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RESEARCH ARTICLE

OBJECTIVES:	To	examine	the	prevalence	of	and	risk	factors	for	presarcopenia	(low	muscle	mass	with	normal	function)	among	
Asian	Americans	(AAs),	compared	with	non-Hispanic	Whites	(NHWs);	and	to	assess	the	relationship	between	appendicular	
lean	mass	index	(ALMI)	and	handgrip	strength	by	race.	

DESIGN:	A	cross-sectional	analysis	of	the	National	Health	and	Nutrition	Examination	Survey	(2011–2014)	was	conducted,	
using	ALMI	(assessed	via	dual-energy	X-ray	absorptiometry)	and	handgrip	strength	data	from	adults	aged	18–59	years.	

RESULTS:	Of	 the	3,116	participants	 (2,293	NHW,	823	AA),	 presarcopenia	prevalence	was	10%	among	NHWs	and	27%	
among	AAs.	 In	multivariable	regression,	AA	race	(odds	ratio	 [OR]:	4.2,	95%	confidence	 interval	 [CI]:	2.6–6.6)	and	female	
sex	(OR:	1.6,	95%	CI:	1.3–2.0)	were	associated	with	presarcopenia.	Conversely,	holding	a	college	degree	(OR:	0.52,	95%	
CI:	0.30–0.92),	high	physical	activity	(OR:	0.59,	95%	CI:	0.43–0.80),	being	overweight	(OR:	0.06,	95%	CI:	0.04–0.08)	and	
obesity	(OR:	0.00,	95%	CI:	0.00–0.02)	status	were	inversely	associated.	Both	AAs	and	NHWs	exhibited	higher	prevalences	
of	low	muscle	mass	with	reduced	handgrip	strength.

CONCLUSION:	Young	and	middle-aged	AAs	are	at	an	increased	risk	of	presarcopenia,	relative	to	NHWs.	This	vulnerable	demo-
graphic	group	may	benefit	from	targeted	public	health	interventions	to	reduce	progression	toward	sarcopenia	later	in	life.
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Characterized	by	both	low	muscle	mass	and	function,1	
age-related	sarcopenia	affects	more	than	18	million	
adults	 over	 60	 years	 of	 age	 in	 the	 United	 States	

(US)2	 and	up	 to	200	million	 individuals	globally.3	 In	 the	
preclinical	 stage	 known	 as	 presarcopenia,	 individuals	
have	 low	 muscle	 mass	 but	 adequate	 muscle	 function.4	
Both	 sarcopenia	 and	 presarcopenia	 have	 been	 associ-
ated	with	functional	disability,5,6	lower	quality	of	life,7,8	and	
all-cause	mortality.9,10	Among	older	adults	 living	 in	com-
munity	 settings,	 those	with	 low	muscle	mass	alone	 (i.e.	
presarcopenia)	have	demonstrated	a	significantly	greater	
deterioration	 of	 body	 mass	 index	 (BMI),	 grip	 and	 back	
muscle	strength,	bone	mineral	density,	and	osteoporosis	
at	5-year	follow-up	compared	to	controls.11

In	 the	 US,	 the	 prevalence	 of	 sarcopenia	 and	
presarcopenia	 vary	 by	 race	 and	 ethnicity,	 with	 Asian	

Americans	(AAs)	having	the	highest	rates	of	sarcopenia	
and	Black	Americans	having	the	lowest.12	There	is	limited	
evidence	 on	 why	 AAs	 are	 particularly	 at	 risk.	 However,	
some	studies	have	found	that	Asian	populations,	including	
AAs	and	South	Asians,	have	lower	skeletal	muscle	mass	
and	strength	in	relation	to	their	Black,	White,	and	Hispanic	
counterparts.13,14	 It	 has	 been	 hypothesized	 that	 these	
findings	are	due	to	anthropometric	(e.g.	smaller	body	size	
and	 higher	 adiposity)	 and	 cultural/lifestyle	 differences	
(e.g.	 physical	 activity	 level	 and	 diet).15	 Presarcopenia	
prevalence	 estimates	 using	 appendicular	 lean	 mass	
scores	adjusted	for	BMI	are	similarly	highest	among	AA	
(22%)	and	Hispanic	Americans	(28%)	and	lowest	among	
non-Hispanic	White	(NHW)	(15%)	and	Black	Americans	
(4%).16	 Experts	 agree	 that	 in	 order	 to	 prevent	 or	 delay	
sarcopenia,	 maximizing	 muscle	 mass	 and	 strength	 in	
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youth	and	young	adulthood,	with	a	focus	on	maintenance	
later	in	life,	is	crucial	(Fig.	1).1,17	Therefore,	identifying	the	
individuals	and	groups	most	at	risk	of	presarcopenia	can	
enable	 early	 intervention	 and	 could	 significantly	 curb	
future	sarcopenia-related	disability.	

Muscle	 mass	 can	 be	 approximated	 by	 calculating	
appendicular	 lean	mass	 index	 (ALMI)	 scores,	which	 use	
bone	 density	 limb	 scores	 from	 dual-energy	 X-ray	
absorptiometry	 (DXA)	 that	 are	 corrected	 for	 body	
composition.18	 However,	 current	 classification	 ALMI	 cut-
offs	from	the	European	Working	Group	on	Sarcopenia	in	
Older	People	 (EWGSOP)	are	derived	mainly	 from	White	
European	cohorts1,4	and	 fail	 to	 represent	anthropometric	
differences	 across	 populations.	 In	 response,	 the	 Asian	
Working	Group	for	Sarcopenia	(AWGS)	formulated	more	
appropriate	 cut-offs	 for	 Asian	 cohorts.19	 After	 applying	
Asian-specific	 cut-offs	 (accounting	 for	 potential	 over/
underestimation),	 women	 in	 non-Asian	 countries	
demonstrate	a	higher	sarcopenia	prevalence	than	those	in	
Asian	countries	(20%	vs.	11%,	respectively);	the	opposite	
is	observed	with	men	(6%	vs.	9%).20	However,	there	exist	
few	data	comparing	EWGSOP	and	AWGS	criteria	in	either	
Asian	or	AA	populations.

