
Original Article

Relative low muscle mass and muscle strength is
associated with the prevalence of metabolic
syndrome in patients with type 2 diabetes
Maya Takegami,1 Yoshitaka Hashimoto,1,* Masahide Hamaguchi,1 Ayumi Kaji,1 Ryosuke Sakai,1 Takuro Okamura,1
Noriyuki Kitagawa,1,2 Takafumi Osaka,1,3 Hiroshi Okada,1,4 Naoko Nakanishi,1 Saori Majima,1 Takafumi Senmaru,1
Emi Ushigome,1 Mai Asano,1 Masahiro Yamazaki,1 and Michiaki Fukui1

1Department of Endocrinology and Metabolism, Graduate School of Medical Science, Kyoto Prefectural University of Medicine,
465 Kajii-cho, Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto 602-8566, Japan
2Department of Diabetology, Kameoka Municipal Hospital, 1-1 Noda, Shinochoshino, Kameoka 602-8585, Japan
3Department of Endocrinology and Diabetology, Ayabe City Hospital, 20-1 Otsuka, Aono-cho, Ayabe 623-0011, Japan
4Department of Diabetes and Endocrinology, Matsushita Memorial Hospital, 5-55 Sotojima-cho, Moriguchi 570-8540, Japan

(Received 15 November, 2021; Accepted 29 December, 2021; Released online in J-STAGE as advance publication 8 March, 2022)

This cross-sectional study investigated the association of metabolic
syndrome (MetS) with sarcopenia defined by absolute low muscle
mass (aLMM) and absolute low muscle strength (aLMS), or
sarcopenia defined by relative low muscle mass (rLMM) and
relative low muscle strength (rLMS). The cut-off values for men
and women were as follows: aLMM, appendicular muscle mass in
kg/height2 was <7.0 kg/m2 and <5.7 kg/m2; rLMM, appendicular
muscle mass/body weight ×100 was <28.64% and <24.12%; aLMS,
handgrip strength was <28 kg and <18 kg; and rLMS, handgrip
strength/body weight ×100 was 51.26% and 35.38%. Among 207
men and 164 women, 41.5% men and 57.3% women had MetS,
14.0% men and 6.1% women had sarcopenia as defined by aLMM
and aLMS, and 14.0% men and 22.0% women had sarcopenia
defined by rLMM and rLMS. Compared with non-sarcopenia,
adjusted OR of sarcopenia defined by aLMM and aLMS for the
prevalence of MetS was 0.79 (95% CI 0.38–1.67), whereas that of
sarcopenia defined by rLMM and rLMS for the prevalence of MetS
was 20.6 (95% CI 7.81–54.3). Sarcopenia defined by rLMM and
rLMS was associated with the risk of prevalence of MetS, whereas
sarcopenia defined by aLMM and aLMS was not.
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Metabolic syndrome (MetS), which is one of the global
health problems, is reported to be associated with a high

risk of cardiovascular disease.(1,2) It has been reported that several
factors such as chronic inflammation, oxidative stress, and
insulin resistance are associated with the mechanism for MetS.(3,4)

Sarcopenia, which is mainly characterized as absolute muscle
mass, power, and function,(5) is now the focus because of higher
risk of cardiovascular disease and mortality.(6–9) In patients with
diabetes, declining insulin signaling and higher insulin resistance
accelerate muscle catabolism(5) and resulting in accelerated
reduction of muscle mass and strength.(10) Thus, it is an important
target for treatment of diabetes, because the muscle is a major
organ of glucose metabolism.(11) In fact, it has been reported that
diets, including total energy, proteins, vitamins, and fatty acids,
are associated with the sarcopenia in patients with diabetes.(12–14)

On the other hand, relative muscle mass loss, defined as
weight-adjusted skeletal muscle mass index (SMI) (SM/Wt),
has been described as a risk factor for type 2 diabetes (T2D)(15)

and has been associated with insulin resistance.(16) In addition,
we and other researchers revealed the relationship between

relative muscle mass loss and nonalcoholic fatty liver disease
(NAFLD)(17,18) or nonalcoholic steato-hepatitis (NASH)(19,20)

which are closely related to MetS.(21) Furthermore, some studies
revealed that there was a relationship between relative muscle
mass loss and MetS.(22,23)

Previous studies have not revealed whether sarcopenia defined
by absolute muscle mass and absolute muscle strength, or
sarcopenia defined by the relative muscle mass and relative
muscle strength is associated more with the prevalence of MetS.
Hence, the objective of this cross-sectional study was to clarify
the association of MetS with sarcopenia defined by absolute
muscle mass and absolute muscle strength, or sarcopenia defined
by relative muscle mass and relative muscle strength in patients
with T2D.

