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Background/Aims: A study designed to examine the importance of the sensory attributes of oral nutritional supplements on prefe-
rence and likelihood of compliance. Materials and Methods: Independent individuals > 50 years not currently receiving oral nut-
ritional supplements were recruited to a two-stage, single-blind, randomised, preference study, conducted in four European countri-
es. Stage 1 consisted of a 5-day trial period during which two units of commonly prescribed oral nutritional supplements were ad-
ministered, with a different oral nutritional supplements being consumed each day. In Stage 2, all participants consumed two units
daily of one oral nutritional supplements for five days and two units daily of a second oral nutritional supplements for a further fi-
ve days. Using standardised hedonic scales, participants reported their perceptions of each oral nutritional supplements for a ran-
ge of sensory attributes, and estimated how many units of each oral nutritional supplements they could consume. Results: One thou-
sand seven hundred seventy one individuals completed the study. The overall opinion of each oral nutritional supplements was
strongly correlated with taste (r=0.91; p<0,0001), while unit volume demonstrated a weak relationship (r =0,29; p<0,0001). One oral
nutritional supplements (Reformulated Ensure Plus) was preferred overall, scoring significantly higher for taste (p<0,05) and oral
sensation (p<0,05) than other oral nutritional supplements. Conclusions: This study contributes to the understanding of how sen-
sory attributes, particularly taste and oral sensation, influence preference and compliance to oral nutritional supplements.
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Oral beslenme destek iiriinlerine 6zgii duyusal niteliklerin tercih ve uyum
acisindan 6nemini dort Avrupa iilkesi genelinde degerlendirmeye yonelik
bir calisma

Girig ve Amag: Oral beslenme destek iiriinleri 6zgii duyusal niteliklerin tercih ve uyum agisindan énemini degerlendirmek. Gereg
ve Yontem: Iki asamali, tek-kor randomize tasarimli bu tercih belirleme calismasina dort Avrupa iilkesinden, halihazirda oral bes-
lenme destek iiriinleri kullanmayan 50 yas ve iizeri serbest yasayan bireyler dahil edildi. Ilk asamada, katilimcilara 5 giinliik bir
deneme periyodu boyunca her biri giinde iki iinite ve her giin bir baska marka olmak iizere yaygin olarak regetelendirilmekte olan
oral beslenme destek iiriinleri érnekleri verildi. Ikinci asamada katilimcilar giinde iki iinite olmak iizere ilk 5 giin bir oral beslen-
me destek iiriinleri, takip eden ikinci 5 giin ise baska bir oral beslenme destek iiriinleri érnegi kullandi. Katilimcilarin, gesitli du-
yusal ozellikler baglaminda, her bir oral beslenme destek tiriinleri 6rnegine 6zgii algilart ve her érnekten kag tinite tiiketebildikleri
kaydedildi. Bulgular: Toplam 1771 kisi calismay: tamamladi. Oral beslenme destek iiriinleri hakkindaki genel goriiglerin tat ile
giiclii (r=0,91; p<0,0001), birim hacim ile ise zayif (r =0,29; p<0,0001) korelasyon gésterdigi goriildii. Kullanilan oral beslenme
destek iinitelerinden biri (reformiile Ensure Plus) digerlerine gore daha cok tercih edildigi ve tat (p<0,05) ve agizda biraktigi his
(p<0,05) agisindan daha yiiksek skorlarla iliskili oldugu goriildii. Sonuglar: Bu ¢alisma oral beslenme destek iinitelerine 6zgii du-
yusal niteliklerin, basta tat ve agizda biraktiklary his olmak iizere tercih ve uyuma olan etkilerinin anlagilmasina katkida bulun-
maktadir.

Anahtar kelimeler: Oral beslenme destek uriinleri, tat, duyusal 6zellikler, agizda-his, SUSTAIN, uyum
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INTRODUCTION

Undernutrition is considered to be a multifactori-
al disorder caused by metabolic effects of underl-
ying disease, reduced nutritional intake, and addi-
tional factors that might increase the general risk
of developing nutritional deficits such as age, the-
rapeutic interventions, educational level, and/or
low socioeconomic status of the patient (1,2).

