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Abstract
Objectives: Our	 aim	was	 to	 investigate	 the	prevalence	 and	predictive	 variables	 of	
sarcopenia.
Methods: We	recruited	participants	from	the	Peking	Union	Medical	College	Hospital	
Multicenter	 Prospective	 Longitudinal	 Sarcopenia	 Study	 (PPLSS).	Muscle	mass	was	
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1  | INTRODUC TION

Rapidly ageing populations around the world are experiencing an 
increase	in	muscle	wasting	syndromes.	Sarcopenia	 is	a	progressive	
skeletal	muscle	wasting	disorder	that	is	associated	with	an	increased	
likelihood	 of	 adverse	 outcomes,	 including	 falls,	 fractures,	 physical	
disability and mortality.1	 Sarcopenia	has	been	 formally	 recognized	
as	 a	 muscle	 disease	 with	 an	 ICD-10-MC	Diagnosis	 Code	 in	 some	
countries.2

In	1998,	following	the	recommendation	by	Baumgartner	et	al,3 
sarcopenia	was	defined	with	a	cut-off	of	a	skeletal	muscle	 index	
(SMI;	 appendicular	 skeletal	 muscle	 mass	 [ASM]/height2)	 that	
is	 more	 than	 two	 standard	 deviations	 (SD)	 below	 the	 mean	 for	
young	and	healthy	adults.	Subsequently,	several	regions	including	
Europe,	 USA	 and	 Asia	 incorporated	 decreased	 physical	 perfor-
mance as a diagnostic criterion.4	 In	2010,	the	European	Working	
Group	 on	 Sarcopenia	 in	 Older	 People	 (EWGSOP)	 published	 a	
sarcopenia	 definition	 that	 is	 now	used	worldwide.5	 In	 2014,	 the	
Asian	Working	Group	 on	 Sarcopenia	 (AWGS)	 further	 developed	
the	EWGSOP-based	consensus	by	specifying	cut-off	points	for	the	
diagnostic	variables	in	Asians.6	Based	on	these	criteria,	the	prev-
alence	 of	 sarcopenia	was	 estimated	 to	 be	 11.3%	 in	women	 and	
9.7%	in	men.7	Despite	these	efforts,	reports	on	the	prevalence	of	
sarcopenia	 continue	 to	 vary	widely	 between	 studies	 (10%-50%),	
and	 they	 are	 difficult	 to	 compare	 because	 of	 the	wide	 variance	

depending	on	the	country	of	origin,	the	methods	used	and	the	di-
agnostic criteria.8

Several	factors	can	influence	muscle	mass	and	strength,	including	
muscular	disuse	and	age-related	alterations	in	sex	hormones,	protein	
synthesis,	proteolysis,	neuromuscular	integrity,	endocrine	function,	
nutritional	 balance	 and	 intramuscular	 fat	 content.9	Moreover,	 few	
studies have systematically surveyed the interactions between sar-
copenia	and	all	nutrient	groups	holistically,	and	even	fewer	studies	
focus	on	old	adults.10	Sarcopenia	has	become	the	focus	of	 intense	
research	aiming	to	translate	current	knowledge	about	its	pathophys-
iology	into	improved	diagnosis	and	treatment,	with	particular	inter-
est	in	the	development	of	biomarkers,	nutritional	interventions	and	
drugs	 to	become	part	of	 routine.11	Designing	effective	preventive	
strategies	 that	people	can	apply	during	their	 lifetime	 is	of	primary	
concern.	Hence,	there	is	an	urgent	need	to	collect	and	report	com-
prehensive	data	according	to	the	best	consensus	criteria,	to	deter-
mine	 the	cut-off	points	 for	 the	appropriate	diagnostic	 variables	 in	
Asian	Chinese.

To	 address	 these	 limitations,	 our	 first	 aim	was	 to	determine	 the	
prevalence	of	sarcopenia	in	Asian	Chinese	male	and	female,	using	dif-
ferent	established	diagnostic	criteria	for	skeletal	muscle	mass,	namely	
EWGSOP	and	AWGS.	Secondly,	this	study	aimed	to	evaluate	the	asso-
ciation(s)	between	sarcopenia	and	common	chronic	illnesses,	lifestyle	
factors,	 psychosocial	 well-being	 and	 dietary	 nutrition	 patterns	 (in-
cluding	protein	intake	and	sterol	metabolism),	in	order	to	identify	risk	
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quantified	 using	 bioimpedance,	 and	 muscle	 function	 was	 quantified	 using	 grip	
strength	and	gait	speed.	Logistic	regression	revealed	the	relationships	between	sar-
copenia	and	nutritional,	lifestyle,	disease,	psychosocial	and	physical	variables.
Results: The	prevalence	of	sarcopenia	and	sarcopenic	obesity	was	9.2%-16.2%	and	
0.26%-9.1%,	respectively.	Old	age,	single	status,	undernourishment,	higher	 income,	
smoking,	low	physical	activity,	poor	appetite	and	low	protein	diets	were	significantly	
associated	with	sarcopenia.	Multiple	logistic	regression	analysis	showed	that	age	was	
a	risk	factor	for	all	stages	of	sarcopenia,	and	participants	above	80	years	were	greater	
than	fivefold	more	susceptible	to	sarcopenia,	while	lower	physical	activity	was	an	in-
dependent	risk	factor.	The	optimal	cut-off	value	for	age	was	71	years,	which	departs	
from	the	commonly	accepted	cut-off	of	60	years.	Female	participants	were	greater	
than	twofold	less	susceptible	to	sarcopenia	than	male	participants.	The	sterol	deriva-
tive	25-hydroxyvitamin	D	was	associated	with	fourfold	lower	odds	of	sarcopenia	in	
male	participants.	Several	protein	intake	variables	were	also	correlated	with	sarcope-
nia.	Based	on	these	parameters,	we	defined	a	highly	predictive	index	for	sarcopenia.
Conclusions: Our	findings	support	a	predictive	index	of	sarcopenia,	which	agglomer-
ates	 the	complex	 influences	 that	 sterol	metabolism	and	nutrition	exert	on	male	vs	
female	participants.
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factors	 comprehensively	and	unbiasedly	 for	 sarcopenia.	Thirdly,	 this	
study	aimed	to	ascertain	whether	anthropometric	indicators,	such	as	
hand	grip	strength,	calf	circumference	(CC),	fat	percentage	and	body	
mass	index	(BMI),	can	be	used	to	predict	sarcopenia	in	situations	where	
expensive	diagnosis	equipment	is	unavailable.

2  | MATERIAL S AND METHODS

2.1 | Participants

All	participants	of	 the	study	were	selected	from	the	Peking	Union	
Medical	College	Hospital	(PUMC	Hospital)	Multicenter	Prospective	
Longitudinal	Sarcopenia	Study	(PPLSS),	an	ongoing	nation-wide	in-
terdisciplinary	 cross-sectional	 and	 intervention	 cohort	 study,	 to	
evaluate	changes	in	muscle	mass,	muscle	strength	and	clinical	out-
comes	among	sarcopenic	elderly	persons	in	China.	The	PPLSS	pro-
tocol	was	approved	by	the	Human	Ethics	Committee	of	the	PUMC	
Hospital	(no.	HS889).	This	trial	was	registered	at	clinicaltrials.gov	as	
NCT02873676.

The	 population	 of	 the	 cross-sectional	 study	was	 recruited	 ac-
cording	to	our	PPLSS	selected	criteria.12	Data	from	the	young	adults	
aged	18-44	years	were	used	as	reference	data	to	define	cut-off	val-
ues	for	normal	skeletal	muscle	mass	in	this	study.

2.2 | Diagnostic measures for sarcopenia according 
to different consensus panels

According	to	the	EWGSOP	(2010)	definition,	sarcopenia	was	defined	
as	participants	with	reduced	muscle	mass	(SMI)	and	either	low	mus-
cle	strength	(reflected	by	grip	strength)	or	low	physical	performance	
(walking	speed).5	However,	 in	 its	2019	definition,	EWGSOP2	used	
low	muscle	strength	as	the	primary	parameter	of	sarcopenia.1	In	this	
study,	we	used	three	methods	to	define	sarcopenia,	to	compare	the	
existing	definitions	with	epidemiological	data.1,3,5,6	(a)	Based	on	low	
muscle	mass	alone,	sarcopenia	was	defined	as	the	normal	mean	skel-
etal	muscle	mass	 below	 two	 or	more	 SD	 for	 a	 younger	 reference	
group.3	(b)	The	EWGSOP	(2010)	and	AWGS	(2014)	criteria	defined	
the	cut-off	points	 for	SMI	as	<7.0	kg/m2	 for	men	and	<5.7	kg/m2 
for	women,	the	cut-off	points	for	low	grip	strength	were	<26	kg	for	
men and <18	kg	for	women,	and	the	cut-off	point	for	walking	speed	
was	 ≤0.8	m/s.6	 (c)	 According	 to	 the	 EWGSOP2	 (2019)	 algorithm1,	
the	cut-off	points	for	SMI	were	<7.0	kg/m2	for	men	and	<5.5	kg/m2  
for	women,	the	cut-off	points	for	low	grip	strength	were	<27	kg	for	
men and <16	 kg	 for	women,	 and	 the	 cut-off	 point	 for	 gait	 speed	
≤0.8	m/s.	Pre-sarcopenia	was	defined	as	low	muscle	mass,5 probable 
sarcopenia	was	defined	as	low	muscle	strength,1 and severe sarco-
penia	was	defined	as	the	presence	of	reduced	muscle	mass,	strength	
and	performance.1,5

Muscle	mass	was	measured	by	using	a	segmental	multifrequency	
bioelectrical	 impedance	analysis	 (M-BIA)	 instrument	that	operated	
at	frequencies	of	1,	5,	50,	250,	500	and	1000	kHz	(H-Key350,	Beijing	

Seehigher	Technology	Co.,	Ltd).	Hand	grip	strength	was	measured	
by	using	an	electronic	hand	dynamometer	(CAMRY	MODEL	EH101,	
HaNDCReW).	Physical	function	was	assessed	by	the	average	walk-
ing	speed	over	a	4-m	distance.5	The	details	of	muscle	mass	and	func-
tion	measure	were	referenced	as	our	previous	study	method	part.12

The	 abdominal	 circumference	 (AC)	 was	measured	midway	 be-
tween the lateral lower rib margin and the superior anterior iliac 
crest	at	the	end	of	a	gentle	expiration	phase.	CC	was	measured	on	
the	left	leg	in	a	seated	position	with	the	knee	and	ankle	at	right	an-
gles,	feet	resting	on	the	floor.	Mid-upper	arm	circumference	(MAC)	
was	measured	with	anon-stretchable	measuring	tape	at	a	point	equi-
distant	between	 the	acromion	process	of	 the	 left	 scapula	and	 the	
olecranon	process	of	the	left	ulna.

2.3 | Data collection

Face-to-face	interviews	were	conducted	to	complete	a	standardized,	
structured	questionnaire	 to	obtain	 information.	The	questionnaire	
used	in	the	cross-sectional	study	was	developed	specifically	based	
on	 the	 Korea	 National	 Health	 and	 Nutrition	 Examination	 Survey	
(KNHANES)13 and combined with multidisciplinary expert discus-
sion.	The	 reliability,	 validity	and	acceptability	of	 the	questionnaire	
were	analysed	by	a	pilot	 study.	The	alpha	coefficient	was	0.6,	 the	
recovery	was	96%,	and	the	response	rate	was	95%.	The	time	taken	
to	complete	 the	data	collection	 ranged	 from	18.0	 to	29.0	minutes	
depending	on	the	participant's	capacity	to	complete	measurements,	
with	an	average	of	15.0	± 7.0 minutes across all subjects.

Demographic	characteristics	and	lifestyle	data	were	ascertained	
by	an	 interviewer	who	administered	the	questionnaire	at	baseline.	
Occupations	were	classified	into	several	major	categories	according	
to	labour	intensity	and	level	of	education.	We	defined	participants	
to	have	a	smoking	habit	if	they	had	smoked	more	than	100	cigarettes	
and	still	smoked	one	pack	(20	cigarettes)	at	least	per	month	for	more	
than	6	months.	Alcohol	 intake	was	assessed	by	asking	participants	
whether	 they	were	non-drinkers,	drank	once	a	month,	drank	once	
a	 week	 and	 drank	 every	 day.	 The	 International	 Physical	 Activity	
Questionnaire	(IPAQ)	was	used	to	evaluate	the	level	of	physical	ac-
tivity	for	all	participants.14	The	medical	history,	 including	the	pres-
ence	 of	 diabetes,	 hypertension,	 hyperlipidaemia,	 was	 assessed	 by	
referring	to	the	self-reported	physician's	diagnosis.	Activities	of	daily	
living	were	assessed	using	the	Barthel	 index,15 and nutritional sta-
tus	was	evaluated	using	the	Mini-Nutritional	Assessment	(MNA).16 
Information	on	quality	of	life	was	obtained	using	the	5-dimensional	
EuroQol	(EQ-5D).17	A	trained	interviewer	asked	each	participant	to	
report	the	frequency	and	the	usual	amount	of	consumption	of	each	
food	item	over	the	past	year.

2.4 | Vitamin D and testosterone measurements

Serum	 levels	of	25-hydroxyvitamin	D	 (25OHD,	 including	25OHD2 
and	25OHD3)	and	testosterone	were	measured	at	the	Department	
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of	Clinical	Laboratory	 (PUMC	Hospital,	China).	The	 level	of	 serum	
25OHD	was	measured	 using	 liquid	 chromatography-tandem	mass	
spectrometry	 (LC-MS/MS)	 system	 according	 to	 the	 previous	 re-
ports.18	Total	testosterone	and	sex	hormone	binding	globulin	(SHBG)	
levels were measured using an automated chemiluminescence im-
munoassay	 analyser	 (Beckman	 Coulter	 UniCel	 DXI	 800,	 Beckman	
Coulter)	using	the	corresponding	reagents,	calibration	materials	and	
quality	control	materials.	The	level	of	albumin	(ALB)	was	measured	
using	an	automated	chemistry	analyser	(Beckman	Coulter	AU5800,	
Beckman	Coulter).

2.5 | Data analysis

Data	 were	 analysed	 by	 using	 the	 statistical	 software	 EPIDATA	
3.0.	 Analyses	were	 performed	 by	 using	 SAS21.0.1	 (SAS	 Institute).	
Continuous	variables	were	summarized	as	means	±	SD	or	medians	
(25th,	75th	percentiles),	and	categorical	variables	were	summarized	
as	counts	and	percentages.	Prevalence	was	based	on	a	proportion	
of	 cases	 of	 sarcopenia	 among	 total	 study	 population.	 Subgroup	
analyses	 were	 conducted	 on	 the	 prevalence	 of	 sarcopenia	 based	
on	demographics,	 lifestyle	factors,	and	functional	and	clinical	vari-
ables.	 The	 comparisons	 between	 groups	were	 analysed	 using	 the	
chi-squared	test,	Fisher	exact	test	and	Mann-Whitney	U	test,	where	
appropriate.	We	 performed	 analysis	 of	 covariance	 to	 verify	 inter-
relationships between reduced muscle mass and related changes in 
physical	 function,	and	analysis	of	associations	between	nutritional	
parameters	 and	 BMI	 and	 muscle	 strength	 using	 Spearman's	 rank	
correlation.	Multiple	comparisons	were	made	by	the	Nemenyi	test.	
Conditional	 forward	 stepwise	 multiple	 logistic	 regressions	 were	
used	 to	 analyse	 the	 factors	 associated	with	 the	 risk	 components.	
Most	of	the	variables	were	categorized	into	two	levels	based	on	the	
median,	while	levels	were	subdivided	into	three	levels	based	on	the	
upper	and	lower	quartile,	to	obtain	the	appropriate	likelihood	statis-
tical	power.	The	highest	level	was	regarded	as	the	reference	group.	
The	 models	 included	 demographic	 variables,	 lifestyle	 variables,	
chronic	conditions,	anthropometric	variables,	dietary	and	nutritional	
variables.	Non-significant	variables	were	omitted	from	models	of	the	
multiple	 logistic	 regression	 analyses	 to	 obtain	 the	 odds	 ratio	 (OR)	
and	95%	confidence	interval	 (CI).	Receiver	operating	characteristic	
(ROC)	analysis	was	performed	to	explore	the	cut-off	values	of	AC,	
MAC,	CC,	fat	mass,	hand	grip	strength	and	BMI	for	men	and	women,	
and	to	verify	the	predictive	validity	for	sarcopenia.	To	eliminate	the	
multicollinearity in establishing predictive model at the greatest 
extent,	 correlation	 analysis	 including	 variance	 inflation	 factor,	 tol-
erance,	system	of	eigenvalues	and	Spearman's	rank	correlation	was	
performed	 before	 the	 multivariable	 analysis.	 Conditional	 forward	
stepwise multiple logistic regressions were used again to establish 
the	 predictive	 model.	 Finally,	 Hosmer	 and	 Lemeshow	 tests	 were	
used	 to	 evaluate	 the	 exact	 of	 two	 predictive	models.	Differences	
were	considered	significant	at	P < .05.

