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ABSTRACT

Purpose: The aim of the present study was to identify fextbat influence beliefs about
dairy and lactose intolerance (LI) and to desctitgeregionalism of this influence

Design and Methods: Online questionnaire-based study on universityesttglfrom
Catalonia, Spain (n=196) and Hordaland, Norway 82yIWe used standardized factor
scores as a continuous measure of beliefs andzathits association with different factors
using a linear mixed model, stratified by region.

Findings: In Hordaland, only socio-demographic variables vassociated to beliefs,
suggesting a positive influence of social normeppbly driven by a stable and long tradition
of dairy consumption and low LI prevalence. In Gata, participants enrolled in a masters
or a health-related discipline scored higher, satigg an active acquisition of beliefs.
Value and Practical implications: Our results put into evidence the importance oésssg
the characteristics of each community in ordereweetbp tailored interventions aimed at

improving students’ beliefs about dairy.
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I ntroduction

Dairy in general, and milk in particular, are essdrsources of calcium and other crucial
nutrients (Vissers et al. 2011). Failure to medtiaen consumption requirements has been
associated to higher likelihood of bone fracturel ather bone-related problems, mainly
osteoporosis (Rizzoli et al. 2014; Rizzoli 2008;zRoeberg et al. 2016). In addition,
epidemiological evidence suggest dairy would beegmtove against cardiovascular-related
outcomes (Kliem & Givens 2011), and possibly somecers (i.e. colorectal cancer)(WCRF
& American Institute for Cancer Research 2011). dites its benefits and intake
recommendations, dairy consumption shows a desegndend (Kearney 2010; Dror &
Allen 2014; International Dairy Federation and Btais Canada n.d.) and a lack of
compliance with the dairy consumption recommenadatiMahon & Haas 2013; Wham &
Worsley 2003), which is aggravated by the tremesdnarease in popularity of plant-based

drinks with sells raising at expenses of a drofhendairy market (Whipp 2016).

From social epidemiology, there is growing interestiescribing the social factors that may
impede compliance with dairy recommendations. Withis research paradigm, thbeory

of Reasoned Action (TRA)(Ajzen & Fishbein 1980) is one of the most widelypked

behavioural theories to explain variance in behaviédccording to this theory, a person’s
behaviour is dependent on his intention to perfevinch is influenced by the subjective
norms—i.e. a reflection of the normative beliefsl @dhe motivation to comply—, and the
attitudes towards the behaviour. The latter isafliyedependent on the beliefs about the

behaviour outcomes and their final evaluation (Fedl).



For dairy, evidence shows that attitudes and &laainly about the outcomes of consuming
dairy, are the elements that better explain thentdn to consume (Kim et al. 2003;
Armitage & Conner 2001). Therefore, identifying flaetors influencing the creation of such
beliefs may help to understand the lack of comphkarwith the dairy consumption
recommendations (Mahon & Haas 2013; Wham & Worsk®03). The existence of
erroneous beliefs, sometimes referred as fallacieanyths, is a recognized problem
involving both dairy general knowledge as well atbse intolerance (LI) and its

management(Zaitlin et al. 2013; McBean & Miller 899

LI is a physiological condition characterized byealuction in the lactase enzyme function
during early adulthood, eventually causing lactosaligestion. Despite restricted
consumption of dairy is often recommended, mosepts show a residual lactose tolerance.
Thus, complete avoidance of dairy should not banoted due to the potential negative
impact it may have in the individual’s health iktlk is no appropriate adjustment in the diet
ocurrs. However, evidence shows that most LI irtiiais, and especially those self-reported,
practically eliminate dairy from their diets (Zing® et al. 2017; Carroccio et al. 1998;
Casellas et al. 2016; Barr 2013). This behaviow Ibeen associated with mistaken beliefs
regarding LI and its management. Similar pattemgehbeen seen for the general population
with mistaken beliefs affecting general knowledgedairy, especially promoted through the
mass media (Lacroix et al. 2016). All these mistabeliefs are especially important in
young adults since this is the period when firshdyased nutritional decisions are made and
lifelong lifestyles are built (Demory-Luce et alO@®; Larson et al. 2009). Beliefs acquired
during young adulthood are likely to remain andehavlasting impact on health (Nicklas

2003).



