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Dietary protein intake, muscle 
mass, and physical function in 
older adults: A descriptive one 
year	follow-up	study6

Willemke	Nijholt,	Annemiek	Bielderman,	Matthieu	H.G.	de	Greef,	Cees	P.	van	der	Schans,	
Hans	Hobbelen,	Harriët	Jager-Wittenaar

submitted

Background & Aims Sufficient	protein	intake	is	crucial	to	maintain	physical	functioning	

in older adults. In this study, we assessed actual dietary protein intake, compared intake 

to different protein recommendations, and assessed the interrelationships between 

dietary protein intake, muscle mass, and physical function over time in older adults. 

Methods In	total,	44	community-dwelling	healthy	adults	(59%	male)	with	a	mean	age	

of	69.7±3.5	years	were	included	in	this	observational	study,	and	were	evaluated	at	start	

of	the	study	and	after	12	months.	Total	protein	intake	was	determined	using	a	3-day	food	

diary.	Individual	mean	absolute	(g)	and	relative	(g/kg	body	weight	[BW])	protein	intake	

and its distribution of over the day were determined. Protein intake was compared 

to	 three	different	protein	 recommendations:	 0.8	g/kg	BW/day	 (Dutch	Health	Council);	

1.0-1.2	g/kg	BW/day	(PROT-AGE	Study	group);	and	0.4	g/kg	BW/meal	three	times	a	day.	

Skeletal	muscle	mass	index	(SMI)	was	estimated	with	bioelectrical	impedance	analysis,	

using	 the	 Janssen	 equation.	 Physical	 function	was	 assessed	 using	 four	 performance-

based	tests:	30	seconds	sit	 to	stand	 (30-STS,	number	of	 repetitions),	 timed	up	and	go	

(TUG,	 seconds,	higher	 scores	 indicating	 lower	 functional	mobility),	handgrip	 strength	

(HGS,	kg),	and	2-minute	step	test	(number	of	repetitions).	Results Median	protein	intake	

was	1.0	 (interquartile	 range	0.8-1.1)	g/kg	BW	and	did	not	differ	between	baseline	and	

follow-up.	A	decrease	of	3.2%	in	SMI	was	observed,	whilst	no	change	in	physical	function	

was observed within the time span of one year. Protein was mainly consumed in one or 

two	boluses	of	25	to	30	grams	each	per	day.	Most	of	the	participants	(82%,	N=36)	met	

the	recommendation	0.8	g/kg	BW/day,	whereas	less	than	half	of	the	participants	(47%,	

N=21)	did	meet	the	recommendation	1.0-1.2	g/kg	BW/day.	None	of	the	participants	met	

the	recommendation	of	0.4	g/kg	BW/meal	three	times	a	day.	No	correlations	between	

protein	 intake	and	SMI,	2-minute	 step	 test,	 and	HGS	were	observed	 (r=-0.15,	p=0.324;	

r=0.05,	 p=0.737;	 r=0.02,	 p=0.888,	 respectively).	 Furthermore,	 no	 correlations	 between	

protein	intake	and	30-STS	(r=0.30,	p=0.057),	and	TUG	(r=-0.30,	p=0.059)	were	observed.	

Conclusions While	SMI	substantially	decreased	within	the	course	of	one	year,	and	the	

majority	of	the	studied	sample	of	community-dwelling	older	adults	has	an	insufficient	

protein intake, protein intake was not associated with muscle mass and physical 

function. Therefore, further studies should focus on strategies for improving protein 

intake	in	community-dwelling	older	adults.	
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Introduction 

The number of older persons in society is increasing, of whom the vast majority is living 
at home.1 Aging is associated with changes in body composition, including a decrease in 
muscle mass.2,3 This loss, together with a loss of muscle function, is referred to as sarcopenia.4 
Sufficient	protein	 intake	 is	 considered	an	 important	 factor	 in	 the	maintenance	of	muscle	
mass and muscle function.5 

