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A B S T R A C T

Introduction: We aimed to perform a review of SRs of non-pharmacological interventions in older patients with
well-defined malnutrition using relevant outcomes agreed by a broad panel of experts.
Methods: PubMed, Cochrane, EMBASE, and CINHAL databases were searched for SRs. Primary studies from
those SRs were included. Quality assessment was undertaken using Cochrane and GRADE criteria.
Results: Eighteen primary studies from seventeen SRs were included. Eleven RCTs compared oral nutritional
supplementation (ONS) with usual care. No beneficial effects of ONS treatment, after performing two meta-
analysis in body weight changes (six studies), mean difference: 0.59 (95%CI -0.08, 1.96) kg, and in body mass
index changes (two studies), mean difference: 0.31 (95%CI -0.17, 0.79) kg/m2 were found. Neither in MNA
scores, muscle strength, activities of daily living, timed Up&Go, quality of life and mortality.

Results of other intervention studies (dietary counselling and ONS, ONS combined with exercise, nutrition
delivery systems) were inconsistent. The overall quality of the evidence was very low due to risk of bias and
small sample size.
Conclusions: This review has highlighted the lack of high quality evidence to indicate which interventions are
effective in treating malnutrition in older people. High quality research studies are urgently needed in this area.

1. Introduction

Malnutrition has been defined as “a state of nutrition in which a

deficiency or excess (or imbalance) of energy, protein and other nu-
trients causes measurable adverse effects on tissue or body form (body
shape, size and composition), function and clinical outcomes”(Borum,
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2004). In this paper, we refer to malnutrition as a state of deficiency
rather than excess, of macronutrients, specifically in older adults. It is
due to inadequate protein and energy intake resulting in underweight
and/or muscle mass and function loss.

Malnutrition is not only associated with the early development of
dependency but also has been reported to be a significant clinical
problem adversely affecting individuals’ physical and cognitive func-
tional status, general wellbeing and quality of life in the hospital, long-
term care and community setting (Elia, 2009). Malnutrition is asso-
ciated with increased length of recovery, hospital stay, health dete-
rioration, healthcare costs (Guest et al., 2011; Thomas et al., 2007) and
the decrease in the number of Healthy Life Years (Beltrán-Sánchez
et al., 2015).

It is often assumed that malnutrition is inevitably associated with
aging and hence nutritional interventions may have only minimal po-
sitive impact. However, there is some evidence from cohort studies
showing that appropriate or elevated protein intake is associated with a
better body composition and lean mass during aging, and with a re-
duced risk of mobility limitations (Chan et al., 2014; Houston et al.,
2017; Scott et al., 2010) although other intervention studies have op-
posite results (Beelen et al., 2017; Van Wymelbeke et al., 2016). A
number of systematic reviews have investigated a range of non-phar-
macological interventions (e.g. dietary counselling, oral nutritional
supplements, food fortification, dietary advice) in the prevention or
treatment of malnutrition in older people. These have suggested that
energy and protein intake can be improved (Abbott et al., 2013;
Baldwin and Weekes, 2011; Collins and Porter, 2015; Milne et al.,
2009a; Poscia et al., 2018) but have unfortunately not shown clear
results for functional or clinical outcomes. Indeed, several reviews have
commented on the weaknesses in methodological design of primary
studies which result in inconclusive results (Beck et al., 2016). These
include a lack of consistency in the assessment of function, meaning
meta-analysis is not possible, lack of power due to small sample size
leading to a risk of type-2 errors, differences in the amount and com-
position of nutrients included in the supplement, inclusion of well-
nourished persons who are less likely to benefit from treatment, and
high risk of bias and differences in baseline measures between groups
(Beck et al., 2016). Other reviews have also only examined specific
population groups (e.g. dementia, frailty and hip fracture) (Allen et al.,
2013; Artaza-Artabe et al., 2016; Avenell et al., 2016; Droogsma et al.,
2014) or intermediate outcomes (e.g. protein or energy intake) (Kimber
et al., 2015; Trabal and Farran-Codina, 2015).

In order to develop evidence-based policy and to design effective
clinical services it is appropriate to examine again the published lit-
erature for malnourished older people or those at high risk. It is im-
portant to summarise the evidence for all tested nutritional interven-
tions and relevant clinical outcomes, and this is the aim of the present
systematic review. Moreover, this review only included studies that
used a definition of malnutrition and outcomes relevant and important
to this age group as agreed by a broad panel of experts. This work is
part of the ONTOP project (Abraha et al., 2015), a work package of the
SENATOR study (see acknowledgments), in partnership with the
MaNuEL Knowledge hub (Visser et al., 2017). The ONTOP aim is to
undertake a literature search of systematic reviews concerning evi-
dence-based non-pharmacological treatments of 15 prevalent medical
conditions affecting older people, including malnutrition. One of the
objectives of MaNuEL is to review the effectiveness of nutritional and
other non-pharmacological interventions for the treatment of mal-
nutrition in older persons. Here, we joined forces to achieve both aims.
This paper will report non-pharmacological interventions for the
treatment of malnutrition in older people.

The aims of this study were to identify all published systematic
reviews (SRs) concerning non-pharmacological interventions used to
treat malnutrition, to identify, extract and critically appraise the pri-
mary studies that were included in the SRs, to critically summarise the
evidence extracted from the included primary studies, to discuss the

limitations and suggest research priorities for future intervention stu-
dies in malnourished older persons.

