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Abstract

Recent neuroscience research has delineated kephgdsgical components of reward: wanting,
liking and learning. Each component is further diéd into explicit and implicit processes. While
explicit processes are consciously experiencedlicginprocesses are not always directly accessible
to conscious inspection. In the present study,nwestigated the effect of metabolic state on iniiplic
and explicit responses and their relationship iodf@ontext, especially when foods and visually
matched non-food items are contrasted, and wheasfooa sole food context but differing in energy
content (high-energy - low-energy) or taste (swesavoury) were contrasted. Sixty healthy non-
obese females participated in the study in fastedl fad states. Three Implicit Association Tests
were used tassess implicit associatiarisxplicit liking and wanting ratings were assesbgdisual
analogue scales. In the implicit food—non-food eahtfood was preferred over non-food items both
in fasted and fed states, though the strength phamhassociations declined significantly from ted

to fed state. However, the direction or strengtingdlicit associations was not significantly diféert
between the metabolic states when comparing cosied@titin food context only, differing in energy
content or taste. Instead, explicit responsesateftethe change in the metabolic state in a manner
consistent with alliesthesia and sensory-spec#tety. The results of the present study suggesdt th
implicit associations are relatively resistant tute change in the metabolic condition compared to
explicit ratings, which shift more readily accorgito the fasted-fed continuum. The shift in the
prevailing metabolic state was, however, refledtethe strength of implicit responses towards food
in relation to non-food items, yet in the sole fommhtexts implicit associations were comparable
between the fasted and fed states.

Keywords: Implicit Association Test, explicit resp®es, implicit associations, food, metabolic state
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Introduction

Reward-driven behaviour is at the motivational cofealmost all human action, and much of
human behaviour can be explained by simple prosesteapproaching rewards, i.e., pleasure-
inducing stimuli and avoiding unpleasant stimule(Bdge & Kringelbach, 2008). Food and eating
are amongst the most powerful natural sources easpire (Berridge & Kringelbach, 2008).
Consummatory behaviour, along with basic homeastageds, is especially rewarding as it
ultimately serves survival. Nevertheless, in affiusocieties food consumption occurs for reasons
other than energy deprivation — simply for pleaqlu@ve & Butryn, 2007), and this has become a
significant motivational driver for food intake. iBhtendency is referred as “hedonic eating”, as a
distinction to energy deficit-driven “homeostatetiag” (Monteleone et al., 2013).

Reward and pleasure are generated via active antpler processes that include several
psychological components corresponding to distsigalble neurobiological mechanisms. Recent
advances in neurobiology and affective neuroscid¢rase delineated the psychological components
of reward: motivation (wanting), emotion (liking)n@ learning (predictive associations and
cognitions). Each component is further divided ietglicit and implicit processes. While explicit
processes are consciously experienced, implicitgeges are not always directly accessible to
conscious experience (Berridge & Robinson, 2003).

During recent decades, the scope and methods ektigating people’s attitudes, beliefs and
behaviours have broadened beyond techniques ofcixpélf-report measurements. Subjective
evaluations, frequently interpreted as indicatioin deliberative and conscious processes, are
traditionally assessed by direct methods (e.g.stipm@naires, interviews). However, these methods
are prone to several limiting factors (for examgdeial desirability, self-presentation, limitatioims
motivation or ability) (Hofmann et al., 2005, Nosek al., 2011), including limited value in
assessment of psychological attributes that am@gpéctively inaccessible or beyond conscious
awareness. To avoid problems associated with dinetihods and to explain variation in attitudes or
behaviours not accounted for by explicit measuresegarchers have adopted a wide range of
alternative measurement instruments, i.e., comigetrmeasurement techniques to infer cognitive
processes (thoughts, feelings, behaviour) withaetctdy asking participants about them (Gawronski
& De Houwer, 2014; Hahn & Gawronski, 2017). Theseasurement tools are considered to tap
more implicit / automatic / unconscious processagénwald & Banaji, 1995; Fazio & Olson, 2003)
and could be particularly suited to reflect spoetars, uncontrolled behaviour (De Houwer &
Moors, 2010). Hence, although it has been pointgdtiat both indirect and direct measurement
outcomes can be valid indicators of behaviour (@aiOlson, 2003), the assessment of implicit
associations is important, because it can provisiefull information about a person’s relatively
spontaneous associations as well as future charm#slecisions (e.g., Galdi et al., 2008), espgciall
when self-regulation resources are depleted (Ghi#t al., 2014; for a review see Muraven &
Baumeister, 2000).

One of the most widely used implicit measuremenhnéue is the Implicit Association Test
(IAT) by Greenwald and colleagues (1998). The IA®gedure has been used to assess a variety of
concepts, such as stereotypes (Agerstrom & Ro@hl)?2 self-esteem and self-concept (Greenwald
& Farnham, 2000), political behaviour (Galdi et, #008), consumer behaviour (Maison et al.,
2004), mental health (Rusch et al., 2007), andciiddi (Wiers et al., 2002). In the domain of digtar
and eating behaviour, the IAT has been employedistinguish between different types of
individuals, e.g., overweight / obese vs. normaigivecontrols (Roefs & Jansen, 2002; Craeynest et
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al., 2007; Craeynest et al., 2008), low-emotional kigh-emotional eaters (Ayres et al., 2011,
Bongers et al., 2013), restrained vs. unrestragsdrs (Houben et al., 2010), with low vs. high in
reward sensitivity (Ashby Stritzke, 2013), withghivs. low inhibitory self-control (Haynes et al.,
2015) and to predict weight gain (Nederkoorn et2010) and snacking behaviour and snack choice
(Perugini, 2005; Richetin et al., 2007; FrieselgtZz®08; Ayres et al., 2012; Eschenbeck et all,620
Trendel & Werle, 2016). Furthermore, due to thehhilgxibility of the IAT procedure, it can be
modified to investigate various target conceptg.(groducts, individuals, objects, concepts) using
different attribute dimensions (e.g., evaluativernantic, behavioural), yet the design of the IAT
requires a careful decision of the category lalaeld stimulus items to represent the concept of
interest (Nosek et al., 2007). The rationale uryilegl the IAT test is based on the assumption that
automatic associations underlie the investigateshpimena and facilitate or inhibit IAT responses.
The original version of the IAT consists of two &Iy categorisation tasks that are combined in an
association-congruent or an association-incongroentner with the to-be-measured psychological
attribute (e.g., attitude, stereotype). The outconsasure of the IAT test, the IAT effect, assumes
that in the hypothesised association-congruenstessponses should be faster and/or more accurate
compared to those in association-incongruent taBkis, in turn, is taken as an indication that the
concepts are strongly associated in memory (Grelenetaal., 1998; Greenwald, Nosek, & Banaji,
2003). Applied to food context, if respondents tdaster on congruent tasks (‘Food — Approach’
and ‘Non-food — Avoid’) compared to incongruent kias('Food — Avoid’ and ‘Non-food —
Approach’), it can be concluded that respondent® Is&ronger association with foods than non-food
items. The association is frequently termed alsa &mplicit) preference (Greenwald et al., 1998;
Lane et al.,, 2007), because the IAT measures velatrengths of associations and the “implicit
preference” is used as a shorthand for strongerceg®n of one of the two target concepts with
positive valence, and/or weaker association of ttwtcept with negative valence (Greenwald,
Nosek, & Banaji, 2003).