Given the importance of beliefs it becomes essemtiadetermine which factors may
influence them. Factors such as gender, age anchiolu have been shown to impact on
food selection behaviors and the beliefs they aridt lipon (Cooke & Papadaki 2014;
Matthews et al. 2016; Yahia et al. 2016). The assion of each of these variables with
beliefs is extremely dependent on the attributes tlié community under study.
Characteristics such as social structure, tradibtoneven LI prevalence and its social
acceptance, may shape how specific social and tdoah factors influence beliefs.
Therefore, different settings are expected to sluifferent underlying factors with an

influence on beliefs.

Herein, we aimed to describe the association ofostemographic and educational factors
with correct beliefs about dairy and LI among unsity students from two European regions
(i.e. Hordaland, Norway; Catalonia, Spain). Thesgians have especially different socio-
demographic and educational characteristics, damgsumption rates, as well as LI

prevalence. Thus, they were regarded as a uniquertomity to compare different contexts.

M ethods

Participants and Recruitment

Participants were university students aged 18 tpe20s old studying in Catalonia—
Autonomous community of north-eastern Spain (n=29)d in Hordaland—south-western
county in Norway (n=132). Participants were re@diprimarily using two reference
universities in each area with a call to dissennimatio other institutions. Being an exchange

student and having language barriers were conside@usion criteria.



Participation was voluntary and information regagdihe aims of the study and the
confidentiality of the data was provided to allgg@pants. Informed consent was obtained
when participants completed the questionnaire entudents were appropriately informed
of their right to withdraw from the study at angng. Data were anonymous, non-sensitive

and contained no information that could potentiallpw identification of the participants.

The questionnaire

The questionnaire was specific to assess the as&ocbetween the explanatory variables

(i.e. socio-demographic and educational contextd)arrect beliefs about dairy and LI. For
the social context, explanatory variables inclugedder and age, whereas for the educational
context we included the field of bachelor’s dediie®= social sciences and law, science,

health sciences and bioscience, arts and humarotiéschnology) and the type of university
studies (i.e. bachelor’s, masters or PhD). Peopile W are expected to receive extra
education on LI and its management, therefore mé&bion on LI status (i.e. LI or non-LI) of

the individual and their acquaintances was alskecisd.

The questionnaire was available online for 2 maniwg online announcements were made
at the official social-network sites of all schoofseach university reference university. A
call to dissemination to other institutions waduled. The questionnaire was translated to
Catalan and Spanish—both co-official languagesatalonia—, and to English—for
Norwegian students. Norway occupies the fifth positn the Education First English
Proficiency Index 2016 ranking (EF EPI) for Englgtoficiency; thus, no language barrier
was expected. The complete English version of tlestipnnaire—questions labeled Q1 to

Q15— can be found in Supplementary Material, T&dle



Operational definitions of the items were base@ @mofound literature review. The
guestionnaire then underwent a three-stage vadiaafihe first stage included an assessment of
the relevance of the content by an expert in mégiagsiology, nutrition and health (i.expert
validation). Secondly, @ognitive validatiorwas carried out separately for English and
Catalan/Spanish versions of the questionnaire redaced sample of university students from
Hordaland and Catalonia, respectively. Structwakding and formatting issues were
addressed similarly across all the questionnaireimes. Language-specific changes were

applied specifically to each questionnaire.

