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Dieting is a popular but difficult strategy for reducing weight. Previous studies have revealed several psychological characteristics associated with dieting failure. Here, the hypothesis that dieting failure is associated with unconscious hedonic responses to food was tested with a subliminal affective priming task. Food image primes or their scrambled mosaic primes were subliminally presented. Participants scored their liking of the subsequent target ideographs. The participants’ subjective dieting success was additionally assessed using questionnaires. Differences in liking scores of target ideographs between the food and mosaic conditions, as well as liking scores of target ideographs under the food condition by partialing-out other effects, were negatively associated with dieting success scores. These results suggest that dieting failure is associated with the strength of unconscious hedonic responses to food and that environmental controls to reduce food cues may be needed for dieting success.
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INTRODUCTION

Dieting is a popular but difficult strategy for reducing weight. Survey studies have shown that dieting is common during the entire lifespan in both females and males (Slof-Op’t Landt et al., 2017). However, in contrast to dieters’ expectation of weight reduction, empirical studies consistently revealed that dieting often fails and may lead to weight gain, which could induce health problems (for a review, see Lowe et al., 2013). The data suggest that dieting is associated with weight dissatisfaction, rather than with actual weight; hence, even underweight individuals may try dieting (Eik-Nes et al., 2015). Dieting was also shown to be a risk factor for eating disorders (e.g., Stice et al., 2017; for a review, see Lowe and Timko, 2004). These data suggest that, to promote physical and mental health, further research is warranted to understand and improve dieting practices.

Several studies have explored psychological mechanisms underlying dieting (for a review, see Elfhag and Rössner, 2005). These studies identified various psychological characteristics that were associated with dieting failure, including high trait impulsiveness (Meule et al., 2012), high trait food craving (Meule et al., 2011), low inhibitory control (Houben et al., 2012), low goal-based self-regulation (Fishbach et al., 2003), and personal history of dieting (Lowe et al., 2006, 2013, 2019). However, because dieting is a complex phenomenon related to multiple psychological, environmental, and biological factors (Maclean et al., 2011), it is highly plausible that additional psychological processes contribute to dieting failure.

One psychological process potentially related to dieting that remains untested is unconscious hedonic responses to food. One previous study has demonstrated that food stimuli can elicit unconscious hedonic responses (Sato et al., 2016). That study used a subliminal affective priming task (Murphy and Zajonc, 1993) and demonstrated that food images presented subliminally heightened the liking scores of subsequently presented targets (i.e., neutral faces) more than the subliminally presented mosaic images did, suggesting that the hedonic reactions triggered by food images unconsciously spilled over into the appraisal of unrelated targets. Their results further showed that the preference for subliminally presented food images was negatively correlated with scales measuring restrained eating on the Dutch Eating Behavior Questionnaire (van Strien et al., 1986), which assesses intentions to restrict food intake and actual behavioral restraint (Larsen et al., 2007). However, interpretation of this result is difficult because that scale was originally developed to assess a tendency toward paradoxical overeating (van Strien et al., 1986) and does not explicitly assess motivations or behaviors aimed at weight loss (Lowe et al., 2013). Furthermore, empirical findings regarding the relationship between such scales and dieting performance remain inconsistent (for a review, see Lowe et al., 2013). One may expect that scales like the perceived self-regulatory success in dieting scale (PSRS; Fishbach et al., 2003), which directly assesses dieting success or failure and was validated by consistent medium-to-high negative correlations with body mass index (BMI) across studies (Meule et al., 2012) may provide more clear-cut evidence. Based on these data, together with abundant evidence that hedonic responses to food generally motivate food consumption (for a review, see Søensen et al., 2003), it was hypothesized that individuals’ tendency toward dieting failure could be associated with the strength of their unconscious hedonic responses to food.

