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Introduction: The study of food addiction (FA) has become relevant due to its high prevalence, the negative impact on quality of life, and its association with neuropsychological and psychiatric symptoms. Several studies have provided scientific support for these associations, however, the results are contradictory. Additionally, studies have unsuccessfully elucidated the true nature of the failures in executive functioning in people with FA symptomatology, particularly when it comes to executive deficits. Therefore, the purpose of this research was to establish whether the presence of executive dysfunction, depressive symptoms and binge eating problems, as well as high reward sensitivity entails a greater severity in FA traits and high body mass index (BMI) in a sample of Mexican adults.

Methods: The sample consisted of Mexican men and women between 21–59 years (n = 36); who completed self-report questionnaires and performance tests to measure the study variables. Additionally, BMI was estimated with self-reported height and weight.

Results: Our results showed that a high number of FA symptoms were associated with higher executive dysfunction scores, greater reward sensitivity, and more severe depressive and binge eating problems. Furthermore, factors that are more strongly associated with higher scores of FA include severe executive deficits, greater activation of the punishment avoidance system, and persistence in the search for reward when the depressive symptoms increased. The factors that best explained changes in the estimated BMI of women were a decreased crystallized intellectual capacity and the inability to control food intake as the number of FA symptoms increased.

Discussion: In summary, the cognitive functioning profile characterized by general failure of the executive functioning, as well as a greater activation of the Punishment Avoidance System and persistence in the search for reward, were associated with greater severity of FA symptoms, especially when the depressive symptomatology was severe. In parallel, the psychopathology in participants associated with FA confirms the contribution of anxious and depressive symptomatology and borderline personality traits which could facilitate the expression of clinically relevant FA symptoms in women. Finally, we found that decreased crystallized intellectual capacity and inability to control food intake were linked to higher BMI when the number of FA symptoms increased.
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1 Introduction

Although the DSM-5 TR (1) and the ICD-11 (2) do not formally recognize food addiction (FA) as a psychiatric disorder, the complexity of this condition and the evidence that FA has a biological basis comparable to substance addiction (with altered reward circuitry functioning) has generated scientific debate in recent years (3, 4). Some researchers propose that FA is an addictive process in which behaviors and cognitions are present and produce non-adaptive behavioral patterns similar to those observed in patients with substance addictions (5). However, several reports agree that there is no scientific evidence to categorize any micronutrient, food component, or standard food additive as addictive (6). Consequently, FA has been considered a behavioral addiction (7), although the clinical manifestations are still more comparable to substance use disorders with hyper-palatable food as the object of desire.

FA is defined as excessive and uncontrollable food consumption (especially, but not exclusively, hypercaloric foods high in carbohydrates and fats) associated with significant impairment in multiple domains of personal functioning (8). Similar to substance addiction, when FA symptoms are severe, altered salience, mood changes, tolerance, withdrawal, consumption of highly palatable and processed foods despite knowing their negative consequences, and relapse are observed (9, 10). There is evidence that in both animal models and humans with symptoms of FA, palatable foods can result in abnormal brain activation in areas of the amygdala, frontal cortex, and reward circuit (4, 11, 12), D2 receptor downregulation (13–15), and cortical dysfunction that interferes with appropriate behavioral regulation, primarily characterized by impulsivity (11, 16).

FA has a high comorbidity with eating pathology, in which excessive food consumption is present. Indeed, a significant number of individuals with obesity may present FA symptoms (17), and a high percentage of patients (55–57%) with binge eating comorbidly present FA symptoms (18, 19). Moreover, FA is more frequent in women, reaching a 2:1 ratio compared to men (20).

Traits of FA are simultaneously present in patients with anxious and depressive symptoms, and impaired executive functioning, which has made it difficult to fully characterize FA as a well-defined psychiatric entity (21–23). Although some researchers failed to find alterations in executive functioning (attention, cognitive flexibility, and inhibition) in individuals with FA (17), other groups have reported that the severity and number of FA symptoms correlate with deficits in decision-making and attentional processes (24), as well as in inhibition and cognitive flexibility (22). While it is not entirely clear which cognitive domains are most affected in individuals with FA, the behavioral pattern of these persons is certainly a condition that contributes significantly to excessive weight gain and body fat accumulation, although not all patients with obesity necessarily suffer from FA (3).

In this context, the high prevalence of obesity and overweight in adolescent and adult populations worldwide has led to the need for further research into the factors that contribute to the increase in body weight, which impairs health and quality of life. Therefore, the study of FA may be considered an alternative to better understanding the problem of body fat accumulation associated with abnormal eating patterns. Accordingly, the present study aimed to explore whether altered executive functioning, depressive symptoms, binge eating problems, and high reward sensitivity explain the increased severity of FA traits and BMI in a sample of Mexican adults.



2 Methods


2.1 Participants

The sample was recruited using an accidental non-probabilistic procedure through advertisements displayed on social media websites (Facebook) and on the official website of a public university. The final sample in this study consisted of 36 women and men with Mexican nationality and residence aged between 21 and 59 years (M = 35.8, SD = 11.72, 63.9% women). Individuals who did not complete the self-report questionnaires, neuropsychological tests, or online interviews were excluded from the study. Similarly, those who scored less than one standard deviation (SD) below the mean on the Shipley-2 (<85) or who scored above the cutoff on the psychopathology subscales of the Personality Assessment Inventory were not included in the final sample.



2.2 Evaluation instruments
 
2.2.1 Yale food addiction scale

We used the validated version of the YFAS for Mexican adults to assess FA traits. This self-reported questionnaire consists of 25 items with frequency response options (never, once a month, 2–4 times a month, 2–3 times a week, four or more times a week, or daily), which allows to determine whether someone may have FA, as well as, dichotomous response options (yes/no), which assess severe problems with food consumption. The presence of FA was determined if a person exhibited at least three positive criteria for FA and clinically significant impairment (positive responses to items 15 and 16). This version of YFAS has an internal consistency of α = 0.79 in the Mexican population (25).



2.2.2 Body mass index

We calculated BMI with self-reported weight and height and categorized according to the World Health Organization's cut-points (26) for normal weight (18.5–24.9), overweight (25.0–29.9), or obesity (≥30).



2.2.3 Shipley-2

The Shipley-2 Brief Intelligence Scale was used to assess intellectual ability and cognitive functioning using verbal and non-verbal subtests. This scale has a mean of 100 and a SD of 15, so scores below 85 indicate probable cognitive impairment. The Shipley-2 scale is a brief but reliable measure of cognitive function and impairment. It has an internal consistency of α = 0.80, and scores between 85 and 115 are considered statistically normal for the Mexican population (27).



2.2.4 Dysexecutive questionnaire (DEX-Sp)

This self-report instrument allows the assessment of general dysexecutive symptoms in adults from an ecological perspective. It consists of 20 items with frequency response options (never, sometimes, often, often, very often, almost always) and has an internal consistency of α = 0.91 in the Mexican population (28).



2.2.5 Iowa gambling task (computerized version of PsyToolkit)

This test assesses decision-making ability. In the test, the participant must choose between four buttons (corresponding to the 100 betting opportunities, instead of the cards in the original version) and receives feedback indicating a gain or loss of money. Two buttons (A and B) are not beneficial as the final loss of money is greater than the overall gain. Buttons C and D, on the other hand, are advantageous because they provide small final gains. The participants were informed that the goal of the task was to accumulate as much money as possible. IGT performance was determined by subtracting the total number of disadvantageous options from the total number of advantageous options and expressed as a direct score (total net score) (29, 30).



2.2.6 Go/no-go task (computerized version of PsyToolkit)

This test was used to assess inhibitory control. The text “Go” or “No-go” was presented on the screen, with the first option requiring the user to press a key within 2 seconds, while the second option required the user to avoid pressing the key for 2 seconds. The text “Go” was presented 202 times, while stimuli containing “No-go” appeared randomly 48 times. The number of commission errors made (pressing the key with the text No-go) was used to measure performance in this task, and we expressed it as a direct score. The higher the number of commission errors, the lower the inhibitory control (29, 30).



2.2.7 Wisconsin card sorting inspired task (computerized version of PsyToolkit)

This task is designed to assess cognitive flexibility. It involves matching cards based on various criteria such as color, number, or objects form on the card. After each response, participants received feedback indicating whether they should continue using the same strategy or switch to a different one for card pairing. Participants established a category by correctly matching ten cards in a row, after which the rule changed. The evaluation continued until participants completed six categories or reached 60 trials. To quantify performance on this task, we quantified perseverative errors and expressed them as percentages, which reflects the tendency to persist in the previous criterion (29, 30).



