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Compared to self-immersion, 
mindful attention reduces 
salivation and automatic food bias
Constanza Baquedano1,2,3, Rodrigo Vergara4, Vladimir Lopez2,3, Catalina Fabar2,  
Diego Cosmelli2,3 & Antoine Lutz1

Immersing ourselves in food images can sometimes make it feel subjectively real, as if the actual food 
were right in front of us. Excessive self-immersion into mental content, however, is a hallmark of 
psychological distress, and of several psychiatric conditions. Being aware that imagined events are 
not necessarily an accurate depiction of reality is a key feature of psychotherapeutic approaches akin 
to mindfulness-based interventions. Yet, it is still largely unknown to what extent one’s engagement 
with mental content, considering it as real, biases one’s automatic tendencies toward the world. In 
this study, we measured the change in subjective realism induced by a self-immersion and a mindful 
attention instruction, using self-reports and saliva volumes. Then, we measured behaviorally the 
impact of subjective realism changes on automatic approach bias toward attractive food (FAB) using 
an approach–avoidance task. We found a reduction in saliva volume, followed by a reduction in FAB 
in the mindful condition compared to the immersed condition. During the immersed condition only, 
saliva volumes, state and trait measures of subjective realism, and food craving traits were positively 
correlated with FAB values, whereas meditation experience was negatively correlated to it. We 
conclude that mindful attention instructions can de-automatize food bias.

Thoughts can sometimes seem “subjectively real”, as if the imagined event was happening in the moment. This 
process of being self-immersed in the contents of one’s mind has been called cognitive fusion1, reification2, 
absorption3, experiential fusion4, or subjective realism5. In contrast, being aware that thoughts or perceptions 
are mere representations, and not necessarily an accurate depiction of reality, is a process that has been labe-
led as phenomenological reduction6, decentering7, cognitive diffusion1, mindful attention8,9, or dereification2. 
Subjective realism is common in daily life. For instance, merely reading about or viewing attractive food items is 
sufficient to trigger activation in the gustatory and reward areas in the brain10 or to increase salivation11. Blood 
levels of ghrelin, a hormone responsible for physiological hunger, are also modulated by one’s mere belief in the 
caloric values of food items12. By contrast, becoming aware that one has self-immersed into attractive food stim-
uli, and that this experience is a mere transient mental event, reduces reward simulations and appetitive behav-
ior9. In this study, we aim to extend this research by investigating how much one’s engagement with thoughts and 
perceptions, considering them as being real or not, biases one’s automatic approaching/avoidance tendencies 
toward them.

To address this question, we used a food engagement paradigm developed by Papies, Barsalou and Custers 
(2012)8, and adapted it to make it suitable for physiological measures (such as EEG, EKG, and salivation). In the 
aforementioned study, the authors applied an approach-avoidance task (AAT), in a between-subject design, to 
show that a mindful attention instruction decreases automatic impulses towards attractive food when compared 
to a control or immersion instruction. These two instructions manipulated the degree of engagement with mental 
events as being real or not. Neutral and attractive food images were displayed on a computer screen accompanied 
by a cue that indicated either to approach or avoid the presented food picture. The AAT paradigm implicitly 
assesses automatic approach-avoidance behavior13. The reaction times (RT) difference between incompatible con-
ditions (i.e. avoiding attractive food) and compatible conditions (i.e. approaching attractive food) is referred to 
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as the stimulus response compatibility (SRC) effect14. The SRC, which measures the specific AAT effect of food 
attractiveness, is labeled as the “Food Attractivity Bias” (FAB) (see Methods section for more details). Here we 
used a within-subject version of the task (see Fig. 1), where we presented the same set of neutral and attractive 
food images alongside both a mindful attention and an immersion instruction, presented in a randomized order 
across participants. With this design, we were able to measure how instruction-related changes in subjective real-
ism influenced FAB, independently of the intrinsic saliency or reward of individual food cues.

In addition, to obtain a physiological indicator of immersion and dereification towards food, we measured 
salivary volume and salivary alpha-amylase (see Fig. 1). It is well known that exposure to food cues generates 
cephalic phase responses (CPRs), an autonomic anticipation reflex that prepares the organism to receive food. 
Among other indicators, this reflex is characterized by an increase in salivation11. To our knowledge, the rela-
tionship between amounts of salivation, and how strongly subjective food cues are perceived as real, has not been 
assessed before. Following this rational, we evaluated alpha amylase activity, which is one of the first enzymes 
acting on the digestive process, and is highly secreted in the presence of food15. Although this enzyme is mostly 
studied as a marker for sympathetic system activity, in this study we measured it to assess psychophysiological 
engagement toward food cues.

Through this study, we aim to refine our understanding of the cognitive processes underlying these two 
instructions, and their impact on food-related approach tendencies. Building on psychotherapeutic models of 
cognitive fusion1 and decentering7, and on phenomenological models of mindful attention2,9, we developed qual-
itative and phenomenological self-report measures along four sub-processes: craving, stickiness, meta-awareness, 
and dereification. It is necessary to deepen our understanding about these various constructs due to the lack of 
agreement regarding the overlaps and differences between them7. We validated these dimensions during the pilot-
ing of our paradigm (see16 and Methods and supplementary material for details). In the present framework, the 
immersion instruction should induce a state of high craving, high stickiness, low meta-awareness, and low derei-
fication. The state of mindful attention should induce a state of low craving, low stickiness, high meta-awareness, 
and high dereification. Here we also assume that the particular contributions of these four sub-processes are 
modulated by the way these instructions are implemented, as well as by individual trait differences between these 
dimensions. To assess these processes as traits, we added the scale of cognitive fusion17, defined as a scale of low 
meta-awareness and high self-immersion, a scale of trait dereification, a scale of food craving, and the body-mass 
index of participants. We also recruited novices and experienced meditators among the participants, as the prac-
tice of mindfulness meditation is thought to develop the capacity of mindful attention.

We hypothesized that decreasing subjective realism towards attractive food pictures during a brief mindful 
attention instruction, compared to an immersion instruction (Fig. 1), would reduce the automatic tendencies 
toward attractive food compared to neutral food, as measured by reduced FAB. Secondly, we hypothesized that 
the instruction-related effects on FAB would be mediated by reduced salivation and alpha-amylase activities in 
response to food image exposure in mindful attention compared to immersion instructions. Finally, we hypoth-
esized that the instruction-related effects on the FAB and saliva volume would be associated with the individual 
differences regarding the sub-processes of craving, stickiness, meta-awareness, and dereification, as measured by 
state and trait self-reports and by meditation experience.

Methods
Participants and recruitment. 25 non-meditators (without prior experience in meditation practice) and 
25 meditators (from 6 months to 6 years of experience in meditation, with a total of 1415 ± 1227 hours of prac-
tice), were recruited via flyers posted in universities, the location of various groups (football, volleyball, political, 
literature, dance, meditation, taekwondo and capoeira), and in two Buddhist meditation centers (the Shambhala 
center in the Vajrayana Tibetan tradition, and the Goenka center in the Theravada-Vipasssana tradition) in 
Santiago, Chile. The flyers did not explicitly mention that we were recruiting meditators to reduce self-selection 
group bias. We excluded participants with a self-reported history of psychological disorders (depression, anxi-
ety, eating disorders), high body mass index (BMI, over 30 points) or any cardiac condition that could interfere 
with the aims of this study or put participants’ health at risk. The final sample consisted of 50 healthy adults: 25 
(13 females) non-meditators of 28.7 ± 7.0 years of age, 3 of them vegetarians, and 25 (20 females) meditators of 
28.6 ± 5.6 years of age, 9 of which were vegetarians (see supplementary materials for the psychometric descrip-
tions of the two groups). All the procedures in this study were approved by the institutional Ethics Committee 
of the School of Psychology at the Pontifical Catholic University of Chile, in accordance the with guidance and 
regulation from the National Committee of Science and Technology of Chile (CONICYT). All participants gave 
informed consent prior to participation in the study.