This hypothesis was tested by assessing participants’ unconscious hedonic responses to food using a subliminal affective priming task, as in a prior study (Sato et al., 2016). Food image primes or their scrambled mosaic primes were presented for 30 ms in the peripheral visual field (i.e., outside participants’ attentional focus), and nonsense ideograph targets were then presented (Figure 1). The participants scored their liking of the targets, which could be modulated by the primes. The participants’ conscious hedonic responses were also assessed by measuring their liking of supraliminally presented food and mosaic images. In addition, participants’ subjective evaluations of dieting success were assessed using the PSRS (Fishbach et al., 2003). The association between hedonic responses to food under each presentation condition and PSRS scores was evaluated.
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FIGURE 1. Illustrations of food and mosaic images and target ideographs. In the actual experiment, food, and mosaic images were photographs. Participants scored their liking of target ideographs, which were primed by subliminally presented food or mosaic images under the subliminal condition. They scored their liking of food or mosaic images under the supraliminal condition.




MATERIALS AND METHODS


Participants

Participants were 29 healthy Japanese volunteers (15 females; mean ± SD age, 21.6 ± 2.0 years). The required sample size was determined based on an a priori power analysis implemented with G*Power 3.1.9.2 (Faul et al., 2009). Correlation coefficients (one-tailed) at a strong effect size (ρ = 0.5) with α of 0.05 and power (1 − β) of 0.80 required more than 21 participants. The participants were recruited through advertisements on notice boards at Kyoto University. None of the participants had any deficiency in visual acuity were familiar with Korean characters (i.e., the targets), and knew the research objective. All participants were of normal weight (i.e., <25 BMI; actual mean ± SD BMI, 21.3 ± 1.8 kg/m2). The participants were instructed to fast for >3 h before the experiment. Participants’ hunger level, measured using a five-point scale ranging from 1 (not at all) to 5 (very), was moderate (mean ± SD, 2.3 ± 0.6). All participants provided written informed consent to participate in this study. This study received ethical approval from the Ethics Committee of the Unit for Advanced Studies of the Human Mind, Kyoto University.



Experimental Design

The experiment was constructed as a one-factor within-participants design, with a stimulus-type factor having two levels (food and mosaic) under each of the subliminal and supraliminal presentation conditions. Dependent variables were (1) the liking scores of target ideographs, which were primed by subliminally presented food or mosaic images, under the subliminal condition; (2) the liking scores of food or mosaic images under the supraliminal conditions; and (3) PSRS scores.



Stimuli

Food images were 24 color photographs of food, including three images of each of eight food types (hamburgers, fried chicken, pizza, doughnuts, sushi, roast fish, mixed rice, and noodles), selected from images presented on websites (Figure 1). The images were cropped using PhotoShop CS6 (Adobe, San Jose, CA, United States). Mosaic images were constructed from the food images using MATLAB 6.5 (MathWorks, Natick, MA, United States). All food images were divided into 1,600 small squares, which were then randomly reordered. A mosaic pattern comprising fragments of food images not used in the mosaic condition was also created as a mask. Target ideographs under the subliminal condition were 48 images of Korean characters, which were shown to be emotionally neutral (Sato and Aoki, 2006). The size of all stimuli was 5.0° × 5.0°of visual angle.



Apparatus

Experiments were controlled by presentation (Neurobehavioral Systems, Berkeley, CA, United States) implemented on a Windows computer (HP Z200 SFF; Hewlett-Packard Japan, Tokyo, Japan). The stimuli were presented on a 19-inch cathode ray tube display (HM903D-A; Iiyama, Tokyo, Japan) at a refresh rate of 100 Hz and a resolution of 1024 × 768 pixels.



Questionnaire

The PSRS (Fishbach et al., 2003) was used to measure the participants’ subjective evaluations of dieting success. Using three items and seven-point scales, participants rated their success at watching their weight and losing weight and their difficulty with staying in shape. Items were as follows: “How successful are you in watching your weight?”; “How successful are you in losing extra weight?”; and “How difficult do you find it to stay in shape?” A previous study used the PSRS and demonstrated good reliability and validity (Meule et al., 2012). The English-language version was translated into Japanese by a translator, and translation was validated through back-translation by an independent translator.



