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Abstract 

Background: At present, there are several diagnostic criteria of sarcopenia were used in China, and the diagnostic 
criteria were not unified. This study aims to investigate the consistency between the latest sarcopenia diagnostic 
criteria Asian Working Group for Sarcopenia(AWGS 2019) and other common diagnostic criteria. The changes of mus-
cle mass, muscle strength and physical function with age and their effects on the diagnosis of sarcopenia were also 
analyzed.

Methods: A total of 1009 men aged ≥60 years were enrolled from multiple communities. Skeletal muscle mass 
index, grip strength and 6 m gait speed were measured. The consistency of AWGS 2019 with other diagnostic cri-
teria was analyzed and the trends of these three indicators were observed. The differences of muscle mass, muscle 
strength and function among different diagnostic criteria and age groups were evaluated. In addition, the change 
trends of these three indicators with age were observed.

Results: According to AWGS 2019 diagnostic criteria, the incidence of sarcopenia in male aged 60–69 years, 
70–79 years and over 80 years was 1.5%, 9.6% and 33.1%, respectively. AWGS 2019 was highly consistent with other 
diagnostic criteria (Kappa = 0.66–0.80, P < 0.01), except the Foundation for the National Institutes of Health(FNIH) 
(Kappa = 0.32, P < 0.01). When AWGSA2019 diagnostic criteria are applied, the prevalence of decreased muscle 
strength (39.1%) and physical function (46.4%) was significantly higher than that of low muscle mass (35.9%) in the 
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Background
Aging of population is a serious challenge in China. The 
seventh national census show that the number of peo-
ple aged ≥60 accounts for 18.7% of the total population, 
and the number of disabled people reaches 52.71 mil-
lion [1]. According to a demographic study by Peking 
University [2], it is estimated that by 2030, there will be 
more than 77 million disabled old adults in China with a 
disability period of 7.44 years, and by 2050, the propor-
tion of disabled people will increase to more than 70% if 
without prevention and control measures. Sarcopenia is 
generally defined as age-associated loss of skeletal mus-
cle mass accompanied by decreased muscle strength and/
or decreased body function, is one of the major concerns 
in the old adults in recent years. Sarcopenia significantly 
increases the risk of fall, prolonged bed rest, developing 
chronic disease, re-hospitalization, physical disability and 
even death in the elder population [3, 4]. Therefore, early 
diagnosis and prevention of sarcopenia have attracted 
much attention.

The diagnostic criteria of sarcopenia are not uniform, 
and the diagnostic procedures of several sarcopenia 
working groups are constantly being updated. In recent 
years, the European and Asian sarcopenia working 
groups have updated the diagnostic criteria, but there 
is a lack of large-scale epidemiological studies in China 
that apply the latest diagnostic criteria. In addition, the 
changes of muscle mass, muscle strength and physical 
function, which are important diagnostic indicators of 
sarcopenia closely related to aging, are still barely known.

Therefore, this study focused on the old adults in the 
community and compared the efficacy of the latest diag-
nostic criteria of sarcopenia. The changes of muscle mass, 
muscle strength and function with age were analyzed.

Methods
Study participants
This study initially screened 1446 old adults from multi-
ple communities in different districts (including Haidian 
District, Chaoyang District, Fengtai District, Dongcheng 
District and Xicheng District) of Beijing, China from 
April to July 2019. The primary community health cent-
ers affiliated with the PLA General Hospital invited 

people aged 60 years from these communities to par-
ticipate in the study. Because the characteristics of the 
population lead to the low number of women recruited, 
and previous research have found that the prevalence of 
sarcopenia varies greatly by sex. Therefore, to avoid gen-
der differences in the overall prevalence of sarcopenia, we 
excluded female and included only male in the study.