For	 sample	 size	 calculations,	 we	 took	 previous	 AWGS-based	
consensus	sarcopenic	prevalence	estimates	of	7.3%	from	a	study	of	

Chinese	participants,19	with	an	error	of	0.15P	and	an	α	 level	of	5%	
for	the	main	variable,	and	it	was	estimated	that	2260	adults	would	be	
required	for	this	study.	With	allowance	for	a	dropout	for	20%,	>2712 
adults	would	meet	the	demand	for	sample	size.

3  | RESULTS

3.1 | Participant inclusion criteria

The	flow	chart	 for	participant	 inclusion	and	exclusion	 in	the	study	
is	shown	in	Figure	1.	In	total,	3586	participants	were	recruited	dur-
ing	the	data	collection,	of	which	211	participants	were	considered	
ineligible	to	participate	(73.5%	subsequently	refused	to	participate	
or	failed	to	obtain	guardian	consent,	7.6%	had	cognitive	dysfunction,	
and	3.8%	had	a	pacemaker).	Of	the	3375	participants	who	finished	
the	 baseline	 examination	 and	 registration	 in	 PPLSS,	 27	 had	 com-
municable	disease,	62	had	 received	major	 surgery	within	 the	past	
6	months,	and	76	were	diagnosed	with	Parkinson's	disease,	rheuma-
tism	or	other	diseases	that	might	influence	the	results	of	the	study.	
Of	these,	3210	participants	had	finished	body	composition	analysis	
and	 physical	 function	 evaluation.	 The	 records	 from	 3090	 partici-
pants	were	eventually	considered	complete,	eligible	and	suitable	for	
further	analysis.

3.2 | Baseline characteristics

The	mean	age	of	study	population	was	69.3	± 7.7 years and ranged 
from	60	 to	94	years.	The	BMI	 ranged	between	15.1	and	43.0	kg/
m2.	Relative	skeletal	muscle	mass	index	(RSMMI)	ranged	from	5.1	to	
9.9	kg/m2	in	male	and	from	2.5	to	8.5	kg/m2	in	female.	The	hand	grip	
strength	ranged	from	9.2	to	67.2	kg	in	male	and	from	5.1	to	56.4	kg	in	
female.	The	walking	speed	was	0.95	±	0.35	m/s.	97.3%	of	the	partici-
pants	were	completely	independent,	1.7%	were	slightly	dependent,	
0.1%	were	moderately	dependent,	and	0.7%	were	severely	depend-
ent.	47.6%	of	the	participants	had	normal	nutritional	status,	49.6%	
were	at	risk	of	malnutrition,	and	2.8%	were	malnourished.

3.3 | Prevalence of sarcopenia and 
sarcopenic obesity

We	considered	three	clinical	definitions	of	sarcopenia	in	our	study:	
(a)	the	Baumgartner	definition,	(b)	the	EWGSOP	and	AWGS	(2014)	
cut-off	points	and	(c)	the	EWGSOP2	(2019)	cut-off	points.	According	
to	 the	 Baumgartner	 definition,	 sarcopenia	 is	 present	 in	 subjects	
whose	muscle	mass	fall	more	than	two	SD	below	the	young	adults’	
mean	values	(Table	1;	41.7	kg	for	male	and	29.8	kg	for	female	in	our	
study	population).	Thus,	8.8%	of	our	study	population	had	sarcope-
nia,	according	to	the	early	Baumgartner	definition.

According	 to	 the	 EWGSOP	 and	 AWGS	 (2014)	 definition	 and	
cut-off	 points,	 sarcopenia	 is	 present	 in	 subjects	 with	 reduced	
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muscle	 mass	 and	 low	muscle	 function	 (strength	 or	 performance).	
Hence,	11.6%	of	our	 study	population	presented	with	 sarcopenia,	
in	which	10.3%	subjects	were	men	and	12.4%	subjects	were	women	
(Table	2).	We	further	observed	that	10.1%	participants	had	pre-sar-
copenia,	and	4.7%	participants	had	severe	sarcopenia.	Men	suffered	
pre-sarcopenia	and	severe	sarcopenia	more	frequently	than	women.	
According	to	the	EWGSOP2	(2019)	cut-off	points,	only	5.7%	of	our	
study population had sarcopenia.

We	also	considered	the	prevalence	of	sarcopenic	obesity	using	
four	different	definitions	of	sarcopenia	 (Table	3).	According	to	 the	
Baumgartner	definition,	 the	prevalence	of	 sarcopenic	obesity	was	
4.1%,	and	5.8%,	 respectively,	based	on	 two	definitions	of	obesity:	
P60	 of	 fat	 percentage	 and	WHO	 reference	 fat	 percentage	 cut-off	
points.20	According	 to	 the	EWGSOP	and	AWGS	 (2014)	definition,	
the	 prevalence	 of	 sarcopenic	 obesity	was	 6.0%,	 and	9.1%	 respec-
tively,	 based	 on	 the	 two	 definitions	 of	 obesity.	 According	 to	 the	

EWGSOP2	 (2019)	definition,	 the	prevalence	of	sarcopenic	obesity	
was	3.6%,	and	5.8%,	respectively.	The	prevalence	of	sarcopenic	obe-
sity,	as	defined	by	BMI,	approached	zero	in	both	male	and	female,	
suggesting	that	BMI	might	not	be	appropriate	for	defining	sarcope-
nic	obesity.	The	most	 robust	definition	 for	 sarcopenic	obesity	 ap-
peared	to	be	based	on	body	fat	percentage,	 ranging	 from	3.6%	to	
9.1%	for	various	definitions	of	sarcopenia.	The	EWGSOP	and	AWGS	
(2014)	definition	gave	 the	highest	percentage	of	participants	with	
sarcopenic obesity.

3.4 | Demographic risk factors for sarcopenia

We	 chose	 the	 EWGSOP	 and	 AWGS	 (2014)	 definition	 for	 further	
analysis	of	the	risk	factors	for	sarcopenia,	because	its	cut-off	points	
have	been	optimized	with	Asians	and	could	most	robustly	 identify	

F I G U R E  1  Flow	chart	of	participants	
in	the	study.	Samples	for	this	study	were	
enrolled	from	the	Peking	Union	Medical	
College	Hospital	(PUMCH)	Multicenter	
Prospective	Longitudinal	Sarcopenia	
Study	(PPLSS).	All	samples	selected	
were based on the relevant inclusion and 
exclusion criteria at every step



6 of 28  |     LI et aL.

TA
B

LE
 1

 
Ba
se
lin
e	
ch
ar
ac
te
ris
tic
s	
in
	s
tu
dy
	p
op
ul
at
io
n

Yo
un

g 
ad

ul
ts

M
id

dl
e-

ag
e 

ad
ul

ts
El

de
rly

 a
du

lts

P 
va

lu
eb  

P 
va

lu
ec  

P 
va

lu
ed  

P va
lu

ee  
M

al
e

Fe
m

al
e

P 
va

lu
ea  

M
al

e
Fe

m
al

e
P 

va
lu

e
M

al
e

Fe
m

al
e

P 
va

lu
e

N
	(%
)

41
0	
(4
3.
2)

53
9	
(5
6.
8)

18
6	
(3
0.
3)

42
7	
(6
9.
7)

59
2	
(3
8.
74
)

93
6	
(6
1.
26
)

A
ge
	(y
ea
rs
)

27
.7

 ±
	6
.6
4

30
.4

 ±
	6
.4
3

<
.0

01
53

.3
 ±

 4
.0

3
53

.1
 ±

 3
.8

8
.4

3
69
.6
	±

 7
.8

2
69
.1
	±
	7
.6
4

.1
5

<
.0

01
*

Ed
uc
at
io
n	
le
ve
l,	
n	
(%
)

M
as
te
r	o
r	a
bo
ve

65
	(1
5.
9)

96
	(1
7.
8)

<
.0

01
15
	(8
.1
)

11
	(2
.6
)

<
.0

01
10
	(1
.7
)

17
	(1
.8
)

.0
01

<
.0

01
**

<
.0

01
<

.0
01

<
.0

01

Ba
ch
el
or
	o
r	J
un
io
r	

co
lle

ge
18
8	
(4
5.
9)

37
9	
(7
0.
3)

48
	(2
5.
8)

16
8	
(3
9.
3)

13
6	
(2
3.
0)

15
2	
(1
6.
2)

H
ig
h	
or
	s
ec
on
da
ry
	

sc
ho

ol
12
7	
(3
1.
0)

41
	(7
.1
)

64
	(3
4.
4)

15
9	
(3
7.
2)

11
4	
(1
9.
3)

21
0	
(2
2.
4)

Ju
ni
or
	m
id
dl
e	
sc
ho
ol

28
	(6
.8
)

17
	(3
.2
)

50
	(2
6.
9)

74
	(1
7.
3)

22
4	
(3
7.
8)

30
0	
(3
2.
1)

Pr
im
ar
y	
sc
ho
ol
	o
r	

lo
w

er
2	
(0
.5
)

6	
(1
.1
)

9	
(4
.8
)

15
	(3
.5
)

10
8	
(1
8.
2)

25
7	
(2
7.
5)

Li
vi
ng
	s
itu
at
io
n,
	n
	(%
)

Li
vi
ng
	w
ith
	th
re
e	

ge
ne

ra
tio

ns
82
	(2
0.
0)

17
4	
(3
2.
5)

<
.0

01
22
	(1
1.
8)

36
	(8
.5
)

.2
0

32
(5
.4
)

52
(5
.6
)

.0
32

<
.0

01
<

.0
01

<
.0

01
<

.0
01

Li
vi
ng
	w
ith
	s
po
us
e	

an
d	
ki
ds

54
	(1
3.
2)

13
0	
(2
4.
3)

74
	(3
9.
8)

15
2	
(3
5.
8)

13
3	
(2
2.
5)

21
0	
(2
2.
4)

Li
vi
ng
	w
ith
	p
ar
en
ts

19
	(4
.6
)

13
	(2
.4
)

8	
(4
.3
)

10
(2
.4
)

16
	(2
.7
)

51
	(5
.4
)

Li
vi
ng
	w
ith
	s
po
us
e

36
	(8
.8
)

21
9	
(5
3.
3)

71
	(3
8.
2)

19
5	
(4
5.
9)

31
4	
(5
3.
0)

45
1	
(4
8.
2)

A
lo
ne

69
	(1
2.
9)

14
9	
(2
7.
9)

11
	(5
.9
)

32
	(7
.5
)

97
	(1
6.
4)

17
2	
(1
8.
4)

W
or
ki
ng
	ty
pe
,	n
	(%
)

Re
la
tiv
e	
hi
gh
-in
te
ns
ity

19
8	
(4
8.
3)

8	
(1
.5
)

<
.0

01
1	
(0
.5
)

2	
(0
.5
)

1.
0

12
	(2
.0
)

11
	(1
.2
)

.1
8

<
.0

01
<

.0
01

<
.0

01
.0

54

Re
la
tiv
e	
lo
w
-in
te
ns
ity

21
2	
(5
1.
7)

53
1	
(9
8.
5)

18
5	
(9
9.
5)

42
5	
(9
9.
5)

58
0	
(9
8.
0)

92
5	
(9
8.
8)

In
co
m
e,
	n
	(%
)

M
or
e	
th
an
	$
73
2.
12

87
	(2
1.
2)

18
4	
(3
4.
1)

<
.0

01
31
	(1
6.
7)

98
	(2
3.
0)

.0
39

86
	(1
4.
5)

76
	(8
.1
)

<
.0

01
<

 .0
01

<
.0

01
<

.0
01

<
.0

01

$5
85
.6
9-
$7
32
.1
2

91
	(2
2.
2)

80
	(1
4.
8)

32
	(1
7.
2)

60
	(1
4.
1)

10
0	
(1
6.
9)

13
6	
(1
4.
5)

$4
39
.2
7-
$5
85
.6
9

10
2	
(2
4.
9)

94
	(1
7.
4)

23
	(1
2.
4)

76
	(1
7.
8)

12
6	
(2
1.
3)

19
2	
(2
0.
5)

$2
92
.8
5-
$4
39
.2
7

48
	(1
1.
7)

81
	(1
5.
0)

64
	(3
4.
4)

14
0	
(3
2.
8)

16
8	
(2
8.
4)

30
1	
(3
2.
2)

Le
ss
	th
an
	$
29
2.
85

82
	(2
0.
0)

10
0	
(1
8.
6)

36
	(1
9.
40
)

53
	(1
2.
4)

11
2	
(1
8.
9)

23
1	
(2
4.
7)

M
ar
ita
l	s
ta
tu
s,
	n
	(%
)

M
ar
rie
d

19
9	
(4
8.
5)

33
3	
(6
1.
8)

<
.0

01
17
0	
(9
1.
4)

38
3	
(8
9.
7)

.7
2

49
5	
(8
3.
6)

67
3	
(7
1.
9)

<
.0

01
<

 .0
01

<
.0

01
<

.0
01

<
.0

01

Se
pa
ra
te
d

20
7	
(5
0.
5)

19
9	
(3
6.
9)

3	
(1
.6
)

10
	(2
.3
)

13
	(2
.2
)

28
	(3
.0
)

D
iv
or
ce
d

4	
(1
.0
)

3	
(0
.9
)

5	
(2
.7
)

18
	(4
.2
)

7	
(1
.2
)

22
	(2
.4
)

W
id
ow
ed

0
2	
(0
.4
)

8	
(4
.3
)

16
	(3
.7
)

76
	(1
2.
8)

21
3	
(2
2.
8)

(C
on
tin
ue
s)



     |  7 of 28LI et aL.

Yo
un

g 
ad

ul
ts

M
id

dl
e-

ag
e 

ad
ul

ts
El

de
rly

 a
du

lts

P 
va

lu
eb  

P 
va

lu
ec  

P 
va

lu
ed  

P va
lu

ee  
M

al
e

Fe
m

al
e

P 
va

lu
ea  

M
al

e
Fe

m
al

e
P 

va
lu

e
M

al
e

Fe
m

al
e

P 
va

lu
e

Sm
ok
in
g,
	n
	(%
)

N
ev
er

20
5	
(5
0.
0)

53
5	
(9
9.
3)

<
.0

01
89
	(4
7.
8)

41
1	
(9
6.
3)

<
.0

01
30
9	
(5
5.
6)

90
0	
(9
6.
2)

<
.0

01
<

 .0
01

<
 .0

01
<

 .0
01

.0
06

Fo
rm
er

15
	(3
.7
)

1	
(0
.2
)

21
	(1
1.
3)

8	
(1
.9
)

11
7	
(1
9.
8)

11
	(1
.2
)

C
ur
re
nt

19
0	
(4
6.
3)

3	
(0
.6
)

76
	(4
0.
9)

8	
(1
.9
)

14
6	
(2
4.
7)

25
	(2
.7
)

A
lc
oh
ol
	d
rin
ki
ng
,	n
	(%
)

N
ev
er

19
0	
(4
6.
3)

46
2	
(8
5.
7)

<
.0

01
80
	(4
3.
0)

36
2	
(8
4.
8)

<
.0

01
37
5	
(6
3.
3)

87
5	
(9
3.
5)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

O
nc

e 
or

 tw
ic

e 
a 

m
on

th
74
	(1
8.
1)

53
	(9
.8
)

23
	(1
2.
4)

29
	(6
.8
)

38
	(6
.4
)

26
	(2
.8
)

O
nc
e	
or
	tw
ic
e	
a	
w
ee
k

11
9	
(2
9.
0)

18
	(3
.3
)

44
	(2
3.
7)

29
	(6
.8
)

10
1	
(1
7.
1)

25
	(2
.7
)

A
lm
os
t	e
ve
ry
	d
ay

27
	(6
.6
)

6	
(1
.1
)

39
	(2
1.
0)

7	
(1
.6
)

79
	(1
3.
3)

10
	(1
.1
)

C
om
or
bi
di
tie
s,
	n
	(%
)

H
yp
er
te
ns
io
n

6	
(2
.2
)

9	
(2
.4
)

.8
2

35
	(3
6.
1)

75
	(2
4.
1)