Task. We adapted a protocol of exposure to neutral and attractive food pictures, with either a mindful atten-
tion or immersed attitude instruction followed by an approach–avoidance task (AAT) as described in Papies et 
al. (2012) (see Fig. 1).

Exposure phase and instructions. Participants were asked to look at food pictures for 5 seconds while following 
two instructions given in randomized order across participants. The instructions are presented in the supple-
mentary material. Briefly, during the mindful attention condition, participants were asked to “(…) be aware of 
thoughts, sensations and reactions while watching each image, and to experience these mental events just as mere 
constructions of the mind, that appear and disappear (…)”. During the immersed condition, participants were 
asked to “(…) try to connect intensely with the sensations generated by each image and get immersed into each 
image (…)”.
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Figure 1. Experimental design and validation of the behavioral marker of automatic food bias: (a) Block 
structure: Participants observed food pictures following either a Mindful attention or an Immersion instruction 
(EXPOSURE 1) before performing an approach-avoidance task (AAT). We collected saliva samples before 
starting the experiment (T0), after the exposure phase (T1), and after the AAT (T2). After a 45-minute break, 
participants repeated this paradigm while following the remaining instruction. Finally, we classified the food 
images as neutral or attractive based on the participants’ ratings collected after the experiment. (b) Trial 
structure during AAT: To induce approach or avoidance tendencies toward food images, we overlaid one of 
two possible cues (a blue circle or square) on the food images, requesting the participants to move a joystick 
as quickly as possible, either toward them or away from them. Moving the joystick toward or away from them 
prompted the images to grow or shrink respectively. (c) Behavioral AAT Validation: Replicating Papies et al. 
(2012), we found a longer reaction time (in ms) in response to attractive food images compared to neutral 
food when an avoidance response was required compared to approach responses. We observed this during the 
Immersed condition, but not the Mindful condition. (d) FAB RTs were greater during Immersed condition than 
the Mindful condition. Error bars denote Standard Error. *p < 0.05, ***p < 0.001.
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Stimuli. Food image stimuli validation. To validate the food stimuli, an additional group of 100 Chileans 
ranked, via an online questionnaire, 300 items from the bank Food-pics, an image database for experimental 
research on eating and appetite18, according to their attractiveness on a 5-point Likert scale (from “very attrac-
tive” to “not attractive”). From the results of this questionnaire, we selected 60 images with the highest scores in 
the “very attractive” and “attractive” categories, and 60 images with the highest scores in “neither attractive nor 
unattractive” and “not attractive” categories to be displayed in the experiment.

Approach-avoidance task (AAT). In this task, neutral and attractive food images were displayed with either a 
blue circle or a square centrally overlaid above the food item. Participants were asked to respond as quickly as 
possible, by moving a joystick toward them, or by moving it away from them, according to the cue provided, 
while RTs were collected. These movements correspond to the approaching- and avoiding the image conditions, 
respectively. Following the joystick movement, the pictures grew or shrank, mimicking approach or avoidance. 
Participants were allowed a maximum of 2 seconds to respond before the next image was displayed (Fig. 1 a,b).

Personal image pool construction. After having performed the exposure phase and AAT in the laboratory 
with the selected 120 food images, participants were asked to rate each one of these images on a Likert scale as 
described above. Personalized pools of attractive and neutral food images were computed from this information 
for each participant, to be used in the RT analysis.

General Design and Procedure. General procedure. All experimental sessions started between 15:00 and 
16:00 hrs. As a way to control for variations attributable to circadian rhythm on food intake and alpha amylase 
secretion15, participants were asked to a have a regular lunch at least one hour before coming in to the laboratory.

Upon arrival to the laboratory, participants were asked to fill out a “pre-state questionnaire” (see below and 
supplementary material for details). Participants then completed the exposure phase, where they were shown 60 
food images, under either immersion or mindful attention instructions as previously described, followed by two 
blocks of the AAT. At the end of the experiment, participants were interviewed regarding their experience during 
the task using open and semi-structured questions. After the interview, participants filled out a “post-state ques-
tionnaire”. This sequence was performed twice, once for every instruction. Upon finishing the sequence under the 
first condition, participants had a break where a snack and herbal tea were offered in order to restore their initial 
state. After the break and snack, participants had 45 minutes of free time as a “psychological washout”, to allow 
physiological levels to approximate a comparable baseline. Then, participants filled out a new set of “pre-state 
questionnaires” and were invited to perform the same experimental sequence under the other instruction (the 
order of the instructions was counter-balanced across participants). Trait questionnaires, including food prefer-
ence questionnaires, were sent by mail to be filled out at home just after the experimental session.

Saliva Sampling and Alpha-Amylase Activity Measurement. Duplicated saliva samples were col-
lected three times during the experimental sequence for each condition: before starting the experiment (“T0”, 
baseline sample), after the exposure phase (“T1” sample), and after the following AAT block (“T2” sample) (see 
Fig. 1a). Saliva was collected through passive drooling19 for one minute in a 5 ml cryotube, and immediately 
stored at −20 °C. Volumes were measured with a micropipette (Eppendorf, p1000) and alpha-amylase activity was 
measured by enzymatic assay with the “Salivary Alpha-amylase Kinetic Enzyme Assay Kit” (Salimetrics, LLC).

Self-Report Measures. Trait questionnaires. In order to establish relations between trait characteristics 
and the instruction condition effects in the AAT, a battery of self-report questionnaires was applied after fin-
ishing the experimental lab setting. This battery was composed of the following questionnaires: Food-Craving 
Trait questionnaire20, Dereification-as-a-Trait questionnaire (constructed by us), Five-Facet Mindfulness 
Questionnaire21–23, and a Cognitive Fusion Questionnaire17 (Results of these questionnaires and comparison 
between groups can be found in supplementary results, Supp. Fig. 1a).

State questionnaire. Before starting each session, participants filled out a pre-state questionnaire, consisting of 
three Likert scale questions, to control for the role of mood and hunger in our experimental manipulation. In 
order to measure the effect of the instruction on the subjective experience, after participants performed the exper-
iments in each instructed condition, they also filled out the post-state questionnaire. With this tool, we assessed 
four dimensions that we considered relevant for characterizing the first-person features of subjective realism 
in this paradigm. With the first two dimensions of “Dereification” and “Meta-awareness”, we aimed to directly 
assess self-perceived experience of subjective realism toward food. With the last two dimensions of “Craving” and 
“Stickiness”, we assessed the impulsive, and motivational consequences of subjectively perceived food images as 
real. Finally, an overall score reflecting how subjectively real items appeared was calculated based on the average 
scores for each sub-scale (more details and further examples along with this questionnaire validation are pre-
sented in the supplementary material).

Statistical analysis. General design: independent variables. We considered 4 independent variables with 
two levels each: 1) Group: non-meditators versus experienced meditators; 2) Instruction type: mindful attention 
versus immersed; 3) Food type: appetizing versus neutral food items; 4) Response type: approach versus avoid-
ance conditions. During the study, we measured the following dependent variables: 1) reaction times (RTs); 2) 
saliva volume; 3) salivary alpha-amylase activity; and 4) trait and state self-report questionnaire scores. All levels 
of statistical significance were set at p < 0.05.

