
 

 

 University of Groningen

Gaining insight in factors associated with successful ageing: body composition, nutrition, and
cognition
Nijholt, Willemke

DOI:
10.33612/diss.102704591

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Nijholt, W. (2019). Gaining insight in factors associated with successful ageing: body composition, nutrition,
and cognition. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.
https://doi.org/10.33612/diss.102704591

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.102704591
https://research.rug.nl/en/publications/938d8b96-ba1b-43cf-a73a-1b23f474a433
https://doi.org/10.33612/diss.102704591


Limited content validity across 
methods of malnutrition 
assessment in patients with 
cancer: A systematic review5

Martine	Sealy,	Willemke	Nijholt,	Martijn	M.	Stuiver,	Marit	van	der	Berg,	Jan	Roodenburg,	 
Cees	P.	van	der	Schans,	Faith	Ottery,	Harriët	Jager-Wittenaar

J	Clin	Epidemiol	2016;76:125-136	DOI:	10.1016/j.jclinepi.2016.02.020

Objective To identify malnutrition assessment methods in cancer patients and assess 

their content validity based on internationally accepted definitions for malnutrition. 

Study design Systematic review of studies in cancer patients that operationalized 

malnutrition	as	a	variable,	published	since	1998.	Eleven	key	concepts,	within	the	three	

domains	reflected	by	the	malnutrition	definitions	acknowledged	by	European	Society	

for	 Clinical	 Nutrition	 and	 Metabolism	 and	 the	 American	 Society	 for	 Parenteral	 and	

Enteral	Nutrition:	A:	Nutrient	balance;	B:	Changes	 in	body	shape,	body	area	and	body	

composition;	 and	 C:	 Function,	 were	 used	 to	 classify	 content	 validity	 of	 methods	 to	

assess	malnutrition.	Content	validity	indices	(M-CVIA-C)	were	calculated	per	assessment	

method.	 Acceptable	 content	 validity	 was	 defined	 as	 M-CVIA-C	≥0.80.	 Results Thirty-
seven	 assessment	 methods	 were	 identified	 in	 the	 160	 included	 articles.	 Mini	

Nutritional	 Assessment	 (MNA;	 M-CVIA-C=0.72),	 Scored	 Patient-Generated	 Subjective	

Global	Assessment	 (PG-SGA;	M-CVIA-C=0.61)	 and	Subjective	Global	Assessment	 (SGA;	

M-CVIA-C	=0.53)	scored	highest	M-CVIA-C.	Conclusion A large number of malnutrition 

assessment methods is used in cancer research. Content validity of these methods 

varies widely. None of these assessment methods has acceptable content validity, when 

compared	against	a	construct	based	on	ESPEN	and	ASPEN	definitions	of	malnutrition.	

Abstract
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What is new?

Key points

•	 Content validity of methods that assess malnutrition in cancer patients varies 
widely. None of the methods used to assess malnutrition in cancer patients showed 
acceptable content validity when measured against our set of key concepts derived 
from definitions for malnutrition.

•	 The concept of malnutrition has been operationalized into key concepts within 
domains based on well accepted definitions of malnutrition.

•	 Accuracy of malnutrition assessment in cancer patients may be affected by the 
variance in level of content validity. Accurate assessment of malnutrition potentially 
prevents	 under-	 and	 overtreatment	 of	malnutrition.	 Therefore,	 use	 of	malnutrition	
assessment	 methods	 that	 incorporate	 adequate	 coverage	 of	 the	 construct	 of	
malnutrition	 may	 improve	 efficacy	 of	 interventions	 to	 treat	 malnutrition.	 Higher	
malnutrition	treatment	efficacy,	in	its	turn,	could	improve	nutritional	status	of	cancer	
patients and thus improve clinical outcome.

•	 The level of content validity can be increased by using malnutrition assessment 
methods that include items addressing at least the domains nutrient balance, body 
shape, size and composition and function.
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Introduction

Early	recognition	and	adequate	diagnosis	of	malnutrition	is	considered	an	important	element	
in	the	nutrition	care	process	of	cancer	patients.	Malnutrition	in	cancer	patients	is	associated	
with	poorer	quality	of	 life,	poorer	clinical	outcome	and	decreased	survival.1-4	Malnutrition	
can occur in all phases of cancer, from diagnosis to palliative care or survivorship, due to 
symptoms caused by both illness and treatment.	1,5

To	 adequately	 diagnose	 malnutrition,	 the	 construct	 of	 malnutrition	 needs	 to	 be	 clearly	
defined. Although a conceptual definition of malnutrition has been discussed for several 
decades,6	 the	 first	 consensus-based	 definition	 of	 malnutrition	 was	 published	 no	 earlier	
than	 2006.	 The	 European	 Society	 for	 Clinical	 Nutrition	 and	 Metabolism	 (ESPEN)	 used	
the	 following	 definition	 for	malnutrition	 in	 their	 Guidelines	 on	 Enteral	 Nutrition:	 “A	 state	
of	 nutrition	 in	which	 a	 deficiency	 or	 excess	 (or	 imbalance)	 of	 energy,	 protein,	 and	 other	
nutrients	 causes	measurable	 adverse	 effects	 on	 tissue/body	 form	 (body	 shape,	 size	 and	
composition)	and	function,	and	clinical	outcome”.7,8 We will further refer to this definition 
as	 “the	 ESPEN	 definition	 of	malnutrition”.	 Another	 influential	 organization,	 the	 American	
Society	 for	Parenteral	and	Enteral	Nutrition	 (ASPEN),	proposed	 the	 following	definition	of	
disease-related	malnutrition	 in	 2012:	 “An	 acute,	 subacute	 or	 chronic	 state	 of	 nutrition,	 in	
which a combination of varying degrees of overnutrition or undernutrition with or without 
inflammatory activity has led to a change in body composition and diminished function”.9 
We	will	 further	 refer	 to	 this	definition	as	 “the	ASPEN	definition	of	malnutrition”.	Although	
important steps have been taken towards describing diagnostic criteria for malnutrition,10-12 
international consensus on the operationalization, i.e. a strict process of defining abstract 
concepts into measurable factors,13	 of	 ESPEN	 and	 ASPEN	 definitions	 for	 malnutrition	
assessment has not been reached.14 