To	date,	 presarcopenia	has	not	been	well	 studied	 in	
AAs,	 the	fastest	growing	racial	or	ethnic	minority	 in	the	
United	States,21	especially	with	Asian-specific	ALMI	cut-
offs.	 In	 addition,	 biometric	 data	 needed	 to	 classify	
sarcopenia/presarcopenia	status	(e.g.	DXA	and	handgrip	
strength	 data)	 is	 only	 available	 in	 a	 limited	 timeframe	
within	 the	 National	 Health	 and	 Nutrition	 Examination	
Survey	(NHANES),	a	national	dataset	of	US	households.22	
Due	 to	 this	 scarcity	of	data	 regarding	presarcopenia	 in	
AAs,	we	examined	the	prevalence	of	and	risk	factors	for	
presarcopenia	 among	 AA	 and	 NHW	 (reference	 group)	
adults	 aged	 18–59	 using	 2011–2014	 NHANES	 data	
containing	both	DXA	and	handgrip	strength	data.	In	the	
AA	 cohort,	 we	 compared	 the	 relative	 performance	 of	
EWGSOP	and	AWGS	criteria	in	evaluating	presarcopenia	
prevalence.	Finally,	we	evaluated	the	relationship	between	
muscle	mass	and	handgrip	strength	by	race.

METHODS
Study design and participants
The	NHANES	is	an	annually	conducted,	cross-sectional,	
and	 nationally	 representative	 survey	 that	 collects	

nutrition	and	health	information	from	nearly	5,000	non-
institutionalized	civilians	 in	 the	US	 through	 		a	 complex,	
multistage	probability	sampling	design.22	In	this	analysis,	
2011–2014	 NHANES	 data	 were	 combined,	 during	
which	AAs	were	oversampled23	and	DXA	and	handgrip	
dynamometer	 data	 were	 available.	 Participants	 older	
than	59	years	of	age	were	not	administered	DXA	whole	
body	scans	and	were	thus	excluded	from	the	analysis.

Body composition and muscle strength 
measurements
The	 NHANES	 involves	 physical	 examinations	 in	 mobile	
examination	centers24:	weight	in	kilograms	and	height	in	
centimeters	are	measured	using	standardized	techniques	
and	equipment;	BMI	is	calculated	as	weight	in	kilograms,	
divided	by	the	square	of	the	height	in	meters;	and	whole	
body	 and	 regional	 measures	 of	 lean	 mass	 (excluding	
bone	 mineral	 content)	 are	 measured	 with	 DXA.	 By	
summing	the	lean	mass	values	for	the	right	arm,	right	leg,	
left	arm,	and	left	leg,	the	appendicular	lean	mass	(ALM)	in	
grams	 was	 calculated	 and	 converted	 to	 kilograms.	 The	
ALM	 index	 (ALMI)	 was	 then	 calculated	 by	 dividing	 the	
ALM	in	kilograms	by	the	square	of	the	height	in	meters.	
Muscle	 strength	 was	 measured	 using	 a	 handgrip	
dynamometer,	 in	which	able	participants	were	asked	 to	
squeeze	 the	 device	 with	 each	 hand,	 three	 times	 in	 an	
alternating	fashion.	The	combined	grip	strength	variable	
(the	sum	of	the	largest	reading	from	each	hand,	expressed	
in	kilograms)	was	divided	by	two	to	calculate	an	average	
handgrip	strength	score	for	each	participant.	

Presarcopenia definitions and outcome 
variables
Two	 outcome	 variables	 were	 constructed	 to	 classify	
participants	 as	 presarcopenic	 (low	 ALMI	 with	 normal	

POPULAR SCIENTIFIC SUMMARY
•   Presarcopenia  is  at  increased  prevalence  among 

Asian Americans, compared to non-Hispanic Whites.
•   Asian American race and female sex  is associated 

with  presarcopenia,  but  obesity  and  high  physical 
activity are inversely associated with presarcopenia.

Fig. 1. Muscle mass and strength across the lifespan. ‘To pre-
vent or delay sarcopenia development, maximize muscle in 
youth and young adulthood, maintain muscle in middle age, 
and minimize loss in older age’. Adapted from the 2018 Euro-
pean Working Group on Sarcopenia in Older People (EWG-
SOP2) consensus paper.1 
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handgrip	 strength):	 one	 using	 EWGSOP2	 cut-offs	 (for	
both	NHWs	and	AAs),	and	another	using	EWGSOP2	cut-
offs	 for	 NHWs	 and	 AWGS	 cut-offs	 for	 AAs.	 In	 the	
EWGSOP	criteria,	low	ALMI	was	defined	as	<7.0	kg/m²	
for	men	and	<5.5	kg/m²	 for	women	and	 low	handgrip	
strength	as	<27	kg	for	men	and	<16	kg	for	women.1	In	
the	AWGS	criteria,	low	ALMI	was	defined	as	<7.0	kg/m²	
for	men	and	<5.4	kg/m²	 for	women	and	 low	handgrip	
strength	as	<28	kg	for	men	and	<18	kg	for	women.19

Covariates
Each	participant’s	age,	sex,	race,	education	level,	income,	
physical	activity	 level,	and	self-reported	health	measures	
for	 general	 health	 and	 dietary	 health	 were	 collected	 by	
household	 interviews.	 The	 demographic	 variables	
considered	in	this	study	were	sex	(male	and	female),	age	
(18–39	 and	 40–59	 years),	 and	 self-identified	 race/
ethnicity	(NHW	and	non-Hispanic	Asian	[Asian	American]).	
Socioeconomic	covariates	included	education	level	(<high	
school,	 high	 school	 graduate/General	 Equivalency	
Diploma	(GED),	some	college,	or	≥college	graduate)	and	
family	income	to	poverty	ratio	(IPR).	Family	IPR	was	defined	
as	the	ratio	of	 family	 income	to	the	year-specific	federal	
poverty	 threshold22	 and	 categorized	 as	 <130%,	 130–
349%	 and	 ≥350%.	 Self-reported	 general	 health	 and	
dietary	health	were	regrouped	into	three	levels:	excellent/
very	good,	good,	and	fair/poor.	Physical	activity	level	was	
regrouped	 into	 three	 categories:	 low,	 medium,	 and	 high	
(<150,	 150–300,	 and	 >300	 min	 of	 moderate	 intensity	
equivalent	 activity	 per	 week,	 respectively).	 Following	
recommendation	 from	 the	 World	 Health	 Organization	 to	
adjust	 for	 cardiometabolic	 disease	 risk	 among	 Asian	
populations,25	BMI	was	 grouped	 into	 the	 following	 race-
specific	categories:	normal	or	below	(BMI	<25	for	NHWs;	
BMI	<23	for	Asians);	overweight	(BMI	≥25	and	<30	for	
NHWs;	BMI	≥23	and	<27	for	Asians);	and	obese	 (BMI	
≥30	 for	 NHWs;	 BMI	 ≥27	 for	 Asians).	 BMI	 cut-offs	 for	
NHWs	were	derived	from	the	standard	definition	given	by	
the	 US	 Centers	 for	 Disease	 Control	 and	 Prevention	
(CDC).26

