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SUMMARY

Background and aim®espite the clinical benefits of using standarchfdesease
specific) oral nutritional supplements (ONS) in teenmunity and care homes, there
IS uncertainty about their economic consequences.

Methods:A systematic review was undertaken according tomenended procedures
to assess whether ONS can produce cost savingsoatéffective outcomes.
Results:19 publications with and without a hospital compangere identified: 9 full
text papers, 9 abstracts, and 1 report with reectsge analyses of 6 randomised
controlled trials. From these publications a tofaB1 cost and 4 cost-effectiveness
analyses were identified. Most were retrospectnayses based on clinical data from
randomised controlled trials (RCTSs). In 9 studiesfe@mic models involving ONS
use for <3 months, there were consistent cost gavaompared to the control group
(median cost saving 9.2%; P <0.01). When used3anonths, the median cost
saving was 5% (P>0.05; 5 studies). In RCTs, ONSwued for less than 5% of the
total costs and the investment in the communitglpced a cost saving in hospital.
Meta-analysis indicated that ONS reduced hospétdia significantly (16.5%; P
<0.001; 9 comparisons) and mortality non-signifita(Relative risk 0.86 (95% ClI,
0.61, 1.22); 8 comparisons). Many clinically relevautcomes favouring ONS were
reported: improved quality of life, reduced infects, reduced minor post-operative
complications, reduced falls, and functional limdas. Of the cost-effectiveness
analyses involving quality adjusted life yearsumdtional limitations, most favoured
the ONS group. The care home studies (4 cost aslfscost-effectiveness analyses)

had differing aims, designs and conclusions.
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ConclusionsOverall, the reviewed studies, mostly based avspective cost
analyses, indicate that ONS use in the commundgyore an overall cost advantage
or near neutral balance, often in association alithically relevant outcomes,
suggesting cost effectiveness. There is a neepré@pective studies designed to

examine primary economic outcomes.

Key words
Oral nutritional supplements; malnutrition; cosisteffectiveness; systematic

review; community
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1. Introduction

Malnutrition is a common clinical and publiedith problem, and at a given point
in time, more than 97% of it exists outside hospitanot only produces a burden to
the individuals concerned such as delayed recomsoye complications and
increased dependency on others, but also to thiEessand the public providing
health and social care support. Whilst the gerteraéfits of treating malnutrition are
well recogniset ® and while the effects of specific forms of nuaital support, such
as oral nutritional supplements (ONS) have beeiewed in the communify® and
in care homés information on the economic consequences aredidft’. An
accurate overview of the cost and cost effectiveimé©NS can be difficult to
establish from the existing revief#’s which have often reported the effects of a
combination of interventions in various care sgsinncluding tube feeding,
parenteral nutrition, disease and non-diseasefsp@iS, and others in which
snacks rather than ONS have dominated. Furthermuost, of the economic analyses
involving standard ONS in hospital and communitigisgs appear to have been
missed, while most of the reviewed studies have lergely based on disease-
specific ONS (those specifically modified for padiar patient groups), rather than
the standard ONS, which are used in the majorifyatients. There are also apparent
contradictions in the ca$tand cost effectivene$$™ of ONS, which may be due to
differences in methodolody and type of ONS used.

For patients moving from one care settingrtotier, the situation can become
complicated because the cost of management inethiegsmay be offset by a larger
cost saving in another setting. Furthermore, régnjaagencies have identified the

need to clinically justify and monitor the effecSONS, so that nutritional support is
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started only when it is appropriate to do so, adiogy to existing evidence or
guidelines, and continued for no longer than isessary. To address these issues
there is a need to review the effects of ONS, whiely depend on age, disease,
nutritional status and whether or not ONS are gaiene or in combination with

other interventions, such as dietary counsellingeylmay also depend on whether the
investigations are randomised controlled trials TRE" *® or observationa! studies
carried out prospectively or retrospectively, arftetiher ONS are administered
exclusively in the community and care homes, oitaafdhlly in other care settings.
The purpose of this systematic review was to @ilitycexamine the cost (or cost
saving) and cost effectiveness of standard ON8arcommunity and care home
settings in the light of the above factors. In jgaittr, it aimed to distinguish between
studies undertaken exclusively outside hospital @mmunity and care homes), and
those that are started outside hospital and caedimuthe hospital setting and vice
versa. The review also aimed to identify gaps endtarrent literature, so that they can

be addressed by future research.

2. Methods

2.1. Inclusion and exclusion criteria

The pre-specified inclusion and exclusionecia are summarised in Table 1.
Standard ONS was defined as a commercially availabhdy to consume, multi-
nutrient (complete or incomplete), liquid or seriid product providing a mix of
macronutrients and micronutrients produced by sfistimedical nutrition

manufacturers. Disease-specific ONS were excluded.
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2.2. Outcomes

The primary outcome measure of this review svasst- and/or a cost-
effectiveness analysis, irrespective of the typeffictiveness outcomes used (e.g.
Quality Adjusted Life Year (QALY), energy intake physical activity). The

secondary outcome measures were functional andallynrelevant outcomes.

2.3. Data extraction

The literature search was undertaken on 3xM2014. OvidSP was used to
search Embase (Embase Classic + Embase 1947 ton@@k413) and Medline (1946
to 2014 March week 3). The Health Economic Evatmabatabase (HEED) and the
Cochrane library (which includes the National He&ervice Economic Evaluations
Database NHS EED), Cochrane Database of SysteRetiews, Cochrane Central
Register of Controlled Trials and Database of Adogty of Reviews and Effects were
searched on the same date. Articles from all cfeldatabases were exported into a
single ‘library’. The Cost-Effectiveness Analy$SEA) Registry was cross checked
independently. The search was undertaken as paranfer systematic review that
included use of ONS exclusively in the hospitatisgt® .

Three sets of terms were used to search v&parts of publications including the
title, abstract, subject heading and any key wortiese were: 1. economic,
economics, cost, costs, finance, finances, bubgeigets, expense, expenses, price,
prices, AUD, USD, EUR, GBP, dollar, dollars, evearos, pound and pounds, 2.
supplement, supplements, ONS, sip, sips, feedsferdrition and nutritional; 3.
utility, healthcare, resource, resources, effecefectiveness, benefit and benefits.
Only articles that included at least one searam teithin each of the three groups

were exported into a common library. Potentialigible papers were identified by
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reading the titles, abstracts and key descriptodg/phrases. They were initially
screened by reading the title and abstract, addamed to be potentially relevant the
full article was reviewed. Other publications wetentified from prior knowledge,
discussions with experts in the field and handdeag of retrieved full text ONS
papers. The assessment of trial eligibility waseutaken by two independent
assessors and any disagreements were resolvedhhid@cussion. The reasons for

éS, 21-24

exclusion are shown in Figure 1. Authors of sevptdilication were

contacted to clarify specific issues.

2.4. Quality assessment

The procedure for assessing the quality otrotlad trials (assessment of risk of
bias) was based on the Cochrane Handbook for SgsiteReviews of Interventions,
updated in 201%. The quality of the economic studies was assessiny the
checklist provided by Drummond et&lwhich was adapted for nutritional studies on
the basis that some items were ambiguous or netaet to the types of studies being
assessed. Abstracts (see below) were not evaldiateguality because the brief
information provided was considered to be inadegjat the detailed economic
evaluation demanded by the assessment procedue.fdlintext papef, which
provided a brief summary of the economic data,caidid that further data would be
forthcoming, but since no such information was tded the study was only
evaluated for the quality of the RCT. Evaluatiorssdxl on economic criteria were
only undertaken for studies reporting economic ounes in the original paper and not

those subsequently subjected to secondary andtysssablish economic outcomes.

2.5. Synthesis of data and statistical analyses
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Comprehensive Meta-Analysis (version 2, Bibdtee. New Jersey, USA) was
used to undertake random effects meta-analyses.n\&hsts were expressed in
different national currency units, such as Britptunds and Euros (the value of
which can vary considerably between different Eessp Union countries), two
procedures were undertaken: a forest plot was predealong with the statistics for
each study, but without a summary statistic for teenbination of studies; and a
meta-analysis in which the results were expressed aroportion of the standard
deviation or as a proportion of the control groMghen meta-analysis was not
possible due to lack of measures of variation,nigan values from each study were
analysed using standard statistical tests, sua@nasample t-tests for the difference
between intervention and control groups and therhial test; SPSS (version 21,
Chicago, USA). Some results were reported narrgtivé P-value of <0.05 (two
tailed) was considered to be significant. Synthediglata for statistical analyses,

including meta-analyses, did not include abstrattich have obvious limitations.

3. Results

A total of 22,819 potentially relevant publicas were identified by the electronic
literature search and another seven by hand segrahid expert prior knowledge of
the literature. Figure 1 shows the steps thatdetie final 19 publications included in
the review?* 18- 19.21-24. 2635y 5 ahstracts of the same study, each with some
complementary information, were considered to regmea single publicatiéh Of
the 19 publications, nine were full text pagérg: 18 19262935 nine were abstradéts
24, 30-34

' and one was a reptttNine publications reported the results of primary

studies with prospective cost analyde¥: 1 2123 26.29. 34 the remainder
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retrospective (post hoc) cost analyses. The BrAssociation for Parenteral and
Enteral Nutrition (BAPEN) repolf, which included 10 retrospective cost analyses
from six full text papers of RC5 3%’ was largely based on a published systematic
review of ONS. Economic data from individual studies in the BAPEport were
extracted, amalgamated with other data and useddertake new meta-analyses (the
BAPEN report included no meta-analyses of commustitgies). The original papers
were also systematically examined for clinicallievant outcome measures (which
were also not reported in the BAPEN report) so thdher meta-analyses relevant to
cost effectiveness could be undertaken.

Overall there were 31 cost analyses (includng analyses in the BAPEN report
based on data from Smedley éfjphnd cost-effectiveness analyses (which also
included cost analyses). The number of analyseseeber] the number of publications
for three reasons: some RCTs included more tharatms (e.g. referenc&s®
analysed by BAPEN); some results were analysegpuotisely by the authors and
retrospectively using different methods by otherups® 2 and some cost-
effectiveness studies also provided data on oveoalis* >3 Of the 31 cost analyses,
only 17 were identified by the electronic literasearch. The remaining 14 were
based on prior knowledge of two full text pagere (subsequently retrieved using

different search terms), three abstrdctd **and the BAPEN repdrtwith its 10 cost

analyses (not listed). Most of these were not ithetlLin previous revieW/a®

3.1 General features of the studies
Supplementary file 1 summarises key featuf@sdividual studies. Both single
and multi-centre studies were undertaken in variw®pean countries and the USA.

The studies included either malnourished or a coatlmn of malnourished and non-
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malnourished subjects. Most comparisons involved@Nno ONS (papels 1827 28
% - abstract® 3 but a variety of other comparisons were madaiitiolg: ONS plus
dietary advice plus calcium/vitamin D v. routinege’§ ONS plus dietary advice v.
routine car€® ONS v. snacKs; and expenditure in general practices with a hystd
high v. low rates of ONS prescriptidiis Additional comparisons were reported in
some abstracts e.g. ONS v. dietary adViaar the ‘Malnutrition Universal Screening
Tool' (‘(MUST’) framework of nutritional care whicmcludes ONS v. routine cdre
?2_Some studies began administering ONS in hosgitdicontinued into the
community, others started in the community andiooed in hospital, and yet others
were carried out in the community following admassto hospital. Only one clinical
study recruited directly from the commurtity

The cost of screening and assessment, needeaehtify subjects for ONS
prescription and monitoring, appear to have baeluded in only two abstraéts®*
(and personal communication from A Cawood). Ecoicanodels examining the
impact of ONS in specific countries typically useational tariffs operating in the
countries and clinical data obtained from varioosntries with different healthcare
systems (papets?® 3y or from unspecified countries (abstr&ttd3.