Recently, some studies have attempted to verify @ffiect of different motivational factors,
including metabolic state (for example fasted esl $tate), on automatic associations. Ferguson and
Bargh (2004) showed that thirsty participants hadarautomatic positivity towards relevant objects
(such as water) than non-thirsty participants, wherhungry or more deprived participants had a
greater attentional bias or more positive immedia&ence, respectively, to food-related words
compared with less hungry participants (Mogg ef &098; Seibt et al., 2007). Furthermore,
participants in the pre-lunch group were sloweassociate food words with unpleasant words than
participants in the post-lunch group (Stafford &8ifer, 2008). Metabolic state can modulate the
formation of implicit preferences also within a tboategory; hungry participants displayed a higher
implicit preference for the approached food brasdcampared to satiated participants, whereas
explicit preferences remained unaffected (Zogmaeteal., 2016). Finlayson et al. (2008) examined
the influence of hunger state on explicit and imipliprocesses, the latter measured using a
computerised forced-choice procedure. The methogpdsed a series of 150 trials presenting two
food stimuli from different food categories and hiit each pair of stimuli participants were asked to
select the food they most wanted to eat at that emdnBased on the reaction time of each choice,
the authors reported that metabolic state (i.stethvs. fed state) modified changes in explikibg
and wanting in a manner consistent with sensorgipesatiety, whereas — on the contrary to the
findings mentioned above — no relationship betwaemger and implicit wanting was found. On the
other hand, the forced-choice method has beencisat for not necessarily measuring the
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) jons (Havermans, 2011;
Fmiaysen—&—Da#ea—%iZ) More recently, Kraus aﬁahueras Fiszman (2016) assessed the
sensitivity of two indirect measurement procedurnes, motivational tendencies (approach vs.
avoidance) and evaluative associations (positiveegative), towards two food products employing
Recoding-Free IAT (IAT-RF) within participants agsed to hunger vs. reduced-hunger groups.
They reported that responses from the motivatidAdl-RF corresponded more clearly to the
expected tendencies towards the products depemdirige recent feeding manipulation than those
from evaluative IAT-RF, and the authors suggestexl former to be ‘sensitive enough to detect
motivational changes in approach-avoidance tendsrior either one of the two products’.

However, as described above, previous studies hsexl various implicit measurement
techniques, designs, contexts, and stimuli, whallct also have contributed to the mixed findings
concerning the effect of metabolic state. Therefares challenging to draw firm conclusions about
the results of earlier research even though sonomhiest suggest that motivational state, especially
deprived condition, affects automatic or implio#tsponses. Furthermore, in many earlier studies
researchers have used separate study populatiome-post designs, which is not comparable to
designs where responses of the same participamtscaltected before and after a planned
intervention.

Therefore, in the present study our objective wasldtermine the effect of metabolic state on
implicit and explicit food-related responses in llgayoung females in a well-controlled pre-post
design. We were especially interested in examinhgther a metabolic state (i.e., fasted vs. fed
condition) affects these responses when (1) foau$ sually matched non-food items are
contrasted and when (2) foods in a sole food carteixdiffering in energy content (i.e., high-engrg
— low-energy) or taste category (i.e., sweet — sayjoare contrasted. Implicit associations were
assessed with IAT tests tailored specifically foiststudy using images of food items as target
stimuli and motivational approach-avoidance worgslst@muli for the attribute categories. In fasted
state, we expected to detect a stronger impligb@ation towards foods compared to non-food
items and high-energy meals compared to low-enenggls because food and especially high-
energy food signify source of energy and ultimagsyes survival. In addition, we expected to see a
stronger implicit association to savoury comparedweet snack foods in fasted state, as was shown
for example by Kraus & Piqueras-Fiszman (2016}hinfed state, the associations were expected be
less pronounced yet replicate the direction of @asion as shown in the fasted state. Furthermore,
line with the concepts of alliesthesia (Cabana@1})9i.e., a relationship between person’s internal
state and perceived sensation of a given stimalus sensory-specific satiety (Rolls et al., 198&) w
expected that the explicit liking and wanting rasges especially those of wanting high- and low-
energy meals and savoury snack foods would decréaseto a savoury pizza meal consumed
between fasted and fed states, whereas liking msggowould show less pronounced decrease
compared to wanting ratings.