Over	 the	 last	 few	 years,	 several	 recommendations	 for	 adequate	 protein	 intake	 for	 older	
adults have been proposed. The recommendations vary from a minimum protein intake 
per day relative to body weight,6,7 to an even distribution of protein intake over the day in 
combination	with	an	optimal	quantity	of	protein	per	meal	 relative	 to	body	weight.8 Low 
protein	 intake	 is	often	defined	as	<0.8	g	protein/	kg	body	weight	 (BW)/day,	and	 is	highly	
prevalent	in	community-dwelling	older	adults	with	estimates	ranging	from	15%	to	40%.9-12 
The	Dutch	Health	Council	also	defines	low	protein	intake	for	older	adults	as	an	intake	of		<0.8	
g	protein/kg	BW/day,9 in contrast with the general consensus on protein intake for older 
adults	by	the	PROT-AGE	Study	group	(2018).7	According	to	this	study	group,	0.8	g	protein/
kg	BW/day	is	not	sufficient	for	older	adults	and	therefore	the	study	group	recommends	an	
intake	of	1.0-1.2	g	protein/kg	BW/day.	To	our	knowledge,	limited	data	on	the	prevalence	of	
low protein intake according to this recommendation specifically aimed at older adults is 
available.

It	 has	 been	 previously	 reported	 that	 sufficient	 protein	 intake	 (≥1.0	 g	 protein/kg/day)	 is	
associated with better mobility and lower limb physical functioning.13 However, limited data 
on the longitudinal associations between protein intake, muscle mass, and physical function 
in community older adults are available.14-18	Previous	longitudinal	studies	have	shown	mixed	
results.	A	previous	study	in	community-dwelling	older	adults	showed	that	over	a	three	year	
period,	the	decline	in	lean	mass	was	steeper	for	participants	in	the	lowest	quintile	of	protein	
intake	 as	 compared	 to	 those	 in	 the	 highest	 quintile	 of	 protein	 intake.15 However, other 
studies did not find this association between protein intake and change in muscle mass.14,18 
To our knowledge, only two studies are available for the association between protein intake 
and physical function.16,17 Although both studies concluded that low protein intake might 
be associated with larger decline in physical function in older adults, only women were 
included,16 or the associations were only observed in women.17 

Therefore the primary aim of this study was to assess dietary protein intake and the 
adherence	to	different	protein	recommendations	in	community-dwelling	older	adults.	The	
secondary aim was to elucidate the interrelationships between protein intake, muscle mass, 
and physical function over time. 
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Material and methods

Study design and participants

For	 this	 cohort	 study,	 a	 sample	 of	 independently	 living	 participants	 aged	 ≥65	 years	
was recruited in the northern part of The Netherlands. Detailed information regarding 
recruitment and inclusion of the participants has been described elsewhere.19 Participants 
were	evaluated	at	start	of	the	study	(baseline,	T0)	and	after	12	months	(1-year	follow-up,	T1).	
Only	those	participants	who	filled	 in	a	 food	diary	at	baseline	and	follow-up	were	eligible	
to be included in the data analysis. The study complied with the principles outlined in the 
Declaration of Helsinki and all participants provided informed consent. 

Measures

Protein intake

Total	protein	and	energy	intake	were	determined	using	a	3-day	food	diary.	The	food	diary	
included two weekdays and one day of the weekend. Participants were provided with 
detailed oral and written instructions by trained undergraduate students in Nutrition 
and Dietetics on how to complete the food diary. The participants recorded the type and 
amount	 (in	household	measures)	of	consumed	products,	dishes,	and	beverages.	All	 food	
diaries were coded by trained undergraduate students in Nutrition and Dietetics with the 
use	 of	 the	Dutch	 nutrient	 database	 ‘NEVO	 2011’.20	 Based	 on	 the	 timing	 of	 consumption,	
the	food	 intake	was	categorized	 into	 ‘breakfast’,	 ‘lunch,	 ‘dinner’	or	 ‘between-meal	snacks’.	
Subsequently,	mean	absolute	(g)	and	relative	(g/kg	body	weight	[BW])	protein,	and	absolute	
(kcal)	and	relative	energy	intake	(kcal/kg)	were	calculated.	In	this	study,	protein	intake	was	
compared to three different protein recommendations: 

