
REVIEW

Quality of the Evidence Supporting the Role of Oral
Nutritional Supplements in the Management of
Malnutrition: An Overview of Systematic Reviews
and Meta-Analyses
Christine Baldwin,1 Rosemary Smith,1 Michelle Gibbs,1 C Elizabeth Weekes,1,2 and Peter W Emery1

1Department of Nutritional Sciences, King’s College London, London, United Kingdom; and 2Department of Nutrition and Dietetics, Guy’s and St Thomas’ NHS
Foundation Trust, London, United Kingdom

ABSTRACT

There is considerable heterogeneity across the findings of systematic reviews of oral nutritional supplement (ONS) interventions, presenting
difficulties for healthcare decision-makers and patients alike. It is not known whether heterogeneity arises from differences in patient populations
or relates to methodological rigor. This overview aimed to collate and compare findings from systematic reviews of ONSs compared with routine
care in adult patients who were malnourished or at risk of malnutrition with any clinical condition and to examine their methodological quality.
Three electronic databases were searched to July 2019, supplemented with hand-searching. Data on all outcomes were extracted and review
methodological quality assessed using A MeaSurement Tool for Assessment of systematic Reviews (AMSTAR). Twenty-two reviews were included,
11 in groups from mixed clinical backgrounds and 11 in specific clinical conditions. Ninety-one meta-analyses were identified for 12 different
outcomes but there was discordance between results. Significant benefits of ONSs were reported in 4 of 4 analyses of energy intake, 7 of 11
analyses of body weight, 7 of 22 analyses of mortality, 10 of 17 analyses of complications (total and infectious), 1 of 3 analyses of muscle strength,
4 of 9 analyses of body composition/nutritional status, 2 of 14 analyses of length of stay, and 2 of 5 analyses of hospital readmissions. Ten reviews
were high quality (AMSTAR scores 8–11), 9 moderate (AMSTAR scores 3–8), and 3 poor (AMSTAR scores 0–3). Methodological deficiencies were
limitations to searches, poor reporting of heterogeneity, and failure to incorporate quality of evidence into any recommendations. Discordance
between reviews was not markedly reduced when only high-quality reviews were considered. Evidence for the effects of ONS in malnourished
patients or those who are at risk of malnutrition is uncertain, and discordance in results can arise from differences in clinical background of patients
or the etiological basis of malnutrition. Adv Nutr 2021;12:503–522.
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Introduction
Malnutrition is a state of nutrition in which a deficiency
of energy, protein, and other nutrients causes measurable
adverse effects on tissue/body form, body function, and
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clinical outcome (1). Malnutrition can occur as a conse-
quence of disease or result from a range of other physiological
and social conditions that can then act as cofactors in the
development of, or exacerbation of, ill health. It is estimated
that ∼3 million people in the United Kingdom are either
malnourished or at risk of malnutrition, with >90% of these
living in the community (2). In the United States data on
nutritional risk in the community are limited but nutritional
screening on admission to hospital suggests that 1 in 3 people
are at risk of malnutrition (3). Malnutrition is associated with
considerable morbidity and mortality and is a substantial
economic burden to healthcare services, with the most
recent estimates suggesting malnutrition costs £19.6 billion
in England (4) and $157 billion in the United States
(3). Oral nutritional supplements (ONSs) are proprietary
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liquids, semisolids, or powders that provide macro- and
micronutrients, many of which are available on prescription.
ONSs should be provided with instruction to maximize
use but this element is likely to vary. In clinical practice
ONSs are frequently used to support patients identified as
malnourished or at risk of malnutrition; however, their use
in some healthcare systems is controversial because of rapid
increases in costs and perceived inappropriate usage (2, 5).

With the rise of evidence-based practice, decisions about
healthcare interventions are frequently based on guidelines
and protocols informed by clinical trials and systematic
reviews of trials. Systematic reviews are recognized as the
strongest source of evidence on a topic and are important
for their ability to summarize large amounts of literature
(6). Recently there has been a disproportionate increase in
the publication rate of systematic reviews compared with
clinical trials, with estimates suggesting an increase of 2728%
from 1991 to 2014 in systematic reviews compared with an
increase of just 153% for other study types (7). This has
resulted in publication of reviews on the same or similar
subjects and yet there appear to be disagreements between
their findings, making decisions for healthcare planners and
staff more difficult (8) and raising questions about their
validity and value in informing practice (9).

Differences in the findings of systematic reviews on the
same topic can result from choices made during the conduct
of the review. Bias can be introduced at several points in
the review process: during searching, study selection, com-
bination of studies, and decisions about study quality (8) or
equally can result from decisions made about interpretation
of findings (10).

