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FACTORS INFLUENCING CURRENT BELIEFS

)UT DAIRY AND
SE INTOLERANCE
NG UNIVERSITY
STUDENTS

V10, N2 (2018)

PURPOSE

The aim of the present study was to
identify factors that influence beliefs
about dairy and lactose intolerance
(LI) and to describe the regionalism
of this influence.

DESIGN AND METHODS

An online questionnaire-based study
of university students from Catalo-
nia, Spain (n=196) and Hordaland,
Norway (n=132) was used. We used
standardised factor scores as a con-
tinuous measure of beliefs and ana-
lysed their association with different
factors using a linear mixed model,
stratified by region.

FINDINGS

In Hordaland, only socio-demograph-
ic variables were associated with be-
liefs, suggesting a positive influence
of social norms, probably driven by
a stable and long tradition of dairy
consumption and low LI prevalence.
In Catalonia, participants enrolled in
a Masters or a health-related disci-
pline scored higher, suggesting an
active acquisition of beliefs.
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VALUE AND PRACTICAL IMPLICATIONS

Our results put into evidence the
importance of assessing the char-
acteristics of each community in
order to develop tailored interven-
tions aimed at improving students’
beliefs about dairy.

KEYWORDS

dairy; lactose intolerance; beliefs;
Norway; Spain
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airy in general, and milk in particular, are essential sources of calcium and

other crucial nutrients (Coudray, 201 I). Failure to meet calcium consump-

tion requirements has been associated with a higher likelihood of bone
fracture and other bone-related problems, mainly osteoporosis (Rizzoli et al., 2014;
Rizzoli, 2008; Rozenberg et al., 2016). In addition, epidemiological evidence suggests
that dairy would be protective against cardiovascular-related outcomes (Kliem and
Givens, 201 I), and possibly some cancers (i.e. colorectal cancer) (WCRF and Amer-
ican Institute for Cancer Research, 201 1). Despite its benefits and intake recom-
mendations, dairy consumption shows a descending trend (Kearney, 2010; Dror and
Allen, 2014; International Dairy Federation and Statistics Canada, n.d.) and a lack of
compliance with the dairy consumption recommendations (Mahon and Haas, 2013;
Wham and Worsley, 2003). This is aggravated by the tremendous increase in the
popularity of plant-based drinks with sales rising at the expense of a drop in the
dairy market (Whipp, 2016).

From social epidemiology, there is growing interest in describing the social factors
that may impede compliance with dairy recommendations. Within this research
paradigm, the Theory of Reasoned Action (TRA) (Ajzen and Fishbein, 1980) is one
of the most widely applied behavioural theories to explain variance in behaviour.
According to this theory, a person’s behaviour is dependent on their intention to
perform, which is influenced by the subjective norms (i.e. a reflection of the norma-
tive beliefs and the motivation to comply), and attitudes towards the behaviour.The
latter is directly dependent on the beliefs about the behaviour outcomes and their
final evaluation (FIGURE 1).

For dairy, evidence shows that attitudes and beliefs, mainly about the outcomes of
consuming dairy, are the elements that better explain the intention to consume
(Kim et al., 2003; Armitage and Conner, 2001). Therefore, identifying the factors
that influence the creation of such beliefs may help to understand the lack of com-
pliance with dairy consumption recommendations (Mahon and Haas, 2013;Wham
and Worsley, 2003). The existence of erroneous beliefs, sometimes referred to as
fallacies or myths, is a recognised problem involving both the general knowledge
of dairy as well as lactose intolerance (LI) and its management (Zaitlin et al., 2013;
McBean and Miller, 1998).

LI is a physiological condition characterised by a reduction in the lactase enzyme
function during early adulthood, eventually causing lactose indigestion. Although re-
stricted consumption of dairy is often recommended, most patients show a residual
lactose tolerance. Thus, complete avoidance of dairy should not be promoted due
to the potential negative impact it may have on the individual’s health if there is no
appropriate adjustment to the diet. However, evidence shows that most LI individ-
uals, and especially those self-reported, practically eliminate dairy from their diets
(Zingone et al.,2017; Carroccio et al., 1998; Casellas et al.,2016; Barr 201 3).This be-
haviour has been associated with mistaken beliefs regarding LI and its management.
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Similar patterns have been seen for the general population with mistaken beliefs
affecting general knowledge on dairy, especially promoted through the mass media
(Lacroix et al., 2016). All these mistaken beliefs are especially important in young
adults since this is the period when first individual nutritional decisions are made
and lifelong lifestyles are built (Demory-Luce et al., 2004; Larson et al., 2009). Be-
liefs acquired during young adulthood are likely to remain and have a lasting impact
on health (Nicklas, 2003).