Procedure

The experiments were run individually in a soundproof room (Science Cabin, Takahashi Kensetsu, Tokyo, Japan). Participants were instructed that the experiment concerned image appraisals. The participants first filled out a set of questionnaires, including a measure of their hunger level and the PSRS. They were then seated 0.57 m from the display and performed liking scoring under the subliminal and supraliminal conditions.

Ninety-six trials involving liking scoring (24 food images and 24 mosaics for left and right visual fields) were conducted under the subliminal condition and 96 under the supraliminal condition. A short break was interposed after 48 trials. The order of presentation of conditions was fixed, with the subliminal condition first and the supraliminal condition second, because the primary objective of this study was to investigate unconscious hedonic responses to food under the subliminal condition without conscious recognition of food processing. The order of stimulus conditions (food and mosaic) was randomized within each presentation condition. Five practice trials were given for each presentation condition.

In each trial under the subliminal condition, after a fixation point was presented for 1,000 ms at the center of the visual field, a prime (a food or mosaic image) was presented for 30 ms in either the left or right visual field (the inside edge was 5° peripheral to the center). This was followed by a mask presented at the identical location for 170 ms. Immediately after that, a target ideograph was presented in the same place for 1,000 ms. Finally, a scoring panel was displayed until the participant finished responding. Participants were asked to gaze at the fixation point and to score their liking of the target ideograph using a nine-point scale from 1 (not at all) to 9 (very much) by pressing typing (alphanumeric) keys with their right forefinger.

In each trial under the supraliminal condition, after a fixation point was presented for 1,000 ms at the center of the visual field, a food or mosaic image was shown for 200 ms in either the left or right visual field (the inside edge was 5° peripheral to the center). After a blank period of 1,000 ms, the scoring panel appeared until the participant finished responding. The participants were instructed to gaze at the fixation point and to score their liking of the food/mosaic image in the same manner as in the subliminal condition.

After the liking scoring tasks, participants performed the forced-choice discrimination task to objectively assess the conscious awareness of stimuli under the subliminal condition. A total of 48 trials were conducted using only the food images. In each trial, an image was presented as in the subliminal condition, and then two food images (one of which had already been presented) were presented. The participants were asked to select the presented image. A one-sample t-test (two-tailed) confirmed that the correct discrimination rate was not significantly different from chance [mean ± SE% correct, 54.0 ± 3.6; t(28) = 1.12, p > 0.1]. Subsequent interviews further showed that none of the participants consciously perceived the food images under the subliminal condition. After debriefing, all the participants gave permission for the analysis of their data.



Data Analysis

Data were analyzed using SPSS 16.0J (SPSS Japan, Tokyo, Japan). The liking scores under each presentation condition were analyzed separately. As an index of food liking, controlling for general response patterns (e.g., high scores for all items), liking difference scores (c.f. Bedeian et al., 1994) between the food and mosaic conditions were calculated. The liking differences were first analyzed using one-sample t-tests (one-tailed). Then, correlation coefficients between the liking difference scores and the PSRS scores were calculated and tested for their significance (one-tailed). To test the effects of age, sex, BMI, and hunger level, partial correlations controlling for these measures were also calculated, as well as the correlation coefficient between these measures and liking difference scores or PSRS scores. Although the hypothesis addressed only results under the subliminal condition, the data for the supraliminal condition were analyzed in the same manner for descriptive purposes. In addition, because debate regarding the reliability and validity of difference scores persists (Bedeian et al., 1994; Griffin et al., 1999), polynominal regression analyses (Edwards and Parry, 1993) were conducted with PSRS scores as the dependent variable and liking scores for food images and mosaics and their squared and product terms as the independent variables. The β values of the liking scores for food images were evaluated for differences from zero (one-tailed); other β values were also tested exploratorily. A value of p < 0.05 was considered significant. As preliminary data analysis, the Mahalanobis distance for each analysis was calculated to identify bivariate outliers. No significant outlier was identified for any analysis of difference scores and partialed-out liking scores under the subliminal and supraliminal conditions (d < 3.5, p > 0.10).




