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Abstract

Background & Aims: Malnutrition in older adults results in signifitapersonal, social, and
economic burden. To combat this complex, multifaatoissue, evidence-based knowledge is
needed on the modifiable determinants of malnatritiSystematic reviews of prospective studies
are lacking in this area; therefore, the aim of tBiystematic review was to investigate the
modifiable determinants of malnutrition in oldewéd.

Methods: A systematic approach was taken to conduct thigew. Eightdatabases were searched.
Prospective cohort studies with participants of @amage of 65 years or over were included.
Studies were required to measure at least onendie@nt at baseline and malnutrition as outcome
at follow-up. Study quality was assessed using difiea version of the Quality in Prognosis
Studies (QUIPS) tool. Pooling of data in a metahgmis was not possible therefore the findings of
each study were synthesized narratively. A deseepsynthesis of studies was used to present
results due the heterogeneity of population soame setting, definitions of determinants and
outcomes. Consistency of findings was assessed) ubm schema: strong evidence, moderate
evidence, low evidence, and conflicting evidence.

Results: Twenty-three studies were included in the finaliew. Thirty potentially modifiable
determinants across seven domains (oral, psyctadsouedication and care, health, physical
function, lifestyle, eating) were included. The ordy of studies had a high risk of bias and were o
a low quality. There is moderate evidence that halkgation, eating dependency, poor self-
perceived health, poor physical function and poppetite are determinants of malnutrition.
Moderate evidence suggests that chewing difficgiltheouth pain, gum issues co-morbidity, visual
and hearing impairments, smoking status, alcohaisemption and physical activity levels,
complaints about taste of food and specific nutriateke are not determinants of malnutrition.

There is low evidence that loss of interest in, l[decess to meals and wheels, and modified texture
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diets are determinants of malnutrition. Furthermdtesre is low evidence that psychological
distress, anxiety, loneliness, access to transpod wellbeing, hunger and thirst are not
determinants of malnutrition. There appears to loaflcting evidence that dental status,
swallowing, cognitive function, depression, resiin status, medication intake and/or

polypharmacy, constipation, periodontal diseasalaterminants of malnutrition.

Conclusion: There are multiple potentially modifiable deteramits of malnutrition however strong
robust evidence is lacking for the majority of detmants. Better prospective cohort studies are
required. With an increasingly aging populatiomgé&ting modifiable factors will be crucial to the

effective treatment and prevention of malnutrition.

Keywords: malnutrition, determinants, older adults, systeoaview, prospective cohort studies
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INTRODUCTION

Malnutrition is defined as “a state of nutritionwhich a deficiency of energy, protein and other
nutrients causes measurable adverse effects ametiaed body form (body shape, size and
composition) and function and clinical outcome”.[Protein-energy malnutrition in particular, is
common, costly and increases with age, resultingigmificant personal, social and economic
burden [1, 2]. Of most concern, it is an increasheglth problem, mainly due to changes in
worldwide population demographics. For instancéwben 2010 and 2050, the global population
over the age of 80 has been predicted to grow ft@rb% to 21.0% worldwide and from 9.0% to
19.0% in developed countries [3]. The prevalencenalihutrition in older adults varies significantly
across different population subgroups; it is higimeolder persons with higher disability levels,
deteriorating health and multi-morbidities, deteattng poor physical function, and dependence in
activities of daily living (ADL) [4]. Malnutritionaffects less than 10% of independently living older
persons in the community. This prevalence is ewaret when older adults are living at their home
and attending senior centres [5, 6]. However, tie@glence is reported to be 50% higher in nursing
home and acute care settings; estimates ranging 3@50% [7-9], displaying the importance of
examining malnutrition across multiple settings.thdlugh malnutrition is a prognostic factor
associated with morbidity, mortality, and costscafe, nutritional problems in older adults often
remain undetected or unaddressed [10]. This isiauseissue, as malnutrition is strongly associated
with sarcopenia and frailty, two major public hbalissues among older adults [2, 11].
Understanding the aetiology of malnutrition, anddfng effective interventions and preventive

strategies is therefore of utmost importance [1R-14
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Several different definitions and criteria have leecommended for the diagnosis of malnutrition.
These include different cut-off points for weighs$, body mass index (BMI), blood parameters
(e.g. albumin) and assessment tools (e.g, thé/iuil Nutritional Assessment (MNA)) [15-18]. The
heterogeneity across definitions and diagnostiteria in research and clinical practice makes it
very difficult to generate meaningful data or commg@ns on true malnutrition prevalence,
incidence and treatment response across diffemmitdes and settings. Nevertheless, focusing on
which factor contribute to the development of méition may aid the development of effective

interventions.

Multiple factors have been correlated with malrigtn in older adults and then suspected to be
determinants including reduced appetite, female sasial resources, poor physical function, poor-
self related health, sensory function, chewing anallowing problems, physical and cognitive
impairment, depression, polypharmacy, low-gradéamimation, low socioeconomic status and
loneliness, lack of food choices, lack of dietadviae/education, and older age [2, 6, 15-20].
However, most of the available studies in this aeacross-sectional with limited ability to make
causal inference. Less emphasis has focussed spqutive studies and on determinants that could
be considered potentially modifiable. Achieving sensus on what determinants may be
modifiable, and generating strategies to modifys¢henay be useful for future prevention and

treatment of malnutrition.

Several studies and narrative reviews describermdatants of malnutrition. To date, three
systematic reviews [14, 21, 22] have been completedis area. One of these systematic reviews
[21] investigated the determinants of malnutritiorcommunity adults only, and only up to January

2013. This review consisted of mainly cross-sediostudies; it excluded certain tools for
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measuring malnutrition, and was limited to studiesducted in Western countries. The second [14]
of the three reviews investigated determinants alinortrition in nursing home patients only, from
January 1990 to 2013 (16 cross-sectional studi@sy. third review [22] assessed determinants
using prospective cohort studies which were pubtishetween January 2000 and March 2015.
This review which had strict inclusion criteria bdson sample size, measures of malnutrition, and
methods of statistical analysis and, included sixliss. No systematic review of malnutrition in
older people has searched all years up to 201luded all settings, was not restricted based on
definitions or outcome measures used, and was $edusn modifiable determinants, which are
arguably the most important for prevention andttnest of malnutrition. It is necessary to examine
all of the available evidence to achieve a bettefeustanding of the determinants, and effectively
inform the design of future studies to generat¢éebetata and outcomes. Therefore, the objective of
this systematic review was to examine the potdptalodifiable determinants of malnutrition in

older adults, across all settings, using infornmafrom prospective studies.

METHODOLOGY

Search Strategy

This review was registered on the PROSPERO datgld®©e42017070383) and has been reported
in accordance with the PRISMA statement [23]. Ratgvprospective cohort studies meeting the
inclusion criteria were identified by a computeded search of the MEDLINE, CINAHL,
Academic Search Complete, AMED, SPORTDiscus, Pgy€@INBiomedical Reference Collection,
PsycARTICLES, and Web of Science databases dumhguary 2017 from the period of inception
(SeeFigure 1 for search keywords). The reference lists of tiiuded manuscripts were searched

for additional papers by two independent review&re search was restricted to include all studies
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that involved humans and were published in Engksbnch, Dutch or German only. The reference

lists of the selected articles were also manuaérched for any further relevant articles

Two reviewers (MOK and MK) screened the articleslejpendently. The strategy had two

components which were combined: (1) nutrition AND) ¢ld. The terms were searched using title

and abstract. The exact search strings utilizedlawe/n inFigure 1.

Figure 1: Search keywords

Nutrition* OR nutrient* OR undernutrition OR “undewtrition” OR undernourish* OR “under nourishy”
OR under-nutrition OR malnutrition OR malnourish’RO'body composition” OR body-composition QR
“underweight* OR “under weight” OR “weight loss” OReight-loss OR underfed* OR “under fed” QR
starv* OR weight* OR thinness OR sarcopeni* OR 'tggeintake" OR “food intake” OR anorexia* OR
fasting* OR underfeeding OR hunger* OR BMI OR "bodyass index" OR cachexia* OR "wasting
syndrome” OR protein-energy OR protein-calorie Q#Rotein calorie” OR “protein energy” OR slimness

OR diet* OR appetite* (Title and Abstract)

AND

old* OR elder* OR elderly OR geriatric* OR senioc®R aging* OR aged OR “old age” OR “nursing hone”
OR nursing-home OR "community dwell*" OR “commundyell*” OR “home care” OR home-care OR
domiciliary OR free-living OR "free living" OR “oweage 65" OR “65 and over” OR “living at home” OR
"home nurs*' OR "home living" OR home-living OR 'im&@ help” OR home-help OR “home health” QR
home-health OR “long-term care” OR “long term caf@R “community care” OR “domestic care " OR

“residential care” OR long-stay OR “long stay” (€iand Abstract)

Inclusion/Exclusion Criteria

Study design
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Only reports of completed prospective cohort stadpeblished in peer-reviewed journals were
included. Only prospective studies that lookedhat impact of determinants on the evolution of

malnutrition were included.