.0
2

17
3	
(2
9.
2)

32
8	
(3
5.
0)

.8
9

<
.0

01
<

.0
01

<
.0

01
<

.0
01

H
yp
er
lip
id
em
ia

10
	(3
.6
)

22
	(6
.0
)

.1
7

22
	(2
2.
7)

84
	(2
7.
0)

.4
0

81
	(1
3.
7)

24
4	
(2
6.
1)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.1
5

C
or
on
ar
y	
he
ar
t	

di
se

as
e

0
3	
(0
.8
)

.2
6

14
	(1
4.
4)

21
	(8
.8
)

.0
18

82
	(1
3.
9)

15
9	
(1
7.
0)

.9
2

<
.0

01
<

.0
01

<
.0

01
<

.0
01

D
ia
be
te
s

1	
(0
.2
)

7	
(1
.3
)

.1
5

17
	(9
.1
)

50
	(1
1.
7)

.3
5

98
	(1
6.
6)

17
6	
(1
4.
4)

.2
6

<
.0

01
<

.0
01

<
.0

01
<

.0
01

O
st

eo
ar

th
rit

is
2	
(0
.7
)

10
	(2
.7
)

.0
64

6	
(6
.2
)

50
	(1
6.
1)

.0
13

40
	(6
.8
)

17
6	
(1
8.
8)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.0
05

O
st

eo
po

ro
si

s
4	
(1
.0
)

5	
(0
.9
)

1.
0

7	
(3
.8
)

62
	(1
4.
5)

<
.0

01
60
	(1
1.
1)

21
7	
(2
3.
2)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

Fr
ac
tu
re

18
	(4
.4
)

13
	(2
.4
)

.0
89

15
	(8
.1
)

36
	(8
.4
)

.8
8

36
	(6
.1
)

12
1	
(1
2.
9)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.1
7

Re
sp

ira
to

ry
 d

is
ea

se
4	
(1
.4
)

9	
(2
.4
)

.3
7

4	
(4
.1
)

17
	(5
.5
)

.7
9

27
	(4
.6
)

47
	(5
.0
)

.6
8

<
.0

01
.0

05
<

.0
01

.2
7

C
an
ce
r

2	
(0
.5
0)

1	
(0
.2
)

.5
8

7	
(3
.8
)

13
	(3
.0
)

.6
5

26
	(4
.4
)

32
	(3
.4
)

.3
3

<
.0

01
<

.0
01

<
.0

01
.5

3

D
ig
es
tiv
e	
di
se
as
e

9	
(3
.3
)

24
	(6
.5
)

.0
63

6	
(6
.2
)

25
	(8
.0
)

.5
5

35
	(5
.9
)

84
	(9
.0
)

.2
3

<
.0

01
.0

99
<

.0
01

.0
54

Re
na
l	d
ys
fu
nc
tio
n

1	
(0
.4
)

1	
(0
.3
)

1.
0

4	
(4
.1
)

8	
(2
.6
)

.4
9

24
	(4
.1
)

40
	(4
.3
)

.5
8

<
.0

01
<

.0
01

<
.0

01
.0

24

H
ep
at
ic
	d
ys
fu
nc
tio
n

11
	(4
.0
)

4	
(1
.1
)

.0
16

5	
(5
.2
)

8	
(2
.6
)

.2
0

11
	(1
.9
)

33
	(3
.5
)

.1
8

.1
7

.4
0

.0
63

.4
7

N
ut
rit
io
n	
st
at
us
,	n
	(%
)

M
al
nu
tr
iti
on
	ri
sk

17
0	
(4
1.
6)

33
9	
(6
3.
0)

<
.0

01
95
	(5
1.
1)

20
1	
(4
7.
6)

.0
45

22
6	
(3
8.
2)

41
3	
(4
4.
1)

.0
12

.0
21

.0
06

.0
8

.1
5

M
al
nu
tr
iti
on

6	
(1
.5
)

11
	(2
.0
)

0
8	
(1
.9
)

26
	(4
.4
)

22
	(2
.4
)

A
pp
et
ite
,	n
	(%
)

St
ro
ng

16
5(
40
.2
)

22
9(
42
.5
)

.2
3

68
(3
6.
6)

14
3(
33
.5
)

.3
2

18
9(
31
.9
)

25
3(
27
.0
)

.0
98

<
.0

01
.0

1
<

.0
01

.0
37

G
en
er
al

24
3(
59
.3
)

30
4(
56
.4
)

11
7(
62
.9
)

27
5(
64
.4
)

38
9(
65
.7
)

66
5(
71
.0
)

Po
or

1(
0.
2)

6(
1.
1)

1(
0.
5)

8(
1.
9)

13
(2
.2
)

18
(1
.9
)

Fi
sh
	fr
eq
ue
nc
y

TA
B

LE
 1

 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



8 of 28  |     LI et aL.

Yo
un

g 
ad

ul
ts

M
id

dl
e-

ag
e 

ad
ul

ts
El

de
rly

 a
du

lts

P 
va

lu
eb  

P 
va

lu
ec  

P 
va

lu
ed  

P va
lu

ee  
M

al
e

Fe
m

al
e

P 
va

lu
ea  

M
al

e
Fe

m
al

e
P 

va
lu

e
M

al
e

Fe
m

al
e

P 
va

lu
e

A
lm
os
t	e
ve
ry
da
y

28
(6
.8
)

23
(4
.3
)

.0
51

14
(7
.5
)

25
(5
.9
)

.0
42

24
(4
.1
)

41
(4
.4
)

.1
2

<
.0

01
.0

13
<

.0
01

.1
7

Le
ss
	o
nc
e	
ev
er
y	
w
ee
k

34
2(
83
.4
)

44
4(
82
.4
)

13
3(
71
.5
)

34
3(
80
.5
)

44
1(
75
.0
)

73
7(
78
.9
)

N
on
e

38
(9
.3
)

71
(1
3.
2)

39
(2
1.
0)

58
(1
3.
6)

12
3(
20
.9
)

15
6(
16
.7
)

Po
ul
tr
y	
fr
eq
ue
nc
y

A
lm
os
t	e
ve
ry
da
y

12
8(
31
.2
)

10
4(
19
.3
)

<
.0

01
10
(5
.4
)

33
(7
.7
)

.5
5

62
(1
0.
5)

76
(8
.1
)

.2
6

<
.0

01
<

.0
01

<
.0

01
.1

4

Le
ss
	o
nc
e	
ev
er
y	
w
ee
k

26
4(
64
.4
)

38
9(
72
.2
)

14
5(
78
.0
)

32
0(
75
.1
)

43
5(
74
.0
)

70
2(
75
.2
)

N
on
e

16
(3
.9
)

45
(8
.4
)

31
(1
6.
7)

73
(1
3.
1)

91
(1
5.
5)

15
6(
16
.7
)

M
ea
t	f
re
qu
en
cy

A
lm
os
t	e
ve
ry
da
y

29
6(
72
.2
)

28
7(
53
.3
)

<
.0

01
11
8(
63
.4
)

20
6(
48
.4
)

.0
03

29
7(
50
.5
)

39
4(
42
.2
)

.0
06

<
.0

01
.0

03
<

.0
01

.0
01

Le
ss
	o
nc
e	
ev
er
y	
w
ee
k

10
1(
24
.6
)

22
5(
41
.7
)

59
(3
1.
7)

18
7(
43
.9
)

25
1(
42
.7
)

46
5(
49
.8
)

N
on
e

11
(2
.7
)

26
(4
.8
)

9(
4.
8)

33
(7
.7
)

40
(6
.8
)

75
(8
.0
)

M
ilk
	fr
eq
ue
nc
y

A
lm
os
t	e
ve
ry
da
y

12
2	
(2
9.
8)

19
8	
(3
6.
7)

.0
34

35
	(1
8.
8)

17
2	
(4
0.
4)

<
.0

01
22
9	
(3
8.
9)

45
1	
(4
8.
3)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

A
lm
os
t	e
ve
ry
	w
ee
k

20
2	
(4
9.
3)

22
3	
(4
1.
4)

50
	(2
6.
9)

12
4	
(2
9.
1)

12
6	
(2
1.
4)

19
9	
(2
1.
3)

N
on
e

84
	(2
0.
5)

11
7	
(2
1.
7)

10
1	
(5
4.
3)

13
0	
(3
0.
5)

23
3	
(3
9.
6)

28
4	
(3
0.
4)

D
ai
ry
	p
ro
du
ct

M
ilk

25
3	
(6
1.
7)

25
3	
(4
6.
9)

<
.0

01
62
	(3
3.
3)

21
0	
(4
9.
3)

<
.0

01
29
5	
(5
0.
2)

49
3	
(5
2.
8)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

Yo
gu
rt

66
	(6
.1
)

15
3	
(2
8.
4)

20
	(1
0.
8)

74
	(1
7.
4)

49
	(8
.3
)

14
1	
(1
5.
1)

C
he
es
e

15
	(3
.7
)

34
	(6
.3
)

11
	(5
.9
)

21
	(4
.9
)

20
	(3
.4
)

33
	(3
.5
)

Po
w
de
r

2	
(0
.5
)

6	
(1
.1
)

2	
(1
.1
)

7	
(1
.6
)

6	
(1
.0
)

13
	(1
.4
)

N
on
e

72
	(1
7.
6)

92
	(1
7.
1)

91
	(4
8.
9)

11
4	
(2
6.
8)

21
8	
(3
7.
1)

25
4	
(2
7.
2)

Be
an
	fr
eq
ue
nc
y

A
lm
os
t	e
ve
ry
da
y

19
8	
(4
8.
3)

19
2	
(3
5.
6)

<
.0

01
73
	(3
9.
2)

15
0	
(3
5.
2)

.6
3

22
8	
(3
8.
8)

29
4	
(3
1.
5)

.0
13

.0
01

.1
1

<
 .0

01
.1

4

Le
ss
	o
nc
e	
ev
er
y	
w
ee
k

18
8	
(4
5.
9)

30
5	
(5
6.
6)

98
	(5
2.
7)

23
9	
(5
6.
1)

30
0	
(5
1.
0)

52
8	
(5
6.
5)

N
on
e

22
	(5
.4
)

41
	(7
.6
)

15
	(8
.1
)

37
	(8
.7
)

60
	(1
0.
2)

11
2	
(1
2.
0)

N
ut
	fr
eq
ue
nc
y

A
lm
os
t	e
ve
ry
da
y

32
	(7
.8
)

90
	(1
6.
7)

<
.0

01
30
	(1
6.
1)

13
5	
(3
1.
7)

<
.0

01
13
4	
(2
2.
7)

32
4	
(3
4.
7)

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

Le
ss
	o
nc
e	
ev
er
y	
w
ee
k

19
8	
(4
8.
3)

29
1	
(5
4.
0)

83
	(4
4.
6)

16
5	
(3
8.
7)

17
1	
(2
9.
0)

29
1	
(3
1.
2)

N
on
e

17
8	
(4
3.
4)

15
7	
(2
9.
1)

73
	(3
9.
2)

12
6	
(2
9.
6)

28
5	
(4
8.
3)

31
9	
(3
4.
2)

Pr
ot
ei
n	
in
ta
ke
	(g
/d
ay
)

To
ta
l	p
ro
te
in

58
.2

8 
±

 2
1.

98
46
.5
8	

±
 1

5.
43

<
.0

01
45

.2
0 

±
 1

8.
00

45
.7

3 
±
	1
6.
42

.6
1

46
.1
3	

±
 1

7.
73

44
.0

4 
±

 1
4.

27
.0

9
<

.0
01

<
.0

01
<

.0
01

.5
1

A
ni
m
al
	p
ro
te
in

32
.0

1 
±

 1
8.

72
23

.2
3 

±
	1
2.
36

<
.0

01
20
.6
0	

±
 1

2.
31

22
.1

1 
±

 1
0.

97
.0

13
21

.4
4 

±
 1

1.
89

21
.0

5 
±

 1
0.

32
.9

9
<

.0
01

<
.0

01
<

.0
01

.6
4

TA
B

LE
 1

 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



     |  9 of 28LI et aL.

Yo
un

g 
ad

ul
ts

M
id

dl
e-

ag
e 

ad
ul

ts
El

de
rly

 a
du

lts

P 
va

lu
eb  

P 
va

lu
ec  

P 
va

lu
ed  

P va
lu

ee  
M

al
e

Fe
m

al
e

P 
va

lu
ea  

M
al

e
Fe

m
al

e
P 

va
lu

e
M

al
e

Fe
m

al
e

P 
va

lu
e

Ve
ge
ta
bl
e	
pr
ot
ei
n

27
.9

8 
±

 1
2.

14
23
.6
7	

±
	9
.4
6

<
.0

01
24

.8
1 

±
	1
0.
96

23
.8

5 
±

 1
0.

35
.4

4
24

.7
3 

±
	1
0.
56

23
.1

1 
±

 8
.4

5
.0

07
.0

01
.0

11
<

 .0
01

.8
4

G
ra
in
	in
ta
ke
	(g
/d
ay
)

≥3
00
	g

12
2	
(2
9.
8)

63
	(1
1.
7)

<
.0

01
56
	(3
0.
1)

54
	(1
2.
7)

<
.0

01
13
3	
(2
2.
6)

13
2	
(1
4.
1)

<
.0

01
.0

01
.2

8
<

.0
01

.1
3

20
0-
30
0	
g

12
1	
(2
9.
5)

15
4	
(2
8.
6)

54
	(2
9.
0)

15
2	
(3
5.
7)

22
1	
(3
7.
6)

33
8	
(3
6.
2)

10
0-
20
0	
g

13
0	
(3
1.
7)

20
7	
(3
8.
4)

49
	(2
6.
3)

16
0	
(3
7.
6)

17
2	
(2
9.
3)

36
1	
(3
8.
7)

<
10

0 
g

35
	(8
.5
)

11
4	
(2
1.
2)

27
	(1
4.
5)

60
	(1
4.
1)

62
	(1
0.
5)

10
2	
(1
0.
9)

Fi
sh
	in
ta
ke
	(g
/m
ea
l)

≥1
50
	g

11
0	
(2
6.
8)

10
2	
(1
8.
9)

.0
28

42
	(2
2.
6)

77
	(1
8.
1)

.0
97

80
	(1
3.
6)

11
6	
(1
2.
4)

.1
5

<
.0

01
.3

3
<

.0
01

.0
01

10
0-
15
0	
g

10
3	
(2
5.
1)

13
9	
(2
5.
8)

38
	(2
0.
4)

11
2	
(2
6.
3)

12
2	
(2
0.
7)

22
6	
(2
4.
2)

50
-1
00
	g

11
1	
(2
7.
1)

16
9	
(3
1.
4)

50
	(2
6.
9)

13
6	
(3
1.
9)

19
3	
(3
2.
8)

32
8	
(3
5.
1)

0 
g

84
	(2
0.
5)

12
8	
(2
3.
8)

56
	(3
0.
1)

10
1	
(2
3.
7)

19
3	
(3
2.
8)

26
4	
(2
8.
3)

M
ea
t	i
nt
ak
e	
(g
/m
ea
l)

≥1
50
	g

89
	(2
1.
7)

51
	(9
.5
)

<
.0

01
20
	(1
0.
8)

36
	(8
.5
)

.4
3

.1
6

<
.0

01
<

.0
01

<
.0

01
<

.0
01

10
0-
15
0	
g

12
6	
(3
0.
7)

14
5	
(2
6.
9)

38
	(2
0.
4)

87
	(2
0.
4)

17
2	
(2
9.
4)

23
3	
(2
4.
9)

50
-1
00
	g

13
7	
(3
3.
4)

19
4	
(3
6.
0)

74
	(3
9.
8)

15
3	
(3
5.
9)

20
1	
(3
4.
3)

32
8	
(3
5.
1)

0 
g

56
	(1
3.
7)

14
8	
(2
7.
5)

54
	(2
9.
0)

15
0	
(3
5.
2)

18
1	
(3
0.
9)

32
9	
(3
5.
2)

Po
ul
tr
y	
in
ta
ke
	(g
/m
ea
l)

≥1
50
	g

10
2	
(2
4.
9)

68
	(1
2.
6)

<
.0

01
24
	(1
2.
9)

41
	(9
.6
)

.2
6

43
	(7
.3
)

50
	(5
.4
)

.3
4

<
.0

01
<

.0
01

<
.0

01
.0

02

10
0-
15
0	
g

12
9	
(3
1.
5)

16
3	
(3
0.
2)

46
	(2
4.
7)

10
1	
(2
3.
7)

13
5	
(2
3.
0)

22
3	
(2
3.
9)

50
-1
00
	g

13
0	
(3
1.
7)