Cost was the primary outcome in one prospelgtivedertaken clinical studyand
the secondary outcome in three clinical studfe® **two of which had a hospital
component * Cost-effectiveness analysis was probably therskany outcome in a
community stud}/ (see Supplementary file 1) with some uncertaistyoavhether it
was a primary or secondary outcome measure ineshtame study. Other clinical
studies were designed with non-economic outcomesn (Supplementary file 1).

In studies involving both short-term (<3 mathnd as little as 15 days) and long-

term administration of ONS in the communit8(months, and up to 8 months in

10
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some patient groups) the reported ONS intake rafrged 259 to 720 kcal/day. Lack
of information prevented calculation of complianfrem both papers/repoffs®®
29,3840 3nd abstractd ** but it was possible to estimate that ONS intaleanted

for 50-100% of the target intake in one study (@ale intake reported),34-57% in
another (variable target intake report&dnd about 8098 in a third study.
Adherence to oral nutritional support was repottete 80% in a further study.
Methodological details for assessing intake werellg not provided, but some
studies relied on diarig%or records kept by patiefifsDaily intake was assessed to
the nearest half carton in one sttfdyAttempts were made to improve compliance in
some studies (e§:?° % but it is unclear if this represented routinegpice. In one

study research staff and not regular staff encasdmgtter complianéé

3.2. Outcomes: community (ONS use in community spial)
The results of cost and cost-effectiveness anabserseported separately below in
sections that consider individual studies fastl amalgamated studies next. Care
homes studies are reported in section 3.3.
3.2.1. Cost analysis
(a)Individual studies

Short-term, pre-and /or post-operative supm@atation studies (<3 months
supplementation)The results of the short-term (<3 months) retrospe@nalyses of
surgical studies undertaken by the BAPEN groupshoavn in Table 2. The analyses
uniformly favoured the ONS group when the calcolasiwere based on bed-day
costs or excess bed-day costs (costs of unuswoallydtays that typically include
basic care and hotel costs but exclude the costsrgical procedures); and in four

out of the five analyses when the calculations vieai®ed on complication costs. One

11
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of the original papers briefly reported that in garison with the control group (no
ONS) there was a net cost saving favouring themgiven ONS pre-operatively in
the community (£332/patient) as well as in the grgiven ONS before, during and
after hospitalisation (£329/patietit) These were within the values established by the
BAPEN group using different methodologies baset®a-day and excess bed-day
costs. There was also a cost saving favouringrd gmoup given ONS post-
operatively both in hospital and after dischargefthospital , which was more
favourable (£292/patient) than those calculatetheyBAPEN group using bed-day
(£260.7/patient) and excess bed-day costs (£12Qiédvp). Another primary study
crudely estimated the cost saving associated wigdlaction in length of hospital stay
($2,298/patientf. Finally, an abstract of a RCT in which ONS appearhave been
administered before, during and after hospitalisateported a significant cost saving
in favour of the ONS (10% cost saving 6 monthsraftegery which included the cost
of hospitalisatioft).

Long-term, community studies3( months supplementatiorljwo prospective
economic studies involving use of ONS %8 months were identified. In the multi-
centre prospective open label control trial of Eim et &° there was no significant
difference between the ONS and control group intheand social care costs, or in
the costs of prescriptions, General Practitio@®)(consultations, outpatient
appointments and hospital inpatient admissiontghdrother RCT, beginning in the
hospital setting and continuing in the communifygre was also no significant
difference in costs between the ONS and the cogtmip (€23,353 +16,124 v.
€22,896+16,834; direct costs, which accounted#0195% of total cost¥)

The observational study of Arnaud-Battandier &tr@ported an overall cost

saving in general practices with high ONS presmiptates compared to those with

12
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low prescription rates, but the difference wassighificant (€195; 90% CI -€478,
€929 per patient per year). The extra costs oINS (€528 per patient per year)
were offset by greater cost savings (€723 per piagier year), predominantly due to
reduced hospital admissions (€551 per patient @ar)y

In one of the retrospective analyses undentéiethe BAPEN group, the cost of
ONS given to mildly malnourished and hypoalburemé patients who had been on
dialysis for at least 3 montffswas estimated to outweigh the cost saving from
reduced hospitalisation. In contrast, anotheryamainvolving 51 patients with
decompensated alcoholic liver disefsthe cost of the ONS was considered to be
more than offset by reduced number of days spembspital (71, ONS group v. 107
days, control group).

Economic modelling studieadl publications of economic modelling of ONS
administration used information from previously psibed clinical studies, and all
favoured the ONS group. The three full text pajpeesdescribed first 2 3

A model for assessing the cost impact of ON®ie Netherland3 which included
some observational data from the BAPEN economiort&pcalculated a net cost
saving of €252 per malnourished patient undergoing abdonsimajical procedures
(2004 prices inflated to 2008 prices) in favoutled ONS group. The cost of the
supplement, which was assumed to have been takknrbihe community pre-
operatively and in hospital post-operatively fdotal of 17 days, was more than
counterbalanced by the assumed reduction in levfdtbspital stay. The cost saving
per patient was extrapolated to an annual coshgarithe whole of the Netherlands.

The second full text paper, which assumed that @8Sadministered for 3
months in patients with benign gastrointestinatdse following discharge from

hospitaf’, concluded that there was an overall net cosngani the ONS group

13
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compared to the control group receiving no ONS 8Fésed on calculations using
Diagnosis Related Groups (DRG); €791 based on ledilons using bed-day costs,
even after taking into account the extra cost ef@NS (€534) (net cost saving, €234
per patient based on DRG and €257 based on LGS @7 prices)). When
extrapolated to the whole of Germany, the overatiual savings were €604 million,
using DRG costs, and €681 million, using bed-dastx The calculations were
dominated by hospital readmission rates over a Btimperiod, which were taken to
be significantly lower in the ONS group (26.3% V.@%0). The clinical data were
largely based on a German stfiyut a UK study was also used in sensitivity
analyses, which consistently favoured the ONSgrou

The third full text pap&t using a similar type of model as the previous’gne
assumed that ONS (600 kcal/day) were administéoe®@ months to malnourished
community dwelling subjects65 years, considered to represent 20% of the home
care population in the Netherlands. The model &rrissumed that the intervention
would reduce hospitalisation by 25% on the basiti@fe RCTs. Two of these
recruited patients recently discharged from hotif§ one involving patients with a
mean age <65 yedfsand the oth&f a mixture of malnourished and non-
malnourished older subjects, who started taking @N®spital and then continued
them in the community. The third study used ONSi@community for 12 montf$
or four times longer than the model specificatibne base case analysis favoured the
ONS group (€90.15 per malnourished patient (caledlasing the data provided)).
Sensitivity analyses almost always favoured the @QMNSIp.

All four abstract8" *°*?of economic modelling involving ONS administration
the community also favoured the ONS group. Onéne$é* based on clinical data

from 19 community-based RCTSs, predicted that anvwenth course of ONS in older

14
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(>65 years) community dwelling patients at risk oflmarition in England would
produce a net annual cost saving of £16 millerotiring the ONS group. The three
other abstracts comparing the effects of ONS (taker an unstated period) v. no
ONS in community dwelling older people (>65 yeaeg)orted the following net cost
savings in favour of the ONS group: 18.9% or €18ilion in the Netherland;
12.8% or €173 per patient in the Netherl&fidsnd 13.0% or €179 per patient or a
total of €344 million in Germari¥.
(b) Amalgamated studies

Subject level analyses (based on meta-analysisidies comparing mean +sd
between groups)igure 2 shows two forest plots of subject levellgses based on
prospective cost analyses of supplementation fudithe community (£ in hospital).
The upper forest plot shows the absolute differen@®sts, expressed in national
currency units, between ONS and no ONS (or rowtare), while the lower forest
plot shows the results expressed as standardiffecedices with no significant
differences between groups (see Supplementary fie further meta-analyses)..

Study level analysis (based only on the diffee in mean values between groups):
The amalgamated study results were based onlylbtesfti papers and those
presented in the BAPEN report, which were baserktinspective cost analyses of
full text paper¥. In an attempt to provide an overview of the agereesults of 14
cost analyses based on studies undertaken inehtfepuntries at different times
using various currencies, the results were expdeasgpercentage cost savings. Since
the distribution of these cost savings was highkbweed the results were analysed
non-parametrically. Overall, there was a signiftcawst saving (median 8.1% (inter-
quartile range 9.3; P = 0.022; N = 14 analyseshawour of the ONS group. When

examined using the binomial test, which allowedittodusion of an additional two

15
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studies, 13 out of 16 cost analyses favoured th& @idup (P = 0.021). There was no
significant relationship between cost saving onadhe hand and year of publication
of study or the duration or estimated durationugf@ementation on the other. The
results of individual studies (Table 3) were usedridertake subgroup analyses
according to patient characteristics (age categodynutritional status) and study
design (type of intervention, care setting), whach presented in Table 4. Overall, the
cost saving favoured the ONS group which was dicanit for the following
subgroups: short-term studies (often with a hokpamponent); those involving
younger groups of patients; those retrospectivehaed; and those comparing ONS
with no ONS. Several subgroup analyses were gaotfgiant, especially when one
particular study with a large financial I68svas included in the subgroup analysis.

Although abstracts of community studies were noliuded in the above analyses,
they all favoured the ONS grotip®®=2 3
(c) Distribution of costs

In the RCTs that pre-planned to undertakesh @oalysis, ONS administration for
0.5-3.1 months, contributed to only 1% - 11% oftibtal cost (mean <5%), while
hospitalisation contributed to 69% - >90% of thetsqTable 5). In the only
observational study in which ONS was estimatelawe been administered for
longer than 3 months, and perhagsmonths (see footnote to Table 5), ONS
contributed to 23% of the costs, and hospitabseto 63% of the costs. All six cost
analyses summarised in Table 5 involved administraif ONS either exclusively or
predominantly in the community. One cost anafysia which ONS was started in
hospital and continued ONS for a much longer pefilmthe community, reported

only the post discharge costs.

16
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3.2.2. Cost-effectiveness analysis

In an attempt to relate the cost outcomes repatibede to effectiveness measures,
a variety of clinically relevant outcomes from s@me studies are summarised below.
The more formal cost-effectiveness (cost-utilitgalyses, typically with cost
effectiveness acceptability curveéd,**are presented subsequently.
(@) Clinically relevant benefits

Anthropometrytndividual studies involving use of ONS in the coommty (with
or without additional use in hospital), reportegisiicantly greater improvements in
anthropometry in the ONS than control group: weidhtveight, skinfold thickness
and mid arm muscle circumferefiGeand nutritional status assessed by MRIA
Edington et &f reported significant improvements in weight, skldfthickness, and
mid-arm circumference in the ONS group but nohia ¢ontrol group, and Neelemaat
et al* reported a tendency for greater weight gain inGQNS group, which was
significant only for the highest weight subgrétip

HospitalisationTwo studies reported significant reduction in tlhenber of
hospital admissiontd *® Other studies reported hospitalisation in difféngays e.g.
number of days in hospital including 1EWtotal number of days in hospital during
the observational period from which the proportjand standard deviation of this
proportion) of the time spent in hospital during 8tudy period could be calculatéd
A series of meta-analyses involving 10 datasets fe@ht publication's' 14 18- 19 26. 39
40.%5found reduced hospitalisation in favour of the Q#8up. For the nine datasets
from full text papers only it was reduced by 16.§%e 4.0), P = 0.001; N = 1051
subjects; 1= 16%, P = 0.307) (Figure 3). Further meta-analyisetuding those
involving only long-term studies, only short-tertudies and only RCTs also

favoured the ONS group (see Supplementary file 1)..