2. Methods

The methodology of the ONTOP and MaNuEl projects is detailed
elsewhere (Abraha et al., 2015; Visser et al., 2017). To define the
clinical questions, the working group identified a list of potentially
relevant interventions and outcomes used to prevent or treat mal-
nutrition, independent from the available evidence for each outcome,
according to the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) (Schünemann et al., 2013): To define
which outcomes were relevant for inclusion in the clinical questions, we
followed a procedure that has been described in detail elsewhere
(Correa-Pérez et al., 2018). In brief, we manually searched some clin-
ical trials, systematic reviews and clinical guidelines in the field of
nutrition to identify the most frequently used outcomes reported in
research of interventions for malnutrition. A list of 13 outcomes was
prepared and a Delphi process with 41 experts in nutrition and geriatric
medicine was started, asking them to rate the relevance of each out-
come from 1 to 9 points. They were also asked to reword outcomes and
to propose further outcomes not included in the initial list. Only those
outcomes rated in the last round from 7 to 9 points (critical) were
considered as critical and used in this systematic review. These out-
comes were: nutritional status (e.g. changes in body weight, body mass
index, muscle mass, fat free mass), morbidity (e.g. hospital complica-
tions, infections, pressure sores), functional status (e.g. changes in
mobility, activities of daily living, physical performance, and muscle
strength), mortality, and quality of life. Only studies using these out-
comes were included in this systematic review.

2.1. Search strategy and inclusion criteria for systematic reviews

To identify the systematic reviews of interest, search strategies in
the following databases were launched on December 2016: Cochrane
Database of Systematic Reviews, PubMed, EMBASE and CINHAL. The
search strategy included the following terms: systematic review, meta-
analysis, underweight, weight loss, underfeed, protein energy mal-
nutrition, undernourished, undernutrition (search strategies for each
database are detailed in Appendix A). Montori’s search strategy
(Montori et al., 2005) was used in PubMed. After extracting the refer-
ences from the literature databases and after eliminating duplicates,
title and abstract screening was undertaken by two independent re-
viewers to include: a) systematic reviews or meta-analyses, that men-
tioned b) any non-pharmacological intervention to treat malnutrition in
older persons (mean age of participants> 65 years old), and c) risk of
malnutrition or malnutrition defined by the objective measures agreed
by the panel: Mini Nutritional Assessment (MNA)<24 points, Sub-
jective Global Assessment (SGA) B–C, Malnutrition Universal Screening
Tool (MUST) ≥1, Nutritional Risk Screening (NRS) 2002≥ 1, Body
Mass Index (BMI)< 22 kg/m2, and unintentional weigh loss> 5% over
the last 3 months or> 10% indefinite of time. Guidelines that did not
include a systematic review were excluded.

Subsequently, full-texts of all relevant abstracts were obtained and
screened to identify SRs of interest based on: a) the use of at least two
medical literature databases; b) used a systematic search strategy; c)
quality of primary studies reported; c) the inclusion of at least one
comparative primary study; e) the use of at least one non-pharmaco-
logical intervention for malnutrition; and f) the inclusion of at least one
study with older persons (mean age of participants> 65 years old) at
risk of malnutrition or malnourished (see definitions above). We con-
sidered papers written in English, German, Italian, Portuguese or
Spanish, as all these languages are covered in the MaNuEL consortium
and ONTOP working group. Pairs of reviewers independently screened
titles, abstracts and full-texts of SRs.
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2.2. Inclusion and exclusion criteria for primary studies

Systematic reviews were examined to identify any experimental
comparative primary study (based on the information provided by the
review of which they came from) either randomised or non-randomised
that investigated any non-pharmacological intervention to treat or
prevent malnutrition in older persons. We included all primary studies
enrolling individuals with a mean sample age above 65 years. Primary
studies were excluded if they were observational studies or before-after
studies with historical controls. Conference proceedings or programme
abstracts were excluded. Primary studies were also excluded if mal-
nutrition or risk of malnutrition were assessed by other measures or
criteria not previously specified. Studies considering exclusively pa-
tients admitted to intensive care, palliative care, oncology patients, and
HIV-infected patients were excluded, as in such conditions caquexia is
more frequent than malnutrition, and this condition needs specific
nutritional approaches. Other diseases (i.e. Alzheimer’s disease) were
not excluded, as the role of inflammation is less clear. Oral nutritional
supplements using only individual specific vitamins (e.g. vitamin D) or
other micronutrients were also omitted.

2.3. Data extraction and management

All the primary studies identified according to the inclusion/ex-
clusion criteria were reviewed, data were extracted directly from the
studies, not from the systematic reviews. Characteristics of the included
primary studies were described based on the study design (randomised
controlled trial [RCT] or controlled clinical trial [CCT]), population,
setting, intervention, outcomes, and funding (Table 1). Data extraction
was also performed by two independent reviewers. Disagreement was
resolved by discussion and, when needed, by a third senior reviewer.