2.2.8 PAI personality assessment inventory (short version)

This instrument provides a comprehensive assessment of personality and psychopathology in adults over 18 years. The short version consists of 165 items scored on a 4-point Likert-type scale (strongly disagree-strongly agree). The items are grouped into 22 major scales: (a) 4 Validity Scales (Inconsistency, Infrequency, Negative Impression, and Positive Impression), (b) 11 Clinical Scales (Somatic Complaints, Anxiety, Anxiety-related Disorders, Depression, Mania, Paranoia, Schizophrenia, Borderline Traits, Antisocial Traits, Alcohol Problems, and Drug Problems), (c) 5 Treatment Consideration Scales (Aggression, Suicidal Ideation, Stress, Lack of Social Support, and Treatment Rejection), and (d) 2 Interpersonal Relationship Scales (Dominance and Warmth). The inventory yields t-scores, higher scores indicate a higher level of the variable under study. This instrument has an internal consistency of α = 0.74 in neurotypical samples and α = 0.81 in clinical samples (31).



2.2.9 Beck depression inventory-II

This instrument allows the detection and assessment of the severity of depressive symptoms. It is a self-report instrument consisting of 21 items with a Likert scale ranging from 0 to 3 and a total score ranging from 0 to 63. In the Mexican population, the cut-off points are 0–13, minimally depressed; 14–19, mildly depressed; 20–28, moderately depressed; and 29–63, severely depressed. The BDI-II has an internal consistency of α = 0.87 in the Mexican population (32).



2.2.10 Binge eating scale

BES assesses the cognitive-behavioral traits of binge eating. It is a self-report instrument composed of 16 items, 8 evaluate behavioral aspects, and the other half assess cognitions and feelings associated with binge eating. Each item includes four statements that measure the severity of the trait on a scale from 0 to 3. In the Mexican population, the cut-off point for the presence of binge eating problems is 17 (33). In addition, the severity of binge eating problems was quantified using the following scores: <17 points do not suffer from binge eating problems, scores between 18 and 26 points indicate the presence of moderate binge eating problems, and scores >27 indicate the presence of the syndrome to a severe degree (34). Validation of the BES in the Mexican population showed internal consistency of α = 0.91 and α = 0.90 for the feelings and cognitions, and behavioral manifestations subscales, respectively (33).



2.2.11 Reinforcement sensitivity theory of personality questionnaire

This scale measures reward sensitivity. It consists of 79 statements that assess the anxiety-related Fight-Flight-Freeze System (FFFS) and the anxiety-related Behavioral Inhibition System (BIS), as well as four factors of the Behavioral Approach System (BAS), including Reward Interest, Goal Persistence, Reward Reactivity, and Impulsivity. These statements are scored on a Likert scale from 0 to 3 (0 = not at all, and 3 = very much) with a ranging score of 0–237 points. The higher scores indicate greater sensitivity to reward (35). In the Mexican population, the RST-PQ showed an internal consistency of α = 0.89 (36).




2.3 Procedure

Participants who responded to the published announcement first completed a Google® Form. In this Form, we explained in detail the purpose of the study, obtained informed consent, and collected general information from the participants (including height and weight). Shipley-2 and PAI were applied to assess the inclusion criteria for the study during a videoconference meeting (Zoom®).

Participants who met the inclusion criteria received the links to the Google® Forms containing the self-report instruments with two different order sequences: (YFAS, DEX-Sp, BES, BDI-II, RST-PQ) and (RST-PQ, BDI-II, BES, DEX-Sp, YFAS). Moreover a new videoconference session was scheduled to administer the computerized neuropsychological tests (IGT, Go/No-go Task, and WCST) to assess executive functioning while participants shared their screen. This final session lasted an average of 45 min, and the participants were instructed to be free of distractions during this time.

In exchange for taking part in the study, participants received a detailed report of the evaluations conducted and, when requested, were referred to the psychological care center of a public university. All assessments and interviews were conducted online due to the restriction of in-person activities established by health authorities during the COVID-19 pandemic. Participants were evaluated between May and December 2022.



2.4 Statistical analyses

Data analysis was conducted using IBM SPSS Statistics® version 25.0 and JASP® version 0.14.1. We employed X2 tests (with Yates' continuity correction) and t-tests to assess the relationship between food addiction and participants' gender and BMI. Additionally, we utilized ANOVAs and t-tests to compare variables between participants with and without FA. When the assumption of homogeneity of variances was violated (Levene's test), we applied the Welch or Brown-Forsythe correction method, as appropriate. Following significant ANOVAs, we performed Bonferroni post hoc tests for multiple comparisons. To examine linear associations between variables while controlling for sex, BMI, and the presence of FA, we calculated partial correlation coefficients (rho). Finally, we employed multiple linear regression (MLR) to determine the impact of different variables on changes in FA scores and estimated BMI in women. We assessed the goodness of fit of the regression models using the corrected r-squared (r[image: image]) and ensured that the variance inflation factor (VIF) was <3 to avoid collinearity in the models. All hypothesis tests were conducted with an α level of 0.05 to determine statistical significance. Effect sizes were calculated using Cohen's d or η2, as appropriate.



2.5 Ethics

The study was conducted following the Declaration of Helsinki, and the Ethics Committee of FES Iztacala UNAM approved the evaluation protocol (CE/FESI/052022/1516). All subjects were informed about the study aims, and all provided written informed consent.




3 Results


3.1 Sample characterization and FA prevalence

The final sample consisted of 36 participants who met the inclusion criteria of the study and signed the informed consent Form. They were predominantly women, living in the metropolitan area of Mexico City, between 21–59 years (M = 35.8, SD = 11.72), with undergraduate or postgraduate or high school education (Table 1).


TABLE 1 Sociodemographic characteristics.

[image: Table 1]

Intellectual functioning scores on the Shipley-2 subscales showed that 11.1% to 13.9% of the participants scored below average without indicating cognitive impairment, as no one scored less than one SD below the mean. In addition, 66.7% of the participants had mild to severe deficits in executive functioning (DEX-Sp), and 27.8% of the sample had moderate to severe depressive symptoms on the BDI-II. Similarly, 44.4% of the participants had moderate to severe scores on the Binge Eating Scale. Eighty-six percent of the participants had an estimated BMI corresponding to overweight or obesity. Finally, 22.2% of the participants met the YFAS criteria for the presence of FA (3 positive symptoms + clinically significant impairment) (Table 2).


TABLE 2 Neuropsychological characteristics, psychopathology, BMI and FA.

[image: Table 2]

Moreover, we observed that the proportion of participants fulfilling the criterion for the presence of FA was higher in females, as 26.1% of the 23 women fulfilled the criterion compared to 15.4% of men. However, this difference did not reach statistical significance (X2 = 0.11, p > 0.05, Yates continuity correction). When we compared the proportion of participants meeting the FA criterion concerning their estimated BMI, we found that in the total sample and in men, those with a BMI > 30 were more frequently meeting the YFAS criterion (X2 = 8.98, X2 = 7.88, p > 0.05). A similar trend was observed in women, although it was not statistically significant (Table 3).


TABLE 3 BMI and FA.

[image: Table 3]



3.2 Neuropsychological characteristics and psychopathology

Estimated BMI, age, intellectual ability, as well as assessments of decision-making (IGT), cognitive flexibility (WCST), and Alcohol Problems and Drug Problems (PAI) in participants who met or did not meet the criterion for the presence of FA did not differ significantly. However, when compared dysexecutive symptoms, cognitive-behavioral binge eating problems, and reward sensitivity (total score RST-PQ) between participants with and without symptoms of FA we found that those who met YFAS criteria scored significantly higher [t(34) = 2.3, p < 0.05; t(23) = 3.98, p < 0.001; t(23) = 2.89, p < 0.01; respectively] (Table 4).


TABLE 4 FA, BMI, and neuropsychological evaluations, total sample.

[image: Table 4]

Estimated BMI, age, and assessments of decision-making (IGT), cognitive flexibility (WCST), and Alcohol Problems and Drug Problems (PAI) in females did not differ significantly by the effect of the presence of FA. However, when comparing intellectual ability in females with and without FA, we found that those with FA scored significantly lower [t(21) = −2.22; p < 0.05] on the Vocabulary subscale of the Shipley-2. Furthermore, dysexecutive, binge eating, and reward sensitivity scores were significantly higher in females with FA [t(21)= 4.18, p < 0.01; t(21) = 2.77, p < 0.05; t(21) = 0.55, p < 0.05; respectively] (Table 5). Males with FA had a lower percentage of perseverative errors on the WCST and lower scores on Drug Problems (PAI) compared with those without FA [t(11) = −3.88, p < 0.01, t(11) = −2.59, p < 0.05, respectively] (Supplementary Table 1).


TABLE 5 FA, BMI, and neuropsychological evaluations in females.

[image: Table 5]

When we compared the results of the application of the PAI in females with and without FA, we found that those who met the YFAS criteria scored significantly higher on the Anxiety, Depression, and Borderline Features scales [t(21) = 2.6, p < 0.01; t(21) = 2.46, p < 0.05; t(21) = 2.24, p < 0.05; respectively], while on average they scored lower on the Treatment Rejection scale [t(21) = 2.1, p < 0.05] (Figure 1). No statistically significant differences were found when comparing these variables among the males in the sample.