M aterials and methods

Participants
A total of 60 healthy females participated in thiedy (Table 1). The inclusion criteria of the
study participants were female gender, age betwafeml0 years and body mass index (BMI)
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between 19-29 kg/m2. Exclusion criteria were akwad: food allergies or intolerances, restrictive
diet (e.g., vegetarian, gluten-free diet), frequiergakfast skipping, marked changes in diet during
past six months to lose weight, chronic medicafexcept oral contraceptives), chronic disease,(e.g.
diabetes, eating disorder, celiac or neurologicsdabke), and smoking. Participants were recruited i
two separate phases via internet-based calls wghidents and personnel of the University of
Eastern Finland, Savonia University of Applied $ces and Kuopio University Hospital. In the first

phase (the*icohort), 28 volunteers{age 27-6+6-0-years, - BMO23.5 kg/nt (mean+SDB)) and in the
second phase (thd%cohort) 32 volunteers—{age—24.3+5.5-years, BMD23.0-kgini(meantSD),

none had taken part in th& phase) participated in the-second study. Partitspaveight, height or
BMI did not differ between those recruited in difat phases, except for age that was higher among
those participating in the study during the firspe (p=0.01). In all analyses, the data were sedly

as one group (n=60).

The study was carried out in accordance with thelegumes laid down in the Declaration of
Helsinki. The Ethical Committee of Northern SavosHibal District, Kuopio, Finland approved all
procedures involving human participants. Writterfoimed consent was obtained from all
participants.

Table 1. Characteristics of the study female participants60).

Characteristic Mean (SD) Min - Max
Age (years) 25.8 (5.9) 20.0-40.0
Weight (kg) 64.2 (7.7) 50.4-83.1
Height (cm) 167.3 (6.1) 153.7-184.6
Body mass index (kg/fh 23.0 (2.8) 19.0-29.3
Study design

Before participating in the study, volunteers werterviewed to confirm their eligibility. At the
end of the screening interview, study procedure rmrpdsurements were explained to the volunteers
at a general level to familiarise them with thedstprotocol. However, due to the nature of implicit
responses, detailed objectives of the study werterenealed to the volunteers, because prior
information could have affected these responseshande the reliability of the results (Harmon-
Jones et al., 2007; Bongers et al., 2013). Allip@dnts were naive to the IAT procedure.

Participants were instructed to keep their usuet, @ixercise routines and sleep habits as constant
as possible during the days prior to the studyt,visfrain from heavy exercise 12 h before the ytud
visit and avoid alcohol consumption for 24 h befentering the study. At the beginning of the study
visit, participants’ height and weight were meadurand duration of the fast as well as alcohol
consumption during the previous day were checked.

Study visits were conducted at the Sensory Laboradd the Institute of Public Health and
Clinical Nutrition at the University of Eastern Fand between 9:00 and 13:00 hours. A visit
included two computer-based IAT test sessions,bmfere and one after a lunch, i.e., in fasted and
in fed state. The first test session (i.e., inddsdtate) was performed 3 h after a habitual basakf
(the ' study) or after an overnight (10-12 h) fast (tA&s2udy). The length of the fasted time did
not have a significant effect on the variables exahin the study (data not shown).
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The second test session was performed 30 minaftarch of participant’s choice (pizza options:
Hawaii, Tuna, Mozzarella and Vegetable; Dr. OetBaomi Ltd., Helsinki, Finland). During a 30
min period between the end of the pizza meal ard kibginning of the second test session,
participants sat and could read, play games, bréheseternet, or do jigsaw puzzles.

Implicit association test, IAT

A computerised categorisation task, Implicit Asation Test (IAT) (Greenwald et al., 1998) run
by Inquisit software (version 4.0.6.0, Millisecosaftware, LCC, Seattle, WA, USA) was used to
examine implicit associations. We designed thrgausge IAT tests, (1) Food — Non-food, (2) High-
energy — Low-energy, and (3) Sweet — Savoury, sessoverall implicit associations. Each IAT test
included two binary categorisation tasks, one taegel one attribute category pair, which were
combined in an association-congruent and an aggmeiacongruent manner. The calculated
measurement outcome, the IAT score (D score, |1Adcef is based on reaction times (milliseconds)
from the set of the classification tasks and presidnformation about spontaneous associations
towards the two classes of target items used irtdbe The raw IAT data were processed with a
standard procedure included in the Inquisit sofewarhe individual IAT score is obtained by
computing the difference between the mean latefdiieoblocks and by dividing the result by the
overall standard deviation (see Greenwald et 8032 The IAT score has a possible range of -2 to
+2, which indicates the strength and also the tioecof the association in the original IAT test
(D<0.15 = little to no, D>0.15 = slight, D>0.35 -onerate, D>0.65 = strong association). Due to the
comparative nature of the original IAT test, theulting IAT score should not be interpreted as an
absolute attitude or preference, but as a relatneindicating a comparative association between th
target categories.

Because the nature and construal of the categplégsa marked role in determining the IAT
effect (Lane et al., 2007), the IAT target categonvere labelled as Food — Non-food, High-energy —
Low-energy and Sweet — Savoury to define the casaefpinterest. Approach and avoid categories
were used as an attribute category pair. The aecisi use “Approach” and “Avoid” labels for the
attribute category pair followed previous practides assess indirectly motivational tendencies
towards specific objects (e.g., Palfai & Ostafii®03), including food items (e.g., Kemps et al.,
2013). Both the target and attribute categoriee\peesented in the top left and top right corrodrs
the screen and remained on the screen during tAeté&t. Stimulus images and words were
displayed successively in the centre of the scr&amticipants were instructed to categorise the
stimulus images and words as quickly and accuraslypossible by pressing either of the two
assigned response keys (left ‘E’ or right ‘I') aoding to the category labels, while their indivitlua
performance (i.e., reaction time and accuracy efcditegorisation (error rate)) was measured.

The IAT tests followed a fixed block structure andluded seven different blocks divided into
five practice blocks and two test blocks. After gdeparate practice blocks of target, attribute and
combined block (20 trials in each), the first condal test block with 40 trials was presented. Then
the categorisation task changed between the blackginued with two practice blocks (20 trials)
and ended with the second test block (40 trial$)e Drder of the association-congruent and -
incongruent blocks was counterbalanced over ppaigs.

