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Abstract

Objectives: To design and validate a scale to evaluate
preferences of type 2 diabetic patients towards nutritio-
nal supplements (Madrid scale) and to discover those
taste attributes that are more discriminating.

Context: ambulatory patients with type 2 diabetes
mellitus.

Materials and methods: 18 controls and 106 type 2 diabe-
tic patients received 2 of the 7 stimuli studied (6 nutritional
supplements and a differential salty stimulus) and then
completed both scales and a criterion question. Two weeks
later, 30 diabetic patients received a retest. The psychome-
tric properties of the Madrid scale were studied and the
relative importance of each stimuli attribute was assessed.

Results: Feasibility: The Madrid scale consists of 8
questions and is completed in less than five minutes;
Dimensionality: A single dimension which explains 45.1%
of the variance. Reliability: Cronbach’s α, 0.806; intra-
class correlation coefficient, 0.835 (95% confidence inter-
val: 0.653-0.922). Concurrent validity: Correlation inde-
xes of the corrected total score with the criterion question
and the Modified Wine-Tasting Scale, 0.731 (p < 0.0005)
and 0.774 (p < 0.0005), respectively. The scale discrimina-
ted between subjects younger and older than 75 years and
between supplements and the differential stimulus. Prefe-
rences: Glucerna SR® chocolate, Glucerna SR® straw-
berry, Glucerna SR® vanilla, Diasip® vanilla, Clinutren®

vanilla and Resource diabet® vanilla.
Conclusion: The Madrid scale has adequate psychome-

tric properties for its use in research and daily clinical
practice.

(Nutr Hosp. 2008;23:253-262)
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DISEÑO Y VALIDACIÓN DE UNA ESCALA
PARA EVALUAR LAS PREFERENCIAS

DE PACIENTES DIABÉTICOS TIPO 2 DE LOS
DIFERENTES SUPLEMENTOS NUTRITIVOS

Resumen

Objetivos: Diseñar y validar una escala (Escala de
Madrid) para evaluar las preferencias de pacientes dia-
béticos tipo 2 de los diferentes suplementos nutritivos y
descubrir aquellos atributos del sabor que son más discri-
minatorios.

Contexto: pacientes ambulatorios con diabetes mellitus
tipo 2.

Materiales y métodos: 18 controles y 106 pacientes con
diabetes tipo 2 recibieron 2 de los 7 estímulos estudiados (6
suplementos nutritivos y un estímulo salado diferencial) y
posteriormente completaron ambas escalas y una pregunta
criterio. Dos semanas después, se volvió a pasar el cuestio-
nario a 30 pacientes diabéticos. Se estudiaron las propieda-
des psicométricas de la escala de Madrid y se evaluó la
importancia relativa de cada atributo de los estímulos.

Resultados: Realización: La Escala de Madrid com-
prende 8 preguntas y se completa en menos de 5 minutos;
Dimensionalidad: una única dimensión que explica el
45,1% de la varianza. Fiabilidad: Alfa de Cronbach 0,806;
coeficiente de correlación intra-clase 0,835 (intervalo de
confianza al 95%: 0,653-0,922). Validez concurrente: índi-
ces de correlación para la puntuación total corregida con la
pregunta criterio y la escala modificada de degustación de
vinos, 0,731 (p < 0,0005) y 0,774 (p < 0,0005), respectiva-
mente. La escala discriminaba entre los individuos menores
y mayores de 75 años, y entre los suplementos y su estímulo
diferencial. Preferencias: Glucerna SR® chocolate, Glu-
cerna SR® fresa, Glucerna SR® vainilla, Diasip® vainilla,
Clinutren® vainilla y Resource diabet® vainilla.

Conclusión: La escala de Madrid posee propiedades
psicométricas adecuadas para su uso en investigación y
en la práctica clínica diaria. 

(Nutr Hosp. 2008;23:253-262)
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Introduction

Malnutrition is a common problem in patients
admitted to the hospital, particularly in elderly patients,
where the reduction of muscle mass and increased pro-
tein catabolism are common phenomena associated
with metabolic stress,1 and which frequently require
the addition of nutritional supplements to the diet.2

Standard formulas may not meet the specific needs of
diabetic patients and may cause undesirable increases
in blood glucose levels.3 As a result, different formula-
tions have been developed for patients with diabetes,
most of which meet the recommendations of the Euro-
pean Association for the Study of Diabetes and the
American Diabetes Association.4 However, successful
compliance with prescription of oral supplements
depends largely on their acceptance by patients, and it
has been suggested that each patient could perform a
taste test to determine his/her preferences, thus leading
to individualized therapy.5 The large number of com-
mercially available preparations and flavours increases
the chance of finding an appropriate product for each
patient, but it also presents obvious logistic problems.
It is perhaps because of this that most of the studies
carried out to determine the preference of diabetic
patients have used a relatively small number of pro-
ducts.