Materials and Methods

Study participants. We are conducting an ongoing cohort
study KAMOGAWA-DM cohort study.(24) This ongoing study
was approved by the research ethics committee of Kyoto Prefec‐
tural University of Medicine (No. RBMR-E-466-6) and was
carried out in accordance with the Declaration of Helsinki, and
informed consent was obtained from all the participants. We
performed a post-hoc analysis of the previous cross-sectional
study, and details of this study has been described previously.(25)

All patients provided details of their demographics, including
medication usage and medical history. We excluded patients who
did not receive bioelectrical impedance analysis (BIA) and with
no data on handgrip strength.
Patients were classified as non-smokers or smokers by a self-

administered questionnaire. Patients were classified as non-
exerciser or exerciser, performing any kind of physical activity at
least once a week, by a self-administered questionnaire. Alcohol
consumption was defined as ethanol over 20 g/day.(25)

Biochemical analysis. Serum triglycerides, total cholesterol,
high-density lipoprotein (HDL) cholesterol, gamma-glutamyl
transferase (GGT), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) were assessed using standard enzymatic
methods. Hemoglobin A1c (HbA1c) was expressed as National
Glycohemoglobin Standardization Program (NGSP) unit
evaluated by high-performance liquid chromatography.
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Definition of metabolic syndrome. Metabolic syndrome
was diagnosed when patients fulfilled three or more of the
following criteria were present:(26) abdominal obesity, waist
circumference ≥90 cm in men and ≥80 cm in women; hyperten‐
sion, a systolic blood pressure >130 mmHg and/or a diastolic
blood pressure >85 mmHg and/or usage antihypertension medi‐
cation; hypertriglyceridemia, triglycerides >1.7 mM and/or usage
antihyperlipidemia medication; reduced HDL-C, HDL-C <1.03
mM in men and <1.29 mM in women; hyperglycemia, fasting
plasma glucose >5.6 mM and/or under medical treatment (all
patients had T2D in this study). Since waist measurements were
not available for the study sample, we defined obesity as a
percentage of body fat, i.e., >30% for men and >35% for
women.(27) In addition, metabolic syndrome score was defined as
the existence of each component of MetS (from 0 to 5).

Definition of sarcopenia. Using the multifrequency
impedance body composition analyzer, Inbody 720 (InBody
Japan, Tokyo, Japan), data on body weight (BW) (kg), appendic‐
ular muscle mass (kg), and body fat mass (kg) were obtained.
Body mass index (BMI) was calculated as BW (kg)/height2 (m2).
The height-adjusted SMI (SM/Ht2) was calculated as follows:
SM/Ht2 = (appendicular muscle mass in kg)/(height in m2).(28)

The cut-off values for absolute low muscle mass (aLMM),
defined as SM/Ht2, were <7.0 kg/m2 for men and <5.7 kg/m2 for
women.(28) The weight adjusted SMI (SM/Wt) was calculated as
follows: SM/Wt = [(appendicular muscle mass in kg)/(BW in
kg)] × 100.(29) The cut-off of relative low muscle mass (rLMM)
was defined by a weight-adjusted SMI <28.64% for men and
<24.12% for women.(29) Handgrip strength was measured two
times with each hand by a handgrip dynamometer (Smedley,
Takei Scientific Instruments Co., Ltd., Niigata, Japan), and the
maximum value was used for the analysis. The cutoff points for
absolute low muscle strength (aLMS) defined by handgrip
strength was <28 kg for men and <18 kg for women.(28) Adjusted
grip strength was calculated as follows: adjusted grip strength =
[(handgrip strength in kg)/(BW in kg)].(29) The cut-off points for
relative low muscle strength (rLMS) defined as adjusted grip
strength was 51.26% for men and 35.38% for women.(29)

Sarcopenia was defined as the presence of both aLMM and
aLMS or both rLMM and rLMS.