Stimuli used in the IAT tests
Each IAT test included 16 different target stimalight images per each target category, which
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are displayed in the Supplementary data. All foodthe Sweet — Savoury and High-energy — Low-
energy IATs were presented on a white backgrourttifands and non-food items in the Food —
Non-food IAT on a grey background. Identical set&@® different attribute stimuli, 8 stimulus words
per category, were used in all IAT tests in ordembximise equivalence among the IAT tests.

Images of food and non-food items

Images used in the Food — Non-food IAT test welecsed from a larger set of previously
designed stimulus images of food and non-food it@id@surijoki et al., 2008). The images for the
target categories were chosen so that they wookkl}t match regarding shape, colour and overall
presentation, but represent two different categori@ods (e.g., Golden Delicious apple) and non-
food items (e.qg., yellow tennis ball).

Images of high- and low-energy meals

Stimulus images for the high- and low-energy me&tgories were designed and photographed at
the University of Eastern Finland (UEF). The imagesre reprocessed with Adobe Photoshop
Lightroom 6.3 and Adobe Photoshop CC (Adobe Systkmms 2014) to attain optimal brightness,
contrast and overall uniformity among the imagdte $election was based on the results from a pre-
test, in which a set of images of high- and lowrggemeals (n=33) was presented to female
volunteers (n=30, age 23.8+4.2 y, 23.1+2.9 Ky/Mhey were asked to rate the pictured foods on a
10-point scale in terms of attractiveness, estichateergy content, and suitability for a meal at the
time of assessment (morning and afternoon). Eigtatges, which received the highest ratings in
each category (attractiveness, suitability, higd low energy content), were then selected for the
high- and low-energy meal categories. The selentejes in the high-energy category included
foods such as hamburger, pizza and typical Finmsin meals, and in the low-energy category
mainly salad-based meals. Two additional imagethénhigh-energy-{re—61 (salami pizza) and 86
{French fries and hamburger)) and two images indiveenergy {re—482-and-526 (salad portions))
meal category were taken from the Food-pics dataf®iechert et al., 2014).

Images of sweet and savoury snack foods

Similarly to the high- and low-energy meals, thaige and selection of images for the Sweet —
Savoury IAT test was produced at the UEF and ptteby the same group of female volunteers
They were asked to rate the foods in 32 images d@-point scale in terms of attractiveness,
suitability for a snack food at the time of assemsnfmorning and afternoon), and whether the foods
in the images fitted into a sweet or savoury srfackl category. Eight images, which received the
highest ratings in each category (attractiveneggalslity and sweet / savoury category), were
selected for categories indicating typical sweet savoury snack foods consumed in Finland. Five
additional images in the sweet{nro—4 (coekie),—B8-(piece of berry cake)—re—103 (piece of
raspberry cake)—+ne—107 (piece of chocolate cake)-re—287 (chocolate bar)) and two in the
savoury {re—110 (cashew) andne—58 (ham sandwsigck food category were taken from the
Food-pics database (Blechert et al., 2014).

Stimulus words
Stimulus words (verbs in Finnish) representing “Aggeh” (i.e., aspire, seek, favour, desire,
choose, long for, need, take) and “Avoid” categoriee., refuse, avoid, restrict, reject, abandon,
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watch out, evade, withdraw) as attribute stimulravehosen by the research group. The words were
selected so that at first a list of appropriate dgofor both categories were created using a Finnish
thesaurus of synonyms. From this list, eight magible synonyms were selected by the consensus
of the researchers to best represent the everpgyage for each category. Furthermore, although
the IAT effect seems to be relatively unaffectedhms small variation in average word length and by
the number of stimuli representing each targetattribute category (unless only a minimal number
of exemplars are used), the IAT effect is influehpemarily by the category labels with stimuli tha
affect the construal of the category (Nosek et28l05). The stimulus words were chosen so that any
potential effect of word length could be controlléd this study the mean length of the stimulus
words was 6.5t£1.6 and 7.4+1.8 letters in “Approaahd “Avoid” categories, respectively.

Explicit ratings - subjective sensations and fomage ratings

Participants rated their subjective sensationsppietite (i.e., hunger, desire to eat, satiety, and
fullness), test meal satisfaction, alertness anddvas well as gave their explicit liking and wagtin
ratings of the food images used in the High-enerdyow-energy meal IAT and Sweet — Savoury
shack food IAT tests on an electronic visual anadogcale (VAS). The explicit ratings were not
assessed for the images in Food — Non-fterd IAT test due to their more experimental nature,(i.e
visually comparable images for food and non-foedhs). Ratings were obtained before and after the
lunch, i.e., in fasted and in fed state, each tafter the implicit measurements. The data were
collected with the Inquisit software (version 4.0,6Millisecond Software, LCC, Seattle, WA,
USA).

Each VAS contained unstructured horizontal 10 aem lvith verbal anchors (in Finnish) at both
ends expressing the weakest and the strongesistaitée.g.Not at all hungry — Extremely hungry
respectively). The explicit liking was assessecdhvat questiorfHow much do you like the food
shown in the image?” (I do not like it at all —iké it very muchyand the explicit wanting with a
question'How much would you like to have the food showthmimage at the moment?” (Not at all
— Very much)Participants were instructed to click a pointtba horizontal line corresponding to
their sensations and perceptions at the time afsassent. After clicking on the line, the program
converted the selected point into a numeric foradextfrom zero to ten.