[image: Figure 1]
FIGURE 1
 Anxiety, depression, borderline features, and treatment rejection (PAI). T-scores of females with FA (FA, n = 6) and without FA (NFA, n = 17) (3 symptoms + clinically significant impairment YFAS) on the Anxiety (A), Depression (B), Borderline traits (C), and Treatment Rejection (D) scales. Data are expressed as means ± SD, and gray dots represent the individual scores of participants of each group. The black horizontal dotted lines show the mean (50) t-scores of the normative population, while the red dashed line represents the t-score at a distance of 2 SD from the mean. *p < 0.05, **p < 0.01.




3.3 Differences in executive functioning, reward sensitivity, and binge eating problems of individuals with food addiction

When comparing YFAS subscale-specific scores as a function of BMI in the total sample and females, no significant differences were observed (Supplementary Table 2). In contrast, when we grouped the sample by the severity of dysexecutive symptoms, it was found that both the total sample and females had significantly higher scores on the subscales of the YFAS (Increased Consumption, Tolerance, Reduced Social Activities, and Distress Dysfunction) specifically when severe executive dysfunction was found [F(2,33)= 5. 6, p < 0.01; F(2,33) = 5.50, p < 0.01; F(2,33) = 5.72, p < 0.01; F(2,33) = 4.79, p < 0.05, total sample; F(2,20)= 6.12, p < 0.01; F(2,20) = 7. 88, p < 0.01; F(2,20) = 5.41, p < 0.05; F(2,20) = 8.26, p < 0.01, in females] and effect sizes were systematically larger in females (Table 6). Finally, there were no significant differences among YFAS subscales scores associated with the severity of executive dysfunction in males (Supplementary Table 3).


TABLE 6 YFAS subscales and dysexecutive symptoms (DEX-Sp).

[image: Table 6]

Comparisons of the specific scores of the RST-PQ subscales revealed that in the total sample, the Behavioral Inhibition System and the Punishment Inhibition System were significantly higher when the FA symptoms presence criterion was met [t(34) = 2.93, p < 0.01; t(34)= 2.07, p < 0.05]. Specifically, females with FA had significantly higher scores on the Behavioral Inhibition and Panic Attack systems [t(21) = 2.88, p < 0.01; t(21) = 3.04, p < 0.001], whereas males who met the YFAS criteria had higher scores on the Punishment Inhibition and Reward Interest subscales [t(11) = 5.16, p < 0.001; t(11) = 3.49, p < 0.01] (Table 7). In parallel, the presence of FA was associated with significantly higher scores on the BES subscales [t(34) = 3.55, p < 0.01; t(34) = 3.15, p < 0.01; feelings and cognitions, behavioral manifestations, total sample], and especially in females, scores on the feelings and cognitions subscale of the BES were significantly higher [t(21) = 3.44, p < 0.05]. In males, there were no significant differences in BES scores as a result of YFAS criterion fulfillment (Table 8).


TABLE 7 FA and reward sensitivity.

[image: Table 7]


TABLE 8 FA and binge eating.

[image: Table 8]



3.4 Differences in executive dysfunction, depression, binge eating, and sensitivity to reward related to the number of FA symptoms

Using the number of FA symptoms as a grouping criterion, we found that among participants (total sample), executive dysfunction (DEX-Sp), depressive symptoms (BDI-II), and binge eating problems (BES total score and on the affective-cognitive and behavior subscales), as well as sensitivity to reward (BIS, FFFS, and BAS subscales of the RST-PQ) had significantly higher scores as more YFAS symptoms were present [F(2,33) = 8.11; F(2,33) = 16.10; F(2,33) = 16.4; F(2,33) = 12.55; F(2,33) = 10.85; F(2,33) = 10.52; F(2,33) = 5.83; F(2,33) = 15.60; F(2,33) = 8.05; F(2,33) = 3.42; F(2,33) = 5.76; p < 0.05–0.001] (Table 9). This pattern of differences remained consistent among females who had six or more symptoms, as they had higher scores on executive dysfunction, depressive and binge eating problems (total and both subscales), as well as Fight and Freeze, Panic Attack, and Defensive Fighting from the RST-PQ [F(2,20) = 9. 66; F(2,20) = 14.17; F(2,20) = 15.0; F(2,20) = 10.53; F(2,20) = 10.61; F(2,20) = 9.95; F(2,20) = 8.10; F(2,20) = 17.11; F(2,20) = 5.10; p < 0.05-0.001] (Table 10). Among males, although there were no participants with six or more symptoms of FA, those with 3–5 symptoms showed significantly greater Interest in Reward and Impulsivity (BAS of the RST-PQ) [t(11) = 2.51, p < 0.05; t(11) = 2.26, p < 0.05] (Supplementary Table 4).


TABLE 9 Number of FA symptoms and other cognitive and psychiatric traits, total sample.

[image: Table 9]


TABLE 10 Number of FA symptoms and other cognitive and psychiatric traits in females.

[image: Table 10]



3.5 The severity of FA and BMI is explained by dysexecutive and depressive symptoms and reward sensitivity

To assess the linear association between executive dysfunction, depressive symptoms, binge eating, food addiction, and RST-PQ scores, we calculated rho partial correlation coefficients while controlling for sex, BMI, and food addiction criteria. Those variables that had significant linear associations were used to feed the MLR analysis (Supplementary Figure 1).

Considering that we found linear associations between the severity of executive dysfunction, depressive symptoms, and scores on components of the Binge Eating Scale, the YFAS, and the Reward Sensitivity Questionnaire, especially in the women of the sample studied, we modeled the association between the study variables using MLR to determine whether they explained: (a) the variation in the total YFAS score (weighted by recoded depressive symptomatology, absence-mild symptoms, moderate-severe symptoms) and (b) the variation in BMI (weighted by the number of YFAS symptoms) of the women in the sample. Based on these MLR models, we found that executive dysfunction (β = 0.523, t = 3.523, p < 0.01), as well as higher scores on the RST-PQ Panic Attack (β = 0.501, t = 3.293, p < 0.01) and Reward-seeking Persistence (β = 0. 332, t = 3.699, p < 0.01) significantly explained the increase in women's total YFAS scores [F(3,19) = 40.47; r[image: image] = 0.843; VIF = 1.029–2.35; p < 0.001], especially when moderate to severe depressive symptoms were present. These results suggest that the decrease in executive function capacity, together with the activation of the Punishment Avoidance System (Panic Attack) and Persistence in Reward-seeking, is accompanied by greater intensity of FA traits as depressive symptomatology increases (Figure 2A).


[image: Figure 2]
FIGURE 2
 Scatterplot of changes in FA score and estimated BMI in females. Linear relationships of the main factors with significant coefficients of the RLM explaining changes in the FA score (Total score YFAS) of females in the study, considering the re-coded depressive symptoms (absent-mild, moderate-severe) (A), or explaining changes in the estimated BMI of females in the study, considering the number of FA symptoms (B). YFAS, Yale Food Addiction Scale; DEX-Sp, Dysexecutive Questionnaire; FFFS, RST-PQ, Fight-Flight-Freeze System (Panic Attack subscale) of the Reinforcement Sensitivity Theory of Personality Questionnaire; BAS, RST-PQ, Behavioral Approach System (Reward-seeking subscale) of the Reinforcement Sensitivity Theory of Personality Questionnaire; BMI, Body Mass Index; Cont. desire (YFAS), Continued desire subscale of the Yale Food Addiction Scale; Reward int. (RST-PQ), Reward Interest subscale of the Reinforcement Sensitivity Theory of Personality Questionnaire. Subgroup regression lines are shown [(A): blue = Minimal-mild depressive symptoms; red = moderate-severe depressive symptoms; (B): green = ≤ 2 symptoms; blue = 3–5 symptoms; red = ≥ 6 symptoms]. Complete results of the MLRs are presented in Supplementary Tables 5, 6.


Furthermore, when modeling the study variables as predictors with the MLR and using BMI as the dependent variable, we found that the subscales of continued desire of the YFAS (β = −0.374, t = −2.166, p < 0.05), vocabulary of the Shipley-2 (β = −0.729, t = −4.193, p < 0.001), as well as 3 of the subscales of the RST-PQ, Flight, Fear, and Freezing System (β = −0.6, t = −3.303, p < 0.01), Reward Interest (β = −0.506, t = −2.969, p < 0.01), and Defensive Fighting (β = 0.338, t = 2.131, p < 0.05) significantly explained the variation in the estimated females' BMI as a function of the number of FA symptoms present [F(5,17) = 5.873; r[image: image] = 0.526; VIF = 1.018–1.56; p < 0.01]. The negative coefficients suggest that the lower the crystallized intellectual capacity (Shipley 2 vocabulary), the higher the BMI, in addition to the fact that when the persistent desire or failed efforts to avoid or control food intake increase, the BMI is also higher when more FA symptoms are present (Figure 2B).