An increasing number of systematic reviews of ONSs
in the management of malnourished patients have been
published. An overview of 13 systematic reviews conducted
in 2007 highlighted consistent benefits to nutritional intake
and weight, which were associated with reductions in
mortality and complications (11). The effects on length of
stay and hospital admissions, which are associated with
the greatest costs to healthcare, were not considered. More
reviews have been published since then, with results that
appear discordant with this optimistic interpretation.

In an increasingly pressured national healthcare system it
is important to understand which patient groups are most
likely to benefit, or conversely are unlikely to benefit from
ONSs. From an academic perspective it is important to focus
research endeavors into areas of most uncertainty. The first
aim of this overview was to identify and compare the findings
from systematic reviews of ONSs, compared with routine
care, on clinical and healthcare outcomes in patients who
were malnourished or at risk of malnutrition. Our second
aim was to evaluate any discordance between reviews by
critical appraisal of their methodological conduct.

Methods
A systematic review of systematic reviews (overview) was
undertaken following the methods suggested by Smith et
al. (12) and guided by the PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses) statement
(13).

Study eligibility
Systematic reviews of randomized controlled trials (RCTs)
evaluating the effect of ONSs compared with routine care
in nutritionally adults who were malnourished or at risk of
malnutrition were considered for inclusion. Only reviews in
which meta-analysis was attempted were included.

All reviews in adults who were malnourished or at risk
of malnutrition from any clinical background, were eligible
for inclusion. Where the nutritional status of participants was
not reported, participants were judged to have been at risk of
malnutrition because of their underlying clinical diagnosis.
Reviews in children, pregnant women, people with eating
disorders, and healthy participants were excluded.

Reviews of ONSs that were given with the intention of
improving nutritional intake compared with routine care,
in adults with malnutrition or considered to be at risk
of malnutrition, were considered for inclusion. Reviews
that included mixtures of interventions (ONSs with enteral
and/or parenteral feeding) were included if either the results
were analyzed separately according to intervention or <10%
of the analyses contained interventions other than ONSs.
Reviews that summarized outcomes in a narrative synthesis
only, reviews of micronutrient supplements, and of enteral
and parenteral nutrition were excluded.

Outcomes of interest were mortality, indicators of health-
care usage [hospital readmissions, length of stay (LOS), insti-
tutionalization], clinical function (complications), physical
function, nutritional intake, and nutritional status.

There were no restrictions on language of publication,
and unpublished reviews, abstracts, conference posters, and
dissertations were considered for inclusion.

Search methods of identification of reviews
A systematic search strategy was used to search Medical Lit-
erature Analysis and Retrieval Systems Online (MEDLINE)
and the Cochrane Database. Searches were undertaken
to August 2014 and updated on July 23, 2019 using the
search strategy (Supplemental Figure 1). Hand-searching
of abstracts of meetings in the online publication of the
Proceedings of the Nutrition Society was undertaken from
2003 to March 2014.

Bibliographic references of all relevant reviews were
hand-searched to identify reports of additional reviews not
identified through electronic searching. The related links
function in PubMed was used to generate a list of articles
related to each included review. The list of related articles
was scrutinized for additional eligible reviews. Authors were
contacted to seek full publication of work presented as
conference abstracts or posters. Experts in the field were
contacted to identify any unpublished work or additional
reviews. The searches to March 2013 were conducted by
1 author (RS) and updated to August 2014 by a second author
(MG); the final update was undertaken by a third author
(CB).
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Study selection and data extraction
The titles and abstracts from searches were examined on
screen against the eligibility criteria by 2 authors. Full-text
articles of any potentially relevant reviews were obtained.
Uncertainties were resolved by discussion with a third author
(CB). Reviews that did not meet the inclusion criteria were
excluded and the reasons documented.

The following descriptive data were extracted by 2 authors
working independently (RS and CB, and MG and CB) for
each included review: first author and year of publication,
the stated aim of the review, patient population, healthcare
setting, number of included trials and number of partic-
ipants, details of the intervention and control, nutritional
status of participants, and outcomes assessed. In addition, an
identifier for each eligible RCT included in the systematic
reviews was tabulated to allow comparison of included
studies across included reviews. Discussion between authors
was used to resolve any disagreements.

Assessment of methodological quality of included
reviews
The methodological quality of all included reviews was
assessed using the MeaSurement Tool to Assess systematic
Reviews (AMSTAR) (6). The AMSTAR tool assesses the
decisions made about study identification, selection, data
extraction, study quality, and the interpretation of data
within the context of quality, methods to combine data,
assessment of publication bias, and declaration of conflicts
of interest in the conduct of a systematic review. Data
relevant to the 11 components of the tool were extracted
by 3 authors working independently (RS and CB, and MG
and CB, and subsequently reviewed by PWE). The overall
quality was scored by awarding 1 point for “yes” and 0 for
“no” and summing the overall scores. For the purposes of
this overview, reviews scoring 8–11 were considered to be
high quality, 4–7 moderate quality, and 0–3 poor quality, as
suggested by a previous overview (14).