Given the importance of beliefs it becomes essential to determine which factors
may influence them. Factors such as gender, age and education have been shown to
impact on food selection behaviour and the beliefs on which they are built (Cooke
and Papadaki, 2014; Matthews et al., 2016; Yahia et al., 2016). The association of
each of these variables with beliefs is extremely dependent on the attributes of
the community under study. Characteristics, such as social structure, tradition or
even LI prevalence and its social acceptance, may shape how specific social and
educational factors influence beliefs. Therefore, different settings are expected to
show different underlying factors with an influence on beliefs.

In this research, we aimed to describe the association of socio-demographic and
educational factors with correct beliefs about dairy and LI among university stu-
dents from two European regions (i.e. Hordaland, Norway; Catalonia, Spain). These
regions have especially different socio-demographic and educational characteris-
tics, dairy consumption rates, as well as LI prevalence. They were therefore regard-
ed as a unique opportunity to compare different contexts.

Dr Germa Coenders has a PhD in
Business Administration and Man-
agement (1996), and is Professor of
Quantitative Methods for Econom-
ics and Business at the Department
of Economics, University of Girona,
Spain. He is part of several research
societies such as the Research Group
on Statistics, Econometrics and
Health (GRECS) and the Institute for
Quality of Life Research. His areas of
specialisation are survey methodolo-
gy, models with latent variables that
are used for the treatment of meas-
urement errors, and compositional
data analysis (he is a founding mem-
ber of the European Survey Research
Association and the Association for
Compositional Data).

Dr Montserrat Solanas is an Asso-
ciate Professor of Medical Physiology
at the Department of Cellular Biolo-
gy, Physiology and Immunology at
Universitat Autonoma de Barcelona
(UAB). She is currently in charge of
the coordination of the Unit of Ba-
sic Medical Sciences of the Faculty of
Medicine at the same university. She
is also the principal investigator of
the Research Group of Nutrition and
Health of UAB. Her research focus is
the analysis of the effects of several
dietary components on health from a
molecular and clinical point of view.
She has especially centred her re-
search on the impact of dietary lipids
on cancer, and more recently on obe-
sity and its treatment with diet and
physical activity.

95



Aina Roca-Barcelo et al.

METHODS
Participants and Recruitment

Participants were university students aged |8 to
30 years old studying in Catalonia (an autonomous
community of north-eastern Spain (n=196)), and
in Hordaland (a south-western county in Norway
(n=132)). Participants were recruited primarily
using two reference universities in each area with
a call to disseminate to other institutions. Being
an exchange student and having language barriers
were considered exclusion criteria.

Participation was voluntary and information re-
garding the aims of the study and the confiden-
tiality of the data was provided to all participants.
Informed consent was obtained when participants
completed the questionnaire online.Students were
appropriately informed of their right to withdraw
from the study at any time. Data were anonymous,
non-sensitive and contained no information that
could potentially allow identification of the partic-
ipants.

The Questionnaire

The questionnaire was specific to assess the as-
sociation between the explanatory variables (i.e.
socio-demographic and educational contexts) and
correct beliefs about dairy and LI. For the social
context, explanatory variables included gender and
age, whereas for the educational context we in-
cluded the field of bachelor’s degree (i.e. social sci-
ences and law, science, health sciences and biosci-
ence, arts and humanities, or technology) and the
type of university studies (i.e. Bachelor’s, Masters
or PhD). People with LI were expected to have
extra education regarding LI and its management;
therefore information on LI status (i.e. LI or non-
L) of the individual and their acquaintances was
also collected.

The questionnaire was available online for two
months. Two online announcements were made
at the official social network sites of all schools
of each university. A call to disseminate to other

institutions was included. The questionnaire was
translated into Catalan and Spanish, both co-of-
ficial languages in Catalonia, and into English, for
Norwegian students. Norway occupies the fifth
position in the Education First English Proficiency
Index 2016 ranking (EF EPI) for English proficiency;
thus, no language barrier was expected. The com-
plete English version of the questionnaire, ques-
tions labelled Q| to QI5, can be found in Supple-
mentary Material, TABLE SI.