Because	 a	gold	 standard	 for	 the	operationalization	of	malnutrition	 is	 currently	 lacking,	 it	
is	difficult	to	establish	diagnostic	performance	of	assessment	methods.	However,	because	
malnutrition is a problem that impacts several domains, assessment should include 
nutritional	(im)balance,	as	well	as	the	effects	on	body	composition	and	function.7,15	Adequate	
operationalization of malnutrition assessment may improve the accuracy of malnutrition 
diagnosis	 in	 research	and	 in	clinical	practice.	Content	validity	has	been	described	as	 “the	
degree	 to	which	 a	 sample	 of	 items,	 taken	 together,	 constitute	 an	 adequate	 operational	
definition of a construct”.16 Several instruments and methods are available to diagnose 
malnutrition,	 many	 of	 which	 are	 used	 in	 patients	 with	 cancer,	 but	 the	 extent	 to	 which	
these	methods	adequately	cover	all	dimensions	of	malnutrition	as	defined	by	 the	ESPEN	
and	ASPEN	definitions	has	not	been	systematically	 reviewed.	With	this	systematic	 review,	
we aim to provide an overview of the methods used for assessing malnutrition in adult 
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cancer patients in the recent literature, and to determine their content validity based on the 
consensus-based	definitions	of	malnutrition.

Materials and Methods

Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	Meta-Analysis	 (PRISMA)	 guidelines	
were	 used	 in	 this	 systematic	 review	 of	 methods	 to	 the	 best	 possible	 extent	 (Online	
Supplement	I).17 

Search strategy and criteria

From	May	4	2013	until	July	29	2013,	CINAHL,	EMBASE,	PUBMED,	and	Cochrane	CENTRAL	were	
searched	for	studies	and	study	protocols	of	trials	in	the	English,	Dutch	or	German	language.	
A sensitive and broad search strategy was developed, which was tailored to each database. 
Details on the search strategy can be found in the Online Supplement II. For feasibility 
reasons	we	restricted	the	time	frame	of	publications,	starting	in	January	1998	and	ending	in	
June	2013,	providing	a	15-year	time	frame	to	include	studies. 

Since we focused on assessment methods employed, rather than on the outcome of the 
studies, we considered randomized controlled trials as well as observational studies and 
quasi-experimental	studies	for	inclusion.	Both	the	ESPEN	and	the	ASPEN	definition	suggest	
that malnutrition can indicate undernutrition as well as overnutrition.7,9 In this systematic 
review we focus on undernutrition as subtype of malnutrition. All studies that specifically 
operationalized	malnutrition,	undernutrition,	protein-energy	malnutrition	or	protein-calorie	
malnutrition	 either	 as	 a	 co-variable	 or	 an	 outcome	 variable	were	 considered	 eligible.	 All	
types of assessment methods, e.g. clinical observations, anthropometric measurements, 
functional	tests,	biochemical	tests	or	questionnaires	were	included.	 Instruments	originally	
developed as screening tools were included if they were put to use in a study to assess 
malnutrition.	Studies	had	to	be	performed	in	adult	patients	(aged	18	years	and	older)	who	
were diagnosed with any type of cancer, regardless of disease stage, phase and type of 
treatment, tumor site or tumor type.

Case	studies,	qualitative	research	and	conference	abstracts	were	excluded,	as	were	studies	
that	assessed	malnutrition	only	with	the	purpose	to	 include	or	exclude	participants	 from	
the study, since the description of malnutrition assessment in such publications is usually 
limited	 which	 could	 preclude	 adequate	 judgment	 of	 content	 validity.	 Reviews	 were	
excluded	because	 they	do	not	 concern	original	 research.	 Studies	 assessing	overnutrition	
or	depletion	of	single	micronutrients	were	excluded.	Furthermore,	studies	that	employed	
methods with the specific aim to assess risk of malnutrition or risk of undernutrition were 
excluded,	because	such	methods	have	different	requirements	than	methods	used	to	assess	
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manifest malnutrition. If a study employed methods to assess risk of malnutrition in addition 
to methods that assess malnutrition, only the methods relating to malnutrition assessment 
were included.

In	patients	with	cancer,	cachexia	can	be	the	underlying	mechanism	causing	malnutrition.	
Cancer	 cachexia	 can	 be	 described	 as	 a	metabolic	 syndrome	 associated	with	 underlying	
illness and characterized by loss of muscle with or without loss of fat mass.18 Whereas 
imbalance of nutrients is the main cause of malnutrition, underlying disease and the related 
changes	 in	 metabolism	 and	 inflammatory	 activity	 are	 the	 main	 causes	 of	 cachexia.18.19 
Since the construct of malnutrition served as the reference standard for content validity of 
methods,	studies	with	a	primary	focus	on	cachexia	instead	of	malnutrition	were	excluded.	
Studies	that	assessed	malnutrition	in	populations	including	both	cancer	patients	and	non-
cancer	patients	were	excluded	only	if	the	focus	was	not	on	cancer	patients.	