17
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Mortality: Mortality was reported in seven studies* 8 2636373853 deaths in
ONS group and 59 in the comparison group; no ddattwo other studies *" but a
meta-analysis showed no significant differences/ben them (Relative risk 0.859
(95% Cl, 0.606, 1.217), P = 0.3934 0%, P = 0.825; 7 datasets, N= 943). The
results remained non-significant when the only olet@onal study was excluded
(Relative risk 0.924 (95% ClI, 0.556, 1.534), P 208; £ =0%, P = 0.743) or when
the only pre-operative supplementation study (ON8mgin the community) was
excluded (Relative risk 0.853 (95% CI, 0.598, 1)286= 0.380;4= 0%, P = 0.587).

Quality of life:The study of Beattie etHlwhich started ONS in hospital (used for
<12 days) and continued for 51 days in the commureported significant
improvements in physical and mental health, asdassiag the quality of life
questionnaire SF-36 (36-item Medical Outcomeslp&hort Form Survey),
favouring the ONS group (P<0.001). In the commusitydy of Norman et & there
was a significant gain in QALY's favouring the ON®gp, but since there was only
one death out of 60 in the intervention group dmde deaths out of 54 in the control
group, almost all the variability in QALYs was ditgequality of life. The main
analysis undertaken by Neelemaat &t abpears to have excluded patients who died,
implying that QALYs gained were based entirely amliy of life. From the statistics
provided it would appear that there was a strondeacy for the changes to favour
the ONS group (by 0.02 (95% ClI, 0.00, 0.04) QALYA)peri-operative stud§ and
a community study in elderly subje@seported no significant differences in quality
of life between groups.

Other Outcome<Of the eight RCTs reporting functional or clinicaltcomes, all
found at least one outcome significantly favouring ONS group and none

significantly favouring the control group. For exgley Neelemaat et dlreported that
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in comparison with the control group, the ONS grsigmificantly improved in
functional limitations by 0.72 units on a scaleddb 6, and a related paper of the
same study reported significant reductions in taimer of fall§® (0.21 v.
0.55/patient; P <0.01). Edington ef®aleported a greater proportion of patients with
no mobility problems at 6 months (32.4 v. 7.7%:; ©.622) and Hirsch etHla
significant reduction in number of infections, altiyh not in the total number of
complications. Grip strength improved in favouttloé ONS group, at least at some
point during the course of certain investigatirn€ but not other$" **(in one of
them* this was reported in an earlier publication of saene RC1%. In one of the
studied® the increase in grip strength was accompaniechbgngrovement in peak
expiratory flow (also reported in an earlier publication of thme&RCT?). In
surgical studie8' ** *® 3in which ONS was administered pre- and/or postapely
in the community, and in some cases during elettospital admissions, significant
benefits were frequently reported. Smedley ¥tfalind a significant reduction in
minor complications (but not major complicationsXhe absence of significant
differences in quality of life and fatigue scoretvieeen the groups studied. Manasek
et al** also reported in abstract form clinical benefiteduring the ONS group (x 2.9
reduction in wound dehiscence, x2.9 in anastonutiiscence, x1.8 wound
infection, and x1.8 re-hospitalisation) without ahyes).
(b) Cost-utility analysis

Cost-effectiveness analyses involving QALY seweported in only two
community studies, which recruited patients fromspgital and evaluated the costs
only after discharge from hospital. Further detars shown in Table 6. In one of the
studied® the mean ‘cost/QALY’ (extra cost per QALY gaifedas sufficiently low

(€12,099 (high price ONS) or €9,497 (low price ON&)d the shape of the cost-
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effectiveness acceptability curve (CEAC) was st the authors concluded that the
intervention was cost effective (with an assumeddhold value of €50,000 there was
about 90% probability that the intervention wast@ective, and with a threshold
value of €20,000, the CEAC showed there was a®0Ut probability). The analysis

of this economic ‘pilot study’ considered only thasts of the ONS. The much larger
cost savings, due to the significantly reducedaspitalisation rates favoured the
ONS group’, were not included in the calculations.

In the other study involving older pati€fttthe mean ‘cost/QALY’ in the main
analysis, which involved multiple imputation forgaing data, was €26,962, and for
‘cost/unit’ improvement in functional limitation 8&€618. On the assumption that in
the Netherlands an investment of less than €209D00st effective, the authors
concluded that the intervention was cost effedtivenproving functional limitations
but not in QALY's or physical activity.

Two other studié® ® measured costs and quality of life but no costtytil

analyses were presented.

3.3. Outcomes: care homes

Five publications with economic results rel@i ONS administration in care
home$' % 2% 3yere identified, only one of which was a full teepef®. Since they
differed widely in their designs and methodology,attempt was made to produce
summary statistics from meta-analyses of otherdyp@nalyses.
(a) Cost analysis

Of the four prospective care home cost-analysported in abstracts, two were
based on RCTS ?°and the other two on studies with a ‘before aneraflesigi™ %

Those with ‘before and after’ designs involved 3nting of routine care followed by 3
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months of intervention with ONS in care homes igland, the intervention being
implementation of the ‘MUST’ framework, which incled screening and use of ONS
in those participants identified as malnourishede ©f these studi&sreported a
significant reduction in the cost of hospitalisatia favour of the intervention (£599
over 3 months) but the calculations did not incltlteecost of ONS. The other study
with a ‘before and after desigf‘also included the cost of screening, management
and monitoring of residents, reported a net caging of £187.91/resident over 3
months (£751.64 annually). Like the above studiexjst saving in favour of the
ONS group was also reported in the only retrospeatost analysis of care home
residents using an economic md@dh comparison with no ONS, use of ONS for an
unspecified period of time reduced total costs f&if,617 to €15,453 /resident
(€1,164 /resident (7.0%)), but no details of theical studies underpinning the model
or its assumptions were provided in the abstractohtrast, a prospective cost
analysis involving a RCT of care home residenemidied as being malnourished
using ‘MUST?, reported that the overall costs including thokospitalisation was
greater in the ONS group than the dietary adviceg(£376+214 v. £174+240
/patient over the 3 month period using an intentmtreat analysis involving multiple
imputation). The cost-effectiveness analysis of gtudy is reported below.

(b) Cost effectiveness analysis

Two cost-effectiveness analyses in care homes idengified, one from the USR

and the other in the UK both of which were based on RCThe UK study (a cost-
utility study), which established QALYs from a comdtion of mortality and quality
of life using EQ-5D (EuroQol five dimension scal®und that ONS was cost
effective compared to dietary advice. The increrlecast effectiveness ratio (‘extra

cost/QALY gained’) was found to be £10,698 whichsweell below the reference
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threshold of ~£25,000. In the USA stdtyn which 54% of care home residents had
dementia, the incremental (above baseline measutsjrteetween meal costs (extra
costs for fluid, food and labour) were $0.03/paf@éay for the control group

receiving routine care, $2.10/patient/day for tiéSOgroup, and $2.06/patient/day for
the ‘snack’ group. The effectiveness outcome measas total calories gained,
which was reported to be greater in the snack g(papmdoxically with the smallest
weight gain; 0.04 kg) than the ONS group (with ldrgest weight gain; 2.04 kg).
Given the willingness to pay is $0.04 for each&xkiral gained, the probability of
‘benefit’ (compared to the control group) was 8086the snack group and 65% for
the ONS group. Therefore, both forms of nutritioeigbport had a ‘beneficial’ effect.
The authors concluded that snacks may be moreetiestive at increasing energy
intake than ONS, but they acknowledged that theptasize of their ‘pilot study’

was small. The composition of the between meallsa@as not reported, so cost

effectiveness associated with the intake of otlhwfients could not be assessed.

3.4. Assessment of risk of bias

The overall risk of bias of the included caoiigrd trials and observational studies
was judged to be at least moderate. The supplenydiiea2 provides an assessment
of individual studies based on economic criteriava$ as criteria for randomised

controlled trials and observational studies.

4. Discussion

This review of studies, mainly of randomisexhtrolled clinical trials, suggests
that the use of standard ONS in the community, wittvithout additional use in

hospital, produces an overall net cost saving faxmguhe ONS group, or a near
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neutral balance. These cost outcomes were assbwidteclinically relevant benefits
such as improved quality of life, reduced infecipreduced minor post-operative
complications, reduced falls, and functional limdas Indeed, most cost analyses
based on full text papers (and all abstracts) fea@dthe ONS group even when
considered in subgroups according to nutritioratiust and age, study design, duration
of intervention and setting. This comprehensiveaw\also emphasises the
importance of involving specialists in the fieldnavidentified many analyses from
detailed national reports and other papers that wet retrieved from the electronic

literature searches.

4.1. Community studies

The direct contribution of ONS to total exp#uacke in the community studies was
found to be small, but their potential beneficrapiact on the budget was large. For
example, hospitalisation, which dominated the egliare (Table 5), was
significantly reduced by ONS (meta-analysis; FigByePractical difficulties in
prescription and reimbursement may arise if theeesaparate funding streams, so
that the community absorbs the prescription cositevinospitals profit from a
reduced workload resulting from fewer complicationgewer re-admissions.
Furthermore, since various reimbursement schenissweixhin and between care
settings in different countries, which may affectess to ONS, a single budget that
follows the patient may help overcome such proisfém

Although this review is primarily concernedtivONS, the interventions
sometimes included other components, such as diatlwice, additional vitamin D
and calcium supplementation. This means thatnbtsalways possible to ascribe all

the benefits to ONS. Furthermore, it can be diffitm separate the contribution of
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ONS provided in the community from that providedhe same patients in another
setting e.g. started in the community pre-operatigad continued in hospital post-
operatively or vice versa. A further point is thargarison of ONS v. no ONS which
featured in most clinical studies (pager® 2" 2% 3% abstract®33, and all but one
of the economic modelling studies (abstfciThis may not represent the situation in
real practice because ONS may already be giveon® sulnerable and
malnourished patients, although the extent varya®gion, country, speciality and
time. Furthermore, the costs associated with sargeand assessment to identify the
study population appear to have been largely ighodespite their clinical and
economic importané& More sophisticated models could address the coac
regulatory agencies and advisory bodies about Iplessiappropriate ONS
prescriptions, and also the need to regularly noompiatients so that ONS are not
administered for longer than is requitédSuch bodies also recommend taking

measures to ensure that malnourished subjectstdgpnmrecognised and untreated.

4.2 Care homes

It is difficult to evaluate the cost effecthness of ONS at improving energy intake,
from the only full text paper (a pilot study) exaimg the effects of between meal
interventioné’. This is partly because of potential methodoldgicablems, including
small sample sizes. Furthermore, the intake ohgeaf nutrients that were not
evaluated, may be just as important clinically msrgy intake. Four abstracts
suggested favourable effects of ONS on costs aadnrtost-effectiveness compared
to simple dietary advice and QALY's gained as tliectiveness outcome measure.
Until the full reports of these studies become lakde and the literature expanded

with additional studies, it is difficult to come tobust conclusions.

24



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

4.3 General issues concerning community and aareelstudies
All the economic models based on retrospective @oalysis of a range of clinical
data reported favourable cost outcomes in both aamitsnand care home settings,
and several of these have been extrapolated tolisstaational cost savings, for
example in models of people receiving standard @N\Be communit§? or
community and hospitdf in the Netherlands. Whilst such models can senerya
useful purpose, they also have limitations. Nonthefreviewed modelling studies
appear to have established templates based ommatgteeviews of clinical studies,
raising the possibility of selection bias i.e. e$specific clinical studies with
favourable outcomes. Among the other limitationsengxtrapolations from certain
study populations to others (e.g. from one agemtowanother, from a population of
malnourished and non-malnourished subjects to masteed subjects alone) and for
periods of ONS use that fell well outside the rasgecified in the models. In
addition, the models used the national tariffshef tountry they aimed to target, but
often obtained the clinical data from other cow#nvith different healthcare systems.

The limited data on actual and target ONS iafatevented a detailed assessment
of compliance (estimated to be 34-100% in 3 st)dieseparate systematic reviéw
reported 37-100% ONS compliance (mean of 81% farrnanity studies) but the
extent to which this reflects study conditions eatthan those operating in routine
clinical care is uncertain. The same applies tgtiesent systematic review.