RESULTS

Under the subliminal condition, the mean ± SE liking scores of target ideographs under the food and mosaic conditions were 5.31 ± 0.14 and 5.22 ± 0.13, respectively. The liking difference scores of target ideographs between the food and mosaic conditions were significantly different from zero [mean ± SE, 0.09 ± 0.05, t(28) = 1.73, p < 0.05]. A negative and significant correlation was found between the liking difference scores and PSRS scores (r = −0.38, p < 0.05; Figure 2, upper left). Partial correlation analyses showed that controlling for age, sex, BMI, and hunger level did not change the significant correlation between the liking difference scores and PSRS scores (pr < −0.32, p < 0.05), and none of these variables were significantly correlated with either liking difference or PSRS scores (|r| < 0.24, p > 0.10). A polynomial regression analysis with PSRS scores as the dependent variable and liking scores of target ideographs under the food and mosaic conditions and their squared and product terms as the independent variables revealed that only the β value of liking scores of target ideographs under the food condition was significant [β = −1.15, t(23) = 2.03, p < 0.05; Figure 2, lower left].
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FIGURE 2. Scatter plots and regression lines for the relationship of dieting success scores (or their adjusted values) with liking difference scores (i.e., food–mosaic) under the subliminal (A) and supraliminal (B) presentation conditions and food liking scores under the subliminal (C) and supraliminal (D) presentation conditions. Dieting success was assessed using the perceived self-regulatory success in dieting scale (PSRS). Adjusted values were derived by partialing-out the effects of no interest (i.e., liking scores for mosaics and squared and product terms for liking scores for food and mosaics). Liking scores under the food condition (food liking) were assessed indirectly (for target ideographs after food primes) under the subliminal condition and directly (for food images) under the supraliminal condition. *
p < 0.05; n.s. = not significant.


Under the supraliminal condition, the mean ± SE liking scores of food and mosaic images were 6.84 ± 0.18 and 4.01 ± 0.25, respectively. The liking difference scores were significantly different from zero [mean ± SE, 2.83 ± 0.31, t(28) = 9.02, p < 0.001]. The correlation coefficient between the liking difference and PSRS scores was not significant (ns; r = −0.11, p > 0.10; Figure 2, upper right). Partial correlation coefficients controlling for age, sex, BMI, and hunger level were also not significant (|pr| < 0.08, p > 0.10), and none of these were significantly correlated with either the liking difference or PSRS score (|r| < 0.22, p > 0.10). A polynomial regression analysis showed no significant association between PSRS scores and liking scores of food images [β = −0.36, t(23) = 1.57, p > 0.10; Figure 2, lower right].



DISCUSSION

The results revealed that the liking scores of target ideographs under the subliminal condition differed between the food and mosaic prime conditions on average, although the difference was small and varied substantially across individuals. The results are consistent with those of previous studies (e.g., Sato et al., 2016) and support the presence of unconscious hedonic responses to food.

More important, the results under the subliminal condition demonstrated that the liking difference scores of target ideographs between the food and mosaic conditions, as well as the liking scores of target ideographs under the food condition partialing-out other effects were negatively associated with the dieting success scores. This result is in line with the finding of a previous study (Sato et al., 2016) that differences in liking scores of targets after subliminally presented food vs. mosaic images were negatively correlated with scores on the restraint eating scale (van Strien et al., 1986). However, debates about whether such a scale reflects actual dieting persist (Lowe et al., 2013). No previous study has investigated the association between dieting success per se and unconscious hedonic responses to food. This study newly demonstrated that the strength of unconscious hedonic responses to food is associated with dieting failure.

The results under the supraliminal condition showed no significant association between conscious hedonic responses to food and dieting failure. This result is consistent with the previous finding that liking differences between supraliminally presented food and mosaic images did not show evident associations with eating tendencies (Sato et al., 2016). This result suggests that conscious hedonic appraisals of food differ from unconscious processing of food by introducing the role of cognitive appraisal, which is not closely associated with dieting performance. The results can be interpreted in general perspectives that unconscious and conscious processing can be dissociable (Kahneman, 2011) and that certain elements of daily eating behaviors are controlled unconsciously (Wansink, 2010).