Study selection and data collection

After removal of duplicates, a first selection based on title was made by one author. For 
the remaining records, all abstracts were screened by two authors independently for 
judging	 eligibility.	 The	 final	 selection	 based	 on	 full	 text	 articles	 was	 also	 performed	 by	
two	 authors	 independently.	 Any	 disagreements	 on	 inclusion	 or	 exclusion	 of	 studies	 after	
judging	 eligibility	 based	 on	 full	 text	 articles	 were	 resolved	 by	 consulting	 a	 third	 author,	
who independently decided. In cases where multiple articles represented a single study, 
the article that described the largest number of methods for assessing malnutrition used 
and provided the most detailed information on the methods was selected for inclusion. 
Data	on	methods	used	to	assess	malnutrition	from	included	studies	were	extracted	by	two	
authors independently. Any disagreement on data properties that could not be resolved 
by consensus was resolved by consulting a third author who independently decided. A 
standardized	data	collection	file	was	used	 to	manage	 the	data.	Besides	 the	description	of	
methods used to assess malnutrition, the following study characteristics were collected from 
each	study:	citation	of	article,	study	design,	country,	and	number,	age,	sex	and	type	of	cancer	
of included patients. For this systematic review we aimed to provide an overview of methods 
that are used to assess malnutrition in cancer patients and summarize the characteristics of 
these methods in terms of content validity. As the current systematic review was on content 
validity and not on outcomes, a risk of bias assessment was not applicable. 
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Operationalization of the construct

As a first step of our approach to judge the content validity of the methods used for 
assessment	of	malnutrition	(undernutrition),	each	method	was	viewed	as	a	sample	of	one	or	
more	items	that	together	operationalize	the	construct	of	malnutrition	as	viewed	by	expert	
panels.	To	test	the	adequacy	of	an	operationalization,	the	items	of	an	assessment	method	
were	 assigned	 to	 domains	 and	 key	 concepts	 derived	 from	 the	 consensus	 based	 ESPEN	
and	ASPEN	definitions	 for	malnutrition.	 The	 three	 common	domains	 in	 these	definitions	
are	A:	nutrient	balance;	B:	body	shape,	body	size	and	body	composition;	and	C:	function,7	
which	we	used	in	our	primary	analysis.	The	ASPEN	definition	includes	a	fourth	domain	(D):	
inflammatory	 factors.11,12	We	 performed	 sensitivity	 analyses	 to	 assess	 how	 strongly	 our	
conclusions would be affected by including this fourth domain.

To categorize all assessment methods within the domains, key concepts were identified to 
characterize different aspects of the construct of malnutrition. These key concepts fit within 
the	aim	of	this	study	and	are	based	directly	on	both	definitions	and	publications	by	ESPEN	
and/or	 ASPEN	 on	 defining	 malnutrition.7-10,12	 For	 domain	 A	 (nutrient	 balance)	 the	 key	
concepts were: deficiency or imbalance of overall nutrition, deficiency or imbalance of energy 
and	deficiency	or	imbalance	of	protein.	For	domain	B	(body	shape,	size	and	composition)	
the	concepts	were:	adverse	effects	on	tissue/body	shape	and	body	size,	and	adverse	effects	
on	body	composition.	For	domain	C	(function)	the	key	concepts	were:	adverse	effects	on	
muscle function and physical activity, adverse effects on immune function, and adverse 
effects	on	cognitive	function.	For	the	additional	domain	D	(inflammatory	activity),	adverse	
effects of inflammatory activity was used. Additionally, we identified a general key concept: 
acute, subacute or chronic state of undernutrition which refers to the speed of development 
of malnutrition. This was incorporated in the model by adding adverse changes in overall 
intake	when	compared	to	the	past	in	domain	A	and	adverse	change	in	tissue/body	shape	
and	body	size	when	compared	to	past	to	domain	B.	

Key	concepts	were	divided	when	they	might	reflect	different	aspects	of	biological	function.	
Objective	markers	(measurements)	and	subjective	markers	(clinical	observations)	for	body	
composition could reflect different aspects of altered body composition, therefore two 
separate key concepts were constructed for ‘adverse effects on body composition’ in 
domain	B.	As	biochemical	markers	and	observations	of	 inflammatory	 status	could	 reflect	
different aspects of inflammatory activity, two separate key concepts were also constructed 
for ‘adverse effects of inflammatory activity’ in domain D. Thus, eleven key concepts were 
constructed	within	domain	A,	B	and	C.	In	addition,	we	formulated	two	key	concepts	within	

domain	D.	All	key	concepts	of	malnutrition	per	domain	are	shown	in	Table	1.
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Data analysis

Characteristics of each method used to assess malnutrition were recorded and the number 
of	studies	in	which	each	method	was	used	was	counted.	To	our	knowledge,	no	pre-existing	
instrument	for	quantitative	analysis	was	available	for	a	systematic	review	of	content	validity	
of	methods.	In	original	articles	a	widely	used	approach	to	quantifying	content	validity	is	the	
calculation	of	a	content	validity	index	(CVI).16,20,21	In	this	approach	a	sample	of	experts	rates	
each item of a scale or instrument to be relevant or not for the construct to be measured. 
From	these	ratings	an	item	content	validity	index	(I-CVI)	is	calculated.	The	I-CVIs	are	averaged	
for	the	instrument	into	a	weighted	summary	score,	the	scale	content	validity	index	(S-CVI).	
The	higher	the	S-CVI,	the	more	consensus	on	the	nature	of	the	construct	can	be	assumed.21 