A substantial part of the evidence base wkbkshed using only simple
economic calculations or theoretical models lackivgrobustness of prospective full
economic analyses that incorporate costs of sarggaius assessment and

monitoring. Indeed, most results were establisheohfa secondary analysis of papers
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that were primarily undertaken to address non-econigssues. Among the reviewed
clinical studies only one observational study wlaarty identified in which the
primary outcome was econorfiicand only a few® 2% **(probably including
Neelemaat et &) in which it was a secondary outcome. The potentiarall risk of
bias was judged to be at least moderate. The etdavitich potential bias (including
publication bias) of industry and non-industry feddorojects may differ is difficult

to assess without further information.

4.4. Future research

The reviewed studies, mainly based on retrospeatnatyses, generally suggest that
economic and clinical effects favour the ONS grdug,the economic evidence base
in the community and care home settings needsgitrening through prospective
studies with primary economic outcome measuresapénsion of the range of
population groups studied. The shortage of econainidies in care homes and the
lack of studies in children need to be addressedddition, economic models need to
be extended to take into account the benefitsnfagt occur when ONS are compared
to routine practice rather than no ONS, and alscettient to which they depend on
the method of recruitment. For example, all thr€I'R with prospective cost or cost-
effectiveness analyses in the community (excludungjical studies in which the
study design was based on hospital admissionsivegaecruitment from the

hospital settinty” ** ? generally after an acute iliness or an acute sthesme of
thesé?, ONS administration began in hospifataising the possibility of a carry-over
effect into the community. Although recruitmentrfrdospital may be convenient, it
does not represent the general population of maktoed subjects in the community,

who account for the vast majority of malnourishedividuals in society. The only
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reviewed paper with a prospective cost-analysik ditect recruitment from the
community was an observational sttitlyvhich reported a non-significant cost
advantage (€195/patient/year) in malnourished stbpegistered with practices with
high rather than low ONS prescriptions rates. Brtteantime there is a clinical need
to reduce the extent to which malnutrition goesatacted and untreated. The extent
to which this can be achieved cost effectively Byaation and training, inspection
and regulation, and incentivisation (e.g. by prowyda bonus for high quality care
and penalising inadequate care), requires invegiigain the light of the type of

healthcare system operating in different countries.

5. Conclusion

This systematic review with meta-analysis ®sfg that use of standard ONS in
the community, with and without additional use ospital, can produce favourable
financial outcomes and can be cost effective. &lneea need to embed appropriate
nutritional support with ONS into routine clinigadactice, and to undertake more
high quality studies to further define the patigraups likely to benefit from

appropriate amount and duration of ONS administraitn different care settings.
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Tablel

Summary of inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Population

Intervention

- Any setting in the community e.g.- Animal studies
care home, free-living individuals, - Pregnancy and lactation
sheltered accommodation
- Aged> 1 year of age
- Any nutritional status (well-
nourished, malnourished or at risk

of malnutrition)

- Oral nutritional supplements - Non-commercially available or
(ONS) alone or with other oral home-prepared ONS
nutrition interventions such as: - Studies including exercise as an
- Dietary counselling (dietary intervention and sports studies
advice) - Disease-specific ON‘ghcluding
- Provision of special menus "immunonutrition”®
and/or snacks (e.qg. - ONS in combination with drug
energy/protein enriched) therapy such as anabolic hormones

- Supplements containing vitamins Parenteral nutrition
and/or minerals only (single or - Enteral tube feeding alone
multi-nutrient) - Supplementation with vitamins
- ONS in combination with enteraland/or minerals only (single or

tube feeding multi-nutrient) used without ONS
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Inclusion criteria Exclusion criteria

Comparison - ONS v. no ONS - ONS v another ONS
- ONS + other nutrition
intervention(s) v. other nutrition
intervention(s) alone
- ONS v. routine care (which may
include some ONS)
- ONS v. other nutrition
intervention e.g. dietary advice
Publications - Full text paper, abstracts and - Language other than English

reports in the English Language

Disease-specific ONS include those with macro-miaonutrient compositions adapted to the needs of
specific disease and/or digestive or metabolicrdsio(can be either nutritionally complete or ingbete).
®Immune modulating formulae contain substrates tdutaie (enhance or attenuate) immune functions
(also known as immunonutrition, immune-enhancirggsdor pharmaconutrition, and typically include

nutrients such as arginine, glutamine, omega-$ &atids and nucleotide$)
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Table2

Summary of net cost saving due to perioperative @iSinistration in the community (+ hospital) (d&tzm BAPEN report)

Studies N Method of calculatioh
Bed-days Excess bed-days Complications
Lower Upper Lower Upper
Average Average Average
Quartile Quartile Quartile  Quartile
(E/patient) (E/patient) (E/patient)
(E/patient) (£/patient) (E/patient) (£/patient)
Pre-operative (community)
Smedley et al 2002 85 440.6 350.8 521.2 190.9 13.3 1.3 25.2
MacFie et al 2008 49 330.1 273.4 391.7 140.4
Flynn et al 198% 40 1113.1 583.7 1401.5 745.8
Pre-operative (community)
+ post operative (hospital )
Smedley et al 2004 76 853.2 687.6 1002.0 392.2 113.4 81.5 145.3
MacFie et al 2008 49 704.8 591.3 827.9 325.4

Pre-operative (community)

+ post-operative (hospital & community)
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Studies N

Method of calculatioh

Bed-days Excess bed-days Complications
Lower Upper Lower Upper
Average Average Average
Quartile Quartile Quartile  Quartile
(E/patient) (E/patient) (E/patient)
(E/patient) (E/patient) (E/patient) (£/patient)
Smedley et al 2002 76 899.2 733.6 1048.1 327.6 -79.5 -85.7 -73.3
Post-operative (hospital & community)
Beattie et al 2000 101 668.2 476.3 815.5 244.5 64.82 -8.9 96.5
Smedley et al 2002 76 260.7 213.3 304.8 130.1 157.6 125.7 189.5

&N refers to the total number of subjects in thetad and intervention groups.

b Both bed-day and excess bed-day costs are baskhgth of hospital stay. Excess bed-days relatediissions with prolonged length of stay (abowe th

Healthcare Resource Group trim point) and theyusrelly associated with lower costs than bed-daysc@s they generally involve basic care and roatsts.

Complication costs are calculated on the basibetbsts of complications only.
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Table3

Retrospective cost-analyses of community studiespesing ONS with control grofip

Study N Setting Cost saving Cost Nutritional Age Type Single- Comparison ONS use
per subject saving status group of or (months)
in favour of (% of study  multi-

ONS grouf  controlf centre

Smedley et al 2063 85 C(pre-op) £440% 9.2 M + NM <65y | Multi ONSvnoONS <3mo

MacFie et al 2008 49 C(pre-op) £330 7.3 M+NM  >65y | Single  ONSvnoONS <3 mo

Flynn et al 1987 36 C(pre-op) £1113%1 13.7 M <65y | Single ONSvnoONS <3mo

Smedley et al 2062 76 C(pre-op)H £8532 16.2 M + NM <65y | Multi  ONSvnoONS <3mo

MacFie et al 2008 49 C(pre-op)H £70453 14.4 M + NM <65¢ | Single ONSvnoONS <3mo

Freijer & Nuijten 2018 Model  C(pre-op)H €252 7.6 M e} Mulii  ONSvnoONS <3mo

Smedley et al 2034 76 C(pre-op)HC (post-op) £788.5 14.9 M + NM <65y | Mulii.  ONSvnoONS <3mo

Beattie et al 2000 101 HC(post-op) £6682 8.5 M <65y | Single  Othér <3 mo

Smedley et al 2068 79 HC(post-op) £260%7 4.9 M + NM <65y | Multi  ONSvnoONS <3mo

Neelemaat et al 2012 184 HC(post-discharge) - €403.0 -4.9 M >65y | Single  Other >3 mo

Edington et al 2004 100 C -£1159.3%  -54.0 M >65y | Multi ~ Other >3 mo

Arnaud-Battandier et al 1989 378 C €195.0 7.2 M >65y O Multi Other >3 mo

Nuijten & Mittendorf 2013’ Model C €2455 14.1 M <65y | Multi  ONSvno ONS >3 mo
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Study N Setting Cost saving Cost Nutritional Age Type Single- Comparison ONS use

per subject saving status group of or (months)

in favour of (% of study multi-

ONS group  controlf centre
Freijer et al 2017 Model C €90.1 4.7 M >65y | Multi ONS v no ONS >3 mo
Hirsch et al 199% 51 C - (lossy loss M + NM <65y | Single  ONS v no ONS>3 mo
Wilson et al 2001 32 C + (savind)  saving M <65y | Multi ~ Other >3 mo

20nly full text papers and analyses of full text @ein reports are included.

b Details of the retrospective economic analysesbeafound in the BAPEN repdft

¢ Positive values indicate that the net balancedes/the ONS group (lower cost in the ONS group thacomparison group) and the negative sign, the
comparison group (higher cost in the ONS group tharcomparison group)

4 Based on average of the mean age of the grouph/et/

®largely based on stutlyin which the mean age was <65 years

H = Hospital; C = Community; pre-op = pre-operatipest-op = post-operative. The sequence indicatesrder in which ONS was administered (e.g. HC =

hospital first and then community); M = malnouridh8M = non-malnourished; | = interventional; O bservational
"ONS v routine care (which may include use of SG@NS)
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Table4

Cost saving (study level analysis) in favour of @S group by age, nutritional status

and study desidn

% cost-saving (continuous data)

Cost saving (binary data)

N Median P valug N analyses P valué
analyses  (inter-quartile favouring
range) ONS/total N

< 65 years 8 13.9 (112) 0.012 9/10 0.021
>65 years 5 4.7 (36.7) 0.893 3/5 1.000
Malnourished 8 7.4 (14.1) 0.893 8/9 0. 039
Malnourished + non malnourished 6 8.9 (11.2) 0.263 6/7 0.125
ONS v no ONS 10 11.5(7.8) 0.006 10/11 0.012
Other comparisofis 4 11.2 (49.9) 1.000 3/5 1.000
Interventional studies 12 8.9 (9.6) 0.050 11/14 .050@
Observational + interventional 2 7.4 (0.4) 0.180 2/2 0.500
Single centre studies 5 8.5 (12.9) 0.080 4/6 ®.68
Multi-centre studies 9 7.6 (9.7) 0.110 9/10 0.021
ONS use <3 months 9 9.2 (71) 0.008 9/9 0.004
ONS use>3 months 5 4.7 (40.1) 0.893 a/7 1.000
ONS community 7 7.3 (9.0) 0.237 79 0.180
ONS community + hospital 7 8.5 (10.0) 0.028 6/7 .128
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% cost-saving (continuous data) Cost saving (binary data)

N Median P valu@ N analyses P valué
analyses  (inter-quartile favouring
range) ONS/total N
Modelling studies 3 7.59 0.109 3/3 0.250
Other studies 11 8.52 (9.5) 0.062 10/13 0.092

@ Based on data presented in Table 3

® One sample Wilcoxon signed rank test of the diffiee between groups (against a test value of D). Al

median values are positive indicating a cost sawirfgvour of the ONS group

¢ Binomial test (against test proportion of 0.5 (faking or not favouring ONS group)

4P <0.05 for < 65 years v >65 years and short-tetomg-term (Mann Whitney U test)
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1 Table5

2  Contribution of ONS and the overall interventiorhalthcare costs according to prospectively ua#tert studies which included