Physicians, nurses and dieticians tend to develop
their own opinions on which products are best accepted
by patients. However, this process is very subjective
and the validity of the choices made is questionable, to
the point that nutritional therapy may become a source
of conflict between physicians and their patients.6 The-
refore, it is appropriate that specific tools be available
to determine the preferences of diabetic patients. Ame-
rine and Singleton developed the Wine-Tasting Scale7

in 1977, which was subsequently adapted for its use
with nutritional supplements for cancer patients.5 This
scale has been translated and subsequently used in the
Spanish population,8, 9 but its psychometric properties
have not been clearly determined. We therefore propo-
sed to develop a specific scale, which we have called
the Madrid scale, which, using the Modified Wine-
Tasting Scale as a basis, adds all the items considered
relevant in the opinion of specialists and diabetic
patients to determine preference for a nutritional sup-
plement. In addition, it was proposed to apply the scale
to a wide range of commercial preparations and fla-
vours to allow patient preferences to be ordered.

Materials and methods

Patients

Patients of both sexes, diagnosed of type 2 diabetes
mellitus (DM2) were enrolled at the Departments of
Endocrinology and Geriatrics of two university hospi-
tals. The study protocol was approved by the local

Ethics Committee and patients were consecutively
recruited from those giving their informed consent.
Inclusion criteria were: patients clinically stable, with a
glycosylated haemoglobin value (HbA1c) < 7.5%,
with 50 or more years of age and able to understand and
respond to the questionnaire. Exclusion criteria were:
presence of microalbuminuria or advanced retino-
pathy, patients with previous or current neoplastic
disease, a history of chronic renal failure or chronic
liver disease, clinical or radiological gastroparesis or
an aversion to the flavour vanilla (the anchor stimulus)
were excluded. For the study of the psychometric pro-
perties of the scale, a small group of eighteen nondia-
betic patients was recruited in the same centres and
with the same criteria except the diagnosis of DM2
(control group). Table 1 shows the main clinical cha-
racteristics of diabetic and non diabetic subjects.

Stimuli and sampling method

For the study of the psychometric properties of the
Madrid scale, six sweet enteral nutritional supplements
were used: Glucerna SR® (Abbott Laboratories) straw-
berry, vanilla and chocolate flavours; Resource
Diabet® (Novartis) vanilla flavour; Clinutren Diabetes®

(Nestlé) vanilla flavour; Diasip® (Nutricia) vanilla fla-
vour. Finally, a differential stimulus, a typical cold
tomato soup of similar density to enteral supplements
called gazpacho was used (a commercial brand
Alvalle® was chosen for reasons of it’s know flavour
stability).

An incomplete fractional design was used in which
each patient received two stimuli, one of them (Glu-
cerna SR® vanilla) was used as anchor stimulus to esta-
blish comparisons. The two stimuli were presented in a
volume of 50 cc, served in covered cups at room tem-
perature, separated by approximately 15 minutes and
drinking a glass of water between the two presenta-
tions. The order of stimuli presentation was randomi-
zed. The questionnaires were completed immediately
after exposure to the stimulus.

Presenting a large number of stimuli to the same
patient entails serious drawbacks. First, non trained
patients get tired and do not perform the task accura-
tely. Second, patients get full and are not able to taste
more than 2-3 stimuli. Third, it could be difficult to dis-
criminate between more than two possibly similar sti-
muli. Given this limitation, an incomplete sample
design was used in order to cover the maximum range
of possibilities by means of paired comparisons
accomplished by sub-samples of different patients all
of them linked by an anchor stimulus. The design was
set up to compare, in one hand all available vanillas,
and in the other hand all flavours of a same brand (Glu-
cerna) plus gazpacho. Each product was compared
with the anchor stimulus at least by 7 DM2 patients.
This kind of design has been successfully used in the
estimate of population health state preferences.10, 11
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Questionnaires

The Madrid scale, the Modified Wine-Tasting Scale
and the criterion question were administered.