Statistical analysis. The statistical analyses were performed
using the JMP ver. 13.2. software (SAS Institute Inc., Cary, CA),
figures were created by GraphPad Prism ver. 8.4.2 software
(GraphPad Software, Inc., La Jolla, CA), and p value <0.05 was
considered statistically significant. Continuous variables were
presented as mean (SD) and categorized variables were presented

as percentage (number). The difference between groups was
analyzed by Student’s t test or Chi-square test. The difference of
SM/Ht2, SM/Wt, handgrip strength, and adjusted grip strength
between the presence of MetS were evaluated by Tukey honestly
significant difference test and adjusted for age, sex, smoking,
alcohol, and exercise. The difference of SM/Ht2, SM/Wt,
handgrip strength, and adjusted grip strength among metabolic
syndrome score were evaluated by Kruskal-Wallis test and
steel-dwass test. In addition, the participants were divided into
four groups according to muscle mass and muscle strength stage:
normal, aLMM only, aLMS only, or sarcopenia, defined by
aLMM and aLMS; and normal, rLMM only, rLMS only, or
sarcopenia, defined by rLMM and rLMS. Multivariate logistic
regression analyses were performed to investigate the association
of MetS with the presence of sarcopenia, the presence of aLMM,
aLMS and sarcopenia, or the presence of rLMM, rLMS, and
sarcopenia, adjusting for covariates, sex, age, smoking, alcohol,
and exercise.

Results

Initially, 383 patients with type 2 diabetes were included in the
study. Among them, 12 patients were excluded based on the
exclusion criteria (Fig. 1).
The clinical characteristics of 371 patients (207 men and 164

women) are shown in Table 1. Average age and duration of
diabetes were 67.0 (11.0) years and 14.6 (9.6) years in men and
66.0 (10.3) years and 13.0 (10.6) years in women. Among them,
41.5% men and 57.3% women had MetS. In addition, 25.6% men
and 25.0% women had aLMM, 17.4% men and 29.9% women
had rLMM, 24.0% men and 25.0% women had aLMS, and
51.7% men and 48.8% women had rLMS.
The SM/Ht2 of patients with MetS was higher than that of

patients without both in men and women, whereas SM/Wt of
patients with MetS was lower than that of patients without both
in men and women. Moreover, handgrip strength of patients with
MetS tended to be higher than that of patients without both in
men and women, whereas adjusted grip strength of patients with
MetS was lower than that of patients without both in men and
women (Table 2).
Proportion of aLMM and sarcopenia, defined by aLMM and

aLMS in patients with MetS, was lower than those of patients
without MetS, and proportion of aLMS in patients with MetS
was tended to be lower than that of patients without MetS (Fig.
2). On the other hand, proportions of rLMS, rLMM, and
sarcopenia, defined by rLMM and rLMS, in patients with MetS

Initial registration
212 men and 171 women with type 2 diabetes

Exclusion criteria
No data of handgrip strength: 5 women
No data of BIA: 5 men and 2 woman

Study participants
207 men and 164 women with type 2 diabetes

Fig. 1. Flow chart of inclusion and exclusion criteria. BIA, bioelectrical impedance analysis.
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was higher than those of patients without MetS (Fig. 2).
Figure 3 shows the differences in SM/Ht2, SM/Wt, handgrip

strength, and adjusted grip strength among metabolic syndrome
scores. Interestingly, SM/Ht2 was increased in the order of
metabolic syndrome scores, and handgrip strength tended to
increase in the order of metabolic syndrome scores in both men
and women, whereas SM/Wt and adjusted grip strength
decreased in the order of metabolic syndrome scores in both men
and women.
Table 3 shows the ORs of presence of sarcopenia and related

factors for the prevalence of MetS. Compared with non-

sarcopenia, adjusted OR of sarcopenia defined by aLMM and
aLMS for the prevalence of MetS was 0.79 (95% CI 0.38–1.67,
p = 0.541) and compared with normal, adjusted ORs of aLMS
only, aLMM only, and sarcopenia were 0.83, 0.28, and 0.63,
respectively. In contrast, compared with non-sarcopenia, adjusted
OR of sarcopenia defined by rLMM and rLMS for the prevalence
of MetS was 20.6 (95% CI 7.81–54.3, p<0.001) and compared
with normal, adjusted ORs of rLMS only, rLMM only, and
sarcopenia were 2.02, 7.02, and 31.2, respectively.