Statistical methods
Participants’	 characteristics,	 including	 age,	 sex,	 education	
level,	 family	 IPR	 self-reported	 general	 health	 and	 dietary	
health,	 and	 physical	 activity	 level,	 were	 represented	 as	
unweighted	 frequencies	 and	 weighted	 percentages	 with	
95%	confidence	intervals	(CIs)	by	race.	Weighted	mean	and	
corresponding	 95%	 CIs	 of	 ALMI	 and	 handgrip	 strength	
were	also	calculated	for	each	group.	Missing	values	were	
not	excluded	from	the	sample.	Instead,	a	‘missing’	category	
was	 included	 for	 each	 variable.	 The	 prevalence	 of	
presarcopenia,	along	with	95%	CIs,	was	calculated	for	each	
group	 and	 stratified	 according	 to	 the	 aforementioned	

demographic,	socioeconomic,	and	health	variables.	P-values	
for	comparisons	of	the	prevalence	between	NHWs	and	AAs	
were	obtained	with	chi-squared	tests.

The	 first	 multivariable	 analysis	 involved	 identifying	
potential	predictors	of	presarcopenia	in	the	entire	sample.	
Variables	that	were	statistically	significant	(i.e.	P	<	0.05)	
in	bivariate	logistic	regression	were	included	as	covariates	
in	 the	 final	 adjusted	 model.	 Additionally,	 regardless	 of	
initial	significance,	age	and	sex	were	included	in	the	final	
models	 as	 these	 are	 established	 risk	 factors	 for	
sarcopenia	and	likely	predictors	of	presarcopenia.1,19,27,28	
Unadjusted	 and	 adjusted	 odds	 ratios	 (ORs	 and	 aORs)	
were	 calculated	 to	 estimate	 the	 associations	 between	
the	 variables	 of	 interest	 and	 presarcopenia	 status.	 The	
variance	inflation	factor	for	each	covariate	was	calculated	
to	 evaluate	 the	 collinearity	 between	 variables	 in	 the	
multivariate	 regressions.	 However,	 no	 evidence	 of	
significant	multicollinearity	was	found.	

To	assess	how	well	 low	muscle	mass	(i.e.	 low	ALMI)	
distributes	across	 low	to	high	muscle	function	between	
groups,	handgrip	 strength	deciles	were	constructed	 for	
the	NHW	and	AA	samples,	separately.	The	percentage	of	
participants	 in	 each	 handgrip	 strength	 decile	 with	 low	
ALMI	 was	 then	 calculated.	 EWGSOP2	 cut-offs	 for	 low	
ALMI	 were	 used	 initially,	 followed	 by	 a	 supplementary	
analysis	using	AWGS	cut-offs	for	AAs.	Bar	graphs	were	
created	to	visualize	and	examine	the	relationship	between	
low	ALMI	and	handgrip	strength	by	race/ethnicity.

NHANES	Mobile	Examination	Center	 (MEC)	2-year	
sample	weights24	were	applied	to	all	analyses	to	account	
for	 unequal	 probabilities	 of	 population	 selection	 and	
non-responses,	 thereby	 providing	 estimates	
representative	 of	 the	 non-institutionalized	 civilian	 US	
population	(year	2000	population	weights).	The	Taylor	
Series	Linearization	 variance	approximation	procedure	
was	used	to	account	for	the	complex	sample	design	of	
NHANES	 in	 the	 variance	 estimation.	 Statistical	
significance	 was	 set	 at	 P	 <	 0.05.	 All	 analyses	 were	
conducted	 in	 RStudio	 Desktop	 version	 1.4.1717	 (R	
Foundation	for	Statistical	Computing).	

RESULTS
The	final	sample	included	3,116	participants	aged	18–
59	years	with	complete	DXA	and	handgrip	dynamometer	
data:	2,293	NHWs	and	823	AAs.	Sex,	 family	 IPR,	and	
self-reported	 general	 health	 status	 were	 similarly	
distributed	across	both	groups	(Table	1).	The	AA	cohort	
was	slightly	younger	than	their	NHW	counterparts	(56%	
vs.	 48%	 aged	 18–39	 years,	 respectively).	 Additional	
disparities	 were	 observed	 within	 variables,	 including	
highest	 level	of	education,	self-reported	dietary	health,	
and	physical	activity	 level,	with	AAs	being	more	highly	
educated	 and	 reporting	 better	 diets	 but	 less	 physical	
activity	 than	 NHWs.	 AAs	 were	 also	 less	 obese	 than	
NHWs	by	BMI	status	(26%	vs.	32%,	respectively).
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Prevalence of presarcopenia
Presarcopenia	 prevalence	 estimates	 according	 to	
EWGSOP2	and	AWGS	cut-offs	by	 race	and	covariates	
are	depicted	in	Table	2.	

Using	 EWGSOP2	 cut-offs,	 the	 overall	 prevalence	 of	
presarcopenia	was	significantly	higher	among	AAs	(27%;	
95%	CI:	23–31%)	compared	with	NHWs	(10%;	95%	CI:	
8–12%).	The	prevalence	of	presarcopenia	among	AAs	
was	only	slightly	 lower	using	the	AWGS	cut-offs	 (25%,	
95%	 CI:	 21–29%).	 For	 both	 AAs	 and	 NHWs,	 more	

females	 than	 males	 were	 presarcopenic	 (13%	 [NHW]	
and	36%	[AA]	vs.	7%	[NHW]	and	19%	[AA],	respectively;	
P	 <	 0.001).	 In	 addition,	 individuals	 aged	 40–59	 had	 a	
significantly	 lower	 prevalence	 than	 those	 aged	 18–39	
(8%	 [NHW]	 and	 23%	 [AA]	 vs.	 12%	 [NHW]	 and	 30%	
[AA],	 respectively).	 Very	 similar	 results	 were	 obtained	
while	applying	AWGS	cut-offs	for	AAs.