Oral nutritional supplements (ONS) are accepted
as an integral part of the medical management of
malnutrition in both hospitals and the commu-
nity. Studies have shown that in malnourished pa-
tients, ONS can improve overall nutritional inta-
ke, increase body weight and functional outcomes,
and reduce morbidity and mortality (3-5).

Notably, despite its high prevalence, undernutriti-
on is seldom identified by clinicians (2), and as
with all areas of medical management, patient
compliance is necessary to improve clinical outco-
mes. For ONS to be effective in the management
of malnutrition, patients need to consume the
amount they are prescribed for the recommended
period of time. However, the evidence highlights
challenges in compliance in both the community
and hospital settings (6,7).

Factors which impact ONS compliance include en-
vironmental factors, such as whether supplements
are administered in hospital or at home (8), and
specific patient needs including personal preferen-
ces (9). It has been reported that taste fatigue may
occur when ONS are consumed regularly over a
prolonged period (8). The sensory attributes which
affect ONS palatability, including taste and oral
sensation, are important considerations (8-10) for
improving compliance and clinical outcomes. To
date, the impact of ONS palatability on likelihood
of compliance with recommended intake has not
been widely studied. SUSTAIN (Study to improve
Understanding of Sensory factors and Taste And
their Impact on compliance with oral Nutritional
supplements) is a two-stage preference study de-
signed to investigate the relationship between the
sensory attributes of ONS routinely prescribed in
clinical practice and likelihood of compliance.

MATERIALS and METHODS

In this preference study, independent individuals
aged > 50 years were randomly recruited in the
United Kingdom (UK), Czech Republic (CZ), Spa-
in (E) and the Netherlands (NL). Recruitment was
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conducted through a combination of street intervi-
ews and door-to-door enquiries, using a screening
interview to determine suitability. Individuals
aged 50-59 years, 60-75 years, and > 75 years we-
re selected since these age groups are representa-
tive of the population most commonly prescribed
ONS. A 50:50 male to female ratio was targeted in
each country to limit sex bias. For inclusion in the
study, participants were required to live indepen-
dently. Participants were excluded if they had any
dietary restrictions relating to a medical conditi-
on, were already taking ONS, or were identified
during the screening interview as being unable to
take either of the flavours to be tested in the
study. Interviews for this preference study were
conducted by an independent research company.
For preference studies, ethical approval is not re-
quired, however the study was conducted in accor-
dance with all relevant guidelines (British Healt-
hcare Business Intelligence Association (BHBIA)
and EU Pharmaceutical Market Research Associ-
ation (EphMRA) (11,12). Informed consent was ob-
tained from all study participants.

In this two-stage, single-blind preference study,
participants were randomised to receive one of two
ONS flavours (either strawberry or vanilla). To
reflect routine clinical practice, participants were
required to consume two units of each ONS daily
(one in the morning and one in the afternoon/eve-
ning, between meals). Participants were instruc-
ted to refrigerate the unlabelled product and pour
it into a glass prior to consumption.

Stage 1 of the study was conducted in the UK. Two
units of ONS were taken daily for five consecutive
days. A different ONS was consumed each day, na-
mely: Reformulated Ensure Plus (1A), Abbott Nut-
rition; Ensure Plus (1B), Abbott Nutrition; Forti-
sip (1C), Nutricia Advanced Medical Nutrition;
Fortisip Compact (1D), Nutricia Advanced Medi-
cal Nutrition; and Ensure TwoCal (1E), Abbott
Nutrition. The order was rotated to avoid bias.

In Stage 2 of the study, which was conducted in
the UK, CZ, E and NL, all participants took ONS
2A (Reformulated Ensure Plus; Abbott Nutrition),
for one 5-day trial period and were randomised to
receive a different ONS for another 5-day period.
The order was rotated to avoid bias, and each par-
ticipant acted as his own control. Comparators we-
re selected from the most routinely prescribed
ONS in each country, namely: Ensure Plus (2B),
Abbott Nutrition; Fortisip Compact (2C), Nutricia
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Advanced Medical Nutrition; Fortisip (2D), Nutri-
cia Advanced Medical Nutrition; Clinutren 1.5
(2E), Nestlé Healthcare Nutrition; and Fresubin
Energy (2F), Fresenius Kabi.

