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Summary of main findings

This	thesis	determined	the	value	of	ultrasound	to	quantify	muscles	 (Chapters	2,	3,	and	4),	
evaluated	methods	to	assess	malnutrition	(Chapter	5),	and	determined	the	impact	of	diet	
and	physical	activity	in	relation	to	physical	and	psychological	frailty	(Chapters	6	and	7). 

One specific objective of this thesis was to determine the validity and reliability of 
ultrasound	 to	 quantify	muscles.	 For	 this	 purpose,	 a	 systematic	 review	was	 conducted	 in	
which	 the	 validity	 and	 reliability	 of	 ultrasound	 to	 quantify	 muscles	 in	 older	 adults	 was	
evaluated	(Chapter	2).	A	total	of	17	studies	were	included	in	the	systematic	review,	of	which	
13	 studies	 reported	 on	 the	 reliability	 and	 eight	 studies	 on	 the	 validity	 of	 ultrasound	 to	
quantify	muscles.	These	studies	evaluated	thickness,	cross-sectional	area,	and/or	volume,	of	
mostly	thigh	muscles.	Two	studies	examined	the	validity	of	ultrasound-derived	prediction	
equations.	 This	 systematic	 review	 showed	 that	 ultrasound	 is	 a	 reliable	 and	 valid	 tool	 for	
the assessment of muscle size in older adults. Nevertheless, most of the included reliability 
studies in the systematic review focused on the interpretation of ultrasound images instead 
of	 assessing	 the	 complete	 ultrasound	 procedure.	 Therefore,	 in	 Chapter	 3,	 the	 test-retest	
reliability and validity of ultrasound, using different transducers and methods for estimating 
rectus	 femoris	 size	 (thickness	and	cross-sectional	area)	and	echo	 intensity	was	evaluated.	
Ultrasound images of the rectus femoris were obtained with both a linear and curved array 
transducer	and	were	validated	against	MRI.	The	results	showed	that	the	test-retest	reliability	
and validity for estimating muscle size is good for both transducers. For echo intensity, 
reliability was moderate, and therefore further work needs to be done to establish whether 
ultrasound can be used to evaluate echo intensity.  

To gain insight into the relationship between peripheral muscle size and whole body muscle 
mass	 and	muscle	 function,	 an	 exploratory	 study	 in	 patients	 with	 COPD	was	 performed	
(Chapter	 4).	 Impaired	muscle	 function	 is	 a	 characteristic	 feature	 of	 COPD,	 and	 therefore	
the assessment of muscle mass and function are essential. In this study, the correlations 
between	 rectus	 femoris	 muscle	 size	 and	 fat-free	 mass	 index	 measured	 by	 bioelectrical	
impedance analysis, and muscle function assessed by handgrip strength and the five times 
sit	to	stand	test	were	explored.	Furthermore,	the	correlation	between	rectus	femoris	size	and	
maximal	exercise	capacity	measured	by	the	 Incremental	Shuttle	Walk	Test	was	evaluated.	
This	exploratory	study	shows	that	in	patients	with	COPD,	rectus	femoris	size	is	moderately	
correlated	with	(whole	body)	fat	free	mass	and	handgrip	strength.	Furthermore,	this	study	
suggests	 that	muscle	 size	 is	 not	 correlated	with	 the	 five	 times	 sit	 to	 stand	 test	 (muscle	
function)	and	maximal	exercise	capacity.	Therefore,	future	studies	should	focus	on	the	role	
of ultrasound in evaluating nutritional status. 
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To	adequately	diagnose	malnutrition,	the	criteria	that	are	used	for	evaluating	it	need	to	cover	
the	definition	of	malnutrition.	Therefore,	in	Chapter	5, a systematic review was conducted, in 
order to provide an overview of assessment methods of malnutrition in patients with cancer. 
Furthermore, the content validity of these methods was evaluated. This study showed that a 
large number of methods is used to assess malnutrition in patients with cancer. The content 
validity of these methods was variable and below acceptable levels when comparing with 
internationally accepted definitions of malnutrition. To increase the content validity of 
malnutrition assessment methods, items with regard to body composition and function 
should be included. 