The Madrid scale consists of 8 questions referring to 8
attributes of the nutritional supplements: Appearance,
Smell, impression in the mouth (Texture), taste, sensa-
tion of fullness (Fullness), Sweetness, taste after swallo-

wing (Aftertaste), and overall impression (Impression).
The 8 questions were presented as multiple-choice ques-
tions with 3 mutually exclusive ordered response cate-
gories. Response categories could be assumed to consti-
tute Likert scales. In order to assign initial correction
scores to each category, attribute categories were ranked
from 1 (less desirable) to 3 (more desirable) by an expert
panel. Appendix 1 shows the consensus score assigned
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Table I
Sociodemographic and clinical characteristics of the patients in the pilot study and the test. Stimuli presented during the test

Study Pilot Test

Patients DM2 Controls (nondiabetics) DM2

n 25 18 106

Sex: women (%) 17 (68.0) 15 (83.3) 66 (62.3)

Age: years (mean ± SD) 71.8 ± 12.5 70.1 ± 12.8 73.4 ± 9.5

Weight: kg (mean ± SD) 82.0 ± 19.6 69.9 ± 21.5 74.6 ± 15.3

Height: cm (mean ± SD) 160.2 ± 8.5 162.2 ± 8.7 161.0 ± 9.1

BMI kg/m2(mean ± SD) 28.9 ± 4.8 26.9 ± 5.9 28.7 ± 5.3

Marital status:
Single (%) 4 (16.0) 3 (16.7) 5 (4.7)
Married 14 (56.0) 5 (27.8) 52 (49.1)
Widowed 6 (24.0) 7 (38.9) 45 (42.5)
Separated 1 (4.0) – 2 (1.9)
Unknown – 3 (16.7) 2 (1.9)

Occupation:
Active (%) 4 (16.0) 4 (22.2) 9 (8.5)
Retired 17 (68.0) 9 (50.0) 88 (83.0)
Unemployed 1 (4.0) – 1 (0.9)
Other 3 (112.0) 4 (22.2) 8 (7.5)

Educational level:
Illiterate (%) 7 (28.0) 2 (11.1) 7 (6.6)
Primary 17 (68.0) 9 (50.0) 82 (77.4)
Secondary 1 (4.0) 5 (27.8) 14 (13.2)
Higher – 1 (5.6) 2 (1.9)
Unknown – 1 (5.6) 1 (0.9)

Smoking:
Smoker (%) 4 (16.0) 2 (11.1) 10 (9.4)
Ex smoker – – 5 (4.7)
Non-smoker 21 (84.0) 16 (88.9) 91 (85.8)

Alcohol consumption:
Current drinker (%) 5 (20.0) – 8 (7.5)
Ex drinker – – 1 (0.9)
Non-drinker 20 (80.0) 17 (94.4) 97 (91.5)
Unknown – 1 (5.6) –

Duration of DM2: years (mean ± SD) 7.9 ± 7.8 13.1 ± 10.4

HbA1c: % (mean ± SD) 6.42 ± 0.85 6.64 ± 0.82

Stimuli presented in the test:
Glucerna SR vanilla (%) 10 (40.0) 12 (33.3) 106 (50.0)
Glucerna SR strawberry 3 (8.3) 17 (8.0)
Glucerna SR chocolate 2 (5.6) 17 (8.0)
Resource vanilla 1 (2.8) 18 (8.5)
Clinutren vanilla 19 (9.0)
Diasip vanilla 19 (9.0)
Gazpacho 15 (60.0) 18 (50.0) 16 (7.5)

A Data on antidiabetic treatment were not collected in the pilot sample.
DM2: Type 2 diabetes mellitus; HbA1c: Glycosylated haemoglobin.



to each attribute response category (only shows in spa-
nish version). Attribute scores were assumed to be addi-
tive in order to obtain a single raw overall score, which
would attain values between 8 (lowest preference) and
24 (highest preference) points. The raw overall score
was transformed to a 0-100 scale, so that the corrected
total score (CTS) represents the percentage of the hig-
hest possible preference assigned by a given subject to a
given stimulus (see Appendix 1).

The Modified Wine-Tasting Scale was developed in
the United States5 and has been used in Spanish diabetic
patients by various authors.8, 9 It consists of 6 attributes:
Appearance, Body, Taste, Aroma, Sweetness, and After-
taste. The overall score of the scale quantifies the accep-
tance of the stimulus by a given subject in a 0-20 scale.

The criterion question, “What did you think of the
taste of the drink?”, was presented accompanied by a
10-point visual analogue scale, where 0 represented the
worst acceptance (I don’t like it at all), and 10 the best
acceptance (I like it a lot).

Study design

Development of the Madrid scale consisted of four
successive phases:

1. Content determination: A panel of experts revie-
wed the Modified Wine-Tasting Scale8 and suggested
some changes based on their clinical experience. Two
discussion focus-groups (of 10 DM2 patients each),
were consulted to determine relevant aspects to be inclu-
ded in the new scale. Both sources of information were
considered and a first version of the scale was built. 