Among	NHWs,	higher	education	(P	<	0.001)	and	income	
(P	=	0.01)	were	associated	with	a	 lower	prevalence	of	
presarcopenia.	 NHWs	 who	 completed	 at	 least	 some	
college	had	a	slightly	lower	prevalence	of	presarcopenia	

Table 1. Characteristics of adults (ages 18–59) with dual-energy X-ray absorptiometry (DXA) and handgrip dynamometer data 
from the United States National Health and Nutrition Examination Survey (NHANES), 2011–2014.

Cohort characteristics by race, % (95% CI)

Non-Hispanic White (n = 2,293) Non-Hispanic Asian (n = 823)

Demographic measures

 Sex

    Female 48.2 (46.2–50.1) 49.1 (46.6–51.6)

    Male 51.8 (49.9–53.8) 50.9 (48.4–53.4)

 Age

    18–39 47.7 (43.8–51.6)) 56.1 (51.1–61.1)

    40–59 52.3 (48.4–56.2) 43.9 (38.9–48.9)

Socioeconomic measures

 Highest level of education

    <High school 8.8 (6.1–11.5) 7.2 (4.9–9.6)

    High school graduate/GED 19.4 (16.2–22.6) 12.3 (8.7–15.9)

    Some college 32.4 (29.4–35.3) 22.4 (18.0–26.7)

    ≥College graduate 34.8 (30.5–39.0) 54.4 (47.9–60.9)

 Family income to poverty ratio

    <130% 19.5 (15.2–23.8) 16.7 (12.9–20.4)

    130–349% 30.1 (26.3–33.9) 28.3 (23.1–33.7)

    >350% 46.4 (40.7–52.0) 48.7 (41.6–55.8)

Self-reported health measures

 General health status

    Fair/poor 11.2 (9.4–12.9) 6.9 (5.5–8.3)

    Good 37.0 (33.8–40.3) 38.3 (34.8–41.9)

    Excellent/very good 48.5 (44.4–52.5) 45.6 (41.9–49.3)

 Dietary health

    Fair/poor 24.9 (22.5–27.1) 14.4 (11.8–17.0)

    Good 44.7 (42.2–47.3) 43.4 (40.1–46.7)

    Excellent/very good 30.4 (28.5–32.4) 42.3 (38.1–46.4)

 Physical activity level

    Low 40.2 (38.1–42.3) 53.9 (50.6–57.3)

    Medium 17.9 (16.2–19.6) 19.9 (17.0–22.7)

    High 41.8 (39.0–44.7) 26.2 (22.8–29.6)

 BMI

    Normal or below 33.7 (30.7–36.8) 40.0 (35.8–44.3)

    Overweight 34.0 (31.5–36.5) 34.3 (30.9–37.8)

    Obese 32.2 (29.1–35.3) 25.6 (22.6–28.5)

Note:	Percentages	do	not	add	up	to	100	when	there	are	missing	values.	BMI	cut-offs	followed	the	recommendations	of	the	World	Health	Organization.
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Table 2. Prevalence of presarcopenia in adults (age 18–59 years) with dual-energy X-ray absorptiometry (DXA) and handgrip 
dynamometer data from the United States National Health and Nutrition Examination Survey (NHANES), 2011–2014. 

Prevalence of Presarcopenia, % (95% CI)

Non-Hispanic White (n = 2,293) Non-Hispanic Asian (n = 823)

EWGSOP2 EWGSOP2 AWGS

Overall 9.8 (7.7–11.9) 27.1 (22.9–31.3) 25.2 (21.3–29.1)

Demographic Measures

 Sex

    Female 12.8 (10.0–15.6) 35.8 (29.6–42.0) 31.9 (26.4–37.4)

    Male 6.9 (5.2–8.6) 18.7 (14.7–22.7) 18.7 (14.7–22.7)

    P <0.001* <0.001* <0.001*

 Age

    18–39 11.9 (9.1–14.6) 30.1 (24.7–35.5) 28.2 (23.3–33.2)

    40–59 7.9 (5.5–10.3) 23.2 (18.3–28.2) 21.3 (17.3–25.3)

    P 0.01* 0.04* 0.01*

Socioeconomic measures

 Highest level of education

    <High school 14.0 (9.5–18.6) 17.7 (7.5–27.9) 17.7 (7.5–27.9)

    High school graduate/GED 10.3 (7.0–13.5) 29.2 (19.2–39.2) 27.3 (18.1–36.4)

    Some college 8.0 (5.3–10.6) 31.7 (24.9–38.5) 29.4 (23.8–35.1)

    ≥College graduate 8.5 (6.2–10.8) 25.8 (20.2–31.3) 23.6 (18.5–28.8)

    P <0.001* 0.22 0.23

Family income to poverty ratio

    <130% 14.8 (9.1–20.5) 31.3 (22.2–40.3) 29.8 (21.2–38.4)

    130–349% 8.7 (6.0–11.4) 28.6 (20.9–36.3) 27.1 (19.5–34.8)

    >350% 8.1 (5.8–10.4) 24.9 (20.2–29.7) 22.6 (18.3–26.8)

    P 0.01* 0.46 0.31

Self-reported health measures

 General health status

    Fair/poor 12.6 (7.0–18.2) 12.5 (4.2–20.8) 10.9 (3.7–18.2)

    Good 8.7 (6.1–11.2) 30.2 (24.2–36.2) 28.3 (22.6–34.1)

    Excellent/very good 9.7 (7.2–12.2) 25.6 (20.7–30.4) 23.2 (18.7–27.3)

    P 0.32 0.02* 0.01*

 Dietary health

    Fair/poor 8.4 (6.1–10.6) 32.3 (22.6–42.0) 31.6 (21.8–41.4)

    Good 10.6 (7.3–13.8) 25.9 (20.8–31.1) 23.4 (18.5–28.3)

    Excellent/very good 9.8 (6.6–12.9) 26.5 (21.3–31.7) 24.9 (19.6–30.1)

    P 0.51 0.37 0.23

 Physical activity level

    Low 11.4 (8.0–14.8) 33.5 (28.0–39.0) 31.1 (26.0–36.2)