1	 General	recommendation	for	adults	of	the	Dutch	Health	Council,	0.8	g/kg	BW/day6;
2	 Recommendation	of	the	PROT-AGE	Study	group	specifically	aimed	at	older	adults,	1.0-1.2	

g/kg	BW/day7;
3	 Recommendation	of	0.4	g/kg	BW/meal	three	times	a	day8.
Furthermore, the distribution of protein intake per day was studied. A bolus of protein was 
defined	as	25	to	30	grams,21	or	0.4	g/kg	BW	protein.8 

Muscle mass

Body	weight	 and	 height	were	measured	 in	 light	 indoor	 clothing	without	 shoes,	 using	 a	
standard protocol. Body	 mass	 index	 (BMI)	 was	 then	 calculated	 as	 weight	 in	 kilograms	
divided	 by	 height	 in	meters	 squared	 (kg/m2).	 Bioelectrical	 impedance	 analysis	 (BIA)	 was	
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performed using a standard protocol,22,23	 to	assess	muscle	mass	using	a	multi-frequency	
BIA	(Quadscan	4000)	after	4	hours	of	fasting.	Skeletal	muscle	mass	was	estimated	using	the	
Janssen	equation24:
•	 total	muscle	mass	(kg)	=	([height2	/	resistance	*	0.401]	+	[gender	*	3.825]	-	[age	*	0.071])	+	5.102
•	 skeletal	muscle	mass	index	(SMI)	(kg/m2)	=	total	muscle	mass	/	height2

Low	muscle	mass	was	defined	as	SMI	≤	8.50	kg/m2	for	males	and	≤	5.75	kg/m2 for females.25  

Physical function

Physical	function	was	assessed	using	four	performance-based	tests.	All	tests	were	performed	
or	supervised	by	a	team	of	experienced	researchers.		

30 seconds sit to stand test

The	30	seconds	sit-to-stand	test	was	used	to	assess	leg	muscle	power.26 Participants were 
asked to stand up from a chair without arm rests, with their arms folded across the chest. 
The	number	of	complete	sit-to-stands	in	30	seconds	was	counted;	the	higher	the	number,	
the better the leg muscle power. To identify participants with decreased leg muscle power, 
a	cut-off	point	of	≤	8	repetitions	was	used.27   

Timed up and go

The	timed	up	and	go	(TUG)	test	was	used	to	assess	functional	mobility,	and	expressed	in	
the	time	(in	seconds)	required	to	stand	up	from	a	chair,	walk	2.44	m	(8	feet),	turn	and	return	
to a seated  position as fast as possible.26 The highest score out of two trials was recorded, 
with higher scores indicating lower balance. Impaired functional mobility was defined as  
≥	9	seconds.27  

2-minute step test

The	 2-minute	 step	 test	was	 used	 to	 assess	 aerobic	 endurance.	 The	 length	 between	 the	
patella and the iliac crest was measured, and a marker was made on the wall at the half 
point of length between the patella and iliac crest. The participants were asked to raise each 
knee	to	that	particular	point	(‘march	in	place’)	for	two	minutes.	The	number	of	times	that	
the	right	knee	reaches	the	required	height	was	counted,	with	higher	numbers	 indicating	
better	aerobic	endurance.	Cut-off	points	for	poor	aerobic	endurance	were	<80	(in	male)	and	
<68	(in	female).26,27
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Handgrip strength

Handgrip	strength	(in	kilograms)	was	used	as	a	proxy	for	overall	strength,28 and was assessed 
with	a	JAMAR	handheld	dynamometer.	Measurements	were	performed	three	times	using	
the	dominant	hand.	The	maximum	handgrip	strength	was	used	in	the	analysis.29 Low muscle 
strength	was	defined	as	a	handgrip	strength	<30	kg	for	males	and	<20	kg	for	females.25 