Population

Study participants were required to be 65 yearslder (if a combined population was described,
the mean age had to bé5 years [24]. All settings (nursing home, commysaitvelling, geriatric
rehabilitation setting, acute care setting) werduided. Studies examining specific patient groups
(e.g. cancer patients) were not excluded basedh@presence of these specific co-morbidities, as

co-morbidity is a known determinant of malnutrition

Potential determinants

Studies were required to examine one or more datants of malnutrition. Studies examining
determinants that the authors of this review desmadentially modifiable by the older adult or by
a carer-physician were included. Decisions on tbtengial modifiability of determinants were

based on consensus within the author group. Factmsidered non-modifiable, like age and
genetics, were excluded. Attempts were made nobectoo strict on what constituted non-
modifiable, as it remains unclear whether certactdrs within particular settings, are modifiabte o
not. Where it was unclear whether the factor wadifiaile or non-modifiable (e.g. vision.

cognitive state), the study was included.

Clinical Outcomes
Studies had to report results from an outcome nmeasuthe domain of malnutrition. Examples

include BMI, and weight loss percentage. Sinceeghemo gold standard definition or criteria for
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malnutrition, no study was excluded based on thieomoe measure used for malnutrition. This
means that studies that assessed malnutrition teersag or assessment tools (e.g. MNA and
MUST) that include risk factors of malnutrition veeincluded. Differences in definitions and

criteria used for malnutrition were recorded. Nstrietion was placed on the time of follow-up.

A previous review [21] excluded studies that assggsalnutrition by screening or assessment tools
that include determinants of malnutrition (suchtl@s MNA and the MUST). Therefore, we also
completed a descriptive synthesis without thesdiestuto see if their removal would change the

results.

Study selection

A standard protocol was followed for study selattend data extraction. After the removal of
duplicates, two authors (MOK and MK) independersityeened the titles and abstracts from the
articles found, and excluded articles not meetimgdligibility criteria. If no abstract was availap

or when it was not clear if the study should bduded, full-text articles were retrieved in order t
determine inclusion or exclusion. Both reviewerptka record of their reasons for the inclusion or
the exclusion of articles. The full-text version a article was obtained if the title and abstract
seemed to fulfil the inclusion criteria, or if theigibility of the study was unclear. If any
disagreements on study eligibility took place, tlanned procedure was to hold a consensus
meeting with another author (EOC). Original studythars were emailed, where required, to

provide clarity on methodology.

Risk of bias assessment and overall quality

10
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Two reviewers assessed the methodological qudlitiie studies independently and discrepancies
were resolved by consensus. If necessary, a thitthom helped to reach consensus. The
methodological quality was assessed by the Qualirognosis Studies (QUIPS) tool, which has
been recommended by the Cochrane Prognosis Metiaig [25]. The QUIPS was modified to
judge bias in relation to determinants, insteatheforiginal tool's focus on prognostic factorseTh
modified version has been used in a previous sytemeview [26]. The following six domains
were considered: 1) study participation, 2) studiriteon, 3) measures of risk factors, 4)
measurement of, and controlling for confoundingafales, 5) outcome measures, 6) analysis and
reporting. Each domain was assessed as having imgterate or low risk of bias (ROB) The
overall ROB was also assessed. We considered § &iuok of high quality when the ROB was
rated low on at least four of the six domains ara$ wated low for both study attrition and study

confounding. This approach has been used for sgsteneviews in other fields [26].

Data extraction and data analysis

Data regarding each study were extracted by oneoa{MOK) and cross-checked by a second
author (MK).The following data were extracted from each study:

- Characteristics of the determinant: domain, &l determinant examined

- Characteristics of the participants: setting,ntoy sample size, sex, age

- Characteristics of the outcome: malnutrition onte measure and length of follow-up

-Results: for example, odds ratios, hazard raisé, natio, 95% confidence intervals, p-values

-Study quality: overall rating on the QUIPs

-Strength of evidence: Low, Moderate, or High.

Due to substantial heterogeneity across studigsyins of determinants examined, measurement of

determinants, definition of malnutrition, malnutsit measurement, and length of follow-up,

11
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pooling of data in a meta-analysis was not possiBlelescriptive synthesis [27] of studies was
instead used to explore heterogeneity due to ptipolasource and setting, definitions of

determinants and outcomes. Consistency of findivegs assessed using the following schema.

» Strong evidence consistent findings (defined as > 75% of studséewing the same
direction of effect) in multiple high-quality (de®d as low ROB in all domains) studies.

* Moderate evidence:consistent findings in multiple low quality (modéz to high ROB in 4
of 6 domains) studies and/or at least one lowafdbias/high-quality study.

* Low evidence:findings from one study only of moderate to higfmR (low or moderate
quality).

» Conflicting evidence:inconsistent findings across studies of any riskias/quality.

RESULTS

Literature search

Study identification is summarised kgure 2. The literature search of databases yielg@@®91
potentially relevant articles. 11,336 duplicategeveemoved and9,555titles and abstracts were
scanned. Sixty five full-text studies were retridweith 42 studies being excluded as they did not
meet the eligibility criteria. Searching the refere lists of these articles did not yield any farth
articles. The major reasons for exclusion were cross-sedtidesign, mean age <65 years, and
examined the association of malnutrition with miitta Twenty three articles met the selection
criteria. Two authors were emailed to obtain furthdormation for clarification, of whom one

replied.

12
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Quality assessment

The majority of studies were rated as low qualitytbe QUIPS tool (n=18) [24-45]. Five studies
[46-49] were rated as moderate quality on the QUi Common methodological limitations
identified across studies were attrition rates,dgteonfounding, and statistical analysis and
reporting. Common methodological strengths werergjatson of study participants and explanation
of potential determinant and outcome measuremé&his.quality assessment scores for all studies

are shown in Table 1

14
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Table 1: Risk of bias/quality scores

Study 1 2 3 4 5 6 Final
quality
rating

Agostini et al | Low Low Low Low Moderate Low Moderate

2004 [28]

Alley et al| Low High Low High Low Low Low

2010 [29]

Beck et al| Low High High Low High High Low

2015 [30]

Carrion et al | Low High Low Low High High Low

2015 [31]

Chen et al| Low High High Low High High Low

2009 [32]

Izawa et al| Low High Low Low Low Low Low

2014 [33]

Johansson et| Low High Low Low High Low Low

al 2009a [34]

Johansson et| Low Moderate Low Low High High Low

al 2009b [35]

Jyrkkd et al | Low High Low Low High Low Low

2011 [36]

Kagansky et| Low Moderate Low Low High High Low

al 2005 [37]

Knoops et al| Low Moderate High Low High Low Low

2005 [38]

Lee et al 2004| Low Moderate High Low High High Low

[39]

Mamhidir et | Low High High High High High Low

al 2006 [40]

Okabe et al| Low Moderate Low Low Low Low Moderate

2015 [41]

Ritchie et al | Low Moderate Low Low Low Low Moderate

2000 [42]

Roberts et al| Low High Low Low Low Low Low

2007 [43]

Schilp et al| Low Moderate Low Low Low Low Moderate

2011 [44]

Serra-Prat et | Low High Low Low High Low Low

al 2012 [45]

Shatenstein et| Low Moderate Low Low High High Low

al 2001 [46]

Soderstrém Low Moderate Low Low High High Low

et al 2015 [47]

St-Arnaud Low Moderate Low Low Low Low Moderate

McKenzie et

al 2010 [48]

Stephen and| Low High Low Low High Yes Low

Janssen

2010 [49]

Weyant et al | Low Moderate Low Low High Low Low

2004 [50]
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High quality: risk of bias was rated low on at least four ofshedomains and was rated low for both study
attrition and study confounding (shaded).

Moderate quality: risk of bias was rated low or moderate on at |&ast of the six domains and was rated
moderate for both study attrition and study confling (shaded).

Low quality: risk of bias was rated high on at least four efs$lx domains and/or was related high for stufly
attrition and study confounding (shaded).

Studies with high risk of bias for study attritionstudy confounding were rated as low quality.

