older adults with SO
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had a higher OR of having MS (OR: 5·27; 95 % CI 2·06, 13·45;
P= 0·001) after fully adjusting for possible confounding factors
comparedwith the robust group. In the analysis of SO defined by
body fat percentage, the participants with SO tended to have a
higher OR of MS (OR: 2·66; 95 % CI 1·28, 5·50; P= 0·009) after
adjusting for possible confounding factors compared with the
robust group (Table 3).

In the analysis of fall risk between the participants with
individual components of sarcopenia coupled with obesity,
the risks were statistically significant when considering low
gait speed and low grip strength but not low muscle
mass (Table 4). In the analysis of MS risk between the partic-
ipants with individual components of sarcopenia coupled
with obesity defined by waist circumference, the risks

Table 1. Characteristics of the participants by waist-defined sarcopenic obesity

Robust
(n 395)

Sarcopenia
(n 96) Obesity (n 245)

Sarcopenic
obesity (n 29) P

Continuous variables*
Age (years) 71·74 ± 6·92 77·62 ± 7·7 73·16 ± 6·91 80·35 ± 8·13 < 0·001
BMI (kg/m2) 23·34 ± 2·46 21·44 ± 2·49 27·47 ± 3·12 24·71 ± 2·44 < 0·001
Waist circumference (cm) 76·53 ± 7·31 74·06 ± 7·64 90·2 ± 7·32 86·55 ± 5·6 < 0·001
HDL (mg/dl) 58·09 ± 14·93 57·99 ± 14·91 51·65 ± 11·92 57·16 ± 14·39 < 0·001
LDL (mg/dl) 111·05 ± 29·84 105·51 ± 28·65 107·25 ± 28·76 105·84 ± 25·81 0·245
Uric acid (mg/dl) 5·55 ± 1·31 5·44 ± 1·37 5·82 ± 1·4 5·7 ± 1·18 0·054
TAG (mg/dl) 105·26 ± 53·79 101·04 ± 42·16 127·77 ± 57·51 129·56 ± 63·6 < 0·001
Fasting sugar (mg/dl) 99·4 ± 17·19 104·08 ± 27·95 106·31 ± 23·54 93·92 ± 11·08 < 0·001
SBP (mmHg) 129·59 ± 16·25 129·66 ± 16·44 135·65 ± 14·73 133 ± 18·14 < 0·001
5STS test (s) 11·33 ± 5·07 13·59 ± 4·45 12·88 ± 5·08 18·48 ± 7·54 < 0·001
Grip strength (kg) 27·58 ± 8·55 17·41 ± 6·15 25·62 ± 9·46 14·47 ± 5·16 < 0·001
Gait speed (m/s) 1·28 ± 0·34 1·03 ± 0·3 1·12 ± 0·35 0·77 ± 0·31 < 0·001
Physical activity 8968·23 ± 3116·5 8212·55 ± 2630·93 8589·2 ± 2698·6 9166·14 ± 2151·39 0·077
SMI 6·68 ± 1·01 5·38 ± 1·21 7·13 ± 1·09 5·44 ± 1·22 < 0·001
Fat mass (kg) 16·92 ± 4·58 15·83 ± 4·81 24·91 ± 5·83 22·14 ± 4·46 < 0·001
Body fat (%) 28·41 ± 6·57 30·37 ± 6·93 35·55 ± 6·74 38·68 ± 5·29 < 0·001

Categorical variables†
Male 188 47·6 33 34·4 97 39·6 7 24·1 0·009
Smoker 10 2·5 0 0 8 3·3 0 0 0·711
Alcohol ≧ 4/month 29 7·3 1 1 22 6 0 0 0·170
The metabolic syndrome 38 10 14 16·7 121 53·5 9 36 < 0·001
Hypertension 122 30·9 35 36·5 125 51 20 69 < 0·001
Diabetes 38 9·6 15 15·6 54 22 4 13·8 < 0·001
Arthritis 75 19 22 22·9 71 29 11 37·9 0·032
Osteoporosis 74 18·7 24 25 39 15·9 5 17·2 0·539
Use of antipsychotics 3 0·8 3 3·1 6 2·4 3 10·3 0·001
Use of sedative agents 70 17·7 20 20·8 55 22·4 10 34·5 0·114
History of fall 19 8·1 10 18·2 24 15·2 7 35 0·001

SBP, systolic blood pressure; 5STS, 5-times sit-to-stand up; SMI, skeletal muscle mass index.
ANOVA was conducted to examine the differences in continuous variables among participants categorised as robust and with obesity, sarcopenia and sarcopenic obesity. χ2 tests
were used to compare the categorical variables among the participants categorised as robust and those with obesity, sarcopenia and sarcopenic obesity; P< 0·05 was considered
statistically significant.
* Values in the continuous variables are expressed as the mean and standard deviation unless otherwise specified.
† Values in the categorical variables are expressed as the number (percentage).