    Medium 10.6 (6.9–14.3) 19.6 (12.2–27.0) 18.1 (11.2–25.0)

    High 7.9 (5.7–10.1) 19.6 (14.0–25.1) 18.4 (13.4–23.4)

    P 0.09 <0.001* <0.001*

 BMI

    Normal or below 27.4 (22.4–32.3) 56.7 (50.4–63.1) 52.8 (46.7–58.9)

    Overweight 1.5 (0.0–2.5) 12.4 (7.1–17.8) 11.5 (6.7–16.3)

    Obese 0.0 (0.0–0.0) 0.0 (0.0–1.4) 0.5 (0.–1.4)

    P <0.001* <0.001* <0.001*

Note:	Presarcopenia	for	non-Hispanic	Whites	was	defined	using	the	EWGSOP	consensus	paper	criteria	definition4	of	low	muscle	mass	(i.e.	ALMI)	with	normal	muscle	
function	(i.e.	handgrip	strength),	with	EWGSOP2	cut-offs:	low	ALMI	as	<7.0	kg/m²	for	men	and	<5.5	kg/m²	for	women;	and	low	handgrip	strength	as	<27	kg	for	men	
and	<16	kg	for	women.1	For	non-Hispanic	Asians,	EWGSOP	cut-offs	were	compared	with	AWGS19	cut-offs:	 low	ALMI	as	<7.0	kg/m²	for	men	and	<5.4	kg/m²	for	
women;	and	low	handgrip	strength	as	<28	kg	for	men	and	<18	kg	for	women.

P-values	for	the	differences	among	categories	of	the	variable	for	each	group	were	obtained	by	the	chi-squared	test.

*P	<	0.05	is	considered	significant.
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than	 those	 who	 had	 no	 college	 education	 (8–9%	 vs.	
10–14%,	 respectively).	 Across	 family	 IPR	 categories	
(<130%,	 130–349%,	 and	 ≥350%),	 the	 prevalence	 of	
presarcopenia	among	NHWs	was	lower	in	the	latter	two	
categories	 (15,	 9,	 and	 8%,	 respectively).	 Among	 AAs,	
there	was	no	statistically	significant	difference	between	
levels	 of	 education	 and	 family	 IPRs	 with	 respect	 to	
presarcopenia	 prevalence,	 using	 either	 EWGSOP2	 or	
AWGS	cut-offs.	 For	 self-reported	general	 health	 status,	
only	 AAs	 had	 a	 statistically	 significant	 difference	 in	
prevalence	among	categories,	with	individuals	in	the	good	
and	excellent/very	good	category	demonstrating	a	higher	
prevalence	 than	 the	fair/poor	group	(30%	and	26%	vs.	
13%,	respectively;	P	=	0.02).	Contrarily,	NHWs	reporting	
a	healthier	diet	had	a	lower	prevalence	of	presarcopenia.	
Furthermore,	 both	 NHWs	 and	 AAs	 had	 a	 lower	
presarcopenia	 prevalence	 among	 those	 reporting	 a	
greater	level	of	physical	activity.	However,	the	differences	
were	only	significant	among	AAs	(P <	0.001).	About	one-
third	 (34%)	 of	 AAs	 with	 a	 low	 level	 of	 physical	 activity	
were	presarcopenic,	compared	to	20%	of	those	reporting	
a	medium	or	high	level	of	physical	activity.	In	both	AAs	and	
NHWs,	 overweight	 and	 obesity	 status	 were	 strongly,	
inversely	associated	with	presarcopenia	prevalence	(P	<	
0.001).	These	effects	remained	significant	while	applying	
AWGS	cut-offs.

Predictors of presarcopenia by logistic 
regression
Multivariable	 analysis	 of	 the	 entire	 cohort	 (inclusive	 of	
both	AA	and	NHWs)	are	depicted	in	Table	3.	Univariable	
analysis	 demonstrated	 significant	 results	 and	 trends	
for	 sex,	 age,	 race,	 education	 level,	 family	 IPR,	 physical	
activity	level,	and	BMI.	These	were	included	as	covariates	
in	 the	 final	 multivariable	 model.	 Sex,	 race,	 education,	
physical	activity,	and	BMI	yielded	statistically	significant	
aORs.	 Female	 participants	 had	 higher	 odds	 of	 being	
presarcopenic	 when	 compared	 with	 male	 participants	
(aOR	 =	 1.6;	 95%	 CI:	 1.3–2.0).	 After	 adjusting	 for	 key	
covariates,	AAs	had	higher	odds	of	being	presarcopenic	
compared	 with	 NHWs	 (aOR	 =	 4.2;	 95%	 CI:	 2.6–6.6).	
Furthermore,	those	who	had	graduated	from	college	had	
significantly	lower	odds	of	being	presarcopenic	compared	
with	those	who	did	not	complete	high	school,	yielding	an	
aOR	of	0.5	(95%	CI:	0.3–0.9).	Those	in	the	130–349%	
and	>350%	categories	for	family	IPR	also	had	a	reduced	
presarcopenia	risk.	However,	this	association	disappeared	
after	 adjustment.	 A	 negative	 trend	 was	 observed	 with	
physical	 activity	 level	 in	 the	 sense	 that	 those	 reporting	
high	levels	of	physical	activity	had	an	aOR	of	0.4	(95%	CI:	
0.3–0.6).	 Finally,	 those	 who	 were	 overweight	 or	 obese	
according	 to	 BMI	 also	 had	 lower	 odds	 of	 being	
presarcopenic,	with	aORs	of	0.1	(95%	CI:	0.0–0.1)	and	
0.0	(95%	CI:	0.00–0.00),	respectively,	in	relation	to	those	

with	BMIs	that	were	normal	or	below.	The	given	results	
remained	consistent	regardless	of	use	of	EWGSOP2	or	
AWGS	cut-offs	for	AAs.