3 cost as an outcome variable

Setting of Comparison  Duration of Period of cost Details of costs % costs due to % costs hospital
ONS interventior assessment
administration (months)  (months)
ONS Interventior® ONS groug  Control grou
Smedley  Community ONS v no ~0.5 ~1.7 Costs include staff ~1 ~1 >90 >90
et al (pre-op), ONS time, consumables,
2004% hospital ward costs, ward-
based tasks e.g.
wound dressing,
urinary
catheterisatioh
Smedley Community ONS v no ~1.75 ~1.7 As aboVe <5 <5 >85 >90
et al (pre-op), ONS
2004° hospital and
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Setting of Comparison  Duration of Period of cost Details of costs % costs due to % costs hospital

ONS interventior assessment
administration (months)  (months)
_ ONSE Interventiol® ONS groug  Control grou
community
(post-op)
Smedley Hospital, ONS v no ~1.25 ~1.7 As above <3 <3 >90 >90
et al Community ONS
2004° (post-op)
Neelemaat Hospital, ONS + Hospital 3 Direct healthcare <6 6 69 73
et al Community dietary stay + 3 costs (hospital
20124 advice + months admission, specialist
Ca/Vitamin  following visits), non-direct
D vroutine  discharge healthcare costs
care (complementary

medicine, informal
care) and indirect

costs (absenteeism
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Setting of
ONS

administration

Comparison  Duration of Period of cost Details of costs

interventior assessment

(months)

(months)

% costs due to

% costs hospital

ONS Interventior®

ONS groug  Control grou

paid and unpaid

labour)

Edington  Community
et al

20045

Arnaud-  Community
Battandier
et al

2004°

ONS v no 3.1

ONS

High ONSv >3°
low ONS
prescribing

GP practices

12

Cost of GP
consultations, district
nurse visits, hospital
admissions,
outpatient
appointment and
costs of other social

services

Hospital admissions,
visits by GP,
physiotherapist, and

other specialists,

7-11°  7-11°

(<10) (<10)

23 23

87

63

80

79
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Setting of Comparison  Duration of Period of cost Details of costs % costs due to % costs hospital
ONS interventior assessment

administration (months)  (months)

ONSE Interventiol® ONS groug  Control grou

examinations and

other costs.

#1n the case of Neelemaat et al 2012 the intergariticluded more than ONS (see column 3)

®The calculations of hospital cost were based ordagocosts which included the cost of surgery (ttiginal paper by Smedley et%éxcluded the cost of
surgery). The non-hospital costs were based on Byetat®.

“Assessed during the 3 months after discharge frospital

YBased on costs of supplements (£308.14) estimetetithe BAPEN report). The range allows for +15% uncertainty for the afshe supplements (in

reality a mixture of supplements) as well as areagmt discrepancy between two sets of calculatadl ¢costs reported in the original paper.
°Since the cost for ONS was €565 per patient, amat#d duration of 3 months of ONS administratigiikely to be a conservative estimate (€565 cdwalde

purchased a standard ONS (200mL(300 kcal/day) ggrfdr>6 months at the time of the study)
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Table6

Cost-effectiveness analyses in the community gewith quality adjusted life year

(QALY) as the effectiveness measure

Norman et al 201

Neelemaat et al 201»

Country

Conditions (age of patients)

Intervention

Costs

Quality of life tool
Average incremental cost effectiveness ratio:

‘Cost/QALY™

‘Cost/unit’ improvement in functional
limitation (scale 0-6)
‘Cost/unit’ improvement in physical

activity (scale 0-6)

Germany

Benign gastrointestioaditions

(mean age 51 years)

ONS + dietary counselling v
dietary counselling
Direct healthcare costs of

supplement only

SF-36

€12,099 (high price ONS)

€9,497 (low price ONS)

Netherlands

Wide range of medical and
surgical conditions_(> 60 years;
mean age 74.5 years)

ONS, dietary counselling and vit
D + calcium v routine care
Direct healthcare costs + direct
non-healthcare costs + indirect
healthcare costs

EQ-5D

€26,962

€618

€4,470

& Direct healthcare costs accounted for 94.4% ofdtad costs in the intervention group and 94.6%

control group.

® cost/QALY’ = extra cost per QALY gained (Incremehtost effectiveness ratio). A negative sign

indicates that there is an overall cost saving.

¢ The result shown is the main analysis involvingimion to treat analysis for patients who did diet

Results were also calculated using complete caalgsas (€13,581) and per protocol analysis (€318),80

41



~W

0 ~NO

Duplicate

studies:
N = 6,221

1°' pass exclusion:
N = 16,547

/ 2" pass exclusion: \

Reasons for exclusions

(N=39)

¢ 23 no ONS/no ONS costs

* 7 review articles with no
additional relevant studies
identified

« 4 disease-specific feeds
(“immunonutrition”)

« 1 ongoing or proposed
study

* 2 not standard ONS

¢ 1 not intervention

* 1 other

f—

—

Database searches
Potential studies

N = 22,819
A\ 4
Included:
N = 16,598

\ 4
Included: N = 58 ]

Clinical
awareness/ hand
searching:
N=7

B L

.

Included:

19 publications:

9 full text papers (5 RCTs, 1
observational study, 3 based on
retrospective analysis of data,
mainly from RCTs)

9 abstracts

1 report (with retrospective
analyses of 6 full text RCTSs)

4

Figure 1. Flow diagram of publication included and excludethe review (RCTs =

randomised controlled trials)
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11

Difference Standard Difference in means

Setting Patients in means error p-Value and 95% CI
Smedley et al 2004'%" C(pre-op)  Surgical -332 264 0.209 GBP
Smedley et al 20047%" CHC Surgical -329 301 0.274 GBP
Smedley et al 2004 18" HC Surgical -294 290 0.310 GBP
Neelemaat et al 20124 HC Non-surgical 403 2195 0.854 Euro
Edington et al 200428 C Non-surgical 843 553 0.128 GBP
-5000 -2500 0 2500 5000
Favours Favours
ONS control
Std diff Standard Std diff in means
Setting Patients in means error  p-Value and 95% ClI
Smedley et al 2004"8" C(pre-op)  Surgical -0.273 0.218 0.211 —1-—
Smedley et al 2004 18" CHC Surgical -0.254 0.233 0.276 —to+
Smedley et al 2004"%" HC Surgical -0.230 0.227 0.312 e
Neelemaat et al 2012'* . HC Non-surgical 0.033 0.182 0.854 e s
Edington et al 2004°° C Non-surgical 0.265 0.175 0.129 +——1
-0.059 0.111 0.594 -
-10 -05 0 05 10
Favours Favours
ONS control

Figure 2. UpperForest plot of absolute cost savings expressedtiomal currency units
(GBP = British pound; Euro = European currency)uniwer Standardised meta-
analysis of costs in the ONS and comparison (cHrgroups based on RCTs. A negative
value indicates a cost saving in favour of the @X&ip. The setting of ONS
administration is indicated (C = community; CHCamanunity followed by hospital and
in the community again after discharge from ho$pH& = hospital followed by the
community; C(pre-op) = preoperatively although @yhave been continued for a short
period in hospital before surgery). * Calculatethgsiata presented in the BAPEN

report?.
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Norman et al 201212

Edington et al 20042°

Hirsch et al 1993%%"

Wilson et al 200147
Arnaud-Battandier et al 2004'°
Smedley et al 2004 (SC)'®"
Smedley et al 2004 (55)"%
Smedley et al 2004 (CS)"®"

Neelemaat et al 2012

Setting Measure

O 0O OO0

C

C (preop)
CHC
HC
HC

o T T o

o o o o

Difference
in means

-41.163
-1.923
-46.875
-14.631
-21.041
-9.220
-17.021
-4.965
6.667
-16.535

Standard

error

18.649
27.545
18.169
14.000
4.606
8.753
9915
11.263
16.280
3.996

p-Value

0.027
0.944
0.010
0.296
0.000
0.292
0.086
0.659
0.682
0.000

Difference in means
and 95% CI

-100

-50

0 50 100

Favours Favours

ONS

control

Figure 3. Meta-analysis of hospitalization in the ONS anchparison (control) groups

based on RCTs. The results expressed as a pereaitegntrol group (negative values

indicate a cost saving in favour of the ONS graDp; community; CHC = community

followed by hospital and in the community agaireaftischarge from hospital; HC =

hospital followed by the community; C(pre-op) =gperatively although it may have

been continued for a short period in hospital kegurgery). a=proportion of patients

admitted; b = N admission/patient; ¢ = proportidstody period spent in hospital; d=

bed-days/patient. * Calculated using data presentédte BAPEN repoft.
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Supplementary file 1 (Details of included studies and further
meta-analyses)

A systematic review of the cost and cost effectassnof using standard oral
nutritional supplements in community and care heeténgs
M. Elia, C. Normand, K Norman, A Laviano

This supplementary file contains additioméibrmation on the included studies and on

meta-analyses.
1 Details of included studies

1. 1 General features of included studies

1-23 15-18, 20-23
1

Table 1 indicates the general study charatiesi'? (including abstracfs
which are identified below) and the funding soureese studies were either single centre or
multi-centre studies involving either malnourisiedy.>> * % 1% ¥ or a combination of
malnourished and non-malnourished subjects te:g°%. The BAPEN report included

+* ®and multi-centre studig< in which ONS is given in the community setting

both single?
(= hospital). The intervention was generally targeted at spepditents, who were typically
randomised to receive ONS or no ONS (patient lentelvention), but in two care home
studies (both reported as abstracts), it was tadigat the institution which were studied
before and after implementation of policies thailegal to all residents with a wide range of
clinical conditions (institution level interventipf 2
1.1.1 Cost analysis

Nine publications involved administration oS in the community only (papéfs
abstractS™9), three in hospital and the community (papetsind abstra€} and one a
combination of the above (a component in the conityatone and other components in

community and hospitdifadditional data in the BAPEN report from personal

communication with the authdfs In those involving ONS, administration in bothspial
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and community settings, the sequence of ONS adtratien varied (Table 1): in the
community followed by hospital (surgical studfe$)? in hospital and post discharge from
hospital' > ® and before (community), during (hospital) an&afcommunity) admission to
hospital' . Of the nine primary studies with prospective aslyses (papers: 14 19
abstract$ ?>%j one was an observational study with a parallsigi®* and eight were
interventional studies (six of which were RCTs (@ap® > ¥ abstracts %) and two others
with ‘before and after’ designs (abstr&ét&). Most publications (papers® ** 2 abstract¢”
18.20.23 reported retrospectively analysed data, includirgBAPEN report*, which
undertook 10 cost analyses using data from sixlighéd papers of RCT4 °’

Only four studies with cost analyses involeage homes: an RGT two studies with a
before-and-after design (abstrdét) and another based on modelling (abstfact)

Only two studies, reported as abstracts, appdaave considered the cost of both
screening and assessment. One of these was aegtissfrare home stutfyand the other of
a modelling study in the communitypersonal communication, A Cawood).

1.1.2 Cost-effectiveness analysis

Of the four prospective RCTs with cost-effeetiess analyses (paper¥ * abstrac?)
one started with ONS in hospital and continuedh&n tommunit{}?, another in the
community after recruitment from hospifaland the other two in care hontés?

Publicationd 1> 13

in which the costs were not quantitatively redatie specific effectiveness
outcome measures were included in the ‘cost-arglyategory.
1.2. Country
1.2.1. Cost analysis
Prospective cost analyses were undertakereitUK (papers ™ abstract$' ?J, the

Netherlandy Francé® and the Czech Republic (abstfictThe BAPEN repoff included

retrospectively analysed studies from the UK, USA &hile. The remaining publications
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reported retrospective analyses based on costsmafig from specific countries
(Netherlands (papers*?abstract® '), Germany (papet’s *?abstract® %, UK
(abstract)), but modelling studies typically used clinicafarmation gathered in other
countries (full text papets *j or unspecified countries (all abstrdet® 2. Of 31 cost
analyses, 16 were based on clinical data from tke U

1.2.2 Cost-effectiveness analysis

The four cost-effectiveness analyses weredasestudies undertaken in the
Netherlandy German$’, USA (care home studf}), and the UK (care home study reported
only as an abstr&d).