1= Study Participation2=Study Attrition;3=Risk Factor Measuremert-Outcome Measuremerti=Study
Confounding=Statistical Analysis and Reporting

Participants and follow-ups

Table 2 shows the characteristics of the 23 included studh this review. The follow-up

period of studies varied from 24 weeks to 12 yeAlisstudies were performed in a mixed
sample of males and females. Studies were conductbe USA (n=5) [28, 29, 39, 42, 50],
Canada (n=4) [43, 46, 48, 49], Sweden (n=4) [3448547], the Netherlands (n=2) [38, 44],
Japan (n=2) [33, 41], Spain (n=2) [31, 45], Denm@rkl) [30], Israel (n=1) [37], Finland

(n=1) [36], and Taiwan (n=1) [32]. Studies involvpdrticipants from community-dwelling

setting only (n=15) [28, 29, 34, 35, 39-45, 47-5@)ysing home only (n=3) [30, 33, 38],
acute hospital only (n=3) [31, 32, 37], and a cambon of community-dwelling and nursing

home settings (n=2) [36, 46]. The mean (SD) agesacall studies was 74 (£12) years.

Definitions and measurement of malnutrition

Table 2 shows the outcome measures used for miéiloiin the 23 included studies in this
review. Type and cut-off for measures of malnuntisignificantly varied across studies.
Four studies [30, 38, 40, 44] used low BMI as a sneaof malnutrition. However, the BMI
cut off for being defined as malnourished varie®ss the four studies: one study [38] had no
cut off; one study [30] defined <18.5 as malnowtshone study [40] defined <22 as
malnourished, and one study [4défined <20 as malnourished. Eight studies defined

malnutrition by weight loss. Four studies [39, 48, 50] used >5% loss of body weight as a
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308

309
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311

312

313

314
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316

measure of malnutrition, but the time period of giriloss varied from one to two years
across studies. Two studies [42, 49] used >10% tdsbody weight as a measure of
malnutrition. One study [28] used >10 pounds losbarly weight over a one-year period.
One study [29] used weight loss measured by DEXAa aseasure of malnutrition. Two
studies [40, 44] used combinations of low BMI andight loss to measure malnutrition.
Seven studies [31, 32, 34, 35, 37, 45, 47] usedotige form MNA (MNA-LF). One of these
[45] defined <23.5 as malnourished, another [4Tihee <17 as malnourished. Three studies
[33, 36, 41] used the short form MNA (MNA-SF). Twb these studies [33, 41] defined <7
as malnourished, while one study [36] defined <@ Inalnourished. One study [43] used the

Elderly Nutrition Screening Tool.
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Table 2. Description of studies

Domain Study and determinant| Setting, country | Malnutrition Results Quality Strength of
examined and participants measure and length evidence
of follow-up
Oral Dental status Conflicting
Knoops et al 2005 [38] Nursing homeBMI NS Low
Netherlands
N=108 Follow-up: 24 weeks
83% female
Mean-age: 82.1(7.6)
Lee et al 2004 [39] Community- Weight losg5% of | NS Low
dwelling. body weight in 1 yeal
USA
N=3075 Follow-up: 1 year
52% female
Mean age: unclear,
ranged from 70-79
Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling. of 5% or10% of tota
Sweden body weight
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)
Okabe et al 2016 [41] Community- MNA- Short Form| NS Moderate
dwelling. <7
Japan
N=197 Follow-up: 1 year
Mean age: unclear
Ritchie et al 2000 [42] Community- Weight losg10% of | Edentulousness Moderate
dwelling. body weight in 1 year effect on 4% weight
USA loss:
N=563 Follow-up: 1 year OR (95% CI): 1.63

57.9% female
Mean age: unclear
range 70 and over

(1.09,2.43); P<0.05

Edentulousness
effect on 10 %

weight loss




OR (95% CI): 2.03
(1.05, 3.96); p<0.0§

Roberts et al 2007 [43] Community- Elderly Nutrition | NS Low
dwelling. Screening (6-13)
Canada
N=839 Follow-up: 1 year
68.7% female
Mean age: 79.6
Chewing Moderate
Beck et al 2015 [30] Community- BMI<18.5 NS Low
dwelling.
Denmark Follow-up: 6 monthg
N=441 and 1 year
80% female
Mean age: 85.2(7.5)
Izawa et al 2014 [33] Nursing home. MNA-Short Form <7 | NS Low
Japan Follow-up: 2 years
N=392
77. 7% female
Mean age: 84.3(7.2)
Knoops et al 2005 [38] Nursing homeBMI NS Low
Netherlands
N=108 Follow-up: 24 weeks
83% female
Mean-age: 82.1(7.6)
Lee et al 2004 [39] Community- Weight losg5% of | NS Low
dwelling. body weight in 1 yeal
USA
N=3075 Follow-up: 1 year
52% female
Mean age: unclear
ranged from 70-79
Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling. of 5% or10% of tota
Sweden body weight
N=503

72% female

Mean age: 86.2(5.5)

Follow-up: 1 year
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Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling. body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling. body weight in 6
Netherlands months
N=1120
51.% female Follow-up: every 3
Mean age: 74.1(5.7)| years over a 9 yed
period
Mouth Pain Moderate
Lee et al 2004 [39] Community- Weight losg5% of | NS Low
dwelling. body weight in 1 yeal
USA
N=3075 Follow-up: 1 year
52% female
Mean age: unclear
ranged from 70-79
Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling. of 5% or10% of tota
Sweden body weight
N=503 Follow-up: 1 year
72% female
Mean age: 86.2(5.5)
Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over
Gum issues Conflicting
Beck et al 2015 [30] Community- BMI<18.5 NS Low
dwelling.
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Denmark

N=441

80% female

Mean age: 85.2(7.5)

Follow-up: 6 monthsg
and 1 year

Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over
Weyant et al 2004 [39] Community- Weight losg5% of | Extent of sites with Low
dwelling body weight over 2 > 6mm periodonta
USA years probing depth
N=1053 OR (95% CI): 1.53
50.3% female Follow-up: 2 years | (1.32-1.77); p<0.05
Mean age: 72.7(2.8)
Swallowing Conflicting
Beck et al 2015 [30] Community- BMI<18.5 NS Low
dwelling.
Denmark Follow-up: 6 monthg
N=441 and 1 year
80% female
Mean age: 85.2(7.5)
Carrion et al 2015 [31] Acute hospital MNA<17 OR (95% CI): 12.6 Low
Spain (7.49, 21.12);
N=1662 Follow-up: 6 monthg p<0.001
61.7% Female and 1 year
Mean age:
85.1(6.23)
Knoops et al 2005 [38] Nursing home BMI NS Low
The Netherlands
N=108 Follow-up: 24 weeks
83% female
Mean-age: 82.1(7.6)
Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling of 5% or10% of tota
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Sweden

N=503

72% female

Mean age: 86.2(5.5)

body weight

Follow-up: 1 year

Okabe et al 2016 [41]

Community-
dwelling
Japan
N=197
Mean age:
%female unclear

MNA- Short Form
<7

Follow-up: 1 year

RR (95% Cl): 5.21
(1.65, 16.43);
p=0.005.

Moderate

Serra-Prat et al 201

[45]

2 Community-
dwelling
Spain
N=254
46.5% female
Mean age: 78

MNA<23.5

Follow-up: 1 year

NS

Low

Psychosocial

Cognitive function

Conflicting

Chen et al 2009 [32]

Acute hospital
Taiwan
N=306
53.27% female

71.75(5.62)

Mean age:

MNA<17

Follow-up: 6 months

B (SE): 0.17 (0.01)
95% Cl (0.43,
0.60); p<0.001

Low

Johansson et al 2004

[34]

) aCommunity-
dwelling
Sweden
N=579
% female
Mean age: unclear

MNA<17

Follow-up: 6 years

NS

Low

Johansson et al 2009

[35]

Community-
dwelling

Sweden

N=258

% female: unclear

74.2(2.55)

Mean age:

MNA<17

Follow-up: 12 years
(3 times with 4 yea
intervals)

For men:
OR (95% ClI): 12.9
(2.9, 56.7); p<0.01

For women: NS

Low

Kagansky et al 2005 [37

1 Acute hospital
Israel

MNA<17

OR (95% CI): 3.85

(1.55, 9.59);

Low
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N=414
65.7% female
Mean age: 84.8(6.1)

Follow-up: 2 years

P=0.004.