Reaction times (RT) analysis. A 4 factor repeated-measures ANOVA was first conducted with Group as 
between-subject factor, and Instruction type, Food type and Response type as within-subject factors. To explore 
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the relationship between RT and other dependent variables, we further reduced the number of within-subject 
factors related to RT by computing a “food attractiveness bias” (FAB) index as follows;

= − − −FAB Avoidance Approach Avoidance Approach[ ] )]attractive attractive neutral neutral

where avoidance corresponds to RTs for avoidance responses, approach corresponds to RTs for approach 
responses, attractive being RTs for attractive food type and neutral being RTs for neutral food type. FAB is a repre-
sentative value expressed in milliseconds, which gives account of the approach-avoidance tendencies toward each 
food type. The FAB value specifically expresses how much slower a person avoids than approaches attractive food 
images. One male subject was excluded from all analyses, including FAB, due to his FAB values being too high 
in the immersed condition, thus becoming an outlier (above three standard deviations) in relation to the group.

Saliva volume and Alpha-amylase analysis. Three-factor (two levels each) repeated-measures ANOVAs 
were conducted with Group as a between-subject factor and Instruction type and Time sample (T1/T2) as 
between-subject factors. The Time sample factor evaluated the fluctuations of salivary volume and alpha amylase 
activity across the paradigm (Fig. 1a).

Self-report analysis. We used paired t-tests to assess the differences between meditators and non-meditators 
on the trait questionnaires described above. For the state-sensitive questionnaires, we conducted for each 
sub-dimension (i.e. dereification, meta-awareness, craving and stickiness) two-factor (two levels each) 
repeated-measure ANOVAs with Group as between-subject factor, and Instruction condition as within-subject 
factor.

Integrative analysis. Once we determined the subjective realism modulation (i.e. behavioral, autonomic system 
and self-reports) in each one of the assessed dimensions, Pearson correlations and linear regression models were 
conducted to determine whether these measures were related to one another. Specifically, we evaluated whether 
self-report questionnaires (state and trait based) could predict RTs and autonomic measures, and whether RTs 
could predict autonomic measures.

Results
AAT Reaction Times (RTs). We hypothesized that we would found behaviors consistent with the findings 
of Papies et al. (2012) regarding RTs during the AAT when the immersion and mindful attention instructions 
were given to each subject, instead of being compared between two different groups. We also hypothesized that 
the effect of the mindful attention instruction on the AAT, RT performances would be enhanced as a function 
of meditation experience. To test these hypotheses, we conducted a repeated-measures ANOVA, with Group as 
between-subject factor, and Instruction type, Food type, and Response type as within-subject factors.

We found a main Group effect, with meditators responding faster than non-meditators (Tables 1–2, Supp. 
Fig. 3). Also, we observed a main effect of Instruction type, where the RTs during the Mindful attention condi-
tion were faster than during the Immersion instruction (Tables 1–2, Fig. 1c). Finally, we observed a main effect 
of Response type, where approach RTs were overall faster than avoidance RTs (Tables 1–2, Fig. 1c). The first two 
effects were not predicted, and the third effect was similar to that described in Papies et al. (2012). We found a 
Food type x Response type interaction driven by slower RTs during avoidance compared to approach responses 

Group Condition

Attractive food Neutral food

Approach Avoid Approach Avoid

Controls
Immersed 622 (147) 649 (180) 632 (155) 633 (149)

Mindful 596 (112) 601 (110) 588 (108) 596 (101)

Meditators
Immersed 556 (95) 567 (97) 558 (106) 557 (100)

Mindful 542 (94) 539 (85) 538 (89) 541 (87)

Table 1. Approach –Avoidance Task Reaction times. Reaction times and standard deviation (in ms) obtained 
during the AAT as function of Instruction, Group and Food type.

Factor DF SSn SSd F p p < 0.05 ges

(Intercept) 1,48 1.35e + 02 4.27 1.52e + 03 5.01e − 38 * 9.63e − 01

Group 1,48 4.27e − 01 4.28 4.80e + 00 3.33e − 02 * 7.52e − 02

Condition 1,48 8.63e − 02 0.82 5.04e + 00 2.93e − 02 * 1.61e − 02

Response 1,48 4.71e − 03 0.05 4.51e + 00 3.88e − 02 * 8.95e − 04

Food: Response 1,48 1.24e − 03 0.01 4.07e + 00 4.90e − 02 * 2.37e − 04

Condicion:Food:Response 1,48 3.92e − 03 0.01 9.67e + 00 3.14e − 03 * 7.45e − 04

Group:Condition:Food:Respo 1,48 2.45e − 04 0.01 6.05e − 01 4.40e − 01 ns 4.67e − 05

Table 2. Repeated-measures ANOVA, with Group as between-subject factor, and Instruction type, Food type, 
and Response type as within-subject factors.
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(t-test, t(49) = 2. 9 p < 0.01), which was specific for attractive compared to neutral food images (t-test, t(49) = 0.08 
p = 0.4; Table 1, Fig. 1c). Consistent with our first hypothesis, we found an Instruction condition x Food type x 
Response type interaction. To further assess this three-way interaction, we examined the effects of Food type 
and Response type during Immersed and Mindful attention conditions in two separated ANOVAs (Tables 3–4).

In the Immersed condition ANOVA, we found a food positive bias, consistent with the observed interaction of 
Food type and Response type (Table 3). This interaction was driven by faster approach responses than avoidance 
responses toward attractive food images (t-test, t(49) = 3.6 p < 0.001), but not for neutral food images (t-test, 
t(49) = 0.04, p = 1.0). In contrast, there was no bias in the Mindful attention instruction, in agreement with the 
lack of Food type x Response type interaction during this condition. Finally, to explore the robustness of the 
3-way interaction on RT, we ran both split-half reliability analysis with a random split, and permutation analysis 
procedure. These analyses confirmed our main finding.

We replicated this analysis on the Food Attractiveness Bias (FAB), and confirmed that the FAB values were 
greater in immersed than mindful conditions (M = 15, SD = 32.3, M = −5, SD = 28.4, respectively, t-test, 
t(48) = 3.1 p < 0.01) (Fig. 1d). This finding was not affected by the instruction order effect (see Supplementary 
Material, Supp. Fig. 4). We ran a split-half reliability test with our AAT scores (FAB) and obtained a 
Spearman-Brown coefficient of 0.505 when assessing the full sample. We detected two outliers in our split-half 
correlation, and removed them from the sample of the split-half reliability test, obtaining a Spearman-Brown 
coefficient of 0.78. Next, we re-ran our main ANOVA without these two participants, which corroborated that our 
main finding (i.e. the 3-way interaction on RT of Condition X Food X Response) was still present, (F (1,46) = 9, 
p < 0.05, η2

G = 0.0009). This indicates that the effect was still significant when removing these two outlier partici-
pants from the split-half reliability test, which is consistent with Papies et al’s (2012) findings.

To summarize, the mindful attention instruction condition, but not the immersion instruction condition, 
down-regulated the automatic approach-oriented impulses toward attractive food images (Fig. 1c and d), 
and this effect was reflected in the FAB index. Finally, contrary to our second hypothesis, we did not detect a 
four-way Group x Instruction condition x Food type x Response type interaction, suggesting that the effect of the 
Instruction condition on the Response type x Food type interaction was independent of meditation experience 
(Table 2).