1. 3. Intervention v. alternative group

The following comparisons were made in comrtyustiudies (x hospital): ONS v. no
ONS (papers® % 2 %3nd abstract8?®; ONS plus dietary advice plus calcium/vitamin D v
routine car& ONS plus dietary advice v. routine cdrandthe cost of treating malnourished
patients in high v. low ONS prescribing generakfices®. Modelling studies depended on a
range of previously published clinical data in whtbe comparison was ONS v. no ONS,
with the exception of one which compared the grialimg ONS with a range of alternative
groups (standard care, placebo, dietary adviceoandfmal diet; abstrat), to reflect the
designs of clinical trials that underpinned the elo@he BAPEN report included studies that
made various types of comparisons: ONS v. no ©®OISS v. routine caré ONS v. placebo
capsule% and ONS plus dietary advice v. routine care &fieadvice when need€d)

In the care home studies, the comparisons asfellows: ONS v. snacks taken between
meals (plus a control group for further comparigttiMalnutrition Universal Screening
Tool’ (‘MUST’) framework of nutritional care whichncludes ONS v. routine care
(abstract®” #); ONS v. dietary advice (abstr&)t and ONS v. no ONS (abstrajt

1.4. The duration and amount of ONS prescribed
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Cost analyses were based on short-term adnaitiesr of ONS in the community (<3
months, and as short as 15 days) as well as longadministrationX3 months, and up to 8
months in some patient groups). The amount of Qi¢8dted ranged from 259-720 kcal/day
depending on the study and setting. Some studiestesl only the amount of ONS
prescribed and several abstracts did not repdrérethe amount or duration of prescription.
Details are shown in Tablel.

1.5. Primary and secondary outcomes

The only clinical study in the community, imieh the primary outcome measure was a
cost analysis, was a long-term observational statyparing the cost of treating
malnourished patients at general practices witts@ty of high v. low rates of ONS
prescription’. Another report suggested that the primary aim avesst-effectiveness
analysi$, but this appears to be contradicted in otheripatibns of the same RCT?* 2’
including a thesis describing the overall desifthe RCT which indicated that the primary
outcome was a change in activities of daily liv{atso stated in one of the publications that
reported sample size calculations based on furaltistatu&®). Another paper, which stated
that it aimed to assess the cost-effectivenesysinaf ONS, was based on clinical data of a
previously published clinical trial, which primariaimed to investigate the effect of ONS on
functional status and body composifidnin three community studies (papért; abstrad)
two of which had a hospital componkfita secondary outcome measure was a cost analysis.

Within the care home setting, one study didmake it clear if the cost-effectiveness
analysis was the primary or secondary outcome medsli stated that it aimed to address
three outcomes (total caloric intake, staff timguieed to implement the interventions, and
cost effectiveness) without specifying the primawgcome measure and without undertaking

sample size calculations on any of these outcomesiother study, the secondary outcome
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was a cost-effectiveness analysis (absthrdtwo other prospectively undertaken care home
studies, reported only in abstract form, also ptedisome economic dats

In abstracts of economic models in the comiyuand care home settings, the primary
outcome was a cost analysis established usingnadtiariffs for specific countries and
clinical data from various countries (papet$ 3 or an unspecified source of clinical data

(abstracts™% 4.

1.6. Sample size calculations

None of the publications included sample size datmns for costs or cost effectiveness.

2. Meta-analyses

Two sets of additional meta-analyses are presdygkeav, one involving costs and the other
hospitalisation.

2,1. Costs

In the main paper Figure 2 shows two forestspdd prospective cost analyses based on
randomised controlled trials undertaken in the camiby (+ in hospital). The upper forest
plot was not linked to a meta-analysis becausealts from these studies, which were
undertaken in different countries at different taynare reported in various national currency
units. The lower forest plot shows the results egped as standardised differences, which
were amalgamated using a random effects meta-amabyproduce summary statistics (-
0.059 (se 0.111); P = 0.594). A series of subgragfa-analyses were also undertaken. The
first of these, which involved three datasets framy one studyinvolving patients
undergoing abdominal surgery who were given ONéncommunity (+ subsequently in
hospital). The meta-analysis showed a net coshganfiborderline significance in favour of
the ONS group, irrespective of whether the resuéiee expressed in British pounds (£318.92

(se £163.69, P = 0.051 (3 datasets}; 0%, P = 0.995) or as standardised differences (-
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0.253 (se 0.130), P = 0.053):4 0%, P = 0.003). The second of the meta-anaipsedved
the addition of another study in which ONS was giireboth hospital and community
(standardised difference, -0.127 (se 0.098), PL83)(4 datasets)’ £ 0%, P = 0.546). The
third meta-analysis involved the addition of yeb#ner study in which ONS was given to
patients recently discharged from hospitahd resulted in the standardised difference
becoming even smaller (-0.067 (se 0.096), P =10(B3atasets);* £ 14%, P = 0.322).
Although all meta- analyses favoured the ONS groope was significant.
2.2. Hospitalisation

The main paper reported that a series of me#dysis involving 10 datasets from eight
publications ® 7 * 2 had been undertaken. The surgical study of Smedla provided
three datasets that compared a control group riegeno ONS with three groups receiving
ONS in the community (£ hospital); the first redary ONS pre-operatively only; the second
before, during and after hospitalisation; and thiedtduring and after discharge from hospital.

When only the longer term studies of threenore months of ONS supplementafidn®
1. 2%4\vere included in the meta-analysis, hospitalisatias reduced as much as 20% in
favour of the ONS group (point estimate 20.3% (g€4), P=0.001; 6 datasets, N = 747
subjects; 1=26%, P = 0.239). When only the short-term (<3 themf ONS supplementation)
surgical studies were included in the meta-andiysi®spitalisation was also reduced in
favour of the ONS group (12.9%, (se 4.9%), P = 8.@0datasets, N = 383f:+ 0%, P =
0.716). And when only the surgical studies invadypre-operative ONS administration in
community component are considered there was tikidnge in the result (14.9%, (se 5.4%),
P = 0.007; 5 datasets, N = 304)=10%, P = 0.694).

A meta-analysis involving both long-term amadi-term studies showed an overall
reduction in hospitalization in favour of the ON®gp by 17.3% (se 3.6%; P < 0.001; 10

datasets, N = 1140) £ 3%, P =0.386), which changed little when thelgtof Arnaud-



Battandier et af, the only one that was not a RCT, was excluded®fh4(se 4.4%), P =
0.001; 9 datasets, N = 819 subjects¥7%, P = 0.380). And finally when only the full tex
papers are considered in the meta-analysis (thadviad removing the study of Manasek et
al’, the only study reported in abstract form) theurtion in hospitalisation again favoured
the ONS group (16.5%, (se 4.0), P = 0.001; 9 detasle= 1051 subjects)’ $16%, P =

0.307.



Tablel

Details of studies included in the review

Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (Y))
Smedley Cost RCT Gpl: Gp 1: Gpl: Pre- ONSvno Elective Well-nourished 179 (4 Numico
et al analysis: Communit op- ONS moderate/ and groups 152 (now
Pre-op:
2004 prospective y (pre-op + Ad-libitum 14.5days; major lower  malnourished (at completed) Nutricia)
536
(UK) (not Hospital + ONS Post-op- 7 Gl surgery risk defined by
kcals/day
reported) Communit encouraged days combination of
; Post-op:
y post-op) inpatient - (Gp 1: mean BMI, history of
300
Gp 2 4 weeks 55 (range 26- weight loss and
kcals/day
Communit outpatient 81l)y; Gp 2: age; 33% at risk
(inpatient
y (pre-op) 61(23-84)y; and 67% not at
); 340 Gp2: Pre-
Gp 3: Gp 3: 62 (22- risk in each
kcals/day op-
Hospital 83)y; group)
(outpatie



Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (Y))
(post-op + nt) 15.1days Control:63
Communit (25-88) y)
Gp 2: Gps3:
y post-op)
Post-op
Pre-op:
8.7 days
542
inpatient -
kcals/day
4 weeks
outpatient
Gp 3:
Gp4: No
Post-op:
ONS
258
kcals/day
(inpatient



Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
); 259
kcals/day
(outpatie
nt)
Gp 4:
No ONS
BAPEN report’
(i) MacF Cost RCT (4 Gp 1: Minimum  Gp 1: Gp 1: ONS v no Elective Well-nourished 73 Not stated.
ie et analysis: groups Communit 500- b _ Pre- ONS major Gl and (groups
al retrospectiv  with pre- y (pre-op + 600kcals/d 4:1-0p. op~15 surgery malnourished 1,2 and 4)
2000 e and post-  Hospital)  ay, ONS days (Gp 1 (ONS BMI <19 kg/nt:  (after 12%
kcals/day
(UK) (2003 prices op Gp intake Post-op: pre- and Gp 1: 4%; Gp 2: had
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
in BAPEN interventio 2:Commun assessed by ; Post-op 7-10 days post-op) 13%; Gp 4: 0%. operations
report) n) ity (pre-op) patient held 268 (inpatient mean 63 (41- > 10% of cancelled
diary. kcals/day ) 86)y; Gp 2 recalled pre- or
: Gp 2 (ONS pre-op) illness BW in required
(inpatient 68 (23-84)y; 6/12: Gp 1: urgent
) Pre-op Gp 4 (no 33%; Gp 2: 8%; surgery)
~15 days ONS) 66 (23- Gp 4: 20%
Gp 2:
Gp 3: 86) y)
Pre-op:
536 ONS in
kcals/day hospital
: only
Gp 3: Gp 4:
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
ONS in No ONS
hospital
only
Gp 4: No
ONS
(ii) Flynn  Cost RCT Communit  Amount Not 10-21 ONS + diet  Elective Malnourished 36 Not stated
etal analysis: y (pre-op) not stated  stated days counselling v surgery for (<80% standard
1987 retrospectiv but no ONS (diet head and weight for
(US) e (2003 prescribed counselling  neck cancer height
prices in according only) (mean age 64 (insurance
BAPEN to patient y) tables); body
report) requiremen weight or loss
ts; 5% in 1 month
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
or 3 or more
abnormal
nutritionally-
relevant blood
tests
(iii) Cost RCT Hospital & Most <12 days ONS + Elective Malnourished 109 (101  Study
Beatt analysis: Communit Encourage patients and routine care  surgery BMI <18 kg/nf  completed funded and
ie et retrospectiv y dto consume continued v (ONSnot (gastrointesti or BMI <20 ) supported
al e (2003 consume  d 300- for 51 mentioned as nal & kg/m? and/or by Abbott
2000" prices in 600 600 days after being cardiovascula <15% upper arm Laboratorie
(UK) BAPEN kcals/day  kcal/day; hospital excluded) r) (Age 18-80 anthropometry s
report) discharge y; ONS Gp:  and/or>5%
54.4 (sd weight loss from
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /

(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic

(year of used s (age in

prices) years (y))

19.4)y v admission to 8

control 62.4  post-op day)

(sd 10.9) y; P
<0.05)
Freijer & Cost Modelling Communit Assumed  Actual 17days ONSvno Abdominal Malnourished 160,283 Funded by
Nuijten  analysis: study y & that intake not (8.5 days ONS surgery Source data abdominal the
201CF retrospectiv.based on  hospital 600kcal/da stated before involved procedure Associatio
(NL) e model observation y was (modellin  surgery ‘MUST’ and s per n of Dutch
using al and prescribed; gstudy) and 8.5 other criteria annum Infant and
previously interventio days after Dietetic
published nal data surgery). Food