Sarcopenia

The	 revised	 criteria	 from	 the	 European	 Working	 Group	 on	 Sarcopenia	 in	 Older	 Adults	
(EWGSOP2)4 were applied to investigate the prevalence of sarcopenia in this sample. TUG, 
handgrip	 strength	 and	 SMI	 were	 used	 to	 identify	 low	 physical	 performance,	 low	 muscle	
strength	 and	 low	muscle	 quantity,	 respectively.	 According	 to	 the	 revised	 EWGSOP	 criteria,	
probable	 sarcopenia	 is	 present	 if	muscle	 strength	 is	 low	 (<27	 kg	 for	males	 and	<16	 kg	 for	
females),	sarcopenia	is	present	if	both	muscle	strength	and	muscle	mass	are	low	(SMI	<7.0	kg/m2 

for	males	and	<6.0	kg/m2	for	females)	and	severe	sarcopenia	is	present	if	all	three	conditions	
(i.e.,	low	muscle	strength,	low	muscle	mass	and	low	physical	performance	(TUG≥20	seconds))	
are low.4  

Statistical Analyses 

Descriptive statistics were used to summarize the characteristics of the participants. 
Continuous	 variables	 are	 reported	 in	means	 and	 standard	deviation	 (SD),	 or	median	 and	
interquartile	ranges	(IQR)	for	skewed	distributed	variables.	Absolute	and	relative	frequencies	
are shown for categorical data. Changes in muscle mass and physical function over time 
were	 analyzed	 by	 the	 paired	 t-test	 or	 Wilcoxon	 Signed	 Ranks	 test.	 Because	 multiple	
comparisons	were	made,	the	p-values	were	adjusted	according	to	the	Bonferroni	method	
for multiple testing.30 The correlations between protein intake and muscle mass and physical 
function	were	examined	using	Spearman’s	correlation	coefficient. or	Fisher’s	exact	test	was	
used to assess differences in muscle mass and physical function in the group meeting the 
recommendation versus the group not meeting the recommendation for protein intake. 
SPSS	version	25.0	(SPSS	Inc,	Chicago,	Illinois)	was	used	for	the	statistical	analyses.	The	level	of	
statistical	significance	was	established	at	p<0.05.

Results

In	total,	44	participants	(59%	male)	were	included	in	the	study.	At	baseline,	the	mean	age	
of	 the	 participants	 was	 69.7±3.5	 years.	 Most	 of	 the	 participants	 (N=36,	 82%)	 had	 a	 BMI	 
≥25	kg/m2.	Only	one	participant	(2.1%)	was	diagnosed	with	probable	sarcopenia	at	baseline	
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and	 follow-up.	 No	 participants	 were	 diagnosed	with	 sarcopenia	 or	 severe	 sarcopenia	 at	
baseline	and	follow-up	(Table	1).

Table 1. Body	composition	and	physical	function	of	the	study	population.

Baseline
N=44

1-year Follow-up
N=44

p-value*

Body composition

Weight	(kg),	[IQR]																					 80.7	(69.8-85.8) 82.5	(71.2-86.7) 0.866

BMI	(kg/m2),	[IQR]																		 26.8	(25.6-28.7) 26.9	(25.5-29.1) 0.769

SMI	(kg/m2)a                                8.7	(1.5) 8.4	(1.3) 0.002

Physical function 

30	s	sit	to	stand	(no.	of	reps),	[IQR]b               14	(12-16) 14	(13-16) 0.144

Timed	up	and	go	(s)c                   4.8	(0.8) 4.8	(0.7) 0.592

2	min	step	test	(no.	of	reps)d [IQR] 104	(91-112) 96	(84-110) 0.342

Handgrip	strength	(kg)c               34.7	(7.9) 34.7	(9.4) 0.985

Probable	sarcopenia	(n	(%))e 1	(2.1) 1	(2.1) 1.000

Data	are	presented	as	mean	(standard	deviation),	median	(interquartile	range,	IQR)	or	N	(%).
a	2	missing	values	at	follow-up,	b 3	missing	values	at	baseline,	2	at	follow-up	c	2	missing	values	at	baseline	and	2	at	follow-up	d	8	
missing	values	at	baseline,	14	at	follow-up,	e according	to	the	EWGSOP2	criteria,	*	difference	between	baseline	and	follow-up.	