In	this	systematic	review,	an	adequate	level	of	consensus	was	warranted	by	relying	on	two	
definitions	that	were	based	on	broad	expert	consensus.	We	focused	on	assessing	to	what	
extent	this	multidimensional	consensus	construct	was	adequately	reflected	in	methods	that	
operationalize	it.	Therefore,	the	CVI-approach	was	adapted	for	this	study	as	follows:	every	
assessment	method	was	 compared	 to	 the	 fixed	 set	 of	 key	 concepts	within	 the	domains	
as	described	above	 (Table	1).	Presence	of	a	 key	concept	 in	 the	method	was	 scored	as	 ‘1’	
(present)	 or	 ‘0’	 (not	 present).	 All	 items	 that	 could	 be	 graded	 as	 present	 for	 an	 indicator	
had	 equal	 weight.	 Subsequently	 domain	 content	 validity	 index	 (D-CVI),	 instead	 of	 I-CVI,	
was calculated per domain, by dividing the number of key concepts within the domain 
considered present by the total number of key concepts within the domain. For instance, 
if	in	a	method	two	out	of	four	key	concepts	are	present	in	domain	B,	the	D-CVI	for	domain	
B	(D-CVIB)	would	be	2/4=0.50.	All	key	concepts	within	a	domain	carry	equal	weight	within	
the	 D-CVI	 equation.	 A	weighted	 summary	 score	 resembling	 S-CVI	 and	 representing	 the	
content	validity	 index	of	 the	method	(M-CVI)	was	obtained	by	calculating	the	average	of	
the	 D-CVI	 scores.	 For	 instance:	 if	 an	 assessment	method	 scores	 the	 following	 D-CVI	 for	
domain	 A-C:	 D-CVIA	 0.17,	 D-CVIB	 0.50	 and	 D-CVIC	 0.00,	 then	M-CVIA-C	 for	 this	method	
would	be	 (0.17+0.50+0.00)/3=0.22.	For	S-CVI,	a	cut	off	value	of	≥	0.80	has	been	 reported	
as acceptable.21,22	This	 threshold	 for	acceptable	content	coverage	of	0.80	 is	based	on	the	
assumption	that	the	minimum	coverage	of	I-CVI,	the	score	we	adapted	to	D-CVI,	should	be	
around	0.79	in	order	to	safeguard	good	coverage	of	items	or	domains.21	In our study, we also 
considered	an	M-CVI	value	≥0.80	acceptable.

Although	M-CVI	score	ranges	from	0	to	1,	it	can	be	considered	a	nominal	key	concept	score	
transformed	to	a	weighted	average	score.	For	this	reason,	median	CVI	scores	were	reported	
and	 non-parametric	 statistical	 methods	 were	 applied.	 Kendall’s	 tau-b	 test	 was	 used	 to	
explore	if	there	is	a	trend	towards	improved	scores	for	M-CVIA-C	per	year	from	1998	until	2013.
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Table 1. Key	concepts	of	malnutrition	per	domain.
Domain Key concept Description

A. Assessment of 
nutrient balance

1.		Deficiency	or	imbalance	of	overall	
nutrient intake when compared to 
the past (PI) 

Assessment of nutritional intake in the 
past, changes in nutritional intake in the 
last	month(s)

2.		Deficiency	or	imbalance	of	overall	
nutrient intake (OI)

Assessment	of	current	or	expected	
nutritional intake

3.		Deficiency	or	imbalance	of	energy 
(EN)

Assessment of nutritional balance. 
Energy	intake	and	losses.	For	instance	
intake assessment focused on energy, 
and losses such as vomiting, nutritional 
malabsorption	or	diarrhea	(inflammatory	
factors are scored separately in domain 
D)

4.		Deficiency	or	imbalance	of	protein 
(PR)

Assessment of nutritional balance 
focused on protein intake and depletion

B. Assessment of body 
weight, body area and 
body composition

5.		Adverse	change	in	tissue/body	
shape and body size when 
compared to past (WC)

Assessment of changes in body weight 
by	measurement	or	inquiry

6.		Adverse	effects	on	tissue/body	
shape and body size (WS)

Comparisons to ideal body weight, 
assessment of body weight or 
body surface area through body 
mass	index	(BMI),	or	assessment	of	
body	circumferences	(upper	arm	
circumference)

7.		Subjective	assessment	of	adverse	
effects on body composition (SC)

Observation of visible musculature, 
visible fat depositories, visible 
disturbances	of	fluid	balance	(ascites,	
edema,	skin	tension).

8.		Objective	assessment	of	adverse	
effects on body composition (OC)

Assessment based on measurements of 
muscle mass, fat mass and body water 
(e.g.	anthropometric	measurements,	
bioelectrical impedance analysis, DXA 
scan)

C. Assessment of 
muscle, immune and 
cognitive function

9.		Adverse	effects	on	muscle	function	
and physical activity (MP) 

Assessment of muscle function by tests 
of strength or assessment of physical 
activity or physical function. For instance 
by means of handgrip strength test or 
questionnaires

10.		Adverse	effects	on	immune	function 
(IF)

Assessment of immune function, e.g. 
by means of biochemical markers of 
immune function

11.		Adverse	effects	on	cognitive	function 
(CF)

Assessment of cognitive function, e.g. 
by	means	of	questionnaires,	cognitive	
tests etc.

D. Measurement of 
inflammatory factors

12.		Adverse	effects	assessed	by	
inflammatory biomarkers (IB)

Assessment of biochemical key 
concepts of inflammation

13.		Adverse	effects	assessed	by	other	
markers of inflammatory status (IO)

Assessment of changes in body 
temperature,	inquiry	on	medication	that	
is prescribed to suppress inflammation, 
etc.
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Sensitivity analysis

The	 M-CVI	 calculated	 from	 the	 composite	 range	 of	 key	 concepts	 could	 be	 sensitive	 to	
alternative choices in arrangement of key concepts. Also, applying unweighted average 
instead of weighted average could influence outcome. Therefore, for all methods 
robustness	of	M-CVIA-C was tested and alternative scores were calculated in three ways. The 
first	 alternative	 scenario	 included	 adding	measurement	 of	 inflammatory	 factors	 (domain	
D)	 to	 the	 primary	 scenario.	 Similar	 to	 the	 primary	 scenario,	 method-items	 were	 scored	
either ‘present’ or ‘not present’ for each key concept and scores were weighted per domain. 
Summarized	 content	 validity	 scores	 for	 the	 four	 domains	 (M-CVIA-D)	 were	 calculated	 for	
each	assessment	method.	Because	the	number	of	key	concepts	per	domain	can	influence	
outcome, a second sensitivity analysis was performed by combining key concepts that 
could be interpreted as overlapping. Therefore, in this analysis the key concept ‘deficiency or 
imbalance of overall nutrition’ was combined with ‘deficiency or imbalance of energy intake’, 
and ‘subjective assessment of adverse effects on body composition’ was combined with 
‘objective assessment of adverse effects on body composition’. In this way, an alternative 
set	of	nine	key	concepts	within	domain	A-C	was	constructed	with	 three	key	concepts	 in	
each	domain.	Again	method-items	were	scored	either	‘present’	or	‘not	present’	for	each	key	
concept and scores were weighted per domain. The weighted summary score calculated 
per	method	for	these	nine	key	concepts	 is	referred	to	as	M-CVI9A-C. In the third sensitivity 
analysis,	each	of	 the	eleven	key	concepts	was	given	equal	 importance.	We	calculated	an	
unweighted	average	score	for	the	key	concepts	from	domain	A	to	C	(AveA-C)	by	dividing	the	
amount	of	key	concepts	covered	per	method	in	domain	A-C,	by	the	total	of	11	key	concepts.	
The	correlation	between	the	M-CVIA-C	and the three alternative scores was calculated using 
Spearman’s rho.