Data synthesis
Data were extracted for all outcomes of interest and entered
into a data extraction spreadsheet in Microsoft Excel. Statis-
tical summary results reported by reviews were extracted as
RRs or ORs, with the 95% CI for dichotomous outcomes,
whereas data for continuous outcomes were extracted as
the mean difference (MD) or standardized mean difference
(SMD) with the 95% CI. Data on the statistical model
used (fixed or random effects), statistical significance, and
assessment of heterogeneity were also extracted, together
with the number of studies included in the analysis and
total number of participants represented. [Heterogeneity
describes any kind of variability among studies in a sys-
tematic review related to features of participants, interven-
tions and comparisons (clinical), or within meta-analyses
(statistical).]

Meta-analysis data were only extracted from reviews if
results were based on data from studies of RCT design and
for ONS interventions. Where reviews combined data from

studies of different designs (e.g., RCTs and nonrandomized
trials) or interventions (e.g., ONS and enteral feeding)
in meta-analysis, data were only extracted if the meta-
analysis consisted solely of RCTs that were relevant to this
review question or if the analyses were split according
to intervention or study design. Additionally, where data
were reported in different formats for an outcome, data
on change from baseline were extracted in preference
to other forms to take into consideration differences at
baseline. Results reported in a narrative form only were not
extracted.

Where possible, data reported as OR (95% CI) were
converted to an RR and its 95% CI to enable comparison of
data across reviews using the following equation, where ACR
is the assumed control risk:

RR = OR
1 − ACR × (1 − OR)

(1)

The ACR was obtained from the median control group
risk reported by reviews as part of the meta-analysis. Only
when an ACR was not reported and therefore the RR
could not be calculated were authors contacted to obtain
the original data as RR (95% CI). If it was not possible
to convert OR to RR and authors did not respond to a
request for data, ORs were extracted. Where data for an
outcome were not combined in a meta-analysis due to
heterogeneity, summary measures for individual RCTs were
extracted instead, if available. All calculations and analyses
described were performed by 2 investigators (RS and CB)
with the assistance of a statistician (Peter Milligan).

Summary data and information on statistical tests and
heterogeneity for all outcomes of interest were summarized
in tables.

To enable comparison of similarities and differences, re-
views were categorized according to the clinical background
of included patients: “mixed clinical populations” for reviews
combining patients from different clinical backgrounds, or
“single clinical conditions” for reviews in specific patient
groups. The synthesis of results was undertaken by CB and
CEW. The numbers of reviews in each category reporting
statistically significant differences and reporting no signifi-
cant difference between groups were tabulated. Within each
category, the numbers of reviews reporting heterogeneity and
the numbers reporting statistically significant heterogeneity
were noted. Findings from reviews of high methodological
quality were tabulated in a similar way, and the clinical
subgroups associated with benefit and no benefit from ONSs
highlighted.

Discordance
The results of meta-analyses were judged to be discordant if
either 1) the overall effects for an outcome were in different
directions (i.e., ≥1 was in the direction of benefit and ≥1 was
in the direction of adverse effect), or 2) the overall effects were
in the same direction but ≥1 was statistically significant and
others were not (15).
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram indicating the searching and
study identification process for systematic reviews of oral nutritional supplement interventions in participants who were malnourished or
at nutritional risk. RCT, randomized controlled trial.

Results
Results of the search strategy
Figure 1 shows the PRISMA flowchart for identification of
studies. Searches resulted in retrieval of 4620 references,
and 22 systematic reviews were identified for inclusion in
this overview. Exclusion of 4539 reviews was on the basis
of title alone, and a further 59 were excluded after reading
the full-text article. All reviews were published in English.
Of the 22 included reviews, 1 was published in a book (16)
and includes an update of a previous review of ONSs in
patients in the community (17), and 1 was part of a guideline
from the National Institute of Clinical Excellence (18). The
oldest review (19) was partially updated in 2001 only for the
outcome mortality (20). The RR was calculated from an OR
in the case of 2 reviews (20, 21).

Scope and characteristics of included reviews
All reviews were of ONS compared with routine care, but
the characteristics of the populations included in reviews
varied (Table 1). Eleven reviews included trials of patients
from a range of clinical backgrounds combined (16–25).
Eleven reviews focused on patients with single diagnoses:
liver disease (n = 3) (26–28), pressure ulcers (n = 2) (29,
30), preoperative patients (n = 1) (31), chronic obstructive
pulmonary disease (n = 1) (32), hip fracture (n = 1) (33),
stroke (n = 1) (34), cancer (n = 1) (35), and 1 review

(36) included patients from mixed clinical backgrounds
but reported the results according to individual clinical
conditions.