Mambhidir et al 2006 [40] Community- BMI<22 and weight OR (95% CI):| Low
dwelling of 5% or10% of total 1.844 (1.267,
Sweden body weight 2.683); P=0.001
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)
Okabe et al 2016 [41] Community- MNA- Short Form| NS Moderate
dwelling <7
Japan
N=197 Follow-up: 1 year
%female unclear
Mean age: unclear
Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over
Roberts et al 2007 [43] Community- Elderly Nutrition | NS Low
dwelling Screening (6-13)
Canada
N=839 Follow-up: 1 year
68.7% female
Mean age: 79.6
Depression and Conflicting*
depressive
symptomology
Chen et al 2009 [32] Acute hospital MNA<17 B (SE): -0.35 (0.03)| Low
Taiwan 95% CI (-0.41,-
N=306 Follow-up: 6 months | 0.29); p<0.0001
53.27% female
Mean age:
71.75(5.62)
Johansson et al 2009a Community- MNA<17 OR (95% : Chow
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[34]

dwelling

Sweden

N=579

% female: unclear
Mean age: unclear

Follow-up: 6 years

1.522 (1.185,
1.954); p=0.001

Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling of 5% or10% of tota
Sweden body weight
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)
Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear,
range 70 and over
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling body weight in 6
Netherlands months
N=1120
51.% female Follow-up: every 3
Mean age: 74.1(5.7)| years over a 9 yed
period
Shatenstein et al 2001Community- Weight losg5% of | Loss of interest inl Low
[46] dwelling and| body weight life
institutionalised For institution:
Canada Follow-up: 5 years | B
N=584 (SE): -0.63(0.29

59.6% female

Mean age: uncleat,

ranged from 70-90

95% CI (0.30,
0.93); P=0.027

For community-
dwelling

p
(SE): -0.58 (0.25

950 CI (0.34,
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0.90); p=0.017

Psychological distress Low
Roberts et al 2007 [43] Community- Elderly Nutrition | NS Low

dwelling Screening (6-13)

Canada

N=839 Follow-up: 1 year

68.7% female

Mean age: 79.6
Anxiety Low
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate

dwelling body weight in 6

Netherlands months

N=1120

51.% female Follow-up: every 3

Mean age: 74.1(5.7)| years over a 9 yed

period

Social support Low
Chen et al 2009 [32] Acute hospital MNA<17 NS Low

Taiwan

N=306 Follow-up: Six

53.27% female months

Mean age:

71.75(5.62)
Roberts et al 2007 [43] Community- Elderly Nutrition | NS Low

dwelling Screening (6-13)

Canada

N=839 Follow-up: 1 year

68.7% female

Mean age: 79.6
Residential status Conflicting
Chen et al 2009 [32] Acute hospital MNA<17 NS Low

Taiwan

N=306 Follow-up: SiX

53.27% female months

Mean age:

71.75(5.62)
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Johansson et al 2009a&Community- MNA<17 NS Low
[34] dwelling

Sweden Follow-up: 6 years

N=579

% female

Mean age:
Jyrkka et al 2011 [36] Community- MNA- Short Form| B (SE): -1.89| Low

dwelling and nursing <11 (0.25), 95% CI -

home 2.38-(-1.39);

Finland Follow-up: 1,2, 3| P<0.001

N=294 years

69% female

Mean age: 81.9
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate

dwelling body weight in 6

The Netherlands months

N=1120

51.% female Follow-up: every 3

Mean age: 74.1(5.7)| years over a 9 yed

period

Transport Low
Johansson et al 2009nCommunity- MNA<17 NS Low
[35] dwelling

Sweden Follow-up: 12 yearg

N=258 (3 times with 4 yea

% female intervals)

Mean age:

74.2(2.55)
Loneliness Low
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate

dwelling body weight in 6

The Netherlands months

N=1120

51.% female Follow-up: every 3

Mean age: 74.1(5.7)| years over a 9 yed

period

Wellbeing Low
Johansson et al 2009a Community- MNA<17 NS Low
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[34]

dwelling

Sweden

N=579

% female: unclear
Mean age: unclear

Follow-up: 6 years

Meals on wheels Low
Johansson et al 2009nCommunity- MNA<17 For men: Low
[35] dwelling OR (95% CI): 11.6
Sweden Follow-up: 12 years (2.0, 67.8); p<0.01
N=258 (3 times with 4 yea
% female intervals) For women:
Mean age: OR (95% CI): 18.0
74.2(2.55) (1.8, 182.7);
p<0.05.
Medication  and | Medication and Conflicting
care polypharmacy
Agostini et al 2004 [28] | Community- Weight losg1l0 | 1-2  medications]{ Moderate
dwelling pounds in 1 year NS
USA
N=885 Follow up: 1 year 3-4 medications:
72% female OR (95% CI): 1.96
Mean age: 81.0(5.2) (1.08, 3.54); p<0.0§
>5 medications;
2.78 (1.38, 5.60)
p<0.05
Beck et al 2015 [30] Nursing home BMI<18.5 NS Low
Denmark Follow-up: 6 monthg
N=441 and 1 year
80% female
Mean age: 85.2(7.5)
Chen et al 2009 [32] Acute hospital MNA<17 B (SE)-0.08 (0.02)| Low

Taiwan
N=306
53.27% female

Mean age:

71.75(5.62)

Follow-up: 6 months

95% Cl (-0.13, -
0.04); p=0.0002
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Jyrkka et al 2011 [36] Community- MNA- Short Form| Excessive Low
dwelling and nursing <11 polypharmacy (1Q
home or more drugs):f
Finland Follow-up: 1,2, 3| (SE):

N=294 years -0.62 (0.18); 95%

69% female Cl  -0.98-(-0.27);

Mean age: 81.9 p=0.001
Polypharmacy (6 tg
9 drugs): NS

Knoops et al 2005 [38] Nursing home BMI NS Low
Netherlands
N=108 Follow-up: 24 weeks
83% female
Mean-age: 82.1(7.6)

Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling of 5% or10% of tota
Sweden body weight
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)

Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling body weight in 6
Netherlands months
N=1120
51.% female Follow-up: every 3
Mean age: 74.1(5.7)| years over a 9 yedr

period

Hospitalisation Moderate**

Alley et al 2010 [29] Community- Weight loss per year For men: Low
dwelling in total body mass
USA (DEXA scan) per| (95% CI):

N=2690 year -0.79 (-1.04, -0.54)

50.8% female
Mean age: 73.5(2.9)

Follow-up: 1 year

p<0.001

For women:

p
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(95% CI):
-0.79(-1.07, -0.51)]
p<0.001

Izawa et al 2014 [33] Nursing home MNA- Short Form| OR (95%CI): 1.80 Low
Japan <7 (1.09, 2.97);
N=392 P=0.023
77. 7% female Follow-up: 2 years
Mean age: 84.3(7.2)
Johansson et al 2009nCommunity- MNA<17 For men: Low
[35] dwelling NS
Sweden Follow-up: 12 years
N=258 (3 times with 4 year For women:
% female: unclear | intervals) OR (95% CI):
Mean age: 5.9(1.1, 31.5);
74.2(2.55) p<0.05.
Health Co-morbidities Moderate
Chen et al 2009 [32] Acute hospital MNA<17 NS Low
Taiwan
N=306 Follow-up: 6 months
53.27% female
Mean age:
71.75(5.62)
Izawa et al 2014 [33] Nursing home MNA- Short Form| NS Low
Japan <7
N=392
77. 7% female Follow-up: 2 years
Mean age: 84.3(7.2)
Jyrkka et al 2011 [36] Community- MNA- Short Form| NS Low
dwelling and nursing <11
home
Finland Follow-up: 1, 2, 3
N=294 years
69% female
Mean age: 81.9
Knoops et al 2005 [38] Nursing home BMI NS Low

Netherlands
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N=108
83% female
Mean-age: 82.1(7.6)

Follow-up: 24 weeks

Okabe et al 2016 [41] Community- MNA- Short Form| NS Moderate
dwelling <7
Japan
N=197 Follow-up: 1 year
Mean age:unclear
%female unclear

Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over

Roberts et al 2007 [43] Community- Elderly Nutrition | NS Low
dwelling Screening (6-13)
Canada
N=839 Follow-up: 1 year
68.7% female
Mean age: 79.6

Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling body weight in 6
Netherlands months
N=1120
51.% female Follow-up: every 3
Mean age: 74.1(5.7)| years over a 9 yed

period
Functional health Conflicting
status
Constipation Beck et al 2015 [30] Nursing home BMI<18.5 NS Low
Denmark
N=441 Follow-up: 6 monthg
80% female and 1 year
Mean age: 85.2(7.5)
Vision & hearing Chen et al 2009 [32] Acute hospita MNA<17 Both NS Low