In	 the	 study	described	 in	Chapter	6,	 the	prevalence	of	 low	protein	 intake	 in	older	 adults	
living in a deprived neighborhood was evaluated. In addition, correlations between 
dietary	protein	 intake,	muscle	mass,	 and	physical	 function	over	 time	were	explored.	 This	
study shows that protein intake remained stable over one year, and that protein intake was 
not associated with muscle mass and physical function. The large majority of the studied 
population complied with the Dutch protein recommendation for adults.

However, when applying a recommendation specifically aimed at older adults, low dietary 
protein	 intake	 was	 present	 in	 half	 of	 the	 studied	 population.	 In	 this	 one	 year	 follow-
up	 study,	we	determined	 a	decline	 in	muscle	mass	of	 3.2%.	 This	 loss	of	muscle	mass,	 in	
combination with the high prevalence of low protein intake suggests that this sample of 
community-dwelling	 older	 adults	 are	 at	 risk	 for	 developing	 nutrition-related	 conditions	
such as sarcopenia, malnutrition, and physical frailty. Therefore, further studies should focus 
on	strategies	for	improving	protein	intake	in	community-dwelling	older	adults.

It is well known that a low intake of protein is associated with an increased risk for physical 
frailty.	Since	a	healthy	diet	consists	of	a	complex	combination	of	nutrients	rather	than	isolated	
nutrients,	 it	 is	 difficult	 to	 assess	 the	 independent	 health	 effects	 of	 nutrients.	 Therefore,	
in	 Chapter	 7,	 the	 synergistic	 association	 between	 adhering	 to	 a	 healthy	 diet	 and	 being	
physically active and cognitive functioning in older adults was studied. We showed that 
both adhering to a healthy diet and being physically active are independently associated 
with improved cognitive functioning. However, they were not synergistically associated 
with cognitive functioning.  
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Interpretation of main findings

Muscle size versus muscle mass

Initially, low muscle mass was considered to be a key characteristic of sarcopenia.1,2 However, 
in	the	revised	consensus	definition	of	the	European	Working	Group	on	Sarcopenia	in	Older	
Adults	(EWGSOP2),	low	muscle	strength	rather	than	low	muscle	mass	is	considered	as	a	key	
characteristic of sarcopenia.3 Two factors have been contributed to this shift. First, a growing 
body of literature recognizes that low muscle strength is better in predicting adverse 
outcomes such as falls, disability and mortality.3-5 Second, the assessment of muscle mass 
might	not	be	 feasible	 in	daily	practice	due	 to	 technical	difficulties.6-8 Therefore, the shift 
from a focus on muscle mass to the focus on strength should facilitate early recognition 
of sarcopenia in daily practice. Nevertheless, the assessment of muscle mass still plays an 
important	 role	 in	 identifying	 sarcopenia.	 According	 to	 the	 revised	 EWGSOP	 definition,	
sarcopenia is present if both muscle mass and strength are low. When these two constructs 
lead to low physical performance, sarcopenia is considered severe.3	The	quantification	of	
muscle mass is not only a step in the diagnosis of sarcopenia. The Global Leadership Initiative 
on	Malnutrition	 (GLIM)	 recently	 proposed	 a	 set	 of	 criteria	 for	 diagnosing	malnutrition	 in	
adults	 in	 clinical	 settings.	 Within	 these	 GLIM	 criteria,	 the	 assessment	 of	 muscle	 mass	 is	
considered to be an important step in the diagnosis of malnutrition.9 