Operational definitions of the items were based
on a profound literature review.The questionnaire
then underwent a three-stage validation. The first
stage included an assessment of the relevance of
the content by an expert in medical physiology, nu-
trition and health (i.e. expert validation). Second, a
cognitive validation was carried out separately for
the English and Catalan/Spanish versions of the
questionnaire on a reduced sample of university
students from Hordaland and Catalonia, respec-
tively. Structural, wording and formatting issues
were addressed similarly across all versions of the
questionnaire. Language-specific changes were ap-
plied specifically to each questionnaire.

The third stage assessed the internal structure of
the questions (i.e. convergent validation). For this
purpose, we considered the pooled data from all
questionnaire versions because sample size was
deemed small for a multiple-group analysis.VVe as-
sumed both the existence of (i) a latent construct
(i.e. beliefs under study), and (ii) a causal relation-
ship from this construct to the items QI to QI5,
i.e. reflective indicators. All items were coded as fol-
lows: ‘0’ for incorrect or ‘| don’t know’ answers;‘l’
for correct answers. Accordingly, tetrachoric cor-
relations were estimated (Olsson, 1979) (TABLE
S2). Empty cells in the contingency tables and low/
negative correlations with all other items were
considered as arguments for item exclusion (i.e.
Q4,Q5,Q7,Q8,Ql1,QI12).The dimensionality of
the remaining items was checked by means of a
one-dimension exploratory factor analysis (EFA)
model on tetrachoric correlations (a two-dimen-
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sion model provided no better fit, p-value=0.22
for the nested-model test) estimated with Mplus7
(Muthén and Muthén, 2012).Threshold parameters
were interpreted as item difficulties, and factor
loadings as item discriminations (TABLE 1). The
item ordering according to difficulty, from less to
more difficult, was Q6, QI5, QI, Ql4, Q9, QIO
and Q3. From their factor loadings, all items were
shown to be representative of, and relevant to, the
targeted construct.

Standardised factor scores were used as a contin-
uous measure of beliefs in all subsequent statistical
analysis. As a sensitivity check, a two-parameter
Item Response Theory (IRT) model was fitted; the
correlation between IRT abilities and EFA factor
scores was 0.999 (data not shown). EFA was the
elected model. A more detailed description of the
three-stage validation process can be found in Sup-
plementary Material, “Detailed validation proce-
dure” section.

Data Analysis

Questionnaires with missing answers were exclud-
ed (n=5).All answer categories of each explanato-
ry variable was considered for analysis except for
the variable ‘field of studies’, which was recorded
as dichotomous (i.e.‘health sciences and bioscienc-
es’ and ‘others’).

The association of the explanatory variables with
beliefs was assessed for each region separately by
means of a linear mixed model stratified by region.
We used a linear (regression) model because our
dependent variable, i.e. standardised factor score,
was continuous, and a mixed model because we
included random effects to capture individual het-
erogeneity. That is, unobserved factors specific to
individuals, which could also explain the variation
in the dependent variable.

Results are presented as the variation in the stan-
dardised factor scores as compared to the ref-
erence category and given in standard deviation

(SD) units. Negative and positive values must be
interpreted as a decrease or increase in the factor
scores compared to the reference category, re-
spectively. All analyses were performed with the R
software (version 3.3.2). Statistical significance was
set at p < 0.05 and confidence intervals at 95%
(95% ClI).

RESULTS

Population Description

TABLE 2 shows the demographic characteristics
for the two studied regions. Overall, 193 Catalan
and 132 Norwegian university students successfully
completed the questionnaire. Gender distribution
was similar in both populations, with participation
being higher in women.The overall mean age (SD)
was 21.90 (2.42) years, with the most prevalent age
range being 20 to 24 years in both regions (72.73%,
Hordaland; 74.09%, Catalonia). The second most
common age range differed between regions, 25 to
30 years in Hordaland (19.70%) and 18 to 19 years
in Catalonia (16.06%).