Table 2. Associations of the fall risk between participants with sarcopenia and obesity defined by different obesity parameters

Sarcopenia Obesity Sarcopenic obesity

Robust OR 95% CI P OR 95% CI P OR 95% CI P

BMI
Model 1* 1 0·99 0·39–1·49 0·989 0·67 0·35–1·28 0·227 3·08 1·09–8·71 0·034
Model 2 1 0·93 0·33–2·62 0·889 0·67 0·32–1·39 0·281 4·66 1·42–15·29 0·011

Waist
Model 1 1 2·10 0·87–5·07 0·098 1·94 1·02–3·70 0·044 4·69 1·53–14·38 0·007
Model 2 1 1·93 0·72–5·22 0·194 2·44 1·17–5·09 0·017 10·16 2·71–38·13 0·001

Body-fat
Model 1 1 2·67 0·72–9·83 0·141 1·57 0·69–3·55 0·280 2·73 0·96–7·74 0·059
Model 2 1 3·36 0·79–14·37 0·102 1·82 0·75–4·41 0·183 3·33 1·07–10·36 0·038

Logistic regression analyses to examine the fall risk among the robust, obesity, sarcopenia and sarcopenic obesity groups. The robust group is the reference group for the other
groups; P< 0·05 was considered statistically significant.
* Adjusted covariates: Model 1= age, sex; Model 2=Model 1þ health behaviours (smoking and alcohol consumption), the metabolic syndrome, physical activity, osteoporosis,
arthritis, and the use of antipsychotic agents and sedative agents.
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were also statistically significant when considering low gait
speed (OR: 7·19; 95 % CI 3·61, 14·30) and low grip strength
(OR: 9·19; 95 % CI 5·00, 16·91) but not low muscle mass
(Table 5).

Discussion

To our knowledge, this is the first study to assess the risk in falls
and MS across a wide range of SO measurement. Our study
found that different measurement of obesity resulted in a wide
range of SO prevalence rates. BMI-defined obesity yielded lower
prevalence results and underestimated clinical outcomes of the
MS, while waist circumference-defined and body fat percentage-
defined obesity resulted in relatively reasonable related to clini-
cal outcomes of SO. These discrepancies indicated that the dif-
ferent measurement of obesity may overestimate or
underestimate the prevalence of SO. In terms of clinical out-
comes, a synergistic effect existed in the fall risk estimation
among the three different definitions of obesity parameters,
especially waist-defined obesity. In the MS analyses, the risk
existed only in SO defined by waist circumference and body
fat, and sarcopenia alone was not the risk factor for MS.
Obesity may have additional detrimental effects rather than pro-
tective effects when combined with sarcopenia in this
population.

Sarcopenia is a major issue in the ageing population glob-
ally(26). In addition, the prevalence of obesity is also rising(27).
The coexistence of these two epidemics has increased the SO
population(28). Sarcopenia aggravated the adverse effects of
obesity in older adults and vice versa(28). Therefore, this special
population needs more awareness. In addition, when we
encouraged the older adults with obesity to lose weight without
accounting for muscle mass, muscle loss usually happened in
conjunction with a decrease in fat(29). This will worsen the con-
dition of SO. As a result, less than 5 % of all participants were
found to have this condition. An accurate diagnosis for SO is
needed to find the target population and develop different inter-
ventions for the management obesity and sarcopenia in this sub-
set of participants.