Both	consensus	groups	recommend	the	use	of	dual	energy	X-ray	absorptiometry	(DXA)	or	
bioelectrical	 impedance	analysis	(BIA)	for	the	assessment	of	muscle	mass.	DXA	is	a	widely	
used	method	for	the	assessment	of	lean	body	mass	(of	which	muscle	mass	is	a	major	part),	
and is proposed as a reference standard.7 A disadvantage of DXA is that it is not portable, 
and therefore not feasible for use in everyday practice. Another disadvantage of DXA is the 
unclear mathematical algorithm used by the manufacturers for the prediction of lean body 
mass.	Therefore,	Scafoglieri	and	Clarys	(2018)	conclude	in	their	response	letter	that	yet	it	is	
too early to propose DXA as a reference standard.10	BIA,	on	the	other	hand,	is	portable	and	
widely	available.	A	drawback	of	 this	 technique	 is	 that	 it	estimates	 fat-free	mass	based	on	
the	electrical	conductivity	of	fluid-rich	compartments	(such	as	muscles),	rather	than	direct	
measurement	of	muscles.	 Furthermore,	 the	validity	of	BIA	 is	dependent	on	 the	equation	
that is used and can be influenced by hydration status.11 

Within	 the	 EWGSOP2	 definition	 of	 sarcopenia,	 also	 alternative	 tools	 for	 the	 evaluation	
of muscle mass are described.3 One of the alternative tools that has been described is 
ultrasound, and the findings of this thesis suggest that ultrasound is a valid and reliable 
tool	 for	 the	assessment	of	muscle	 size	 (Chapters	2	and	3).	Nevertheless,	 to	estimate	 total	
muscle	mass	by	ultrasound,	more	 research	 focusing	on	the	validity	of	 these	equations	 in	
different populations is needed. Therefore, in the current operational criteria of sarcopenia 
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of	the	EWGSOP2,	ultrasound	is	not	included.	Since	it	has	been	shown	that	the	loss	of	muscle	
mass is not uniform across all muscles, it is of great value to evaluate peripheral muscles.12 
In	general,	the	loss	of	muscle	mass	of	the	lower	 limbs	usually	 is	mainly	a	consequence	of	
inactivity whereas the loss of muscle mass in the upper limbs is more prone to nutritional 
depletion.13	Evaluating	peripheral	muscle	size	facilitates	targeted	interventions	based	on	the	
affected body region. Therefore, a paradigm shift from the total muscle mass to peripheral 
muscle	size	is	suggested	in	Chapter	2b.	To	apply	this	paradigm	shift,	normative	data	need	
to be available. A first step for normative data for muscle thickness has been proposed in 
a study of Arts et al.14 In this study, healthy volunteers from different age groups living in 
a	Western	European	country	were	included.	The	thickness	of	five	different	muscle	groups	
was assessed in both the upper and lower limbs. To date, no normative data of muscle 
cross-sectional	area	are	available.	As	this	parameter	is	less	operator	dependent	than	muscle	
thickness	 (Chapter	3),	and	therefore	a	better	parameter	 for	 the	estimation	of	muscle	size,	
normative data of a heterogeneous population of this parameter are needed. 

Muscle ultrasound in daily practice 

Need for a standardized protocol

Recently, a review for evaluating appendicular muscles in older adults has been published. 
This review provides an overview of the different measurement procedures and, based 
on this overview, offers a standardized way for the assessment of appendicular muscles 
in older adults.15 The proposed standardized way consists of four steps, starting with the 
positioning of the subject before scanning, followed by the measurement procedure. 
One	part	of	the	measurement	procedure	is	the	selection	of	the	type	of	parameters	(or	so	
called	components).	Within	this	thesis,	the	validity	and	reliability	for	the	estimation	of	three	
parameters	was	evaluated,	namely	 thickness,	CSA,	and	echo	 intensity	 (Chapters	2	and	3).	
Nevertheless, as shown by Perkisas, et al., ultrasound can also be used to evaluate pennation 
angle and fascicle length. Pennation angle has been defined as the angle of insertion of 
muscle fiber fascicles into deep aponeurosis.16 This angle is closely related to the capacity 
of the muscle to generate force and, therefore, is considered to be a measure of muscle 
quality.16,17	Also	fascicle	length	(i.e.,	the	length	of	the	fascicular	path	between	insertions	of	
the fascicle into the superficial and deep aponeurosis15)	 is	associated	with	muscle	quality	
since	it	 is	proportional	to	the	extensibility	and	contractility	of	the	muscle.16,18 In summary, 
different types of ultrasound parameters can be used, however, before ultrasound can be 
used in daily practice for the assessment of sarcopenia and malnutrition, reference values 
and	cut-off	points	for	the	diagnosis	of	these	nutrition(-related)	disorders	are	needed.	
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The role of the ultrasonographer