Our results have practical implications. The results show that individuals who are prone to failing at dieting have a strong tendency toward unconscious hedonic responses to food. Related to this result, previous psychological findings have revealed that unconscious emotional responses are only minimally influenced by conscious reflection (Murphy and Zajonc, 1993). Neuroscientific data showed that unconscious processing cannot be inhibited by the conscious will (Filevich et al., 2013). Together with these data, the present result suggests that individuals who are prone to failing at dieting should anticipate and prepare for the irresistible, unconscious hedonic responses to food that foster food consumption and weight gain. Environmental controls that reduce food cues, a strategy frequently used in cognitive behavioral therapies for eating control (Costain and Croker, 2005), may be recommended.

Plausible neural substrates for the association between dieting failure and unconscious hedonic processing of food involve the amygdala. A previous functional neuroimaging study has found that the amygdala was activated in response to subliminally presented food images via the subcortical visual pathway (Sato et al., 2019). Another neuroimaging study reported that the combined activity of five brain regions, including the amygdala, predicted BMI (Killgore et al., 2013). In future research, it may be helpful to investigate task-related or resting-state amygdala activity associated with dieting failure so that we can acquire biomarkers to objectively assess and intervene in dieting.

Several limitations of this study should be addressed. First, only subjective ratings of dieting success, which could be biased, were used. Future investigations with objective measures of dieting performance, such as weight records, are required to confirm rigorously the association between dieting performance and unconscious hedonic responses to food.

Second, our sample size was small and therefore may have lacked the power to detect some effects, such as the relationship between dieting success scores and BMI, which was found in a previous survey with a larger sample (n > 300; Meule et al., 2014), and the association between dieting success scores and supraliminal liking scores for food. Additionally, the small sample size made it difficult to remove outliers effectively, despite their influence (Cousineau and Chartier, 2010). Further studies with larger samples would be helpful to investigate these phenomena.

Third, the presentation condition order was fixed, which may have affected findings under the supraliminal condition due to habituation. Although the fixed order was used to prevent conscious food processing under the subliminal condition, counterbalanced presentation orders would be needed to contrast unconscious with conscious hedonic food processing rigorously.

Finally, because the experimental design was correlational, no causal relationship between unconscious hedonic response to food and dieting success can be inferred. Interestingly, a previous study has reported that intervention in unconscious hedonic responses to food through subliminal evaluative conditioning (i.e., association between subliminally presented non-food negative images and food images) resulted in lower liking ratings for food, which persisted for several days (Legget et al., 2015). Together with these data, the present results suggest the possibility that intervention in unconscious food processing may change dieting performance, which could contribute to our understanding of the causal mechanisms underlying dieting and thereby improve the well-being of many people.



DATA AVAILABILITY STATEMENT

All datasets presented in this study are included in the article/Supplementary Material.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of the Unit for Advanced Studies of the Human Mind, Kyoto University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

WS designed the research, obtained and analyzed the data, and wrote the manuscript.



FUNDING

This study was supported by funds from the Research Complex Program from Japan Science and Technology Agency and Japan Society for the Promotion of Science KAKENHI (18K03174). The author declares no competing financial or other interests.


SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2020.02089/full#supplementary-material




REFERENCES

 Bedeian, A. G., Day, D. V., Edwards, J. R., Tisak, J., and Smith, C. S. (1994). Difference scores: rationale, formulation, and interpretation. J. Manag. 20, 673–698. doi: 10.1177/014920639402000309

 Costain, L., and Croker, H. (2005). Helping individuals to help themselves. Proc. Nutr. Soc. 64, 89–96. doi: 10.1079/PNS2004413 

 Cousineau, D., and Chartier, S. (2010). Outliers detection and treatment: a review. Int. J. Psychol. Res. 3, 58–67. doi: 10.21500/20112084.844

 Edwards, J. R., and Parry, M. E. (1993). On the use of polynomial regression equations as an alternative to difference scores in organizational research. Acad. Manag. J. 36, 1577–1613. doi: 10.5465/256822