2. Pilot study: The first version of the Madrid scale
was administered to a small sample of 25 patients with
DM2 to assess its feasibility: administration time, com-
prehension, and possible idiomatic expressions with
different cultural acceptance. Wording was adapted by
the expert panel when needed, and changes were inclu-
ded in the scale final version.

3. Test: The scale was administered to a sample of
106 diabetic patients and 18 controls to determine the
psychometric properties of the scale: reliability and
validity. During the first session (test) demographic
data were collected and the two stimuli were presented
as described above. After each stimulus the patient was
asked to complete the Madrid scale, the Modified
Wine-Tasting Scale and the criterion question, with the
aid of a nurse.

4. Retest: A second administration (retest) was
accomplished 15 days after the baseline measure to
determine the temporal stability of measurements. A
sub-sample of 30 patients was used. Patients received a
single stimulus, identical to the first one presented in
the test session, and were asked to complete the Madrid
scale. The retest was administered only to diabetic
patients.

Data analysis

Quantitative variables are expressed as mean ± stan-
dard deviation (SD). Qualitative variables are presen-
ted as absolute frequencies and/or percentages.

Feasibility. Time for completion of the Madrid scale
and the percentage of unanswered questions were cal-
culated. Ceiling and floor effects were considered if
more than 50% of patients chose the maximum or mini-
mum response category. Completion time was consi-
dered acceptable at an average of 10 minutes or less.

Dimensionality. A metric estimate of the Madrid
scale dimensionality was obtained using Exploratory
Factor Analysis through Principal Components extrac-
tion, with Varimax and Promax rotations. The number
of factors was determined using the K1 rule12, 13 and the
Screen Test.14, 15

Reliability. Internal consistency was evaluated using
Cronbach’s α. Test-retest stability was evaluated by
between-forms Pearson correlation index, t-test for
paired data, and Intraclass Correlation Coefficient
(ICC). In order to ensure independence of measures,
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Table II
Madrid scale and modified Wine-Tasting Scale item correlations

Madrid Scale
Modified Wine-Tasting Scale

Appearance Aroma Body Sweetness Taste Aftertaste

Appearance 0.436** 0.393** 0.179 0.159 0.267** 0.341**

Smell 0.264** 0.591** 0.138 0.404** 0.435** 0.495**

Texture 0.093 0.299** 0.014 0.152 0.358** 0.299**

Taste 0.351** 0.432** 0.283** 0.259** 0.403** 0.600**

Fullness 0.316** 0.435** 0.110 0.201* 0.235* 0.332**

Sweetness 0.078 0.224* 0.148 0.405** 0.169 0.253**

Aftertaste 0.361** 0.437** 0.383** 0.235* 0.297** 0.594**

Opinion 0.249** 0.482** 0.339** 0.259** 0.418** 0.631**

* p < 0.05; ** p < 0.01.



only one of the two measurements obtained in the test
session was used in the analyses of internal consistency
and dimensionality.

Validity. Concurrent validity was assessed by means
of Pearson correlation between the Madrid scale, the
Modified Wine-Tasting Scale, and the criterion ques-
tion. Item analysis of responses to items of the Madrid
scale and those of the Modified Wine-Tasting Scale
was also carried out. Construct validity was inferred
from the discrimination performance of the scale bet-
ween groups of patients with different known characte-
ristics with the same stimulus presented. Mann-Witney
U test was used. Since diabetic patients have an altered
sense of taste,15-19 controls and diabetic patients were
compared. Moreover, alteration of the sense of taste
and smell has also been reported with age.20 Thus
patients < 75 and ≥ 75 years of age were also compa-
red. Discrimination between different stimuli was tes-
ted with Kruskal-Wallis test and Mann-Witney U test,
with Bonferroni’s correction, to determine pairs of sti-
muli that differed from each other.

Scaling: Multidimensional scaling was used to
compare the stimuli without the need to assume ordi-
nality. Since the expert panel questioned the existence
even distance between the response categories and
even the possible order of categories, non metric tech-
niques where used to obtain optimal scale free quanti-
fications for response categories within each attri-
bute.21 It was also pursued to establish the order of
preference of the flavours that were presented to the
subjects, and determine the taste attributes with hig-
hest discriminating capacity. Optimal scaling regres-
sion models22 were used. Two analyses were perfor-
med, the first comparing the most dissimilar stimulus,
gazpacho, with all nutritional supplements grouped,
and the second comparing the supplements with each
other.