2.4. Methodological quality assessment. Risk of bias

Assessment of bias for the included primary studies was carried out
using criteria from the Cochrane Collaboration (Higgins et al., 2011).
Domains considered were random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective reporting and
other potential biases (e.g. similar baseline characteristics of the study
sample). Risk of bias was graded by including each study in one of three
categories: low risk, high risk and unclear risk. Two reviewers in-
dependently assessed the risk of bias of individual studies and any
differences in quality assessment results were resolved through con-
sensus.

2.5. Data synthesis and analysis

Following a PICO (Patient Intervention Comparator Outcome) pro-
cess (O’Connor and Green, 2011), studies were pooled together for
meta-analysis if they used the same intervention, outcome measure and
study design. When a meta-analysis was feasible with at least two
studies, data synthesis was carried out using Review Manager Software
5.3 according to the Cochrane Collaboration Statistical Guidelines. A
random effects model was chosen to perform the meta-analysis due to
the heterogeneity of the study designs. Unless otherwise stated, data are
presented as mean ± SD. Results are presented in a narrative way
when no meta-analysis could be performed. Participants were treated as
the unit of analysis in all primary studies included in this review.

2.6. Certainty of the evidence

We assessed the certainty of evidence following the GRADE meth-
odology (Schünemann et al., 2013). GRADE assessment considers the
risk of bias, consistency of results across the available studies (hetero-
geneity), directness (if the evidence answers directly the health care

question), precision of the results (e.g., width of the CI, sample size),
and other considerations (e.g., publication bias) that may have influ-
ence on the effect of the intervention. The quality of the evidence was
categorised as high, moderate, low, or very low based on the authors’
judgments for the critical outcomes. A GRADE evidence profile table
was prepared for each critical outcome.

3. Results

3.1. Systematic reviews

Our search identified 7423 references after removing duplicates, of
which 7375 references were excluded based on title/abstract. Among
the 48 potentially relevant publications, 17 SRs were considered re-
levant for inclusion (31 were excluded for different reasons; see
Appendix B) (see Fig. 1 for the study screening process). The publica-
tion year ranged from 1996 to 2016, two updates were identified
manually, when reviewers were looking at the full text (Avenell et al.,
2016; Baldwin and Weekes, 2011).

3.2. Primary studies

Overall, the 17 systematic reviews yielded 416 primary studies, of
which 19 satisfied the inclusion criteria (Appendix C) and 235 studies
were excluded due to different reasons. Two included journal articles
were from the same study (Lammes et al., 2012; Rydwik et al., 2008),
therefore we got eighteen original studies. The most frequent reasons
for exclusion were the inclusion of participants who were not mal-
nourished or at risk of malnutrition and a non-controlled study design
(Appendix D). All the included studies were RCTs except for a single
CCT (Campbell et al., 2013) (non-randomised study). The number of
participants included in these trials ranged from 30 (de Luis et al.,
2008) to 259 (Feldblum et al., 2011). The percentage of women was
higher than 50% in all studies (in one study all participants were
women (Volkert et al., 1996)). The studies were performed in different
settings: hospitals (Campbell et al., 2013; Carver and Dobson, 1995;
Feldblum et al., 2011; Gazzotti, 2003; Ha et al., 2010; Hickson et al.,
2004; Lauque et al., 2004; Volkert et al., 1996), nursing homes (Lauque
et al., 2000; Smoliner et al., 2008), and community-dwelling older
people (de Luis et al., 2008; Edington et al., 2004; Feldblum et al.,
2011; Gazzotti, 2003; Gray-Donald et al., 1995; Kim and Lee, 2013;
Lammes et al., 2012; Lauque et al., 2004; Payette et al., 2002; Price
et al., 2005; Rydwik et al., 2008; Sugawara et al., 2010; Volkert et al.,
1996). Main participants’ conditions from the studies varied from
acutely ill (Campbell et al., 2013; Edington et al., 2004; Feldblum et al.,
2011; Gazzotti, 2003; Hickson et al., 2004; Price et al., 2005; Volkert
et al., 1996), acute stroke (Ha et al., 2010), frail (Gray-Donald et al.,
1995; Kim and Lee, 2013; Lammes et al., 2012; Payette et al., 2002;
Rydwik et al., 2008; Smoliner et al., 2008), and chronic diseases as
dementia (Carver and Dobson, 1995; Lauque et al., 2004), chronic
obstructive pulmonary disease (Sugawara et al., 2010) or type-2 dia-
betes mellitus (de Luis et al., 2008). In four studies (Feldblum et al.,
2011; Gazzotti, 2003; Lauque et al., 2004; Volkert et al., 1996) parti-
cipants were included during hospitalization and followed after dis-
charge. To assess malnutrition, the criteria used were: MNA (Feldblum
et al., 2011; Gazzotti, 2003; Kim and Lee, 2013; Lauque et al., 2004,
2000; Smoliner et al., 2008), BMI and unintentional weight loss
(Edington et al., 2004; Gray-Donald et al., 1995; Lammes et al., 2012;
Payette et al., 2002; Price et al., 2005; Rydwik et al., 2008), BMI alone
(Carver and Dobson, 1995; Hickson et al., 2004; Sugawara et al., 2010;
Volkert et al., 1996), unintentional weight loss (de Luis et al., 2008),
MUST (Ha et al., 2010) and SGA (Campbell et al., 2013).