We	next	performed	analysis	among	AAs	only	(Table	4).	
The	 regressions	 conducted	 for	 presarcopenia	 status	
using	only	AA	data	reflected	many	of	the	trends	observed	
in	the	broader	sample,	aside	from	education.	Univariable	
regressions	demonstrated	statistically	significant	results	
for	sex,	age,	general	health	status,	physical	activity	level,	
and	BMI.	These	were	included	as	covariates	in	the	final	
multivariable	regression	model.	Sex,	physical	activity,	and	
BMI	yielded	statistically	significant	aORs.	General	health	
status	 was	 a	 newly	 statistically	 significant	 covariate	 in	
univariable	 regression,	 with	 greater	 odds	 in	 those	
reporting	 healthier	 diets	 (i.e.	 good	 and	 excellent/very	
good):	 ORs	 of	 3.0	 (1.3–6.8)	 and	 2.4	 (1.1–5.3),	
respectively.	 However,	 these	 findings	 were	 no	 longer	
significant	after	adjustment.	While	applying	AWGS	cut-
offs	for	AAs,	results	remained	relatively	mostly	unchanged.	
Yet,	sex	was	no	longer	a	statistically	significant	predictor	
after	adjustment	among	AAs.	

Race-specific	 handgrip	 strength	 deciles	 were	
created	 for	 NHWs	 and	 AAs,	 and	 the	 proportion	 of	
individuals	 with	 low	 ALMI	 using	 EWGSOP2	 and	
AWGS	 cut-offs	 was	 calculated	 for	 each	 decile	 and	
plotted	by	race	(Fig.	2) .	In	both	groups,	prevalence	of	
low	 ALMI	 decreased	 with	 increasing	 handgrip	
strength	 decile	 (P	 for	 trend:	 0.001	 for	 NHWs	 and	
0.0003	for	AAs).	About	16–23%	of	NHWs	in	the	first	
three	 deciles	 were	 classified	 as	 having	 low	 ALMI,	
compared	 with	 2–6%	 in	 the	 final	 three	 deciles.	 In	
comparison,	42–58%	of	AAs	in	the	first	three	deciles	
had	 low	 ALMI,	 compared	 with	 1–25%	 in	 the	 final	
three	deciles.	In	every	decile,	excluding	the	last	decile,	
there	was	a	greater	proportion	of	AAs	with	low	ALMI	
compared	 with	 NHWs.	 However,	 there	 was	 still	 a	
significant	 proportion	 of	 AAs	 with	 low	 ALMI	 in	 the	
latter	half	of	deciles,	such	as	the	eighth	decile:	25%	
(95%	 CI:	 15–35).	 Using	 AWGS	 cut-offs,	 these	
observations	 and	 trends	 remained.	 However,	 due	 to	
the	slightly	lower	ALMI	cut-off	in	the	AWGS	definition,	
the	 prevalence	 of	 low	 ALMI	 in	 AAs	 was	 somewhat	
lower	across	deciles.

DISCUSSION
In	 this	 population-based,	 cross-sectional	 analysis	 of	
young	 and	 middle-aged	 Americans,	 the	 prevalence	 of	
presarcopenia	among	AAs	was	almost	three	times	that	
of	 NHWs.	 Female	 sex,	 greater	 education	 level,	 and	
higher	levels	of	physical	activity	were	presarcopenia	risk	
factors	agnostic	of	race,	whereas	an	overweight/obese	
BMI	 status	 was	 found	 to	 be	 strongly	 protective.	 The	
same	 was	 true	 when	 examining	 AAs	 alone,	 with	 the	
exception	 of	 education.	 These	 observations	 were	 true	
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regardless	 of	 use	 of	 EWGSOP2	 or	 AWGS	 biometric	
criteria.	 In	 the	handgrip	 strength	decile	analysis,	 there	
was	a	greater	proportion	of	AAs	with	 low	ALMI	 in	 the	
lower	 deciles	 compared	 with	 NHWs,	 indicating	 a	
potentially	 stronger	 correlation	 between	 muscle	 mass	
and	strength	among	AAs.

Previous	 analyses	 have	 similarly	 shown	 significant	
disparities	in	prevalence	of	sarcopenia	and	presarcopenia	
among	AAs	and	Asian	populations	when	compared	with	
non-Asian	 groups.12,20,29	 However,	 data	 are	 limited	 for	
young	 and	 middle-aged	 adults,	 a	 critical	 group	 where	
targeted	 efforts	 may	 delay	 or	 attenuate	 future	 muscle	

Table 3. Univariable and multivariable associations between variables of interest and presarcopenia status for entire cohort (N = 3,116).

Univariable and multivariable predictors of presarcopenia for entire cohort (N = 3,116), OR (95% CI)

EWGSOP2-only model EWGSOP2 / AWGS model

Univariable Multivariable Univariable Multivariable

Demographic measures

 Sex

    Male Ref. Ref. Ref. Ref.

    Female 2.03* (1.73–2.37) 1.60* (1.26–2.02) 1.98* (1.69–2.31) 1.54* (1.22–1.94)

 Age

    18–39 Ref. Ref. Ref. Ref.

    40–59 0.63* (0.47–0.83) 1.09 (0.76–1.54) 0.62* (0.47–0.83) 1.08 (0.76–1.55)

  Race

    Non-Hispanic White Ref. Ref. Ref. Ref.

    Non-Hispanic Asian 3.43* (2.46–4.78) 4.16* (2.61–6.62) 3.11* (2.24–4.31) 3.51* (2.24–5.48)

Socioeconomic measures

 Highest level of education

    <High school Ref. Ref. Ref. Ref.

    High school graduate/GED 0.76 (0.50–1.16) 0.88 (0.50–1.55) 0.75 (0.49–1.16) 0.87 (0.49–1.55)

    Some college 0.61* (0.39–0.95) 0.67 (0.33–1.38) 0.60* (0.39–0.94) 0.67 (0.33–1.36)

    ≥College graduate 0.71 (0.50–1.00) 0.52* (0.30–0.92) 0.69* (0.48–0.98) 0.52* (0.30–0.91)

 Family income to poverty ratio

    <130% Ref. Ref. Ref. Ref.

    130–349% 0.60* (0.39–0.91) 0.75 (0.45–1.24) 0.60* (0.39–0.91) 0.75 (0.45–1.24)

    >350% 0.55* (0.33–0.92) 0.67 (0.35–1.29) 0.54* (0.33–0.91) 0.67 (0.35–1.28)

Self-reported health measures

 General health status

    Fair/poor Ref. - Ref. -

    Good 0.81 (0.50–1.30) - 0.80 (0.50–1.29) -

    Excellent/very good 0.84 (0.50–1.42) - 0.83 (0.49–1.41)  -

  Dietary health

    Fair/poor Ref. - Ref. -

    Good 1.27 (0.87–1.84) - 1.25 (0.86–1.82)  -

    Excellent/very good 1.25 (0.82–1.89) - 1.23 (0.81–1.87)  -

 Physical activity Level

    Low Ref. Ref. Ref. Ref.