All comparisons were two-tailed and a p-value 
< 0.05 was considered significant, except in the multi-

ple comparisons. All analyses were performed with the
SPSS statistical package version 12.05.

Results

In the first phase of development of the Madrid
scale, the group of experts did add two new attributes,
“sensation of fullness” and “taste”, to the Modified
Wine-Tasting Scale to prepare the preliminary version
of the Madrid scale. All attributes received the same
weight to obtain the total additive final score. Discus-
sion groups did not add any new attribute, but did
modify some of the response categories to improve
comprehension.

In the second phase of study, the questionnaire was
presented to the pilot group whose characteristics are
given in Table I. Time for completion of the provisio-
nal Madrid scale was less than 5 minutes in all cases.
No comprehension problems where found. Conside-
ring these results, the questionnaire was adopted as the
final Madrid scale (see Appendix 1).

Feasibility

The 248 administrations of the Madrid scale perfor-
med during the test were examined. Time for comple-
tion was less than 5 minutes in all cases, regardless of
whether it was the first or second administration of the
scale, and all 8 questions were answered in the 248
administrations. A ceiling effect was observed for the
attributes “Appearance”, “Texture”, “Taste” and
“Aftertaste”, which was independent of the stimulus
presented, while a ceiling effect was found or not for
the attributes “Smell”, “Fullness” and “Opinion”
depending on the stimulus considered. For the attribute
“Sweetness”, a ceiling effect was found for some sup-
plements and a floor effect was found with gazpacho.
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Table III
Discrimination between stimuli

Stimulus n
Smell Sweetness CTS

Mean SD Mean SD Mean SD

Glucerna Vanilla 118 2.3A 0.7 2.5A 0.7 77.5 19.8

Glucerna Strawberry 20 2.7 0.5 2.5A 0.6 84.4 14.8

Glucerna Chocolat 19 2.7 0.5 2.7A 0.5 90.1 13.9

Resource Vanilla 19 2.2A 0.6 2.4A 0.8 71.1B 25.2

Clinutren Vanilla 19 2.6 0.6 2.5A 0.7 77.0B 23.0

Diasip Vanilla 19 2.4 0.7 2.1 0.8 75.0B 16.8

Gazpacho 34 2.7 0.6 1.6 0.9 75.4B 21.9

Total 248 2.4 0.6 2.3 0.8 78.0 20.2

Pairwise comparison with Mann-Witney and Bonferroni’s correction:
A: p < 0.003 with gazpacho; B: p < 0.003 with Glucerna chocolat.
CTS: Corrected Total Score.



Dimensionality

In this analysis 124 independent measurements
corresponding to one of the two stimuli presented in the
test were used. The randomly chosen stimuli were:
Glucerna vanilla, 61 presentations; Glucerna straw-
berry, 16 presentations, Glucerna chocolate, 7 presen-
tations; Resource vanilla, 11 presentations; Clinutren
vanilla, 13 presentations; Diasip vanilla, 7 presenta-
tions; gazpacho, 9 presentations. The exploratory fac-
tor analysis found a single factor with an Eigen value
greater than 1 (3,612), explaining 45.1% of the total
variance. The communalities found (i.e., the propor-
tion of the variance of each question explained by the
factor solution) varied from 0.162 to 0.774. Correla-
tions between the questions and the factor extracted
varied from 0.402 to 0.880. Solutions of higher dimen-
sionality were explored but were not interpretable.

Reliability

The corrected total score (CTS) of the Madrid scale
for the vanilla anchor stimulus ranged from 0.125 to
100, with a mean value of 78.92 ± 18.91. The CTS dis-
tribution is uni-modal and presents a negative bias
(Skewness = -1.207, SE = 0.223). 

Item correlations ranged from 0.067 (Sweetness-Appe-
arance) to 0.763 (Aftertaste-Opinion). All item correla-
tions were positive. Cronbach’s α reliability coefficient
for the Madrid scale attained a value of 0.806.

No significant difference was found (t = 1,144; df=
29; p = 0.262) between the mean CTS at test (79.2 ±
22.7), and retest (75.6 ± 22.3) measurements. Correla-
tion between test and retest was 0.717 (p < 0.0001).
The average ICC for the eight items scale was statisti-
cally significant (p < 0.0005) with a value of 0.835
(95% CI: 0.653-0.922).

Validity

Content validity was assured by respecting the con-
tents of the original scale of reference, supervision by

the expert panel and consideration of the focus-groups
opinions. Structure-Construct validity was supported
by the exploratory factor analysis, which indicated a
one-dimensional solution encompassing all attributes.