A	repeatedly	reported	disadvantage	of	(muscle)	ultrasound	is	the	role	of	the	ultrasonographer	
or rater. Indeed, the rater plays a crucial role in the entire ultrasound procedure, unlike other 
methods	 such	 as	 BIA.	 In	 both	 research	 settings	 and	 daily	 practice,	muscle	 ultrasound	 is	
performed by different professionals such as radiologists, radiographers, physical therapists 
and	 dietitians.	 In	 this	 thesis,	 both	 a	 radiographer	 (Chapter	 3) and	 dietitians	 (Chapter	 4) 
conducted the scans. In a pilot study in Portuguese nursing home residents, different 
aspects	of	inter-rater	reliability	were	studied.	This	pilot	study	suggests	that	the	agreement	
for performing the complete ultrasound procedure between two dietitians trained in 
muscle ultrasound for the estimation of  biceps thickness in older adults was moderate to 
good. In addition, the agreement for the interpretation of ultrasound images between the 
dietitians	and	a	radiographer	with	three	years	research	experience	in	muscle	ultrasound	was	
good	to	excellent.	This	pilot	suggests	that	the	agreement	between	different	raters	is	good	
and additional training may further improve the reliability of ultrasound.19 

In	 the	 systematic	 review	described	 in	 Chapter	 2,	 four	 studies	 focusing	 on	 the	 inter-rater	
reliability of ultrasound for the assessment of muscle size were included.20-23	Remarkably, 
two	of	these	studies	did	not	report	information	with	regard	to	the	background,	experience,	
or training of the raters.20,23 This is remarkable, because these studies were primarily aimed 
at	 investigating	 the	 inter-rater	 reliability,	 hence,	 detailed	 information	 with	 regard	 to	 for	
example	 background	 and	 experience	 is	 essential	 for	 the	 interpretation	 of	 the	 results.	 In	
contrast, in the study of Cho, et al., this information is well described and, therefore, might 
serve	as	an	example	for	future	publications	about	the	inter-rater	reliability	of	ultrasound.22 

Training in muscle ultrasound

Primarily,	 radiographers	 (in	 Dutch:	 Medisch	 Beeldvormings-	 en	 Bestralingsdeskundige)	
can	be	considered	as	experts	 in	the	field	of	performing	ultrasound	scans.	During	the	first	
and	second	year	of	the	bachelor’s	programme	of	Medical	Imaging	and	Radiation	Therapy,	
the students are introduced in the physics behind ultrasound and trained in performing 
ultrasound scans. This allows the radiographers to adjust system settings in order to 
optimize	image	quality.	During	the	programme,	the	students	can	choose	a	specialization	in	
ultrasound. Nevertheless, musculoskeletal ultrasound is only a small part of the programme 
of	 Medical	 Imaging	 and	 Radiation	 Therapy.	 Furthermore,	 at	 this	 time,	 radiographers	 are	
primarily employed in hospitals and limited in the primary care. Therefore, from a technical 
perspective, radiographers are best trained to perform ultrasound scans. From a more 
practical perspective, however, other professionals might be better suited to perform 
muscle	ultrasound.	As	experts	in	movement	and	exercise,	who	are	provided	with	in-depth	
anatomy training, physical therapists might play an important role in the assessment of 
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muscles.	Furthermore,	physical	therapists	already	use	ultrasound	as	a	diagnostic	technique	
particularly in sports medicine and, therefore, might also be interested in utilizing this 
technique	for	the	quantification	of	muscles.23	Dietitians	are	experts	in	the	field	of	nutrition	
and body composition and, therefore, they also might be interested in the use of ultrasound 
for evaluating body composition.   