Taiwan

30



N=306 Follow-up: 6 months
53.27% female
Mean age:
71.75(5.62)
Constipation Mamhidir et al 2006 [40] Community- BMI<22 and weight OR  (95% CI):| Low
dwelling of 5% o0r10% of total 2.490 (1.185,
Sweden body weight 4.964); p=0.015
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)
Vision & hearing Schilp et al 2011 [44] Community- Weight losg5% of | Both NS Moderate
dwelling body weight in 6
Netherlands months
N=1120
51.% female Follow-up: every 3
Mean age: 74.1(5.7)| years over a 9 yed
period

Eating Moderate

dependency/difficulty

feeding

Beck et al 2015 [30] Nursing home BMI<18.5 OR (95% CI): 2.16 Low
Denmark (1.27, 3.67); p<0.0§
N=441 Follow-up: 6 monthg
80% female and 1 year
Mean age: 85.2(7.5)

Knoops et al 2005 [38] Nursing home BMI NS Low
Netherlands
N=108 Follow-up: 24 weeks
83% female
Mean-age: 82.1(7.6)

Mambhidir et al 2006 [40] Community- BMI<22 and weight OR (95% CI):| Low
dwelling of 5% or10% of total 2.257 (1.676,
Sweden body weight 3.038); p=0.001
N=503

72% female
Mean age: 86.2(5.5)

Follow-up: 1 year
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Shatenstein et al 2001Community- Weight losg5% of | B Low
[46] dwelling and nursing body weight (SE): 4.24 (1.07)
home p=0.000
Canada Follow-up: 5 years
N=584
59.6% female
Mean age: unclear
ranged from 70-90
Self-perceived health Moderate***
Johansson et al 2009a&Community- MNA<17 OR (95% CI):| Low
[34] dwelling 0.443 (0.289,
Sweden Follow-up: 6 years | 0.676); p<0.001
N=579
% female: unclear
Mean age: unclear
Johansson et al 2009bCommunity- MNA<17 For men: Low
[35] dwelling OR (95% CI): 3.9
Sweden Follow-up: 12 years (1.4, 10.8); p<0.01.
N=258 (3 times with 4 yea
% female: unclear | intervals) For women: NS
Mean age:
74.2(2.55)
Jyrkka et al 2011 [36] Community- MNA- Short Form| Poor self-perceived Low
dwelling and nursing <11 health: B (SE): -
home 1.05 (0.17), 95% C
Finland Follow-up: 1,2,3| -1.38-(-0.73);
N=294 years p<0.001
69% female
Mean age: 81.9
Roberts et al 2007 [43] Community- Elderly Nutrition | OR (95% CI): Low
dwelling Screening (6-13) 3.30(1.42, 7.67)
Canada
N=839 Follow-up: 1 year

68.7% female
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Mean age: 79.6

Physical function

ADL, performance or
strength

Moderate

Chen et al 2009 [32] Acute hospital MNA<17 B (SE): 0.17 (0.01)| Low
Taiwan 95% CI 0.15,0.19)
N=306 Follow-up: 6 months | P<0.001
53.27% female
Mean age:
71.75(5.62)
Izawa et al 2014 [33] Nursing home MNA Short-Form <7 | ADL score of 20-50| Low
Japan points:
N=392 Follow-up: 2 years | OR (95%Cl): 2.62
77. 7% female (1.47, 4.69);
Mean age: 84.3(7.2) P=0.001
ADL score of 0-15
points:
OR (95% CI): 2.02
(1.10, 3.72);
P=0.024
Johansson et al 2009Community- MNA<17 For men: Low
[35] dwelling OR (95% CI):
Sweden Follow-up: 12 years 7.5(2.8-20.4);
N=258 (3 times with 4 year p<0.001.
% female: unclear | intervals)
Mean age: For women:
74.2(2.55) OR (95% CI): 3.3
(1.2, 9.2); p<0.05
Knoops et al 2005 [38] Nursing home BMI B (95% CI): -0.11 (- Low
Netherlands 0.21, -0.01);
N=108 Follow-up: 24 weeks| p=0.39.
83% female
Mean-age: 82.1(7.6)
Mambhidir et al 2006 [40] Community- BMI<22 and weight OR (95% CI):| Low
dwelling of 5% or10% of total 1.793 (1.163,
Sweden body weight 2.765); p=0.008
N=503

72% female

Follow-up: 1 year
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Mean age: 86.2(5.5)

Okabe et al 2016 [41] Community- MNA-Short Form <7 | NS Moderate
dwelling
Japan Follow-up: 1 year
N=197
Mean age: unclear
%female: unclear
Ritchie et al 2000 [42] Community- Weight losg10% of | Dependent in oné Moderate
dwelling body weightin 1 yeatr or more  ADLs
USA effect on  10%
N=563 Follow-up: 1 year weight loss : OR
57.9% female (95% ClI): 2.27
Mean age: unclear (1.08, 4.78); p<0.0§
range 70 and over
NS for 4% weight
loss
Roberts et al 2007 [43] Community- Elderly Nutrition | NS Low
dwelling Screening (6-13)
Canada
N=839 Follow-up: 1 year
68.7% female
Mean age: 79.6
Schilp et al 2011 [44] Community- Weight losg5% of | Difficulty walking | Moderate
dwelling body weight in 6| stairs, aged <75
Netherlands months HR (95% CI): 1.91
N=1120 (1.14, 3.22)

51.% female
Mean age: 74.1(5.7)

Follow-up: every 3
years over a 9 yesg
period

rDifficulty walking
stairs > 75 years:
NS

Limitation of
normal activities
due to a health
problem: NS

Physical

performance tes

t
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score: NS

Serra-Prat et al 201R2Community- MNA<23.5 NS Low
[45] dwelling
Spain Follow-up: 1 year
N=254
46.5% female
Mean age: 78
St Arnaud-McKenzie ef Community- Weight losg5% of | Worse baseline Moderate
al 2010 [48] dwelling body weight over 2 physical function
Canada years predicted both
N=1497 weight loss and
52.3% Female Follow-up: 2 years | weight gain
Mean age: unclear.
Ranged from 67-84
Lifestyle Smoking Moderate
Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling body weight in 6
Netherlands months
N=1120 Follow-up: every 3
51.% female years over a 9 yed
Mean age: 74.1(5.7)| period
Alcohol Moderate
Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year

57.9% female

Mean age: uncleal
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range 70 and over

Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling body weight in 6
Netherlands months
N=1120 Follow-up: every 3
51.% female years over a 9 yedar
Mean age: 74.1(5.7)| period
Physical activity Moderate
Ritchie et al 2000 [42] Community- Weight losg10% of | NS Moderate
dwelling body weight in 1 yeal
USA
N=563 Follow-up: 1 year
57.9% female
Mean age: unclear
range 70 and over
Schilp et al 2011 [44] Community- Weight losg5% of | NS Moderate
dwelling body weight in 6
Netherlands months
N=1120 Follow-up: every 3
51.% female years over a 9 yedr
Mean age: 74.1(5.7)| period
Stephen and JansseiCommunity- Weight losg10% of | NS Low
2010 [49] dwelling. body weight
Canada
N=4512 Follow-up: Every
57.1% female yedr over a 8 yeq
period
Mean age: unclear
Eating Appetite/leaves food on Moderate
plate
Beck et al 2015 [30] Nursing home BMI<18.5 OR (95% CI): 2.36 Low
Denmark (1.07, 5.18); p<0.0§
N=441 Follow-up: 6 monthsg
80% female and 1 year
Mean age: 85.2(7.5)
Knoops et al 2005 [38] Nursing home BMI B(95% CI): -2.16 (-| Low

Netherlands

N=108

Follow-up: 24 weeks

4.32, -0.01); p=0.49
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83% female
Mean-age: 82.1(7.6)

Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling of 5% or10% of tota
Sweden body weight
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)
Schilp et al 2011 [44] Community- Weight losg5% of | HR (95% CI): 1.63| Moderate
dwelling body weight in 6| (1.02, 2.61); p<0.05
Netherlands months
N=1120 Follow-up: every 3
51.% female years over a 9 yed
Mean age: 74.1(5.7)| period
Shatenstein et al 2001Community- Weight losg5% of | Community- Low
[46] dwelling and nursing body weight dwelling:
home B
Canada Follow-up: 5 years (SE): -1.52 (0.33)
N=584 95% CI 0.12, 0.42)
59.6% female P=0.000
Mean age: unclear
ranged from 70-90
Complaints about taste Moderate
of food
Beck et al 2015 [30] Nursing home BMI<18.5 NS Low
Denmark
N=441 Follow-up: 6 monthg
80% female and 1 year
Mean age: 85.2(7.5)
Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low
dwelling of 5% or10% of tota
Sweden body weight
N=503
72% female Follow-up: 1 year
Mean age: 86.2(5.5)
Nutrient intake and Moderate
modified texture diets
Knoops et al 2005 [38] Nursing home BMI Fat intakeat | Low