The fall risk examination between these three different SO
definitions revealed quite different results. Our results revealed
that obesity defined by BMI and body fat did not increase the fall
risk, while SO defined by BMI and body fat was associated with
an increase in the fall risk. This means that coexisting sarcopenia
and obesity indeed increased the risk of fall compared with sar-
copenia or obesity only. This result is similar to the study in post-
menopausal women that defined SOby body fat, which revealed
that fall risk increased in those with SO but not in those with sar-
copenia alone(30). Compared with Western populations, the
Asian population with the same BMI value has a higher cardio-
vascular risk(31). However, some specific obese populations
have lower mortality, which has also been called the obesity par-
adox(32). Therefore, using only BMI to define obesity is usually
not precise. Waist circumference is a good indicator for central
obesity. In our study, obesity defined by waist circumference
was associated with an increased fall risk. SO defined by waist
circumference also showed a synergistic effect on fall risk esti-
mation. Therefore, it seems that SO defined by waist circumfer-
ence is more closely associated with the risk of fall than SO
defined by BMI and body fat.

In terms of MS analyses, obesity itself is a strong risk factor for
this condition. Treating non-sarcopenia/non-obesity partici-
pants as the reference, the risk of MS was obvious in analyses
by the three different obesity definitions. However, a risk of
MS was not found in participants with sarcopenia plus obesity
defined by BMI but was found in SO defined by waist circumfer-
ence and body fat. This phenomenon reflected that sarcopenia
alone was not a risk factor for MS, but SO carries the risk of MS; if
older adults progress to sarcopenia concomitantly with obesity
defined by waist or body fat, the risk of MS was greater than
obesity alone. This conclusion differs from previous studies,
which showed that sarcopenia is a risk factor for MS(33,34). Lu
et al. and Park et al. defined sarcopenia by weight-adjusted
muscle mass and found that sarcopenia was related to MS; how-
ever, in our study, we defined sarcopenia by height-adjusted
muscle mass. This phenomenon is concordant with our previous
article on the association between sarcopenia and fatty liver,
which revealed that the definition of sarcopenia is important(35).
When we studied the outcomes of metabolic risk factors, such as

Table 3. Associations of the metabolic syndrome risk between participants with sarcopenia and obesity defined by different obesity parameters

Sarcopenia Obesity Sarcopenic obesity

Robust OR 95% CI P OR 95% CI P OR 95% CI P

BMI
Model 1* 1 1·19 0·68–2·08 0·543 6·01 3·98–9·08 < 0·001 4·64 0·63–33·95 0·131
Model 2 1 1·15 0·65–2·03 0·628 5·42 3·55–8·27 < 0·001 3·65 0·49–27·25 0·207

Waist
Model 1 1 1·95 0·98–3·88 0·057 10·64 6·92–16·37 < 0·001 5·72 2·27–14·40 < 0·001
Model 2 1 1·93 0·96–3·88 0·064 10·28 6·63–15·93 < 0·001 5·27 2·06–13·45 0·001

Body fat
Model 1 1 0·54 0·12–2·50 0·433 3·65 2·18–6·13 < 0·001 2·78 1·36–5·68 0·005
Model 2 1 0·49 0·11–2·32 0·37 3·54 2·08–6·00 < 0·001 2·66 1·28–5·50 0·009

Logistic regression analyses to examine the metabolic syndrome risk among robust, obesity, sarcopenia and sarcopenic obesity groups. The robust group is the reference group for
other groups; P< 0·05 was considered statistically significant.
* Adjusted covariates: Model 1= age, sex; Model 2=Model 1þ health behaviours (smoking and alcohol consumption), physical activity, uric acid, stroke and coronary artery disease.
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Table 4. Associations of the fall risk between participants with individual components of sarcopenia and obesity defined by different obesity parameters

BMI Waist Body fat

Model 1* Model 2 Model 1 Model 2 Model 1 Model 2

Components OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P

Low MM
Robust 1 1 1 1 1 1
Low MM 0·76 0·35–1·64 0·479 0·69 0·31–1·56 0·376 1·01 0·43–2·40 0·979 1 0·41–2·46 0·994 0·74 0·19–2·87 0·66 0·74 0·18–3·04 0·671
Obesity 1·04 0·53–2·03 0·921 1·24 0·57–2·69 0·591 1·85 1·01–3·39 0·047 2·67 1·31–5·44 0·007 1·25 0·59–2·63 0·560 1·45 0·62–3·38 0·387
Low MM/obesity –† – – – 0·88 0·10–7·35 0·903 0·93 0·10–8·34 0·945 0·95 0·32–2·81 0·923 0·96 0·30–3·03 0·938