4 Discussion

The purpose of this study was to determine whether executive dysfunction, depressive symptomatology, binge eating problems, and high reward sensitivity entails greater severity of FA traits and elevated BMI in Mexican adults. Thus, our main finding indicated a positive correlation between the increases in executive dysfunction and scores on the YFAS scale. We also found significant correlations among depressive symptoms, YFAS subscale scores, and reward sensitivity. Although the sample included women and men, the most stable results were observed in females. Similarly, we observed that with greater impairment in decision-making ability (IGT), tolerance (YFAS) also increased, and the number of commission errors (Go/No Go) correlated positively with scores on the consumption subscale of the YFAS. An increased number of FA symptoms correlated with higher scores in executive dysfunction, greater reward sensitivity, and more severe depressive and binge eating problems, regardless of whether clinically significant impairment was present (according to the YFAS). Most importantly, we found that the factors that best explained increased scores on the AF traits were lower executive functioning in activities of daily living, accompanied by greater activation of the Punishment Avoidance System and Persistence in Reward-seeking, especially when depressive symptoms were severe. Finally, we found that the factors that best explained changes in estimated BMI were the reduced crystallized intellectual capacity and the inability to control food consumption as a function of the number of FA symptoms presented.

According to the literature, the prevalence of FA varies considerably depending on the samples studied and their clinical condition. In community samples, it has been reported that 5.4% of participants have symptoms of FA, with a ratio of approximately 2:1 between males and females (6.7 vs. 3.0%, respectively), in addition to the fact that 88.6% of those with this condition are overweight or obese (20). Meanwhile, in clinical samples, it has been reported that 24.2% may present FA (24). In the presence of an eating disorder diagnosis, the prevalence of FA may reach 57.6% (18). Accordingly, our results show that FA traits are more common in females than in males, with a ratio of 2:1.15 (26 vs. 15%, respectively, 22% in the total sample). Additionally, the presence of overweight and obesity was constant in these participants since those who met the criteria for the presence of FA had an estimated BMI >25, and especially those who had an estimated BMI >30, accumulated 87.5% of the total number of cases with FA. It is important to note that even though the sample in this study was recruited through an open call posted on social networks and could be considered a community sample, the prevalence of FA, as well as the presence of depressive symptoms, executive dysfunction, and other characteristics, strongly suggest that our participants behaved as an intentional or treatment-seeking sample (24).

Consistent with studies that have assessed executive functioning with performance tests and reported no changes attributable to the presence of FA (17, 22, 37), our observations did not show significant failures in decision-making process, cognitive flexibility, or inhibitory control assessed with the Iowa, Wisconsin, and Go/No Go tests in females with FA. We only found that when controlling for the variables of sex, BMI, and meeting the YFAS criteria for the presence of FA, deficits in decision-making and cognitive flexibility correlated with the tolerance and increased consumption subscales of the YFAS. Interestingly, after applying a questionnaire of a more ecological nature, such as the DEX-Sp, low scores on questions assessing executive function in activities of daily living were evident in females with FA. Furthermore, we found that such an executive deficit is associated with significantly high scores on four components of the YFAS, corresponding to (a) consuming more food or spending more time to obtain it, (b) withdrawal symptoms and tolerance, as well as (c) reduced social activities, and (d) dysfunction and secondary distress (25).

The discrepancy observed between the results of executive functioning measured by performance tests and self-report questionnaires may be due the fact that the first focuses on the objective assessment of cognitive functioning, while the latter allows for an ecological and subjective assessment based on the respondent's perceptions of his or her daily performance. Given this difference, a greater association between self-report questionnaires and risk behaviors has been reported in studies with adolescents, as opposed to performance tests, considering self-report measures as more consistent predictors (38), as they allow to relate the assessed executive functions to the daily context of the participants.

On the other hand, several reports in the literature indicate a high comorbidity between depression and abnormal eating behavior (21, 39, 40). In particular, a strong association between depressive symptomatology and FA severity has been reported in clinical samples, both in patients seeking or in treatment for weight control and those with eating disorders or type 2 diabetes (23, 41, 42). Our results support this association since we observed that participants in our study who were positive for the presence of FA had higher anxiety and depression scores (as assessed by the PAI) than females who did not meet the YFAS criteria. Furthermore, we found that greater severity of depressive symptoms was associated with a greater number of FA symptoms, strongly suggesting that negative emotional states may directly contribute to the intensity of FA symptoms (43), particularly in the presence of executive dysfunction and high scores on components of reward sensitivity.

The symptomatological features of binge eating and FA traits often co-occur in a significant proportion of patients with obesity and eating disorders, especially in those diagnosed with binge eating disorder, in whom the presence of FA may be present in up to 57% of cases (18). Accordingly, our results showed that the correlations between the BES scores and the components of the YFAS were positive and high, especially the feelings and cognitions subscale of BES showed significantly higher scores in females who met the criterion of the presence of at least 3 symptoms of FA and clinically significant impairment. Despite the above, we did not find a significant contribution of binge eating scores to the variation in total FA scores, which is consistent with the idea that these are two highly comorbid but clinically independent pathological entities (4, 44). In this regard, it is important to note that females who met the YFAS criterion for FA specifically had high scores on the feelings and cognitions subscale of the BES compared to females who did not meet this criterion; therefore, the eating pattern associated with FA could be abnormal, but without necessarily expressing objective binge eating.

In an attempt to characterize the abnormal eating patterns of patients with FA, it has been proposed that compulsive, repetitive, and unstructured (unplanned) consumption of small amounts of food for a significant portion of the day (grazing) is not only associated with the presence of FA but also appears to explain the severity of its symptoms (45). However, a systematic review reported that grazing is present in 33% of patients with obesity, and in patients with binge eating disorder, the prevalence can reach more than 67% (46). The above makes it difficult to differentially characterize the eating behavior pattern of patients with FA, those with binge eating disorder, and those with overweight and obesity. According to our findings, variables that characterize females with FA include poorer daily executive functioning, activation of the Punishment Avoidance System (Panic Attack), and persistence in Reward-seeking, reflecting that participants may be aware of the negative consequences of the way they consume hyper-palatable foods (thus experiencing anxiety), but are unable to delay obtaining the reward that consuming such foods provides (36), which is consistent with the idea that reward sensitivity is associated with more severe FA symptomatology (47).

Concerning psychological variables, our observations confirm and extend previous findings suggesting that FA is more common among individuals with a profile of psychological difficulties, particularly anxiety and depression (22, 41, 43, 48). In addition to displaying elevated scores on the anxiety and depression scales of the PAI, females in our sample exhibited traits indicative of borderline personality. Thus, unstable interpersonal relationships contribute to a more complex psychopathological profile when considering the presence of impaired daily executive functioning, elevated BMI, persistent desire for palatable food consumption, and impaired crystallized intellectual capacity, setting the conditions for the failure of any efforts made to control eating.

Finally, in line with other studies (49), our results also highlight the importance of the association between changes in BMI and FA symptomatology (especially continuous craving for food) and reward sensitivity (Behavioral Activation System, Interest in Reward). Specifically, participants who reported a higher BMI showed a greater number of FA symptoms and a lower ability to control food consumption, together with difficulties in problem-solving and interest in exposing themselves to situations in which they have a greater chance of obtaining a reward. Consequently, one of the main contributions of this work is the integration of cognitive characteristics from different domains that contribute to a better understanding of the factors that increase the risk of excessive weight gain.

Although this work provides new and interesting findings, it is not without limitations that should be considered. First, due to its cross-sectional design, causal relationships between the variables studied cannot be established, suggesting the need for longitudinal studies to examine whether improvements in executive functioning translate into reductions in body weight and symptoms of FA. In addition, the sample size is small, requiring future confirmatory studies with larger samples to verify the associations found between executive functioning, depressive symptoms, reward sensitivity, and FA in the Mexican adult population. Improving the advertisement procedure will be crucial to attracting more participants, especially in the case of males, considering the limited representation of this group. As a result, a cautious interpretation of the results is warranted due to the small sample size of male participants.

On the other hand, the remote application of the instruments may be subject to technical failures (e.g., instability of the internet connection). Furthermore, some of the instruments had to be adapted without standardization data in the Mexican population (IGT, Go/No-go, and WCST). The lack of more precise measurements, such as estimated BMI instead of direct measurements, also limits the results. Therefore, future studies could benefit from administering the instruments in person (e.g., including tests such as the Tower of London and Stroop in the present modality application) and obtaining more precise anthropometric measurements, such as body fat percentage, to supplement the information obtained.