14



Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (Y))
data) (2008 Industries
—inflated (VNFKD)
from 2004
prices)
Community studies
BAPEN report’
(iv) Cost RCT Communit Actual 3.2-8 ONS v no Decompensat No restrictions 51 Not stated
Hirsc analysis: y Instructed intake not months ONS ed alcoholic  according to
het retrospectiv to consume stated (placebo liver disease protein energy-
al e (2003 1000kcal/d capsule) (ONS 49.9 energy status
1993 prices in ay. (sd 8.7) v,
(CL) BAPEN control 46.0
report) (sd 8.0)y)
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
(iv) Cost RCT Communit  250-500 Actual Upto6 ONS + Chronic ‘Malnourished’ 32 Assistance
Wils  analysis: y kcal intake not months dietary kidney (hypoalbuminae and
on et retrospectiv prescribed; stated but not advice v disease mia 25-34 g/L) support
al e (2003 for those routine care (haemodialys from
2007 prices in who (dietary is) (ONS 64 Nestlé
(US) BAPEN became  advice when (sd 8.6)vy, Clinical
report) replete at needed) Comparison Nutrition
2 months 68 (sd 10.5)
(28%) y)
Manasek Cost RCT Communit 600 Actual 10days ONSv Abdominal Malnourished 143 (37 One of the
et al analysis: y (pre-op), kcal/day intake not pre-op conventional surgery and non- ONS, 106 authors,
2013 prospective Hospital prescribed stated and 2 care (colorectal malnourished control) employee
(Abst) (not and weeks cancer) (18- of Nutricia
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
(CR) reported) Communit post-op 80 y; mean
y (post-op) (length of 64y)
hospital
stay 9.6
days)
Neelema Cost RCT Hospital Expected 80% 3 months ONS, dietary Elderly Malnourished 210 The
at et al analysis and and to increase adherenc after counselling, patients, (BMI<20 and or Netherland
2012 CEA (ICER: Communit intake by etooral hospital vitamin D + mixed >5% s
(NL) ‘cost/ y 600 nutritiona discharge calcium v conditions unintentional Organisatio
QALY’, kcal/day | support  (but routine care weight loss in n for
‘cost/unit started on (Gp with last month or Health
functional admission ONS, 74.6 >10% in last 6 Research
disability’ to (sd9.7)y; months) and
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
and hospital) control, 74.4 Developme
‘cost/unit (sd 9.3)y) nt
physical
activity’):
prospective
(2008)
Norman CEA (ICER: RCT Communit 900 ~720 3months ONS + Benign Gl Malnourished 114 Financially
et al ‘Cost/QALY’ y (post kcal/day kcal/day dietary conditions (SGA grade B or supported
2011° ): discharge intake counselling v C) by
(DE) retrospective from dietary (ONS, 50.6 Fresenius
(2008) hospital) counselling  (sd15.3) y; Kabi
control, 50.9
(sd 15.9) y)
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
Edington Cost RCT Communit 600-1000 342 99 days ONS + Elderly Malnourished Study
et al analysis: y (post kcal/day) kcal/day; dietary patients, BMI <20, or 20 funded by
2004 prospective discharge advice v mixed t0<25 kg/ni, Abbott
(UK) (2000) from control conditions with weight loss Nutrition.
Hospital) (standard >10% in last 6 Some of
care, no (ONS 76.8 months or5% the authors,
ONS) (sd 5.3) y; in last 3 months employees
control 79.3 of Abbott
(sd 8.0) y) Laboratorie
s
Nuijten Cost RCT Communit Cost based Actual 3 months ONS v no Clinical data Malnourished or RCT (80  Supported
& analysis: (Normanet y on 600 amount  (with ONS largely based at risk of by
Mittendo retrospectiv al 2008) kcal/day; not stated sensitivity on data malnutrition unrestricte
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /

(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
rf e (2007 (modellin  analysis obtained (SGAINnRCT by edto d grant
20122 prices for g study) performed from patients Norman et al national from
(DE) ONS) on range with benign  2008¥° population Nutricia
of 2 and 4 Gl S GmbH,
months) disease/acute Germany
illness
(Norman et
al 2008%°
Friejer, Cost Modelling Communit 600 Actual 3months ONSvno  Elderly >65 720,223 Not stated
Nuijten  analysis: study y kcal/day amount ONS years (one author
& Schols retrospectiv. based on prescribed not stated (KF)
2012°% e model observation (modellin employee
(NL) using al and g study) of

20



Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
previously interventio Nutricia)
published nal data)
data (2009)
Arnaud- Cost Observatio Communit Amount Actual costs of High Elderly Malnourished 378 Nestlé
Battandi analysis: nal study vy (patients notstated amount  €565/pati frequency of (infrequent (MNA <17 Clinical
er et al prospective  (of high in own not stated ent ONS ONS, mean 57%) and at risk Nutrition
2004 (2000) and low homes and suggests prescription 85.2y; of malnutrition (part
(FR) prescribing care >3 v low frequent (MNA <23.5 funding)
general homes) months)  frequency of ONS 85.0y) 43%)
practices) ONS
prescription
Cawood, Cost Modelling Communit 2 units/day Actual 2months ONSv Multiple Treatment of Model All authors
Green & analysis: study y (600 amount combination conditions malnutrition employees
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
Stratton  retrospectiv based on kcal/day); not stated of alternative according to of Nutricia
2010° e model interventio (modellin groups (no ‘MUST’
(Abst) using nal data g study) ONS,
Model previously standard
for UK published care,
(clinical  data placebo,
data (2009/10) dietary
establish advice,
edin and/or
several normal diet)
countries
)
Freyer & Cost Modelling Communit Amount Actual Dumt ONS vV no Not stated Malnutrition Model One bét
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic

(year of used s (age in

prices) years (y))
Nuijten  analysis: study y not mount not ONS (criteria not authors
2010° retrospectiv  based on reported not stated reported specified) (KF),
(Abst) e model clinical (modellin employee
(Model using trials and g study) of Nutricia
for the previously  published
NL) published literature

data (2009)
Nuijten Cost Modelling Communit Amount Actual Duration ONS v no Not stated Malnutrition Model One of the
& Freijer analysis: study y not amount  not ONS (criteria not authors
2010" retrospectiv  based on reported not stated reported specified) (KF),
(Abst) e model clinical (modellin employee
(Model using trials and g study) of Nutricia
for the previously  published
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic

(year of used s (age in

prices) years (y))
NL) published literature

data (2009)
Nuijten Cost- Modelling Communit Amount Actual Duration ONS v no Not stated Malnutrition Model One of the
& Freijer analysis: study y not amount  not ONS (criteria not authors
2010° retrospectiv._based on  (ambulator reported not stated reported specified) (KF),
(Abst) e model clinical y setting) (modellin employee
(Model using trials and g study) of Nutricia
for DE)  previously  published

published literature

data (2009)

Care home studies
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
Simmons CEA (ICER: RCT Long-term 324 5 days per ONS v Elderly, 54% Malnourished 63 National
et al ‘Cost/kcal care Amount kcal/day week for snacks v with (24% BMI Alzheimer’
2010°  gained): facilities (2 notstated (weekly 6 weeks  control dementia; <20kg/nf) and s
(Us) prospective nursing mean) or (usual care) (mean well nourished Associatio
(2006) homes and 391 MMSE 14.12 n and
1 Veteran kcal/day (sd 8.88)) National
Affairs (post (86.86 (sd Institute of
facility) interventi 11.26) y) Aging
on mean)
Cawood Cost Interventio Care home Amount Amount 3 months Beforev Elderly Treatment of 208 Some
et al analysis: nal study not not stated after (median 86  malnutrition authors,
2009%° prospective (care home reported implementati (37-105)y) according to employees
(Abst) (not level) with on of ‘MUST’ of Nutricia
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (y))
(UK) reported) a before ‘MUST’
and after Framework
design (including
use of ONS
for high risk
patients)
Baggaley Cost Interventio Care home Amount  Amount 3 months Before v Multiple Treatment of 132 Some
et al analysis: nal study not not stated after conditions in  malnutrition authors,
2013 prospective (care home reported implement- care homes according to employees
(Abst) (2011) level) with ation of (83 (sd 9)y) ‘MUST of Nutricia
(UK) a before ‘MUST’
and after Framework
design (including
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /
(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic
(year of used s (age in
prices) years (Y))
use of ONS
for high risk
patients)
Parsons CEA (ICER: RCT Care home Amount 333 3 months ONSv Elderly Malnourished 104 Nutricia
et al ‘Cost/QAL not stated kcal/day dietary (88 (sd8)y) (‘MUST’ (unrestricte
20172 Y): intake advice medium + high d
(Abst) prospective risk) educational
(UK) (2006/09) grant)
Nuijten Cost Modelling Care home Amount  Actual Duration ONS v no Not stated Malnutrition Model One of the
& Freyer analysis: study not stated amount  not ONS (criteria not authors
20167 retrospectiv  based on not stated reported specified) (KF),
(Abst) e - model clinical (modellin employee
(Model using trials and g study) of Nutricia
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Authors  Type of Type of Setting Target Actual Duration Comparison  General Nutritional Sample Funding /

(Country economic study amount of amount  of ONS subject status (method) sizé support
) analysié ONS of ONS use characteristic

(year of used s (age in

prices) years (y))

for DE) previously  published
published literature
data

(2009)

UK = United Kingdom; US = United States; NL = Natlaads; CL = Chile; CR = Czech Republic; DE = Genya=R = France; RCT = randomised controlled titzh; =
group; ONS = oral nutritional supplement; BMI = lyadass index; BAPEN= British Association for Entexad Parenteral Nutrition; BW = body weight; ‘MUST
‘Malnutrition Universal Screening Tool’; CEA = cestfectiveness analysis; ICER = incremental coietiveness ratio; QALY = quality adjusted life ye&l =
gastrointestinal; SGA = Subjective Global AssesdmdiNA = Mini Nutritional Assessment; MMSE = Mini bhtal State Examination; Abst = abstract

#1n cost-effectiveness studies, ‘cost /effectivemmeasure’ represents the extra cost per unitteff@ess measure gained e.g. ‘cost/QALY’ = extrst per quality adjusted
life year gained.

® Number of patients randomised to intervention amtrol groups.
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Supplementary file 2 (Assessment of therisk of bias)
A systematic review of the cost and cost effectbgsnof using standard oral nutritional
supplements in community and care home settings

M. Elia, C. Normand, K Norman, A Laviano

This supplementary file contains additional infotima on the risk of bias associated with the
papers included in the review.

Table 1 shows a summary of the assessmeheafuality of RCTs (based on Cochrane
Handbook for Systematic reviews of Interventiyrd Table 2 the quality of studies with
economic data (based on the criteria provided ynbnond et &). Since the RCT and economic
criteria differ and since the same study may seerg differently depending on the type of
criteria used, specific economic and non-economiier@ were applied to individual as well as
groups of studies to enable an overall judgemerhemisk of bias to be made. A narrative
discussion of the potential risk of bias is prodadie the text below as well as in the main paper
including the limitations of assumptions used indedting studies, which may be based on a
combination of economic outcomes and clinical ontes derived from both RCTs and
observational studies).

Overall, the potential risk of bias among mestiewed studies was considered to be medium.
The method of randomisation was not stated in ségtudies, and blinding not stated to have
been undertaken, although in one study the invastig were blinded to certain aspects of the
trial®. There were two RCTs with no dropouts, anotheh & dropouts, and the remaining 10
RCTs with 6-42% dropouts. One study indicated ithased intention to treat analysis using
unstated methodologynd another using multiple imputatfoalthough the calculations did not
include those who died, despite the influence atliden cost-effectiveness (cost-utility) analyses

involving QALYs. In a few RCTs there were signifitdbaseline imbalances in subject



© 00 ~N o o b~ wWw N P

N ONNN R R R R R R R R R
W N B O © O N o 0~ W N B O

24

25

characteristics’ that were not adjusted for using statistical asedy The single observational
study’ (not included in Table 8 of RCTs) was consideretptially to be subject to at least
moderate or high risk of bias, according to the SBE criterid. The reasons for
dropouts/excluded subjects were not reported. viiolup rate of 74% of patients was reported in
three districts and only 41% from another distfict 59 patients), the latter being excluded from
the analysis because the investigators felt tleatitita were of poor quality. The study also
excluded outliers with unusually high costs, arsbalosts associated with medical care
utilisation were not considered to be directly tetbto malnutrition (including falls), in an
attempt to reduce variability. The two groups iis ttudy also differed significantly in certain
baseline characteristics, such as housing statitrtianal status, nutrition-related morbiditiesdan
prescription of drugs affecting gastrointestinaldtion, but attempts were made to adjust for
baseline differences in the regression analysigyusie propensity score method.