In both stages, participants completed a self-admi-
nistered questionnaire each day after consuming
the ONS. Using standardised hedonic scales
(13,14), participants rated the ONS using a 5-po-
int scale for a range of sensory attributes: sweet-
ness (5b=much too sweet; 1=not nearly sweet eno-
ugh), thickness (5=much too thick; 1=much too
thin), strength of flavour (5=much too strong;
1=much too weak), fruitiness/vanilla (5=much too
fruity; 1=not nearly fruity enough) and aftertaste
(b=very pleasant; 1=not at all pleasant). Taste,
oral sensation, aroma, and appearance were rated
using a 9-point scale (1=extremely disliked; 9=ex-
tremely liked). The reliability, validity, and discri-
minative ability of the standardised hedonic scale
have been proven in food acceptance tests (13,14).
At the end of the study period, a face-to-face inter-
view was carried out to establish overall preferen-
ce. Participants were asked to gauge how long
they could consume each ONS for, and the avera-
ge number of ONS units they would be able to con-
sume per day in order to estimate short-term
compliance.

For both Stages 1 and 2, combined flavour data
(strawberry and vanilla) are presented. Signifi-
cant differences between the mean scores for sen-
sory aspect opinions and overall preference of
ONS were determined at the 95% level of confi-
dence wusing t-tests. Sweetness, thickness,
strength of flavour, fruitiness/vanilla, and oral
coating are expressed as the percentage of respon-
dents giving a score on each standardised hedonic
scale that indicated that the attribute was “about
right”. For aftertaste, the results are presented as
the percentage of participants rating each ONS as
very or fairly pleasant. Likelihood of compliance in
the short-term is expressed as the average num-
ber of ONS units participants estimated they co-
uld consume per day. In Stage 2, Pearson’s corre-
lation analysis was conducted to determine the re-
lationship between product attributes and the es-
timated time participants were prepared to take
ONS. Pearson’s correlation analysis was also con-
ducted to determine relationships between ONS
taste perception and other product attributes.
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RESULTS

A total of 174 individuals (85 male, 89 female) we-
re recruited in Stage 1 of the study, and 1597 (751
male, 846 female) in Stage 2 (Table 1).

Stage 1

Mean scores [standard deviation] for taste were
significantly higher for ONS 1A compared with
ONS 1B to 1E (6,3 [2,0] vs. 5,5 [2,2], 5,8 [2,1], 5,4
[2,2], 5,7 [2,2], respectively; p<0,05). Similarly,
mean scores [standard deviation] for oral sensati-
on were significantly higher for ONS 1A compared
with ONS 1B to 1E (6,0 [2,0] vs. 5,4 [2,2], 5,5 [2,0],
4,8[2,3], 5,1 [2,2] respectively; p < 0.05). The grea-
test proportion of participants reported that the
sweetness, thickness, strength of flavour, fruiti-
ness/vanilla flavour, and oral coating of ONS 1A
was “about right”. A total of 53% of participants fo-
und that ONS 1A left either a very or fairly plea-
sant aftertaste compared with 39%, 39%, 33% and
38% for 1B to 1E, respectively (p<0,05).

Stage 2

Combined data from the four European countries
included in the study demonstrate that ONS 2A
was rated highest for participants’ overall opinion
of taste and oral sensation compared with ONS 2B
to 2F (Figure 1; p<0,05). The ratings on a 9-point
scale for aroma and appearance of ONS 2A were
significantly higher than all other ONS. On a sca-
le of 1-5, ONS 2A had a significantly higher mean
score [standard deviation] for aftertaste compared
with all other ONS (3,4 [1,0], 3,2 [1,0], 3,2 [1,1],
3,1 [1,0], 3,2 [1,0] and 2,9 [0,9], respectively;
p<0,05).

Table 1. Participant demographics

Stage 1 Stage 2
Total participants (n) 174 1597
Male (n) 85 751
Female (n) 89 846
50-59 y (n) 68" 639
60-75y (n) 70* 623
276y (n) 34* 335
Tested strawberry flavour (%) 51 50
Tested vanilla flavour (%) 49 50

*Two respondents declined to provide their age
bUK, n=392; CZ, n=400; E, n=406; NL, n=399
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* p < 0.05 versus all others
Figure 1. Mean overall scores for taste and oral sensation (Stage
2). Overall scores (standard deviations) for taste and oral sensa-
tion on a 9-point scale: 1=extremely disliked; 9=extremely liked
2A=Reformulated Ensure Plus; 2B=Ensure Plus; 2C=Fortisip
Compact; 2D=Fortisip; 2E=Clinutren 1.5; 2F=Fresubin Energy