Sixteen reviews included patients from different health-
care settings combined (hospital, community, residential care
homes, and hospital outpatients). Four reviews only included
patients living in the community (living in their own homes
or care homes) (17, 24, 31, 37), including 1 that focused on
patients being discharged from hospital (24), and 2 reviews
were of patients in hospital (22, 25), with the review by
Feinberg et al. (25) focusing on interventions that were
started in hospital.

Four reviews examined the efficacy of ONSs alone (17,
21, 23, 37); the remaining 18 reviews included interventions
other than ONSs, such as enteral and parenteral nutrition.
Nutritional status was not specified as an inclusion criterion
in 13 of 22 (59%) reviews. Five reviews specified that both
malnourished and well-nourished patients were eligible for
inclusion (21, 30, 31, 35, 37), and 4 reviews specified the
inclusion criterion as patients who were malnourished or at
risk of malnutrition (18, 24, 25, 34).

Reviews varied considerably in reporting of the specified
outcomes. For some outcomes data were presented for all
studies combined and then according to specific clinical
groups, and data have been extracted in both formats where
relevant for this overview.
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Appraisal of the methodological quality of included
reviews
The methodological quality of included reviews was assessed
using the AMSTAR tool and the scores with some explana-
tory information are provided in Table 2. Ten of the 22 (45%)
reviews were judged to be of high methodological quality.
Four reviews achieved the highest possible score of 11, all
of which were published in the Cochrane Library (25, 27,
31, 33). Six reviews scored 8–10 and were judged to be of
high quality (23, 26, 29, 32, 34, 36). Five of these 6 reviews
were also published in the Cochrane Library (23, 26, 29, 32,
34). The factors that limited methodological quality in this
group of studies most frequently related to aspects of the
review that could not be carried out because of the small
number of studies, for example, absence of a funnel plot.
For 2 studies (23, 26), reporting of duplicate study selection
was only partial and duplicate data extraction was not
described. No authors were contacted to attempt to verify this
information.

Nine reviews (41%) were judged to be of moderate
methodological quality, scoring between 4 and 7 (Table 2).
Three reviews (14%) were judged to be of poor quality, scor-
ing 0–3. The factors contributing to the judgment of reduced
quality of reporting varied across reviews but in general few
reviews provided evidence of a priori consideration of the
research question and methodology of the review, most usu-
ally described in a review protocol. Few authors searched for
both published and unpublished literature, with 11 reviews
reporting either no hand-searching and/or restriction of
searching to English language only, and few reviews searched
ongoing trial databases (Table 2). Most reviews failed to
consider or assess the likelihood of publication bias, and few
reviews reported their findings in the context of the quality
of the evidence within the review. Most included reviews
had assessed the methodological quality of primary studies,
which were frequently noted to be poor, with significant
heterogeneity between studies, and an absence of blinding
(either to group allocation and/or outcome assessment) in
the primary research, but these limitations were frequently
not reflected when presenting the overall findings of the
reviews. In addition, many reviews did not describe duplicate
study selection and data extraction, and only 6 described
contact with authors. In general conflicts of interest were
well reported across reviews, but it is notable that 8 (36%)
of the included reviews had links with companies producing
ONSs.

Reporting of heterogeneity
Reporting of heterogeneity varied considerably, with 0% to
100% of analyses for any 1 outcome reporting the amount
of heterogeneity (Table 3). Amount of heterogeneity was
reported more frequently for analyses where there was no
significant difference in the outcome of interest between
groups compared with analyses reporting statistically signifi-
cant benefits of intervention [40/49 (82%) analyses and 23/42
(55%) analyses, respectively]. Heterogeneity was statistically

514 Baldwin et al.
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significant for many of the analyses of LOS, infectious com-
plications, and body weight. Most other analyses reported no
statistically significant heterogeneity between findings.

Analyses demonstrating a significant difference between
groups were slightly more likely to report significant het-
erogeneity than those reporting no statistically significant
benefits [7/23 (30%) analyses and 10/40 (25%) analyses,
respectively].

Comparison of outcomes reported in the meta-analyses
Ninety-one eligible analyses for 12 different outcomes were
reported in the 22 reviews (Supplemental Tables 1–7).
Mortality was reported in 15 reviews (22 analyses), length
of hospital stay in 8 reviews (14 analyses), hospital read-
missions in 4 reviews (5 analyses), total complications in
7 reviews (9 analyses), infectious complications in 4 reviews
(8 analyses), treatment of pressure ulcers in 3 reviews (3
analyses), limb/muscle strength in 3 reviews (3 analyses),
body composition in 5 reviews (6 analyses), serum albumin
in 3 reviews (3 analyses), body weight in 9 reviews (11
analyses), energy intake in 3 reviews (4 analyses), and protein
intake in 2 reviews (3 analyses).