The only full text paper of a pilot study ifving care home residerifsvas also considered to
be at potentially substantial risk of bias. In fliesence of a 27% dropout rate, and a highly
significant baseline imbalance between the comgtrolip and the two intervention groups in the
between meal costs, an intention to treat analyisisstatistical adjustments was not undertaken.
The dietary intake methodology, the main outcomasuee, may also be potentially at risk of
some bhias, since 56% of residents had a measusda ithat was below their estimated resting
energy needs (implying that the mean reported griatgke would fall well below their
estimated total energy needs) but their weightedrid increase rather than decrease.

The studies reporting economic outcomes irptiteary papers generally met most of the
criteria listed in Table 2 (see footnotes for ad&iphs), although some deficiencies were

identified.
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Tablel

Quality assessment of randomised controlled timalslving interventions with ONS and comparabilitf/groups at baselif¢based on

referencé
Randomisation stated to Method of Blinding Method Reasons for Intention to treat Study groups
have occurred randomisation of withdrawals analysi$ comparable at
blinding  reported baseliné
(% withdrawn)
Smedley etal Yes Sealed envelopes  None stated N/A Yes (15%) No Yes with the
2004 Stratification by exception of BMI
nutritional status which was lower in
control group than
the group that
received ONS pre-
and post-operatively
Neelemaat et al Yes Computer random Primary Unclear Limited (17% No (not accordingto Yes

2012

number investigator of

generation and the analyses was

excluding deaths) originally designated

group; multiple



Randomisation stated to Method of Blinding Method  Reasons for Intention to treat Study groups
have occurred randomisation of withdrawals analysi$ comparable at
blinding  reported baseliné
(% withdrawn)
use of opaque not aware of imputation used only
envelopes patient group for those who
allocation survived)
Normanetal Yes Computer None stated N/A Yes (25%) No (not accordingto Yes
2011 generated originally designated
randomisation group)
kept by co-worker
not involved in
the study
Edingtonetal Yes Envelopes No (Open label N/A Yes (42%) but not Yes Yes

2004

BAPEN report™

prepared by

statistician

trial)

for separate

groups



Randomisation stated to Method of Blinding Method  Reasons for Intention to treat Study groups
have occurred randomisation of withdrawals analysi$ comparable at
blinding  reported baseliné
(% withdrawn)
a) Hirschetal Yes Not stated None stated N/A Yes (22%) No Yeduiting liver
1993 function, but renal
function was
significantly worse in
the control group
b) Wilsonet Yes Not stated None stated N/A (0%) N/A Yes (expental v
al 20013 control group)
c) MacFie et Yes, with double Not stated None stated N/A Yes (7%, all No (but N/Aifonly  Yes

al 2004*

randomisation, one

before surgery for pre-
operative ONS + diet or

diet alone, and the other

after surgery for post-

operative ONS + diet or

before surgery)

post-operative ONS

is considered)



Randomisation stated to Method of Blinding Method  Reasons for Intention to treat Study groups
have occurred randomisation of withdrawals analysi$ comparable at
blinding  reported baseliné
(% withdrawn)
diet alone.
d) Beattieet Yes Computer None stated N/A Yes (8% overall; No Yes, except the ONS
al 2000 generated random 7% after group was younger
numbers randomisation) than the control
group by a mean of 8
years
e) Flynnetal Yes Random None stated N/A (0%) N/A No baseline
1987° assignment information on

carried out by a
dietitian
independent of
medical

evaluation

randomised groups
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Randomisation stated to Method of Blinding Method  Reasons for Intention to treat Study groups
have occurred randomisation of withdrawals analysi$ comparable at
blinding  reported baseliné
(% withdrawn)
Simmons etal Yes Not stated None stated N/A No (27%; but No Yes
2010° unclear if this

includes deaths)

N/A = Not applicable

®Excludes deaths except when otherwise indicated

®|ntention-to-treat defined according to CONSORT @(A strategy for analyzing data in which all peigiants are included in the group to which theyewer

assigned, whether or not they completed the intdime given to the group) [http://www.consort-statmt.org/resources/glossary/e---l/intention-tottrea

analysis/ Accessed March 2014].
“In those studies in which baseline imbalance waadono statistical adjustments were made

“The BAPEN report includes Smedley €t athich is listed above



Table2

Check-list for assessing economic evaluations (&dafpom Drummond et al 2005)

Checklist % Cost-effectiveness analysis Cost analysis
Neelemaat Norman  Simmons et Edington et Nuijten & Freijer et al Arnaud-
etal 2012 etal al 2010° al 2004 Mittendorf 20127 Battandier

2011 2012° et al 2004
1 Was a well-defined question posed inV N N 273 (i,ii) N N N N
answerable form?
22Was a comprehensive description ofV X \ \ \ \ N
the competing alternatives given? (that
is, can you tell who did what to whom,
where, and how often?)
3° Was the effectiveness of the 8 V2/3 N 213 (i,iii) \ N 1/3 (i) \ 1/3 (iii) \ 1/3(iii)
programmes or services established and (i;iii)

consequences for each alternative

identified?



Checklist % Cost-effectiveness analysis Cost analysis

Neelemaat Norman  Simmons et Edington et  Nuijten & Freijer et al Arnaud-
etal 2012 etal al 201d° al 2004 Mittendorf 20127 Battandier
2011 2012° et al 2004
4° Were all the important and relevant X N N N N N
costs and consequences for each
alternative identified?
5. Were costs and consequences \ \ \ \ \ \ \
measured accurately in appropriate
physical units (for example, hours of
nursing time, number of physician
visits, lost work-days, gained life-
years)?
6. Were costs and consequences valued \ V214 (i,iv) \ \ \3/4 N 2/4 (i,ii;
credibly? 3/4(i,ii,iv' (i,ii,iii; iv i N/A)
;i N/A) N/A)



Checklist % Cost-effectiveness analysis Cost analysis

Neelemaat Norman  Simmons et Edington et  Nuijten & Freijer et al Arnaud-
etal 2012 etal al 2016° al 2004 Mittendorf 20127 Battandier
2011 2012° et al 2004
7. Were costs and consequences N/A N/A N/A N/A N/A N/A N/A
adjusted for differential timing?
8. Was an incremental analysis of costs/ \ \ N/A \ \ \
and consequences of alternatives
performed?
9. Was allowance made for uncertaintyy \ N 2/3 (isii) V 1/3(; ii V2/3 (i N/A) V2/3 \ 1/3 (iii)
in the estimates of costs and N/A) (i, di;i
consequences? N/A)
10! Did the presentation and discussionV 0 \ 4/5 \'3/5 (ii-ivii -V 1/5 (i) \3/5 N 2/5 (ii,v)
of study results include all issues of (i,ii,iv,v) N/A) (i,ii,iv)

concern to users?

N/A = not applicable.

abedefsee pelow under individual questions

10
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9 Search strategy for systematic review consideotdatevant

" Q4 (iii) capital costs considered not relevant

' Only cost considered was that of the ONS (authtat® this was because the study was a pilot study)

\ This character is used to indicate appropriatetipe (rather than ‘yes’ or ‘no’ each of which damthe appropriate answer to specific questiorts. T
Roman numerals indicate the question that was deresl to be adequately fulfilled and the Arabic bers refer to the proportion of questions that were

adequately fulfilled on that topic (e.g. 1/3 (iidicates that only one (item iii) out of three gtiens was adequately fulfilled).

1. (i) Did the study examine both costs and effectthefservice(s) or programme(s)? (ii) Did the stumplve a comparison of alternatives? (iii) Was a

viewpoint for the analysis stated and was the spldged in any particular decision-making context?

2. (i) Were any relevant alternatives omitteaﬂﬁs question was omitted from the evaluation beedtis almost always possible to omit a relevant

alternative e.g. composition and texture of ONBMias (Should) a do-nothing alternative (be) cdasd?

3. (i) Was this done through a randomised, contratledcal trial? If so, did the trial protocol reftt what would happen in regular practice? (ii) &/er
effectiveness data collected and summarised thraugyistematic overview of clinical studieg‘l’r[is guestion was omitted because formal systematic

reviews are not generally included in primary répof clinical studies] If so, were the searchtsigg and rules for inclusion or exclusion outlingip

Were observational data or assumptions used tblss$taffectiveness? If so, what are the poteiiiases in results?

11
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(i) Was the range wide enough for the researcktopreat handf’CQuestion (i) was evaluated but the next two wetebegause they were considered

ambiguous or irrelevant] (ii) Did it cover all relnt viewpoints? (Possible viewpoints include thenmunity or social viewpoint, and those of patients
and third-party payers. Other viewpoints may dlsgelevant depending upon the particular ana)yGii.Were capital costs, as well as operating

costs, included?

(i) Were the sources of resource utilisation désctiand justified? (i) Were any of the identifieems omitted from measurement? If so, does this
mean that they carried no weight in the subsecaeatysis? (iii) Were there any special circumstar(éar example, joint use of resources) that made

measurement difficult? Were these circumstancadlbd appropriately?

(i) Were the sources of all values clearly ideati? (Possible sources include market values,matieclient preferences and views, policy-makers’

views and health professionals’ judgements.) (igréVmarket values employed for changes involvisgueces gained or depleted? (iii) Where market
values were absent (for example, volunteer labaunparket values did not reflect actual valueglisas clinic space donated at a reduced rate), were
adjustments made to approximate market values™(ag the valuation of consequences appropriatdhéquestion posed (that is, has the appropriate

type or types of analysis — cost-effectivenesst-obhty, cost-benefit — been selected)?

(i) Were costs and consequences that occur inutiieef ‘discounted’ to their present vaIue%Di{;counting was considered necessary only for esudi

with a duration of longer than one year] (ii) Way gustification given for the discount rate used?

(i) Were the additional (incremental) costs gerextdity one alternative over another compared taddiional effects, benefits, or utilities genedite

12
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10.

(i) If patient-level data on costs or consequeneee available, were appropriate statistical amalyserformed? (ii) If a sensitivity analysis was
employed, was justification provided for the rangédistributions of values (for key study paramgfeand the form of sensitivity analysis USET? [

comparison of results obtained with intention &atranalysis and per protocol analysis was coregiiderbe a type of sensitivity analysis, especially
when the number of subjects in the ‘per protocotas completed’ analysis was substantially redjiG@d Were the conclusions of the study sensitive
to the uncertainty in the results, as quantifiedHgystatistical and/or sensitivity analysis? [Téugstion is not addressed by this table, but it is

considered in the text]

(i) Were the conclusions of the analysis basedoomesoverall index or ratio of costs to consequelfimesexample, cost-effectiveness ratio)? If sasw
the index interpreted intelligently or in a mectstigi fashion? (ii) Were the results compared whitse of others who have investigated the same
question? If so, were allowances made for potedififerences in study methodology? (iii) Did theidy discuss the generalisation of the results to

other settings and patient/client groupfsAriy discussion relevant to alternative care sgtiand/or patient/client groups was considereatisfg this

criterion] (iv) Did the study allude to, or take account dhey important factors in the choice or decisiodenconsideration (for example, distribution
of costs and consequences, or relevant ethicas38yv) Did the study discuss issues of implentiemasuch as the feasibility of adopting the
‘preferred’ programme given existing financial eher constraints, and whether any freed resourmelsl e redeployed to other worthwhile

programmes?

13
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