Table 1. Clinical characteristics of study patients

Men
n = 208

Women
n = 165 p

Age (years) 67.0 (11.0) 66.0 (10.3) 0.339

Duration of diabetes (years) 14.6 (9.6) 13.0 (10.6) 0.137

Systolic blood pressure (mmHg) 133.4 (18.1) 135.2 (19.7) 0.353

Diastolic blood pressure (mmHg) 79.2 (10.9) 78.7 (11.7) 0.67

Height (cm) 167.1 (6.2) 153.3 (5.6) <0.001

Body weight (kg) 65.8 (10.8) 60.3 (13.9) <0.001

Body mass index (kg/m2) 23.5 (3.6) 25.7 (6.1) <0.001

Appendicular lean mass (kg) 20.2 (3.5) 16.1 (3.8) <0.001

SM/Ht2 (kg/m2) 7.2 (1.0) 6.8 (1.6) 0.009

SM/Wt (%) 30.9 (4.1) 26.9 (3.9) <0.001

Handgrip strength (kg) 33.6 (7.7) 21.0 (5.1) <0.001

Adjusted grip strength (%) 51.9 (12.5) 35.8 (9.2) <0.001

Regular exercises 50.0% (104) 44.2% (73) 0.269

Current smoker 21.2% (44) 6.1% (10) <0.001

Habitual alcohol consumption 22.1% (46) 0.6% (1) <0.001

Aspartate aminotransferase (IU/L) 24.9 (11.4) 22.1 (9.2) 0.014

Alanine aminotransferase (IU/L) 25.6 (17.7) 22.1 (15.2) 0.046

Gamma-glutamyltransferase (IU/L) 40.2 (38.2) 28.6 (19.7) <0.001

Triglycerides (mM) 1.5 (1.0) 1.4 (0.8) 0.281

HDL-C (mM) 1.5 (0.4) 1.6 (0.4) 0.003

HbA1c (%) 7.4 (1.2) 7.4 (1.4) 0.923

HbA1c (mM) 57.1 (13.3) 56.9 (15.1) 0.923

Usage of antihypertensive medications 55.3% (115) 52.7% (87) 0.622

Usage of antidyslipidemia medications 46.6% (97) 44.9% (74) 0.731

Usage of antidiabetic oral medications 76.4% (159) 75.8% (125) 0.878

Usage of GLP-1 analog 13.9% (29) 20.0% (33) 0.119

Usage of insulin 22.6% (47) 25.5 (42) 0.52

Obesity (%) 31.7% (66) 40.6% (67) 0.076

Hypertension (%) 74.5% (155) 72.7% (120) 0.696

Hypertriglycerides (%) 36.5% (76) 26.1% (43) 0.031

Low HDL-C (%) 7.7% (16) 21.8% (36) <0.001

Metabolic syndrome score 2.5 (0.9) 2.6 (.1.1) 0.291

Metabolic syndrome (%) 53.9% (112) 47.9% (79) 0.252

aLMM (%) 8.7% (18) 67.3% (111) <0.001

aLMS (%) 24.0% (50) 24.9% (41) 0.856

Sarcopenia defined by aLMM and aLMS (%) 3.2% (1) 18.6% (30) <0.001

rLMM (%) 26.1% (43) 23.0% (37) 0.518

rLMS (%) 53.3% (88) 47.8% (77) 0.32

Sarcopenia defined by rLMM and rLMS (%) 17.6% (29) 15.5% (25) 0.619

Data are expressed as mean (SD) or % (number). The difference between groups was analyzed by Student’s t test
or Chi-square test. SM/Ht2, height-adjust skeletal muscle mass index; SM/Wt, weight-adjust skeletal muscle mass
index; GLP-1, glucagon-like peptide-1; HDL-C, high-density lipoprotein cholesterol; aLMM, absolute low muscle
mass; aLMS, absolute low muscle strength; rLMM, relative low muscle mass; rLMS, relative low muscle strength.
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Table 2. Unadjusted and adjusted difference of SM/Ht2, SM/Wt, handgrip strength and adjusted grip strength between the presence or absence
of metabolic syndrome