In conclusion, the present study provides an exploratory characterization of the relationships among FA, executive dysfunction, depressive symptoms, and reward sensitivity in a sample of Mexican adults. To our knowledge, this is the first report to document a strong relationship between executive dysfunction and the presence of FA in Mexican women. The cognitive functioning profile, characterized by failures in general executive functioning assessed ecologically, greater activation of the Punishment Avoidance System and Persistence in Reward-seeking was associated with greater severity of FA symptoms, particularly when depressive symptomatology was severe. In parallel, the potential psychopathology present in participants with FA supports the contribution of anxious and depressive symptomatology, and borderline personality traits may contribute to the expression of clinically relevant FA symptoms. In conjunction with the above, we found that decreased crystallized intellectual capacity and inability to control food intake are associated with the presence of elevated BMI when the number of FA symptoms is higher. Finally, our results suggest that as in samples other than the Mexican sample, depressive symptoms, binge eating problems, FA, and increased reward sensitivity are conditions that often coexist. Future research should explore the observed associations in adolescents, given the increasing prevalence of overweight and obesity in younger age groups. The inclusion of face-to-face assessment instruments, the direct evaluation of anthropometric variables, and the exploration of social cognition as an understudied element of executive functioning will be critical in this regard.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of FES Iztacala UNAM. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

MT-R: Conceptualization, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. AA-H: Conceptualization, Formal analysis, Funding acquisition, Methodology, Writing – original draft, Writing – review & editing. MO-L: Conceptualization, Formal analysis, Funding acquisition, Writing – original draft, Writing – review & editing. CS-J: Conceptualization, Formal analysis, Funding acquisition, Methodology, Writing – original draft, Writing – review & editing. GY-T: Conceptualization, Formal analysis, Funding acquisition, Methodology, Writing – original draft, Writing – review & editing. VL-A: Conceptualization, Formal analysis, Funding acquisition, Writing – original draft, Writing – review & editing. JM-D: Formal analysis, Funding acquisition, Methodology, Project administration, Writing – original draft, Writing – review & editing. RE-P: Conceptualization, Formal analysis, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – original draft.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Funding for this study was provided by UNAM DGAPA grant IN232120. MT-R is a Ms. C. student in the Programa de Maestría en Psicología, UNAM and has received scholarship 1085074 from CONACYT. The UNAM DGAPA and CONACYT had no further role in the study design, in the collection, analysis, and interpretation of data, in the writing of the report, and in the decision to submit the paper for publication.



Acknowledgments

The authors want to sincerely thank Ximena Freyermuth-Trujillo for her exceptional assistance in the preparation of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1277681/full#supplementary-material



References

 1. APA. (2022). Diagnostic and Statistical Manual of Mental Disorders (5th ed., text rev.). New York: American Psychiatric Association.

 2. WHO. (2022). ICD-11: International Classification of Diseases (11th revision). Geneva: World Health Organization. Available online at: https://icd.who.int/ (accessed November 16, 2023).

 3. Gearhardt AN, Hebebrand J. The concept of “food addiction” helps inform the understanding of overeating and obesity: YES. Am J Clin Nutr. (2021) 113:263–267. doi: 10.1093/ajcn/nqaa343

 4. Hauck C, Cook B, Ellrott T. Food addiction, eating addiction and eating disorders. Proc Nutr Soc. (2020) 79:103–12. doi: 10.1017/S0029665119001162

 5. Ruddock HK, Christiansen P, Halford JCG, Hardman CA. The development and validation of the addiction-like eating behaviour scale. Int J Obes. (2017) 41:1710–7. doi: 10.1038/ijo.2017.158

 6. Onaolapo AY, Onaolapo OJ. Food additives, food and the concept of ‘food addiction': Is stimulation of the brain reward circuit by food sufficient to trigger addiction? Pathophysiology. (2018) 25:263–76. doi: 10.1016/j.pathophys.2018.04.002

 7. Hebebrand J, Albayrak Ö, Adan R, Antel J, Dieguez C, de Jong J, et al. “Eating addiction”, rather than “food addiction”, better captures addictive-like eating behavior. Neurosci Biobehav Rev. (2014) 47:295–306. doi: 10.1016/j.neubiorev.2014.08.016

 8. Aloi M, Rania M, Rodríguez R, Jiménez S, Fernández F, de Fazio P, et al. Validation of the Italian version of the Yale Food Addiction Scale 2.0 (I-YFAS 2.0) in a sample of undergraduate students. Eating and Weight Disorders. Studies on Anorexia. Bulimia Obes. (2017) 22:527–33. doi: 10.1007/s40519-017-0421-x

 9. Kircaburun K, Ünübol H, Sayar G, Stavropoulos V, Griffiths M. Measurement, prevalence, and psychological risk factors associated with addictive food consumption: development of a new food addiction scale and evidence from a national largescale sample. J Behav Addict. (2020) 9:836–52. doi: 10.1556/2006.2020.00052

 10. Schulte EM, Avena NM, Gearhardt AN. Which foods may be addictive? The roles of processing, fat content, and glycemic load. PLoS ONE. (2015) 10:e0117959. doi: 10.1371/journal.pone.0117959

 11. Gearhardt AN, Yokum S, Orr PT, Stice E, Corbin WR, Brownell KD. Neural correlates of food addiction. Arch Gen Psychiatry. (2011) 68:808–16. doi: 10.1001/archgenpsychiatry.2011.32

 12. Pursey K, Contreras-Rodriguez O, Collins C, Stanwell P, Burrows T. Food addiction symptoms and amygdala response in fasted and fed states. Nutrients. (2019) 11:1–10. doi: 10.3390/nu11061285

 13. Kalon E, Hong J, Tobin C, Schulte T. Psychological and neurobiological correlates of food addiction. Int Rev Neurobiol. (2016) 129:85–110. doi: 10.1016/bs.irn.2016.06.003

 14. Johnson PM, Kenny PJ. Dopamine D2 receptors in addiction-like reward dysfunction and compulsive eating in obese rats. Nat Neurosci. (2010) 13:635–41. doi: 10.1038/nn.2519

 15. Kenny PJ, Voren G, Johnson PM. Dopamine D2 receptors and striatopallidal transmission in addiction and obesity. Curr Opin Neurobiol. (2013) 23:535–538. doi: 10.1016/j.conb.2013.04.012

 16. Gordon E, Lent M, Merlo L. The effect of food composition and behavior on neurobiological response to food: a review of recent research. Curr Nutr Rep. (2020) 9:75–82. doi: 10.1007/s13668-020-00305-5

 17. Blume M, Schmidt R, Hilbert A. Executive functioning in obesity, food addiction, and binge-eating disorder. Nutrients. (2018) 11:1–14. doi: 10.3390/nu11010054

 18. Gearhardt AN, White MA, Masheb RM, Morgan PT, Crosby RD, Grilo CM. An examination of the food addiction construct in obese patients with binge eating disorder. Int J Eat Disord. (2012) 45:657–63. doi: 10.1002/eat.20957

 19. Praxedes DRS, Silva-Júnior AE, Macena ML, Oliveira AD, Cardoso KS, Nunes LO, et al. Prevalence of food addiction determined by the Yale Food Addiction Scale and associated factors: a systematic review with meta-analysis. Eur Eat Disor Rev. (2022) 30:85–95. doi: 10.1002/erv.2878

 20. Pedram P, Wadden D, Amini P, Gulliver W, Randell E, Cahill F, et al. Food addiction: its prevalence and significant association with obesity in the general population. PLoS ONE. (2013) 8:e74832. doi: 10.1371/journal.pone.0074832

 21. Burrows T, Kay-Lambkin F, Pursey K, Skinner J, Dayas C. Food addiction and associations with mental health symptoms: a systematic review with meta-analysis. J Hum Nutr Diet. (2018) 31:544–72. doi: 10.1111/jhn.12532

 22. Rodrigue C, Iceta S, Bégin C. Food addiction and cognitive functioning: what happens in adolescents? Nutrients. (2020) 12:1–15. doi: 10.3390/nu12123633

 23. Vidmar A, Wee C, Salvy S. Food addiction, executive function and mood in adolescents with obesity seeking treatment. Appetite. (2020) 105049. doi: 10.1016/j.appet.2020.105049

 24. Steward T, Mestre-Bach G, Vintró-Alcaraz C, Lozano-Madrid M, Agüera Z, Fernández-Formoso J, et al. Food addiction and impaired executive functions in women with obesity. Eur Eat Disor Rev. (2018) 26:574–84. doi: 10.1002/erv.2636

 25. Valdés-Moreno MI, Rodríguez-Márquez MC, Cervantes-Navarrete JJ, Camarena B, de Gortari P. Traducción al español de la escala de adicción a los alimentos de Yale (Yale Food Addiction Scale) y su evaluación en una muestra de población mexicana. Anál Factor Salud Mental. (2016) 39:295–302. doi: 10.17711/SM.0185-3325.2016.034

 26. WHO. (2023). Obesity and overweight. World Health Organization. Available online at: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed November 16, 2023).