The third stage assessed the internal structueeajuestions (i.econvergent validation

For this purpose, we considered the pooled data &ibquestionnaire versions because
sample size was deemed small for a multiple-grawgbyais. We assumed both the existence
of (i) alatent constructi.e. beliefs under study), and (ii) a causaltrefeship from this
construct to the items Q1 to Q15—ireflective indicatorsAll items were coded as follows:
‘0’ for incorrect or ‘I don’t know’ answers; ‘1’ fiocorrect answers. Accordingly, tetrachoric
correlations were estimated (Olsson 1979) (Table B2pty cells in the contingency tables
and low/negative correlations with all other itewere considered as arguments for item
exclusion (i.e. Q4, Q5, Q7, Q8, Q11, Q12). The disienality of the remaining items was
checked by means of a one-dimension exploratotgpfamalysis (EFA) model on tetrachoric
correlations (a two-dimension model provided nadrdit, p-value=0.22 for the nested-
model test) estimated with Mplus7 (Muthén & Mutt#12). Threshold parameters were
interpreted as item difficulties and factor loadiras item discriminations (Table 1). The

item ordering according to difficulty, from lessnwore difficult was Q6, Q15, Q1, Q14, Q9,



Q10 and Q3. From their factor loadings, all itelnevged to be representative of and relevant

to the targeted construct.

Standardized factor scores were used as a consrmeasure of beliefs in all subsequent
statistical analysis. As a sensitivity check, a-frawameter Iltem Response Theory (IRT)
model was fitted, yet the correlation between IRIliEes and EFA factor scores was 0.999
(data not shown). EFA was the elected model. Aendetailed description of the three-stage
validation process can be foundSnpplementary Material, “Detailed validation progesf

section.

Data analysis

Questionnaires with missing answers were exclude8)( All answer categories of each
explanatory variable was considered for analystepkfor the variable ‘field of studies’
which was recorded as dichotomous (i.e. ‘healtbrsm@s and biosciences’ and ‘others’).
The association of the explanatory variables withelfs was assessed for each region
separately by means of a linear mixed model siedtlby region. We used a linear
(regression model) because our dependent varialdestandardized factor score— was
continuous, and a mixed model because we inclualediom effects to capture individual
heterogeneity, that is to say, unobserved facfpesiic to individuals, which could also

explain the variation in the dependent variable.

Results are presented as the variation in the atdizeéd factor scores as compared to the
reference category and given in standard devid8&) units. Negative and positive values
must be interpreted as a decrease or increase fadtor scores compared to the reference
category, respectively. All analyses were performét the R software (version 3.3.2).

Statistical significance was set at p<0.05 andidente intervals at 95% (95%Cl).



RESULTS

Population Description

Table 2 shows the demographic characteristichitwo studied regions. Overall, 193
Catalan and 132 Norwegian university students ssfally completed the questionnaire.
Gender distribution was similar in both populationgh participation being higher in

women. The overall mean age (SD) was 21.90 (2.d&)sywith the most prevalent age range
being 20 to 24 years in both regions (72.73%, Hardh 74.09%, Catalonia). The second
most common age range differed between region&) 3B years in Hordaland (19.70%) and

18 to 19 years in Catalonia (16.06%).

Overall, 263 (80.92%) of the questionnaires weramgeted by undergraduate students
whereas postgraduate students represented a 3ih3dtdaland and an 11.40% in
Catalonia. Of all Catalan students, more than (3&8f96%) were enrolled in health science
and bioscience studies, with any other field ofl&s representing more than 13%.
Conversely, Norwegian students were more evenlyiloiged through the different fields.
There was no significant difference either in thepgortion of LI participants (15.69%

overall) or in the proportion of participants whadhacquaintances with LI (87.08% overall).

Factor s affecting beliefs

The association between the socio-demographic dmcb&onal variables with the correct

beliefs about dairy and LI is presented in Tabfer3each region.

Norwegian University Students

In Hordaland, a significant association was foumdgender, with women reported to

perform better than men by 0.38SD (95%CI: 0.115).Belief scores increased with age,



showing 0.52SD (95%CI: 0.12; 0.93) and 0.83SD (95%@7; 1.29) better performance for
students aged 20 to 24 and 25 to 30 years, regpbctNo interaction was found between
gender and age (data not shown) and no signifeessdciation was found for field and level

of studies.

Catalan University Students

In Catalonia, students enrolled in a Masters’ pragperformed better by 0.43SD (95%CI:
0.01; 0.84) compared to graduate students. Likewiselents enrolled in health-related
studies showed higher belief scores by 0.41SD (95@%€0; 0.61). No interaction was
found between field and level of studies (datastaiwn) and no significant association was

found for age or gender.