Results

The	search	process	resulted	in	4421	articles	after	removal	of	duplicates.	After	screening	by	
title	and	abstract,	504	full	text	articles	were	assessed	for	eligibility.	Initial	agreement	between	
selecting	authors	was	93.1%.	Consensus	resulted	in	final	inclusion	of	160	studies.	A	list	of	all	
included references including years of publication and methods can be found in Online 
Supplement III. A flow diagram, describing the selection process in detail, is presented in 
Figure	1.	Characteristics	of	included	studies	and	methods	are	summarized	in	Table	2.	Because	
some studies used multiple methods for assessing malnutrition, an operationalization 
of	malnutrition	was	 reported	209	 times,	 using	a	 total	 of	 37	different	methods.	A	 concise	
description	of	all	methods	is	provided	in	Online	Supplement	IV.	
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Figure	2	 shows	coverage	of	domains	and	 frequency	of	use	per	method.	Only	five	out	of	
37	 assessment	methods	 (14%)	were	 represented	by	 items	 in	 the	 three	domains	A,	 B	 and	
C:	Malnutrition	 Screening	 Tool	 for	 Cancer	 patients	 (MSTC),23	Mini	 Nutritional	 Assessment	
(MNA),24	Nutritional	Screening	Questionnaire	(NSQ),25	Patient-Generated	Subjective	Global	
Assessment	(PG-SGA),26	and	Subjective	Global	Assessment	(SGA).27 Four methods addressed 
all	four	domains	A-D:	MNA,	NSQ,	PG-SGA	and	SGA.	Of	all	methods,	15	(41%)	were	classified	in	
one	domain	only.	Twelve	methods	(32%)	contained	one	or	more	items	belonging	to	domain	
A,	26	methods	(70%)	had	items	belonging	to	domain	B,	thirteen	methods	(35%)	included	
domain	C,	and	23	methods	(62%)	included	domain	D.	‘Change	in	body	weight	and	surface’	
was	the	key	concept	most	frequently	present,	in	20	(54%)	of	the	methods.	The	key	concept	
‘cognitive	function’	was	represented	once	(3%)	in	MNA.	

Figure 1. Flow diagram of the selection process of studies describing malnutrition assessment. 
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Table 2. Characteristics of studies.

Characteristics of selected studies N (%)

Studies Total
(Patients:	N=32,862)

160 (100)

Study design Prospective observational
Cross-sectional
Retrospective observational
Randomized controlled trial
Case control

60	(37.5)
53	(33.1)
28	(17.5)
12	(7.4)
7	(4.4)

Tumor	localization/study One tumor localization
 Head and neck 
 Colorectum 
 Lung 
 Stomach
	 Esophagus
 Pancreas
	 Other	(N=6)*	
Multiple	localizations
Unclear

85	(53.1)
27	(16.9)
20	(12.5)
11	(6.9)
9	(5.8)
7	(4.3)
4	(2.5)
7	(4.3)
72	(45.0)
3	(1.9)

Methods	(n	=	37)	
operationalizing 
malnutrition/study

1	method	used
2	methods	used
3	methods	used
4-6	methods	used

127	(79.4)
25	(15.6)
4	(2.5)
4	(2.5)

Country	of	origin	(n	=	32) Australia
France
The Netherlands
United States of America
China
Italy
Spain
Sweden
Japan
Portugal
Brazil
South	Korea
Taiwan
Other	(N=19)**

24	(15.0)
21	(13.1)
13	(8.1)
10	(6.3)
9	(5.6)
7	(4.4)
7	(4.4)
7	(4.4)
6	(3.8)
6	(3.8)
6	(3.8)
5	(3.1)
5	(3.1)
34	(31.0)

*	breast,	hematopoietic	and	lymphoid	tissues,	liver,	ovary,	prostate,	thorax
**	Austria,	Belgium,	Canada,	Czech	Republic,	Croatia,	Denmark,	Germany,	Greece,	 India,	 Iran,	 Ireland,	Lithuania,	Mexico,	Norway,	
Poland,	Singapore,	Swiss,	Turkey,	United	Kingdom.
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Figure 2. Frequency	of	use	and	coverage	of	dom
ains	per	m

ethod.
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The	methods,	the	number	of	method-items	per	domain	and	the	M-CVIA-C	scores are presented 
in	Table	3	23-53	and	distribution	of	method-items	across	key	concepts	and	domains	is	presented	
in	Online	Supplement	V.	The	median	total	of	present	key	concepts	per	method	was	2	out	of	
13	(Interquartile	Range	[IQR]:	1-4).	Median	M-CVIA-C	of	37	methods	was	0.17	(IQR:	0.08-0.25).	
Unidimensional methods that address only one domain of the construct of malnutrition 
produced	a	median	M-CVIA-C	score	of	0.08	(IQR:	0.00-0.11).	Methods	that	addressed	domains	
A-C	produced	a	median	M-CVIA-C	score	of	0.53	(IQR:	0.40-0.67).	All	individual	methods	scored	
M-CVIA-C	<0.80.	Of	all	methods,	MNA	scored	highest	(M-CVIA-C=0.72),	PG-SGA	scored	second	
highest	(M-CVIA-C=0.61)	and	SGA	scored	third	highest	(M-CVIA-C	=0.53).	Albumin,	Albumin/
Prealbumin ratio,28 Prealbumin 31	and	Prognostic	Inflammatory	and	Nutritional	Index	(PINI)	
30	scored	the	lowest	M-CVIA-C	score	(0.00).	Kendall’s	tau-b	test	did	not	reveal	a	trend	towards	
a	significant	change	in	scores	for	M-CVIA-C.over	the	years	(τ-b=–0.02,p=0.65).