19
2	
(3
5.
6)

56
	(3
0.
1)

16
1	
(3
7.
8)

24
7	
(4
2.
0)

37
9	
(4
0.
6)

0 
g

47
	(1
1.
5)

11
5	
(2
1.
3)

60
	(3
2.
3)

12
3	
(2
8.
9)

16
3	
(2
7.
7)

28
2	
(3
0.
2)

Ve
ge
ta
bl
e	
in
ta
ke
	(g
/d
)

≥5
00
	g

87
	(2
1.
22

11
0	
(2
0.
41
)

.0
08

64
	(3
4.
4)

12
7	
(2
9.
8)

.0
56

15
9	
(2
7.
0)

26
9	
(2
8.
8)

.2
5

<
.0

01
<

.0
01

<
.0

01
.4
6

25
0-
50
0	
g

17
7	
(4
3.
17
)

20
4	
(3
7.
85
)

65
	(3
4.
9)

18
3	
(4
3.
0)

26
3	
(4
4.
7)

39
1	
(4
1.
9)

<
25

0 
g

11
5	
(2
8.
05
)

20
2	
(3
7.
48
)

48
	(2
5.
8)

10
9	
(2
5.
6)

14
9	
(2
5.
3)

25
6	
(2
7.
4)

0 
g

29
	(7
.0
7)

22
	(4
.0
8)

9	
(4
.8
)

7	
(1
.6
)

18
	(3
.1
)

17
	(1
.8
)

Be
an
	in
ta
ke
	(g
/m
ea
l)

≥1
50
g

24
	(5
.8
5)

39
	(7
.2
4)

.3
9

20
	(1
0.
8)

47
	(1
1.
0)

.7
4

43
	(7
.3
)

54
	(5
.8
)

.1
1

<
.0

01
.0

2
.0

01
<

.0
01

10
0-
15
0g

11
0	
(2
6.
83
)

14
9	
(2
7.
64
)

45
	(2
4.
2)

12
1	
(2
8.
4)

21
1	
(3
5.
9)

30
1	
(3
2.
3)

50
-1
00
g

14
2	
(3
4.
63
)

20
2	
(3
7.
48
)

70
	(3
7.
6)

14
9	
(3
5.
0)

19
7	
(3
3.
5)

36
7	
(3
9.
3)

0g
13
2	
(3
2.
2)

14
8	
(2
7.
46
)

51
	(2
7.
4)

10
9	
(2
5.
6)

13
7	
(2
3.
3)

21
1	
(2
2.
6)

N
ut
	in
ta
ke
	(g
/t
im
e)

TA
B

LE
 1

 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



10 of 28  |     LI et aL.

Yo
un

g 
ad

ul
ts

M
id

dl
e-

ag
e 

ad
ul

ts
El

de
rly

 a
du

lts

P 
va

lu
eb  

P 
va

lu
ec  

P 
va

lu
ed  

P va
lu

ee  
M

al
e

Fe
m

al
e

P 
va

lu
ea  

M
al

e
Fe

m
al

e
P 

va
lu

e
M

al
e

Fe
m

al
e

P 
va

lu
e

≥5
0g

75
	(1
8.
29
)

68
	(1
2.
62
)

<
.0

01
35
	(1
8.
8)

65
	(1
5.
3)

.0
19

69
	(1
1.
7)

97
	(1
0.
4)

<
.0

01
.0

01
.2

.0
06

.0
01

20
-5
0g

96
	(2
3.
41
)

15
2	
(2
8.
2)

45
	(2
4.
2)

14
1	
(3
3.
1)

13
2	
(2
2.
4)

28
6	
(3
0.
6)

<
20

g
58
	(1
4.
15
)

16
2	
(3
0.
06
)

32
	(1
7.
2)

94
	(2
2.
1)

10
0	
(1
6.
9)

23
2	
(2
4.
8)

0g
17
8	
(4
3.
41
)

15
6	
(2
8.
94
)

74
	(3
9.
8)

12
6	
(2
9.
6)

28
9	
(4
9.
0)

31
9	
(3
4.
2)

Sa
lt	
in
ta
ke
	(g
/d
ay
)

<
3 

g
28
	(6
.8
3)

52
	(9
.6
5)

<
.0

01
16
	(8
.6
)

41
	(9
.6
)

.0
02

53
	(9
.0
)

12
2	
(1
3.
1)

.0
12

<
.0

01
<

.0
01

<
.0

01
<

.0
01

3-
5	
g

10
5	
(2
5.
61
)

22
2	
(4
1.
19
)

50
	(2
6.
9)

16
5	
(3
8.
7)

24
6	
(4
1.
7)

41
7	
(4
4.
6)

5-
8	
g

11
1	
(2
7.
07
)

19
4	
(3
5.
99
)

78
	(4
1.
9)

16
9	
(3
9.
7)

20
2	
(3
4.
2)

28
8	
(3
0.
8)

>
8 

g
16
4	
(4
0)

70
	(1
2.
99
)

42
	(2
2.
6)

51
	(1
2.
0)

89
	(1
5.
1)

10
7	
(1
1.
5)

C
af
fe
in
e	
dr
in
ki
ng

Ye
s

22
3	
(5
4.
4)

31
4	
(5
8.
3)

.2
5

91
	(4
8.
9)

20
9	
(4
9.
1)

.9
8

33
1	
(5
6.
1)

63
8	
(6
8.
3)

<
.0

01
<

.0
01

.0
03

.0
01

<
.0

01

N
o

18
5	
(4
5.
1)

22
4	
(4
1.
6)

95
	(5
1.
1)

21
7	
(5
0.
9)

25
9	
(4
3.
9)

29
6	
(3
1.
7)

Pr
ot
ei
n	
di
st
rib
ut
io
n

Th
re
e	
m
ea
ls

27
1	
(6
6.
1)

21
4	
(3
9.
7)

<
.0

01
76
	(4
0.
9)

18
1	
(4
2.
6)

.7
7

24
4	
(4
1.
4)

42
7	
(4
5.
7)

.0
24

.0
01

.0
02

.0
02

.3
2

Tw
o	
m
ea
ls

11
2	
(2
7.
3)

23
7	
(4
4.
0)

82
	(4
4.
1)

18
9	
(4
4.
5)

26
6	
(4
5.
2)

35
7	
(3
8.
2)

O
ne

 m
ea

l
25
	(6
.1
)

87
	(1
6.
1)

28
	(1
5.
1)

55
	(1
2.
9)

79
	(1
3.
4)

15
0	
(1
6.
1)

Su
pp
le
m
en
ts
,	n
	(%
)

M
ul
tiv
ita
m
in
	a
nd
	

m
in

er
al

s
13
	(3
.2
)

57
	(1
0.
6)

<
.0

01
6	
(3
.2
)

34
	(8
.0
)

<
.0

01
38
(6
.4
)

89
	(9
.5
)

.0
01

<
.0

01
<

.0
01

<
.0

01
.4

8

C
al
ci
um
	a
nd
	v
ita
m
in
	

D
14
	(3
.1
)

39
	(7
.2
)

6	
(3
.2
)

60
	(1
4.
1)

42
	(7
.1
)

11
9	
(1
2.
7)

W
he
y	
pr
ot
ei
n

5	
(1
.2
)

8	
(1
.5
)

2	
(1
.1
)

10
	(2
.3
)

9	
(1
.5
)

18
	(1
.9
)

Fi
sh
	o
il

0
5	
(0
.9
)

3	
(1
.6
)

13
	(3
.0
)

10
	(1
.7
)

17
	(1
.8
)

H
ei
gh
t	(
cm
)

17
4.

3 
±

 5
.4

5
16
1.
9	

±
 4

.8
0

<
.0

01
17

0.
5 

±
	6
.0
0

16
0.
0	

±
 5

.0
2

<
.0

01
16
8.
5	

±
	6
.4
9

15
7.

3 
±

 5
.7

1
<

.0
01

<
.0

01
<

.0
01

<
.0

01
<

.0
01

W
ei
gh
t	(
kg
)

76
.4
	±

 1
3.

29
58

.5
 ±

 9
.4

9
<

.0
01

75
.7

 ±
 1

0.
99

63
.5
	±

 1
0.

38
<

.0
01

70
.4

 ±
 1

0.
97

62
.0
	±

 1
0.

00
<

.0
01

.0
08

.0
08

<
.0

01
.0

03

BM
I	(
kg
/m

2 )
25

.1
 ±

 4
.0

2
22

.3
4 

±
 3

.4
7

<
.0

01
26
.0
	±
	3
.5
6

24
.8

 ±
	3
.6
6

<
.0

01
24

.8
1 

±
	3
.6
0

25
.0
6	

±
 3

.8
5

.4
3

<
.0

01
<

.0
01

<
.0

01
.7

7

A
bd
om
in
al
	

ci
rc
um
fe
re
nc
e	
(c
m
)

86
.4
	±

 1
1.

59
75

.4
 ±

 9
.3

3
<

.0
01

92
.3

 ±
 1

0.
12

84
.4

 ±
 1

0.
07

<
.0

01
90

.7
7 

±
 1

0.
09

88
.0

 ±
 1

0.
51

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

M
id
-u
pp
er
	a
rm
	

ci
rc
um
fe
re
nc
e	
(c
m
)

29
.1

 ±
	3
.0
6

25
.7

 ±
 3

.0
9

<
.0

01
29

.4
 ±

 2
.7

7
27

.8
 ±

 3
.3

1
<

.0
01

28
.0

9 
±

 3
.4

5
27
.4
6	

±
 3

.2
3

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.0
04

C
al
f	c
irc
um
fe
re
nc
e	
(c
m
)

38
.1

 ±
 3

.5
7

34
.6
	±

 3
.2

2
<

.0
01

37
.0

 ±
 3

.3
3

34
.9

 ±
 3

.2
2

<
.0

01
35

.3
 ±

 3
.5

1
33

.9
5 

±
 3

.3
8

<
.0

01
<

.0
01

.0
07

<
.0

01
<

.0
01

RS
M
M
I	(
kg
/m

2 )
8.

1 
±
	0
.7
6

6.
2	

±
	0
.6
6

<
.0

01
7.

8 
±

 0
.7

9
6.
4	

±
 0

.7
0

<
.0

01
7.

5 
±

 0
.7

9
6.
2	

±
 0

.7
2

<
.0

01
<

.0
01

.0
78

<
.0

01
.0

01

Li
m
b	
m
us
cl
e	
m
as
s	
(k
g)

24
.8

 ±
 3

.2
3

16
.3
	±

 2
.0

8
<

.0
01

23
.2

 ±
 3

.2
3

16
.6
	±

 2
.3

4
<

.0
01

21
.3

 ±
 3

.2
0

15
.5

 ±
 2

.4
0

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

TA
B

LE
 1

 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



     |  11 of 28LI et aL.

Yo
un

g 
ad

ul
ts

M
id

dl
e-

ag
e 

ad
ul

ts
El

de
rly

 a
du

lts

P 
va

lu
eb  

P 
va

lu
ec  

P 
va

lu
ed  

P va
lu

ee  
M

al
e

Fe
m

al
e

P 
va

lu
ea  

M
al

e
Fe

m
al

e
P 

va
lu

e
M

al
e

Fe
m

al
e

P 
va

lu
e

Fa
t	f
re
e	
m
as
s	
(k
g)

59
.0

 ±
 7

.4
5

40
.5

 ±
 4

.4
1

<
.0

01
55

.0
 ±
	6
.8
2

41
.0

 ±
	4
.6
5

<
.0

01
50

.8
 ±
	6
.5
6

39
.3

 ±
 4

.7
5

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.0
01

M
us
cl
e	
m
as
s	
(k
g)

55
.7

 ±
	6
.9
8

38
.1

 ±
 4

.1
5

<
.0

01
52

.0
 ±
	6
.4
9

38
.6
	±

 4
.4

3
<

.0
01

48
.0

 ±
	6
.2
3

37
.0

 ±
 4

.5
3

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.0
01

Fa
t	m
as
s	
(k
g)

17
.8

 ±
	8
.6
8

18
.2

 ±
	6
.5
3

.0
49

20
.7

 ±
	7
.2
6

22
.5

 ±
 7

.1
3

.0
02

19
.9

 ±
 7

.2
1

22
.7

 ±
 7

.1
7

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.7
9

Fa
t	p
er
ce
nt
ag
e	
(%
)

22
.2

 ±
 7

.8
8

30
.2

 ±
	6
.2
9

<
.0

01
26
.8
	±
	6
.6
9

34
.6
	±
	6
.0
1

<
.0

01
27

.4
 ±

 7
.4

8
35

.9
 ±
	6
.9
3

<
.0

01
<

.0
01

<
.0

01
<

.0
01

.1
1

H
an
dg
rip
	s
tr
en
gt
h	
(k
g)

48
.4

 ±
 9

.0
0

27
.2

 ±
 4

.8
5

<
.0

01
39

.5
 ±

 9
.5

7
25

.2
 ±

 5
.1

5
<

.0
01

31
.0

 ±
	9
.0
6

20
.5

 ±
 5

.7
5

<
.0

01
<

.0
01

<
.0

01
<

.0
01

<
.0

01

Sp
ee
d	
(S
)

1.
4 

±
 0

.4
4

1.
3 

±
 0

.3
3

.0
02

1.
2 

±
 0

.3
4

1.
2 

±
 0

.3
9

.4
4

1.
03

 ±
 0

.3
5

1.
0 

±
 0

.4
0

.0
14

<
.0

01
<

.0
01

<
.0

01
<

.0
01

Ba
la
nc
e	
(S
)

31
.5

 ±
	5
6.
11

20
.9

 ±
	2
7.
16

<
.0

01
7.

9 
±
	6
.9
2

10
.3

 ±
 1

0.
82

.0
87

4.
5 

±
	5
.6
2

4.
8 

±
 3

.9
1

.0
76

<
.0

01
<

.0
01

<
.0

01
<

.0
01

EQ
-5
D

0.
96
	±

 0
.8

1
0.

94
 ±

 0
.1

0
<

.0
01

0.
95

 ±
 0

.1
0

0.
93

 ±
 0

.1
1

.0
08

0.
95

 ±
 0

.1
0

0.
95

 ±
 0

.1
7

.2
8

.0
37

.0
42

.6
6

.0
13

M
M
SE

29
.8

 ±
 1

.0
29

.9
 ±
	0
.6
8

.1
2

28
.5

 ±
 2

.7
7

29
.0

 ±
 1

.9
1

.0
29

26
.9
	±
	3
.7
6

27
.0

 ±
	3
.6
2

.7
8

<
.0

01
<

.0
01

<
.0

01
<

.0
01

A
D
L

10
0.

0 
±

 0
.0

10
0.

0 
±

 0
.0

1.
0

99
.8

 ±
	2
.9
6

10
0.