37



Netherlands baseline

N=108 Follow-up: 24 weeks| B
83% female (95% CI): 0.07
Mean-age: 82.1(7.6) (0.01, 0.13);
p=0.027
Okabe et al 2016 [41] Community- MNA- Short Form| NS Moderate
dwelling <7
Japan
N=197 Follow-up: 1 year

Mean age: unclear
%female unclear

Soderstrom et al 2015Community- MNA<17 BMI of <25kg/m2| Low
[47] dwelling at baseline:

Sweden Follow-up: 10 years | Fat intake:

N=725 OR (95% CI):

51.6% Female, 1.106 (1.020,

Mean age 66.7 1.199); P=0.015.
Hunger Low
Mambhidir et al 2006 [40] Community- BMI<22 and weight| NS Low

dwelling of 5% or10% of tota

Sweden body weight

N=503

72% female Follow-up: 1 year

Mean age: 86.2(5.5)
Thirst Low
Knoops et al 2005 [38] Nursing home BMI NS Low

Netherlands

N=108 Follow-up: 24 weeks

83% female
Mean-age: 82.1(7.6)

318

OR= Odds ratio, HR= Hazard ratio, RR= Risk rati&: NMon-significant, Cl: confidence interval, BMlotly mass index, MNA:
Mini Nutritional Assessment, DEXA: Dual-energy Xyrabsorptiometry, ADL: Activities of Daily Living.

*When studies using the MNA are removed from thalsis, the conflicting evidence for depressiombe determinant of
malnutrition changes to moderate evidence thatedspyn is not a determinant of malnutrition.

** \When studies using the MNA are removed from ggeesl, the moderate evidence for hospitalisationdpai determinant of
malnutrition changes to limited evidence that htgisation is a determinant of malnutrition.

*** When studies using the MNA are removed from Hraalysis, the moderate evidence for self-perceneadth being a deterimant
of malnutrition changes to limited evidence that-perceived health is a determinant of malnutntio
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320 Potentially modifiable determinants
321 Thirty determinants categorised into seven domahwwyn inTable 3. The results will be

322 discussed according to these domains for easauatycl

323
324 Table 3: Domains of potentially modifiable determirants
Domain name Included determinants (n=30)
Oral 1. Dental status
2. Chewing
3. Mouth pain
4. Gum issues
5. Swallowing
Psychosocial 6. Cognitive function
7. Depression/depressive symptomology
8. Psychological distress
9. Anxiety

10. Social support
11. Residential status
12. Transport

13. Loneliness

14. Wellbeing

15. Meals on wheels

Medication and care 16. Medication and polypharmacy
17. Hospitalisation
Health 18. Co-morbidities

19. Functional health status

20. Eating dependency/difficulty feeding
21. Self-perceived health

Physical function 22. Activities of daily living, performance or strength
Lifestyle 23. Smoking
24. Alcohol

25. Physical activity

Eating 26. Appetite / leaves food on plate

27. Complaints about taste of food

28. Dietary factors — nutrient intake and modified tertdiets
29. Hunger

30. Thirst
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343

344

345

346

347

348

349
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Oral domain
A total of 13 studies [30-33, 38-45, 50] studiearained 5 potential determinants in the oral

domain.

Dental status

Dental status (denture use, having teeth) was sexddxy six studies [38-43]. Measurement of
dental status varied significantly across studiege studies [38-40, 42, 43] used single item
yes/ no questions: One study [40] used a yes/morse to some or all natural teeth lost and
not using dentures; one study [38] assessed whealkatal status was complete or

incomplete; one study [39] assessed if participhatsany remaining natural teeth; one study
[43]assessed the presence or absence of dentdmeiOne study [42] scored participants

based on number of dentures, no teeth or presémzgwal teeth.

Chewing difficulties

Chewing difficulties was assessed by seven sty8@&s33, 38-40, 42, 44]. Five studies [30,
38-40, 42] used single item yes/no questions or ablunable to chew or presence or
absence of chewing problems. One study [33] catsgpbrchewing difficulties into three
categories: difficulty chewing even soft food iteigp®or), difficulty chewing harder foods
(fair), and no difficulty chewing harder foods (ghoOnly one study [44] assessed biting and
chewing with a question ‘Are you able to bite oreehhard food?’ and categorised

participants into ‘almost never’, ‘some of the tipmeo problem, ‘often’ or ‘most of the time’.

Mouth pain

Mouth pain was assessed by three studies [39,24@sing a single item yes/no question on

the presence or absence of mouth pain.
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Gum issues

Gum issues (inflammation, bleeding, periodontatase) were assessed by three studies [30,
42, 50]. One study [30] used a single item yesimwar question to the presence or absence
of inflamed, swollen or bleeding gums. One stud¥] [dssessed the number of participants
with gum bleeding, and percentage of sites with kheeding.

Two studies assessed the effect of periodontabsées¢42, 50]. One study [50] measured
mean depth and attachment loss, percentage of {sogiktd at least 6mm probing depth. The
other study [42] used a single item yes/no questassess the presence or absence of
periodontal disease.

One study [32] assessed a combination of oral indalttors together and could not be
categorised under any one determinant. This stisdyl uhe 12-item General Oral Health

Assessment Index to assess oral health.

Swallowing

Swallowing was assessed by six studies [30, 3143841, 45]. Measurement of swallowing

varied significantly across studies. Two studiel @] used the volume viscosity test. Three
studies [30, 38, 40] used single item yes/no qaestifrom The Resident Assessment
Instrument - Minimum Data Set (RAI-MDS) to the pase or absence of swallowing

problems. One study [41] used cervical auscultaticassess swallowing problems.

There is conflicting evidence that dental statustiquontal disease and swallowing are
determinants of malnutrition.

There is moderate quality evidence that chewinficdities, mouth pain and gum issues are

not determinants of malnutrition.
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Psychosocial domain
A total of ten studies [32, 34-37, 40-44, 46] exaad ten determinants in the psychological

domain.

Cognitive function

Cognitive function was assessed by eight studi2s33, 35, 37, 40-43]. Four studies [32, 34,
35, 43] used a Mini-Mental State Examination (MMS$&9asure to assess cognitive capacity,
one study [46] used the modified MMSE (3MS); onedgt[32] used the 11-item MMSE,
two studies [34, 35] used the full MMSE; one styd®] used the Adult Lifestyle and
Function Interview MMSE (ALFI-MMSE). The Clinical &nentia Rating Scale and
Cognitive Performance Scale were used by two ssydi@, 41], respectively. One study [37]
used a single item yes/no question on the presgindementia, and the MNA 2 subscore on
cognitive status. Another study [42] assessed rhesitdus subjectively by getting the
interviewer to judge the participants’ presenceabsence of mild confusion. Memory
impairment affecting ADL function was assessed I study [34] using a single item
yes/no question; “Do you believe you are having msnproblems that have an impact on

your daily life?”.

Depression and depressive symptomology

Depression and/or depressive symptomology was sesséy six studies [32, 40, 42, 44, 46].
Measures of depression varied significantly acreigdies. One study [40] used the
Depression Rating Scale. One study [32] used th#atde Depression Scale Short-Form.
One study [42] used the Geriatric Depression Loagyk One study [44] used the Center for
Epidemiological Studies Depression Scale while lago{46] used the Cambridge Mental

Disorders of the Elderly Examination questionnaingl a single item yes/no question on loss
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of interest in life. Only one study [42] used agsaitem question “How often have you felt

downhearted and blue?”

Psychological distress

Psychological distress was assessed by one stu8ly yding L’Indice de détresse

psychologique de Santé Québec (IDPESQ-14) questiann

Anxiety
Anxiety was assessed by one study [44] using tx@éeBnsubscale of the Hospital Anxiety

and Depression Scale.

Social support

Social support was assessed by two studies [32 8] study [32] used the six-item Social
Support Questionnaire-Short Form. The second gd@lyused a single item yes/no question

on satisfaction with social support.

Residential status

Residential status was assessed by four studieS#336, 44]. Two studies [32, 34] used a
single item yes/no question on living alone or nOmne study [36] assessed whether
participants were living at home or in shelteredomemodation. The final study [44] assessed
whether participants were independent in livingsereing home care, or not independent

(including institutionalised).