The non-pharmacological interventions studied were: oral nutri-
tional supplementation (ONS) (Carver and Dobson, 1995; de Luis et al.,
2008; Edington et al., 2004; Gazzotti, 2003; Gray-Donald et al., 1995;
Kim and Lee, 2013; Lauque et al., 2004, 2000; Payette et al., 2002; Price
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et al., 2005; Smoliner et al., 2008; Volkert et al., 1996), dietary coun-
selling plus ONS (Feldblum et al., 2011; Ha et al., 2010; Hickson et al.,
2004), and combination of ONS and physical exercise (Lammes et al.,
2012; Rydwik et al., 2008; Sugawara et al., 2010). The duration of the
intervention ranged from 2 weeks to 6 months. Follow-up after inter-
vention ranged from 4 weeks to 6 months. All critical outcomes selected
by the panel were found in at least one of the included studies and were
considered for analysis.

3.3. Methodological quality assessment. Risk of Bias

Risk of bias of each included primary study is summarised in
Table 2. In general, the included studies had high risk of bias mostly
due to selection, performance and detection bias. Following the GRADE
guidelines, the quality of the evidence was reduced if significant risk of
bias was detected, as described below.

3.4. Evidence of the intervention effects

Due to the differences in study designs, meta-analysis was only
feasible for some studies that compared oral nutritional

supplementation vs usual care (the main comparator) and that used
changes in body weight and BMI as outcome. We could not separate
malnourished participants from participants at risk of malnutrition
because both conditions are poorly defined and treated altogether in
the included studies.

3.4.1. Evidence on effect of oral nutritional supplementation (ONS) vs.
usual care (UC) on body weight (BW, kg) in malnourished (or at risk of
malnutrition) older people

Ten studies (Carver and Dobson, 1995; Edington et al., 2004;
Gazzotti, 2003; Gray-Donald et al., 1995; Kim and Lee, 2013; Lauque
et al., 2004, 2000; Payette et al., 2002; Smoliner et al., 2008; Volkert
et al., 1996) including 713 participants evaluated the effect of ONS
versus UC on BW changes before and after the intervention or the
follow-up period in hospital and community-dwelling settings. The
composition of the nutritional supplements that ranged from 300 to
1000 kcal per day, length of intervention and control group varied
among the studies (see Table 1). Body weight measure was also dif-
ferent among studies: seven RCTs (Carver and Dobson, 1995; Edington
et al., 2004; Gazzotti, 2003; Gray-Donald et al., 1995; Kim and Lee,
2013; Lauque et al., 2004; Payette et al., 2002) including 460

Fig. 1. Study screening process.
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participants presented BW as the absolute difference in kg between
baseline and the end of the intervention comparing both groups, irre-
spective of baseline BW. Meta-analysis was performed showing a sig-
nificant BW gain in the intervention group (1.02 kg [0.08, 1.96])
(Fig. 2). However, statistical heterogeneity was high (I2 = 77%,
p=0.0002). A sensitivity analysis by subgroups was done according to
setting, as only one study (Carver and Dobson, 1995) was done in a
long-term hospital setting (residents in a psychiatric hospital), showing
a non-significant BW increase in studies in community-dwelling older
persons, with reduced heterogeneity (I2= 43% p=0.12).

The other three RCT studies (Lauque et al., 2000; Smoliner et al.,
2008; Volkert et al., 1996) only showed the final value of BW (kg) at the
end of follow-up, finding no significant differences between groups (we
did not pool these studies because they do not report the changes in BW
after the intervention).

3.4.1.1. Methodological issues. The quality of the evidence had to be
downgraded by two levels due to serious concern regarding risk of bias
(allocation concealment was unclear in three (Edington et al., 2004;

Gazzotti, 2003; Payette et al., 2002) and biased in one (Gray-Donald
et al., 1995) of 6 studies and sequence generation was unclear in four
studies; all studies (Edington et al., 2004; Gazzotti, 2003; Gray-Donald
et al., 1995; Kim and Lee, 2013; Lauque et al., 2004; Payette et al.,
2002) suffered from performance bias due to the nature of the
intervention and no placebo supplements were given to the control
group, while detection bias was present in three studies (Gazzotti,
2003; Gray-Donald et al., 1995; Lauque et al., 2004), Table 2) and
serious concern regarding imprecision (although the sample size is
greater than 400, clinical significance of a 0.59 kg BW increment is
unclear). The global certainty of the evidence was rated as low
(Table 3a).

3.4.2. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to increase body weight (BW, percent change) in malnourished (or at
risk of malnutrition) older people

Three studies reported the percentage of BW changes (Gazzotti,
2003; Kim and Lee, 2013; Price et al., 2005) in 279 participants. In
these studies, the ONS provided between 400 and 600 kcal per day.

Table 2
Risk of Bias of included studies.