Overall, 263 (80.92%) of the questionnaires were
completed by undergraduate students where-
as postgraduate students represented 30.30% in
Hordaland and 11.40% in Catalonia. Of all Catalan
students, more than half (55.96%) were enrolled
in health science and bioscience studies, with ‘any
other field of studies’ representing more than 13%.
Conversely, Norwegian students were more evenly
distributed through the different fields. There was
no significant difference in either the proportion of
LI participants (15.69% overall) or in the propor-
tion of participants who had acquaintances with LI
(87.08% overall).

Factors Affecting Beliefs

The association between the socio-demographic
and educational variables with the correct beliefs
about dairy and Ll is presented in TABLE 3 for each
region.
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Results of a One-Dimension Exploratory Factor
Analysis (EFA) on Tetrachoric Correlations

m Threshold Factor
parameters? loadings®
el Ql —0.788 0.507
m Q3 —0.035 0.514
< Q6 —1.060 0.362
- Q9 —0.620 0.443
Ql0 —-0.417 0.402
Ql4 —0.677 0.515
Ql5 —1.046 0.529

*Threshold parameters interpreted as item difficulty
®Factor loadings interpreted as item discrimination

Source: Devised by author

Population Characteristics of the Samples from Hordaland (n=132) and
Catalonia (n=196)

Total Hordaland (Norway) | Catalonia (Spain)
m Characteristics N % N % N % p-value
d Gender
m Women 241 742 105 79.6 136 70.5 0.066
< Men 84 25.9 27 20.5 57 29.5
h Age group
18-19 41 12.6 10 7.6 31 16.1 0.007
20-24 239 73.5 96 727 143 74.1
25-30 45 13.9 26 19.7 19 9.8
Mean age (SD) 21.90 (2.4) 22.59 (2.6) 21.42 (2.2)
Level of studies
Bachelor’s 263 80.9 92 69.7 171 88.6 | <0.005
Master’s 57 17.5 40 30.3 17 8.8
PhD 5 1.5 0 0 5 2.6
Field of studies
Science 51 15.7 26 19.7 25 13.0 | <0.005
Health sciences and 143 44.0 35 26.5 108 56.0
biosciences
Social sciences and law 66 20.3 41 311 25 13.0
Technology 25 77 8 6.1 17 8.8
Arts and Humanities 40 12.3 22 16.7 18 9.3
LI status
LI 51 15.7 26 19.7 25 13.0 0.101
Non-LI 274 843 106 80.3 168 87.1
Acquaintances with LI
No 42 12.9 22 16.7 20 10.4 0.096
Yes 283 87.1 110 83.3 173 89.6
Total 325 100.0 132 100.0 193 100.0

Source: Devised by author
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Estimates of the Association of Socio-demographic and Educational Variables
with Beliefs by Region

m Hordaland (Norway) Catalonia (Spain)
(n=132) (n=196)
d Demographic Estimate 95% CI p-value Estimate 95% ClI p-value
m characteristics
< Gender
h Men 0 0
Women 0.38 (0.11;0.65) 0.006 -0.00 (-0.22;0.22) 0.984
Age group
18-19 0 0
20-24 0.52 (0.12;0.93) 0.012 0.20 (-0.06; 0.46) 0.126
25-30 0.83 (0.37;1.29) <0.001 0.12 (-0.36; 0.60) 0.628
Level of studies
Bachelor’s 0 0
Master’s 0.11 (-0.12;0.34) 0.348 0.43 (0,01;0.84) 0.044
PhD - - -0.25 (-0.88;0.38) 0.444
Field of studies
Others? 0 0
Health sciences and 0.16 (-0.07; 0.40) 0.178 0.41 (0.20;0.61) | <0.001
biosciences

SD, Standard deviation — 95%: Cl, confidence interval — 95%.

Multivariate linear regression model adjusted for all the studied covariates as well as LI status and acquaint-
ances with LI. First group is the reference group for all statistical comparisons. Difference with respect to
reference group in factor scores standard deviation (SD) units.

*Others include: Science, Social sciences and law, Technological sciences, and Arts and Humanities

Source: Devised by author

Norwegian University Students

In Hordaland, a significant association was found
for gender, with women reported to perform bet-
ter than men by 0.38SD (95% CI:0.11;0.65). Belief
scores increased with age, showing 0.52SD (95%
Cl:0.12;0.93) and 0.83SD (95% CI:0.37; 1.29) bet-
ter performance for students aged 20-24 and 25—
30 years, respectively. No interaction was found
between gender and age (data not shown), and no
significant association was found for field and level
of studies.