Table 3. Distribution	of	method-items	per	domain.

Domain 
A*

Domain 
Bұ

Domain 
C¥

Domain 
D§

Domain 
A-C

Domain 
A-D

Method Key	
concepts: 
N=4ǁ

Key	
concepts: 
N=4ǁ

Key	
concepts: 
N=3ǁ

Key	
concepts: 
N=2ǁ

Total		Key	
concepts: 
N=11ǁ

Total		Key	
concepts: 
N=13ǁ

M-CVIA-C
¶

Albumin 0 0 0 1 0 1 0.00

Albumin and Prealbumin 28 0 0 0 1 0 1 0.00

Hemoglobin 29 0 0 0 1 0 1 0.00

Prognostic	Inflammatory	&	
Nutritional	Index	(PINI)	30

0 0 0 1 0 1 0.00

Prealbumin 31 0 0 0 1 0 1 0.00

Creatine	Hight	Index	
(CHI)	32

1 0 0 0 1 1 0.08

Bio-impedance	
measurement 33

0 1 0 0 1 1 0.08

Body	mass	index	(BMI) 0 1 0 0 1 1 0.08

BMI	loss	34 0 1 0 0 1 1 0.08

Dietitian judgement 35 0 1 0 1 1 2 0.08

Nutritional	Risk	Index	
(NRI)	36

0 1 0 1 1 2 0.08

Serum protein 37 1 0 0 0 1 1 0.08

Weight loss 0 1 0 0 1 1 0.08

Prognostic Nutritional 
Index	(PNI,	Onodera)	38

0 0 1 1 1 2 0.11

Selzer	Index	39 0 0 1 1 1 2 0.11

Total Leucocyte count 29 0 0 1 0 1 1 0.11

Total Lymphocyte count 37 0 0 1 0 1 1 0.11
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Domain 
A*

Domain 
Bұ

Domain 
C¥

Domain 
D§

Domain 
A-C

Domain 
A-D

Method Key	
concepts: 
N=4ǁ

Key	
concepts: 
N=4ǁ

Key	
concepts: 
N=3ǁ

Key	
concepts: 
N=2ǁ

Total		Key	
concepts: 
N=11ǁ

Total		Key	
concepts: 
N=13ǁ

M-CVIA-C
¶

Short Nutritional 
Assessment	Questionnaire	
(SNAQ)	40

1 1 0 0 2 2 0.17

BMI	+	weight	loss	41 0 2 0 0 2 2 0.17

GNS-score	42 0 2 0 0 2 2 0.17

HAS guidelines 43 0 2 0 1 2 3 0.17

Gogos 44 0 1 1 1 2 3 0.19

Prognostic Nutrititional 
Index		(PNI,	Buzby)	45

0 1 1 1 2 3 0.19

Hammerlid 46 0 3 0 1 3 4 0.25

ICD codes Physician 35 1 2 0 0 3 3 0.25

Malnutrition	Universal	
Screening	Tool	(MUST)	47

1 2 0 0 3 3 0.25

Nottingham Screening 
Tool	(NST)	48

1 2 0 1 3 4 0.25

Planas 49 0 3 0 1 3 4 0.25

Thoresen 50 0 3 0 1 3 4 0.25

Chang protocol 51 0 2 1 1 3 4 0.28

Hackl scoring system 52 2 2 0 1 4 5 0.33

Gurski 53 0 3 1 1 4 5 0.36

Malnutritition	Screening	
Tool for Cancer patients 
(MSTC)	23

1 2 1 0 4 4 0.36

Nutritional Screening 
Questionnaire	(NSQ)	25

2 2 1 2 5 7 0.44

Subjective Global 
Assessment	(SGA)	26

2 3 1 1 6 7 0.53

Patient-Generated	
Subjective Global 
Assessment 
(PG-SGA)	27

3 3 1 1 7 8 0.61

Mini	Nutritional	
Assessment	(MNA)	24

4 2 2 1 8 9 0.72

*	Domain	A=	nutrient	balance;	ұ	Domain	B	=	body	weight,	body	area	and	body	composition;	¥	Domain	C	=	function;	§	Domain	D	=	
inflammatory	factors;	ұ (N)	=	number	of	key	concepts	per	domain;	¶ M-CVIA-C	=	Method	Content	Validity	Index	for	domain	A-C.	Key	
concepts	are	perceived	either	present	or	not	present	for	CVI	calculation.	Example	calculation	M-CVIA-C	for	“weight	loss”:	((Domain	
A:	no	key	concepts	=	D-CVIA=0)	+	(Domain	B:	1	key	concept	present	out	of	four	=	D-CVIB=0.25)	+	(Domain	C:	no	key	concepts	=	
D-CVIc=0))/3=0.08