Transport
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Use of special transport services was assessetédgtady [35] using a single item yes/no

guestion on the use of special transport services.

Loneliness

Loneliness was assessed by one study [44] usinQutah validated loneliness scale.

Wellbeing

Wellbeing was assessed by one study [34] usindgtiladelphia Geriatric Centre Multilevel

Assessment Instrument.

Meals on wheels

Meals on wheels was assessed by one study [35) asgingle item yes/no question on use

of meals and wheels.

There is conflicting evidence that cognitive funati depression and residential status are
determinants of malnutrition.

Low evidence suggests that loss of interest in difel access to meals and wheels are
determinant of malnutrition.

There is also low evidence showing that psychokdgitistress, anxiety, residential status,
loneliness, access to transport and wellbeing avé determinants of malnutrition.
Furthermore, there is low evidence that access ¢alsnand wheels is a determinant of

malnutrition.

Medication and care domain
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A total of ten studies [28-30, 32-34, 36, 38, 4d@] éxamined two determinants in the

medication and care domain.

Medication and/or polypharmacy

Medication and/or polypharmacy was assessed bynsawuéies [28, 30, 32, 36, 38, 40, 44].
One study [30] assessed prescription medicationd, pplypharmacy was defined as the
consumption of over five prescription medicatiores day. The second study [36] defined
excessive polypharmacy as the use of ten or margsdpolypharmacy as the use of six to
nine drugs, and non-polypharmacy as the use ofdiviess drugs concomitantly. A third
study [28] recorded all medication reported takgnplarticipants on a regular basis, and
categorised participants into no medication usa, 4, 3 or 4, or 5 or more drugs taken daily.
The fourth study [40] assessed the number of mBdiareported taken in the last seven
days. One study [44] assessed medication througle ttategories: no medication use; the
use of one or two medications; and the use of tbreaore medications. Another study [32]
assessed the number of prescriptions and over dbhater medication that were taken
currently by participants. Finally, one study [38{sessed the frequency of medication use

and type of medicines reported taken.

Hospitalisation

Hospitalisation was assessed by three studies32935]. Two studies used a single item
yes/no question to hospitalisation over a 2-yeaodd33], and hospital stay during the last 2
months [35]. One study [29] assessed total daypitabized in a given year and categorised
participants into no hospitalisation, 1-3 days hiadiged, 4-7 days hospitalised, or 8 or more

days hospitalised
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There is conflicting evidence that medication ita@d/or polypharmacy is a determinant of
malnutrition while moderate evidence suggests thagpitalisation is a determinant of
malnutrition.

Health domain

A total of twelve studies [30, 32-36, 38, 40-44famined four determinants in the health

domain.

Co-morbidities

Co-morbidity was assessed by eight studies. Twalietu[33, 41] used the Charlson
Comorbidity Index. Four studies [32, 38, 42, 44]sessed number and type of
diagnosis/disease. One study [43] used the chrbisgase score while another study [36]

used the Functional Comorbidity Index.

Functional health status

Visual and hearing impairments were individuallsessed by two studies [32, 44]. Two
categories were created: ‘none’ and ‘one or twmgtevith some difficulty’. Constipation was
individually assessed by two studies [30, 40] usingingle item yes/no question on the

presence of constipation.

Eating dependency/Difficulty feeding

Eating dependency was assessed by four studie883@,0, 46]. Two studies [30, 40] used
the single item yes/no question on eating dependémiether the person was classified as
independent in eating and drinking) from the Rasidéssessment Instrument-Minimum

Data Set (RAI-MDS). One study [38] used a singénityes/no question on able/not able to
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bring food to mouth. The last study [46] categatisdility to eat unaided into, completely

unable, with some help, or without help.

Self-perceived health

Self-perceived health was assessed by four st{@4e36, 43]. Two studies [34, 35] used the
Nottingham Health Profile. One study [36] usedve{point scale and classified participants
into three health status categories: good (verydfgmmd), moderate and poor (fairly poor).
One study [43] assessed current health status thipgy@articipants to rate their own health
as very good, excellent or poor, and their curheatith status (worse, same, better) compared

to their own health one year earlier.

There is moderate evidence that co-morbidity, Vismad hearing impairments are not
determinants of malnutrition.
There is also moderate evidence that eating depegdend poor self-perceived health are
determinants of malnutrition.

Conflicting evidence suggests constipation is ambeinant of malnutrition.

Physical function domain

Physical function was assessed by 13 studies [32@438, 40-46, 48]. Measures focused on
ADL, performance, and strength. Three studies 833,46] used the 0-100 ADL Index. One

study [40] used a 4-18 ADL score. Another study][@8ed the Zorg index (Care Index

Questionnaire). A third study [43] summed the nunmdfereported physical problems in the

past year (problems with balance, feet, ankles)alBi, one study [36] used an eight-point

instrumental ADL tool.
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One study [42] used a single yes/no question oegaddent/dependent in ADLs of walking,
bathing, dressing, toileting, transferring, andtiggtoutside. Three studies [32, 41, 45] used
the Barthel Index. Two studies [44, 48] used aesedf performance tests. One study [44]
used three performance tests (chair stands, tarstemd, walk tests, and difficulty walking
stairs), and rated performance on a scale, anattier study [48] used eight performance
tests: handgrip, bicep strength, quadriceps sthergtair stand test, two gait speed tests,

timed up and go test, and the one leg stand test.

There is moderate evidence that physical funcBamdeterminant of malnutrition.

Lifestyle domain

A total of three studies [42, 44, 49] examined ¢éhdeterminants in the lifestyle domain.

Smoking

Smoking status was assessed by two studies [42,GH8 study [42lused a single item
yes/no question to the smoking or chewing of toba@nd categorised participants into
current smoker, former smoker or those who had mewsked. The second study [44]

categorised participants into 3 categories: curserdker, former smoker, or never a smoker.

Alcohol

Alcohol use was assessed by two studies [42, 44@. SQudy [44] assessed alcohol use on the
number of days per week drinking alcohol, and tbenlper of alcohol consumptions each
time, and categorised participants into four categono alcohol, light, moderate, and (very)
excessive use of alcohol. The second study [428sassl alcohol use using a yes or no single

item yes/no question on drinking alcohol 5 or mibags per week.
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Physical activity

Physical activity was assessed by three studiesdi,249]. One study [42] defined physical
activity by whether participants walked one or mblecks each day. A second study [44]
assessed physical activity in the previous two weesing the Longitudinal Aging Study
Amsterdam Physical Activity Questionnaire whichluded information on frequency and
duration of walking, cycling, household activities)d sport activities. The third study [49]
asked participants whether they had engaged in amrieisure activities in the previous 2
weeks, including walking, hiking, jogging, cyclinglancing, aerobics, bowling, golfing,
calisthenics, and swimming. Each activity was assiga per-minute caloric expenditure

value, which was summed over all minutes of agtigiter the week.

There is moderate evidence that smoking statushalaconsumption and physical activity

levels are not determinants of malnutrition.

Eating domain

A total of eight studies [30, 34, 38, 40, 41, 48, 47] examined five determinants in the

eating domain.

Appetite/leaves food on plate

Appetite/leaving food on plate was measured by $tuelies [30, 38, 40, 44, 46]. Four studies
[30, 38, 40, 46] used a single item yes/no questiotoss of appetite/leaves 25% of food on
plate or not. The other study [44] used the quastidid not feel like eating, my appetite was

poor’ from the Center for Epidemiologic Studies Degsion Scale, and participant had to rate

on a 4-point scale.
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Complaints about taste of food

Complaints about taste was assessed by two st[8llegl0]. Both studies used the single

item yes/no question on complaint/no complaint aaste of food from the RAI-MDS.

Dietary factors: Nutrient intake and modified texetuiets

Two studies [38, 47] assessed energy and/or nutriidake. One study [38] recorded

participant food and beverage consumption in diaaad energy and nutrient intake (protein,
fat, carb) was calculated using the Dutch food cositpn database. The second study [47]
used a questionnaire assessing dietary intake,anyprticular focus on fat, and the different
types of fat.

One study [41] assessed the effect of a modifigtute diet (whether the diet was minced

into small pieces, pureed, or mixed in a blender).

Hunger

Hunger was assessed by one study [40] using aesitegh yes/no question from the RAI-

MDS on feeling hungry or not.

Thirst

Thirst was assessed by one study [38] by askingicgmants whether their thirst was

increased, normal or diminished.