Statistical methods

The data were analysed using a statistical softwackage IBM SPSS Statistics for Windows
(version 25.0, Armonk, NY, IBM Corp, USA). Partiaipts were included in the analysis of the IAT
test results if the error rate was less than 10gueer An error during an IAT test occurs when aegiv
stimulus is categorised incorrectly. The corretegarisation of the test stimuli is predetermingd b
the investigators via the IAT script. The programmening the IAT test keeps a record of the errors
during the test and provides a global error ratedh@ end. Consequently, one participant was
excluded from the Food — Non-food IAT, one parieipfrom the Sweet — Savoury IAT and four
from the High-energy — Low energy IAT test analydgscause several measures were not normally
distributed, non-parametric methods were used. Mahitney U test was used to discover any
differences between the participants recruitedifier@nt phases. Wilcoxon Signed-Ranks Test was
used to investigate the differences between thiedaand fed states. Spearman correlations were
calculated to discover any relation of subjectivader and satiety ratings with implicit associasion
i.e., IAT scores, and explicit ratings and betwé&&h scores and explicit ratings in both metabolic
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states. The Type | error rate was controlled usihg Bonferroni adjustment for multiple
comparisons between explicit and implicit measutkésless otherwise specified, the results are
reported as means * standard error (SE) with aevad0.05 (2-tailed) as a criterion for the statistical
significance.

Results
Implicit responses

Food — Non-food IAT

The mean IAT score of the Food — Non-food testdatdid that food was, on average, implicitly
preferred to non-food items in both fasted anddtdes (Figure 1). The mean score of the Food —
Non-food IAT was higher in fasted state comparetetbstate (p<0.05) indicating a greater implicit
preference for foods compared to non-food itenfasted than in fed state.

High-energy — Low-energy IAT

The mean IAT score of the High-energy — Low-endsggf indicated that low-energy meals were,
on average, implicitly preferred to high-energy teaa both fasted and fed states (Figure 1). The
mean IAT scores of the High-energy — Low-energy dés not differ between metabolic states.

Sweet — Savoury IAT

The mean IAT score of the Sweet — Savoury testcatdd that sweet snack foods were, on
average, implicitly preferred to savoury snack ®aal both fasted and fed states (Figure 1). The
mean IAT scores of the Sweet — Savoury test didliifer between metabolic states.

| Fasted mFed
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Figure 1. Mean Implicit Association Test (IAT) scores (wittasdard errors, SEM) of the Food —
Non-fooditem, High-energy — Low-energy meal and Sweet -o8avsnack food tests in fasted and
fed state. Positive scores indicate stronger int@gsociation (or preference) with food compaied t
non-food items in th&ood — Non-food IAT test and with sweet comparedawoury snack foods in
Sweet — Savoury IAT test. Negative scores indisatenger implicit association (or preference) with
low-energy meals than with high-energy meals inh-kgergy — Low-energy IAT testVilcoxon
Signed-Ranks Test; *p<0.05 (two-tailed); Food — Nood IAT (n=59), High-energy — Low-energy
IAT (n=56) Sweet — Savoury IAT (n=59).

Explicit responses

Subjective sensations

Subjective sensations before and after the lunehpagsented in the Table 2. Consumption of
lunch produced a significant increase in satietgt Arlness ratings and a decrease in hunger and
desire to eat ratings. Mood ratings were higheffeith than in fasted state, which indicated an
increased positive mood after lunch. Alertnessigatidid not differ between metabolic states.

Table 2. Ratings of subjective sensations (mean (SD)) itethand fed sta{@=60 females)

Subj ective sensation® Fasted state Fed state p-value’
Hunger 5.4 (2.3) 0.8 (1.3) p<0.001
Desire to eat 6.3 (2.2) 1.8 (1.9) p<0.001
Satiety 2.2 (2.1) 8.4 (1.4) p<0.001
Fullness 1.8 (1.8) 7.9 (1.6) p<0.001
Mood 7.6 (2.1) 8.2 (1.5) p=0.038
Alertness 6.2 (2.2) 6.0 (2.1) p>0.05
Test meal satisfaction - 7.4 (1.7) -

®Measured using an electronic visual analogue 8&&) with ‘Not at all’ as left and ‘Extremely’
as right verbal anchor, except for mood, where &gfthor was ‘Bad’ and right anchor ‘Good’;
Wilcoxon Signed-Ranks Test.

Explicit liking and wanting ratings

Liking. When comparing the mean liking ratings within thetéd or fed states, no differences were
found between the liking ratings of high-energy lsv-energy meals or sweet vs. savoury snack
foods in either fasted or the fed state.

When comparing the mean liking ratings betweerfdbted and fed states, the liking ratings of high-
energy meals, sweet snack foods and savoury smacks fwere higher in fasted compared to fed
state (p<0.01; Figure 2). The liking ratings of lewergy meals did not differ between the metabolic
states.

Wanting.When comparing the mean wanting ratings withinfiksted or fed states, no differences
were found between the wanting ratings of high-gyeneals vs. low-energy meals in the fasted
state. In the fed state, the wanting ratings ohifggergy meals were lower compared to those of low-
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425  energy meals (p<0.001). In the sweet vs. savouaglsfoods comparison, the wanting ratings of

426  savoury snack foods were greater compared to smeek foods in the fasted state (p<0.001). In the
427  fed state, the mean wanting ratings of sweet sf@aifs were greater compared to savoury snack
428  foods (p<0.001).

429 When comparing the mean wanting ratings betweerfasied and the fed states, the wanting

430 ratings of high-energy meals, low-energy meals sanbury snack foods were higher in the fasted
431  compared to the fed state (p<0.001; Figure 2).Waeting ratings for the sweet snack foods did not
432  differ between the metabolic states.

433
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437  Figure 2. Mean explicit liking and wanting ratings (with stand errors, SEM) of the images in the
438  high-energy and low-energy meals and sweet andusgemack foods categories in fasted and fed
439  state; Wilcoxon Signed-Ranks Test; **p<0.01, ***p@01 (two-tailed); n=60; Measured with an
440  electronic visual analogue scale (VAS).

441

442

443  Correlations between implicit and explicit respanse

444 We examined the correlations of hunger and satiatings (i.e., subjective indicators of the

445  metabolic state) with explicit liking and wantingtings and implicit IAT scores in fasted and fed
446  states (Table 3). Correlations between implicit 18dores and explicit liking and wanting ratings
447  were also assessed in both metabolic states.