    Medium 0.81 (0.54–1.22) 0.67 (0.420–1.05) 0.82 (0.55–1.22) 0.68 (0.43–1.06)

    High 0.59* (0.43–0.80) 0.43* (0.28–0.64) 0.59* (0.43–0.82) 0.43* (0.28–0.64)

 BMI

    Normal or below Ref. Ref. Ref. Ref.

    Overweight 0.06* (0.04–0.08) 0.05* (0.03–0.08) 0.05* (0.04–0.08) 0.05* (0.03–0.08)

    Obese 0.00* (0.00–0.02) 0.00* (0.00–0.02) 0.00* (0.00–0.02) 0.00* (0.00–0.02)

In	EWGSOP2-only	model,	presarcopenia	for	both	non-Hispanic	Whites	and	Asians	are	defined	by	EWGSOP2	cut-offs.	In	EWGSOP2/AWGS	model,	EWGSOP2	cut-offs	
used	for	non-Hispanic	Whites	and	AWGS	cut-offs	used	for	Asians.	

*P	<	0.05	is	considered	significant.
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loss.	 Our	 study	 significantly	 expands	 upon	 the	 body	 of	
literature	around	Asian	age-related	muscle	loss.	Previous	
analyses	 of	 US	 and	 Japanese	 cohorts	 found	 that	 the	
prevalence	of	presarcopenia	was	higher	among	women.11,29	
Conversely,	the	Louisiana	Osteoporosis	Study12	observed	
a	 higher	 prevalence	 of	 low	 ALMI	 among	 men	 in	 both	
their	NHW	and	AA	samples.	The	finding	that	education	
level	is	associated	with	a	lower	prevalence	of	sarcopenia	
and	 presarcopenia	 has	 been	 observed.12,29	 Individuals	

with	 greater	 education	 tend	 to	 exhibit	 better	 health	
behaviors30–32	 with	 respect	 to	 diet	 and	 exercise	 and	
disproportionately	live	in	communities	(e.g.	green	spaces)	
that	encourage	physical	activity.33	Together,	these	factors	
are	 believed	 to	 optimize	 overall	 health	 and	 minimize	
muscle	loss	in	the	long	term.	Increasing	physical	activity	
also	appears	protective	against	muscle	loss.29,34	A	lower	
level	 of	 physical	 activity	 is	 associated	 with	 muscle	 loss	
over	 time,	 whereas	 higher	 levels	 correspond	 with	

Table 4. Univariable and multivariable associations between variables of interest and presarcopenia status for non-Hispanic 
Asians only (N = 823).

Univariable and multivariable predictors of presarcopenia for Asians (N = 823), OR (95% CI)

EWGSOP2 model AWGS model

Univariable Multivariable Univariable Multivariable

Demographic measures

 Sex

    Male Ref. Ref. Ref. Ref.

    Female 2.42* (1.81–3.25) 1.61* (1.16–2.22) 2.03* (1.52–2.71) 1.24 (0.89–1.74)

 Age

    18–39 Ref. Ref. Ref. Ref.

    40–59 0.70* (0.49–1.00) 1.26 (0.79–2.01) 0.69* (0.51–0.92) 1.17 (0.77–1.78)

Socioeconomic measures

 Highest level of education

    <High school Ref. - Ref. -

    High school graduate/GED 1.91 (0.97–3.77) - 1.74 (0.84–3.58) -

    Some college 2.16 (0.95–4.90) - 1.94 (0.88–4.29) -

    ≥College graduate 1.61 (0.76–3.41)  - 1.44 (0.69–3.00) -

 Family income to poverty ratio

    <130% Ref. - Ref. -

    130–349% 0.88 (0.49–1.59) - 0.88 (0.48–1.59) -

    >350% 0.73 (0.44–1.21) - 0.69 (0.42–1.13) -

Self-reported health measures

 General health status

    Fair/poor Ref. Ref. Ref. Ref.

    Good 3.02* (1.34–6.83) 2.64 (0.96–7.28) 3.22* (1.48–7.00) 2.78 (0.96–8.01)

    Excellent/very good 2.40* (1.09–5.31) 1.46 (0.58–3.70) 2.46* (1.12–5.39) 1.49 (0.58–3.85)

 Dietary health

    Fair/poor Ref. - Ref. -

    Good 0.73 (0.44–1.22) - 0.66 (0.39–1.13) -

    Excellent/very good 0.76 (0.46–1.25) - 0.72 (0.43–1.20) -

 Physical activity Level

    Low Ref. Ref. Ref. Ref.

    Medium 0.48* (0.32–0.74) 0.36* (0.21–0.61) 0.49* (0.32–0.75) 0.37* (0.23–0.62)

    High 0.48* (0.30–0.77) 0.53* (0.31–0.89) 0.50* (0.33–0.77) 0.56* (0.33–0.94)

 BMI

    Normal or below Ref. Ref. Ref. Ref.

    Overweight 0.11* (0.06–0.10)  0.10* (0.05–0.17) 0.12* (0.07–0.19) 0.10* (0.06–0.17)

    Obese 0.00* (0.00–0.03) 0.00* (0.00–0.02) 0.00* (0.00–0.03) 0.00* (0.00–0.03)

In	EWGSOP2	model,	presarcopenia	defined	by	EWGSOP2	cut-offs.	In	AWGS	model,	presarcopenia	defined	by	AWGS	cut-offs.