Salivary Volumes. We evaluated whether, in line with the literature, the presentation of food cues during 
exposure triggered cephalic phase responses (CPRs) (i.e. increase in salivation). We then asked whether the 
Mindful attention instruction reduced CPRs during exposure to food cues when compared to the Immersion 
instruction. As T0 average volumes were not different between the two conditions (t-test t(49) = 0.09, p = 0.9), 
salivary volumes at T1 and T2 samples were normalized by regressing out volumes to baseline samples (T0) across 
both conditions. In line with our first prediction, salivary volumes showed an increase at T1 (M = 210; SD = 234, 
t-test, t(49) = 6.4, p < 0.001) and T2 (M = 232; SD = 222, t-test, t(49) = 7.4, p < 0.001). Next, we investigated the 
effect of Group and Instruction type over salivary volume fluctuation, by conducting a Group x Instruction type 
x Time sample (T1/T2) repeated-measure ANOVA. In line with our second prediction, we observed a main 
Instruction type effect (F(1, 48) = 16, p < 0.001, η2

G = 0.09) due to a higher increase in salivation during the 
Immersed condition (M = 318; SD = 262) compared to the Mindful attention condition (M = 131; SD = 270) 
(t-test, t(49) = 4, p < 0.01) (Fig. 2a). This finding demonstrates that the preparatory food intake reflex was 
down-regulated by the Mindful attention instruction. There was no other Group-related effect in this analysis.

Factor DF SSn SSd F p p < 0.05 ges

(Intercept) 1,49 7.13e + 01 3.55 984.74 4.18e − 34 * 0.9512

Food 1,49 6.73e − 04 0.03 1.02 3.15e − 01 ns 0.0001

Response 1,49 5.03e − 03 0.047 5.19 2.70e − 02 * 0.0013

Food:Response 1,49 4.79e − 03 0.025 9.35 3.60e − 03 * 0.0013

Table 3. Repeated-measures ANOVA, in the immersed condition with Food type, and Response type as within-
subject factors.

Factor DF SSn SSd F p p < 0.05 ges

(Intercept) 1,49 6.45e + 01 1.984 1592.35 4.99e − 39 ns 0.9692

Food 1,49 6.37e − 04 0.013 2.23 1.41e − 01 ns 0.0003

Response 1,49 6.84e − 04 0.038 0.87 3.56e − 01 ns 0.0003

Food:Response 1,49 3.74 e − 04 0.009 1.87 1.78e − 01 ns 0.0001

Table 4. Repeated-measures ANOVA, in the Mindful Attention condition with Food type, and Response 
type as within-subject factors. DFn: Degrees of Freedom in the numerator (a.k.a. DFeffect). DFd: Degrees of 
Freedom in the denominator (a.k.a. DFerror). SSn: Sum of Squares in the numerator (a.k.a. SSeffect). SSd: 
Sum of Squares in the denominator (a.k.a. SSerror). F: F-value. p: p-value (probability of the data given the 
null hypothesis). p < 0.05 Highlights p-values less than the traditional alpha level of 0.05. ges Generalized Eta-
Squared measure of effect size.
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Salivary Alpha-Amylase. As Alpha-amylase is secreted in the presence of food as part of the CPRs, we 
hypothesized that an increase in Alpha-amylase activity would take place in response to food cues. We also 
expected that this effect would be more pronounced in the Immersed condition compared to the Mindful atten-
tion condition. In line with our first prediction, Alpha-amylase activity showed an increase at T1 (M = 30.5; 
SD = 51.5) (t-test, t(49) = 6.14, p < 0.001) peaking at T2 (M = 52; SD = 71) (t-test, t(49) = 7.9, p < 0.001), demon-
strating the sensitivity of alpha-amylase activity to our experimental manipulation (Supp. Fig. 6). To explore 
Group and Instruction type effects over salivary alpha-amylase activity we conducted a Group x Instruction 
type x Time sample (T1/T2) repeated-measure ANOVA. We found a main effect of Time sample (F(1,48) = 4.9, 
p < 0.05, η2

G = 0.006) due to higher Alpha-amylase activity (U/mL) at T2 (M = 52; SD = 46.7) compared to T1 
(M = 30.4; SD = 35, t-test, t(49) = 3.8, p < 0.01. This enhanced Alpha-amylase activity during the active part of 
the task (T2, AAT) compared to the passive task (T1, exposure) is in agreement with previous work24. Contrary 
to our hypothesis, however, Group or Instruction factors did not modulate this measure (for further discussion 
please see supplementary materials).

State Questionnaires. We used an in-house questionnaire scale to determine whether the Instruction con-
dition impacted self-report measures of subjective realism, and to confirm that subjects properly followed the 
instructions (see Supp. for details). Consistent with our manipulation, the global score of subjective realisms 
from the post-state questionnaires were significantly higher during the Immersed condition, (M = 11.5, SD = 2.2) 
compared to the Mindful attention condition (M = 9.9, SD = 1.6), (t-test, t(49) = 5.5, p < 0.001). (Supp. Fig. 5). 
Specifically, participants reported less craving during the Mindful condition compared to the Immersed condition 
(M = 3, SD = 0.87 and M = 3.44, SD = 0.9, respectively, t-test, t(49) = 5.5, p < 0.001), greater meta-awareness (resp. 
dereification) in the Mindful condition (M = 4.1, SD = 0.5, resp. M = 3.2, SD = 0.97) compared to the Immersed 
condition (M = 3.8, SD = 0.50, resp. M = 2.7, SD = 0.95) (t(49) = 3.5, p < 0.001, resp. t(49) = 4.1, p =  < 0.001) 
(Supp. Fig. 5b). Stickiness, on the other hand, was greater in the Immersed condition compared to the Mindful 
condition only at a trend level (M = 2.5, SD = 1, and M = 2.3, SD = 0.9 respectively),(t-test, t(49) = 1.9, p = 0.06, 
Supp. Fig. 5b).

Contrary to our hypothesis of a meditation-related effect during the mindfulness condition, there were no 
Group by State interactions between these variables (see Supp. for details).

Relationship between Behavioral and Salivation Measures. We performed Pearson correlations, 
and a subsequent linear regression analysis, to investigate whether instruction-related changes on FAB predicted 
instruction-related changes in salivation. We hypothesized that greater FAB during AAT would predict greater 
salvation following the exposure phase (T1 sample).

In line with our prediction, we found that the increase in saliva volume following the exposure phase posi-
tively correlated with FAB values in the Immersed condition (r = 0.4, p < 0.01) but not in the Mindful condition 
(r = −0.002, p = 0.9), (Fig. 2b). To better describe the relationship between these two measures, we performed 
a multiple linear regression model analysis, predicting salivation volume from the FAB value (see Methods), 
where we found an overall fit to the model (Adjusted R2 = 0.2, F (3,94) = 8.8, p < 0.001). Specifically, there was 
a main effect of Instruction type (β = −198, t = −3, p < 0.01), whereby, in the Immersed condition, there was 
a greater increase in salivation when compared to the Mindful condition. We found a FAB value main effect 
(β = 3.8, t = 2.9, p < 0.01) implying that participants with greater FAB values salivated more. Importantly, there 
was also an interaction between Instruction type and FAB values in the prediction of saliva volume (β = −6.2, 
t = −3, p < 0.01), indicating that during the Immersed condition, for every ms of increase in the FAB value, sali-
vation increased by 0.01 ml, while FAB values during Mindful condition did not predict salivation amounts. The 

Figure 2. Integrative analysis of self-reports, behavioral and physiological measures: (a) Saliva volumes 
increased compared to baseline (T0) during the Immersed condition compared to the Mindful condition. 
(b) Saliva volume was predicted by FAB during the Immersed condition (for each ms on the FAB value, 
saliva volume increased by 0.01 ml), but not during the Mindful condition. (c) FAB RTs were predicted by the 
stickiness sub-scale during the Immersion instruction only (each point of stickiness scale predicts an increase 
of 12.32 ms on the FAB value). In all graphs, bars denote standard error. Significances *p < 0.05, **p < 0.01, 
***p < 0.001.
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difference in the correlational slopes between the two conditions indicates that salivary volumes were positively 
correlated with FAB values only in the Immersed condition, but not the Mindful condition.