Discussion

Evidence shows that an alarming number of peoplte baroneous beliefs regarding dairy
and the definition and management of LI(Zaitlirmbet2013; McBean & Miller 1998).
According to the TRA behavioral model, erroneougef®eregarding dairy may be
detrimental for its consumption and thus, be stgpie negative trend seen for dairy
consumption. Oppositely, correct beliefs may alfowan improvement or reversal of such
negative trends(Mahon & Haas 2013; Wham & Worsle§3). Herein, we provide evidence
on which specific socio-demographic and educatifa@brs are associated with correct
beliefs about dairy and LI by region, i.e. Catado(fspain) and Hordaland (Norway), and

thus, that could be used to tailor interventiomses at increasing dairy consumption.
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Hordaland, the Role of Social I nputs

For Norway, women and the older groups of universitidents were shown to more
frequently have correct beliefs, which is consisteith the literature(Tallarini et al. 2014;
Yahia et al. 2016; Cooke & Papadaki 2014). For wonaehigher interest and care for their
health status and physical appearance(Tallarial. &014; Bibiloni et al. 2013) would

account for it.

These variables are purely socio-demographicoutside the education system. Therefore,
we suggest that they are a reflection of the somains associated to dairy consumption.
According to the ‘gene- culture co-evolutionarydhg (Frederick J. 1970), dairy
consumption would have been adopted as a cultered\nour durindNeolithizationin

Northern Europe. Thereatfter, this region would hstvewed a relatively stable dairy
tradition, turning dairy consumption into a welbted behaviour and shaping the prevalence
of LI. Currently, Norway holds one of the lowestasof LI prevalence, below 5% (Tuula H
et al. 2000), indicating the absence of any majysplogical burden to dairy consumption
(Ingram et al. 2009) and thus, no extra negativegpion associated to dairy. Taken
together, the early introduction of dairy in Scaradiia, the low prevalence of LI and the
current high consumption rates, show that milk comstion is a well-rooted practice within
the Norwegian community and thus, suggest it ha#tige social norms associated that may

be shaping the creation of correct beliefs.

According to the TRA, this favourable social corttexuld translate into a positive social
support and favourable normative beliefs aboutydadirectly influencing students’ beliefs.

The associations found for women and older padidip further support this hypothesis.

11



Catalonia, the Role of Education

In Catalonia, field and level of studies were the variables that best explained beliefs.
Accordingly, respondents were more likely to ansearectly if they were enrolled in a
master’s program or in health-related studies. Adiog to the Knowledge-attitude behaviour
(KAB) model (Figure 1b) (Schneider & Cheslock 2083ranowski et al. 2003), knowledge
accumulation is key for attitude change. Thereftite,gain in knowledge of a certain
behavior leads to a change in attitude, finallyaetpg on the behavior itself. Evidence
shows that increased general nutrition knowledg&d-specifically dairy-related
knowledge—is a powerful predictor of food label (stller & Cassady 2015), dietary dairy
guidelines application to daily practices (Escatbial. 2013; Kolodinsky et al. 2007) and
dietary habits (Cooke & Papadaki 2014; Kolodinskgle2007; Sharma et al. 2008).
Therefore, we sustain that health-related studi€atalonia may provide with reliable
knowledge on nutritional concepts, and more spadlfi regarding dairy and associated
conditions, such as LI. These may favor the pradoatf correct beliefs among Catalan

university students.

Alternatively, social-related educational variabdesh as gender and/or age showed no
significance. This can be explained by both the #atd intermittent historical establishment
of dairy consumption as well as the high LI premakeof the region. In Southern Europe, the
introduction of dairy was delayed compared to Steada and its adoption was intermittent
due to the interaction with already existing preesi and the additional migration influxes
from other regions of the Mediterranean Sea. Inenocatalonia, it was not until the late
XIX century that there is proof of a generalized ateady increase in dairy consumption
(Ayuntamiento de Barcelona. Negociado de Estadid®92). In addition, LI prevalence in
the region is remarkably high—i.e. 30 to 50% (Jasedt al. 2010)—and thus, hinders dairy

consumption by creating negative norms associatéd®verall, this scenario could be

12



regarded as less propitious in creating accurdiefd@bout dairy, as opposite to what is
experienced in Norway.
Taken together, attitudes and beliefs of Cataladestts would be acquired in the educational

context, essentially as part of the curriculumealth-related studies.