Inclusion criteria were: 1) Male subjects aged 
≥60 years, 2) Subjects had the ability to complete vari-
ous test projects, 3) Subjects who voluntarily participated 
in and cooperated with the research. Exclusion criteria 
were: 1) Subjects with severe bone, joint or muscle dis-
eases with pain and limited activity, 2) Subjects who 
could not stand by themselves, 3) Subjects with heart, 
lung or other important organ diseases in acute or termi-
nal stage, 4) Subjects with severe cognitive or communi-
cation disorders, or surgical history within 5 or 6 months, 
6) Subjects with pacemaker implantation or other metal 
implantation,7) Subjects being resident in 24-hour care 
institutions.

According to the inclusion and exclusion criteria, a 
total of 437 people were excluded. Female subjects (76), 
subjects under 60 years old (253), and subjects who did 
not meet the inclusion criteria (108) were excluded. 
Therefore, a total of 1009 males were finally included in 
this study. Their age ranged from 60 to 98 years old, with 
an average age of 73.9 ± 8.65 years old and a median age 
of 73 years old. The study complied to the criterion of 
the Declaration of Helsinki. The research proposal was 
authorized by the Ethics Committee and the Institu-
tional Review Committee of Hospital (Approval Number: 
S2019–140-01). Each patient was told about the study 
and signed the Informed Consent.

Measurements of sarcopenia
Muscle mass
Skeletal muscle mass was determined with body compo-
sition analyzer (Model Inbody770, Seoul Bodi Co., LTD., 
South Korea). Subjects should fast as much as possible 
and metal objects such as necklaces and watches should 
be removed. Bioelectrical impedance analysis was used 
to measure appendicular skeletal muscle mass (ASM) in 
extremities [5]. The skeletal muscle mass index (SMI) was 
calculated with formula: SMI = ASM/  height2.

men over 80 years old. Muscle strength (P < 0.01) and function (P < 0.01) decreased at the same rate with age, both of 
which were more significant than muscle mass (P < 0.01).

Conclusion: AWGS 2019 was highly consistent with other criteria. Maintaining muscle mass should be the focus of 
attention before age 80, while improving muscle strength and function should be focused after age 80 to prevent 
disability.
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Muscle strength
The handgrip strength test was performed using a hand-
held electronic grip meter (JAMAR, Sammons Preston). 
The subjects were instructed to press hard for 3 to 5 sec-
onds until the number stops rising [6]. The handgrip 
strength test was conducted for 3 times and the maxi-
mum value of the dominant hand was recorded. Subjects 
rested for 1 ~ 2 min after each measurement.

Physical function
For the gait speed test, 10 m measuring space was 
reserved and the subjects were instructed to walk the 
whole distance at their daily pace. Timing started at 2 m 
and ended at 8 m [7]. The walking time of 6 m was meas-
ured, and the gait speed was calculated. Walking was per-
mitted while using a walking aid such as a stick or frame.

Diagnostic criteria
In this study, 6 different diagnostic criteria that are cur-
rently most widely used were selected to diagnose sarco-
penia, including the Asian Working Group for Sarcopenia 
(AWGS2014 [8] and AWGS2019 [9]), European Working 
Group on Sarcopenia in Older People (EWGSOP1 [10] 
and EWGSOP2 [11]), the International Working Group 
on Sarcopenia [12] (IWGS) and the Foundation for the 
National Institutes of Health [13] (FNIH). The details of 
these diagnostic criteria are shown in Table 1.

Statistical methods
Statistical analysis was conducted using SPSS 17.0(IBM, 
Chicago, IL). The consistency of AWGS2019 with other 
diagnostic criteria was analyzed by Kappa value, posi-
tive predictive value (PPA), and negative predictive value 
(NPA). Group analysis of low muscle mass (LMM), low 
muscle strength (LMS) and low physical function (LPF) 
was performed according to different diagnostic crite-
ria and ages, and the differences among groups were 
detected by Chi-square test. Linear regression analysis 

was used to assess and compare age-related changes in 
muscle mass, muscle strength, and physical function. In 
order to compare the reduction of the age-related indica-
tors in different age groups, all variables were divided by 
the standard value (cut-off value) and standardized [14]. 
A P-value < 0.05 was considered statistically significant.