 27. Shipley W, Gruber C, Martin T, Klein A. Shipley-2 Escala Breve de Inteligencia. México: Manual Moderno. (2009). doi: 10.1037/t48948-000

 28. Pedrero E, Ruiz J, Rojo G, Llanero M, Olivar A, Bouso J, et al. Versión española del Cuestionario Disejecutivo (DEX-Sp): propiedades psicométricas en adictos y población no clínica. Adicciones. (2009) 21:155–66. doi: 10.20882/adicciones.243

 29. Stoet G. PsyToolkit - A software package for programming psychological experiments using Linux. Behav Res Methods. (2010) 42:1096–104. doi: 10.3758/BRM.42.4.1096

 30. Stoet G. PsyToolkit: a novel web-based method for running online questionnaires and reaction-time experiments. Teach Psychol. (2017) 44:24–31. doi: 10.1177/0098628316677643

 31. Ortiz-Tallo M, Santamaría P, Cardenal V, Sánchez M. PAI Inventario de evaluación de la personalidad. Madrid: TEA Ediciones. (2011).

 32. González DA, Reséndiz A, Reyes-Lagunes I. Adaptation of the BDI-II in Mexico. Salud Mental. (2015) 38:237–44. doi: 10.17711/SM.0185-3325.2015.033

 33. Valdez-Aguilar M, Vázquez-Arévalo R, López-Aguilar X, Regalado Ruíz LA. Validación y punto de corte de la Escala de Atracón Alimentario (BES) en población mexicana. Psychol Soc Educ. (2022) 14:68–77. doi: 10.21071/psye.v14i3.14323

 34. Guisado J, Vaz F. Aspectos clínicos del trastorno por atracón “binge eating disorder”. Rev Asoc Española Neuropsiq. (2001) 21:27–32. doi: 10.4321/S0211-57352001000100003

 35. Corr P, Cooper A. The reinforcement sensitivity theory of personality questionaire (RST-PQ): development and validation. Psychol Assess. (2016) 28:1427–40. doi: 10.1037/pas0000273

 36. Pulido M, Flores A, Mendoza P. La teoría de la sensibilidad al reforzador como predictor de psicopatía y conducta delincuencial: datos obtenidos en estudiantes universitarios. Psicol Iberoamer. (2021) 29:1–29. doi: 10.48102/pi.v29i2.397

 37. Rodrigue C, Ouellette A, Lemieux S, Tchernof A, Biertho L, Bégin C. Executive functioning and psychological symptoms in food addiction: a study among individuals with severe obesity. Eating and Weight Disorders - Studies on Anorexia. Bulimia Obesity. (2018) 23:469–78. doi: 10.1007/s40519-018-0530-1

 38. Demidenko M, Huntley E, Martz M, Keating D. Adolescent health risk behaviors: Convergent, discriminant and predictive validity of self-report and cognitive measures. J Youth Adolesc. (2019) 48:1765–83. doi: 10.1007/s10964-019-01057-4

 39. Berenson A, Laz T, Pohlmeier A, Rahman M, Cunningham K. Prevalence of food addiction among low-income reproductive-aged women. J Women's Health. (2015) 24:740–4. doi: 10.1089/jwh.2014.5182

 40. Borisenkov M, Tserne T, Bakutova L. Food addiction in Russian adolescents: association with age, sex, weight, and depression. Eur Eating Disor Rev. (2018) 26:671–676. doi: 10.1002/erv.2644

 41. Nicolau J, Romerosa J, Rodríguez I, Sanchís P, Bonet A, Arteaga M, et al. Associations of food addiction with metabolic control, medical complications and depression among patients with type 2 diabetes. Acta Diabetol. (2020) 57:1093–100. doi: 10.1007/s00592-020-01519-3

 42. Oliveira J, Colombarolli MS, Cordás TA. Prevalence and correlates of food addiction: systematic review of studies with the YFAS 2.0. Obes Res Clin Pract. (2021) 15:191–204. doi: 10.1016/j.orcp.2021.03.014

 43. Meule A, Hermann T, Kübler A. Food addiction in overweight and obese adolescents seeking weight-loss treatment. Eur Eating Disor Rev. (2015) 23:193–8. doi: 10.1002/erv.2355

 44. Davis C. A commentary on the associations among ‘food addiction', binge eating disorder, and obesity: overlapping conditions with idiosyncratic clinical features. Appetite. (2016) 115:1–31. doi: 10.1016/j.appet.2016.11.001

 45. Bonder R, Davis C, Kuk JL, Loxton NJ. Compulsive “grazing” and addictive tendencies towards food. Eur Eating Disor Rev. (2018) 26:569–73. doi: 10.1002/erv.2642

 46. Heriseanu AI, Hay P, Corbit L, Touyz S. Grazing in adults with obesity and eating disorders: a systematic review of associated clinical features and meta-analysis of prevalence. Clin Psychol Rev. (2017) 58:16–32. doi: 10.1016/j.cpr.2017.09.004

 47. Loxton NJ, Tipman RJ. Reward sensitivity and food addiction in women. Appetite. (2017) 115:28–35. doi: 10.1016/j.appet.2016.10.022

 48. Rodrigue C, Gearhardt A, Bégin C. Food Addiction in Adolescents: Exploration of psychological symptoms and executive functioning difficulties in a non-clinical sample. Appetite. (2019) 141:1–8. doi: 10.1016/j.appet.2019.05.034

 49. Santos-Flores J, Cárdenas-Villareal V, Gutierrez-Valverde J, Pacheco-Pérez L, Paz-Morales M, Guevara-Valtier M. Sensibilidad a la recompensa, adicción a la comida y obesidad en madres e hijos. Sanus. (2021) 6:1–22. doi: 10.36789/revsanus.vi1.187



OPS/images/inline_1.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Exploratory study of the prevalence of food addiction and its relationship with executive functioning, depression, and reinforcement sensitivity in a sample of Mexican adults



		1 Introduction



		2 Methods



		2.1 Participants



		2.2 Evaluation instruments



		2.2.1 Yale food addiction scale



		2.2.2 Body mass index



		2.2.3 Shipley-2



		2.2.4 Dysexecutive questionnaire (DEX-Sp)



		2.2.5 Iowa gambling task (computerized version of PsyToolkit)



		2.2.6 Go/no-go task (computerized version of PsyToolkit)



		2.2.7 Wisconsin card sorting inspired task (computerized version of PsyToolkit)



		2.2.8 PAI personality assessment inventory (short version)



		2.2.9 Beck depression inventory-II



		2.2.10 Binge eating scale



		2.2.11 Reinforcement sensitivity theory of personality questionnaire









		2.3 Procedure



		2.4 Statistical analyses



		2.5 Ethics







		3 Results



		3.1 Sample characterization and FA prevalence



		3.2 Neuropsychological characteristics and psychopathology



		3.3 Differences in executive functioning, reward sensitivity, and binge eating problems of individuals with food addiction



		3.4 Differences in executive dysfunction, depression, binge eating, and sensitivity to reward related to the number of FA symptoms



		3.5 The severity of FA and BMI is explained by dysexecutive and depressive symptoms and reward sensitivity







		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/fpubh-11-1277681-t010.jpg
<2 symptoms (n 3-5 symptoms >6 symptoms
=12) (n=7) (n=4)

X (SD) X (SD) X (SD)

Dysexecutive symptoms

Natural score DEX-Sp 33.92 (8.42) 42.86 (10.12) 56.75 (9.64)*** 9.66 0.001 0.49
Binge eating

Natural total score BES 13.08 (7.04) 17.14 (6.72)*+ 3575 (9.67)* 1417 0.001 0.59
Feelings and cognitions 575 (3.17) 8.29 (3.73)*+ 17.50 (5.26)*** 15.00 0.001 0.60
Behavioral manifestations 733 (433) 8.86 (3.62)*+ 18.25 (4.50)*** 10.53 0.001 0.51
Depressive symptoms

Total score BDI-II 7.58 (6.05) 19.14 (12.52)* 31.00 (10.89)*** 10.61 0.001 0.52
BIS

Natural score BIS 2075 (13.50) 46.00 (17.05)** 53.25 (17.04)** 9.95 0.001 0.50
FFFS

Fight-freezing 9.50 (4.48) 17.43 (6.02)* 20.50 (7.55)* 8.10 0.003 0.45
Panic attack 333 (235) 8.29 (3.90)* 13.00 (3.16)*** 17.11 0.001 0.63
Defensive fighting 6.6 (2.93) 11.57 (3.64)* 9.50 (3.70) 5.10 0.016 0.34
BAS