Public Health Relevance

Findings from this study contribute to the growhnagdy of knowledge asserting the factors
that influence dairy and LI beliefs and, eventuadlgiry consumption. The findings herein
reported support the existence of fallacies araaid/ and provide evidence on the
local/regional factors affecting influencing besef his highlights the need for setting-
specific assessment and interventions. For Catléon example, our results suggest that
interventions involving transmission of correct Wwiedge regarding dairy could an impact

on the population beliefs about it.

Overall, this provides public health advisors wk#y information on how beliefs are being
differently affected by sociodemographic and edocail factors and gives them a better
understanding of the complex framework that shapasumption behaviors in different
settings. This can then be used to create appte@mal tailored interventions triggered to
raise dairy consumption where needed. CountriesSiain, with a high prevalence of LI
individuals, are especially susceptible to the hegampact of fallacies around LI and thus,

would particularly benefit from such preventive qagns.

Limitations and Strengths

The major limitation of this study is the voluntaglection bias that may affect our sample.

However, main variables that could eventually Hecéd by it were included in the model.
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Also, educational plans were considered to be unfqueach field of studies dismissing the
existence of any program or local campaign implaegkacross more than one field of
studies touching upon dairy. A review of the edioretl curricula and a content analysis of
the national and local campaigns could be a me&niegtension to the present work. In
terms of the external validity, the highly spec#ittributes of each setting make
generalization of the results difficult. Nonettssgin it also lies its great value as it
demonstrates the importance of the setting in sigaghie impact each factor has in beliefs

about dairy and LI, putting into evidence the ne®dsetting-specific assessment.

For this study, the TRA behavioural model provideguments that support the importance of
beliefs in terms of behaviour intention. Howevée evaluation of behaviour itself falls out

of the scope of the present work and thus, renasres potential future line of research.

An important strength of the present study is the of a wide array of questionnaire
validation methods— i.expert, cognitive and convergent validatidime remarkable size of
the sample, the availability of data for two higblyposed European regions in terms of dairy
culture and consumption rates, and the clinicavahce of the age-group herein assessed,

add further value to this study.

Conclusions

This study is unique in that it provides evidenoehow beliefs about dairy and LI are
influenced by different socio-demographic and etlonal factors in a way that is strongly
dependent on the region under study. For Catalbeigefs were greatly dependent on
education, as opposite to Hordaland, where a falbersocial and historical context seemed

to be the major influence.
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The results herein presented put into evidencedled to further study the characteristics and
necessities of each community in order to be ab&hape the interventions as required. This
will help governments and industries to develofptad interventions aimed at improving

students’ beliefs about dairy.
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Tables

Table 1. Results of a one-dimension exploratory factor analysis (EFA) on tetrachoric
correlations.

Threshold Factor

parameters® Ioadingsb
Q1 -0.788 0.507
Q3 -0.035 0.514
Q6 -1.060 0.362
Q9 -0.620 0.443
Q10 -0.417 0.402
Q14 -0.677 0.515
Q15 -1.046 0.529

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



Table 2. Population characteristics of the samples from Hordaland (n=132) and Catalonia
(n=196).

Hordaland Catalonia
Total (Norway) (Spain)
Characteristics N % N % N % P-value
Gender
Women 241  74.2 105 79.6 136 705 0.066
Men 84 25.9 27 20.5 57 29.5
Age group
18-19 41 12.6 10 7.6 31 16.1 0.007
20-24 239 735 96 72.7 143 741
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 15 0 0 5 2.6
Field of studies
Science 51 15.7 26 19.7 25 13.0 <0.005
Health sciences and biosciences 143 44.0 35 26.5 108 56.0
Social sciences and law 66 20.3 41 31.1 25 13.0
Technology 25 7.7 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 84.3 106 80.3 168 87.1
Acquaintances with LI
No 42 12.9 22 16.7 20 104 0.096
Yes 283 87.1 110 83.3 173 89.6
Total 325 100.0 132 100.0 193 100.0
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Table 3. Estimates of the association of socio-demographic and educational variables with beliefs by region.