Protein intake

Table	2	shows	the	protein	and	energy	intake	at	baseline	and	follow-up.	Median	protein	intake	
was	1.0	(interquartile	range	0.8-1.1)	g/kg	BW.	The	highest	protein	 intake	was	consumed	at	
the	last	meal	of	the	day,	i.e.,	dinner,	and	consisted	of	a	mean	intake	of	34.3	(12.0)	g.	Protein	
was	mainly	consumed	in	one	or	two	boluses	of	25	to	30	grams	per	day.	In	total,	82%	(N=36)	
complied	 with	 the	 Dutch	 protein	 recommendation	 of	 0.8	 g/kg	 BW/day.	 In	 contrast,	 no	
participants	met	the	recommendation	0.4	g/kg	BW/meal	three	times	a	day	(Table	2).	

Muscle mass

At	 baseline,	mean	 SMI	was	 8.7±1.5	 kg/m2	and	 56%	 (N=25)	 of	 the	 participants	 had	 a	 low	
SMI.	At	follow-up,	mean	SMI	was	8.4±1.3	kg/m2.	A	significant	decline	in	SMI	was	observed	
between	baseline	and	follow-up	(-0.3	kg/m2,	p=0.002)	(Table	1).	

Physical function 

At	baseline,	32%	(N=14)	of	 the	participants	scored	below	the	norm	for	 leg	muscle	power	
and	9%	(N=4)	 for	overall	strength.	 Impaired	functional	mobility	was	observed	in	3	(6.8%),	
and	poor	aerobic	endurance	was	observed	in	14	(31.8%)	participants.	Overall,	no	significant	
differences	in	physical	function	between	baseline	and	follow-up	were	observed	(Table	1).
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Table 2. Description	of	protein	and	energy	intake	at	baseline	and	follow-up	(N=44).

Baseline
N=44

1-year Follow-up
N=44

p-value*

Protein	(g),	[IQR] 78.2	(66.8-86.8) 79.5	(63.9-90.9) 0.692

Protein	intake	per	kg/BW,	[IQR] 1.0	(0.8-1.1) 1.0	(0.8-1.2) 0.779

Energy	(kcal) 1939	(326) 1904	(415) 0.525

Protein intake per meal (g)

Energy	intake	per	kg/BW,	[IQR] 25	(22-27) 24	(21-27) 0.283

Breakfast 11.1	(4.7) 10.7	(5.0) 0.481

Lunch 21.4	(6.8) 26.4	(11.0) 0.002

Diner 	33.6	(9.5) 29.5	(10.1) 0.025

In-between	snacks,	[IQR] 	6.3	(3.7-8.5) 6.0	(4.3-9.0) 0.963

Frequency of a bolus of protein of 25 to 30 grams per meal

0 	6	(14) 	8	(18)

0.564
1 	26	(59) 	23	(52)

2 	12	(27) 	13	(30)

3 	0	(0) 	0	(0)

Frequency of a bolus of protein of 0.4 g/kg BW per meal

0 17	(39) 18	(41)

0.564
1 24	(55) 23	(52)

2 3	(7) 3	(7)

3 0	(0) 0	(0)

Meeting the recommendation

0.8	g/kg	BW/d(Dutch	Health	Council)6 	36	(82) 	34	(77) 0.414

1.0-1.2	g/kg	BW/d	(PROT-AGE	group)7 	21	(47) 	19	(44) 0.617

0.4	g/kg	BW/meal	three	times	a	day8 	0	(0) 	0	(0) -

Data	are	presented	as	mean	(standard	deviation),	median	(interquartile	range,	 IQR),	or	N	(%).	*	difference	between	baseline	and	
follow-up.
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Associations between dietary protein intake, muscle mass and physical 
function