Catalan University Students

In Catalonia, students enrolled in a Masters’ pro-
gramme performed better by 0.43SD (95% CI:

0.01; 0.84) compared to graduate students. Like-
wise, students enrolled in health-related studies
showed higher belief scores by 0.41SD (95% CI:
0.20; 0.61). No interaction was found between
field and level of studies (data not shown), and
no significant association was found for age or
gender.

DISCUSSION

Evidence shows that an alarming number of peo-
ple have erroneous beliefs regarding dairy and the
definition and management of LI (Zaitlin et al.,
2013; McBean and Miller 1998). According to the
TRA behavioural model, erroneous beliefs regard-
ing dairy may be detrimental for its consumption
and, therefore, be shaping the negative trend seen
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for dairy consumption. Oppositely, correct beliefs
may allow for an improvement or reversal of such
negative trends (Mahon and Haas, 20| 3;Wham and
Worsley, 2003). Herein, we provide evidence on
which specific socio-demographic and educational
factors are associated with correct beliefs about
dairy and LI by region, i.e. Catalonia (Spain) and
Hordaland (Norway), and thus, that could be used
to tailor interventions aimed at increasing dairy
consumption.

Hordaland, The Role of Social Inputs

For Norway, women and the older groups of uni-
versity students were shown to have correct be-
liefs more frequently, which is consistent with the
literature (Tallarini et al., 2014; Yahia et al., 2016;
Cooke and Papadaki, 2014). For women, a higher
interest and care for their health status and phys-
ical appearance (del Mar Bibiloni et al., 2013; Tal-
larini et al., 2014) would account for the correct
beliefs.

These variables are purely socio-demographic, i.e.
outside the education system. Therefore, we sug-
gest that they are a reflection of the social norms
associated with dairy consumption. According
to the ‘gene-culture co-evolutionary theory’ (Si-
moons, 1970), dairy consumption would have been
adopted as a cultural behaviour during Neolithisa-
tion in Northern Europe. Thereafter, this region
would have shown a relatively stable dairy tradi-
tion, turning dairy consumption into a well-rooted
behaviour and shaping the prevalence of LI. Cur-
rently, Norway holds one of the lowest rates of LI
prevalence, below 5% (Vesa et al., 2000), indicat-
ing the absence of any major physiological burden
to dairy consumption (Ingram et al.,, 2009) and,
therefore, no extra negative perception associated
with dairy. Taken together, the early introduction
of dairy in Scandinavia, the low prevalence of LI,
and the current high consumption rates show that
milk consumption is a well-rooted practice within
the Norwegian community. This suggests that it has
positive social norms associated that may be shap-
ing the creation of correct beliefs.

According to the TRA, this favourable social con-
text would translate into positive social support
and favourable normative beliefs about dairy, indi-
rectly influencing students’ beliefs. The associations
found for women and older participants further
support this hypothesis.

Catalonia, The Role of Education

In Catalonia, field and level of studies were the two
variables that best explained beliefs. Accordingly,
respondents were more likely to answer correctly
if they were enrolled in a Master’s programme or
in health-related studies. According to the Knowl-
edge-attitude behaviour (KAB) model (FIGURE
Ib) (Schneider and Cheslock, 2003; Baranowski
et al,, 2003), knowledge accumulation is key for
attitude change. Therefore, the knowledge gained
of certain behaviour leads to a change in attitude,
finally impacting on the behaviour itself. Evidence
shows that increased general nutrition knowledge,
and specifically dairy-related knowledge, is a pow-
erful predictor of food label use (Miller and Cas-
sady, 2015), dietary dairy guidelines application to
daily practices (Escalon et al., 2013; Kolodinsky et
al,, 2007), and dietary habits (Sharma et al., 2008;
Cooke and Papadaki, 20 1 4; Kolodinsky et al.,2007).
Therefore, we sustain that health-related studies in
Catalonia may provide reliable knowledge on nu-
tritional concepts, and more specifically regarding
dairy and associated conditions, such as LI. These
may favour the production of correct beliefs
among Catalan university students.