Author year Type
of
study

Sequence
generation
(Selection bias)

Allocation
concealment
(Selection bias)

Blinding
Participants and
personnel
(Performance bias)

Blinding
outcome
assessor
(Detection bias)

Incomplete
outcome data
(Attrition bias)

Selective
outcome
reporting
(Reporting bias)

ITT analysis Similar baseline
characteristics

Campbell 2013 CCT X X X X X ✔ NO NO
Carver 1995 RCT ? ? ? ? ✔ ✔ NO YES
De Luis 2008 RCT ? ? X X X ✔ ? YES
Edington J 2004 RCT ? ? X ? X ✔ YES YES
Feldblum 2011 RCT ? ? ? ✔ X ✔ NO YES
Gazotti 2003 RCT ? ? X X ✔ ✔ YES YES
Gray-Donald

1995
RCT X X X X ✔ ✔ YES YES

Ha 2010 RCT ✔ ✔ X ? X ✔ NO YES
Hickson 2004 RCT ✔ ✔ ? ? X ✔ NO YES
Kim 2013 RCT ✔ ✔ X ✔ ✔ ✔ YES YES
Lammes 2012,

Rydwick
2008

RCT X X X X X X NO YES

Lauque 2000 RCT X X X X X ✔ NO NO
Lauque 2004 RCT ? ✔ X ? X ✔ YES YES
Payette 2002 RCT ? ? X ✔ ✔ ✔ YES YES
Price R 2005 RCT ✔ ✔ X X X ✔ YES YES
Smoliner 2008 RCT X X X ? ? ✔ NO YES
Sugawara 2010 RCT ? ? X ? ✔ ✔ YES YES
Volkert 1996 RCT ? ? X X X ✔ NO YES

✔ Low risk, ? Unclear risk, X High risk; RCT: Randomized controlled trial, CCT: controlled clinical trial.

Fig. 2. Oral nutritional supplementation versus usual care, outcome: changes in body weight (kg).
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Only two RCTs including 153 participants were pooled (Gazzotti, 2003;
Kim and Lee, 2013) since the data results were reported. However, the
meta-analysis showed a non-significant difference between groups
(Fig. 3) with no significant heterogeneity (p= 0.14, I2= 53%). In the
other study (Price et al., 2005) the percentage differences in BW were
reported as not significant (3.0% and 3.9% in the control and inter-
vention groups, respectively; p= 0.44).

3.4.2.1. Methodological issues. We downgraded the certainty of the
evidence due to serious concern regarding risk of bias (performance
bias was evident in the studies whereas allocation concealment was
unclear and detection bias was evident for one study (Gazzotti, 2003),
see Table 2) and very serious concern regarding imprecision. We rated
the certainty of the evidence as very low (Table 3a).

3.4.3. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to increase body mass index (BMI) in malnourished (or at risk of
malnutrition) older people

Five studies (Carver and Dobson, 1995; Edington et al., 2004;
Lauque et al., 2004, 2000; Smoliner et al., 2008) including 289 parti-
cipants evaluated the role of ONS vs UC by assessing changes in BMI
(Table 1). Only in one study (Carver and Dobson, 1995) an oral placebo
was given to the control group, and in another study home visits were
performed by a dietitian (Edington et al., 2004). Two trials (Edington
et al., 2004; Lauque et al., 2004) including 138 participants, and where
ONS provided between 300 and 1000 kcal per day, assessed the dif-
ferences in BMI before and after the intervention between groups. We
pooled both studies, finding a non-significant mean difference in BMI
increment (0.31 kg/m2; CI: −0.17, 0.79 kg/m2). The heterogeneity was
not significant (p= 0.77, I2= 0%) (Fig. 4). The other three studies
(Carver and Dobson, 1995; Lauque et al., 2000; Smoliner et al., 2008)
where ONS provided between 300 and 600 kcal per day, only measured
the final BMI after the intervention.

3.4.3.1. Methodological issues. We downgraded the quality of the
evidence due to serious concern regarding risk of bias (sequence
generation and allocation concealment was unclear, whereas
performance and attrition bias were evident in the studies, see
Table 2) and very serious concern regarding imprecision due to the
small sample size. We finally rated the certainty of the evidence as very
low (Table 3a).

3.4.4. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to increase mini-nutritional assessment (MNA) score in malnourished
(or at risk of malnutrition) older people

Four trials (Gazzotti, 2003; Lauque et al., 2004, 2000; Smoliner
et al., 2008) including 301 participants evaluated ONS (providing be-
tween 300 and 600 kcal per day) vs. UC in malnutrition assessed by
changes in the MNA. Only one study (Lauque et al., 2004) reported the
difference of MNA between baseline and intervention and compared
both groups. MNA score was higher in the intervention group only at
three-months after starting the intervention. However, at 3 months of
follow-up differences between groups were not reported.

The other RCTs (Gazzotti, 2003; Lauque et al., 2000; Smoliner et al.,
2008) reported the absolute value of MNA score after the intervention.
Of these, two studies (Gazzotti, 2003; Smoliner et al., 2008) compared
MNA score between intervention and control groups; only in one study
the MNA (Gazzotti, 2003) was higher in the intervention group than in
control group (23.5 ± 3.9 vs 20.8 ± 3.6, p < 0.01). We did not pool
these studies because they do not report the changes in MNA score after
the intervention.

3.4.4.1. Methodological issues. We downgraded the quality of evidence
to low evidence due to serious concern regarding risk of bias and very
serious concern regarding imprecision (Table 3a). Risk of bias is
reported in Table 2.