Men
Unadjusted Adjusted

MetS (−), n = 121 MetS (+), n = 86 p MetS (−), n = 121 MetS (+), n = 86 p

SM/Ht2 (kg/m2) 7.3 (0.8) 7.8 (0.8) <0.001 7.3 (7.1–7.5) 7.8 (7.6–8.0) <0.001

SM/Wt (%) 32.7 (3.5) 30.0 (3.1) <0.001 33.1 (32.3–33.8) 30.3 (29.5–31.1) <0.001

Handgrip strength (kg) 32.5 (7.2) 35.2 (8.1) 0.011 33.9 (32.4–35.5) 35.2 (33.6–36.9) 0.186

Adjusted grip strength (%) 52.4 (10.4) 47.8 (9.5) 0.001 54.4 (52.3–56.6) 48.8 (46.4–51.2) <0.001

Women
Unadjusted Adjusted

MetS (−), n = 70 MetS (+), n = 94 p MetS (−), n = 70 MetS (+), n = 94 p

SM/Ht2 (kg/m2) 6.1 (0.7) 6.6 (0.9) <0.001 6.5 (5.7–7.3) 6.9 (6.1–7.6) 0.002

SM/Wt (%) 27.5 (2.3) 24.3 (2.5) <0.001 26.0 (23.3–28.6) 22.8 (20.3–25.4) <0.001

Handgrip strength (kg) 20.5 (4.8) 21.3 (5.4) 0.279 23.8 (19.1–28.5) 23.6 (19.0–28.1) 0.767

Adjusted grip strength (%) 39.5 (8.6) 33.8 (8.3) <0.001 39.5 (30.5–48.5) 33.3 (24.6–42.0) <0.001

SM/Ht2, height-adjusted skeletal muscle mass index; SM/Ht, weight-adjusted skeletal muscle mass index; MetS, metabolic syndrome. Adjusted for
age, smoking, exercise, and alcohol intake.

MetS (–) MetS (+)
0

50

100

B aLMM

27.7%
(53)

21.1%
(38)

p=0.138

MetS (–) MetS (+)
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38.7%
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A C Sarcopenia, defined by
aLMS and aLMM
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Sarcopenia, defined by
rLMS and rLMM

Fig. 2. Proportion of aLMS, aLMM, sarcopenia, defined by aLMM and aLMS, rLMS, rLMM and sarcopenia, defined by rLMM and rLMS in subjects
without and with MetS tended to be lower than that of subjects without MetS. Chi-square tests were performed to evaluate the difference. (A)
aLMS, absolute low muscle strength, (B) aLMM, absolute low muscle mass, (C) Sarcopenia, defined by aLMS and aLMM (D) rLMS, relative low
muscle strength, (B) rLMM, relative low muscle mass, (C) Sarcopenia, defined by rLMS and rLMM.
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Discussion

This is the first study to investigate the relationship between

MetS and sarcopenia in patients with T2D. We observed that
handgrip strength and SM/Ht2 of patients with MetS was higher
than those without MetS, whereas adjusted grip strength and
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Fig. 3. The difference of height-adjusted skeletal muscle mass index, weight-adjusted skeletal muscle mass index, handgrip strength, and
adjusted grip strength among metabolic syndrome scores. The differences were evaluated by Kruskal–Wallis test and steel-dwass test. (A) handgrip
strength in men, (B) adjusted grip strength in men, (C) height-adjusted skeletal muscle mass index in men, (D) weight-adjusted skeletal muscle
mass index in men, (E) handgrip strength in women, (F) adjusted grip strength in women, (G) height-adjusted skeletal muscle mass index in
women, (F) weight-adjusted skeletal muscle mass index in women. *p<0.05 and **p<0.01.