*P <	0.05	is	considered	significant.
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increased	 muscle	 mass	 and	 strength.35–37	 Interestingly,	
overweight	and	obesity	status	were	strongly	and	inversely	
associated	 with	 presarcopenia.	 Obese	 individuals	 of	 all	
ages	tend	to	have	greater	proportional	muscle	strength	
due	 to	 the	 increased,	 sustained	 overload	 on	 antigravity	
muscles	that	enhances	muscle	mass.38	This	phenomenon	
directly	counters	the	loss	of	lean	muscle	mass	that	would	
lead	individuals	to	be	classified	as	presarcopenic.	Morgan	
et	al.	 (2020)	observe	 that	 this	 ‘paradoxical’	 relationship	
complicates	interventional	studies,	because	even	though	
obesity	may	play	a	protective	 role	 in	preserving	muscle	
mass	at	older	ages,	it	is	associated	with	its	own,	significant	
health	 complications	 (e.g.	 diabetes	 and	 cardiovascular	
disease).39

Currently,	 individuals	 are	 classified	 as	 sarcopenic	 or	
non-sarcopenic	according	to	individual	sarcopenia	definitions	
proposed	 by	 expert	 consensus	 groups,	 including	 the	
EWGSOP,4	 EWGSOP2,1	 AWGS,19	 International	 Working	
Group	on	Sarcopenia	(IWGS),40	US	Sarcopenia	Definitions	
and	 Outcomes	 Consortium	 (SDOC),41,42	 and	 other	
researchers.43–46	 Nine	 out	 of	 these	 10	 guidelines	 used	
ALMI	 cut-offs	 as	 a	 component	 of	 their	 sarcopenia	

definition.	 Accordingly,	 our	 decile	 analysis	 aimed	 to	
evaluate	 two	 current	 cut-offs	 for	 low	 ALMI	 (EWGSOP2	
and	AWGS	cut-offs)	across	racial	groups.	Our	data	suggest	
that	 in	 this	 AA	 cohort,	 the	 choice	 of	 cut-off	 did	 not	
significantly	 impact	 major	 outcome	 parameters,	 namely	
presarcopenia	 prevalence,	 presarcopenia	 risk	 factors,	 or	
the	 association	 between	 handgrip	 strength	 and	 ALMI.	
There	may	exist	significant	differences	in	anthropometric	
parameters,	 exercise	 patterns,	 and	 dietary	 patterns	
between	AA	and	Asians,	perhaps	limiting	the	generalizability	
of	 Asian-specific	 criteria	 to	 AAs.	 These	 results	 would	
require	further	validation	in	independent	AA	cohorts.	

Sarcopenia	 and	 presarcopenia	 pose	 individual	 health	
risks	and	steep	healthcare	costs	for	national	governments2	
and	 both	 are	 linked	 with	 numerous	 comorbidities.	
Presarcopenia	may	also	be	a	harbinger	of	metabolic	 and	
cardiovascular	 diseases.47,48	 Presarcopenia	 represents	
a	 unique	 opportunity	 not	 only	 to	 improve	 age-related	
disability	 and	 mortality	 but	 also	 societal-wide	 healthcare	
efficiency;	 it	has	been	estimated	 that	a	10%	reduction	 in	
sarcopenia	 prevalence	 could	 save	 the	 US	 government	
approximately	$1.1	billion.2	This	study	demonstrating	higher	

Fig. 2. Percentage of participants with a low appendicular lean mass index (ALMI) score across handgrip strength deciles, by 
race. In top panel, ALMI and handgrip strength defined for all individuals using EWGSOP2 cut-offs. In bottom panel, ALMI and 
handgrip strength defined for non-Hispanic Whites by EWGSOP2 cut-offs, and for non-Hispanic Asians by AWGS cut-offs.
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prevalence	 of	 presarcopenia	 in	 young	 and	 middle-aged	
Americans	 thus	 highlights	 an	 at-risk	 demographic	 group	
that	 can	 be	 targeted	 with	 risk	 reduction	 or	 attenuation	
efforts.	Randomized	controlled	trials	of	interventions	aimed	
at	 improving	 physical	 function	 and	 functional	 strength	
among	 presarcopenic	 older	 adults,	 including	 a	 6-month	
home	exercise	program49	and	a	10-week	resistance	training	
regimen,50	have	been	promising.	These	findings	suggest	the	
potential	to	not	only	reverse	the	progression	of	the	disease	
in	 older	 individuals	 but	 also	 the	 potential	 to	 start	 these	
programs	 earlier	 in	 younger	 at-risk	 groups.	 Evidence	
suggests	that	such	maintenance	of	skeletal	muscle	in	young	
adulthood	is	necessary	to	prevent	future	muscle	loss.36	Still,	
research	 exploring	 the	 prevention	 of	 presarcopenia	 and	
sarcopenia	specifically	in	young	adults	is	lacking.

Balanced	 against	 the	 study’s	 strengths	 are	 several	
notable	limitations.	Available	race-	and	ethnicity-specific	
cut-offs	 were	 limited	 to	 European	 and	 East	 Asian	
samples,	 thereby	 limiting	 our	 analysis.	 Ideally,	 cut-offs	
specific	 to	 AA	 subgroups	 and	 other	 races/ethnicities	
and	 disaggregated	 NHANES	 data	 would	 have	 allowed	
for	a	more	comprehensive	analysis	and	understanding	of	
the	 sarcopenia	 and	 presarcopenia	 burden	 on	 minority	
groups.	 The	 general	 health	 status	 and	 dietary	 health	
variables	 used	 in	 this	 analysis	 were	 self-reported,	
allowing	 factors	 such	 as	 social	 desirability	 bias	 to	
potentially	skew	results.	The	lack	of	association	between	
dietary	health	and	presarcopenia	status	may	be	due	to	
US	 adults’	 inability	 to	 accurately	 assess	 their	 diet	
quality.51	Therefore,	 this	analysis	 is	 limited	with	 respect	
to	 the	 conclusions	 that	 can	 be	 drawn	 regarding	 the	
influence	 of	 nutrition	 on	 presarcopenia	 status.	 Finally,	
our	 Asian	 sample	 size	 (N	 =	 823)	 was	 insufficient	 to	
allow	 for	 disaggregated	 AA	 analysis	 (e.g.	 Koreans,	
Japanese).	

CONCLUSIONS
The	 high	 prevalence	 of	 presarcopenia	 among	 young	 and	
middle-aged	AA	adults	signals	the	future	consequent	risk	
on	 mortality,	 quality	 of	 life,	 and	 caregiver	 burden	 in	 this	
population,	particularly	among	females,	individuals	with	low	
educational	attainment,	and	low	physical	activity.	These	data	
support	 prior	 findings	 highlighting	 the	 need	 for	 further	
research	 to	 advance	 early	 recognition	 and	 augmented	
interventions,	 including	 exercise	 and	 nutrition	 promotion,	
targeting	AAs	and	other	at-risk	subgroups	of	the	population.
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