448

449  Fasted stateHunger or satiety ratings did not correlate watkplicit liking ratings, except for a
450 negative correlation between satiety and liking dateet snack foods.e., the stronger the satiety,
451  the lower the liking of sweet snack food@ble 3). Instead, hunger ratings correlated syt with
452  all the wanting ratings; the stronger the hungee, higher the explicit wanting of food. Satiety
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ratings, in turn, correlated negatively with alketlexplicit wanting ratings except for low-energy
meals; the stronger the satiety, the lower the mwgntatings of high-energy, sweet and savoury
foods. In addition, desire to eat ratings correlgp@sitively with liking ratings of sweet snacks
(r=0.26, p<0.05) and high-energy (r=0.29, p<0.@®ds and wanting ratings of all food categories
(r=0.37-0.51, p<0.01), whereas fullness ratingsetated negatively with wanting ratings of low-
energy meals (r=-0.31, p=0.015) and savoury snaokld (r=-0.27, p=0.04)The correlations of
desire to eat with wanting ratings of high-energy dow-energy meals remained significant also
after the Bonferroni correction for multiple comigans.

No significant correlations were found between rermg satiety ratings and any of the mean IAT
scores of the used IAT tests (Table 3), or betwamsire to eat or fullness ratings and IAT scores.
When the IAT scores of Sweet — Savoury and Higlrggne Low-energy tests were correlated with
corresponding explicit liking and wanting ratingSweet — Savoury IAT test scores correlated
positively with mean liking (r=0.26, p=0.05) and ntiag (r=0.26, p<0.05) ratings of sweet snack
foods and the High-energy — Low-energy test scomselated negatively with the mean liking
scores of low-energy meals (r=-0.32, p<0.05). Nohthese correlations remained significant after
the Bonferroni correction for multiple comparisons.

Fed stateNeither hunger nor satiety ratings correlated wiité& explicit liking ratings measured in
fed state (Table 3). Instead, hunger ratings catedl positively and satiety ratings negatively with
explicit wanting ratings of high- and low-energyatsgeand savoury snack foods, i.e., the stronger the
hunger, the higher the wanting scores and the g#rothe satiety, the lower the wanting scores,
respectively. Desire to eat ratings correlatedtpasy with liking ratings of sweet (r=0.26, p<0)05
foods and wanting ratings of all food categoriesD(89—-0.54, p<0.01). Fullness ratings correlated
negatively with wanting ratings of high-energy nse@t=-0.33, p=0.009) and savoury snack foods
(r=-0.28, p=0.03). The positive correlations of ganand desire to eat with wanting ratings of high-
energy meals and savoury snack foods, and of dasieat with wanting ratings of sweet snack
foods, as well as the negative correlation of satith wanting ratings of savoury snack foods
remained significant also after the Bonferroni eotion.

No significant correlations were found between lerng satiety ratings and any of the mean IAT
scores of the used IAT tests-Hunger-or-satietyrgatididnot-correlate-with-any-of themean-IAT
scores-of-the-used-tATtests (Table 3), or betwamsire to eat or fullness ratings and IAT scores.
When the IAT scores of Sweet — Savoury and Highrggne Low-energy tests were correlated with
corresponding explicit liking and wanting ratingSweet — Savoury IAT test scores correlated
positively with mean liking ratings of savoury skdoods (r=0.26, p<0.05). This correlation did not
remain significant after the Bonferroni correctiddio correlations were found between High-energy
— Low-energy IAT test scores and correspondingieipiking or wanting ratings.

Table 3. Correlation$ of mean hunger and satiety ratings with mean eitdlking and wanting
ratings of images used in each IAT category and $&dres assessed with Visual Analogue Scales
and Implicit Association Test (IAT), respectively,fasted and fed state.

Variables Fasted state Fed state

Hunger Satiety Hunger Satiety
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Explicit ratings of imagesused in |AT tests®

Liking, high-energy meals A5 -.19 .20 -.25
Liking, low-energy meals -.16 -.01 -.25 .20
Liking, sweet snack foods .19 -.26* .02 -.15
Liking, savoury snack foods .05 -17 15 -.22
Wanting, high-energy meals A1 -26% 53wk -.44**
Wanting, low-energy meals 32* -.21 37** -.30*
Wanting, sweet snack foods A2%* -.30* A2 -.21
Wanting, savoury snack foods 43% -30% B8R4 ggrkxd
IAT score®

Food — Non-food 19 -.05 -.05 A2
High-energy — Low-energy 21 -.08 23 -.04
Sweet — Savoury A7 .02 -.05 .04

'Spearman correlation, *p<0.05, *p<0.01, ***p<0.0@Wo-tailed);"n=60;>Food — Non-foodAT
(n=59), High-energy — Low-energy IAT (n=56) Sweebavoury IAT (n=59)%remained significant
after the Bonferroni correction for multiple comigans

Discussion
There has been a growing interest in delineatiegrtte of implicit and explicit components of
food reward in appetite control and human eatingal®ur. Previous research suggests that a shift

in the metabolic state affects explicit judgmentsmanting and liking but the effect on implicit
responses is unclear, partly due to various intph@asures and designs used in different contexts.
Thus, to control the influence of participant-rekhtfactors we examined the responses within the
same study population in a pre-post design. Furtbes, a widely used implicit measure, IAT, was
applied to assess the effect of metabolic statengticit responses measured in three separate food
contexts, in which visually closely-matched fooden-food stimuli and sole food stimuli, i.e., sweet
— savoury taste and high-energy — low-energy paiese contrasted. Finally, correlations between
implicit and explicit responses were assessed axluate the relationship between these varlables in
our study design-

|mpI|C|t food — non-food context, food was pref@krever non- food items both in fasted and fed
states, though the strength of implicit associatideclined significantly from fasted to fed state.
However, the direction or strength of implicit asisdions was not significantly different betweee th
metabolic states when concepts within a sole fandext differing either in energy content (high-
energy vs. low-energy) or taste (sweet vs. savowere compared. As expected, explicit responses
reflected the change in the metabolic state in amaaconsistent with alliesthesia and/or sensory-
specific satiety; liking and wanting ratings dec®a@ in most of the food categories in fed compared
to fasted state, most markedly among the wantitiggs