Interest in Reward 10.17 (3.33) 8.86 (4.30) 12.75(7.14) 1.00 0.372 0.09
Reward effects 14.83 (6.46) 18.00 (2.58) 21.50 (7.19) 220 0.136 0.09
Impulsivity 7.83 (3.13) 10.14 (3.67) 12.75 (3.59) 344 0.052 026

Values are expressed as mean and SD of the natural scores of the subscales of the DEX-Sp, the BES, the RST-PQ, and the BDIL DEX-Sp, Dysexecutive Questionnaire; BES, Binge Eating Scale;
BDL-IL, Beck Depression Inventory-II; BIS, Behavioral Inhibition System of the RST-PQs FEES, Flight, Fight, or Freeze System of the RST-PQ; BAS, Behavioral Activation System of the RST-PQ;
12, eta squared. We entered Bonferronis post ho test to allow adjustment for multiple comparisons, *p < 0.05, *p < 0.01, ***p < 0.001 vs. 2 or fewer YFAS symptoms. ++p < 0.01 vs. 3-5
YEAS symptoms. Statistically significant data in bold text.
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<2 symptoms 3-5 symptoms >6 symptoms

(n=17) (0= 13) (n=4)
X (SD) X (SD) X (SD)

Dysexecutive symptoms
Natural score DEX-Sp 35.53 (7.90) 45.80 (13.03)*+ 56.75 (9.64)** 8.11 0.001 0.33
Binge eating
Natural total score BES 12.47 (6.49) 17.2 (7.77)*+++ 35.8 (9.67)" 16.10 0.001 0.49
Feelings and cognitions 571 (2.93) 7.67 (4.08)*+ 17.5 (5.26)*** 16.40 0.001 0.50
Behavioral manifestations 676 (3.99) 9.53 (4.22)*+ 18.25 (4.5)" 12,55 0.001 0.43
Depressive symptoms
Total score BDI-II 7.29 (5.41) 16.60 (10.58)*+ 31.00 (10.89)*** 10.85> 0.001 0.46
BIS
Natural score BIS 23.65 (12.26) 4127 (14.99)* 53.25 (17.04)** 10.52 0.001 0.39
FFFS
Fight-freezing 8.47 (5.35) 13.00 (7.66) 20.50 (7.55)* 583 0.010 0.26
Panic attack 3.06 (2.41) 6.73 (4.18)*++ 13.00 (3.16)*** 15.60 0.001 0.49
Defensive fighting 8.06 (3.90) 13.60 (4.03)*** 9.50 (3.70) 8.05 0.001 0.33
BAS
Interest in Reward 10.06 (2.99) 11.93 (4.92) 12.75(7.14) 1.03 0.368 0.06
Reward effects 15.53 (5.84) 20.13 (5.10)* 21.50 (7.19)* 342 0.050 0.17
Impulsivity 7.82 (2.67) 11.67 (4.50)* 12.75 (3.59) 576 0.007 0.26

Values are expressed as mean and SD of the natural scores of the subscales of the DEX-Sp, the BES, the RST-PQ, and the BDIL DEX-Sp, Dysexecutive Questionnaire; BES, Binge Eating Scale;
BDL-IL, Beck Depression Inventory-II; BIS, Behavioral Inhibition System of the RST-PQs FEES, Flight, Fight, or Freeze System of the RST-PQ; BAS, Behavioral Activation System of the RST-PQ;
12, eta squared. ™ Brown-Forsythe (F) homogeneity correction after a significant test for equality of variances (Levenes). We entered Bonferroni’s post foc test to allow adjustment for multiple
comparisons, *p < 0.05,**p < 0.01, **p < 0.001 vs. 2 or fewer YFAS symptoms; *p < 0.05,++p < 0.01, #+*p < 0.001 vs. 3-5 YFAS symptoms. Statistically significant data in bold text.
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Binge eating scale

NFA

FA

Feelings and cognitions

Total sample 6.18 (3.54) 13.63 (5.63)** 355 0.007 1.84
Females 6.29 (3.39) 15.00 (5.87)* 344 0.013 2.12
Males 6.00 (3.92) 95 (2.12) 1.20 0.256 0.92
Behavioral manifestations

Total sample 7.86 (4.29) 13.88 (6.24)** 3.15 0.003 1.26
Females 8.00 (4.19) 14.5 (7.00) 2.14> 0.074 1.30
Males 13.27 (2.97) 15.00 (2.83) 1.22 0.250 0.94

Values are expressed in terms of the mean and SD of the natural scores of the subscales of the BES. NEA, non-food addiction; FA, food addiction; d, effect size, Cohen’s d. ™ Welch's homogeneity
correction after significant test for equality of variances (Levenes). The n’s for grouping participants based on the presence of FA (NEA and FA) for the total sample were 28, 8; for females 17, 6;

and for males 11, 2; respectively. *p < 0.05, **p < 0.01 vs. NFA. Statistically significant data in bold text.
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25 < BMI < 30 BMI > 30

Food addiction n (%) n (%)

Total (n = 36)

Absent (n = 28, 77.8%) 5(13.89) 15 (41.67) 8(2222) 898 0.011

Present (n = 8, 22.2%) 0(0) 1(278) 7 (19.44)

Females (n = 23)

Absent (n = 17, 73.9%) 3(13.04) 7(30.43) 7(30.43) 334 0.189

Present (1 = 6,26.1%) 0(0) 1(435) 5(21.74)
Males (n = 13)

Absent (n = 11, 84.6%) 2(15.38) 8(61.54) 1(7.69) 7.88 0.019

Present (n =2, 15.4%) 0(0) 0(0) 2(1538)

Values are expressed as frequencies and percentages (%) of the total sample. X2

X2 with Yates continuity correction. BMI, Body Mass Index. Statistically significant data in bold text.
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NFA (n = 28) FA (n =8) p-value

Measures

BMI® 29.75 (7.69) 33.69 (4.04) 1.39 0.175 0.64
Weight® 80.64 (22.21) 87.01 (13.09) 078 0.441 0.35
Height® 1.64 (0.084) 1.61 (0.084) —1.14 0.262 0.36
Age 36.54 (11.89) 33.13 (11.43) —-0.72 0476 0.29
Intellectual ability

Vocabulary Shipley-27 109.86 (3.85) 107.13 (5.82) —1.58 0.124 0.55
Abstraction Shipley-27 102.07 (8.53) 104.00 (9.04) 056 0581 0.22
Total? 109.75 (6.68) 112.13 (7.00) 0.8 0386 0.35

Decision-making (IGT)

Total net score —0.71 (36.17) 950 (27.21) 0.74 0.466 032

Coghnitive flexibility (WCST)

Perseverative errors (%) 16.86 (8.21) 15.88 (9.43) —0.29 0.774 011
Commission errors 3.79 (4.09) 3.38 (2.14) —0.38% 0.707 013
Psychopathology (PAI)

Drug prob]emsD 47.71(7.02) 45.13 (1.55) —1.81> 0.080 0.51
Alcohol problemsD 48.82 (9.69) 44.63 (1.77) —1.21 0.236 0.60

Dysexecutive symptoms (DEX-Sp)

Dysexecutive score 39.75 (9.69) 50.63 (13.08)* 2.30 0.028 0.95

Binge eating (BES)

Total score 14.04 (7.39) 275 (11.67)** 3.98 0.001 1.38

Depressive symptoms (BDI-I)

Total score 11.43 (8.60) 2213 (15.59) —1.86> 0.099 0.85
Reward sensitivity (RTS-PQ)

Total score 106.4 (31.54) 142.6 (30.20)* 2.89 0.007 117

Values are expressed as means and their SDs. Standard scores have a mean of 100 and a SD of 15, while t-scores have a mean of 50 and a SD of 10. °Estimates based on questionnaire responses;
Y Standard score; Dt-score; d = effect size, Cohen’s d. ™ Welch's homogeneity correction after significant test for equality of variances (Levenes). NFA, non-food addiction; FA, food addiction;
BMI, body mass index; IGT, lowa Gambling Test; PAL Personality Assessment Inventory; DEX-Sp, Dysexecutive Questionnaire; BES, Binge Eating Scale; BDI-II, Beck Depression Inventory-1l;
RST-PQ, Reinforcement Sensitivity Theory of Personality Questionnaire. *p < 0.05, **p< 0.01 vs. NFA. Statistically significant data in bold text.
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n (%)

Sex

Females 23(63.9)
Males 13 (36.1)
Residence

Mexico City 13 (36.1)
State of Mexico 12(33.3)
Other states 11 (30.6)
Age* 35.8* (11.72)
Education

High school 8(22.2)
Undergraduate 18 (50.0)
Graduate 10 (27.8)

Values are expressed as frequencies and percentages (%) of the total sample (1 = 36) or as
means (X) and their standard deviations (SD). * Data expressed as means and SD.
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Vocabulary (Shipley-2)

Expected average or above 31(86.1)

Below average within 1 SD 5(13.9)

Abstraction (Shipley-2)