There were fewer analyses from reviews in patients
with mixed clinical backgrounds compared with reviews of
patients with single clinical conditions (53 compared with
38). Forty-two of 91 (46%) analyses reported a statistically
significant benefit to receiving ONSs, and 49 (54%) reported
no significant difference between groups. Of the analyses
reporting statistically significant benefits to receiving ONSs,
14 of 42 (33%) were from high-quality reviews (AMSTAR
score ≥8). In contrast, 32 of 49 (65%) analyses reporting no
significant difference between groups were from high-quality
studies.

Overall there was discordance in the results of meta-
analyses for many outcomes (Table 3). All discordance
resulted from ≥1 reviews reporting statistically significant
benefits for an outcome and other reviews reporting no
significant difference between groups. For analyses in mixed
clinical populations, concordance between the results oc-
curred for 4 of 12 outcomes [total complications, energy
intake, protein intake, and measurements of body compo-
sition (mid-arm muscle circumference)], with all reviews
reporting these outcomes suggesting benefits from receiving
ONSs. For analyses in single clinical conditions, concordance
occurred for 3 of 12 outcomes (hospital readmissions, energy
intake, and serum albumin), with 2 reviews (1 in cancer and
1 in stroke) reporting energy intake suggesting benefits to
groups receiving ONSs (34, 35) and all analyses of hospital
readmissions (both in liver-transplanted patients) (27) and
serum albumin in stroke patients and liver-transplanted
patients suggesting no difference between groups (27, 34)
(Table 3).

Other outcomes
Data on a range of disease-specific outcomes were reported
but there were too few data on any 1 outcome to enable
comparison across reviews.

Evidence from reviews of high methodological quality
Ten reviews (46 meta-analyses representing all 12 outcomes)
were judged to be of high methodological quality, 2 in mixed
clinical populations (23, 25) and 8 in single clinical condi-
tions (26, 27, 29, 31–34, 36). The number of participants in
the included analyses varied from 22 (27) to 8529 (25). Only
5 of the 10 reviews included >1000 participants in analyses.
Fifteen (33%) of the analyses reported statistically significant
benefits to participants receiving ONSs (Table 4).

Discordance was apparent for all outcomes apart from
LOS [reported in 5 subgroup analyses from 1 review (23)],
hospital readmissions, and serum albumin. All analyses of
LOS, hospital readmissions, and serum albumin reported no
significant differences between groups, but the number of
participants in the analyses of serum albumin and hospital
readmissions was small (n = 144 and 477 for serum albumin,
and n = 22 and 24 for hospital readmissions).

When examining data on outcomes from high-quality
reviews only, no clinical group emerged as experiencing
significant benefits from supplementation with ONSs for all
outcomes. Meta-analyses in perioperative patients suggested
ONSs were associated with significant reductions in LOS,
infectious and total complications, and, in older patients
(>65 y), benefits to mortality (malnourished patients only),
total complications, body weight, and body composition. In
contrast, no benefit from supplementation with ONSs for
the majority of outcomes was suggested for patients with
hip fracture, because no beneficial effects were observed on
mortality, total or infectious complications, pressure ulcers,
or LOS. The lack of benefits to total complications in patients
with hip fracture was discordant with a larger (n = 727 partic-
ipants) and more recent analysis (33) suggesting significant
reductions on supplementation with ONSs compared with
an earlier analysis (36) with fewer participants (n = 113)
suggesting no benefits of ONSs. Overall the numbers of
patients in all analyses for patients with hip fracture were low
(113 to 968 patients).

Discussion
The aims of this overview were to compare the findings
from systematic reviews of ONSs in adult patients who were
malnourished or at risk of malnutrition and to evaluate any
discordance between reviews by critical examination of their
methodological conduct. We identified 22 systematic reviews
that met our inclusion criteria, published between 1998
and 2017, with 12 different outcomes (91 meta-analyses)
reported consistently across reviews. There was discordance
in findings from meta-analyses among the reviews for all
outcomes other than total complications in mixed clinical
populations, hospital readmissions (single conditions), en-
ergy and protein intake, some measures of change in body
composition (mid-arm muscle circumference in mixed clin-
ical populations), and serum albumin, which were reported
in few reviews. ONSs were associated with improvements in
total complications (mixed populations), nutritional intake,
and mid-arm muscle circumference (mixed populations)
in all analyses reported but there were no differences
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TABLE 4 Reviews with AMSTAR score ≥8 reporting statistically significant benefits of oral nutritional supplements (ONSs) or no significant
difference between groups for all outcomes from identified systematic reviews of ONS interventions in participants who were malnourished
or at nutritional risk according to clinical background of included participants1

Statistically significant difference between
groups

No significant difference between
groups

Outcome measure
Total number of
meta-analyses n

Subgroups in which effects
reported n

Subgroups in which effects
reported

Clinical and functional
Mortality

Mixed clinical populations 3 1 Malnourished older people
(>65 y)