0 
±

 0
.2

4
.1

7
99

.4
 ±

 5
.8

2
99

.5
 ±

 5
.9

7
.1
6

<
.0

01
.0

31
<

.0
01

.0
24

Ex
er
ci
se
,	n
	(%
)

34
0	
(8
2.
9)

29
4	
(5
4.
6)

<
..0

01
12
1	
(6
5.
1)

31
5	
(7
3.
8)

.0
29

40
3	
(6
8.
1)

64
0	
(6
8.
4)

.8
8

.2
0

.0
73

.3
7

.2
4

IP
A
Q
f  ,	
n	
(%
)

H
ig
h	
in
te
ns
ity

15
6	
(3
8.
33
)

11
5	
(2
1.
4)

<
.0

01
33
	(1
7.
7)

86
	(2
0.
3)

.5
6

65
	(1
1.
1)

10
1	
(1
0.
9)

.5
9

<
.0

01
<

.0
01

<
.0

01
<

.0
01

M
od
er
at
e	
in
te
ns
ity

17
9	
(4
4.
98
)

25
1	
(4
6.
7)

10
7	
(5
7.
5)

24
8	
(4
8.
5)

38
5	
(6
5.
6)

58
5	
(6
3.
4)

Lo
w
	in
te
ns
ity

72
	(1
7.
69
)

17
2	
(3
2.
0)

46
	(2
4.
7)

90
	(2
1.
2)

13
7	
(2
3.
3)

23
7	
(2
5.
7)

A
bb
re
vi
at
io
ns
:	A
D
L,
	a
ct
iv
iti
es
	o
f	d
ai
ly
;	E
Q
-5
D
,	5
-d
im
en
si
on
al
	E
ur
oQ
o;
	M
M
SE
,	M
in
i-M
en
ta
l	S
ta
te
	E
xa
m
in
at
io
n;
	R
SM
M
,	r
el
at
iv
e	
sk
el
et
al
	m
us
cl
e	
m
as
s	
in
de
x.

a T
he
	P
	v
al
ue
	in
di
ca
te
d	
th
e	
si
gn
ifi
ca
nc
e	
be
tw
ee
n	
se
x	
in
	e
ac
h	
ag
e	
gr
ou
p.
	

b T
he
	s
ig
ni
fic
an
ce
	w
as
	p
re
se
nt
ed
	a
m
on
g	
th
re
e	
ag
e	
gr
ou
p.
	

c T
he
	P
	v
al
ue
	in
di
ca
te
d	
th
e	
si
gn
ifi
ca
nc
e	
be
tw
ee
n	
yo
un
g	
an
d	
m
id
dl
e	
ag
e	
ad
ul
ts
,	t
he
	s
ig
ni
fic
an
ce
	w
as
	a
dj
us
te
d	
by
	.0
16
7.
	

d T
he
	P
	v
al
ue
	in
di
ca
te
d	
th
e	
si
gn
ifi
ca
nc
e	
be
tw
ee
n	
yo
un
g	
an
d	
el
de
rly
	a
du
lts
,	t
he
	s
ig
ni
fic
an
ce
	w
as
	a
dj
us
te
d	
by
	.0
16
7.
	

e T
he
	P
	v
al
ue
	in
di
ca
te
d	
th
e	
si
gn
ifi
ca
nc
e	
be
tw
ee
n	
m
id
dl
e	
ag
e	
an
d	
el
de
rly
	a
du
lts
,	t
he
	s
ig
ni
fic
an
ce
	w
as
	a
dj
us
te
d	
by
	.0
16
7.
	

f In
te
rn
at
io
na
l	P
hy
si
ca
l	A
ct
iv
ity
	Q
ue
st
io
nn
ai
re
	(I
PA
Q
)	w
as
	u
se
d	
to
	e
va
lu
at
e	
ac
tiv
ity
	le
ve
l	i
n	
al
l	e
ld
er
	s
ub
je
ct
s.
	

*C
on
tin
uo
us
	v
ar
ia
bl
es
	P
	v
al
ue
s	
w
er
e	
ca
lc
ul
at
ed
	b
y	
th
e	
M
an
n-
W
hi
tn
ey
	U
	te
st
.	

**
C
at
eg
or
ic
al
	v
ar
ia
bl
es
	P
	v
al
ue
s	
w
er
e	
ca
lc
ul
at
ed
	b
y	
th
e	
ch
i-s
qu
ar
ed
	te
st
.	

TA
B

LE
 1

 
(C
on
tin
ue
d)



12 of 28  |     LI et aL.

sarcopenia	 in	 our	 study	 population.	 A	 comparison	 of	 the	 demo-
graphic	 characteristics	 of	 sarcopenic	 and	 non-sarcopenic	 partici-
pants,	based	on	the	EWGSOP	and	AWGS	(2014)	definition,	is	shown	
in	Tables	4	and	5.	Sarcopenic	participants	were	 significantly	older	
than	non-sarcopenic	participants	on	average	(74	years	vs	68	years,	
P <	 .001),	as	expected	based	on	previous	observations	that	sarco-
penia	 progresses	with	 normal	 ageing	 (Table	 4).	 After	 adjustments	
for	other	demographic	parameters	and	socioeconomic	status,	multi-
variate	analysis	showed	that	age	alone	was	a	significant	predictor	of	
sarcopenic	risk	and	the	risk	level	increased	with	ageing	(OR	=	2.301,	
95%	CI	[1.530,	3.461],	P <	.001	for	70-79	years;	OR	=	5.253,	95%	CI	
[3.174,	8.695],	P <	.001	for	≥80	years).

Sarcopenic	 participants	 tended	 towards	 higher	 incomes	
(P =	 .008),	 living	 alone	 without	 families	 (P =	 .001),	 being	 single	
(P <	 .001)	and	suffering	from	malnutrition	risk	(P <	 .001),	although	
these	associations	(Table	4)	became	less	significant	after	adjustment	
for	other	parameters	in	the	multivariate	analysis	(Table	5).

Although	smoking	was	not	associated	with	sarcopenia	 in	general	
(Tables	4	and	5),	it	was	more	frequent	in	sarcopenic	women	(P =	.013).	
Similarly,	while	coronary	heart	disease	and	hypertension	were	not	as-
sociated	with	sarcopenia	in	general	(Table	4),	they	were	more	frequent	
in	sarcopenic	men	(P =	.004)	and	sarcopenic	women	(P =	.017),	respec-
tively.	Hyperlipidaemia	was	associated	with	non-sarcopenia	in	general	
(P =	.007),	especially	in	women	(P =	.002).	Osteoporosis	and	fracture	
risks	were	also	associated	with	sarcopenia	 in	general	 (P =	 .001),	es-
pecially	 in	women.	Cancer	was	more	 frequent	 in	sarcopenic	women	
(P =	.016).	Exercise	intensity	(IPAQ)	and	daily	activity	level	(ADL)	also	
showed	similarly	curious	gender-specific	associations.

Interestingly,	when	adjusted	 for	other	parameters	 in	multivari-
ate	analysis	(Table	5),	female	participants	were	greater	than	twofold	
less	susceptible	to	sarcopenia	than	men	(OR	=	0.589,	95%	CI	[0.400,	
0.868],	P =	.008).	This	is	well	reflected	in	the	prevalence	of	pre-sar-
copenia	and	severe	sarcopenia	(Table	2).	These	results	suggest	com-
plex interactions between sarcopenia and gender.

3.5 | Gender-associated serum risk factors 
for sarcopenia

Complex	 gender-specific	 associations	with	 sarcopenia	 behoved	us	
to	 examine	 the	 sex-related	 sterol	 hormones	 more	 deeply.	 While	
elderly women tend to have very low oestradiol levels in general 
due	 to	 menopause,	 elderly	 men	 experience	 a	 more	 gradual	 drop	
in	 testosterone	 levels	 at	 a	 rate	of	~8.2%	every	10	years	 after	 the	
age	of	30,	 similar	 to	 the	 rate	of	muscle	decline.	 Indeed,	our	 study	
population	 also	 reflected	 a	 steady	 decrease	 in	 free	 testosterone	
with	age	 in	men	 (Figure	2A).	Free	testosterone	 levels	were	signifi-
cantly	correlated	with	grip	strength	(r =	.441,	P <	.001)	and	muscle	
mass	(r =	.375,	P =	.004)	(Figure	2B,C).	These	correlations	were	even	
stronger	if	we	considered	total	testosterone,	instead	of	free	testos-
terone	(Figure	2D-F),	even	though	the	free	(bioactive)	testosterone	
makes	up	only	~2%	to	3%	of	total	 testosterone,	while	the	 inactive	

remainder	 is	bound	to	SHBG	or	albumin.	This	suggests	that	serum	
testosterone	deficiency	is	more	likely	to	be	an	effect	than	a	cause	
for	sarcopenia.

Given	that	another	sterol	derivative,	cholecalciferol	or	vitamin	D,	
is	known	to	influence	SHBG	and	testosterone	levels,	we	also	exam-
ined	the	serum	levels	of	25-hydroxycholecalciferol	or	25-hydroxyvi-
tamin	D	 (25(OH)D).	While	 there	were	 no	 significant	 differences	 in	
25(OH)D	 between	 sarcopenic	 and	 non-sarcopenic	 participants	 in	
general	 (17.8	±	6.68	vs	16.8	±	6.98	ng/mL,	P =.163),	25(OH)D	was	
significantly	 lower	 in	 sarcopenic	 males	 than	 non-sarcopenic	 males	
(P <	 .001;	Figure	3A).	However,	 female	had	a	greater	proportion	of	
25(OH)D	deficiency	and	serum	insufficiency	(25.3%	and	26.6%)	com-
pared	with	men	(15.2%	and	20.6%).	The	prevalence	of	sarcopenia	also	
tended	to	decrease	as	25(OH)D	increased,	after	adjustment	for	gen-
der	(Figure	3B).	In	fact,	we	found	that	25(OH)D	>	20	ng/mL	was	as-
sociated	with	fourfold	lower	odds	of	sarcopenia	in	men	(OR	=	0.224,	
95%	CI	[0.092,	0.544],	P =	.001).	There	was	a	significant	correlation	
between	25(OH)D	vs	grip	 strength	 (r =	 .249,	P <	 .001)	and	muscle	
mass	(r =	 .239,	P <	 .001)	for	men	(Figure	3C,D),	but	not	for	women	
(Figure	3E,F).	These	results	suggest	that	men	need	vitamin	D	supple-
mentation	more	than	women	to	protect	against	sarcopenia,	despite	
the	higher	rates	of	25(OH)D	deficiency	that	we	uncovered	 in	Asian	
Chinese	women.

3.6 | Nutritional and dietary risk factors 
for sarcopenia

To	 broadly	 understand	 the	 role	 of	 nutrition	 in	 sarcopenia,	 we	
surveyed	 the	 participants’	 appetite	 and	 intake	 of	 various	 food	
groups,	oil,	 salt,	 caffeine	and	vitamins	 (Table	4).	 In	general,	 sar-
copenic	participants	had	poor	appetite	(P =	.016),	lower	total	and	
animal	 protein	 (P =	 .033	 and	 .044,	 respectively),	 lower	 nut	 fre-
quency	 (P =	 .008),	 lower	 poultry	 (only	women),	 vegetable	 (only	
women)	and	nut	intake	(P =	.024,	P = .001 and P =	.015,	respec-
tively)	 than	 non-sarcopenic	 participants	 (Table	 4).	 There	 were	
again	 many	 gender-specific	 associations,	 but	 both	 sarcopenic	
men	and	women	ate	 less	meat	and	beans	 (Figure	4).	Sarcopenic	
women	tended	to	have	poor	appetite	(P =	.009),	lower	total	pro-
tein	intake	(P =	.005),	animal	protein	intake	(P =	.018),	fish	intake	
(P =	 .024),	poultry	 intake	(P =	 .038),	vegetable	 intake	(P =	 .003)	
and	nut	frequency	(P =	.032).	Bean	intake	less	than	once	per	week	
increased	 the	 risk	 for	 sarcopenia	 (OR	 =	 1.419,	 95%	 CI	 [1.031,	
1.953],	P =	 .032),	and	this	risk	further	 increased	with	zero	bean	
intake	 (OR	=	 2.536,	 95%	CI	 [1.651,	 3.894],	P <	 .001).	 Similarly,	
meat	intake	less	than	once	per	week	almost	doubled	the	risk	for	
sarcopenia	(OR	=	1.710,	95%	CI	[1.274,	2.295],	P <	.001),	and	this	
risk	further	increased	with	zero	meat	intake	(OR	=	2.007,	95%	CI	
[1.219,	3.304],	P =	 .006).	After	adjustment	for	other	parameters	
in	multivariate	analysis,	it	appears	that	higher	nut	intake	may	be	
protective	against	sarcopenia	(OR	=	1.660,	95%	CI	[1.047,	2.631],	
P =	.031).
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3.7 | Associations between body fat and sarcopenia

Next,	 we	 aimed	 to	 capture	 the	 associations	 between	 lean	 mass,	
fat	mass	and	other	related	body	composition	parameters	with	sar-
copenia	 (Table	4).	As	expected,	 there	were	significant	correlations	
(Figure	 5A,B)	 between	 RSMMI	 vs	 hand	 grip	 strength	 (r =	 0.465,	
P <	 .001),	and	walking	speed	(r =	0.117,	P <	 .001).	There	was	also	
a	 significant	 correlation	 between	 hand	 grip	 strength	 and	 walking	
speed	 (r =	 .225,	P <	 .001;	Figure	5C).	 In	 contrast,	 there	were	 sig-
nificant	inverse	correlations	between	fat	percentage	and	hand	grip	
strength	 (r =	−.397,	P <	 .001),	walking	speed	 (r =	−.161,	P =	 .002)	
and	RSMMI	(r =	−.218,	P <	.001;	Figure	5D-F).	The	association	be-
tween	BMI	and	muscle	parameter	showed	significant	difference	in	
RSMMI	(r =	.465,	P <	.001)	and	walking	speed	(r =	−.059,	P = .021; 
Figure	 5G,I).	 The	 association	 between	BMI	 and	 hand	 grip	 did	 not	
show	 significance	 (Figure	 5H).	 After	 adjustment	 for	 demographic	
and	socioeconomic	status	(Table	5),	the	multivariate	logistic	regres-
sion	model	showed	that	fat	mass	was	an	independent	risk	factor	for	
sarcopenia	(OR	=	1.064,	95%	CI	[1.017,	1.113],	P =	.007).	In	contrast,	
BMI	was	independently	protective	against	sarcopenia	(OR	=	0.423,	
95%	CI	[0.204,	0.887],	P =	 .021],	especially	for	overweight	partici-
pants	 (OR	=	0.121,	95%	CI	 [0.047,	0.307],	P <	 .001).	CC	was	also	
protective	against	sarcopenia	 (OR	=	0.780,	95%	CI	 [0.733,	0.830],	
P <	.001).	These	results	suggest	that	the	body	distribution	of	fat	in-
teracts	with	the	loss	of	muscle	in	sarcopenia.

3.8 | Risk factor cut-off points for sarcopenia

For	improved	diagnosis	of	sarcopenia,	we	aimed	to	find	easily	meas-
urable anthropometric variables that could be used to replace mus-
cle	mass	measurements,	such	as	RSMMI,	which	are	still	inconvenient	
to	obtain	in	most	clinics	today.	From	our	ROC	analysis,	the	optimal	
cut-off	value	for	age,	significantly	defined	as	area	under	the	curve	
(AUC	[area	under	the	curve]	=	0.699,	95%	CI	[0.675-0.722],	P <	.001,	
Figure	 S1	 ),	 was	 actually	 71	 years	 (sensitivity,	 59.7%;	 specificity,	
73.3%).	We	compared	grip	strength,	fat	mass,	BMI,	AC,	MAC	and	CC	
to	confirm	gender-	and	age	group–specific	cut-off	points	 (Figure	6	
and	Table	6).

For	all	elderly	men	above	60	years,	 the	best	cut-off	points	 for	
grip	strength,	fat	mass,	BMI,	AC,	CC	and	MAC	were	26.8	kg,	19.7	kg,	
23.3	kg/m2,	90.0	cm,	35.4	cm	and	26.0	cm,	respectively.	We	found	
that	the	AUCs	for	AC,	CC,	MAC,	BMI	and	grip	strength	were	all	sig-
nificant	for	elderly	men	(P <	.001).	For	60-69	years	elderly	men,	the	
optimal	predictors	were	grip	strength,	MAC	and	CC,	as	confirmed	by	
AUC	>	0.75	and	Youden	index	>0.5	(Table	6).

For	all	elderly	women	above	60	years,	the	best	cut-off	points	for	
grip	strength,	fat	mass,	BMI,	AC,	CC	and	MAC	were	18.0	kg,	19.2	kg,	
24.6	kg/m2,	86.6	cm,	33.0	cm	and	26.8	cm,	respectively.	We	found	
that	the	AUCs	for	AC,	fat	mass,	grip	strength	and	MAC	were	all	sig-
nificant	for	60-69	years	and	70-79	years	elderly	women	(P <	.001).	
The	optimal	predictors	were	grip	strength	for	60-69	years	women,	
grip	strength	and	CC	for	70-79	years	women,	and	BMI	 for	elderly	

women	above	80	years,	 as	confirmed	by	AUC	>	0.75	and	Youden	
index >	0.5	(Table	6).

Overall,	the	best	predictor(s)	of	sarcopenia	from	the	ROC	anal-
ysis,	statistically	defined	as	the	best	compromise	between	sensitiv-
ity	and	specificity,	were	grip	 strength	and	CC	 for	men	 (sensitivity,	
85.9%;	specificity,	78.9%;	and	sensitivity,	89.9%;	specificity,	58.6%),	
and	grip	strength	 (sensitivity,	80.5%;	specificity,	72.7%),	BMI	 (sen-
sitivity,	 81.9%;	 specificity,	 59.9%)	 and	 CC	 for	 women	 (sensitivity,	
81.9%;	specificity,	65.3%).	This	is	surprising	and	interesting	because	
previous	EWGSOP	criteria	had	always	used	SMI,	grip	strength	and	
walking	speed	for	both	men	and	women.	Our	ROC	analysis	suggests	
that	different	diagnostic	variables	should	be	used	for	men	vs	women,	
and	perhaps	even	different	age	groups	of	men	and	women.