Likelihood of compliance
Stage 1

The average number of units (standard deviation)
that respondents estimated they could consume,
in one day, was highest for ONS 1A, at 2,2 (1,2)
units per day compared with 1,9 (1,0), 2,1 (1,1), 1,9
(1,1) and 1,9 (1,0) units for ONS 1B to 1E, respec-
tively. The estimated consumption per day was
significantly higher for ONS 1A and 1C compared
with ONS 1B to 1E (p<0,05).

Stage 2

Participants estimated they would be likely to con-
sume an average (standard deviation) of 2,2 (1,2),
2,0 (1,0), 2,1 (1,2), 2,0 (1,3), 1,5 (0,7) and 2,2 (1,4)
units of ONS 2A to 2F, respectively. ONS 2A sco-
red significantly higher when compared with ONS
2B to 2E (p<0,05).

Analysis of the relationship between the estima-
ted length of time that participants were likely to
consume two units of ONS and product attributes
that may affect likely compliance highlighted a
range of correlations from r=0,47 for taste
(p<0.0001) to r=0,23 for volume (p<0,0001) and
r=0,22 for thickness (p<0,0001), where volume and
thickness accounted for only 5% each of the overall
variance (versus 22% for taste) (Figure 2). The
overall opinion of ONS was strongly correlated
with taste (r=0,91; p<0,0001), which accounted for
83% of variance in overall. Other product charac-
teristics relating strongly to taste included the
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oral sensation, aroma, appearance, and aftertaste
(Figure 3). Volume demonstrated a weak relati-
onship with taste (r=0,29, p<0,0001); only 8% of
the variance was accounted for by volume (Figure
3).

DISCUSSION

Poor compliance with ONS has previously been re-
ported for a variety of reasons, ranging from poor
administration of the supplements to lack of edu-
cation for healthcare providers and patients on the
value of ONS, as well as the palatability and volu-
me of the supplements (8,15-17). This large two-
stage study investigated the relationship between

Taste
Mouthfeel
Overall opinion
Aroma
Appearance

Aftertaste

Mouth coating

Sweetness r=0.23* == Moderate correlation

e ©= Low correlation

Volume r=0.23*

Thickness r=022"
V74
T T T LI T 77 1
[ 0.1 0.2 03 04 05 1.0

Pearson Correlation (r-value)

*p < 0.0001 for the correlation between the length of time participants claimed they were likely to consume two units daily
and product attributes

Figure 2. Pearson correlation analysis between the estimated
length of time participants were prepared to take of two units of
ONS daily and product attributes

“p <0.0001 for the correlation between the length of time par-
ticipants estimated they were likely to consume two units daily
and product attributes

Overall opinion
Mouthfeel
Aroma
Appearance
Aftertaste
strongth of flavor | o

Mouth coating

Sweetness | W Very Strong Correlation

@ strong Correlation
3 Moderate Correlation
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*p <0.0001 for the correlation between ONS taste and product attributes
Figure 3. Pearson correlation analysis between ONS taste and
product attributes

*p <0.0001 for the correlation between ONS taste and product
attributes
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the sensory attributes of ONS that are routinely
prescribed in clinical practice and the likelihood of
compliance. Analysis of taste preference was sub-
divided into key elements that included oral sen-
sation, aftertaste, aroma, sweetness, and thick-
ness. In this European study, identical ONS were
not used in all countries. To represent usual clini-
cal practice the ONS tested were those most routi-
nely prescribed in each country, meaning that in
some instances, ONS of different energy densities
and volumes were tested. The preferred ONS from
Stage 1 was used as a comparator in Stage 2 of the
study. Independent of energy density and volume,
the results from SUSTAIN demonstrate that key
sensory attributes of ONS, including taste and
oral sensation, are most closely related to the like-
lihood of compliance in independent individuals.