Results
Clinical characteristics of participants
The enrolled participants were divided into 60–69 years 
old group (n = 396), 70–79 years old group (n = 365) and 
over 80 years old group (n = 248). The statistical results of 
various measurement indexes (age, height, weight, SMI, 
handgrip strength and gait speed) in all age groups are 
shown in Table  2. The average SMI, handgrip strength 
and gait speed of the total old adults were respectively 
(7.59 ± 0.69) kg/m2, (36.47 ± 8.01) kg and (1.26 ± 0.27) 
m/s. With the increase of age, SMI, handgrip strength 
and gait speed of the old adults showed varying degrees 
of decline.

The incidence of sarcopenia under different diagnostic 
criteria
The old adults were diagnosed with sarcopenia based on 
different criteria, and stratified statistics were carried 
out according to age. According to the diagnostic crite-
ria of AWGS2019, AWGS 2014, EWGSOP2, EWGSOP1, 
IWGS and FNIH, the number of cases diagnosed with 
sarcopenia were 87 cases (8.6%), 60 cases (5.9%), 54 cases 
(5.4%), 123 cases (12.2%), 87 cases (8.6%) and 23 cases 
(2.3%), respectively. The highest number was observed 
under EWGSOP1 criteria and the lowest number was 
found under FNIH criteria. The prevalence of sarcopenia 
increased with age, especially among those over 80 years 
old (Fig. 1). The prevalence of sarcopenia was 0–1.5% in 
60–69 years old group, 0–9.6% in 70–79 years old group 
and 9.3–33.1% in over 80 years old group. In addition, 
there was a remarkable increase in the incidence of 

Table 1 Different diagnostic criteria of  sarcopeniaa

SMI skeletal muscle mass index, AWGS Asian Working Group for Sarcopenia, EWGSOP European Working Group on Sarcopenia in Older People, IWGS the International 
Working Group on Sarcopenia, FNIH the Foundation for the National Institutes of Health
a The cut-off values in the above diagnostic criteria were all males. The cut-off values for females were not listed separately

①Muscle mass (SMI) ②Muscle strength (Handgrip 
strength)

③Physical function (Gait 
speed)

Diagnosis

AWGS2019 < 7.0 kg/m2 < 28 kg < 1 m/s ① + ②/① + ③
EWGSOP2 < 7.0 kg/m2 < 27 kg ≤0.8 m/s ① + ②
AWGS 2014 < 7.0 kg/m2 < 26 kg ≤0.8 m/s ① + ②/① + ③
EWGSOP1 < 7.23 kg/m2 < 30 kg ≤0.8 m/s ① + ②/① + ③
IWGS < 7.23 kg/m2 – < 1 m/s ① + ③
FNIH ALMBMI < 0.789 < 26 kg ≤0.8 m/s ① + ② + ③
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sarcopenia diagnosed by IWGS criteria, second only to 
EWGSOP1 criteria, in those over 80.

Consistency analysis between AWGS 2019 and other 
diagnostic criteria
The AWGS2019 criteria had a wide range of PPA com-
pared with the other five diagnostic criteria, ranging from 
21.8% for FNIH to 83.9% for EWGSOP1 (Table  3). The 
NPA was high in all criteria, with the NPA reaching 100% 
in EWGSOP2 and AWGS 2014. AWGS2019 was highly 
consistent with the other four criteria except FNIH crite-
ria (Kappa = 0.661–0.802, P < 0.001).

Prevalence of LMM, LMS and LPF
The cut-off values of LMM, LMS and LPF were slightly 
different under different diagnostic criteria (Table  1). 
The SMI cut-off value under EWGSOP1 and FNIH cri-
teria was 0.23 kg/m2 higher than that of other criteria, 
and the prevalence of LMM was increased from 17 to 

29% (Table 4). EWGSOP2 reduced the cut-off value of 
grip strength from 30 kg to 27 kg, reduced the preva-
lence of LMS by 7.6%, and reduced the prevalence of 
sarcopenia by 6.8%. Meanwhile, after AWGS2019 
update, the critical value of grip strength was increased 

Table 2 Baseline characteristics of the subjects (N = 1009)

SMI skeletal muscle mass index, FTCST five-time chair stand test, SPPB Short Physical Performance Battery