In brief, radiographers, physical therapists, and dietitians can learn much from each other’s 
expertise,	and	interprofessional	collaboration	between	these	professionals	will	help	facilitate	
improved healthcare. Therefore, an interprofessional collaboration must be embedded 
in	 the	different	 Bachelor’s	 programmes.	 To	 achieve	 this,	 joint	 interprofessional	 education	
should	be	offered.	For	example,	a	body	composition	module	could	be	developed	in	which	
students from different study programmes participate. In addition, training courses for the 
evaluation	of	muscles	for	professionals	in	primary	care,	for	example,	physical	therapists	and	
dietitians, is needed to improve knowledge and skills regarding muscle ultrasound. 

Prevention of frailty: the role of a healthy diet 

Identifying	physical	frailty	is	important;	its	prevention	and	early	treatment	might	be	of	even	
greater importance. Adherence to a healthy diet can play an important role for the prevention 
of	frailty.	For	example,	in	Chapter	7,	it	is	shown	that	adherence	to	a	healthy	diet	(i.e.,	sufficient	
intake	of	 fruit,	 vegetables,	 and	fish)	 is	 associated	with	good	cognitive	 functioning.	Other	
studies	also	show	that	a	healthy	dietary	pattern,	such	as	the	Mediterranean	diet,	is	linked	to	
frailty prevention.25,26	However,	in	practice,	it	can	be	difficult	for	older	adults	to	adhere	to	a	
healthy	eating	pattern.	For	example,	nutrition	impact	symptoms	such	as	loss	of	appetite,	dry	
mouth,	and	swallowing	problems	may	hinder	sufficient	dietary	intake.27 Not only physical 
but also psychosocial factors such as the loss of a family member and loneliness might lead 
to a decreased intake.28,29 Decreased intake may lead to malnutrition,30 and thus, screening 
for	malnutrition	in	community-dwelling	older	adults	is	important.	Healthcare	professionals	
could play an important role in preventing and recognizing malnutrition and should be 
aware of their role within this process. Above all, older adults should understand the 
relevance of a healthy diet. 

Informing	older	adults	(and	their	family	care	givers)	helps	them	to	recognize	and	become	
aware	that	a	healthy	diet	helps	to	prevent	or	delay	the	onset	of	nutrition-related	disorders	
such as malnutrition and sarcopenia. 
Initiatives such as the website ‘https://www.goedgevoedouderworden.nl’ might help to 
create awareness and should be further developed and promoted.



Chapter 8

146

Methodological considerations

Causal interpretation was limited in this thesis, as the results were all based on observational 
studies,	 mostly	 with	 cross-sectional	 designs.	 Therefore,	 it	 remains	 unclear	 whether	 low	
muscle	size	was	a	cause	or	consequence	of	(whole	body)	fat-free	mass	or	muscle	function	
in	Chapter	4.	Moreover,	 the	observed	associations	 in	Chapter	7	between	adherence	 to	 a	
healthy	 diet	 and	 being	 physically	 active	 could	 be	 a	 cause	 or	 consequence	 of	 cognitive	
functioning. Furthermore, observational studies are prone to unmeasured confounding. 
This	 type	 of	 bias	 should	 especially	 be	 considered	 in	 Chapter	 6,	 as	 unmeasured	 factors	
such as physical activity, malnutrition and social economic status could have affected the 
correlations between protein intake, muscle mass, and physical function. 

Another important methodological consideration is the healthy diet score, that was 
developed	 in	 Chapter	 7	 to	 assess	 diet	 quality	 in	 community-dwelling	 older	 adults.	 This	
predefined score includes the intake of fruit, vegetables, and fish and is based on the Dutch 
dietary	guideline.	Although	the	healthy	diet	score	partially	overlaps	with	well-known	diet	
quality	scores	such	as	the	Healthy	Diet	Indicator,31 and the Diet	Quality	Index,32 it provides a 
global	overview	of	the	diet	quality.	It	has	been	suggested	that	there	are	several	key	issues	in	
the	construction	of	diet	quality	scores. The choice of the components to include in the score, 
is one of these key issues.33	The	consumption	of,	 for	example,	dairy	and	meat,	fibers,	and	
alcohol is not included within the healthy diet score, although these variables may have an 
impact on the association between diet, physical activity, and cognition.34,35 Furthermore, 
the healthy diet score was not adjusted for energy intake which is also considered to be a 
key	component	 in	 the	construction	of	a	diet	quality	 score.33 Individuals with higher total 
consumption will more easily meet the dietary guidelines and, as a result, will be assigned a 
higher	healthy	diet	score.	This	might	have	led	to	an	overestimation	of	the	diet	quality	in	our	
studied population. Nonetheless, despite the limitations of the constructed score, we were 
able to find associations between adhering to a healthy diet and cognitive functioning. 