Relationship between Self-report and Behavioral Measures. We used a linear regression analysis 
to evaluate whether individuals that report greater differences in subjective realism between the Mindful and 
Immersed conditions during the exposure phase, (as measured by the overall score of the State questionnaire or 
by the individual scores from each of its four sub-scales separately), also exhibited higher food attractiveness bias 
in the AAT (as measured by FAB values).

We found that only the model for the stickiness sub-scale predicting FAB values was significant (Adjusted 
R2 = 0.1, F(3,96) = 5.6, p < 0.001). In this model, there was a main effect of stickiness scores (β = 0.01, t = 2.2, 
p < 0.05) where one point of increase in the sub-scale score predicted an increase of 12 ms in the FAB value. There 
was a stickiness score x Instruction type interaction (β = −0.016, t = −2.0, p < 0.05), indicating that correlational 
slopes during Mindful and Immersed conditions were significantly different: during the Immersed condition, one 
point of increase in the stickiness subscale score predicted an increase of 16.2 ms in the FAB values, while during 
the Mindful condition, stickiness scores did not predict the FAB value (Fig. 2c). In summary, among the four 
sub-processes that we explored, only the stickiness subscale predicted FAB values.

Relationship between Trait and State Measures. To investigate whether changes in subjective realism 
in the AAT paradigm predicted relevant trait measures associated with mindful attention and immersion, we 
analyzed the relationship between condition-related measures (i.e. State questionnaire, FAB values and saliva 
volumes) and trait cognitive fusion, trait dereification, trait food craving measures and, for meditators, hours of 
meditation practice in their life. We corrected these analyses for multiple corrections (Bonferroni corrections, 
alpha = 0.016). We hypothesized that the more the participants were self-immersed in the food images, the more 
they would have a proclivity for food craving in daily life, and the higher they would score on cognitive fusion 
as a trait. Conversely the more the participants were successfully applying the mindful attention instruction, the 
higher they would score on dereification and, for meditators, have more meditation experience.

As predicted, scores in food craving as a trait positively correlated with FAB during the immersed condi-
tion (Pearson r = 0. 36, p < 0.01), but not during the mindful condition (Pearson r = −0. 12, p = 0.38) (Fig. 3b), 
indicating that participants who have a greater tendency toward food craving as a trait, also exhibited greater 
differences between RTs for avoidance and approach responses toward attractive food. These two measures were 
not correlated under the mindful condition, suggesting that the trait signature of food craving was offset by the 
mental state induced by the mindful attention instruction. To refine the analysis of the relationship between 
these two measures, we used food craving as a trait score and Instruction type to predict FAB in a multiple linear 
regression model. We found that the overall fit of the model was significant (Adjusted R2 = 0.17, F (3,94) = 7.8, 
p < 0.001). There was a main effect of Instruction type (β = 48.4, t = 2.0, p < 0.05) driven, again, by a higher FAB 
during the Immersed condition compared to the Mindful condition. There was also a main effect of food craving 
as a trait score (β = 0.56, t = 3.30, p = 0.001), whereby participants reporting higher food craving scores exhibited 
greater FAB values. Finally, we found an Instruction type x food craving interaction (β = −0.7, t = 2.0, p < 0.01), 
where a one point increase in the food craving questionnaire score was equivalent to an increase of 0.55 ms in the 
FAB value in the Immersed condition (Fig. 3b). In contrast, FAB was not correlated with trait food craving in the 
Mindful condition. We found a similar result with cognitive fusion as a trait (Adjusted R2 = 0.13, F (3,94) = 5.65, 
p < 0.001) (Fig. 3a). Dereification as a trait did not predict FAB, even if the overall model was significant (Adjusted 
R2 = 0.095, F (3,94) = 4.42, p < 0.005, see Supp. Table 1).

Figure 3. Trait-State integrative analyses: (a-b) Cognitive fusion (resp. Food craving) as a trait scores predicted 
FAB values during Immersed condition as measured by a linear regression model (each point of increase in 
the score from the Cognitive fusion questionnaire (resp. Food craving) corresponded to an increase in the FAB 
effect of 1.3 ms (resp. 0.55 ms) but not during Mindful condition). (c) Hours of lifetime meditation practice 
predicted FAB values only during immersed condition (for each 100 hours of meditation training there was a 
decrease in the FAB effect of 0.9 ms).
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We also studied the relationship between FAB values and the total number of hours of meditation that the 
meditators had practiced in their lives. We found that the hours of life time meditation practice, were negatively 
correlated with immersed FAB values (Pearson r = −0. 36, p < 0.05) but not with mindful FAB values (Pearson 
r = −0.1, p = 0.6) (Fig. 3c). These results where not confirmed by a FAB Instruction interaction in the regres-
sion multiple analysis. This was most likely due to a lack of statistical power for the sample size used. For each 
100 hours of meditation practice, there was a decrease in the FAB effect of 0.9 ms.

Finally, in their self-reports, meditators differed from controls on several trait and state measures concerning 
mindfulness, cognitive fusion, food-trait and decentering (Supp. Fig. 1). Some of these measures correlated with 
total number of practice hours. As the Group factor did not interact with the behavioral and physiological meas-
ures, we present these findings in the supplementary materials (Supp. Figs 1, 3, 5, and 8).

Discussion
Behavior. We found the same behavioral effects as the main results obtained by Papies et al. (2012) and 
extended them to a modified intra-subject protocol suitable for psychophysiological recordings and qualitative 
measures. Specifically, we showed a reduction of automatic approach bias toward attractive food (FAB) following 
a mindful attention instruction when compared to an immersion instruction. Similarly, in the field of psychother-
apeutic and mindfulness-based interventions (MBI), decentering-related constructs akin to mindful attention 
have been identified as one of the core mechanisms to overcome maladaptive behavioral, cognitive or affective 
habits2,7,9,25,26. Examples of de-automatization mediated by mindfulness meditation have already been reported in 
attention, perception and physiological reflex27–29.

Autonomic physiology. We collected participants’ salivation profiles under each instruction to characterize an 
objective physiological measure of subjective realism toward food cues. Although increase in salivation in response to 
food cue exposure or food imagery is a well-known phenomenon11,30,31, its regulation by a mindful attention instruction 
has not been shown before. Here we observed a reduction in saliva volume during the mindful attention instruction 
when compared to the immersion instruction. We also found that, during the immersed condition only, salivation cor-
related positively with the FAB value: participants who salivated more during exposure to food images exhibited higher 
FAB values in the AAT, which indicates stronger impulses toward attractive food. In cognitive terms, self-immersing 
in the food cue could be considered to simulate eating or tasting the food displayed by the cue. This mechanism would 
enhance the intake preparation reflex, strengthening the encoding of the food cue in memory and, therefore, leading 
to greater impulsive approach reactions toward the attractive food during the AAT. In trials where the required action 
was opposed to the automatic tendency (i.e. avoid attractive food), the first automatic impulse would be more difficult 
to overcome in the context of an enhanced intake preparation reflex, thus resulting in greater FAB values.