3.4.5. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to increase fat-free mass (FFM) in malnourished (or at risk of
malnutrition) older people

Two RCTs (Lauque et al., 2004; Smoliner et al., 2008) including 143
participants assessed FFM in participants receiving ONS (providing
between 300 and 600 kcal per day) vs UC. FFM was measured using
dual-energy x-ray absorptiometry (DEXA) (Lauque et al., 2004) and
bioelectrical impedance analysis (BIA) (Smoliner et al., 2008). Only in
one of them (Lauque et al., 2004) FFM was assessed as the difference
(kg) before and after intervention; this study did not find differences
between groups. In the second study (Smoliner et al., 2008), FFM (kg)
was measured as the final value after the intervention, and again there
was no difference between groups.

3.4.5.1. Methodological issues. We downgraded the quality of evidence
by two levels to very low due to serious concern regarding risk of bias
(Table 2) and very serious concern regarding imprecision (Table 3a).

3.4.6. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to improve the Timed-Up&Go (TUG) in malnourished (or at risk of
malnutrition) older people

Two studies (Kim and Lee, 2013; Payette et al., 2002) including 170
participants assessed the TUG test (measured in seconds) comparing
both groups ONS (providing between 400 and 700 kcal per day) vs UC.
In one study (Kim and Lee, 2013) TUG, reported as median percent
change (interquartile range) decreased by 7.2% (−24.7, 9.9) in the
intervention group (a shorter time means better physical performance)
and increased by 3.4% (−14.9, 28.9) in the control group (p=0.038).
In the second study (Payette et al., 2002), TUG differences were re-
ported graphically without differences between groups.

3.4.6.1. Methodological issues. GRADE assessment was only performed
with one study (Kim and Lee, 2013) due to a better clarity in the
presentation of the results. We rated the evidence as very low due to
performance bias (Table 2) and the low sample size (Table 3a).

3.4.7. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to increase handgrip strength in malnourished (or at risk of
malnutrition) older people

Seven RCTs (Edington et al., 2004; Gray-Donald et al., 1995; Kim
and Lee, 2013; Lauque et al., 2000; Payette et al., 2002; Price et al.,
2005; Smoliner et al., 2008) including 584 participants assessed muscle
strength (a measure of sarcopenia) by handgrip strength after ONS
(providing between 300 and 700 kcal per day) compared to UC. The
results were not pooled because the report of measures of handgrip
were very different across the studies. Only three studies (Edington
et al., 2004; Kim and Lee, 2013; Price et al., 2005) measured the
changes showing the absolute difference (graphically) (Edington et al.,
2004) or the percentage of change (Kim and Lee, 2013; Price et al.,
2005) in handgrip strength after the intervention. No difference was
found between intervention and control groups.

3.4.7.1. Methodological issues. GRADE assessment was performed with
two studies (Kim and Lee, 2013; Price et al., 2005), where the results
were given clearly. We downgraded the certainty of the evidence to
very low due to serious concern regarding risk of bias (Table 2) and
imprecision (Table 3a).

3.4.8. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to improve activities of daily living (ADL) in malnourished (or at risk
of malnutrition) older people

Three RCTs (Lauque et al., 2004; Smoliner et al., 2008; Volkert
et al., 1996) including 189 participants assessed ADL using different
scales (Barthel Index, Katz Index) after oral nutritional supplementation
providing between 300 and 600 kcal per day. One RCT (Volkert et al.,
1996) showed a higher proportion of independent participants (Barthel
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Index> 65 points) after six months of follow-up in the adherent par-
ticipants to the intervention compared with the control group (72% vs
28%, p < 0.05). More treated participants (subgroup of adherents to
the intervention) improved Barthel Index in ≥15 points between ad-
mission and discharge than those in the control group (64% vs 23%,
p < 0.05). However, no differences in the mean change of Barthel
Index between groups were reported. Another study (Smoliner et al.,
2008) only reported the final score of Barthel Index at the end of the
intervention showing no significant differences between groups. Only
one study (Lauque et al., 2004) reported changes in Katz index,
showing significant differences in both groups between baseline and
end of follow-up, but the intervention and control groups were not
compared.

3.4.8.1. Methodological issues. GRADE assessment was performed for
one study (Lauque et al., 2004) as changes in ADL (changes in Katz
index score) were reported. We downgrade the quality of evidence due
to serious concern regarding risk of bias (Table 2) and very serious
concern regarding imprecision (Table 3a).

3.4.9. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to improve quality of life (QoL) in malnourished (or at risk of
malnutrition) older people

Four studies (Edington et al., 2004; Gray-Donald et al., 1995;
Payette et al., 2002; Smoliner et al., 2008) including 283 participants,
where ONS provided between 400 and 1000 kcal per day, evaluated the
QoL using different scales: the EuroQol Questionnaire (EQ5D)
(Edington et al., 2004), the general well-being score and self-perceived
health status (Gray-Donald et al., 1995), the subscale of physical
function from the 36-Item Short Form Health Survey (SF-36) (Smoliner
et al., 2008), and different dimensions of the SF-36 form (physical
function, emotional function and vitality) (Payette et al., 2002). All the
results of these scales were given as the final values after intervention.
Study groups were compared without finding significant differences
between them.

3.4.9.1. Methodological issues. Risk of bias of these studies is reported
in Table 2. GRADE assessment was not performed as the studies did not
assess our outcome of interest which is the change in QoL scores after
an intervention (Table 3a).