3.9 | PUMCHS index for predicting sarcopenia in 
men and women

Based	on	the	above	comprehensive	analysis	for	sarcopenia,	gender	
appeared to play an important role in diagnosis and pathogenesis. 
Hence,	the	predictive	model	was	calculated	separately	for	men	and	
women.	 In	 the	 univariate	 analysis,	 the	 following	 parameters	were	
identified	as	associated	with	sarcopenia	for	men:	age,	nutrition	sta-
tus,	 BMI,	AC,	MAC,	CC,	 fat-free	mass,	 fat	mass	 and	 grip	 strength	
(P <	 .001),	 marital	 status	 (P =	 .001),	 bean	 frequency	 (P =	 .001),	
meat	frequency	(P =	 .030),	meat	 intake	(P =	 .011)	and	bean	intake	
(P =	.030).	For	women,	age,	nutrition	status,	marital	status,	BMI,	AC,	
MAC,	CC	and	grip	strength	(all	P <	.001),	living	situation	(P =	.019),	
smoking	(P =	.013),	ADL	(P =	.003),	appetite	(P =	.009),	total	protein	
(P =	.005),	animal	protein	(P =	.018),	meat	frequency	(P =	.001),	bean	
frequency	(P =	.012),	vegetable	intake	(P =	.003)	and	nut	frequency	
(P =	 .032)	were	 associated	with	 sarcopenia.	According	 to	 a	 series	
of	multicollinearity	analyses,	we	eliminated	AC	(r =	 .740	with	BMI,	
P <	 .001),	MAC	 (r =	 .557	with	BMI,	P <	 .001)	 and	 animal	 protein	
(r =	.793	with	total	protein,	P <	.001)	for	women,	and	eliminated	AC	
(r =	.744	with	BMI,	P <	.001)	and	MAC	(r =	.556	with	BMI,	P <	.001)	
for	men.

In	the	multivariate	analysis	using	forward	conditional	stepwise	
procedures,	 age	 (OR	=	 1.070,	 95%	 CI	 [1.040-1.100],	 P <	 .001),	
BMI	 (OR	=	0.749,	95%	CI	 [0.692-0.810],	P <	 .001),	grip	strength	
(OR	=	0.766,	95%	CI	[0.721-0.813],	P <	.001)	and	CC	(OR	=	0.826,	
95%	CI	[0.757-0.901],	P <	 .001)	emerged	as	 independent	predic-
tors	of	 sarcopenia	 in	women.	For	men,	age	 (OR	=	1.067,	95%	CI	
[1.030-1.105],	P <	.001),	BMI	(OR	=	0.772,	95%	CI	[0.697-0.856],	
P <	.001),	CC	(OR	=	0.860,	95%	CI	[.777-0.951],	P =	.003)	and	grip	
strength	(OR	=	0.822,	95%	CI	[0.784-0.863],	P <	.001)	emerged	as	
the	 independent	 predictors	 of	 sarcopenia.	Using	 these	 indepen-
dent	predictors,	we	derived	a	new	model	for	predicting	sarcope-
nia,	named	the	PUMCHS	(Peking	Union	Medical	College	Hospital	
Sarcopenia)	index:

PUMCHS index =
1

1 + e− (a+ b� + c� + d� + e�)
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where β	 is	the	BMI	(kg/m2),	γ	the	grip	strength	(kg),	δ	the	CC	(cm),	ε 
the	age	(years),	and	a,	b,	c,	d and e	are	the	respective	coefficients	gen-
erated	by	the	model.	For	women,	a =	11.554,	b =	−0.267,	c =	−0.29,	
d =	−0.191,	e =	0.067.	For	men,	a =	10.229,	b =	−0.258,	c =	−0.195,	
d =	−0.151,	e =	0.065.

The	PUMCHS	 index	was	evaluated	by	 the	ROC	curves	 for	 the	
entire	population,	and	 the	cut-off	points	 for	 the	 index	were	0.172	
for	men	and	0.186	for	women.	The	AUC	was	0.905	(95%	CI	[0.885-
0.923],	 P <	 .001)	 for	 women	 and	 0.920	 (95%	 CI	 [0.895-0.940],	
P <	 .001)	 for	men.	 These	 values	 indicate	 the	PUMCHS	 index	had	
very	high	predictive	power	for	both	men	and	women.

In	addition,	comprehensive	analysis	of	the	key	predictors	in	the	
PUMCHS	 index,	 BMI,	 CC	 and	 grip	 strength	 revealed	 that	 these	
predictive	 variables	 agglomerated	 the	 differing	 and	 complex	 in-
fluences	that	nutrition	exerted	on	men	and	women.	For	example,	
BMI	was	significantly	correlated	with	meat	intake,	meat	frequency,	
milk	frequency,	poultry	intake,	vegetable	protein,	bean	intake,	nut	
frequency,	fruit	 intake,	grain	 intake,	salt	 intake	and	oil	 intake	 (all	
P <	.05;	Table	7	and	Figure	4),	to	very	different	degrees	for	male	
vs	 female.	 In	 contrast,	 grip	 strength	was	 significantly	 correlated	
with	 total	 protein,	 animal	 protein,	 vegetable	 protein,	 meat	 fre-
quency,	meat	 intake,	 fish	 intake,	poultry	 intake,	bean	 frequency,	
bean	intake,	vegetable	intake,	nut	frequency,	nut	 intake,	fruit	 in-
take,	grain	intake	and	salt	intake	(all	P <	.05;	Table	7	and	Figure	4),	
to	differing	degrees	for	men	vs	women.	CC	was	significantly	cor-
related	with	 vegetable	 protein,	meat	 frequency,	milk	 frequency,	
bean	frequency,	grain	intake,	milk	intake,	fruit	intake,	vegetable	in-
take,	meat	intake,	bean	intake,	salt	intake	and	oil	intake	(all	P <	.05,	
Table	7),	to	very	different	degrees	for	men	vs	women.	Combined	
with	the	daily	distribution	of	protein	intake	and	age,	the	PUMCHS	
index	is	a	simple	yet	powerful	model	to	predict	the	risk	for	sarco-
penia,	based	on	the	differential	effects	of	nutrition	on	elderly	men	
and women.

4  | DISCUSSION

Among	 the	 geriatric	 participants	 from	 the	 BELFRAIL	 study,	 more	
than	half	had	both	reduced	grip	strength	and	limited	walking	speed,	
but with normal muscle mass.8	Longitudinal	studies	have	found	that	
low	grip	strength	represents	a	predictor	of	functional	disability	and	
mortality	and	that	grip	strength	and/or	physical	performance	capac-
ity	are	better	predictors	of	clinical	outcome	than	muscle	mass.8	For	
this	reason,	more	research	was	necessary	to	determine	the	reference	
values	and	appropriate	diagnostic	methods	for	muscle	strength	and	
function.	In	our	study,	the	prevalence	of	probable	sarcopenia	(defined	
by	low	muscle	strength,	25.9%)	was	higher	than	pre-sarcopenia	(de-
fined	by	 low	muscle	mass,	10.1%)	 in	elderly	persons,	and	an	ageing	
trend	was	obvious	 in	probable	sarcopenia	 (Table	2).	Risk	prediction	
studies	 do	 not	 necessarily	 include	 causes	 or	 targets	 of	 interven-
tion,	but	may	include	biomarkers	of	causes	that	are	cheap	and	easy	
to	measure,	which	is	what	we	focused	on.	Our	ROC	analysis	of	vari-
ous	anthropometric	indicators	of	muscle	mass	and	function	showed	TA
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TA B L E  4  Descriptive	characteristics	of	participants	by	sarcopenia	status	based	on	the	AWGS	(2014)	cutoff	points	among	elderly	subjects	
≥60	years

Male Female Total

Sarcopenia, 
mean ± SD, 
n (%)

Non-sarcopenia, 
mean ± SD/n(%)

P 
valuea 

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%) P value

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%)

P 
value

N 99	(16.7) 493	(83.3) 149	(15.9) 787	(84.1) 248	(16.2) 1280	(83.8)

Age	(years) 75.34 ± 8.71 68.48	± 7.10 <.001 73.80 ± 9.05 68.18	±	6.99 <.001 74.42 ± 9.93 68.29	± 7.03 <.001

Education	level,	n	(%)

Master	or	above 1	(1.0) 9	(1.8) .65 3	(2.0) 14	(1.8) .99 4	(1.6) 23	(1.8) .83

Bachelor	or	
Junior	college

27	(27.3) 109	(22.1) 21	(14.1) 131	(16.6) 48	(19.4) 240	(18.8)

High	or	
secondary 
school

18	(18.2) 96	(19.5) 34	(22.8) 176	(22.4) 52	(21.0) 272	(21.3)

Junior	middle	
school

34	(34.3) 190	(38.5) 53	(35.6) 247	(31.4) 87	(35.1) 437	(34.1)

Primary	school	
or lower

19	(19.2) 89	(18.1) 38	(25.5) 219	(27.8) 57	(23.0) 308	(24.1)

Living	situation,	n	(%)·

Living	with	three	
generations

4	(4.0) 30	(6.1) .06 10	(6.7) 44	(5.6) .019 14	(5.6) 74	(5.8) .001

Living	with	
spouse	and	kids

18	(18.2) 115	(23.4) 23	(15.4) 189	(24.0) 41	(16.5) 304	(23.8)

Living	with	
parents

3	(3.0) 13	(2.6) 7	(4.7) 46	(5.9) 10	(4.0) 59	(4.6)

Living	with	
spouse

48	(48.5) 263	(53.5) 69	(46.3) 376	(47.8) 117	(47.2) 639	(50.0)

Alone 26	(26.3) 71	(14.4) 40	(26.8) 131	(16.7) 66	(26.6) 202	(15.8)

Working	type,	n	(%)

Relative high 
intensity

2	(2.0) 10	(2.0) 1.0 0	(0) 11	(1.4) .23 2	(0.8) 21	(1.6) .57

Relative low 
intensity

97	(98.0) 483	(98.0) 149	(100) 776	(98.6) 246	(99.2) 1259	(98.4)

Income,	n	(%)

More	than	
$732.12

22	(22.2) 63	(12.8) .047 18	(12.2) 57	(7.3) .069 40	(16.2) 120	(9.4) .008

$585.69-$732.12 18	(18.2) 80	(16.2) 16	(10.8) 119	(15.2) 34	(13.8) 199	(15.6)

$439.27-$585.69 18	(18.2) 108	(21.9) 37	(25.0) 155	(19.8) 55	(22.3) 263	(20.6)

$292.85-$439.27 24	(24.2) 144	(28.2) 51	(34.5) 249	(31.8) 75	(30.4) 393	(30.8)

Less	than	
$292.85

17	(17.2) 98	(19.9) 26	(17.6) 204	(26.0) 43	(17.4) 302	(23.6)

Marital	status,	n	(%)

Married 71	(71.7) 424	(86.2) .001 83	(55.7) 590	(75.0) <.001 154	(62.1) 1014	(79.3) <.001

Separated 2	(2.0) 11	(2.2) 6	(4.0) 22	(2.8) 8	(3.2) 33	(2.6)

Divorced 1	(1.0) 6	(1.2) 2	(1.3) 20	(2.5) 3	(1.2) 26	(2.0)

Widowed 25	(25.3) 51	(10.4) 58	(38.9) 155	(19.7) 83	(33.5) 206	(16.1)

Smoking,	n	(%)

Never 56	(56.6) 273	(55.4) .84 138	(92.6) 762	(96.8) .013 194	(78.2) 1035	(80.9) .31

Former 19	(19.2) 98	(19.9) 2	(1.3) 9	(1.1) 21	(8.5) 107	(8.4)

Current 24	(24.2) 122	(24.7) 9	(6.0) 16	(2.0) 23	(13.3) 138	(10.8)

(Continues)
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Male Female Total

Sarcopenia, 
mean ± SD, 
n (%)

Non-sarcopenia, 
mean ± SD/n(%)

P 
valuea 

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%) P value

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%)

P 
value

Alcohol	drinking,	n	(%)

Never 70	(70.7) 306	(62.1) .16 138	(92.6) 737	(93.6) .67 208	(83.9) 1043	(81.5) .37

Once or twice a 
month

3	(3.0) 35	(7.1) 5	(3.4) 21	(2.7) 8	(3.2) 56	(4.4)

Once or twice a 
week

11	(11.1) 66	(13.4) 6	(4.0) 18	(2.3) 17	(6.9) 84	(6.6)

Almost	every	
day

15	(15.2) 86	(17.4) 0	(0) 11	(1.4) 15	(6.0) 97	(7.6)

Nutrition	status,	n	(%)

Malnutrition	risk 42	(43.3) 184	(37.3) .001 85	(57.4) 328	(41.7) <.001 127	(51.8) 512	(40.0) <.001

Malnutrition 12	(12.4) 14	(2.8) 9	(6.1) 13	(1.7) 21	(8.6) 27	(2.1)

IPAQ,	n	(%)

High	intensity 5	(5.1) 60	(12.3) .039 5	(3.4) 96	(12.4) .22 10	(4.1) 156	(12.3) .025

Moderate	
intensity

65	(66.3) 320	(65.4) 106	(72.1) 479	(61.7) 171	(69.8) 799	(63.2)

Low	intensity 28	(28.6) 109	(22.3) 36	(24.5) 201	(25.9) 64	(26.1) 310	(24.5)

Comorbidities,	n	(%)

Diabetes 19	(19.2) 79	(16.0) .44 26	(17.4) 150	(19.1) .65 45	(18.1) 229	(17.9) .92

Coronary	heart	
disease

26	(34.2) 56	(18.7) .004 29	(22.0) 130	(22.2) .96 55	(26.4) 186	(21.0) .089

Hypertension 40	(52.6) 133	(44.5) .20 48	(36.4) 280	(47.8) .017 88	(42.3) 413	(46.7) .26

Hyperlipidemia 16	(21.1) 65	(21.7) .90 30	(22.7) 214	(36.6) .002 46	(22.1) 279	(31.6) .007

Osteoarthritis 7	(9.2) 33	(11.0) .65 26	(19.7) 150	(25.6) .15 33	(15.9) 183	(20.7) .12

Osteoporosis 17	(17.2) 49	(9.9) .037 47	(31.5) 170	(21.6) .008 64	(25.8) 219	(17.1) .001

Fractures 8	(8.1) 28	(5.7) .36 32	(21.5) 89	(11.3) .001 40	(16.1) 117	(9.1) .001

Respiratory 
disease

5	(6.6) 22	(7.4) .82 9	(6.8) 38	(6.5) .89 14	(6.7) 60	(6.8) .98

Cancer 2	(2.0) 24	(4.9) .29 10	(6.7) 22	(2.8) .016 12	(4.8) 46	(3.6) .35

Digestive	
disease

6	(7.9) 29	(9.7) .63 19	(14.4) 65	(11.1) .29 25	(12.0) 94	(10.6) .56

Renal 
dysfunction

5	(6.6) 19	(6.4) 1.0 7	(5.3) 33	(5.6) .88 12	(5.8) 52	(5.9) .95

Hepatic	
dysfunction

2	(2.6) 9	(3.0) 1.0 2	(1.5) 31	(5.3) .061 4	(1.9) 40	(4.5) .086

BMI	(kg/m2) 22.28 ± 3.15 25.32 ± 3.47 <.001 22.10 ± 3.05 25.62	± 3.73 <.001 22.17 ± 3.08 25.50 ±	3.63 <.001

Abdominal	
circumference	
(cm)

84.72 ± 8.72 92.17 ± 9.90 <.001 81.83 ± 9.54 89.17 ± 10.28 <.001 82.98 ± 9.31 90.32 ± 10.23 <.001

Mid-upper	arm	
circumference	
(cm)

25.65	± 3.48 28.58 ± 3.23 <.001 25.27 ± 2.93 27.87 ± 3.12 <.001 25.42 ±	3.16 28.15 ± 3.18 <.001

Calf	circumference	
(cm)

32.56	±	2.66 35.84 ± 3.41 <.001 31.07 ± 2.95 34.50 ± 3.17 <.001 31.66	± 2.92 35.02 ± 3.33 <.001

RSMMI	(kg/m2) 6.46	±	0.46 7.67	±	0.68 <.001 5.27 ± 0.37 6.41	±	0.62 <.001 5.75 ± 0.71 6.89	± 0.89 <.001

Fat	free	mass	(kg) 43.37 ± 4.02 52.24 ± 5.94 <.001 33.81 ± 3.09 40.31 ± 4.27 <.001 37.62	± 5.84 44.91 ±	7.65 <.001

Muscle	mass	(kg) 40.76	± 3.95 49.41 ± 5.57 <.001 31.68	± 3.00 37.98 ± 4.05 <.001 35.31 ±	5.61 42.38 ± 7.28 <.001