Slowness
Robust 1 1 1 1 1 1
Slowness 2·83 1·33–6·03 0·007 2·69 1·17–6·16 0·020 1·55 0·53–4·50 0·421 1·28 0·39–4·14 0·684 2·82 0·75–10·64 0·127 2·70 0·60–12·15 0·197
Obesity 0·86 0·36–2·05 0·739 1·02 0·38–2·71 0·974 1·18 0·60–2·34 0·63 1·66 0·77–3·57 0·193 1·27 0·58–2·78 0·554 1·43 0·61–3·33 0·409
Slowness/obesity 3·25 1·19–8·84 0·021 3·32 1·06–10·33 0·039 5·33 2·38–11·93 < 0·001 7·55 2·92–19·51 < 0·001 4·06 1·59–10·42 0·004 4·3 1·54–11·98 0·005

Weakness
Robust 1 1 1 1 1 1
Weakness 2·48 1·24–4·96 0·01 2·73 1·28–5·81 0·009 2·63 1·13–6·15 0·025 2·55 1·00–6·49 0·049 4·8 1·38–16·62 0·013 4·34 1·11–17·01 0·035
Obesity 0·93 0·39–2·23 0·868 1·21 0·47–3·09 0·693 1·81 0·89–3·70 0·104 2·42 1·09–5·36 0·030 1·86 0·74–4·70 0·187 1·89 0·74–4·86 0·185
Weakness/obesity 3·13 1·16–8·47 0·025 3·43 1·05–11·25 0·042 4·5 1·95–10·38 < 0·001 6·12 2·38–15·75 < 0·001 4·13 1·47–11·54 0·007 4·43 1·50–13·11 0·007

Low MM, low muscle mass
Logistic regression analyses to examine the fall risk among low MM, slowness and weakness components. The robust group in each components is the reference group for other groups; P< 0·05 was considered statistically significant.
* Adjusted covariates: Model 1= age, sex; Model 2=Model 1þ health behaviours (smoking and alcohol consumption), the metabolic syndrome, physical activity, osteoporosis, arthritis, use of antipsychotic agents and sedative agents.
† The case number is too small to analysis.
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Table 5. Associations of the metabolic syndrome risk between participants with individual components of sarcopenia and obesity defined by different obesity parameters

BMI Waist Body fat

Model 1* Model 2 Model 1 Model 2 Model 1 Model 2

Components OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P

Low MM
Robust 1 1 1 1 1 1
Low MM 0·32 0·15–0·68 0·003 0·33 0·16–0·71 0·005 0·54 0·24–1·24 0·144 0·56 0·24–1·30 0·176 0·3 0·07–1·35 0·117 0·3 0·07–1·34 0·114
Obesity 5·01 3·35–7·50 < 0·001 4·63 3·07–6·99 < 0·001 8·16 5·44–12·24 < 0·001 7·89 5·23–11·89 < 0·001 3·56 2·13–5·97 < 0·001 3·46 2·04–5·86 < 0·001
Low MM/obesity 2·10 0·19–23·66 0·548 1·21 0·1–14·24 0·882 1·81 0·37–8·88 0·463 1·78 0·35–8·95 0·485 0·86 0·34–2·17 0·755 0·92 0·36–2·34 0·863

Slowness
Robust 1 1 1 1 1 1
Slowness 1·23 0·65–2·31 0·531 1·20 0·63–2·30 0·577 0·86 0·33–2·30 0·769 0·87 0·32–2·36 0·789 1·55 0·41–5·81 0·515 1·48 0·38–5·71 0·569
Obesity 6·48 4·19–10·00 < 0·001 5·84 3·74–9·12 < 0·001 8·73 5·78–13·18 < 0·001 8·43 5·55–12·82 < 0·001 4·00 2·37–6·75 < 0·001 3·91 2·29–6·65 < 0·001
Slowness/obesity 4·11 1·87–9·04 < 0·001 3·69 1·64–8·31 0·002 7·66 3·91–15·01 < 0·001 7·19 3·61–14·30 < 0·001 4·09 2·04–8·21 < 0·001 3·85 1·89–7·85 < 0·001