Sensitivity analysis

Table 3. Continued.
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The	three	alternative	calculations	for	the	37	methods	yielded	a	median	M-CVIA-D	of	0.19	(IQR:	
0.06-0.31;	min-max:	0.06-0.67),	median	AveA-C	of	0.18	(IQR:	0.09-0.27;	min-max:	0.00-0.73),	
and	median	M-CVI9A-C	of	0.22	(IQR:	0.11-0.33;min-max:	0.00-0.78)	respectively.	The	primary	
outcome	M-CVIA-C	strongly	and	significantly	correlated	to	each	of	the	alternative	indices:	
M-CVIA-D	 (r=0.83,	p<0.001),	AveA-C	 (r=0.99,	p<0.01)	and	M-CVI9A-C	 (r=0.98,	p<0.001).	The	
primary	outcome	M-CVIA-C	produced	slightly	 lower	 scores	 than	M-CVI9A-C.	 The	 ranking	
of	 the	methods	 by	 content	 validity	 index	 score	was	 the	 same	 for	 scenarios	 AveA-C	 and	
M-CVI9A-C	when	compared	to	the	primary	scenario	M-CVIA-C.	 In	the	alternative	scenario	
M-CVIA-D,	the	seven	methods	that	scored	above	the	75th	percentile	also	scored	above	the	
75th	percentile	 in	 the	primary	scenario	M-CVIA-C.	Malnutrition	assessment	methods	with	
items	solely	scoring	in	domain	D	scored	a	M-CVIA-D	of	0.13,	whereas	these	methods	scored	
a	M-CVIA-C	of	0.00.	

Discussion

The	results	of	this	systematic	review	of	studies	document	that	a	collection	of	37	methods	
have	been	used	to	assess	malnutrition	in	cancer	patients	between	January	1998	and	June	
2013.	Our	 study	 also	 shows	 that	 content	 validity	of	methods	used	 to	 assess	malnutrition	
in	 adult	 patients	with	 cancer	 varies	widely,	 as	M-CVIA-C	 scores	 ranged	 from	 0.00	 to	 0.72.	
All methods used for malnutrition assessment have a content validity score below the 
commonly	used	threshold	of	acceptability	(0.80),	when	compared	to	a	set	of	key	concepts	
within	domains	derived	from	the	ESPEN	and	ASPEN	definitions	for	malnutrition.	Additionally,	
we	did	not	find	an	 improvement	 in	scores	 for	M-CVIA-C	over the years. Thus, malnutrition 
assessment in studies in cancer patients is currently not in accordance with the construct of 
malnutrition reflecting two consensus based definitions of malnutrition. While the majority 
of	methods	included	domain	B	(body	weight,	area	and	composition),	approximately	a	third	
of	assessment	methods	covered	one	or	more	key	concepts	of	domain	A	(nutrient	balance),	
and	domain	C	(function).	This	underrepresentation	of	domain	A	and	C	largely	explains	low	
median	M-CVIA-C scores.

Of	the	methods	identified,	the	top	three	M-CVIA-C	scores	in	all	scenarios	consisted	of	MNA,	
PG-SGA	 and	 SGA.	 MNA	 distinguishes	 itself	 from	 all	 other	 methods	 by	 containing	 items	
that	address	protein	intake.	MNA	is	also	the	only	instrument	that	addresses	more	than	one	
key concept concerning function: ‘muscle function’ and ‘cognitive function’. Although the 
MNA	has	 been	 used	 in	 both	 the	 general	 54-57 and elderly 58-72 population with cancer, it 
should	 be	 noted	 that	 the	MNA	 is	 an	 instrument	 specifically	 designed	 and	 validated	 for	
assessing	malnutrition	in	the	elderly.	This	is	reflected	by	its	items	on	for	example	dementia,	
independent	living	and	a	higher	cut-off	for	Body	Mass	Index.24
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Obviously, when compared to multidimensional methods, unidimensional methods 
cover	the	construct	of	malnutrition	less	accurately,	which	is	reflected	by	lower	CVI	scores.	
With no gold standard available for malnutrition assessment in patients with cancer,14 we 
hypothesize that methods with higher content validity may positively impact accuracy of 
malnutrition diagnosis. This is supported by a study in which a unidimensional instrument 
including	BMI	and	weight	loss	was	used,	low	sensitivity	(59%)	and	moderate	specificity	(75%)	
were found when compared to the multidimensional instrument SGA as a reference.73 Two 
studies	in	patients	with	cancer	that	compared	multidimensional	methods	PG-SGA	to	SGA	
as	a	reference	and	one	study	that	compared	MNA	to	PG-SGA	as	a	reference,	demonstrated	
strong agreement between the methods for classifying patients as malnourished, and 
sensitivity	ranging	from	0.97	to	0.98.55,74.75	Compared	to	SGA	as	a	reference,	PG-SGA	has	also	
demonstrated	good	specificity:	0.82	and	0.86.74.75	However	in	the	cancer	population	MNA	
lacked	specificity	when	compared	to	PG-SGA	as	a	reference:	0.54.55 This latter finding may 
be	explained,	 in	part,	 by	 the	 tailoring	of	 the	MNA	 to	 an	elderly	population,	whereas	 the	
study	concerned	a	mixed	adult	population.	

A number of methods used in the included articles to assess malnutrition, for instance 
Nutritional	 Risk	 Index	 (NRI)	 and	 Malnutrition	 Universal	 Screening	 Tool	 (MUST),	 were	
developed for screening purposes rather than diagnosis or comprehensive assessment 
of malnutrition.7.36.47 Although these methods were assigned low content validity scores 
for	assessment	of	malnutrition	in	our	review,	this	does	not	disqualify	these	instruments	as	
clinically useful tools for early detection of risk of malnutrition.

Strengths and limitations

Previous systematic reviews on malnutrition focused on patients with head and neck cancer 
and hospital patients 76,77	 and	based	 their	methods	on	a	definition	of	 cancer	 cachexia	 76	

or focused on malnutrition screening tools.77 While research on criterion validity has the 
advantage of being able to use measures such as sensitivity and specificity, research on 
criterion	validity	also	requires	a	gold	standard	in	order	to	provide	accurate	outcome.78 In this 
systematic review we did not choose this strategy because a ‘gold’ standard for malnutrition 
assessment is currently not available.14 Instead, a novel and pragmatic approach to assess 
content validity was used in which two internationally agreed upon definitions, developed 
by	expert	panels,	 served	as	a	 reference	 to	 identify	domains	and	key	concepts.	We	chose	
to	assign	equal	weight	to	all	key	concepts	within	the	separate	domains,	since	there	 is	no	
broad agreement on hierarchy within key concepts. Content validity assessment shows 
some	natural	limitations	due	to	the	nominal	level	on	which	it	operates	by	grading	method-
items	present	or	not	present,	regardless	of	individual	item	qualities.	However,	this	approach	
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did	enable	us	to	explore	agreement	between	37	assessment	methods	and	the	construct	of	
malnutrition	and	express	our	observations	in	a	quantitative	manner.	