 Eik-Nes, T., Romild, U., Guzey, I., Holmen, T., Micali, N., and Bjørnelv, S. (2015). Women’s weight and disordered eating in a large Norwegian community sample: the Nord-Trondelag Health Study (HUNT). BMJ Open 5:e008125. doi: 10.1136/bmjopen-2015-008125 

 Elfhag, K., and Rössner, S. (2005). Who succeeds in maintaining weight loss? A conceptual review of factors associated with weight loss maintenance and weight regain. Obes. Rev. 6, 67–85. doi: 10.1111/j.1467-789X.2005.00170.x 

 Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power analyses using G*Power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41, 1149–1160. doi: 10.3758/BRM.41.4.1149 

 Filevich, E., Kühn, S., and Haggard, P. (2013). There is no free won’t: antecedent brain activity predicts decisions to inhibit. PLoS One 8:e53053. doi: 10.1371/journal.pone.0053053 

 Fishbach, A., Friedman, R. S., and Kruglanski, A. W. (2003). Leading us not unto temptation. Momentary allurements elicit overriding goal activation. J. Pers. Soc. Psychol. 84, 296–309. doi: 10.1037/0022-3514.84.2.296 

 Griffin, D., Murray, S., and Gonzalez, R. (1999). Difference score correlations in relationship research: a conceptual primer. Pers. Relatsh. 6, 505–518. doi: 10.1111/j.1475-6811.1999.tb00206.x

 Houben, K., Nederkoorn, C., and Jansen, A. (2012). Too tempting to resist? Past success at weight control rather than dietary restraint determines exposure-induced disinhibited eating. Appetite 59, 550–555. doi: 10.1016/j.appet.2012.07.004 

 Kahneman, D. (2011). Thinking, fast and slow. New York: Farrar Straus & Giroux.

 Killgore, W. D., Weber, M., Schwab, Z. J., Kipman, M., DelDonno, S. R., Webb, C. A., et al. (2013). Cortico-limbic responsiveness to high-calorie food images predicts weight status among women. Int. J. Obes. 37, 1435–1442. doi: 10.1038/ijo.2013.26 

 Larsen, J. K., van Strien, T., Eisinga, R., Herman, C. P., and Engels, R. C. (2007). Dietary restraint: intention versus behavior to restrict food intake. Appetite 49, 100–108. doi: 10.1016/j.appet.2006.12.005 

 Legget, K. T., Cornier, M. A., Rojas, D. C., Lawful, B., and Tregellas, J. R. (2015). Harnessing the power of disgust: a randomized trial to reduce high-calorie food appeal through implicit priming. Am. J. Clin. Nutr. 102, 249–255. doi: 10.3945/ajcn.115.106955 

 Lowe, M. R., Annunziato, R. A., Markowitz, J. T., Didie, E., Bellace, D. L., Riddell, L., et al. (2006). Multiple types of dieting prospectively predict weight gain during the freshman year of college. Appetite 47, 83–90. doi: 10.1016/j.appet.2006.03.160 

 Lowe, M. R., Doshi, S. D., Katterman, S. N., and Feig, E. H. (2013). Dieting and restrained eating as prospective predictors of weight gain. Front. Psychol. 4:577. doi: 10.3389/fpsyg.2013.00577 

 Lowe, M. R., Marti, N., Lesser, E. L., and Stice, E. (2019). Weight suppression uniquely predicts body fat gain in first-year female college students. Eat. Behav. 32, 60–64. doi: 10.1016/j.eatbeh.2018.11.005 

 Lowe, M. R., and Timko, C. A. (2004). Dieting: really harmful, merely ineffective or actually helpful? Br. J. Nutr. 92, S19–S22. doi: 10.1079/BJN20041136 

 Maclean, P. S., Bergouignan, A., Cornier, M. A., and Jackman, M. R. (2011). Biology’s response to dieting: the impetus for weight regain. Am. J. Physiol. Regul. Integr. Comp. Physiol. 301, R581–R600. doi: 10.1152/ajpregu.00755.2010 