60–69 years (n = 396) 70–79 years (n = 365) Over 80 years (n = 248) Total (N = 1009)

Age (year) 65.5 ± 2.49 74.7 ± 2.70 86.0 ± 4.69 73.9 ± 8.65

Height (cm) 172.60 ± 5.19 170.84 ± 4.97 168.46 ± 5.45 170.9 ± 5.42

Weight (kg) 74.70 ± 9.60 72.45 ± 9.28 69.07 ± 9.90 72.5 ± 9.80

SMI (kg/m2) 7.82 ± 0.59 7.60 ± 0.64 7.20 ± 0.73 7.59 ± 0.69

Handgrip strength (kg) 40.87 ± 6.65 36.43 ± 6.60 29.51 ± 6.88 36.47 ± 8.01

Gait speed(m/s) 1.41 ± 0.20 1.27 ± 0.21 1.01 ± 0.28 1.26 ± 0.27

FTCST(s) 9.29 ± 2.67 10.70 ± 3.13 13.94 ± 4.56 10.94 ± 3.83

Balance test(s)
 side by side stand 10.00 ± 0.00 10.00 ± 0.00 9.8 ± 1.17 9.9 ± 0.95

 semi-tandem stand 9.94 ± 0.43 9.90 ± 0.57 9.5 ± 1.68 9.81 ± 0.95

 tandem stand 9.48 ± 2.82 9.53 ± 1.55 8.32 ± 2.65 9.21 ± 2.44

SPPB (score) 11.53 ± 0.83 11.23 ± 1.07 9.68 ± 12.61 10.97 ± 1.53

Fig. 1 Comparison of the prevalence of sarcopenia in different age groups under different diagnostic criteria. AWGS: Asian Working Group for 
Sarcopenia; EWGSOP: European Working Group on Sarcopenia in Older People; IWGS: the International Working Group on Sarcopenia; FNIH: the 
Foundation for the National Institutes of Health

Table 3 Analysis of consistency between AWGS 2019 and other 
diagnostic criteria

PPA positive predictive value, NPA negative predictive value, AWGS Asian 
Working Group for Sarcopenia, EWGSOP European Working Group on 
Sarcopenia in Older People, IWGS the International Working Group on 
Sarcopenia, FNIH the Foundation for the National Institutes of Health
* P < 0.001

PPA (%) NPA (%) Kappa value P value

EWGSOP2 62.1 100 0.749 < 0.001*

AWGS 2014 69.0 100 0.802 < 0.001*

EWGSOP1 83.9 94.6 0.661 < 0.001*

IWGS 70.1 97.2 0.673 < 0.001*

FNIH 21.8 99.6 0.321 < 0.001*
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by 2 kg, and the cut-off value of gait speed was also 
increased by 0.2 m/s. The results showed that the inci-
dence of LMS, LPF and sarcopenia increased by 4.5%, 
8.5%, and 2.7%, respectively (Table 4).

Age-related changes of muscle mass, muscle strength 
and physical function
LMM, LMS and LPF were defined by AWGS2019 cri-
teria. With the increase of age, the prevalence of LMM, 
LMS and LPF gradually increased (Fig.  2). The total 

prevalence of LMM was 17%, which was higher than 
that of LMS (14.4%) and that of the LPF (15.9%). The 
prevalence of LMM, LMS and LPF in the group over 
80 years old were respectively 35.9, 39.1 and 46.4%. Mus-
cle strength (β = − 0.004, P < 0.001) and physical func-
tion (β = − 0.02, P < 0.001) decreased faster with age than 
muscle mass (β = − 0.004, P < 0.001) (Fig. 3).