Method-items	 covering	 individual	 key	 concepts	 may	 be	 influenced	 by	 cancer-specific	
disease factors and cancer treatment modalities.12	While	some	method-items	may	be	more	
reliable indicators of malnutrition in certain groups of cancer patients, there is variability 
within the population and their treatments. To our knowledge, there is no broad agreement 
on	which	method-items	are	most	appropriate	to	use	in	the	general	population	of	patients	
with cancer. The approach of malnutrition as a multidimensional framework of key concepts 
may reduce noise caused by factors of disease or treatment, because a disease factor that 
affects one key concept, may not affect other key concepts. 

While composing the set of key concepts, we occasionally came across ambiguities that 
were	solved	to	the	best	possible	extent	by	consensus	between	authors.	One	could	argue	
that	M-CVIA-C	scores of the methods might have been influenced by the authors’ choices 
when constructing the set of key concepts. However, the sensitivity analysis showed that 
median scores were similar in all scenarios and correlation was significant and strong, 
method ranking was stable and only influenced when items from domain D were included 
in the scenario. The results were robust, especially for the highest scoring methods. The 
more	 conservative	 estimates	 produced	 by	 the	M-CVIA-C	scenario when compared to the 
M-CVI9A-C	scenario	can	be	explained	by	the	fact	that	this	nine	indicator	model	is	less	sensitive	
by nature than the primary scenario with eleven key concepts. 

Although our framework of key concepts could also apply to malnutrition in the sense of 
overnutrition, malnutrition assessment methods that are used in patients with cancer tend 
to focus on signs of undernutrition and are often not designed to detect and assess signs of 
overnutrition. Hence, we chose to limit to studies that portrayed malnutrition in the sense 
of undernutrition. 

Implications and applications for research and practice

The findings of this study suggest that the overall level of content validity of malnutrition 
assessment methods could be improved. These findings are of importance for research 
and practice since accuracy of malnutrition assessment may be affected by the variance in 
level of content validity. Further research is urgently needed on sensitivity, specificity and 
interactions	of	method-items	that	are	used	to	assess	malnutrition	in	cancer	patients.	With	
this information, the current set of key concepts that covers the theoretical construct of 
malnutrition,	could	evolve	to	a	set	of	method-items	that	accurately	identifies	malnutrition	
in patients with cancer. Such a set could also guide interventions that effectively impact 
nutritional status of patients. 
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Safeguarding	 adequate	 coverage	 of	 the	 construct	 of	 malnutrition	 by	 the	 method(s)	
chosen might be a sensible strategy to improve accuracy of malnutrition assessment and, 
consequently,	 efficacy	 of	 interventions	 to	 treat	 malnutrition.	 In	 the	 absence	 of	 a	 single	
comprehensive method, combining currently well accepted methods that score higher on 
content validity, and that are tested for their predictive value for clinical outcome in cancer 
patients,	such	as	PG-SGA	or	SGA	52,79,80 with additional key concepts could provide a sensible 
strategy.	For	instance,	combining	items	of	the	PG-SGA	with	the	MNA	items	on	protein	intake	
and	cognitive	function	would	result	in	an	adequate	M-CVI	score	of	0.81.	However,	in	clinical	
practice, it may not always be feasible to apply items from more than one method to assess 
malnutrition. In such instances we suggest to use methods that include items addressing at 
least	the	domains	A,	B	and	C	of	the	malnutrition	definition.	

Implementation of malnutrition assessment methods with higher content validity could 
be	perceived	as	more	complex	by	clinicians.	Providing	additional	training	may	be	helpful	
to	 improve	perceived	difficulty	and	comprehensibility.	We	will	 report	on	 the	 influence	of	
training	 on	 difficulty	 and	 comprehensibility	 as	 perceived	 by	 clinicians	 seperately	 in	 the	
future. The potentially positive influence of training or practice in use of multidimensional 
assessement	methods	is	supported	by	a	study	on	interrater	reliability	(IRR)	of	the	SGA.	More	
experienced	dietitians	(>5	years	after	graduation)	showed	an	IRR	of	89-100%	when	compared	
to	a	well	trained	and	experienced	dietitian	(>20	years	after	graduation),	whereas	less	trained	
and	experienced	dietitians	(1-2	years	after	graduation)	showed	an	IRR	of	56-100%.81

We	found	that	a	unidimensional	approach	was	applied	in	15	(41%)	of	all	methods.	In	40	(25%)	
of all included studies a single unidimensional method was used to assess malnutrition. This 
unidimensional	approach	in	malnutrition	assessment	may	lead	to	an	over-	or	underestimation	
of malnutrition prevalence in cancer patients. Therefore, we would advise against the use of 
a single unidimensional method to assess malnutrition in cancer patients. Alternatively, we 
suggest that unidimensional methods are used to operationalize the measures they actually 
reflect.	For	example,	loss	of	body	weight	operationalized	as	‘weight	loss’	is	preferred	instead	
of loss of body weight operationalized as ‘malnutrition’.

Conclusion

A large number of methods are used to assess malnutrition in cancer research. Content 
validity of these methods was variable and below acceptable levels when compared with a 
construct	based	on	ESPEN	and	ASPEN	definitions.	MNA,	PG-SGA	and	SGA	best	covered	the	
breadth of the definitions and were classified with the highest content validity.
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