2 People >65 y (mixed
nutritional status),
hospitalized adults at
nutritional risk

Single clinical conditions 8 1 Geriatric patients 7 Hip fracture, stroke, liver
disease, cancer, and
perioperative patients

Total complications
Mixed clinical populations 1 1 People >65 y (mixed nutritional

status)
0

Single clinical conditions 4 2 Perioperative patients, hip fracture 2 Hip fracture, preoperative (GI
surgery)

Infectious complications
Mixed clinical populations 0 — — 0
Single clinical conditions 8 3 Perioperative patients, chronic

liver disease
5 Hip fracture, geriatrics, post

liver transplant, preoperative
(GI surgery)

Pressure ulcers
Mixed clinical populations 0 0 — 0 Hip fracture
Single clinical conditions 2 1 Stroke 1 Mixed clinical backgrounds

Muscle strength
Mixed clinical populations 1 0 — 1 People >65 y (mixed

nutritional status)
Single clinical conditions 0 0 — 0

Healthcare-related
Length of stay

Mixed clinical populations 5 0 — 5 People (>65 y) with geriatric
conditions, hip fracture,
stroke, hospitalized patients,
malnourished or patients at
nutritional risk

Single clinical conditions 4 1 Perioperative patients 3 Stroke, chronic liver disease,
preoperative (GI surgery)

Readmissions
Mixed clinical populations 0 0 — 0 —
Single clinical conditions 2 0 — 2 Post liver transplant

Nutritional
Energy intake

Mixed clinical populations 0 0 — 0 —
Single clinical conditions 1 1 Stroke 0 —

Protein intake
Mixed clinical populations 0 0 — 0 —
Single clinical conditions 1 1 Stroke 0 —

Body weight
Mixed clinical populations 1 1 People >65 y (mixed nutritional

status)
0

Single clinical conditions 1 1 COPD 0 —
Body composition/nutritional status

Mixed clinical populations
Mid-arm muscle

circumference
1 1 People >65 y (mixed nutritional

status)
—

Single clinical conditions — COPD
Mid-arm muscle

circumference
1 0 — 1 Stroke, liver disease

Serum albumin 2 0 — 2

1AMSTAR, Assessment of Multiple Systematic Reviews measurement tool; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal.
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between groups for hospital readmissions (patients with
liver disease) and serum albumin. There was no consistent
evidence of adverse effects of ONSs on any outcome here.
Methodological quality of conduct of the reviews was poor,
with only 45% of reviews identified being judged as high
quality. The quality of conduct of reviews did not explain all
of the discordance between reported outcomes. Comparison
of findings from reviews of high methodological quality
revealed similar discordance in reported outcomes with no
clinical group being identified to derive consistent benefits
from supplementation with ONSs.

Comparison with previous overviews
To our knowledge, there is only 1 previous overview of
ONSs, which identified 13 systematic reviews and concluded
that ONS interventions in nourished and malnourished
patients from a range of clinical backgrounds were asso-
ciated with significant improvements in nutritional intake,
nutritional status, mortality, and complications (11). The
present overview has identified a larger number and more
recent reviews. The findings on nutritional intake from
both overviews are similar in suggesting that ONSs are
associated with statistically significant improvements in
energy intake. However, the 2 overviews differ in their
findings on nutritional status and clinical outcomes. The
overview by Stratton and Elia (11) identified 4 systematic
reviews reporting meta-analyses of weight change, all of
which reported statistically significant benefits associated
with ONSs. The present overview identified 11 meta-analyses
of weight, 7 of which demonstrated statistically significant
benefits in favor of ONSs. Despite the majority of meta-
analyses reporting significant benefits, heterogeneity was
either not reported (n = 6) or high (n = 3) for 9 of the
11 analyses, making the apparently positive findings on body
weight less certain.

The previous overview reported benefits to mortality,
particularly in the acute setting, and lower complication
rates. The findings of the present overview were less
optimistic, with only 7 of 22 analyses of mortality and
12 of 20 analyses of complications (total, infectious, and
pressure ulcers) suggesting benefits associated with ONSs.
For complications, the analyses that identified significant
benefits tended to be for total complications in mixed
clinical populations (5 analyses), and the analyses that failed
to find significant reductions tended to be of infectious
complications, in single clinical conditions, and to include
smaller numbers of patients (n = 22–503) compared with the
ones that reported positive findings (n = 384–6225), which
might partly explain the discordance. Few trends were noted
for analyses of mortality.