By contrast, during the mindful attention condition, there was a reduction in both saliva volume and the 
FAB. In this condition, it was not possible to establish a relationship between salivation and FAB values in the 
AAT performance. These findings could be accounted for by either weaker eating simulation and autonomic 
preparatory food intake reflex, related to a different encoding of food images32,33, or by a stronger regulation of 
executive conflict during the AAT performance, a capacity known to be affected by mindful attitude and train-
ing34,35. Accordingly, the smaller increase in saliva volume found during the exposure phase is consistent with an 
encoding regulation hypothesis, even though the absence of the FAB effect during the mindful condition could 
also be partially accounted for by an enhanced response inhibition mechanism. An examination of the brain 
mechanisms underlying behavior in this paradigm is needed to settle this issue.

Self reports. The results of the post-state questionnaire indicated that participants were able to identify and 
differentiate their feelings, reporting less craving and greater meta-awareness and dereification in the mindful 
condition when compared to the immersed condition. Stickiness scores were higher for the immersed condition 
compared to mindful attention, albeit at trend level. Only the stickiness sub-scale predicted the FAB effect. From 
these results, the stickiness construct appears to be the most promising dimension to predict AAT behaviors. 
Contrary to our prediction, the two sub-processes of mindful attention, namely, meta-awareness and dereifica-
tion, did not predict FAB. Further work is needed to identify the specific contribution of each of these sub-scales, 
in particular using more refined first-person interviews36.

Trait. The food craving-as-a-trait questionnaire was able to predict the FAB effect. This correlation disap-
peared during the mindful condition, suggesting that this “food craving as a trait signature” is offset by the mental 
setting provided by the mindful attention instruction, as expressed by the AAT RTs. We observed a comparable 
finding for cognitive fusion as a trait, but not for dereification as a trait.

Scores from the food craving-as-a-trait questionnaire were positively correlated with BMI, which was 
expected, and consistent with the literature37. Participants with greater trait cognitive fusion scores also had 
greater trait food craving scores, indicating that these two constructs are related as trait features. Interestingly, 
trait food craving was negatively correlated with the dereification-as-a-trait questionnaire scores, highlighting 
the relationship between automatic tendencies toward food and trait subjective realism also revealed by the AAT 
performance. To our knowledge, this relationship has not been reported in the literature before. From these corre-
lations, high cognitive fusion/low derefication as a trait appears as a broader feature that might be consistent with 
stronger food cravings, hence facilitating greater BMIs as a result. This finding is not surprising since excessive 
experiential fusion is a hallmark of psychological distress38, depression39, and addictive disorders40, which are the 
most common co-morbidity features in overweight and obesity conditions.

Meditation expertise. Consistent with previous studies, meditators exhibited higher scores in the 
five-facet mindfulness questionnaire41. Compared to non-meditators, they scored higher in the in-house 
dereification-as-a-trait questionnaire, and lower in the cognitive fusion questionnaires. Meditators scored lower 
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on a food craving questionnaire at a trend level, and this finding is consistent with recent results by Papies et al.42. 
Importantly, the total number of practice hours was positively correlated with the scores of the five-facet mindfulness 
questionnaire, negatively correlated with cognitive fusion and food craving-as-a-trait questionnaire, and negatively 
correlated with the AAT FAB effects. The relationship between meditation practice and trait measures that are relevant 
for food disorders should be further tested using a more appropriate longitudinal randomized controlled trial design.

We initially hypothesized that meditation experience would facilitate mindful attention during the instruction. 
Despite finding main Group effects on both behavioral results and state self-report scores, we found no interaction 
with Group (Supp. Figs 3 and 5b). Specifically for behaviors, the lack of 4-way interaction indicated that the capacity 
to sustain mindful attention toward food cues, as requested by a brief instruction, does not require formal training to 
induce detectable behavioral effects, and that meditation experience does not influence the capacity of self-immersing. 
Therefore, to differentiate the meditators from controls, a non-instructed condition would have been more appropriate 
to reveal any possible predisposition to engage spontaneously in mindful attention, which would result from long-term 
mindfulness practice. As discussed below, this additional condition was not included in our paradigm.

Limitations. We did not include an uninstructed control task, so it is difficult to separate the effect of immersion 
and mindful attention specifically. Including such condition would have made the task too lengthy and therefore 
susceptible to participant’s fatigue. However, previous studies have already established a reduced effect of mindful 
attention compared to an uninstructed condition on AAT behaviors8, and an enhancement of saliva volume in an 
immersed condition compared to uninstructed condition43. Here we chose to maximize the changes in subjective 
realism to study its neuro-electrical correlates. Despite this, in our approach, we were still able to investigate the spe-
cific contribution of immersion and mindful attention using within-subject variability (see Figs 2–3).

Future directions. Contrary to our expectation, the functional relationships between our dependent meas-
ures and state and trait self-report measures were statistically significant only during the immersed condition 
rather than during the mindful condition. The analysis of electrophysiological data and qualitative reports from 
mindful attention instruction collected during this study seem to be promising for further understanding of the 
neural and cognitive mechanisms of this regulation.

References
 1. Fletcher, L. & Hayes, S. C. Relational frame theory, acceptance and commitment therapy, and a functional analytic definition of 

mindfulness. J. Ration. Cogn. Ther. 23, 315–336, https://doi.org/10.1007/s10942-005-0017-7 (2005).
 2. Lutz, A., Jha, A. P., Dunne, J. D. & Saron, C. D. Investigating the phenomenological matrix of mindfulness-related practices from a 

neurocognitive perspective. Am. Psychol. 70, 632–58, https://doi.org/10.1037/a0039585 (2015).
 3. Tellegen, A. & Atkinson, G. Openness to absorbing and self-altering experiences (‘absorption’), a trait related to hypnotic 

susceptibility. J. Abnorm. Psychol. 83, 268–77 (1974).
 4. Dahl, C. J., Lutz, A. & Davidson, R. J. Reconstructing and deconstructing the self: cognitive mechanisms in meditation practice. 

Trends Cogn. Sci. 19, 515–523, https://doi.org/10.1016/j.tics.2015.07.001 (2015).
 5. Lebois, L. A. M. et al. Neuropsychologia A shift in perspective: Decentering through mindful attention to imagined stressful events. 

Neuropsychologia 75, 505–524, https://doi.org/10.1016/j.neuropsychologia.2015.05.030 (2015).
 6. Varela, F. J. Neurophenomenology: A Methodological Remedy for the Hard Problem. J. Conscious. Stud. 3, 330–349 (1996).
 7. Bernstein, A., Hadash, Y., Lichtash, Y., Tanay, G., Shepherd, K. & Fresco, D. M. Decentering and Related Constructs. Perspect. 