Fat	mass	(kg) 17.56	±	6.23 20.41 ± 7.31 <.001 18.47 ± 5.83 23.51 ± 7.12 <.001 18.11 ±	6.01 23.32 ± 7.34 <.001

TA B L E  4   (Continued)
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Male Female Total

Sarcopenia, 
mean ± SD, 
n (%)

Non-sarcopenia, 
mean ± SD/n(%)

P 
valuea 

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%) P value

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%)

P 
value

Fat	percentage	(%) 28.03 ±	8.06 27.25 ±	7.36 .29 34.67	±	7.68 36.15	±	6.75 .03 32.02 ± 8.47 32.72 ± 8.23 .24

Handgrip	strength	
(kg)

21.94 ± 5.57 32.77 ± 8.54 <.001 15.96	± 3.51 21.38 ±	5.68 <.001 18.35 ± 5.32 25.76	± 8.87 <.001

Balance	(s) 3.09 ± 4.03 4.77 ± 5.82 .03 2.71 ±	2.68 5.21 ± 15.03 .001 2.88 ± 3.32 5.01 ± 11.90 <.001

Appetite

Strong 29	(29.6) 160	(32.5) .51 29	(19.5) 224	(28.5) .009 58	(23.5) 384	(30) .016

General 66	(67.3) 323	(65.5) 114	(76.5) 551	(70.0) 180	(72.9) 874	(68.3)

Poor 3	(3.1) 10	(2.0) 6	(4.0) 12	(1.5) 9	(3.6) 22	(1.7)

Protein	distribution

Three	meals 42	(42.9) 202	(41.1) .52 80	(54.1) 347	(44.1) .069 122	(49.6) 549	(43.0) .07

Two	meals 46	(46.9) 220	(44.8) 45	(30.4) 312	(39.7) 91	(37.0) 532	(41.7)

One meal 10	(10.2) 69	(14.1) 23	(15.5) 127	(16.2) 33	(13.4) 196	(15.3)

Protein	intake	(g/day)

Total	protein 45.67	±	16.65 46.22	± 17.95 .93 41.06	± 13.93 44.61	± 14.27 .005 42.90 ± 15.21 45.23 ± 15.81 .033

Animal	protein 21.12 ± 12.10 21.51 ± 11.85 .73 19.11 ± 9.22 21.41 ± 10.48 .018 19.92 ± 10.49 21.45 ± 11.03 .044

Vegetable	
protein

24.36	± 10.01 24.81 ±	10.67 .88 22.10 ± 8.41 23.30 ± 8.45 .10 23.01 ± 9.13 23.88 ± 9.39 .19

Fish	frequencyb 

Almost	everyday 3	(3.1) 21	(4.3) .52 5	(3.4) 36	(4.6) .59 8	(3.3) 57	(4.5) 1.0

Less	once	every	
week

78	(79.6) 363	(74.1) 117	(79.1) 620	(78.9) 195	(79.3) 983	(77.0)

None 17	(17.3) 106	(21.6) 26	(17.6) 130	(16.5) 43	(17.5) 236	(18.5)

Poultry	frequency

Almost	everyday 10	(10.2) 52	(10.6) .63 10	(6.8) 66	(8.4) .69 20	(8.1) 118	(9.2) .55

Less	once	every	
week

71	(72.4) 364	(74.3) 113	(76.4) 589	(74.9) 184	(74.8) 953	(74.7)

None 17	(17.3) 74	(15.1) 25	(16.9) 131	(16.7) 42	(17.1) 205	(16.1)

Meat	frequencyc 

Almost	everyday 41	(41.8) 256	(52.2) .03 43	(29.1) 351	(44.7) .001 84	(34.1) 607	(47.6) <.001

Less	once	every	
week

46	(46.9) 205	(41.8) 91	(61.5) 374	(47.6) 137	(55.7) 579	(45.4)

None 11	(11.2) 29	(5.9) 14	(9.5) 61	(7.8) 25	(10.2) 90	(7.1)

Milk	frequencyd 

Almost	everyday 46	(46.9) 183	(37.3) .089 69	(46.6) 382	(48.6) .91 115	(46.7) 565	(44.3) .33

Almost	every	
week

19	(19.4) 107	(21.8) 36	(24.3) 163	(20.7) 55	(22.4) 270	(21.2)

None 33	(33.7) 200	(40.8) 43	(29.1) 241	(30.7) 76	(30.9) 441	(34.6)

Diary	product

Milk 56	(57.1) 239	(48.8) .22 87	(58.8) 406	(51.7) .37 143	(58.1) 645	(50.5) .29

Yogurt 7	(7.1) 42	(8.6) 19	(12.8) 122	(15.5) 26	(10.6) 164	(12.9)

Cheese 5	(5.1) 15	(3.1) 2	(1.4) 31	(3.9) 7	(2.8) 46	(3.6)

Milk	powder 0	(0) 6	(1.2) 2	(1.4) 11	(1.4) 2	(0.8) 17	(1.3)

None 30	(30.6) 188	(38.4) 38	(25.7) 216	(27.5) 68	(27.6) 404	(31.7)

Bean	frequency

Almost	everyday 28	(28.6) 200	(40.8) .001 36	(24.3) 258	(32.8) .012 64	(26.0) 458	(35.9) <.001

Less	once	every	
week

50	(51.0) 250	(51.0) 87	(58.8) 441	(56.1) 137	(55.7) 691	(54.2)

None 20	(20.4) 40	(8.2) 25	(16.9) 87	(11.1) 45	(18.3) 127	(10.0)

TA B L E  4   (Continued)
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Male Female Total

Sarcopenia, 
mean ± SD, 
n (%)

Non-sarcopenia, 
mean ± SD/n(%)

P 
valuea 

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%) P value

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%)

P 
value

Nut	frequency

Almost	everyday 18	(18.4) 116	(23.6) .092 36	(24.3) 288	(36.6) .032 54	(22.0) 404	(31.6) .008

Less	once	every	
week

25	(25.5) 146	(29.7) 57	(38.5) 234	(29.8) 82	(33.3) 380	(29.7)

None 55	(56.1) 230	(26.7) 55	(37.2) 264	(33.6) 110	(44.7) 494	(38.7)

Grain	intake	(g/day)·

≥300g 16	(16.3) 117	(23.9) .16 13	(8.8) 119	(15.2) .34 29	(11.8) 236	(18.5) .11

≥200g	
and < 300g

38	(38.8) 183	(37.3) 59	(39.9) 279	(35.5) 97	(39.4) 462	(36.2)

≥100g	
and < 200g

34	(34.7) 138	(28.2) 60	(40.5) 301	(38.3) 94	(38.2) 439	(34.4)

<100g 10	(10.2) 52	(10.6) 16	(10.8) 86	(11.0) 26	(10.6) 138	(10.8)

Milk	intake	(mL/meal)

≥500	mL 0	(0) 11	(2.2) .051 4	(2.7) 21	(2.7) .69 4	(1.6) 32	(2.5) .36

≥250	and	
<500	mL

35	(35.7) 116	(23.7) 40	(27.0) 245	(31.2) 75	(30.5) 361	(28.3)

<250	mL 34	(34.7) 175	(35.7) 65	(43.9) 302	(38.4) 99	(40.2) 477	(37.4)

0	mL 29	(29.6) 188	(38.4) 39	(26.4) 218	(27.7) 68	(27.6) 406	(31.8)

Fish	intake	(g/meal)

≥150	g 13	(13.3) 67	(13.7) .9 14	(9.5) 102	(13.0) .024 27	(11.0) 169	(13.2) .071

≥100	g	
and < 150 g

22	(22.4) 100	(20.4) 27	(18.2) 199	(25.3) 49	(19.9) 299	(23.4)

≥50	g	
and < 100 g

29	(29.6) 164	(33.5) 58	(39.2) 270	(34.4) 87	(35.4) 434	(34.0)

No 34	(34.7) 159	(32.4) 49	(33.1) 215	(27.4) 83	(33.7) 374	(29.3)

Meat	intake	(g/day)·

≥150	g 2	(2.1) 30	(6.1) .011 7	(4.7) 37	(4.7) .015 9	(3.7) 67	(5.3) .001

≥100	g	
and < 150 g

20	(20.6) 152	(31.1) 26	(17.6) 207	(26.3) 46	(18.8) 359	(28.2)

≥50	g	
and < 100 g

39	(40.2) 162	(33.1) 51	(34.5) 277	(35.2) 90	(36.7) 439	(34.4)

0 g 36	(37.1) 145	(29.7) 64	(43.2) 265	(33.7) 100	(40.8) 410	(32.2)

Poultry	intake	(g/meal)

≥150	g 5	(5.1) 38	(7.8) .30 7	(4.7) 43	(5.5) .038 12	(4.9) 81	(6.3) .024

≥100	g	
and < 150 g

23	(23.5) 112	(22.9) 24	(16.2) 199	(25.3)) 47	(19.1) 311	(24.4)

≥50	g	
and < 100 g

38	(38.8) 209	(42.7) 66	(44.6) 313	(39.8) 104	(42.3) 522	(40.9)

0 g 32	(32.7) 131	(26.7) 51	(34.5) 231	(29.4) 83	(33.7) 362	(28.4)

Vegetable	intake	(g/day)

≥500	g 17	(17.3) 142	(28.9) .14 26	(17.6) 243	(31.0) .003 43	(17.5) 385	(30.3) .001

≥250	
and < 500 g

53	(54.1) 210	(42.8) 70	(47.3) 321	(40.9) 123	(50.0) 531	(41.6)

<250 g 24	(24.5) 125	(25.5) 49	(33.1) 207	(26.4) 73	(29.7) 332	(26.0)

0 g 4	(4.1) 14	(2.9) 3	(2.0) 14	(1.8) 7	(2.8) 28	(2.2)
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Male Female Total

Sarcopenia, 
mean ± SD, 
n (%)

Non-sarcopenia, 
mean ± SD/n(%)

P 
valuea 

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%) P value

Sarcopenia, 
mean ± SD/n 
(%)

Non-
sarcopenia, 
mean ± SD/n 
(%)

P 
value

Fruit	intake	(g/day)

≥500	g 10	(10.2) 48	(9.8) .2 18	(12.2) 102	(13.0) .93 28	(11.4) 150	(11.8) .46

≥250	
and < 500 g

33	(33.7) 202	(41.1) 63	(42.6) 318	(40.5) 96	(39.0) 520	(40.8)

<250 g 36	(36.7) 171	(34.8) 49	(33.1) 270	(34.4) 85	(34.6) 441	(34.6)

0 g 19	(19.4) 70	(14.3) 18	(12.2) 95	(12.1) 37	(15.0) 165	(12.9)

Bean	intake	(g/meal)

≥150g 3	(3.1) 40	(8.2) .03 8	(5.4) 46	(5.9) .046 11	(4.5) 86	(6.7) .004

≥100	
and < 150 g

38	(38.8) 173	(35.3) 39	(26.4) 262	(33.4) 77	(31.3) 435	(34.1)

≥50	and	< 100 g 20	(20.4) 177	(36.1) 59	(39.9) 308	(39.2) 79	(32.1) 485	(38.0)

0 g 37	(37.8) 100	(20.4) 42	(28.4) 169	(21.5) 79	(32.1) 269	(21.1)

Nut	intake	(g/meal)

≥50	g 8	(8.2) 61	(12.4) .061 15	(10.1) 82	(10.4) .11 23	(9.3) 143	(11.2) .015

≥20	and	< 50 g 17	(17.3) 115	(23.4) 32	(21.6) 254	(32.3) 49	(19.9) 369	(28.9)

<20 g 18	(18.4) 82	(16.7) 47	(31.8) 185	(23.5) 65	(26.4) 267	(20.9)

0 g 55	(56.1) 234	(47.6) 54	(36.5) 265	(33.7) 109	(44.3) 499	(39.0)

Salt	intake	(g)

<3 11	(11.2) 42	(8.5) .53 26	(17.6) 96	(12.2) .77 37	(15.0) 138	(10.8) .57

3-5 44	(44.9) 202	(41.1) 60	(40.5) 357	(45.4) 104	(42.3) 559	(43.7)

5-8 24	(24.5) 178	(36.2) 39	(26.4) 249	(31.7) 63	(25.6) 427	(33.4)

>8 19	(19.4) 70	(14.2) 23	(15.5) 84	(10.7) 42	(17.1) 154	(12.1)

Oil	intake	(mL)

<25 24	(24.5) 102	(20.7) .81 39	(26.4) 184	(13.4) .44 63	(25.6) 286	(22.4) .46

≥25	and	<30 56	(57.1) 311	(63.2) 89	(60.1) 486	(61.8) 145	(58.9) 797	(62.4)

≥30 18	(18.4) 79	(16.1) 20	(13.5) 116	(14.8) 38	(15.4) 195	(15.3)

Caffeine	drinking

No 54	(55.1) 277	(56.3) .83 106	(71.6) 532	(67.7) .35 160	(65.0) 809	(63.3) .6

Yes 44	(44.9) 215	(43.7) 42	(28.4) 254	(32.3) 86	(35.0) 469	(36.7)

Supplements,	n	(%)

Multivitamin	and	
minerals

8	(8.1) 30	(6.1) .88 16	(10.7) 73	(9.3) .81 24	(9.7) 103	(8.0) .78

Calcium	and	
vitamin	D

6	(6.1) 36	(7.3) 18	(12.1) 101	(12.8) 24	(9.7) 137	(10.7)

Whey	protein 2	(2.0) 7	(1.4) 4	(2.7) 14	(1.8) 6	(2.4) 21	(1.6)

Fish	oil 1	(1.0) 9	(1.8) 4	(2.7) 13	(1.7) 5	(2.0) 22	(1.7)

EQ-5D 0.94 ± 0.11 0.95 ± 0.1 .12 0.94 ± 0.12 0.95 ± 0.18 .77 0.94 ± 0.12 0.95 ± 0.15 .25

MMSE 26.53	±	3.86 26.96	± 3.73 .24 26.47	± 4.10 27.09 ± 3.52 .058 26.49	± 4.00 27.04 ±	3.60 .025

ADL 99.59 ± 1.99 99.34 ±	6.31 .056 99.06	±	6.56 99.54 ± 5.85 .003 99.27 ± 5.25 99.46	±	6.03 .001

Abbreviations:	ADL	=	activities	of	daily.	EQ-5D	=	5-dimensional	European	quality;	BMI	=	body	mass	index;	IPAQ	=	International	Physical	Activity	
Questionnaire;	MMSE	=	Mini-Mental	State	Examination;	RSMMI	=	relative	skeleton	muscle	mass	index.
aContinuous	variables	P	value	were	calculated	by	Mann-Whitney	U	test;	categorical	variables	P	values	were	calculated	by	the	chi-squared	test.	
bAlmost	every	day	means	the	frequency	more	than	four	times;	less	once	every	day	means	the	frequency	less	than	twice	every	month.	
cAlmost	every	day	means	the	frequency	more	than	four	times;	less	once	every	day	means	the	frequency	less	than	twice	every	month.	
dAlmost	every	day	means	everyday	intake	milk;	Almost	every	week	means	intakes	more	than	three	times.	