Methodological quality of the reviews failed to account for
the discordance between outcomes. When only the reviews of
high methodological quality were taken into consideration
no clinical groups emerged as being more likely to benefit
consistently from ONSs. A surprising finding was the lack
of evidence for an effect of ONSs on several outcomes in
patients with hip fracture. This contrasts with the findings of

the previous overview in this area (11), which found benefits
of ONSs to intake and unfavorable outcome (mortality and
complications combined). The 2007 overview (11) identified
an earlier version of the review by Avenell et al. published
in 2005 which included 8 RCTs of mainly low quality and
drew tentative conclusions on the possible benefits of ONSs
(38). The more recent updates of this review published in
2010 (39) and 2016 (33), which included 14 and 18 RCTs
of ONSs, respectively, failed (with the exception of infectious
complications) to confirm these earlier tentative conclusions.
A possible explanation could be that length of hospital stay
for patients with hip fracture, averaging 12 d (40), is too short
to allow any benefits to be observed.

The previous overview (11) did not include readmissions
or LOS, both of which have substantial economic implica-
tions for healthcare providers and are influenced, at least in
part, by factors such as mortality and complications (41).
This overview identified 5 analyses of hospital readmissions,
2 of which suggested benefits associated with ONSs (21,
37) and 3 (2 analyses reported in 1 review) that found no
difference between groups (24, 27). All analyses were small
(n = 22–999). Hospital LOS was reported in 14 analyses, with
the majority (12/14) finding no difference between groups.
Despite the evidence of potential benefits to nutritional
intake, nutritional status, and complications in some patients,
these frequently failed to translate into reductions in LOS.

The included reviews varied in both how and whether
they defined malnutrition as an inclusion criterion for the
review. In addition, there was limited reporting of nutritional
status within trials included in the reviews, and many
reviews combined data for both well-nourished (but at risk
of malnutrition) and malnourished patients. Malnutrition
is a complex condition and can arise from a variety of
different causes, both disease-related and precipitated by
any combination of social, psychological, and economic
circumstances. The complex etiology of the underlying
condition is likely to influence how a patient responds
to nutritional intervention. The reviews identified for this
overview and individual studies within the reviews have
included patients with both acute and chronic diseases as well
as participants whose nutritional vulnerability arises from
frailty and older age. The complex nature of malnutrition
and likely variable response to similar interventions together
with variations in the nutritional interventions identified
across individual studies and reviews adds to the potential for
heterogeneity among the outcomes reported and can explain
some of the discordance. Without access to original study
data, meaningful subgroup analyses that separate out the
effects of the different background causes of malnutrition are
impossible.

Methodological quality
In contrast to the overview published by Stratton and
Elia (11), the present overview assessed the methodological
quality of the identified reviews and considered findings in
relation to review quality. Less than half of the reviews met
the highest methodological quality standards, with 55% of
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reviews identified as being of moderate or low quality. The
methodological elements that were most usually omitted
were those most likely to introduce publication bias. Authors
searched multiple electronic databases but restricted their
searches to English language only, frequently failed to search
for unpublished literature, and included published full-
text publications only. Publication bias is a well-recognized
phenomenon arising from the submission or acceptance
of manuscripts based on the strength or direction of their
findings (42). Manuscripts with positive results are more
likely to be submitted for publication and more likely to be
accepted than those with negative findings (43). In addition,
there is empirical evidence that researchers selectively report
positive findings over negative findings, which can reflect
the fact that these are more likely to be accepted for
publication (42, 44). It has also been demonstrated that
researchers who publish in both English language and non-
English journals are more likely to submit manuscripts with
negative findings to non–English language journals (43). The
difficulties inherent in getting negative results to publication
can also mean that these trials are only available in abstract
form. In this overview, we have identified evidence across
many of the included reviews of decisions made at the search
stage that could result in bias in favor of identification of
studies with positive findings and failure to identify the
harder-to-find negative studies, which can lead to overall
spurious positive results. It is notable that the use of funnel
plots, a method used to assess publication bias, was absent
from the majority of identified reviews, with only 7 of the 22
identified reviews using them.

Heterogeneity is a measure of the amount of variation
between the results of studies identified and affects decisions
about whether it is sensible to combine results in a meta-
analysis. It is critical that heterogeneity is taken into consid-
eration when planning analyses and also that it is reported
because it can affect the interpretation and generalizability
of results. Heterogeneity was reported in 69% of analyses,
and few reviews used the recognized strategies to manage
or explore heterogeneity, meaning that results of analyses
could be misleading. It is interesting that heterogeneity was
reported more frequently for analyses demonstrating no
difference between groups, and it is possible that authors
have avoided reporting heterogeneity for positive analyses,
particularly when it suggests considerable inconsistency.

Assessment of the quality of included studies is a key
stage in the conduct of a systematic review. The purpose
of assessing study quality is to enable reviewers to present
their findings within the context of the quality of evidence
identified. The Cochrane Collaboration have established
the use of the Grades of Recommendation, Assessment,
Developments and Evaluation (GRADE) approach, which
provides a framework for the summary of a body of evidence
on any clinical question and informs its subsequent use
in guidelines and recommendations (45). The AMSTAR
tool used in this overview does not require that the
GRADE approach be used, but in order to score “yes”
study quality must be explicitly considered in formulating

recommendations (6). Although 95% of included reviews
assessed study quality, we found evidence of recognition of
study quality when formulating conclusions in only 68%
of included reviews. Lack of consideration of study quality
when reporting overall results can lead to overconfidence
about the strength of a body of evidence, which can in turn
translate into inappropriately firm recommendations for the
use of interventions.