Alternatively, social-related educational variables,
such as gender and/or age, showed no significance.
This can be explained by both the late and inter-
mittent historical establishment of dairy consump-
tion, as well as the high LI prevalence of the region.
In Southern Europe, the introduction of dairy was
delayed compared to Scandinavia, and its adoption
was intermittent due to the interaction with al-
ready existing practices and the additional migra-
tion influxes from other regions of the Mediterra-
nean. In modern Catalonia, it was not until the late
[9th century that there is proof of a generalised
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and steady increase in dairy consumption (Ayun-
tamiento de Barcelona. Negociado de Estadistica,
1902). In addition, LI prevalence in the region is re-
markably high, i.e. 30 to 50% (Casellas et al.,2010);
this hinders dairy consumption by creating nega-
tive norms associated with it. Overall, this scenar-
io could be regarded as less propitious in creating
accurate beliefs about dairy, opposite to what is
experienced in Norway. Taken together, attitudes
and beliefs of Catalan students would be acquired
in the educational context, essentially as part of the
curriculum in health-related studies.

Public Health Relevance

Findings from this study contribute to the grow-
ing body of knowledge asserting the factors that
influence dairy and LI beliefs and, eventually, dairy
consumption. The findings herein reported sup-
port the existence of fallacies around dairy and
provide evidence on the local/regional factors af-
fecting influencing beliefs. This highlights the need
for setting-specific assessment and interventions.
For Catalonia, for example, our results suggest that
interventions involving transmission of correct
knowledge regarding dairy could impact on the
population’s beliefs about it.

Overall, this provides public health advisors with
key information on how beliefs are being different-
ly affected by socio-demographic and educational
factors, and gives them a better understanding of
the complex framework that shapes consumption
behaviours in different settings. This can then be
used to create appropriate and tailored interven-
tions triggered to raise dairy consumption where
needed. Countries such as Spain, with a high prev-
alence of LI individuals, are especially susceptible
to the negative impact of fallacies around LI and
would therefore particularly benefit from such
preventive campaigns.

Limitations and Strengths

The major limitation of this study is the voluntary
selection bias that may affect our sample. How-

ever, the main variables that could eventually be
affected by it were included in the model.Also, ed-
ucational plans were considered to be unique for
each field of studies, dismissing the existence of any
programme or local campaign implemented across
more than one field of studies touching on dairy. A
review of the educational curricula and a content
analysis of the national and local campaigns could
be a meaningful extension to the present work. In
terms of external validity, the highly specific attri-
butes of each setting make generalisation of the
results difficult. Nonetheless, in it also lies its great
value as it demonstrates the importance of the set-
ting in shaping the impact each factor has in beliefs
about dairy and LI, putting into evidence the need
for setting-specific assessment.

For this study, the TRA behavioural model provides
arguments that support the importance of beliefs
in terms of behaviour intention. However, the eval-
uation of behaviour itself falls out of the scope of
the present work and therefore remains as a po-
tential future line of research.

An important strength of the present study is the
use of a wide array of questionnaire validation
methods, i.e. expert, cognitive and convergent valida-
tion. The remarkable size of the sample, the avail-
ability of data for two highly opposed European
regions in terms of dairy culture and consumption
rates, and the clinical relevance of the age-group
herein assessed, add further value to this study.

CONCLUSIONS

This study is unique in that it provides evidence
on how beliefs about dairy and LI are influenced
by different socio-demographic and education-
al factors in a way that is strongly dependent on
the region under study. For Catalonia, beliefs were
greatly dependent on education; this is opposite to
Hordaland, where a favourable social and historical
context seemed to be the major influence.

The results herein presented put into evidence the
need to further study the characteristics and ne-
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cessities of each community in order to be able to
shape the interventions as required. This will help
governments and industries to develop tailored
interventions aimed at improving students’ beliefs
about dairy.
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Tetrachoric Correlations

il Ql Q3 Q6 Q9 Qlo [Ql4 [QlI5
o | Q! 1.000
m Q3 |0261 |1.000
< Q6 0.320 |0.276 | 1.000
h Q9 0.248 |[0.063 |[0.096 | 1.000
QI0 |[0.203 |[0.241 |[0.040 [0.188 | 1.000
Ql4 |0.145 [0.303 [0.172 [0.336 |[0.195 | 1.000
Qls5 0.272 | 0.289 |[0.060 |[0.300 |[0.234 |0.234 | 1.000
Source: Devised by author
T T T T T 1
1 2 3 4 5 6 7

Eigenvalue Screeplot
Source: Devised by author

DETAILED VALIDATION PROCE-
DURE

The validation of the questionnaire consisted of
three assessment stages, as follows:

Expert validation

An associate professor of medical physiology and
an experienced investigator in nutrition and health
topics assessed the questions individually and as
whole with the main focus being content rele-
vance. The assessment was conducted on all the
versions of the questionnaire by the same expert,
who was fluent in all relevant languages.