The correlation index between the CTS score of the
Madrid scale and the overall score of the Modified
Wine-Tasting Scale was 0.731 (p < 0.0005) and bet-
ween CTS and the score in the criterion 0.774 (p <
0.0005). The correlations between both scales single
items are presented in table II. Four out of the 5 concep-
tually matching attributes (Appearance, Aroma, Sweet-
ness and Aftertaste), obtained the highest correlation
with the equivalent question of the concurrent scale,
while the attribute “Taste” achieved high correlation
also with some other attributes. In fact it attained signi-
ficant correlations with all other attributes of the con-
current scale.

Comparing groups, the attribute “Sweetness” of the
Madrid scale tended to discriminate between controls
(n = 18, score 1.3 ± 0.7) and diabetics (n = 16, score 1.9
± 1.0; p = 0,065) when the stimulus was gazpacho, but
no significant differences were found for Glucerna SR
vanilla stimulus in any of the 8 attributes or in the CTS.
Comparing age groups, significant differences were
found in the attribute “Smell” for Glucerna SR vanilla
and gazpacho stimuli, and in the attributes “Fullness”
and “Aftertaste” within Resource vanilla stimulus. 

Comparing stimuli, significant differences were
found between the attributes “Smell” (p = 0.002),
“Sweetness” (p < 0.0005) and in the overall CTS (p =
0.011). The mean scores for each stimulus in the discri-
minating attributes are presented in table III.

Scaling

The scaling model comparing nutritional supple-
ment grouping versus gazpacho (nominal dependent
variable), using attributes as predictors, and response
categories as nominal, attained a R2 value of 0.362 (p <
0.001). The model was able to detected significant dif-
ferences between the two types of stimuli (p < 0.001).
Madrid scale significant attributes were: “Appea-
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Table IV
Nutritional supplements vs gazpacho model estimates

Madrid Standardized coefficients

Scale Beta Std Error df F p

Appearance -0.099 0.054 2 3.371 0.036

Smell 0.191 0.057 2 11.121 < 0.0005

Texture 0.094 0.055 2 2.945 0.055

Taste 0.188 0.070 2 7.232 0.001

Fullness -0.080 0.058 2 1.894 0.153

Sweetness -0.584 0.055 2 110.857 < 0.0005

Aftertaste -0.050 0.071 2 0.491 0.613

Opinion 0.134 0.061 2 4.819 0.009



rance”, “Smell”, “Taste”, “Sweetness” and “Opi-
nion”, while “Texture” was close to significance, and
“Aftertaste” and “Fullness” where not significant.
Most discriminating attributes where “Sweetness” and
“Smell”. Attribute coefficients and discriminating sig-
nificance are shown in table IV.

The model comparing nutritional supplements was
only able to detect differences between different sti-
muli (R2 = 0.144, p = 0.036). “Appearance”, “Tex-
ture”, “Taste”, “Aftertaste” and “Opinion” attribu-
tes were significantly sensitive to differences
between supplements; while the attribute “Fullness”
was close to significance and the attributes “Smell”
and “Sweetness” did not show enough discriminating
power. Table V shows the stimuli optimum quantifi-
cations resulting from the scaling model. The greatest
discrimination occurred between Glucerna SR choco-
late and Clinutren vanilla, which represent the most
and least preferred stimuli, respectively (quantifica-
tion sign is inversely coded using overall opinion
scale as bench mark) (fig. 1). On the extreme of the
positive quantifications (less preference) are the

quantifications for Clinutren vanilla and Resource
vanilla, which differed only slightly. The quantifica-
tions for Glucerna SR chocolate and Glucerna SR
strawberry were also very close, but in this case on the
extreme of the negative quantifications (great prefe-
rence). Finally, Diasip vanilla received a quantifica-
tion similar to that of the anchor stimulus Glucerna
SR vanilla, with only a small difference between
them. Additionally, when ordinality of the attribute
categories is not assumed, the preference ranking of
stimuli differs slightly from that obtained using the
mean CTS score for each stimulus.