Additionally, a heterogeneous study population consisting of participants from different 
age categories and with different health status’ would have provided more insight in the 
validity	and	reliability	of	ultrasound	(Chapter	3).	Within	this	study,	only	14	healthy	adults	were	
included. Therefore, generalizations towards other populations are debatable. Nevertheless, 
it has been shown that muscle size is associated with ageing.14,36	For	example,	the	size	of	
the	rectus	 femoris	 is	bigger	 in	adults	at	 the	ages	of	20	to	40,	compared	to	older	adults.14 
Chapter	3	showed	that	the	validity	and	reliability	of	ultrasound	is	good	for	estimating	rectus	
femoris	 size	 in	a	population	with	a	median	age	of	32.5	 years.	 Based	on	 these	findings,	 it	
can be argued that this method is also suitable for older populations and, therefore, it is 
plausible	that	the	conclusions	drawn	in	Chapter	3	for	the	estimation	of	rectus	femoris	size	
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also apply to older populations. For echo intensity, on the other hand, the results cannot be 
generalized since ageing is associated with an increase in echo intensity.14,37 

In the current thesis, different ultrasound devices were used to estimate muscle size. 
In	 Chapter	 3,	 a	 portable	 ultrasound	machine	was	 used	 and,	 in	 Chapter	 4	 a	 tablet	 based	
ultrasound machine was used. The possibilities of the latter are limited to evaluating muscle 
size and, therefore, other parameters such as echo intensity, i.e., the reflection of the emitted 
ultrasound signal,38 could not be assessed within this study. 

As a measure of intramuscular fat and interstitial fibrous tissue, echo intensity is an important 
parameter since intramuscular fat is associated with impaired physical functioning,39-41 and 
mortality.41,42 A previous study in patients with COPD showed that increased intramuscular 
fat is more strongly correlated with muscle weakness and mobility than with muscle size.43 
Therefore,	the	lack	of	information	about	the	echo	intensity	might	be	a	potential	explanation	
for	the	lack	of	strong,	significant	correlations	between	rectus	femoris	size,	fat-free	mass,	and	
function	in	patients	with	COPD	(Chapter	4).	

Future research

This thesis provides information on tools to identify sarcopenia and malnutrition. In 
addition,	the	findings	of	this	thesis	suggest	that	adherence	to	a	healthy	diet	and	sufficient	
protein intake play an important role in the prevention of frailty. As stated earlier, most of 
the	 associations	 found	 in	 this	 thesis	were	based	on	cross-sectional	observational	 studies	
and, therefore, prospective studies are needed to draw causal conclusions. In particular, 
additional research in the field of muscle ultrasound and assessing a healthy diet is needed, 
and implications for future research are provided. 

•	 Evaluating	echo	intensity	by	ultrasound
As	 indicated,	 echo	 intensity	 is	 an	 important	 parameter	 for	 evaluating	 the	 quality	 of	 the	
muscle.	Chapter	3	suggests	that	the	test-retest	reliability	is	moderate,	however	since	these	
findings are based on a small and homogenous sample size, more research is needed on the 
test-retest	reliability	of	this	method.	For	this	purpose,	a	standardized	measurement	protocol	
should be developed. A first step towards a standardized protocol was made, however 
this protocol is not specifically aimed at evaluating echo intensity.15 Influencing factors of 
echo	 intensity	such	as	 frequency,	gain,	and	transducer	type	should	be	addressed	 in	such	
a	protocol.	Since	echo	intensity	depends	on	the	equipment	that	is	used,44 further studies 
should focus on the comparability of different ultrasound machines. This study could have a 
similar design as a previous study in which two ultrasound machines were compared,45 and 
should use a realistic phantom and the developed standardized protocol.
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•	 Normative values for muscle size
The	next	step	should	be	to	provide	normative	values	for	the	quantification	and	qualification	
of muscles using ultrasound. For this purpose, the size of different muscles should be 
assessed in a heterogeneous population. It would be interesting to develop normative 
values	 for	 different	 size	 measurements,	 such	 as	 the	 cross-sectional	 area,	 thickness,	 and	
volume.	Not	only	normative	values	for	quantifying	muscles	should	be	developed,	but	also	
normative	values	 for	qualifying	muscles	 (i.e.,	echo	 intensity,	pennation	angle,	and	 fascicle	
length)	 should	be	developed.	 These	data	 could	be	 used	 for	 the	development	 of	 cut-off	
values for the diagnosis of sarcopenia. 