 Meule, A., Hermann, T., and Kübler, A. (2014). A short version of the Food Cravings Questionnaire—Trait: the FCQ-T-reduced. Front. Psychol. 5:190. doi: 10.3389/fpsyg.2014.00190 

 Meule, A., Papies, E. K., and Kübler, A. (2012). Differentiating between successful and unsuccessful dieters. Validity and reliability of the perceived self-regulatory success in dieting scale. Appetite 58, 822–826. doi: 10.1016/j.appet.2012.01.028 

 Meule, A., Westenhöfer, J., and Kübler, A. (2011). Food cravings mediate the relationship between rigid, but not flexible control of eating behavior and dieting success. Appetite 57, 582–584. doi: 10.1016/j.appet.2011.07.013 

 Murphy, S. T., and Zajonc, R. B. (1993). Affect, cognition, and awareness: affective priming with optimal and suboptimal stimulus exposures. J. Pers. Soc. Psychol. 64, 723–739. doi: 10.1037/0022-3514.64.5.723 

 Sato, W., and Aoki, S. (2006). Right hemispheric dominance in processing of unconscious negative emotion. Brain Cogn. 62, 261–266. doi: 10.1016/j.bandc.2006.06.006 

 Sato, W., Kochiyama, T., Minemoto, K., Sawada, R., and Fushiki, T. (2019). Amygdala activation during unconscious visual processing of food. Sci. Rep. 9:7277. doi: 10.1038/s41598-019-43733-2 

 Sato, W., Sawada, R., Kubota, Y., Toichi, M., and Fushiki, T. (2016). Unconscious affective responses to food. PLoS One 11:e0160956. doi: 10.1371/journal.pone.0160956 

 Slof-Op’t Landt, M. C. T., van Furth, E. F., van Beijsterveldt, C. E. M., Bartels, M., Willemsen, G., de Geus, E. J., et al. (2017). Prevalence of dieting and fear of weight gain across ages: a community sample from adolescents to the elderly. Int. J. Public Health 62, 911–919. doi: 10.1007/s00038-017-0948-7 

 Søensen, L. B., Møler, P., Flint, A., Martens, M., and Raben, A. (2003). Effect of sensory perception of foods on appetite and food intake: a review of studies on humans. Int. J. Obes. Relat. Metab. Disord. 27, 1152–1166. doi: 10.1038/sj.ijo.0802391 

 Stice, E., Gau, J. M., Rohde, P., and Shaw, H. (2017). Risk factors that predict future onset of each DSM-5 eating disorder: predictive specificity in high-risk adolescent females. J. Abnorm. Psychol. 126, 38–51. doi: 10.1037/abn0000219 

 van Strien, T., Frijters, J. E. R., Bergers, G. P. A., and Defares, P. B. (1986). The Dutch Eating Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior. Int. J. Eat. Disord. 5, 295–315. doi: 10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T

 Wansink, B. (2010). From mindless eating to mindlessly eating better. Physiol. Behav. 100, 454–463. doi: 10.1016/j.physbeh.2010.05.003 


Conflict of Interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Sato. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association Between Dieting Failure and Unconscious Hedonic Responses to Food



		Introduction



		Materials and Methods



		Participants



		Experimental Design



		Stimuli



		Apparatus



		Questionnaire



		Procedure



		Data Analysis









		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References



















OPS/images/fpsyg-11-02089-g001.jpg
Food Mosaic Target






OPS/images/fpsyg-11-02089-g002.jpg
Dieting Success

Adjusted Dieting Success

o

Subliminal B Supraliminal
r=-038* r r=-011ns.
.
s .
g
2
)
60402 0 02 04 05 o8 s 01 23 45 67
aliking (Food - Mosaic) aliking (Food - Mosaic)
Subliminal D Supraliminal
gooise s 6--036ns.
. 8
B
3.
= .
5 .
o
s
. s e s s

7
Food Liking





OPS/images/cover.jpg
frontiers
in Psychology

Association Between Dieting Failure
and Unconscious Hedonic
Responses to Food









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Psychology