Discussion
At present, a number of international sarcopenia work-
ing groups have issued expert consensus and diagnostic 
criteria. The diagnostic criteria are also constantly being 
updated and improved. We compared the latest crite-
ria of the AWGS2019 with other diagnostic criteria in 
this study, and found that the incidence of sarcopenia 
under different criteria varied from 2.3 to 12.2%, with 
the highest prevalence diagnosed by EWGSOP1 crite-
ria and the lowest prevalence diagnosed by FNIH. Our 
results is accordance with the prevalence of sarcopenia 
reported by current studies (8–50%) [15]. One of the 
main reasons may be that the diagnostic criteria for sar-
copenia are inconsistent. A recent study in South Korea 
investigated 2313 community old adults people aged 
70–84, and found that the prevalence of sarcopenia was 
1.5–21% [16], slightly higher than this study. The average 
age of the subjects was also higher than that in our study. 
Another study in China compared AWGS2019 with other 

Table 4 Prevalence of LMM, LMS and LPF under different 
diagnostic criteria

LMM low muscle mass, LMS low muscle strength, LPF low physical function, 
AWGS Asian Working Group for Sarcopenia, EWGSOP European Working Group 
on Sarcopenia in Older People, IWGS the International Working Group on 
Sarcopenia, FNIH the Foundation for the National Institutes of Health
* P < 0.05

LMM LMS LPF Sarcopenia

AWGS 2019 172 (17.0%) 145 (14.4%) 160 (15.9%) 87 (8.6%)

EWGSOP 2 172 (17.0%) 121 (12%) 75 (7.4%) 54 (5.4%)

AWGS 2014 172 (17.0%) 100 (9.9%) 75 (7.4%) 60 (5.9%)

EWGSOP 1 293 (29.0%) 198 (19.6%) 75 (7.4%) 123 (12.2%)

IWGS 293 (29.0%) – 160 (15.9%) 87 (8.6%)

FNIH 198 (19.6%) 100 (9.9%) 75 (7.4%) 23 (2.3%)

χ2 105.72 58.02 103.86 88.15

P value < 0.001* < 0.001* < 0.001* < 0.001*

Fig. 2 Prevalence of LMM, LMS, and LPF in different age groups. Muscle mass, muscle strength and physical function were assessed by SMI, grip 
strength, and gait speed, respectively. LMM: low muscle mass; LMS: low muscle strength; LPF: low physical function

Fig. 3 Changes of muscle mass, muscle strength and physical function with age. A and B show that muscle mass (assessed by SMI) is not in parallel 
with muscle strength (assessed by grip strength) and function (assessed by gait speed), and the decline of muscle strength and function is more 
significant than the decline of muscle mass. C shows that muscle strength is in parallel with the decline of function. MM: muscle mass; MS: muscle 
strength; PF: physical function

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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diagnostic criteria and found significant difference in 
prevalence, ranging from 18.1% in FNIH criteria to 57.1% 
in EWGSOP1 criteria [17]. The higher prevalence may 
be due to the fact that most of the study subjects lived in 
poor villages in Western China and the medical resources 
were inadequate. They found that the prevalence of sar-
copenia diagnosed by EWGSOP2 was 6.5%, significantly 
lower than EWGSOP1, AWGS 2014, and IWGS (22.3%, 
10.9%, 24.5%), but higher than FNIH (6.0%) [18], which 
was consistent with the results of this study.

We found that AWGS 2019 was highly consistent with 
other criteria except FNIH for the diagnosis of sarco-
penia, with Kappa values as high as 0.802 and 0.749 in 
AWGS 2014 and EWGSOP 2, respectively. The diagnos-
tic consistency between AWGS 2019 and FNIH was the 
worst, possibly because the diagnostic criteria of FNIH 
for sarcopenia were more stringent, requiring simultane-
ous reduction of muscle mass, grip strength and physical 
function, while the cut-off values of the two diagnos-
tic criteria were significantly different. Previous studies 
compared EWGSOP 2 criteria with AWGS, EWGSOP 
1, IWGS and FNIH, respectively, in the old adults in the 
Chinese community, which showed that EWGSOP 2 was 
not consistent with other criteria in the diagnosis of sar-
copenia (Kappa value = 0.159–0.592). The consistency 
with IWGS criteria is the worst [18]. This study showed 
that AWGS 2019 had good diagnostic consistency in our 
study population. However, because the AWGS 2019 cri-
teria were newly revised, further studies are needed for 
verification and improvement.