•	 Development of a standardized protocol 
The recently published consensus approach for muscle ultrasound by Perkisas et al. should 
be	 further	developed	 to	provide	directions	 for	everyday	practice.	For	example,	 the	exact	
measurement procedure for the different parameters or components should be stated. 
Therefore,	developing	a	protocol	for	each	parameter	in	which	the	procedure	is	explained	and	
illustrated	step-by-step	is	recommended.	Further	studies	should	also	focus	on	the	feasibility	
of the protocol, as highlighted by Ticinesi et al.46	Quantitative	and	qualitative	 information	
on the ultrasound procedure in daily practice could be used in the further development of 
the	protocol.	For	example,	experiences	of	 the	raters	 in	performing	the	protocol	could	be	
examined,	together	with	the	inter-	and	intra-rater	reliability.	Lastly,	 it	might	be	considered	
to study the effect of training in applying the protocol by different healthcare professionals. 
This data could be used in the development of a tailored training for the different healthcare 
professionals	and	gives	insight	into	the	inter-rater	reliability	of	muscle	ultrasound.	

•	 Further development of the healthy diet score 
There is no doubt that adherence to a healthy diet plays a pivotal role in successful ageing. 
However,	a	diet	is	a	complex	combination	of	food	groups	and,	therefore,	difficult	to	assess	
with	a	questionnaire.	Although	a	number	of	studies	have	been	performed	on	diet	quality	
indices,	 such	 as	 the	Healthy	 diet	 score	 in	 Chapter	 7	 of	 this	 thesis,	 there	 continues	 to	 be	
insufficient	 knowledge	 regarding	 the	 content	 validity	 of	 the	 constructed	 healthy	 diet	
score. This score has been developed to provide an overall impression of adherence to the 
Dutch Dietary Guideline but is limited to the evaluation of fruit, vegetable, and fish intake. 
Although these components are core elements of the guideline, it might be of great interest 
to further develop this score, first, by updating the score according to the Dutch Dietary 
Guidelines	of	2015.47 Second, the healthy diet score may be further developed by including 
the total intake of carbohydrates, fat, and protein, to ensure an overall balance. Lastly, the 
predictive capacity of this score relating to disease and mortality should be considered. For 
this purpose, a longitudinal study design could be used, such as the Longitudinal Aging 
Study Amsterdam or the LifeLines Cohort Study.48,49  
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Concluding remarks 

Considering the worldwide growth in the number of older adults, the prevalence of frailty 
and related conditions such as sarcopenia and malnutrition will increase dramatically in 
the	 next	 few	 years.	 This	 thesis	 provides	 information	 on	 tools	 to	 identify	 physical	 frailty.	
The	findings	indicate	that	ultrasound	can	play	an	important	role	in	quantifying	peripheral	
muscles. However, ultrasound is not included within the current operational criteria of 
sarcopenia. Normative values, therefore, are likely to contribute to the early identification 
of sarcopenia. This thesis furthermore contributes to more insight in the role of diet in 
successful ageing. The findings indicate that adherence to a healthy diet is associated 
with good cognitive functioning. Furthermore, this thesis suggests that low protein intake, 
together with a decrease in muscle mass, is prevalent in older adults. Dietary interventions 
targeted	at	older	adults	and	aimed	at	 improving	diet	quality	and	 increasing	muscle	mass	
can be helpful in the prevention of frailty. 
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