Psychol. Sci. 10, 599–617, https://doi.org/10.1177/1745691615594577 (2015).
 8. Papies, E. K., Barsalou, L. W. & Custers, R. Mindful attention prevents mindless impulses. Soc. Psychol. Personal. Sci. 3, 291–299 (2012).
 9. Papies, E. K., Pronk, T. M., Keesman, M. & Barsalou, L. W. The benefits of simply observing: Mindful attention modulates the link 

between motivation and behavior. J. Pers. Soc. Psychol. 108, 148–170, https://doi.org/10.1037/a0038032 (2015).
 10. Barrós-Loscertales, A. et al. Reading salt activates gustatory brain regions: FMRI evidence for semantic grounding in a novel sensory 

modality. Cereb. Cortex 22, 2554–2563, https://doi.org/10.1093/cercor/bhr324 (2012).
 11. Nederkoorn, C., Smulders, F. T. & Jansen, A. Cephalic phase responses, craving and food intake in normal subjects. Appetite 35, 

45–55, https://doi.org/10.1006/appe.2000.0328 (2000).
 12. Crum, A. J., Corbin, W. R., Brownell, K. D. & Salovey, P. Mind over milkshakes: mindsets, not just nutrients, determine ghrelin 

response. Health Psychol. 30, 424-429-431 https://doi.org/10.1037/a0023467 (2011).
 13. Phaf, R. H., Mohr, S. E., Rotteveel, M. & Wicherts, J. M. Approach, avoidance, and affect: a meta-analysis of approach-avoidance 

tendencies in manual reaction time tasks. Front. Psychol. 5, 378, https://doi.org/10.3389/fpsyg.2014.00378 (2014).
 14. Krieglmeyer, R. J. D. H. and & R.Deutsch. On the nature of automatically triggered approach-avoidance behavior. Emot. Rev. 1, 122, 

https://doi.org/10.1177/1754073908100437 (2010).
 15. Granger, D. A., Kivlighan, K. T., El-Sheikh, M., Gordis, E. B. & Stroud, L. R. Salivy α-amylase in biobehavioral research: Recent 

developments and applications. Ann. N. Y. Acad. Sci. 1098, 122–144, https://doi.org/10.1196/annals.1384.008 (2007).
 16. Baquedano, C. & Fabar, C. Modeling subjects’ experience while modeling the experimental design: A mild-neurophenomenology-

inspired approach in the piloting phase. Constr. Found. 12, 166–180 (2017).
 17. Gillanders, D. T. et al. The Development and Initial Validation of the Cognitive Fusion Questionnaire. Behav. Ther. 45, 83–101, 

https://doi.org/10.1016/j.beth.2013.09.001 (2014).
 18. Blechert, J., Meule, A., Busch, N. A. & Ohla, K. Food-pics: an image database for experimental research on eating and appetite. Front. 

Psychol. 5, https://doi.org/10.3389/fpsyg.2014.00617 (2014).
 19. Rohleder, N. & Nater, U. M. Determinants of salivary??-amylase in humans and methodological considerations. 

Psychoneuroendocrinology 34, 469–485, https://doi.org/10.1016/j.psyneuen.2008.12.004 (2009).
 20. Cepeda-benito, A. et al. The development and validation of Spanish versions of the State and Trait Food Cravings Questionnaires. 

Behav. Res. Ther. 38, (2000).
 21. Baer, R. A. et al. Using Self-Report Assessment Methods to Explore Facets of Mindfulness. Assessment https://doi.

org/10.1177/1073191105283504 (2006).
 22. Schmidt, C & Eugenia, V. Five Facet Mindfulness Questionnaire: spanish validation. 14–16 (2013).
 23. Cebolla, A. et al. Psychometric properties of the Spanish validation of the Five Facets of Mindfulness Questionnaire (FFMQ). Eur. J. 

Psychiatry 26, 118–126, https://doi.org/10.4321/S0213-61632012000200005 (2012).
 24. Nater, U. M. & Rohleder, N. Salivary alpha-amylase as a non-invasive biomarker for the sympathetic nervous system: Current state 

of research. Psychoneuroendocrinology 34, 486–496, https://doi.org/10.1016/j.psyneuen.2009.01.014 (2009).
 25. Bieling, P. J. et al. Treatment-specific changes in decentering following mindfulness-based cognitive therapy versus antidepressant 

medication or placebo for prevention of depressive relapse. J. Consult. Clin. Psychol. 80, 365–372, https://doi.org/10.1037/a0027483 (2012).

http://3
http://5b
http://dx.doi.org/10.1007/s10942-005-0017-7
http://dx.doi.org/10.1037/a0039585
http://dx.doi.org/10.1016/j.tics.2015.07.001
http://dx.doi.org/10.1016/j.neuropsychologia.2015.05.030
http://dx.doi.org/10.1177/1745691615594577
http://dx.doi.org/10.1037/a0038032
http://dx.doi.org/10.1093/cercor/bhr324
http://dx.doi.org/10.1006/appe.2000.0328
http://dx.doi.org/10.1037/a0023467
http://dx.doi.org/10.3389/fpsyg.2014.00378
http://dx.doi.org/10.1177/1754073908100437
http://dx.doi.org/10.1196/annals.1384.008
http://dx.doi.org/10.1016/j.beth.2013.09.001
http://dx.doi.org/10.3389/fpsyg.2014.00617
http://dx.doi.org/10.1016/j.psyneuen.2008.12.004
http://dx.doi.org/10.1177/1073191105283504
http://dx.doi.org/10.1177/1073191105283504
http://dx.doi.org/10.4321/S0213-61632012000200005
http://dx.doi.org/10.1016/j.psyneuen.2009.01.014
http://dx.doi.org/10.1037/a0027483


www.nature.com/scientificreports/

1 1Scientific REPORTS | 7: 13839  | DOI:10.1038/s41598-017-13662-z

 26. Hoge, E. A., Bui, E., Goetter, E., Fresco, D. M. & Simon, N. M. Change in Decentering Mediates Improvement in Anxiety in 
Mindfulness-Based Stress Reduction for Generalized Anxiety Disorder. 228–235, https://doi.org/10.1007/s10608-014-9646-4 
https://doi.org/10.1007/s10608-014-9646-4 (2015).

 27. Slagter, H. A. et al. Mental training affects distribution of limited brain resources. PLoS Biol. 5, e138, https://doi.org/10.1371/journal.
pbio.0050138 (2007).

 28. Deikman, A. J. Experimental meditation. J. Nerv. Ment. Dis. 136, 329–43 (1963).
 29. Levenson, R. W., Ekman, P. & Ricard, M. Meditation and the startle response: a case study. Emotion 12, 650–8, https://doi.

org/10.1037/a0027472 (2012).
 30. Brunstrom, J. M., Yates, H. M. & Witcomb, G. L. Dietary restraint and heightened reactivity to food. Physiol. Behav. 81, 85–90, 

https://doi.org/10.1016/j.physbeh.2004.01.001 (2004).
 31. Ferriday, D. & Brunstrom, J. M. ‘I just can’t help myself ’: effects of food-cue exposure in overweight and lean individuals. Int. J. Obes. 

35, 142–149, https://doi.org/10.1038/ijo.2010.117 (2011).
 32. Chiesa, A., Serretti, A. & Jakobsen, J. C. Mindfulness: Top-down or bottom-up emotion regulation strategy? Clin. Psychol. Rev. 33, 

82–96, https://doi.org/10.1016/j.cpr.2012.10.006 (2013).
 33. Cahna, B. R. and Polichb & John. Meditation (Vipassana) and the P3a Event-Related Brain Potential. Int J Psychophysiol. 72, 51–60, 

https://doi.org/10.1016/j.ijpsycho.2008.03.013 (2009).
 34. Tang, Y.-Y. et al. Short-term meditation training improves attention and self-regulation. Proc. Natl. Acad. Sci. 104, 17152–17156, 

https://doi.org/10.1073/pnas.0707678104 (2007).
 35. Tang, Y., Hölzel, B. K. & Posner, M. I. The neuroscience of mindfulness meditation. Nat. Publ. Gr. 16, 213–225, https://doi.

org/10.1038/nrn3916 (2015).
 36. Petitmengin, C. Describing one’s subjective experience in the second person: An interview method for the science of consciousness. 