The revision of diagnostic criteria mainly lies in the 
adjustment of cut-off value, and the main reason for 
the difference in prevalence is the change of cut-off 
value.  Therefore, the analysis of the influence of cut-
off value change on the prevalence of sarcopenia can 
provide a scientific basis for the diagnosis of sarcope-
nia suitable for the old adults in China in the future. 
In the new AWGS 2019, the original threshold for 
SMI (< 7.0 kg/cm2) was retained, but the cut-off value 
for male grip strength was increased from < 26 kg to 
< 28 kg. There has been evidence that the prevalence 
of LMS in male sarcopenia patients was higher (22.1%) 
when the cut-off value of grip strength < 28 kg, com-
pared with when the cut-off value < 26 kg (12.9%) [16]. 
In this study, when the cut-off value increased from 
26 kg to 27 kg, 28 kg and 30 kg, the prevalence of LMS 
increased by 2.1%, 2.4% and 5.2%, respectively. There-
fore, these differences in male prevalence may be 
related to different diagnostic cut-off values for grip 
strength. In addition, in AWGS 2019, the cut-off value 
of LPF increased from≤0.8 m/s to < 1 m/s, and the 
prevalence of LPF can be increased from 5.7 to 23.6% 
[16], which is similar to the results of this study. If the 

cut-off value of gait speed is increased by 0.2 m/s, the 
prevalence could be increased by 8.5%. Therefore, slight 
adjustment of the cut-off value can significantly affect 
the diagnosis of sarcopenia. Due to regional, ethnic 
and national differences, the cut-off values developed 
by various working groups may be not applicable for 
Chinese elder individuals. Therefore, it is particularly 
important to identity the cut-off values suitable for 
the diagnosis of sarcopenia in China, which is also the 
focus of our future research.

With age, muscle strength and function declined 
faster than muscle mass. Under 80 years of age, muscle 
mass decreased more, while muscle strength and func-
tion began to decline rapidly over 80 years of age. Skel-
etal muscle is used to maintain energy consumption 
when other sources of energy are depleted, so reduced 
muscle mass can significantly increase morbidity and 
mortality from otherwise survivable diseases [19]. The 
old adults with LPF and LMS are more vulnerable to 
become disability and frailty. When they face mild 
stress (such as replacement of drugs, minimally inva-
sive surgery, etc.), they are more likely to stay in bed, 
which may induce acute onset of chronic diseases, or 
increase the hospitalization rate and mortality, thus 
leading to further deterioration of muscle strength 
and function, and resulting in a vicious cycle [20–22]. 
Therefore, early targeted intervention measures should 
be given to the old adults with different ages and physi-
cal functions to prevent the occurrence and develop-
ment of sarcopenia.

Another result of this study indirectly confirmed 
that functional decline was more significant in the 
old adults. Compared with EWGSOP1, which had the 
highest prevalence of sarcopenia, IWGS increased the 
functional cut-off value (gait speed < 1 m/s vs ≤0.8 m/s) 
and maintained the same muscle mass cut-off value 
(SMI < 7.23 kg/m2), but the diagnostic prevalence was 
still lower in the old adults under 80 years old, even 
lower than AWGS2019 criteria (SMI < 7.0 kg/m2). This 
may be because muscle mass loss is more common in 
old adults under 80 years old, while the prevalence of 
sarcopenia is relatively low even with increased diag-
nostic cut-off values for low physical function. How-
ever, when the gait speed of the old adults decreased 
significantly after 80 years old, the prevalence of IWGS 
began to increase significantly, which was almost con-
sistent with the prevalence of EWGSOP1.

Conclusions
In this study, it was found that the decline of muscle 
strength and function was more obvious than that of 
muscle mass in the elder male population. Before the 
age of 80, the change of muscle mass should be closely 
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monitored to avoid the reduction of muscle mass. After 
the age of 80, more attention should be paid to functional 
improvement to prevent disability. It suggests that we 
should provide targeted preventive intervention meas-
ures for different ages and functional states of the old 
adults in clinical practice.
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