Table	3	shows	the	cross-sectional	correlations	between	protein	intake	per	kg/BW	and	muscle	
mass	and	physical	function	at	baseline.	No	correlation	between	protein	intake	and	SMI	was	
observed	(r=-0.15,	p=0.324).	Furthermore,	no	correlation	between	protein	intake	and	aerobic	
endurance	was	found	(r=0.05,	p=0.737).	In	addition,	no	correlations	between	protein	intake	
and	leg	muscle	power	(r=0.30,	p=0.057),	functional	mobility	(r=-0.30,	p=0.059),	and	handgrip	
strength	(r=-0.02,	p=0.888)	were	found.	Furthermore,	no	associations	between	meeting	the	
recommendations	for	protein	intake	and	muscle	mass	and	function	were	observed	(Table	4).	

Table 3. Correlations between protein intake, muscle mass and physical function.

Protein intake per kg body weight (g)

Spearman’s ρ p-value

Muscle mass SMI -0.15 0.324

Leg muscle power 30 s sit to stand 0.30 0.057

Functional mobility Timed up and go -0.30	 0.059

Aerobic endurance 2 min step test 0.05 0.737

Overall strength Handgrip strength -0.02 0.888

Table 4. Associations	between	meeting	the	recommendation	(yes/no)	and	muscle	mass	and	physical	
function	(normal/low).

Meeting the recommendation 
of 0.8 g/kg BW/day

Meeting the recommendation 
of 1.0-1.2 g/kg BW/day

Yes No p-value* Yes No p-value*

Skeletal muscle mass indexa 
Normal
Low

15
21

4
4

0.710
10
11

9
14

0.761

Leg muscle powerb

Normal
Low

23
11

4
3

0.673
14
6

13
8

0.744

Functional mobilityc

Normal
Low

32
2

7
1

0.479
18
2

21
1

0.598

Aerobic enduranced

Normal
Low

24
4

5
1

1.000
13
3

16
2

0.648

Overall strengthe

Normal
Low

16
18

4
4

1.000
10
10

10
12

1.000

a	low	muscle	mass	was	defined	as	≤	8.50	kg/m2	for	males	and	≤	5.75	kg/m2	for	females;	b	using	the	30	s	sit-to-stand	test,	decreased	
leg	muscle	power	≤	8	repetitions;	c using	the	timed	up	and	go	test,	impaired	functional	mobility	was	defined	as	≥	9	seconds;	d using 
the	2	min	step	test,	poor	aerobic	endurance	was	defined	as	<80	for	males	and	<68	for	females;	e handgrip strength, low muscle 
strength	was	defined	as	<30	kg	for	males	and	<20	kg	for	females;	*	Fisher’s	exact	test.
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Discussion 

The findings of this longitudinal study suggest that low protein intake is prevalent in 
community-dwelling	older	adults	living	in	the	northern	part	of	The	Netherlands.	Despite	the	
fact that the large majority of the sample complied with the Dutch protein recommendation 
of	 0.8	 g/kg	 BW/day	 (82%,	N=36),	 less	 than	 half	 of	 the	 participants	 (47%,	N=21)	 complied	
with	the	recommendation	of	1.0	g/kg	BW/day	by	the	PROT-AGE	group,	which	is	specifically	
aimed	at	older	adults.	Additionally,	a	substantial	decrease	of	3.2%	in	muscle	mass	index	was	
observed, whilst no change in protein intake and physical function was observed within the 
time span of one year. No correlations between protein intake, muscle mass and physical 
function were observed.