Discussion

The present study was proposed with a dual objec-
tive; first, to design and validate, from a classic psycho-
metric perspective, a brief scale for assessing nutritio-
nal supplements for diabetic patients, and second, to
discover those taste attributes which contribute to dis-
criminate nutritional stimuli and hence rank the diffe-
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Table V
Nutritional supplements model estimates

Madrid Standardized coefficients

Scale Beta Std Error df F p

Appearance -0.138 0.072 2 3.636 0.028

Smell 0.029 0.073 2 0.162 0.850

Texture -0.208 0.069 2 9.166 < 0.0005

Taste -0.182 0.080 2 5.187 0.006

Fullness -0.105 0.068 2 2.401 0.093

Sweetness -0.061 0.068 2 0.803 0.450

Aftertaste 0.289 0.114 2 6.374 0.002

Opinion -0.197 0.111 3 3.165 0.026

Fig. 1.—Positive quantifications
denotes less preference and ne-
gative scores reflects the most
preferred supplement.
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rent supplements in terms of their acceptance. The
Madrid scale has shown to be a valid and reliable ins-
trument which is feasible to be used in daily clinical
practice. It also allowed ranking the supplements used
in the study according to their preference by type 2 dia-
betic patients.

No specific guidelines are available for patients with
diabetes who are at risk of malnutrition, requiring
nutritional support. Most of the modifications in ente-
ral diets specifically for diabetic patients have focused
on selecting the type of macronutrient that best controls
postprandial glucose excursions, either by combining
the percentage of carbohydrates and monounsaturated
fat or by adding a different proportion of insoluble or
soluble fibre.2 It has thus been found that, compared to
standard formulations, these adapted enteral diets
achieve better glycemic control both in patients with
diabetes 3, 23-26 and with stress hyperglycaemia.27 Success
of nutritional therapy in malnourished subjects28 is
often compromised by the lack of supplements accep-
tance by the target patients. This represents a double
problem in the case of elderly diabetic patients, since
both, disease15-19 and age,20 can lead to alterations in the
sense of taste, and choices made by the patients’ care-
givers, physicians, nurses, and dieticians, do not neces-
sarily meet their own preferences.6 In this context, the
palatability of the nutritional supplements plays a deci-
sive role in the product acceptance and therefore in its
therapeutic compliance.

Among the various studies that have evaluated the
preferences of diabetic patients, of particular note is the
modification and translation into Spanish of the Wine-
Tasting Scale,8 which has been previously used to eva-
luate nutritional supplements in cancer patients,5 to
evaluate drugs29 and, more recently, to evaluate nutri-
tional supplements in diabetic patients.9 However, the
psychometric properties of this scale have not been cle-
arly determined. Therefore we proposed to develop a
specific questionnaire (the Madrid scale) including all
items considered relevant to establish preference for a
nutritional supplement, as expressed by specialists and
diabetic patients.

With regard to the feasibility of the instrument, the
Madrid scale was administered as an interview with the
aid of a nurse. Under these conditions, it was comple-
ted in less than 5 minutes by all patients, and 100% of
the questions were answered on all administrations.
Due to the small repertoire of response categories, a
ceiling effect was frequently observed. This result can-
not be interpreted conclusively because the metric
range of the attributes was intentionally small to facili-
tate assessment, and the stimuli used are very homoge-
neous and specifically designed to be pleasant to the
patients. Nevertheless, the overall score does not pre-
sent such ceiling effect, although it is negatively ske-
wed, as it is frequent in preference and customer satis-
faction scales.

Regarding the dimensionality of the questionnaire,
the exploratory factor analysis yielded a one-dimensio-

nal solution, which accounts for 45.1% of the total
variance. This result is in accordance with the aims of
the study and experts assumption. An increase in the
attributes metric could possibly convey an increase in
the amount of variance explained, but the obtained
value has been considered enough to justify the usage
of an additive overall score. 

Internal consistency and temporal stability are good
as shown by a Cronbach’s α of 0.809, a test-retest
correlation index of 0.717, and a significant intraclass
correlation coefficient of 0.835. 

Considering different aspects of validity, content vali-
dity is supported by construction of the scale on the attri-
butes selected by the panel of experts and ratified by the
discussion groups. Construct validity is supported by the
factor solution which indicates a structure with a single
dimension. Concurrent validity is ensured by the CTS
correlation with other scales which are thought to mea-
sure the same construct. Significant correlations of 0.774
with the overall score of the Modified Wine-Tasting
Scale and of 0.731 with the criterion question where attai-
ned. Construct convergent and discriminating validities
have been assessed based on item correlation with mat-
ching items of the concurrent scale. Correlations of
Madrid scale attributes were higher with the equivalent
attributes of the Modified Wine-Tasting Scale than with
non equivalent ones. All attributes were convergent with
their matching attribute and were discriminated from non
matching ones, except “Taste” which was found to be
interpreted as a transversal quality and “Texture” which
did not correlate with most similar attribute “Body”.
Attribute’s scale direction was in agreement with those of
the Modified Wine-Tasting Scale and the overall rating
item.