Weakness
Robust 1 1 1 1 1 1
Weakness 1·30 0·80–2·13 0·293 1·31 0·79–2·16 0·294 1·70 0·89–3·25 0·108 1·77 0·92–3·43 0·088 0·83 0·26–2·63 0·746 0·85 0·26–2·74 0·780
Obesity 5·89 3·72–9·33 < 0·001 5·23 3·27–8·39 < 0·001 10·48 6·59–16·66 < 0·001 10·16 6·34–16·27 < 0·001 3·47 2·01–6·00 < 0·001 3·41 1·96–5·96 < 0·001
Weakness/obesity 7·32 3·56–15·04 < 0·001 7·03 3·37–14·65 < 0·001 9·38 5·16–17·03 < 0·001 9·19 5–16·91 < 0·001 4·31 2·29–8·11 < 0·001 4·29 2·24–8·21 < 0·001

Low MM, low muscle mass
Logistic regression analyses to examine the metabolic syndrome risk among low MM, slowness and weakness components. The robust group in each components is the reference group for other groups; P< 0·05 was considered statistically
significant.
* Adjusted covariates: Model 1= age, sex; Model 2=Model 1þ health behaviours (smoking and alcohol consumption), physical activities, uric acid, stroke and coronary artery disease.
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MS, in those with sarcopenia, we need a cautious interpretation
of the results based on the definition of sarcopenia.

We combined individual components of sarcopenia with
obesity parameters as synonymous with SO, as previously men-
tioned(16). Neither low muscle mass alone nor coexisting low
muscle mass and obesity increases the risk of falls. However,
slow gait speed alone increased the fall risk, and a synergistic
effect also existed when the participants had both slow gait
speed and obesity. In addition, low grip strength alone increased
the fall risk, and a synergistic effect also existed when partici-
pants had both low grip strength and obesity. The results are
most consistent across different obesity parameters when low
grip strength alone is considered sarcopenia. An Australian study
also found that coexisting low muscle strength and obesity but
not low muscle mass and obesity were related to an increased
fall risk score(36). As far as MS is concerned, low muscle mass
alone did not increase the risk of MS and was without a syner-
gistic effect when participants had both low muscle mass and
obesity. However, there was an increased risk when the partic-
ipants had both low grip strength and obesity or both low gait
speed and obesity. Although previous studies have examined
associations between SO and outcomes(16), our study compared
the outcomes of SO in the same population for the first time. We
examined a broader view of the different fall andMS risks among
these groups. Therefore, we can conclude that regardless of
whether fall orMS risk is of concern, the roles of low grip strength
and slow gait speed are more important than that of low muscle
mass. This is in line with recent EWGSOP2 guidelines(15) high-
lighting that muscle strength but not muscle mass is the key char-
acteristic of sarcopenia. In addition, the risk of clinical events
with low muscle strength with obesity is increased compared
with low muscle strength only or obesity only.

There were still some limitations that should be acknowl-
edged in the present study. First, we used a BIA to evaluate
muscle mass and body fat. More advanced equipment, such
as computed tomography and MRI, is needed for accurate mea-
surement of muscle mass and body fat. However, these tech-
niques are expensive and have acquisition limitations. Most
previous studies have also used bioelectrical impedance analysis
to assess body composition. Moreover, the BIA has been vali-
dated against gold standard methods. Second, less than 5 % of
participants were categorised as SO when obesity was defined
by BMI and waist circumference, which led to relatively wide
CI for the risk estimates. Third, we included only community-
dwelling adults and an Asian population. Therefore, adults with
significant functional limitations and frailty were not included.
Other races were also excluded. Therefore, caution should be
taken when interpret our results in these populations. Fourth,
only a subset of participants were asked about falls. The question
about falls was not standardly included in the regular health
check-ups. Therefore, the patients who volunteered to answer
the additional question might be healthier and proactive. The
overall risk might be lower in this fall subset group. Therefore,
it is likely that cases of falls were underreported.
Misclassification of outcomes would likely attenuate the results
towards the null. Fifth, participants in the SO group tended to
have an older age compared with those in the robust group.
This will increase fall events and the incidence of the MS.

Therefore, we adjusted for age in the logistic regression models
to minimise the effect of age. Finally, the present study was a
cross-sectional design, so causality could not be determined.
Further longitudinal studies are required to validate the results.

In conclusion, the coexistence of sarcopenia and obesity
defined by waist circumference might be the most appropriate
measurement for SO regarding correlations with clinical out-
comes in our population. Among the three components of sar-
copenia, low grip strength coexisting with abdominal obesity
was the most representative of all other measurement in SO in
our population. Further validation in other populations and data-
bases need to be carried out.
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