Coghnitive validation

The cognitive validation consisted of a pilot test
conducted on a reduced sample of university stu-
dents (n=5).The test was run both in Hordaland
and Catalonia in order to assess the suitability of
the English and Catalan/Spanish versions of the
questionnaire, respectively. Respondents were re-
quested to give their opinion on the structure and
content of the questionnaire as well as on their suit-
ability in terms of use of the language and content.

All feedback provided regarding the content, struc-
ture and format of the questionnaire was consid-
ered for improvement. Comments were applied
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across all versions of the questionnaire. Some of
the suggestions included: (i) to incorporate the
subheadings “Lactose intolerance” and “Myths and
facts” to better guide the respondents through
the questionnaire; (ii) to add an example of food
intoxication in Q10 for a better comprehension,
or (iii) to use the adjective ‘nutritional’ to specify
the type of supplements referred to in Q6. More
language- and comprehension-related comments
were applied specifically to the language version to
which they referred.

Convergent validation

Finally, the internal structure of the questionnaire
was evaluated for all versions combined. For this
purpose, we assumed (i) the existence of a latent
construct (i.e. beliefs under study), and (ii) the exis-
tence of a causal relationship from this construct to
the items QI to QI5, i.e. reflective indicators. Ques-
tions were codified using a 0/] code (‘0’, incorrect
or‘l don’t know’ answers;‘1’, correct answer).

A common approach to modelling binary variables
is to assume that for each observable binary vari-
able y, there is an underlying standardised normal
variable y* and that y is related to y* through the

1 1 1
step-function:

Eq(l) y,= | wheny -1,
y,=O0wheny =,

where 1 are called thresholds and are related to
the frequency distributions (the higher the thresh-
old, the lower the frequency of | responses). Eq(1)
leads to the use of tetrachoric correlations. Tetra-
choric correlations estimate the relationship be-
tween the underlying y* variables; they are a partic-
ular case of polychoric correlations (Olsson, 1979)
and of Muthén’s categorical variable methodology
(Muthén, 1984). Items with low or even negative
correlations with all other items were removed
from further consideration (i.e. Q4, Q5, Q7, Q8§,
QI11,Ql2) in a first step.

In a next step, the dimensionality of the remaining
items QI, Q3, Q6, Q9, QI0, Ql4 and QIS5 was
checked by means of an exploratory factor analy-
sis (EFA) model. Mplus 7 was used for estimation

(Muthén and Muthén, 2012) with the diagonally
weighted least square estimation method on tetra-
choric correlations in TABLE S2 (WLSMV option
in the Mplus program).The one-dimension model
was not rejected by the mean-and-variance adjust-
ed chi-square test (p-value 0.41), and the two-di-
mension model had no significantly better fit than
the one-dimension model (nested-model p-value
0.22). Eigen values of the tetrachoric correlation
matrix (FIGURE SI) and the goodness of fit of
the one-dimension model (CFI=0.993;TLI=0.989;
RMSEA=0.011) also pointed to a one-dimension
solution. Therefore, only one dimension was con-
sidered (i.e. beliefs under study).Threshold param-
eters are interpreted as item difficulties and factor
loadings as item discriminations.The item ordering
according to difficulty, from less to more difficult, is
Q6,QI15,Q1,Q14,Q9,Q10,Q3.A negative thresh-
old (i.e., low difficulty) means that more than 50%
of the sample answered correctly. From their fac-
tor loadings, all items were shown to be represen-
tative of, and relevant to, the targeted construct.

Factor scores were used as individual measures
for beliefs about lactic products, after standardi-
sation to zero mean and unit standard deviation. A
two-parameter Item Response Theory (IRT) mod-
el (Wilson 2004) was also used to check to what
extent model choice could affect the results. The
correlation between IRT abilities and EFA factor
scores was 0.9994 arguing for the results’ insensi-
tivity to model specification.
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