Due to the differences in recommended protein intake between the applied guidelines, the 
prevalence	of	low	protein	intake	in	our	study	varied	from	18%	to	53%	(N=23).	Most	of	the	
participants	(82%,	N=36)	comply	with	the	recommendation	for	protein	intake	of	the	Dutch	
Health Council, which is in line with findings from the Dutch National Food Consumption 
Survey	Older	Adults	2010-2012.9  However, the recommendation of the Dutch Health Council 
is not specific for older adults, but applies to the general Dutch population. Therefore, this 
recommendation	is	not	in	line	with	the	general	tendency	that	older	adults	require	higher	
protein intake to maintain muscle mass and function.15,31		The	PROT-AGE	guideline	and	the	
recommendation	of	0.4	g/kg	BW/meal	three	times	a	day	are	specific	recommendations	for	
older adults.7,8	When	applying	the	PROT-AGE	group	recommendation	(i.e.,	1.0-1.2	g/kg	BW),	
only	47%	(N=21)	meets	the	recommendation	for	sufficient	protein	intake.	While	hard	figures	
on the prevalence of low protein intake according to this recommendation are lacking, based 
on	the	median	intake	of	protein	in	the	Dutch	population	(1.0	g/kg	BW),	it	can	be	concluded	
that our results are similar to the results from the Dutch National Food Consumption 
Survey Older Adults.9 In our sample, none of the participants met the recommendation of  
0.4	g/kg	BW/meal	three	times	a	day.	It	remains	unclear	whether	meeting	this	recommendation	
is associated with better physical function and higher muscle mass. Therefore, future studies 
should focus on the prevalence of low protein intake according to this recommendation 
and its association with physical function and muscle mass.

The	 substantial	 decrease	 in	 SMI	 (-3.2%)	 found	 in	 our	 study	 is	 in	 line	 with	 another	 study	 in	
community-dwelling	older	adults,	 in	which	a	decline	of	1	to	3%	per	year	was	reported	and	an	
even steeper decline with increasing age.32	It	has	been	suggested	that	after	the	age	of	70,	this	
loss is a predecessor of loss of physical function.33 This loss, together with the high prevalence 
of	 low	 protein	 intake	 using	 the	 PROT-AGE	 group	 recommendation	 (i.e.,	 1.0-1.2	 g/kg	 BW),	 
suggests	 that	 our	 sample	 of	 community-dwelling	 older	 adults	may	 be	 at	 risk	 for	 developing	
nutrition-related	conditions	such	as	malnutrition,	sarcopenia,	and	physical	frailty.	This	suggests	
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that	preventive	targeted	interventions	to	promote	protein	intake	are	important	for	community-
dwelling older adults and we recommend further intervention studies on this topic. 

We did not observe correlations between protein intake, muscle mass, and physical function. 
A possible reason for not finding significant correlations between protein intake, leg muscle 
power, and functional mobility might be the small sample size, which may have caused 
a type II error. In line with a previous study, no correlations between protein intake and 
muscle mass, aerobic endurance and handgrip strength were found.34 Compared to a study 
who did observe correlations between protein intake and physical function,15 the mean 
daily protein intake and functional level in our study population was high. This may have 
resulted in limited variability in the data, and might therefore account for the absence of the 
correlations between protein intake and muscle mass and function.

To our knowledge, this is the first longitudinal study assessing dietary protein intake using 
different recommendations and determining its association with muscle mass and function. 
The current study has nevertheless limiting factors include the small sample size and the use 
of	BIA	for	the	assessment	of	muscle	mass.	Although	this	method	is	well-known	and	often	
used	in	practice,	BIA	is	not	the	gold	standard	for	assessing	muscle	mass.	Due	to	changes	in	
hydration	status,	the	validity	of	BIA	is	limited	in	the	clinical	situation.35However, we do not 
expect	an	altered	hydration	status	in	our	study	population,36 and therefore we consider the 
results to be valid. 

In	 conclusion,	 this	 study	 suggests	 that	 low	 protein	 intake	 is	 prevalent	 in	 community-
dwelling	older	adults	living	in	the	northern	part	of	the	Netherlands.	While	SMI	substantially	
decreased within the course of one year, and the majority of the studied sample of 
community-dwelling	older	adults	has	an	insufficient	protein	intake,	protein	intake	was	not	
associated with muscle mass and physical function. Therefore, further studies should focus 
on	strategies	for	improving	protein	intake	in	community-dwelling	older	adults	to	attenuate	
the	decline	in	SMI,	and	decrease	the	risk	of	development	of	sarcopenia	and	frailty.	
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