Implicit responses
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The results from the implicit measures used ingiudy showed that the effect of the metabolic
state on implicit responses varies among the ctstex the measurements; the shift in the
physiological state was reflected in the food—nooef context, but not in the contexts based on sole
food concepts. Previous research also reveals mixelihgs on the effect of motivational or
physiological state on implicit responses; in s@halies implicit responses varied according to the
prevailing state (e.g., Mogg et al., 1998; Seibalet2007; Stafford & Scheffer 2008; Zogmaister et
al., 2016) while in others not (Finlayson et alQ08). Also, the temporal stability of implicit
measures tends to show considerable fluctuatiorr dwee (e.g., Cunningham etal., 2001;
Gawronski et al., 2017) unless contextual condisaane strong and consistent across measurements
(Gawronski, 2019). In addition, while implicit rempses, including those measured with the IAT,
can shift substantially due to various factors.(e3yegg et al., 2006; for a review, see Blair, 200
Gawronski & Sritharan, 2010), it has been argued tbntextual factors determine practically every
finding with implicit measures, including overalies and temporal stability (Gawronski, 2019). In
our study, the contextual factors remained stagegept for the intentional shift in the metabolic
state, which likely explains the response diffeeehetween states in the food-non-food IAT context.

The implicit bias towards food versus non-food iselikely reflects the pronounced significance
of food in our environment, in which it must be argdop priorities of an individual to survive. The
stronger implicit preference for foods is therefoational; the importance of energy sources is
translated behaviourally into a response, wherd fe@referred over non-edible items, especially in
an energy depleted state, but also when energgssteere replenished. Moreover, the stronger bias
for food compared to non-food items was apparespitie a marked visual resemblance between the
stimuli used in the Food—Non-food IAT test. Furthere, our results suggest that hunger sharpens
attention and discrimination between food and rawdfitems shown as faster responses to food
stimuli in fasted versus fed state, emphasisingintigact of energy deprivation in directing human
behaviour.

Contrary to our expectations, low-energy meals weederred over high-energy meals both in
fasted and fed states. Additionally, implicit agations were not significantly affected by the chan
in the metabolic state when the context of the 1#8s built solely on food-related target categories;
low-energy meals and sweet snack foods were simpaeferred despite prevailing metabolic state.
One possible explanation for this finding is thia¢ tshift in the metabolic state was not a factor
strong enough to modulate the strength (or thectimg) of the implicit associations in a context
including only food-related items compared to foook-food context. Moreover, it appears that in
the modern sociocultural environment young healfpnales are commonly body and health-
conscious and have presumably assimilated, alsbcithp a preference for low-energy foods over
more energy-dense foods, an attitude which predgfpite the current metabolic state. Hence, the
temporal stability and the direction of the imdlisieasure in high—low-energy context likely reftect
shared environmental and individual trait-like @weristics rather than less effective impact of
transient situational factors (i.e., metabolicetaPreviously, Maison et al., (2001) have alsonsho
that young females had more positive implicit attés to low-calorie products than high calorie
products. This health-related perspective is algipsrted by Trendel and Werle (2016) who stated
that overall implicit attitudes to food are notwim merely by automatic perceived tastiness @.e.,
measure of the affective basis of implicit attitsjdbut also by automatic perceived healthiness (i.e
a measure of the cognitive basis of implicit attés).
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Finally, the stronger implicit association for sweser savoury snack foods, which dominated
unchangeably regardless of the metabolic state,imtagesting. The implicit preference for sweet
foods likely reflects our learned and inherent @refice for sweet taste (Drewnowski et al., 2012),
therefore emphasising the special role of certagrgy sources over others in human diet. Moreover,
the results suggest that implicit motivation (wagjirelated measure can disclose innate human
preferences, which are not readily modulated byvdmations in the metabolic state like explicit
evaluations.

Taken together, the results from the implicit measwf our study support the view that implicit
responses are probably better understood in tefrosnoplex person-by-situation interactions rather
than sole reflections of person- or situation-eaftactors (Gawronski, 2019).

Explicit responses

As hypothesised, explicit ratings were more serssito acute change in the metabolic state than
implicit responses. Overall, our results show thast of the explicit liking and wanting ratings wer
significantly higher in fasted than in the fed staThe metabolic shift from energy depletion to
energy repletion was reflected especially in thestpoeal wanting ratings that decreased more
markedly than the post-meal liking ratings; therdase in post-meal wanting ratings was evident in
each savoury food category (high- and low-energalsesavoury snack foods) compared to pre-
meal ratings. A less pronounced, yet significaaduction was also observed in the pre- to post-meal
liking ratings in high-energy meals and sweet aanebary snack foods categories. Moreover, it is
noteworthy that when food categories (high- vs.-Ewvergy meals, sweet vs. savoury snack foods)
were contrasted within fasted or fed states, noifstgnt differences in liking ratings were found,
while most of the wanting ratings differed signatly.