TA B L E  4   (Continued)
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TA B L E  5  Multivariate	analysis	of	factors	associated	with	sarcopenia

N

Multivariable modela 

Multivariable odds 
ratio 95% CI

P 
value

Age	(years)

60-69 1528 Reference

70-79 2.301 1.530,	3.461 <.001

≥80 5.253 3.174,	8.695 <.001

Gender 1528 0.589 0.400,	0.868 .008

Income

More	than	$732.12 1528 Reference

$585.69-$732.12 0.626 0.332,	1.183 .15

$439.27-$292.85 1.081 0.624,	1.874 .78

<$292.85 0.904 0.471,	1.736 .76

IPAQ

High	intensity 1528 Reference

Moderate	intensity 2.328 1.108,	4.890 .026

Low	intensity 1.713 0.770,	3.813 .19

Marriage

Married 1528 Reference

Separated 0.829 0.291,	2.360 .73

Divorced 1.052 0.263,	4.211 .94

Widowed 1.678 1.094,	2.574 .018

BMI	(kg/m2)

≥18.5 1528 Reference

18.5-24 0.423 0.204,	0.877 .021

24-28 0.121 0.047,	0.307 <.001

≤28 0.015 0.003,	0.066 <.001

Fat	mass	(kg) 1528 1.064 1.017,	1.113 .007

Calf	circumference	(cm) 1528 0.780 0.733,	0.830 <.001

MNA

Nutrition	good 1528 Reference

Malnutrition	risk 1.299 0.886,	1.905 .18

Malnutrition 1.122 0.459,	2.744 .80

Appetite

Strong 1528 Reference

General 1.054 0.705,	1.576 .8

Poor 1.376 0.466,	4.065 .56

Total	protein	(g/d) 1528 1.001 0.987,	1.014 .93

Meat	frequency

Almost	everyday 1528 Reference

Less	once	one	week 1.245 0.854,	1.815 .26

None 1.585 0.790,	3.177 .19

Bean	frequency

Almost	everyday 1528 Reference

Less	once	1	week 1.214 0.813,	1.813 .34

None 1.278 0.668,	2.443 .46

(Continues)
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that	hand	grip	strength	was	the	best	predictor	of	sarcopenia	in	both	
men	and	women,	but	BMI	was	still	a	useful	predictor	of	sarcopenia	
for	both	sexes	as	well.	Accordingly,	both	BMI	and	grip	strength	were	
included	in	the	PUMCHS	index.	Age	also	emerged	as	one	of	the	criti-
cal	independent	predictors	of	sarcopenia	in	our	multivariate	analysis,	
especially	for	the	PUMCHS	index.	After	surveying	a	variety	of	nutri-
tional,	 lifestyle	and	anthropometric	variables,	we	uncovered	several	
biomarkers	that	we	incorporated	into	an	index	for	more	convenient	
prediction	of	sarcopenia	risk	in	the	clinic.	Although	muscle	mass	was	a	
critical	factor	for	diagnosing	sarcopenia,	the	verified	PUMCHS	index	
(AUC	0.905	for	men	and	0.920	for	women,	P <	.001)	might	be	a	more	
convenient,	cost-saving	and	time-saving	tool	to	identify	high-risk	pop-
ulations	of	sarcopenia,	for	both	urban	and	rural	clinics.

Age	was	 a	 risk	 factor	 for	 all	 stages	 of	 sarcopenia.	 From	 our	
ROC	 analysis,	 the	 optimal	 cut-off	 value	 for	 age	 was	 71	 years	
(sensitivity,	59.7%;	 specificity,	73.3%).	This	 is	 important	because	
EWGSOP2	 (2019)	provided	a	definite	 cut-off	point	 for	 age,1 but 
EWGSOP	(2010)	had	not,	 leading	to	some	confusion	in	the	field.	
Our	PUMCHS	index	clarifies	the	relative	diagnostic	value,	for	both	
men and women.

The	wealth	of	gender-specific	associations	uncovered	by	our	study	
supports	a	more	complete	revision	of	male	versus	female	sarcopenia	
diagnosis.	In	our	study,	men	suffered	more	frequently	from	sarcope-
nia	in	almost	all	stages.	Gallagher	et	al21	also	found	that	the	amount	
of	muscle	mass	 lost	 in	men	was	 approximately	 double	 than	 that	 in	
women	at	the	same	age.	Although	at	every	age	the	total	muscle	mass	

N

Multivariable modela 

Multivariable odds 
ratio 95% CI

P 
value

Nut	frequency

Almost	everyday 1528 Reference

Less	once	one	week 1.660 1.047,	2.631 .031

None 2.758 0.256,	29.774 .4

Meat	intake	(g/day)

≥150	g 1528 Reference

≥100	and	< 150 g 0.861 0.269,	2.757 .8

≥50	and	< 100 g 1.332 0.428,	4.139 .62

0 g 1.264 0.400,	3.996 .69

Poultry	intake	(g/day)

≥150	g 1528 Reference

≥100	and	< 150 g 1.260 0.441,	3.600 .67

≥50	and	< 100 g 1.137 0.412,	3.138 .8

0 g 1.188 0.421,	3.355 .75

Vegetable	intake	(g/day)

≥500	g 1528 Reference

≥250	and	< 500 g 1.565 0.987,	2.480 .057

<250 g 1.205 0.711,	2.042 .49

0 g 1.513 0.487,	4.702 .47

Bean	intake	(g/day)

≥150	g 1528 Reference

≥100	and	< 150 g 0.924 0.381,	2.245 .86

≥50	and	< 100 g 0.639 0.263,	1.550 .32

0 g 1.101 0.432,	2.805 .84

Nut	intake	(g/day)

≥50	g 1528 Reference

≥20	and< 50g 0.561 0.290,	1.083 .085

<20g 0.980 0.516,	1.859 .95

0g 0.406 0.037,	4.486 .46

Abbreviations:	BMI,	body	mass	index;	IPAQ,	International	Physical	Activity	Questionnaire;	MNA,	mini	nutrition	assessment.
aThe	model	was	included	demographics,	socioeconomic	status,	lifestyle,	diet	intake,	anthropometry,	and	nutritional	statues;	the	P value was obtained 
from	the	likelihood	ratio.	
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of	men	is	greater	than	that	of	women,	men	experience	a	greater	loss	
of	skeletal	muscle	mass,19	as	further	confirmed	by	our	study.	Others	
have	postulated	that	age-related	androgen	deficiency	could	be	a	cause	
for	this	phenomenon,	since	total	testosterone	levels	decrease	by	~1%	
and	bioactive	free	testosterone	 levels	drop	by	~2%	per	year	 in	men	
after	30	years	of	age,22	a	phenomenon	that	our	study	also	confirmed	
in	Asian	Chinese	participants.	Since	there	were	technical	difficulties	
with	measuring	the	low	levels	of	oestrogen	in	elderly	women,	due	to	
the	influence	of	menopause,	and	elderly	men	also	show	very	low	levels	
of	oestrogen,	we	necessarily	had	to	focus	on	the	effects	of	androgens	
in this study.

Our	findings	on	gender,	testosterone	and	vitamin	D	led	us	to	a	
deeper	examination	of	the	role	of	nutrition.	Nutrition	is	known	to	
play	an	important	role	in	the	development	of	sarcopenia,	as	food	
and	 special	 nutrient	 intakes	 decline	 gradually	 throughout	 adult-
hood.	 A	 number	 of	 studies	 have	 shown	 that	 protein	 intake	 is	 a	
key	 factor	 for	optimal	muscle	 and	bone	health	 in	older	 adults.23 
However,	 determination	 of	 the	 optimal	 quantity,	 frequency	 and	
subtype	of	protein	 intake	 to	preserve	muscle	mass	and	 function	
has	 even	 greater	 practical	 value.	 Our	 present	 findings	 showed	
significant	 associations	 between	 sarcopenia	 and	 protein	 intake,	
especially	meat	 and	 bean	 intake,	 but	 to	 varying	 degrees	 among	
men	 vs	 women.	 Meat	 intake	 less	 than	 once	 per	 week	 doubled	

the	risk	for	sarcopenia,	and	sarcopenia	risk	further	doubled	with	
zero	meat	 intake,	which	 is	 a	 common	 practice	 of	 vegetarians	 in	
China.	 Interestingly,	 our	 data	 further	 indicated	 that	 sufficient	
protein	 intake	 (1.2	 g/kg	 body	 weight/day)	 concentrated	 in	 one	
meal	 per	 day	 reduced	 the	 risk	 of	 sarcopenia	 by	 over	 threefold,	
likely	 through	 stimulating	 insulin/IGF-PI3K-mTOR	 signalling	 and	
increasing protein synthesis to conserve muscle mass in older 
adults.24	Surprisingly,	our	data	also	showed	that	bean	 intake	has	
a	 protective	 effect	 on	 preserving	muscle	 and	 preventing	 sarco-
penia	in	elderly	people.	This	new	finding	adds	to	a	growing	list	of	
health	benefits	that	has	been	ascribed	to	bean	consumption	in	nu-
tritional	and	epidemiological	studies.	Furthermore,	we	can	direct	
patients	increasing	the	frequency	and	intake	of	meat	and	bean	and	
changing	 the	 model	 of	 protein	 intake.	 Furthermore,	 the	 dietary	
patterns	between	gender	should	be	differentiated	for	maintaining	
muscle	mass	 and	 function;	 for	 example,	 the	 elderly	 women	 can	
increase	the	nut	snacks,	which	can	improve	the	quality	of	life	for	
women.	Further	studies	would	be	needed	to	verify	the	effects	and	
cross-interactions	 of	 specific	 food	 nutrients	 and	metabolites	 on	
muscle	mass	and	function.

Among	all	the	predictors	of	sarcopenia	in	our	study,	hand	grip	
strength	was	consistently	the	best	diagnostic	variable	for	predict-
ing	 sarcopenia	 (AUC	=	 0.856	 in	males;	0.801	 in	 females),	which	

F I G U R E  2  Testosterone	levels	and	muscle	parameters	in	men.	Histogram	of	the	testosterone	levels	in	different	age	groups	of	male	
participants.	Correlation	r	is	adjusted	for	age	and	BMI
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was	consistent	with	the	EWGSOP2	definition	of	probable	sarco-
penia.	Hand	grip	strength	correlates	moderately	with	strength	in	
the	 arms	 and	 leg	muscles,	 and	 frequently	 serves	 as	 a	 proxy	 for	
global muscle strength.25	In	our	study	of	elderly	persons	in	Asian	
Chinese,	 the	 cut-off	points	of	<26.8	kg	 in	men	and	<18.0	kg	 in	

women	best	predicted	the	risk	of	sarcopenia.	Moreover,	hand	grip	
strength	emerged	from	all	other	diagnostic	variables	as	one	of	the	
critical	independent	predictors	of	sarcopenic	risk	in	our	PUMCHS	
index,	for	both	men	and	women.	Retrospective	analysis	revealed	
that	 hand	grip	 strength	 encapsulated	 the	 complex	 influences	of	

F I G U R E  3  Correlation	between	serum	25-hydroxyvitamin	D	and	muscle	parameters.	Correlation	r	is	adjusted	for	age,	gender	and	
BMI.	A,	Serum	levels	of	25-hydroxyvitamin	D	in	sarcopenic	and	non-sarcopenic	subjects.	B,	Prevalence	of	sarcopenia	based	on	the	levels	
of	serum	25-hydroxyvitamin	D	and	the	dietary	reference	intake	for	vitamin	D.	C,	Correlation	between	serum	25-hydroxyvitamin	D	and	
hand	grip	strength	in	men.	D,	Correlation	between	serum	25-hydroxyvitamin	D	and	muscle	mass	in	men.	E,	Correlation	between	serum	
25-hydroxyvitamin	D	and	hand	grip	strength	in	women.	F,	Correlation	between	serum	25-hydroxyvitamin	D	and	muscle	mass	in	women

F I G U R E  4  Distribution	of	important	dietary	parameters	for	elderly	men	and	women.	Histograms	of	the	dietary	parameters	statistically	
significant	for	men	and	women
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F I G U R E  5  Correlations	between	body	composition	parameters	and	muscle	parameters.	Correlation	r	is	adjusted	for	age	and	gender.	BMI,	
body	mass	index;	RSMMI,	relative	skeletal	muscle	mass	index

F I G U R E  6  Receiver	operating	characteristic	(ROC)	curve	analyses	of	various	anthropometric	indicators	for	sarcopenia,	based	on	the	
AWGS	definition.	ROC	curves	are	shown	for	(A)	males	≥	60	years,	(B)	males	60-69	years,	(C)	males	70-79	years,	(D)	males	≥	80	years,	(E)	
females	≥	60	years,	(F)	females	60-69	years,	(G)	females	70-79	years,	(H)	females	≥	80	years.	AC,	abdominal	circumference;	AWGS,	Asian	
Working	Group	for	Sarcopenia;	BMI,	body	mass	index;	CC,	calf	circumference;	HG,	hand	grip;	MAC,	mid-upper	arm	circumference
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nutrition	and	 incorporated	correlations	with	 intake	of	 total	pro-
tein,	meat,	fish,	poultry,	bean,	vegetable,	nut,	fruit,	grain,	salt	and	
fat	percentage	 (all	P <	 .05),	but	 to	differing	degrees	 for	men	vs.	
women	(Table	7).

However,	 as	 this	was	 a	 cross-sectional	 study,	 the	 exact	 causal	
relationships	between	muscle	mass/function	and	 the	various	vari-
ables	could	not	be	precisely	determined.	While	our	analyses	clearly	
indicate	that	several	extrinsic	variables,	such	as	dietary	factors	re-
lated	to	the	intake	of	protein,	fat,	sterols,	vitamin	D	(cholecalciferol)	
and	caffeine,	can	differentially	 influence	 the	 risk	 for	 sarcopenia	 in	
men	and	women,	outcome-based	clinical	trials	and	human	cell	exper-
iments	will	still	be	needed	to	confirm	the	effects	of	these	metabolic	
perturbations	and	dietary	interventions.	It	should	also	be	noted	that	
the	study	subjects	excluded	from	the	analyses	for	various	technical	
reasons	were	 generally	 older	with	worse	health	 conditions,	which	
could	 mean	 we	 underestimated	 the	 prevalence	 of	 sarcopenia	 in	
Asian	Chinese	as	a	result.

Nevertheless,	among	the	confusing	array	of	muscle	parameters	
used	for	clinical	definitions	of	sarcopenia,	our	epidemiological	data	
analyses	suggest	that	gender,	sterol	metabolism,	BMI,	grip	strength,	
calf	circumstance	and	age	stand	out	as	the	most	important	predic-
tors	to	consider	for	improving	the	accurate	standardization	of	sarco-
penia	assessment	for	future	studies.
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TA B L E  7  Associations	between	dietary	parameters	versus	BMI	and	handgrip	strength	in	elderly	(≥60	years)	subjects

BMI (kg/m2) Handgrip strength (kg) Calf circumstance (cm)

Male Female Male Female Male Female

R 
value

P 
value

R 
value

P 
value

R 
value

P 
value

R 
value

P 
value

R 
value

P 
value

R 
value

P 
value

Total	protein	(g/day) .025 .55 .006 .85 .015 .71 .114 <.001 .002 .97 .014 .68

Animal	protein	(g/
day)

−.019 .64 −.019 .57 −.015 .72 .112 .001 −.07 .091 −.05 .12

Vegetable	protein	
(g/day)

.097 .019 .021 .53 .056 .18 .064 .051 .094 .023 .070 .033

Protein	distribution	
(g/day)

−.056 .17 .037 .26 .083 .043 −.014 .66 −.039 .34 .021 .53

Fish	frequency −.029 .48 .05 .13 .041 .33 −.038 .25 .030 .47 .051 .12

Poultry	frequency −.06 .15 .014 .67 .007 .86 −.048 .14 −.042 .31 .030 .36

Meat	frequency −.136 .001 .021 .52 −.104 .012 −.151 <.001 −.225 <.001 −.109 .001

Milk	frequency .072 .082 .138 <.001 .078 .059 −.063 .056 .084 .041 .067 .039

Bean	frequency −.082 .047 −.015 .66 −.111 .007 −.143 <.001 −.125 .002 −.133 <.001

Nut	frequency .015 .72 .071 .031 −.006 .88 −.151 <.001 −.015 .72 −.019 .57

Caffeine	drinking −.033 .42 .004 .9 .096 .02 .120 <.001 −.027 .51 .044 .18

25-hydroxyvitamin	D .071 .16 .117 .007 .249 <.001 −.055 .21 .156 .002 .025 .57

Grain	intake	(g/day) −.07 .088 −.076 .02 −.095 .021 −.045 .17 −.086 .037 −.056 .09

Milk	intake	(mL/time) .063 .13 .084 .01 .093 .024 −.002 .95 .082 .048 .052 .11

Fish	intake	(g/day) −.047 .25 −.039 .24 −.018 .66 −.155 <.001 −.043 .30 −.068 .038

Meat	intake	(g/day) −.021 .62 −.072 .027 −.09 .029 −.100 .002 −.084 .041 −.064 .049

Poultry	intake	(g/day) −.104 .011 −.051 .12 −.021 .61 −.117 <.001 −.062 .13 −.017 .61

Vegetable	intake	(g/
day)

−.039 .34 .017 .6 −.126 .002 −.181 <.001 −.09 .029 −.081 .014

Fruit	intake	(g/day) .026 .54 .119 <.001 −.082 .046 −.074 .023 .059 .16 .098 .003

Bean	intake	(g/day) −.121 .003 −.062 .059 −.021 .62 −.069 .035 −.156 <.001 −.096 .003

Nut	intake	(g/day) −.025 .54 .016 .62 −.005 .9 −.133 <.001 −.039 .34 −.012 .72

Salt	intake	(g/day) .032 .43 .115 <.001 .093 .023 .088 .007 .143 <.001 .141 <.001

Oil	intake	(g/day) .124 .003 .088 .007 .038 .36 .001 .99 .119 .004 .113 .001
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