Expected average or above 32(88.9)

Below average within 1 SD 4(111)

Cognitive ability (Shipley-2)

Expected average or above 32(88.9)

Below average within 1 SD 4(11.1)

Dysexecutive symptoms (DEX-Sp)

Average or above 12(33.3)
Below average or mild failures 8(22.2)
Moderate or severe failures 16 (44.5)

Depressive symptomatology (BDI-1I)

Minimal 23(63.9)
Mild 3(83)

Moderate 5(13.9)
Severe 5(13.9)

Cognitive-behavioral symptoms of binge eating (BES)

Absence of binge eating 20 (55.6)
Moderate binge eating 12 (33.3)
Severe binge eating 4(11.1)
Estimated BMI* 30.63* (7.18)
Normal weight (18.5-24.9) 5(13.9)
Overweight (25.0-29.9) 16 (44.4)
Obesity (>30) 15 (41.7)

Food addiction (YFAS)

Absent 28(77.8)

Present 8(22.2)

Values are expressed as frequencies and percentages (%) of the total sample (1 = 36) or as
means (X) and their standard deviations (SD). DEX-Sp, Dysexecutive Questionnaire; BDI-II,
Beck Depression Inventory-I; BES, Binge Eating Scale; BMI, Body Mass Index; YEAS, Yale
Food Addiction Scale. *Data expressed as means and SD.
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BIS

Behavioral inhibition system

Total sample 30.18 (15.28) 48.63 (17.30)** 293 0.006 117
Females 27.76 (17.46) 52.00 (18.63)** 2.88 0.009 1.37
Males 33.91 (10.86) 38.50 (9.19) 0.56 0.589 0.43
FFFS

Punishment Inhibition System

Total sample 10.06 (7.15) 17.50 (5.81)* 2.70 0.011 1.08
Females 12.41 (6.80) 17.83 (6.82) 1.68 0.108 0.8
Males 6.36 (6.30) 16.50 (0.71)** 5.16 0.001 1.69

Panic attack

Total sample 471 (3.54) 9.13 (6.06) 197> 0.083 106
Females 5.00 (3.43) 10.83 (5.56)* 3.04 0.006 144
Males 427 (3.82) 4,00 (5.66) —0.09 0931 0.07

Defensive fighting

Total sample 10.43 (4.91) 10.88 (3.94) 024 0815 0.09
Females 8.35 (4.06) 950 (3.33) 0.62 0.542 029
Males 13.64 (4.48) 15.00 (2.83) 041 0.692 031
BAS

Interest in reward

Total sample 11.18 (4.08) 11.00 (5.66) —0.10 0921 0.04
Females 10.18 (3.64) 10.33 (6.50) 0.07 0.942 0.04
Males 12.73 (4.41) 13.00 (1.41) 0.08 0.935 0.07

Persistent Reward-seeking

Total sample 13.06 (3.79) 13.13 (6.10) 0.04> 0.96 0.02
Females 1288 (4.31) 12,50 (6.98) —0.13 0.904 0.08
Males 13.27 (2.97) 15.00 (2.83) 0.76 0.463 0.58

Reward effects

Total sample 1732 (6.11) 20.88 (5.33) 1.49 0.146 06
Females 16.12 (6.18) 1933 (5.32) 113 0271 054
Males 19.18 (5.78) 2550 (0.71)** 3.49% 0.005 115
Impulsivity

Total sample 9.54 (4.00) 1150 (4.38) 1.20 0.238 048
Females 8.94 (3.38) 10.67 (4.68) 097 0.341 0.46
Males 10.45 (4.82) 14.00 (2.83) 0.99 0.345 0.76

Values are expressed in terms of the mean and SD of the natural scores of the subscales of the RST-PQ. NFA, non-food addiction; FA, food addiction; BIS, Behavioral Inhibition System; FFFS,
Flight, Fight, or Freeze System; BAS, Behavioral Activation System; d, effect size, Cohen’s d. ™ Welch's homogeneity correction after significant test for equality of variances (Levene’). The n’s for
grouping participants based on the presence of FA (NFA, and FA) for the total sample were 28, 8 for females 17, 6; and for males 11, 2; respectively. *p < 0.05, **p < 0.01 vs. NFA. Statistically
significant data in bold text.
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NFA (n = 17) FA (n = 6) p-value

Measures

BMI® 30.88 (8.72) 34.24 (4.61) 0.89 0384 048
Weight® 79.03 (25.40) 84.3 (13.79) 048 0.637 026
Height® 1.59 (0.06) 1.57 (0.04) —1.06 0.303 0.39
Age 42.12(11.67) 33.17 (12.80) —1.58 0.130 073
Intellectual ability

Vocabulary Shipley-27 110.47 (4.16) 105.67 (5.68)* -222 0.038 0.96
Abstraction Shipley-27 10259 (7.72) 103.67 (10.65) 027 0792 0.12
Total? 108.71 (6.14) 110.67 (7.58) —0.63 0.533 028

Decision-making (IGT)

Total net score —11.65 (33.75) 2.67 (28.54) —0.93 0.366 0.46

Coghnitive flexibility (WCST)

Perseverative errors (%) 15.12 (6.68) 18.50 (9.57) 095 0351 0.41
Commission errors 3.47 (3.76) 417 (1.72) 043 0.670 0.24
Psychopathology (PAI)

Drug prob]emsD 45.18 (2.40) 45.50 (1.64) 0.30 0.765 0.16
Alcohol problemsD 46.47 (4.36) 44.83 (2.04) —0.88 0.391 0.48

Dysexecutive symptoms (DEX-Sp)

Dysexecutive score 35.82(8.14) 54.17 (12.12)** 4.18 0.001 1.78

Binge eating (BES)

Total score 14.29 (7.10) 2950 (12.79)* 2.77% 0.032 147

Depressive symptoms (BDI-I)

Total score 11.18 (8.80) 1118 (8.80) 228> 0.062 121
Reward sensitivity (RTS-PQ)
Total score 101.65 (34.04) 143.00 (34.35)* 055 0.019 1.21

Values are expressed as means and their SDs. Standard scores have a mean of 100 and a SD of 15, while t scores have a mean of 50 and a SD of 10. °Estimates based on questionnaire responses;
¥ Standard score; Ot score; d = effect size, Cohen’s d. ™ Welch’s homogeneity correction after significant test for equality of variances (Levenes). NFA, non-food addiction; FA, food addiction;
BMI, body mass index; IGT, lowa Gambling Test; PAL Personality Assessment Inventory; DEX-Sp, Dysexecutive Questionnaire; BES, Binge Eating Scale; BDI-II, Beck Depression Inventory-1;
RST-PQ, Reinforcement Sensitivity Theory of Personality Questionnaire. *p< 0.05, **p< 0.01 vs. NFA. Statistically significant data in bold text.
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\[e} Mild-moderate NEE
dysfunction dysfunction dysfunction

Food addiction (YFAS) X (SD) X (SD) X (SD)

Increased consumption

Total sample 13.86 (6.47) 11.86 (5.22)* 21.00 (8.25)** 5.60 0.008 0.25
Females 13.0(6.36) 12.33 (5.68)* 24.13 (9.43)* 6.12 0.008 0.38
Tolerance

Total sample 2.14(248) 4.00 (2.51) 5.57 (3.08)** 5.50 0.009 0.25
Females 2.11(242) 5.17 (1.47) 7.00 (3.25)** 7.88 0.003 0.44

Continuous craving

Total sample 5.86 (1.79) 4.63 (1.30) 5.93(1.33) 2.16 0.131 0.12

Females 5.4 (2.00) 466 (1.50) 6.63 (1.06) 2.68 0.093 021

Reduced social activities

Total sample 121(1.63) 1.63 (1.41) 3.86 (2.88)* 5.72 0.007 0.26

Females 1.44 (1.81) 2.00 (1.41) 5.00(3.38)* 541> 0.016 0.34

Dysfunction-discomfort

Total sample 121 (148) 250 (1.41) 3,50 (2.79)* 479" 0.017 0.2

Females 1.22(1.48) 3.17(0.75) 4.88 (2.80)* 8.26> 0.006 0.43

Values are expressed as mean and SD of the natural scores of the YFAS subscales. YFAS, Yale Food Addiction Scale; 2, eta squared. ™ Brown-Forsythe homogeneity correction after significant
test of equality of variances (Levenes). The n’s for grouping participants based on their dysexecutive scores (No dysfunction, Mild-moderate dysfunction, and Severe dysfunction) for the total
sample were 14, 8, 14; for females 9, 6, 8; and for males 5, 2, 6, respectively. We entered Bonferroni’s post hoc test to allow adjustment for multiple comparisons, *p < 0.05, **p < 0.01 severe
dysfunction vs. no dysfunction; *p < 0.05 mild-moderate dysfunction vs. severe dysfunction. Statistically significant data in bold text.
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