Our results are in line with previous findings shmgvthat a shift, acute or after a more prolonged
fasting period / caloric restriction, between metab states affects explicit liking and wanting
responses; not only the wanting (desire to eatet#pp ratings are reduced after a meal, but dleo t
pre- to post-meal liking (palatability, pleasant)estings are reduced accordingly, albeit to ades
extent compared to wanting responses (e.g., Fiohags al., 2007, 2008; Havermans et al., 2009;
Cameron et al., 2014, Attuquayefio et al., 201@&v8hson et al., 2017; Pender et al., 2019). The
phenomenon—also observed in this study, in whieh liedonic and motivational value of food
changes in a state dependent manner, representsntdeslying concepts of consummatory reward.
First, sensory-specific satiety (Rolls et al., 19&thich describes transient declines in reactions
food already consumed in relation to unconsumed,famd second, alliesthesia (Cabanac, 1971),
which refers to a relationship between person’srivdl state (e.g., fasted vs. fed) and perceived
sensation of a given (food) stimulus. As demonsttah our study, together with other evidence
(e.g., Finlayson et al.,, 2007, 2008; Cameron et2414), the post-meal reduction in liking and
especially in wanting ratings is also observed whisnal foodstimuli (as compared to exposure to
orosensory stimuli) are used and in addition tofthéing that the wanting responses of all savoury
food categories, but not the sweet category wettaced after a savoury pizza meal, observations
that both support the concept of alliesthesia. Moee, as was proposed previously (Stevenson et al.,
2018) there are plausible explanations for the uakghange in the liking and wanting responses
across a meal; a change in the metabolic statentpdd a more pronounced reduction or even
termination in wanting postprandially allows a shii goals to other relevant and/or rewarding
targets, whereas equally dramatic post-meal changkking or hedonic responses would be
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maladaptive and could lead to adverse effects pnogpiate food choice and consumption later on.
Hence, the unequal across meal changes in likidgnemting likely directs human eating behaviour
to support versatile (food) choices and betteritomial status in the long term. Furthermore, as
Berridge and Kringelbach (2008) theorised wantgigmotivationalprocess, a motivation for (food)
reward, whereas liking is hBedonicreaction of (food) reward, which also suggests thanting
should be more sensitive to change in metabolite dtzan liking. Thus, our results corroborate
earlier findings that explicit components of fooelvard — liking and wanting (responses) — are
susceptible to the changes in the ‘internal miliantd can be differentiated by the changes in the
physiological state corresponding to the conceatil@sthesia.

Correlation measures

When interpreting the results, it appears that aigpis reflected through explicit wanting rather
than explicit liking ratings. Both in fasted andifstates hunger and desire to eat ratings cordelate
positively and satiety ratings negatively with tleaplicit wanting ratings, while only weak
correlations were observed between explicit likingd appetite measures. Certain correlations,
especially the positive correlations of hunger dedire to eat and a negative correlation of satiety
with wanting ratings of high-energy meals and say@mack foods, as well as correlations of desire
to eat with wanting of sweet snack foods tendegktostronger when shifted from fasted to fed state.
These correlations were also the ones that remaigedicant in the fed state after the correction
multiple comparisons. Moreover, significant cortielas between desire to eat and wanting ratings
highlights the finding that desire to eat ratingpears to be equally potential measure in reflgctin
the prevailing appetitive or motivational statehasger ratings are (see e.g., Stevenson et al7)201
Taken together, these results are consistent hatheward concept of Berridge and Robinson (2003)
postulating that the explicit appetite related wamtor cognitive desires can be thought to have a
motivational basis, a goal-directed mechanismdesred object, whereas explicit liking refer te th
hedonic impact of the target object.

We found no significant correlations between implimeasures and explicit appetite (hunger,
satiety) ratings, which implies that implicit respes, as measured with the IAT, are not
systematically regulated by the fluctuations in abelic state—ir—a—comparable—manner-than as
opposed to explicit responses. This suggests thalidit measures are largely unaffected by the
physiological processes related to homeostaticrabrdas noted earlier by Finlayson et al. (2008).
interestingly, Instead, when the relationship betwenplicit responses and corresponding explicit
ratings was assessed, implicit responses wereiassbavith some of the explicit wanting and liking
ratings, more so in the fasted state. However,etleesrelations did not remain significant after
correction for multiple comparisons. In the pressatly, we chose to use approach—avoidance-based
IAT tests, because it has been argued that thisvid(iant assesses especially motivational wanting-
related implicit components in comparison to vasameasuring evaluative (liking)-related implicit
components (Tibboel et al., 2011). While some stsidiave reported that both motivational and
evaluative-based implicit measures are dissociatitle significant correlations with corresponding
explicit measures (e.g., Kraus & Piqueras-Fiszn281,6), others have reported low discriminant
validity (e.g., Tibboel et al., 2011) and no coat&ns with explicit responses (e.g., Finlaysoalet
2008). Hence, our results together with previouwdifigs indicate that the implicit—explicit-
relationship is not straightforward, and althoughtabolic state may affect implicit responses and
their relationship with explicit ratings, severather factors, including correspondence of the
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measured contents, can modify these interactiorg., (6lofmann et al., 2005; Nosek, 2005,
Gawronski, 2019).

Limitations

The limitations of our study warrant consideratishen interpreting the results. The participants
of our study were young healthy Caucasian femalestlgnwithin normal weight range. Given the
importance of generalisation of the research figslifiuture studies should include other populations
representing a wider range of age, ethnicity, artyit in both sexes, in order to define whether the
findings are consistent across different populaiaor concern only those with distinctive
physiological and/or psychosocial characteristics.
Some potential limitations may be related to thmuli used in the IAT tests and in the explicit
ratings. Especially the results concerning Highrgne- Low-energy IAT should be interpreted with
caution, because the images of low-energy meas @olourful salad-based portions) were more
colourful and potentially more appealing comparethe images of the high-energy meals (i.e., main
meals without salad portions). This may have fetiéid the categorisation task and biased the IAT
score towards the low-energy category. InsteadhénFood — Non-food IAT all the images were
carefully matched and thus the results are unlikédyally biased towards either of the categories.
However, the explicit ratings were not available tteese stimulus images and thus the result of the
Food — Non-food IAT could not be compared with theplicit ratings. Furthermore, the IAT test
seems to be sensitive to both the specific stirand categories used in the test (e.g., Govan &
Williams, 2004; Mitchell et al., 2003). We asseseal) the explicit ratings to the stimuli used lnet
IAT tests, although the explicit evaluation of botie stimuli and categories could have been more
beneficial to clarify the authentic associationvzstn implicit and explicit bias.

Conclusions

The results of the present study show that imphsgociations are relatively resistant to acute
change in metabolic state compared to explicingstji which shift more readily according to the
fasted —fed continuum. The change in the prevaitrggabolic state, however, was reflected in the
strength of implicit responses towards food in tieta to non-food items, yet in the sole food
contexts implicit associations were comparable betwthe metabolic states.
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