Hordaland (Norway)

Catalonia (Spain)

(n=132) (n=196)

Demographic characteristics Estimate 95% CI p-value Estimate 95% ClI p-value
Gender

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 biosciences 0.16 (-0.07; 0.40) 0.178 0.41 (0.20; 0.61) <0.001

SD, Standard deviation; 95% CI, 95% confidence interval.

Multivariate linear regression model adjusted for all the studied covariates as well as LI status and acquaintances 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 includes: Science, Social sciences and law, Technological sciences and Arts and Humanities

18
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(b)

(b) the Knowledge-Attitudes-Behavior (KAB) model.

Normative beliefs

Motivation to
comply

Subjective Norm
(social influence)

(indirect norm)

Beliefs about the
behavior outcome

Evaluation of the
behaviour

(indirect attitude)

Attitudes towardg
dairy consumptio

Intention to Consumption

consume daity |  of dairy

Attitude towards
Knowledge consuming dairy

Figure 1. Elements conditioning behavior according to (a) the Theory of Reasoned Action, TRA and

—— Consumption of dairy|
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SUPPLEMENTARY MATERIAL

Table S1. English complete version of the questionnaire after cognitive validation®.

Correct answers (%)

Hordaland Catalonia
Total

Questions Correct answer (Norway) (Spain)
Lactose intolerance
Q1. Is lactose intolerance an allergy? Yes / No 78.5 71.2 834
Q2. Do all foods contain the same amount of lactose? Yes / No - - -
All mammals/Only terrestrial mammals/
Q3. Which other animals can digest lactose as adults a part from humans? All type of animals, not only mammals/ 51.4 39.4 59.6

Q4. Which percentage of people do you think is lactose intolerant IN
THE WORLD?

Q5. Which region has a higher lactose intolerance prevalence?
Q6. Do people with lactose intolerance need any nutritional supplement?

Q7. The MAJORITY of lactose intolerant people...

None of the others
65% / 25% / 85% - _ .

Southern European countries (e.g. Spain, Italy, Greece...) /
Scandinavian countries (e.g. Norway, Sweden...) / - - -
Southern African countries

Yes / No 85.5 82.6 87.6

...can NOT eat any lactic product. /
...can eat some lactic products. / - - -
...can eat all kinds of lactic products but with moderation




Myths and mistaken beliefs
Q8. Drinking milk promotes mucus.

Q9. Milk consumption promotes gain of weight.

Q10 Drinking milk immediately after food intoxication (e.g. mushrooms
poisoning) protects your stomach of further harm.

Q11. Milk help you to have a glowing skin.

Q12. A glass of hot milk before going to sleep helps you to fall asleep.

Q13. The liquid (whey) on top of the yogurt should be removed because it
is NOT healthy.

Q14. Pasteurization destroys the majority of the nutrients so raw milk is
better.

Q15. Only processed and manufactured milk contain Growth
Hormones/Factors(GH/GF).

True / False

True / False
True / False

True / False

True / False

True / False
True / False

True / False

73.2

66.2

75.1

85.2

70.5

55.3

63.6

80.3

75.1

73.6

82.9

88.6

*In italics those questions dismissed for the final analysis after convergent validation.



Table S2. Tetrachoric correlations.