A key element of study quality is the consideration of any
conflicts of interest by study and review authors. AMSTAR
suggests that to score “yes” for this component of the tool,
review authors should declare conflicts of interest for the
systematic review as well as for each included study. We found
only 2 reviews that reported the source of funding for each
included study (25, 33) and so based our assessment on the
first element only. Conflicts of interest were well reported
across identified reviews but it is of note that 36% of the
included reviews had a link with manufacturers of ONSs
and 9 were conducted by employees of the ONS industry
or were funded by manufacturers of ONSs who might have
a vested interest in publication of findings in support of
their products. Ioannidis (7) comments on the use of meta-
analyses related to products made by industry with vested
interests being used as marketing tools, similar to support
for the conduct and publication of randomized trials. In the
present overview, the only reviews that reported significant
improvements in hospital readmissions, LOS (in mixed
clinical populations), and muscle strength were reviews that
were sponsored by industry.

Strengths and limitations
The strengths of this review are that it was conducted
by experienced reviewers, guided by a protocol, included
duplicate study selection and data extraction, and few
limitations were placed on the search strategy. Despite
these strengths the findings of this review merit some
caution. The search strategy was developed with advice from
an information specialist but was limited to 2 electronic
databases, there was limited hand-searching, and no searches
of the gray literature, meaning that some eligible reviews
might have been missed (46). [Gray literature refers to
research that is either unpublished or has been published
in a noncommercial form (organizations with commercial
publishing interests) and includes government reports, pol-
icy statements, reports or briefings from nongovernmental
organizations, and dissertations and conference abstracts.]
The group conducting this overview have conducted several
systematic reviews on similar areas, including 2 published in
the Cochrane Library and so have wide experience of this
area; however, we cannot rule out the possibility that we have
missed some reviews.

We chose to use the original AMSTAR tool to assess
methodological quality and not the updated AMSTAR-2 tool
(47) (https://amstar.ca/Amstar-2.php). It is possible that the
more rigorous criteria of the AMSTAR-2 tool would provide
a different result on quality from the one that we report here.
We chose to use the earlier tool because it is the one that was
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available to the majority of authors at the time of publication
of their review and so might reasonably have been expected
to guide methodological conduct. However, we chose to
use a simple scoring system used in a previous overview
(14) to summarize results and enable comparison between
reviews. Caution is advised with this approach because of the
potential to overestimate the importance of some elements
of quality. Despite this, it is noteworthy that the aspects
that accounted for poor methodological quality were similar
between reviews.

Malnutrition can occur as a consequence of disease or
from a range of physiological and socioeconomic factors.
The included systematic reviews did not take account of this,
therefore it has been impossible to separate the results of
this overview according to the likely etiology of malnutrition.
It is reported that ONSs are often provided to patients
without advice on how to incorporate them into the diet in
ways that might achieve maximum effect. Little information
on differences in the amount of instruction for use and
support to maximize intake of ONSs was provided in the
included reviews, which might influence compliance and
outcomes.

Despite being the highest grade of evidence, systematic
reviews can still provide misleading results (48). A large
proportion of the reviews identified for this overview were
judged to be of moderate or low methodological quality. The
judgments made about quality were informed by published
information only and no authors were contacted to verify
judgments. It is therefore possible that our judgments when
applying the AMSTAR criteria are inaccurate and do not
reflect the high methodological standards used in conducting
the reviews. Many of the reviews identified for this overview
were published in journals rather than the Cochrane Library.
Word limits applied by journals could mean that important
elements of methodological quality have not been reported.
The AMSTAR tool also assigns no score for items that are
not applicable. This could result in lower methodological
ratings that don’t adequately reflect the quality of the
review.

Conclusions and Recommendations
The results of this overview suggest that evidence for the
effects of ONSs in malnourished patients or those who
are at risk of malnutrition is uncertain. Although ONSs
are used routinely in clinical practice in many countries,
the discordance in results means that it remains unclear
which patients benefit from them most and under what
circumstances.

The discordance in the outcomes of the 22 systematic
reviews identified for this overview was not markedly
reduced when only high-quality review were considered.
This suggests that the discordance between reviews could be
more to do with other issues such as heterogeneity in patient
populations arising from differences in clinical background,
the etiological basis for malnutrition, the influence of
practice in different healthcare settings, and variation in how
ONSs are provided to patients, and these factors should be

taken into consideration when designing future studies or
undertaking evidence syntheses.
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