3.4.10. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to decrease mortality in malnourished (or at risk of malnutrition) older
people

Only one RCT (Edington et al., 2004) including 100 participants,
where ONS provided between 400 and 1000 kcal per day, assessed
mortality in participants with malnutrition in terms of number of

deaths (17 participants died in the intervention group whereas 15 died
in the control group). There was no difference in mortality between
groups.

3.4.10.1. Methodological issues. See Table 2 for risk of bias. The quality
of the evidence for this outcome was rated as very low (Table 3a).

3.4.11. Evidence of oral nutritional supplementation (ONS) vs. usual care
(UC) to decrease morbidity in malnourished (or at risk of malnutrition)
older people

Only one RCT (Lauque et al., 2004) including 91 participants, where
ONS provided between 300 and 500 kcal per day, assessed morbidity in
terms of number of fractures, pressure ulcers, or hospitalization in
participants with Alzheimer’s disease. No differences were found be-
tween groups.

3.4.11.1. Methodological issues. This study (Lauque et al., 2004)
suffered from high risk of performance, detection, attrition, and
publication bias (Table 2). GRADE assessment was not performed as
morbidity data were not reported (Table 3a).

3.4.12. Evidence of individualised dietary counselling plus oral nutritional
supplementation (ONS) vs. usual care (UC) in nutritional, functional,
quality of life, and mortality outcomes in malnourished (or at risk of
malnutrition) older people

Three studies (Feldblum et al., 2011; Ha et al., 2010; Hickson et al.,
2004) including 512 participants compared the effect on individualised
dietary counselling plus ONS versus usual care in different nutritional
outcomes (body weight, body mass index, and MNA score), muscle
strength (handgrip strength), quality of life (EQ-5D), and mortality in a
hospital setting. There were significant changes in MNA score: 1 RCT
(Feldblum et al., 2011), 168 participants, mean difference of 1.2 points
(95% CI 0.34–2.06); changes in handgrip strength: 1 RCT (Ha et al.,
2010), 121 participants, mean difference of 2.6 kg (95% CI 1.6–4.4).
See Table 3b for more details.

3.4.12.1. Methodological issues. The quality of the evidence was very
low (Table 3b) mainly due to serious concern regarding risk of bias
(high risk of performance and attrition bias, unclear risk of selection
and detection bias (Table 2) and very serious concern of imprecision
(the number of participants was less than 200 participants). Overall,
single trials with very low quality do not allow for relevant conclusions.

3.4.13. Evidence of oral nutritional supplementation (ONS) plus physical
exercise vs. education to improve nutritional, functional, and quality of life
outcomes in COPD malnourished (or at risk of malnutrition) older people

One study (Sugawara et al., 2010) included 35 participants suffering

Fig. 3. Oral nutritional supplementation versus usual care, outcome: changes in body weight (percent).

Fig. 4. Oral nutritional supplementation versus usual care, outcome: changes in BMI (kg/m2).
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from chronic obstructive pulmonary disease (COPD). It compared the
intervention effects (ONS provided 400 kcal per day) on nutritional
status (body weight, fat mass index, FMI, and fat free mass index,
FFMI), functional status (quadriceps strength, 6-minuts walk distance)
and quality of life (CRQ: Chronic Respiratory Disease Questionnaire)
with educational sessions (control group). All these outcomes improved
in the intervention group compared with the control group. See
Table 3c for more details.

3.4.13.1. Methodological issues. The quality of the evidence was very
low mainly (Table 3c) due to serious concern regarding risk of bias (see
Table 2) and very serious concern to imprecision (only one RCT with 32
participants in the final analysis).

3.4.14. Evidence of either physical exercise or dietary counselling
interventions or both interventions combined vs. nutritional and physical
advice to improve nutritional and functional outcomes in malnourished (or
at risk of malnutrition) frail older people

One RCT (Lammes et al., 2012; Rydwik et al., 2008) including 96
participants compared the effects of a physical training program
(combining aerobic, muscle strength, balance plus dietary advice), a
nutritional counselling intervention program (individually targeted
dietary advise plus physical training advice), and a combination of both
interventions with the control group (diet and physical training advice)
during 12 week-intervention and 6-month follow-up (no frequency of
the training sessions or advice giving was specified). Several nutritional
and functional outcomes were assessed (see Table 1) without significant
between-group differences at 6-month follow-up for any of these out-
comes.

3.4.14.1. Methodological issues. This study suffered from high risk of
bias in all domains (Table 2) and the quality of the evidence was rated
as very low.

3.4.15. Evidence of new vs. traditional oral nutritional supplementation
delivery systems to improve nutritional status, quality of life, and morbidity
in malnourished (or at risk of malnutrition) older people

One non-randomised trial (Campbell et al., 2013) including 98
participants compared two new ONS delivery systems (MedPass and
mid-meal trolley) vs a traditional ONS delivery system providing be-
tween 500 and 700 kcal daily in an acute and rehabilitation setting
during two weeks (Table 1). They found a significant improvement in
the EQ5D-index (0–1) with mid-meal trolley (vs. control group) and
significantly better overall EQ5D ratings (1–100) with MedPass (vs.
control group). There were no differences in weight change, and pre-
sence or degree of pressure sores across the three groups.

3.4.15.1. Methodological issues. The evidence was rated as very low:
high risk of selection bias, imbalance of baseline characteristics
(Table 2) and imprecision due to small sample size.