Q1 Q3 Q6 Q9 Q10 Q14 Q15

Q1 1.000

Q3 0.261 1.000

Q6 0.320 0.276 1.000

Q9 0.248 0.063 0.096 1.000

Q10 0.203 0.241 0.040 0.188 1.000

Q14 0.145 0.303 0.172 0.336 0.195 1.000

Q15 0.272 0.289 0.060 0.300 0.234 0.234 1.000

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

Detailed validation procedure

The validation of the questionnaire consisted cée¢rassessment stages, as follows:

Expert validation

An associate professor of medical physiology angedaenced investigator in nutrition and
health topics assessed the questions individualllyas whole with a main focus in content
relevance. The assessment was conducted on alletis®ns of the questionnaire by the

same expert, who was fluent in all relevant langsag

Cognitive validation

The cognitive validation consisted of a pilot tesinducted on a reduced sample of
university students (n=5). The test was run botlHordaland and Catalonia in order to
assess the suitability of the English and Catalzemih versions of the questionnaire,
respectively. Respondents were requested to geie apinion on the structure and content
of the questionnaire as well as on their suitabilit terms of use of the language and

content.

All feedback provided regarding the content, suitetand format of the questionnaire was
considered for improvement. Comments were appliedoss all versions of the
guestionnaire. Some of the suggestions includgtb (hcorporate the subheadings “Lactose
intolerance” and “Myths and facts” to better guidee respondents through the
guestionnaire; (ii) to add an example of food imtaekon in Q10 for a better comprehension,
or (iii) to use the adjective ‘nutritional’ to spcthe type of supplements referred to in Q6.
More language- and comprehension-related commehtrewapplied specifically to the
language version they referred to.



Convergent validation

Finally, the internal structure of the questionaairas evaluated for all versions combined.
For this purpose, we assumed (i) the existencdatkat constructi.e. beliefs under study),
and (ii) the existence of a causal relationshipnfithis construct to the items Q1 to Q15—
i.e. reflective indicatorsAll questions were codified using a 0/1 code €@ incorrect or ‘I
don’t know’ answers; ‘1’ for correct answer).

A common approach to modelling binary variablesoisassume that for each observable
binary variabley; there is an underlying standardized normal vagigbland thaty; is related

toy’; through the step-function:

Eq(l) y=1when Yi 2T

y=0wheny <r,

where ' are called thresholds and are related to the énecy distributions (the higher the
threshold, the lower the frequency of 1 respondeqjl) leads to the use of tetrachoric
correlations. Tetrachoric correlations estimate rlationship between the underlying
variables and are a particular case of polycharicetations (Olsson 1979) and of Muthén's
categorical variable methodology (Muthén 1984).mkewith low or even negative
correlations with all other items were removed friurther consideration (i.e. Q4, Q5, Q7,
Q8, Q11, Q12) in a first step.

In a next step, the dimensionality of the remainitegns Q1, Q3, Q6, Q9, Q10, Q14 and
Q15 was checked by means of an exploratory fagtalysis (EFA) model. Mplus 7 was
used for estimation (Muthén & Muthén 2012) with tiiegonally weighted least square
estimation method on tetrachoric correlations iml&eS2 (WLSMV option in the Mplus
program). The one-dimension model was not rejebtedhe mean-and-variance adjusted
chi-square test (p-value 0.41), and the two-dimmnsnodel had no significantly better fit
than the one-dimension model (nested-model p-v@l22). Eigen values of the thetrachoric
correlation matrix (screeplot in Figure 1) and t@odness of fit of the one-dimension
model (CFI=0.993; TLI=0.989; RMSEA= 0.011) alsoqted to a one-dimension solution.
Therefore, only one dimension was considered @eliefs under study). Threshold
parameters are interpreted as item difficulties faudor loadings as item discriminations.
The item ordering according to difficulty, from &80 more difficult is Q6, Q15, Q1, Q14,
Q9, Q10, Q3. A negative threshold (i.e., low diffty) means that more than 50% of the



sample answer correctly. From their factor loadjragl items showed to be representative

of and relevant to the targeted construct.

1 2 3 4 5 6 7
Figure S1. Eigenvalue screeplot

Factor scores were used as individual measureddbefs about lactic products, after
standardization to zero mean and unit standardatiemi A two-parameter Item Response
Theory (IRT) model (Wilson 2008)—was also used heak to what extent model choice
could affect the results. The correlation betweei hbilities and EFA factor scores was

0.9994 arguing for the results’ insensitivity to aebspecification.
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