There is moderate evidence that poor appetiteleterminant of malnutrition.
Moderate evidence suggests that complaints abeté td food and specific nutrient intake

are not determinants of malnutrition.
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There is also low evidence that modified textuetslis a determinant of malnutrition.

Low evidence suggests that hunger and thirst ardeterminants of malnutrition.

Results when studies using the MNA are removed

Removing the ten studies [31-37, 41, 45, 47] whuged the MNA as a indicator of

malnutrition changed the results for certain dommaipecause potential determinants are
included as part MNA. The conflicting evidence fdepression changed to moderate
evidence that depression is not a determinant. dureent moderate evidence for self-
perceived health and hospitalisation being deteaintichanged to limited evidence for both.

The evidence for the other potential determinatatgesi the same.
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Discussion
This systematic review provides moderate evidehee hospitalisation, eating dependency,
poor self-perceived health, poor physical functeomd poor appetite are determinants of

malnutrition.

There is moderate quality evidence that chewingjcdities, mouth pain, gum issues co-
morbidity, visual and hearing impairments, smokistatus, alcohol consumption and
physical activity levels, complaints about tastefadd and specific nutrient intake are not

determinants of malnutrition.

Low evidence suggests that loss of interest in &fcess to meals and wheels, and modified
texture diets are determinants of malnutrition.
Furthermore, low evidence suggests that psychabdistress, anxiety, loneliness, access to

transport and wellbeing, hunger and thirst areded¢rminants of malnutrition.

There is conflicting evidence that dental statugll®wing, cognitive function, depression,

residential status, medication intake and/or padyptacy, constipation, periodontal disease
are determinants of malnutrition. The findings letsystematic review are broadly in line
with previous systematic reviews conducted on dateants of malnutrition in older adults

[14, 21, 22], but vary on the quality assessmergtoflies and the balance of evidence for
certain determinants. Two of these reviews [14, &3}e that certain factors, for example,
depression, swallowing, excessive polypharmacydaterminants of malnutrition, whereas

we have found that there is conflicting evidenaetlh@se potential determinants.

53



635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

The results of this systematic review should berpreted with caution due to the identified
limitations of the included studies. While prospeetcohort studies are regarded as Level 1a
evidence, observational studies are often flawedédsydual and unmeasured confounding.
The definitions and criteria used for malnutritiearied across studies, even within the same
domain (e.g. oral domain). Using the MNA as an onte measure of malnutrition could
potentially lead to an overestimate of the impdctertain factors which are already in the
MNA. This aspect does not seem to be consideredutlyors of the included studies. We
examined if removal of the MNA studies would chanige results and found that the items
which are part of the MNA (e.g. cognition, depressiphysical function) were overestimated

in terms of their impact on determining malnutmtio

There is still no consensus on whether low BMI, ma&ition screening tools instead of
MNA, and percent weight loss, are equally valid aedsitive for measuring malnutrition
[51-53]. It is imperative that future research eksss these considerations carefully, as a
better understanding of the best definition, igliykto significantly progress the quality of our

studies, and the overall malnutrition field [9, 55]

There is strong evidence that the prevalence ohutadion varies across settings [2, 5, 6].
The vast majority of studies included in this revicus on the community setting. Due to
the paucity of literature focusing on the nursimgnie and acute hospital setting, it is difficult
to state with any certainty if different determitgrof malnutrition are more relevant in
specific settings. Studies that examine the santermd@ants across multiple setting are

needed to enable any conclusions about settingtspéeterminants.
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Measurement of determinants across available sudmried significantly. Although
subjective complaints may be more relevant withardg to eating problems, most studies
poorly described the assessment of their deterrtéipaand used single-item subjective
guestions of questionable validity to measure dateants which may warrant objective
measurement (e.g. oral health, physical activiBimilar to the definition of malnutrition,
there is no consensus on what best defines cuttaffsertain determinants; for example,
good oral health, polypharmacy, cognitive functiet;. Research needs to better examine

what are the best definitions and measurementsesetindividual determinants.

There is a paucity of literature on certain deteants like hunger, physical activity, anxiety,
loneliness, social support, etc. with only one wm tstudies examining these factors; this

limited data means we cannot draw inference oretfastors and malnutrition.

While we are interested in progressing our knowdedd malnutrition in older adults,

focusing on older adults with a mean age of 74s8 a significant limitation. Participants in

the included studies had high levels of co-moriaditat baseline, and the possibility that
malnutrition could have been present at baselimaatabe ruled out. Fifty years of age and
older has been defined as the new age bracketder adults by some groups, so potentially
we need future research in older adults earliethis range to track determinants and
malnutrition more closely over regular follow-ups,give us a clearer understanding of the
true determinants of malnutrition in this populatidkesults may also be influenced by the
type of participants. We compared cohorts of défgrage, different settings, and different
health status so the determinants could changendeqeon the group under investigation.
Long term prospective studies are need recruitemgigypants from young old group before

they become malnourished to truly identify detemmits of malnutrition. Future research in
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specific age brackets, different settings and healtatus need to be conducted with
appropriate follow-ups to advance our understandinthe determinants of malnutrition in
different subgroups and settings as certain detexmts are more relevant/specific depending

on the setting they are assessed in.

Analysing the effect of single determinants in &mn may have limitations. The emerging
international consensus on malnutrition is thaisita complex multidimensional problem
where determinants from different domains (e.g.l,opsychosocial, physical, lifestyle,
health, and eating) interact with each other, may ¥rom individual to individual, or over
time depending how strong the determinant is [5p-Bfatments targeting a range of these
factors seem promising [61]. If determinants arematually exclusive, the utility of further
prospective studies analysing one determinant ofation should be called into question.
Studies measuring the cumulative risk of differdaterminants may provide us with better
insights. Interactions between determinants shaldd be explored (for example, lack of
cooking skills might only be a determinant of maitition in older community-dwelling men
when they are recently widowed) which may be penrinin different settings/genders.
Further research into multidimensional screenirgstéhat measure cumulative risk across
multiple domains may be a useful way forward. lyrtfeen be worth examining if stratifying
or individualizing care based on the dominant matlé determinants for each individual

can provide superior outcomes over one size fitssalal care approaches for malnutrition.

Strengths of this review are that it was systeraiyicperformed by two independent
reviewers, and only prospective cohort studies weauded. We acknowledge some
limitations. (1) Our definition of a potentially rddiable determinant is open to

interpretation. Currently, we lack the data to aonfwhich determinants are modifiable. For
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example, cognitive status, hospitalisation, medacatfor a number of reasons, may not be
modifiable. We also do not know what underlyingeadetinants influence the success of an
[nutritional] intervention, e.g. dental conditioability to masticate and swallow food with
ease and mediate treatment response. Howevernglawore attention on factors that are
likely to be more modifiable, and treatable malitiatn, are important research and clinical
priorities (2). The way we categorised domains determinants is subjective in nature.
Certain determinants (e.g. swallowing, self-repbhealth, dependency) are multifaceted in
nature, and so could also be placed in a diffedlentain, as we do not understand the factors
that underlie these individual determinants. Howgaeprevious review on this topic used a
similar categorisation approach [21]. We includéades with a wide variety of settings,
determinants, definitions, follow-up periods, andasurements, so it is difficult to synthesize
this heterogeneous evidence. However, we did wseriptive synthesis [27] to give a best
evidence approach. Furthermore, definitions and somements vary widely in clinical
practice. Lastly, the total number of presentlyilade studies, especially when taking into
account the substantial heterogeneity betweenesudgether with their inconsistent results,

is too limited to draw firm conclusions.

Conclusion

This systematic review of prospective studies ptesi moderate evidence that
hospitalisation, eating dependency, poor self-peece health, physical function, poor

appetite are determinants of malnutrition. Modexaiality evidence suggests that chewing
difficulties, mouth pain, gum issues co-morbidiysual and hearing impairments, smoking
status, alcohol consumption and physical activetyels, complaints about taste of food and
specific nutrient intake are not determinants oflmuimition. The review displays low

evidence that loss of interest in life, access &als and wheels, and modified texture diets
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are determinants of malnutrition, and low evidenkat psychological distress, anxiety,
loneliness, access to transport and wellbeing, éwur@nd thirst are not determinants of
malnutrition. Finally, there is conflicting evidemd¢hat dental status, swallowing, cognitive
function, depression, residential status, medioatiake and/or polypharmacy, constipation,
periodontal disease is a determinant of malnutrit©verall multiple factors contribute to
malnutrition. However, strong robust evidence iskiag for many determinants. Better
prospective cohort studies are required. With are@singly aging population, targeting

modifiable factors will be crucial to the effectitreatment and prevention of malnutrition.
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