4. Discussion

Overall, the results show that evidence to support nutrition inter-
vention in older people is limited, due to both the low number of trials
and the low methodological quality of most of the trials (that have
usually a high risk of bias). The choice and report of outcome measures
in these trials is heterogeneous and, in many cases, quite poor, not al-
lowing for relevant meta-analysis except for BW and BMI.

We were able to perform a meta-analysis on a few studies com-
paring the effect of ONS versus usual care on nutritional status (mea-
sured by changes in BW and BMI), showing small gains in body weight
(in kg) after interventions, which was not confirmed by changes in BMI
or percent change in body weight. Two RCT (Kim and Lee, 2013;
Volkert et al., 1996) showed improvements in functional status assessed
by TUG and ADL in the group treated with ONS. There were no

significant differences in all other relevant outcomes, including mor-
bidity, mortality or quality of life. Some isolated studies of other non-
pharmacological interventions (dietary or exercise counselling, physical
exercise together with nutrition intervention) showed some impact on
different outcomes, but overall the evidence is inconsistent and of low
quality. Although changes in BW and BMI are intermediate (surrogate),
not final outcomes from a clinical perspective, the study of such
changes may help to understand if potential impact on outcomes of
nutrition intervention is mediated through changes in body composi-
tion. Interestingly, experts in nutrition seem to give more weight to
such outcomes that geriatricians (Correa-Pérez et al., 2018). Also, it has
to be reminded that changes in BW and BMI during acute hospitaliza-
tion may also reflect changes in hydration.

A specific problem in many trials is the definition of the comparator
for the control group as “usual care”, as this has been shown to be quite
different in different countries and settings and is usually poorly de-
scribed in trials.

Most of the systematic reviews that were the source of the included
primary studies reached similar conclusions to ours. However, there are
some relevant differences that can be explained by the difference in
methodological approach. Many SRs were performed in specific sub-
groups of patients (hip fracture (Avenell et al., 2016), dementia (Allen
et al., 2013; Droogsma et al., 2014; Jackson et al., 2011), frailty
(Artaza-Artabe et al., 2016)) or in specific care settings (Collins and
Porter, 2015; Koretz et al., 2007). In many of them baseline nutritional
status (normal, at risk of malnutrition or malnourished) was not con-
trolled or reported (Droogsma et al., 2014; Howson et al., 2017;
Marshall et al., 2013; Munk et al., 2016) while different effects may be
expected in well-nourished and malnourished patients (Milne et al.,
2009b). Many systematic reviews showed effects on total daily energy
or protein intake (Hubbard et al., 2012; Tassone et al., 2015; Trabal and
Farran-Codina, 2015), an outcome that our group did consider less
relevant when it would not translate into a better nutritional status or
improved clinical outcomes. In addition, most of the SR identified did
not exclude non-controlled trials, which introduces a bias, and used less
stringent criteria to grade the strength and quality evidence (we fol-
lowed the Cochrane guidelines for this) (Abraha et al., 2015; O’Connor
and Green, 2011). We opted to use a strict methodological approach,
similar to that used for drugs or medical devices, as we understand that
the efficacy of nutrition intervention should be based on strong evi-
dence (randomized controlled trials with blinded assessment of out-
comes) showing effect in clinical outcomes that are relevant for pa-
tients.

Our study has several limitations. Due to the long review process
and the use of a methodology of overview of systematic reviews, re-
cently published studies might not have been included. The large het-
erogeneity of the included trials precluded us from using meta-analytic
techniques for more comparisons, and also from including length of
interventions and settings in the effects of trials. The physio-pathology
of malnutrition and its progression also is different depending on the
setting. The study population included in the primary studies ranged
from the hospital to the community-dwelling setting. Even though, in
several RCTs the participants comprised two settings: hospital and
community-dwelling people. In these participants a nutritional inter-
vention was performed before and after hospital discharge.

This SR focuses on the treatment of malnutrition rather than pre-
vention. However, the included studies have malnourished and at risk
of malnutrition patients who receive the same intervention in spite of
both conditions have different approaches. Also, the results of the in-
tervention effects are not reported separately by subgroups of patients.

We consider that our approach has several strengths. Including only
old persons with well-defined malnutrition or at risk of malnutrition
and excluding those using alternative (or less validated) definitions
identifies a group with special care needs, as this condition is linked to
adverse outcomes. Using only controlled trials and a strict methodo-
logic approach allowed to identify the limitations of current research.
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The input from a large international group of researchers with expertise
in nutrition and geriatric medicine in defining critical outcomes is also
important.

In conclusion, this overview of studies included in systematic re-
views has showed there is little evidence on which non-pharmacolo-
gical interventions can be used to effectively treat malnutrition in older
people. There is a clear need for well-designed RCTs that follow stan-
dard criteria for reporting non-pharmacological interventions on re-
levant outcomes for the treatment of malnutrition in older people. Such
trials should include detailed reporting of baseline and final measures,
larger numbers of participants to ensure sufficient statistical power to
detect true treatment effects, careful definition and selection of target
participants, some degree of blinding, focus on critical outcomes,
standardisation of outcome measures, description of the type of pro-
teins used, the amount given, the timing and the associated energy,
appropriate comparator therapy, consideration of potential con-
founders, careful elucidation of compliance and any adverse effects and
cost-utility of the therapy.
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