Table 3. Odds ratios of sarcopenia and related factors for the prevalence of metabolic syndrome

Model 1 Model 2

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

Normal (n = 235) Ref — Ref —

aLMS only (n = 52) 0.84 (0.44–1.59) 0.589 0.83 (0.43–1.58) 0.569

aLMM only (n = 45) 0.28 (0.13–0.60) <0.001 0.28 (0.13–0.60) <0.001

Sarcopenia, defined by aLMS and aLMM (n = 39) 0.62 (0.29–1.33) 0.22 0.63 (0.29–1.37) 0.244

Non-sarcopenia (n = 332) Ref — Ref —

Sarcopenia (n = 39) 0.78 (0.37–1.63) 0.504 0.79 (0.38–1.67) 0.541

Model 1 Model 2

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

Normal (n = 164) Ref — Ref —

rLMS only (n = 122) 2.00 (1.20–3.34) 0.008 2.02 (1.20–3.38) 0.008

rLMM only (n = 20) 6.87 (2.11–22.4) 0.001 7.02 (2.14–23.0) <0.001

Sarcopenia, defined by rLMS and rLMM (n = 65) 30.3 (11.1–82.3) <0.001 31.2 (11.4–85.6) <0.001

Non-sarcopenia (n = 306) Ref — Ref —

Sarcopenia (n = 65) 20.3 (7.72–53.2) <0.001 20.6 (7.81–54.3) <0.001

aLMM, absolute low muscle mass; aLMS absolute low muscle strength; rLMM, relative low muscle mass; rLMS, relative low muscle strength. Model
1: Adjusted for age and sex. Model 2: Adjusted for age, sex, smoking, exercise, and alcohol intake.
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SM/Wt of patients with MetS was lower than those without
MetS. In addition, sarcopenia defined by adjusted grip strength
and SM/Wt was associated with the risk of prevalence of MetS,
whereas sarcopenia defined by handgrip strength and SM/Ht2

was not associated with the risk of prevalence of MetS.
Previous studies have revealed that rLMM is associated with

impaired glucose tolerance,(15,16) NAFLD,(17,18,29) and NASH.(19,20,30)

It is well known that SM/Ht2 and handgrip strength is used as a
marker for sarcopenia.(28) However, heavier body weight is asso‐
ciated with more muscle mass, regardless of the fat mass.(17)

Thus, there is a possibility that it is not the absolute muscle mass,
but the relative muscle mass, which indicated proportion of
muscle mass to body weight, is important for metabolic abnormal
diseases, including MetS. Decrease in SM/Wt could indicate
relative increase of visceral fat and relative decrease of muscle
mass. In fact, SM/Wt is reported to be associated with incident
diabetes,(15) incident MetS,(22,23) and progression of NAFLD.(31) In
addition, previous studies have revealed that SM/Wt, but not SM/
Ht2 was associated with insulin resistance.(32–34) In this study, we
demonstrated that rLMM, but not aLMM is important for MetS.
This result was same as a previous study for NAFLD(35) which is
a one of the phenotype of MetS.(21) In addition, we also revealed
that low adjusted grip strength, which indicates rLMS but not
low handgrip strength, is associated with the prevalence of MetS.
Previous studies have revealed that low adjusted grip strength is
associated with the prevalence of NAFLD(29) and incident
diabetes.(36)

This study also showed that SM/Ht2 increased in the order of
metabolic syndrome score, whereas adjusted grip strength and
SM/Wt decreased in the order of metabolic syndrome score.
These results suggest that accumulation of metabolic
abnormalities is associated with a decline in relative lower
muscle mass and strength. Taking these findings into account, we
should focus on relative low mass and strength in the clinical
setting of MetS. Further studies are needed to understand the
association between relative lower muscle mass and strength, and
absolute lower muscle mass and strength.
The limitations of this study were as follows. First, this is a

cross-sectional study; therefore, the causal relationship is unclear.
Second, we did not use dual-energy X-ray absorptiometry,
although the accuracy of the body composition analyzer has been
previously validated.(37) Finally, this study included the Japanese
population only; thus, the generalizability of this study to
non-Japanese populations, especially non-Asian populations, is
unclear.

Conclusion

In conclusion, we discovered that sarcopenia defined by
SM/Wt and adjusted grip strength was associated with the risk of
prevalence of MetS, whereas sarcopenia defined by SM/Ht2 and
handgrip strength was not associated with the risk of prevalence
of MetS. Our findings have potential clinical significance
because the different definitions for sarcopenia could substan‐
tially influence study results, in relation to MetS.
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