Of the 3 million people in the UK with, or at risk
of, malnutrition, approximately 93% are estima-
ted to live in the community. Malnutrition can af-
fect all age groups; however risk increases with
age due to comorbidities, which can be chronic and
progressive (18). The European Nutrition for He-
alth Alliance (19) reported that malnutrition af-
fects 10% of the population aged over 65 years and
significantly increases with age. Likewise, in a
past study concerning nutritional risk of hospitali-
zed patients in Turkey, nutritional risk was repor-
ted to increase with age from 9.3% for those pati-
ents under 60 to 25% for those over 60 (2).

The present study was conducted with over 1700
independent individuals aged 50 years, with more
than 15% of participants over 75 years of age. Alt-
hough health status was not assessed, it is probab-
le that due to the normal ageing process, some
participants had underlying health problems and
comorbidities contributing to increased risk of
malnutrition. Naughton et al. (20) report that as
many as 85% of adults aged over 70 years receive
regular medication (3 or more drug items) to treat
chronic conditions associated with ageing.

The consumption of a food or drink is linked to
sensory experience. Those experiences that are
deemed pleasurable are most likely to be pursued,
and those with negative associations avoided (8).
The perceived palatability of a food relates to sen-
sory aspects including taste, flavour, oral sensati-
on, aroma, and appearance. A preference for sen-
sory attributes ultimately leads to acceptability,
but this can be influenced by other factors such as
the environment where the food is served, memo-
ries of pleasant or unpleasant experiences with
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that food, age, mood, and health status (8,21). One
study has demonstrated the importance of the
sensory attributes of foods on the likelihood of con-
sumption, and food flavour has been specified as
one of the main influencers of choice among older
adults (8). Further, it has been reported that taste
fatigue may occur following prolonged consumpti-
on of ONS (22).

In SUSTAIN, taste was identified as the key de-
terminant of the overall opinion of any particular
ONS, reinforcing the importance of this characte-
ristic for preference and acceptance. Furthermore
we identified oral sensation as accounting for 71%
of the overall variance for taste preference. Volu-
me had a very weak relationship with likely comp-
liance and taste preference. It is clear that taste
and sensory preference play an important role in
likely compliance in independent individuals. Ho-
wever, further research is needed in patients, sin-
ce previous studies have reported that the sensory
aspects of ONS are important considerations for
patient preference, compliance, and thus long-
term consumption (9,10,15,23).

As assessed by the NRS-2002, the percent of pati-
ents nutritionally at-risk on hospital admission
was reported to range from 20 to 39.9% in Den-
mark (24,25), 39.0% in Beijing (26), 51.0% in Bal-
timore (26), 24.5% in Turkey (2) and 32.6% in a re-
cent multinational study comprised of 12 countri-
es in Europe (27).

Although the percent of patients with malnutriti-
on at hospital admission was reported to range
from 13% to 100% in relation to heterogeneity of
the patient populations from various specialities,
regions and departments (27), only a minority of
inpatients at risk for malnutrition were reported
to actually receive appropriate nutrition during
hospitalization, with sufficient nutritional support
available only for 14.7 to 25% of at-risk patients
(24,25,27). Hence, the results from SUSTAIN and
previous studies should be considered in the con-
text of the nutritional management strategy for
each patient.

The crucial role of physician awareness was emp-
hasized in published reports, with an increase in
physician recognition of malnutrition from 12.5%
to 100% after training (28), as well as the possibi-
lity of learning assessment easily via a short trai-
ning program (29).

Additionally, in a previous study concerning nutri-
tional risk of hospitalized patients in Turkey, ro-



ughly two-thirds of the nutritionists were determi-
ned to be familiar with the NRS-2002 in the trai-
ning meeting prior to the study, while those not fa-
miliar with the NRS-2002 were reported to be ab-
le to implement the screening tool independently
after 3 h of training (2).

Based on the consistently reported association
between physician training and accurate nutritio-
nal assessment (28), it seems reasonable to antici-
pate the positive influence of both patient and ca-
regiver-directed education on therapeutic success
via better patient compliance. In this context, the
National Institute for Health and Clinical Excel-
lence (NICE) recommends that all patients and
their caregivers should be educated prior to disc-
harge into the community, to ensure they unders-
tand how to take their ONS and why ONS forms
an important part of treatment. Training should
also be provided to any community staff involved
in the care of patients receiving ONS (3). Such
education may help overcome potential psycholo-
gical and practical barriers and improve complian-
ce with nutritional advice.

The major limitation of the present study is the
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