Phenomenol. Cogn. Sci. 5, 229–269, https://doi.org/10.1007/s11097-006-9022-2 (2006).
 37. Franken, I. H. A. & Muris, P. Individual differences in reward sensitivity are related to food craving and relative body weight in 

healthy women. Appetite 45, 198–201, https://doi.org/10.1016/j.appet.2005.04.004 (2005).
 38. Lau, M. A. et al. The Toronto Mindfulness Scale: development and validation. J. Clin. Psychol. 62, 1445–67, https://doi.org/10.1002/

jclp.20326 (2006).
 39. Barnhofer, T. et al. Mindfulness-Based Cognitive Therapy (MBCT) Reduces the Association Between Depressive Symptoms and 

Suicidal Cognitions in Patients With a History of Suicidal Depression. J Consult Clin Psychol 83, 1013–1020, https://doi.org/10.1037/
ccp0000027 (2015).

 40. Shorey, R. C., Brasfield, H., Anderson, S. & Stuart, G. L. Mindfulness deficits in a sample of substance abuse treatment seeking adults: 
a descriptive investigation. J. Subst. Use 19, 194–198, https://doi.org/10.3109/14659891.2013.770570 (2013).

 41. Baer, R. A. et al. Construct validity of the five facet mindfulness questionnaire in meditating and nonmeditating samples. Assessment 
15, 329–42, https://doi.org/10.1177/1073191107313003 (2008).

 42. Papies, E. K., Winckel, M. Van & Keesman, M. Food-Specific Decentering Experiences Are Associated with Reduced Food Cravings 
in Meditators: A Preliminary Investigation. Mindfulness (N. Y). 1123–1131, https://doi.org/10.1007/s12671-016-0554-4 (2016).

 43. Keesman, M., Aarts, H., Vermeent, S., Häfner, M. & Papies, E. K. Consumption simulations induce salivation to food cues. PLoS One 
11, 1–16, https://doi.org/10.1371/journal.pone.0165449 (2016).

Acknowledgements
This work was supported by the National Committee of Science and Technology of Chile (CONICYT), through 
Beca Nacional de Doctorado N° 1070761 given to Baquedano C. Also this work has been supported by the LABEX 
CORTEX (ANR-11- LABX-0042) of Université de Lyon, within the program “Investissements d’Avenir” (ANR-
11-IDEX-0007) an European Research Council grant ERC- Consolidator 617739-BRAINandMINDFULNESS to 
AL, and a gift from the Adam J. Weissman Foundation to AL. DC acknowledges support by Iniciativa Científica 
Milenio from the Ministerio de Economía, Fomento y Turismo, Project IS130005: Millennium Institute for 
Research in Depression and Personality-MIDAP, and FONDECYT de postdoctorado grant No. 3160403 to a R.V. 
AL thanks John Dunne for an earlier discussion on the AAT paradigm.

Author Contributions
All manuscripts must include an Author Contributions Statement detailing the contribution of each author. 
Author names must be listed as initials. C.B., A.L. D.C. and V.L. designed the study. V.L. and D.C. contributed with 
the experimental data acquisition setup. A.L. and C.B. analyzed the data. R.V. performed the linear regression 
analysis. C.F. and C.B. participated in the data collection process. C.B. and A.L. wrote the manuscript and D.C. 
contributed to the writing and edition the manuscript. All authors reviewed the manuscript critically for content 
and contributed to the interpretation of the results.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-017-13662-z.
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1007/s10608-014-9646-4
http://dx.doi.org/10.1007/s10608-014-9646-4
http://dx.doi.org/10.1371/journal.pbio.0050138
http://dx.doi.org/10.1371/journal.pbio.0050138
http://dx.doi.org/10.1037/a0027472
http://dx.doi.org/10.1037/a0027472
http://dx.doi.org/10.1016/j.physbeh.2004.01.001
http://dx.doi.org/10.1038/ijo.2010.117
http://dx.doi.org/10.1016/j.cpr.2012.10.006
http://dx.doi.org/10.1016/j.ijpsycho.2008.03.013
http://dx.doi.org/10.1073/pnas.0707678104
http://dx.doi.org/10.1038/nrn3916
http://dx.doi.org/10.1038/nrn3916
http://dx.doi.org/10.1007/s11097-006-9022-2
http://dx.doi.org/10.1016/j.appet.2005.04.004
http://dx.doi.org/10.1002/jclp.20326
http://dx.doi.org/10.1002/jclp.20326
http://dx.doi.org/10.1037/ccp0000027
http://dx.doi.org/10.1037/ccp0000027
http://dx.doi.org/10.3109/14659891.2013.770570
http://dx.doi.org/10.1177/1073191107313003
http://dx.doi.org/10.1007/s12671-016-0554-4
http://dx.doi.org/10.1371/journal.pone.0165449
http://dx.doi.org/10.1038/s41598-017-13662-z
http://creativecommons.org/licenses/by/4.0/

	Compared to self-immersion, mindful attention reduces salivation and automatic food bias
	Methods
	Participants and recruitment. 
	Task. 
	Exposure phase and instructions. 

	Stimuli. 
	Food image stimuli validation. 
	Approach-avoidance task (AAT). 
	Personal image pool construction. 

	General Design and Procedure. 
	General procedure. 

	Saliva Sampling and Alpha-Amylase Activity Measurement. 
	Self-Report Measures. 
	Trait questionnaires. 
	State questionnaire. 

	Statistical analysis. 
	General design: independent variables. 
	Reaction times (RT) analysis. 
	Saliva volume and Alpha-amylase analysis. 
	Self-report analysis. 
	Integrative analysis. 


	Results
	AAT Reaction Times (RTs). 
	Salivary Volumes. 
	Salivary Alpha-Amylase. 
	State Questionnaires. 
	Relationship between Behavioral and Salivation Measures. 
	Relationship between Self-report and Behavioral Measures. 
	Relationship between Trait and State Measures. 

	Discussion
	Behavior. 
	Autonomic physiology. 
	Self reports. 
	Trait. 
	Meditation expertise. 
	Limitations. 
	Future directions. 

	Acknowledgements
	Figure 1 Experimental design and validation of the behavioral marker of automatic food bias: (a) Block structure: Participants observed food pictures following either a Mindful attention or an Immersion instruction (EXPOSURE 1) before performing an approa
	Figure 2 Integrative analysis of self-reports, behavioral and physiological measures: (a) Saliva volumes increased compared to baseline (T0) during the Immersed condition compared to the Mindful condition.
	Figure 3 Trait-State integrative analyses: (a-b) Cognitive fusion (resp.
	Table 1 Approach –Avoidance Task Reaction times.
	Table 2 Repeated-measures ANOVA, with Group as between-subject factor, and Instruction type, Food type, and Response type as within-subject factors.
	Table 3 Repeated-measures ANOVA, in the immersed condition with Food type, and Response type as within-subject factors.
	Table 4 Repeated-measures ANOVA, in the Mindful Attention condition with Food type, and Response type as within-subject factors.