Discriminating validity was addressed from two dif-
ferent perspectives, discrimination between subjects
with different characteristics versus the same stimulus
and discrimination between subjects of the same charac-
teristics versus different stimuli. With regard to subject
discrimination, it has been suggested that diabetic
patients have altered taste sensations as compared with
non-diabetic patients, and sense differences are also
expected in elderly versus younger subjects, and smo-
kers versus non-smokers. Only the first two of these
three hypotheses could be tested, since the number of
smokers in the study sample was very small, and allo-
wed no comparison. Although slow-onset hypogeusia is
associated with diabetes,17 our study did not detect diffe-
rences between controls and diabetics, possibly because
of the small number of controls used, although it did find
differences between elderly patients in the younger and
older age groups.20 The Madrid scale showed a greater
capacity of discrimination between stimuli than between
subjects. Significant differences were found in the pair-
wise metric comparison of stimuli for the attributes
“Smell” and “Sweetness”, and for the CTS. 

Due to the number of stimuli involved in the
study, It was impossible to present each subject with
all pairs of stimuli in a binary comparison (27 = 128
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pairs per subject) in order to rank stimuli according
to patients’ preferences. Therefore it was decided to
use an incomplete randomization in which each sub-
ject made a limited number of comparisons, although
the overall group of subjects included all compari-
sons of interest, including a very different stimulus,
gazpacho, as well as an anchor stimulus, Glucerna
SR vanilla. 

The problem of preference ordering was addressed in
more depth using multidimensional scaling, which does
not assume that the attribute measurement is necessarily
ordinal. First, the differential salty stimulus (gazpacho)
was compared to the supplement grouping (table IV),
where it was found that the Madrid scale discriminated
between both groups. Differences were found in the
attributes “Appearance”, “Smell”, “Taste”, “Sweet-
ness” and “Opinion”, while “Texture” was close to sig-
nificance, and the attributes “Fullness” and “After-
taste” did not discriminate. 

When nutritional supplements were compared to
each other (excluding gazpacho), the attributes “Appe-
arance”, “Texture”, “Taste”, “Aftertaste” and “Opi-
nion” were significantly sensitive to the differences
between supplements, while the attribute “Fullness”
was close to significance. The largest difference was
found between the supplements Glucerna SR chocolate
and Clinutren vanilla, which are the most and least pre-
ferred stimuli, respectively (fig. 1). Based on the plot of
the quantifications, the stimuli can be divided into
three groups: a high preference group formed by Glu-
cerna SR chocolate and Glucerna SR strawberry, an
intermediate preference group formed by the anchor
stimulus, Glucerna SR vanilla, and Diasip vanilla, and
a low preference group formed by Resource vanilla and
Clinutren vanilla. Even if the attribute discriminating
capacity has been addressed, this result should be taken
with care, since scaling methods tend to assign the 0
reference quantification value to those response cate-
gories and objects with more mass (frequency). This is
the case of the anchor stimulus which in fact is alloca-
ted near the null quantification. 

Better acceptance of Glucerna SR® versus Resource
diabet® has also been shown recently using a modified
wine-tasting scale in a population of 456 patients with
type 2 diabetes from nursing homes in Spain.9 Discrimi-
nation between the different supplements is substan-
tially lower than when they are compared to gazpacho,
due to the similarity in organoleptic characteristics,
and large homogeneity of the supplements. As it did
not use an ordinal metric, multidimensional scaling
found an ordering of the preferences that was slightly
different from that obtained with classic test theory.
The stimulus with the highest level of preference was
the same in both cases, Glucerna SR chocolate, follo-
wed by Glucerna SR strawberry. Glucerna SR vanilla
was ranked in an intermediate position, both in the
classic model and with multidimensional scaling,
while Diasip vanilla, which was one of the least prefe-
rred stimuli in the classic model, moved to the inter-

mediate group when multidimensional scaling was
used. Taking into account that the distortion introdu-
ced in the measurement of the attributes by the
assumption of ordinality is small and that application
of the quantifications obtained from dimensional sca-
ling is otherwise complicated, it is practical to adopt
the classic model for everyday use of the Madrid
scale.

Besides incomplete randomization, other study limi-
tations that should be noted are: the small number of
controls used; the fact that not all commercially availa-
ble presentations were used; and that it was not possi-
ble to study the sensitivity to change of the Madrid
scale.

In summary, the Madrid scale is an easy-to use tool
which has adequate reliability and validity to evaluate
the preferences of diabetic patients for enteral nutritio-
nal supplements.
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