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Abstract: This study aimed to investigate the role of the psychological impact of environments rich
in palatable foods on three aspects of eating behavior: cognitive restraint (CR), uncontrolled eating
(UE), and emotional eating (EE). The hypotheses were as follows: (a) The psychological impact
(i.e., motivation to eat) of an environment rich in palatable foods will positively predict CR, UE, and
EE; (b) dieting will predict CR, UE, and EE; and (c) CR, UE, and EE will positively predict body
mass index (BMI). This study had a cross-sectional design in which data were collected online from
413 subjects. The psychological impact of food-rich environments (food available, food present,
and food tasted) was assessed using the Power of Food Scale (PFS), and CR, UE, and EE were
assessed using the Three-Factor Eating Questionnaire (TFEQ-R18). Both instruments were tested
for confirmatory factor analysis. The relationship between constructs was measured using partial
least-square structural equation modeling (PLS-SEM). “Food available” positively predicted all TFEQ-
R18 factors (p < 0.01). “Food present” positively predicted UE (p < 0.001) and EE (p = 0.01). People
currently on a diet showed higher levels of CR (p < 0.001) and EE (p = 0.02). UE and EE positively
predicted BMI. Thus, CR, UE, and EE were positively predicted by the motivation to consume
palatable foods in varying proximity, suggesting that the presence of food and, more importantly,
its general availability may be important determinants of eating behavior, particularly UE and EE.
Health strategies should consider the influence of the food environment to prevent and better manage
impairments in eating behavior. Sex differences suggest that special attention should be paid to
women. Furthermore, dieting was associated with higher levels of EE, which in turn was associated
with higher BMI. Weight loss interventions should consider this vulnerability.

Keywords: food choice; eating behavior; diet

1. Introduction

Advances in research on the regulation of food intake, particularly regarding the
role of non-homeostatic processes, have provided a new perspective for studying eating
behavior [1,2]. As recently suggested, contemporary food intake patterns appear to be
strongly determined by sensory, emotional, and cognitive factors [3]. Eating behavior
and its determinants play an essential role in this scenario, given the recent increase in
eating disorders [4] and obesity [5]. Among the many variables that constitute eating
behavior, special attention should be paid to psychological aspects such as cognitive
restraint (CR), uncontrolled eating (UE), and emotional eating (EE). There is growing
evidence emphasizing harmful associations between high levels of CR, UE, and EE and
several health-related factors (e.g., eating habits and attitudes, body image, psychological
well-being, and sleep quality [6–10]).

CR is the control exerted over food intake to influence body weight or body shape [11].
It includes behavioral, cognitive, and affective components, such as eating lower-calorie
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foods or skipping meals, worrying about weight, and negative feelings triggered by the
tendency to fail at dieting or maintaining weight loss, respectively [12]. CR appears to be
closely related to the internalization of the ideal of thinness and fear of fat, both of which
are driven by sociocultural influences [13] and motivate people, especially women, to strive
for a thinner body [12]. UE is manifested by general difficulty controlling food intake and
the loss of control over food intake, leading to overeating [11]. It has been associated with
high energy consumption and increased body weight [14]. EE refers to eating in response to
emotional states (such as anxiety or irritability) [15] rather than the typical signs of hunger.
Although positive emotions also play an important role, negative emotions seem to have
a greater influence on eating behavior [16]. EE generally represents an attempt to reduce
emotional discomfort [11], and negative emotions can be recurrent triggers that lead to
maladaptive behaviors and overeating [17].

It has been hypothesized that motivation to eat, regardless of physiological needs,
is enhanced in environments where highly palatable foods are ubiquitous [18,19]. The
widespread availability and easy access to highly palatable and energy-dense foods are
evident in today’s food environments [3]. This ‘new environment’ is inextricably linked
to colonialism and globalization and reflects the nutritional transition from whole foods
to ultra-processed foods that occurred worldwide in the twentieth century [20]. Despite
the evolutionary advantage and genetic contribution to seeking out energy-dense foods,
such an environment is most likely an issue today as changes in diet have been exacerbated
over the past seven decades due to global trade pacts in agricultural commodities, foreign
direct investment in food processing, and shifts to niche markets. In Brazil, for instance,
sensory appeal is one of the key motivators for food choices [21], and easy access to food
via food apps is increasing significantly [22]. In such a context of abundance, the perception
of palatable foods is likely to trigger thoughts and cravings for these foods at any time [18].

Given the impact of sensory, emotional, and cognitive factors on contemporary food
intake, exploring the role of the food environment on eating behavior is particularly
important in light of the increasing number of unhealthy eating patterns that cannot be
remedied by homeostatic strategies. Because high levels of CR, UE, and EE are associated
with negative health outcomes, a deeper understanding of their determinants would allow
for the development of more effective prevention and treatment interventions. The potential
psychological impact of environments rich in palatable foods would require strategies that
not only target the individual level but also take into account the physical context in which
eating behaviors are experienced in an interdisciplinary approach. In the present study,
we aimed to investigate the role of the psychological impact (i.e., motivation to eat) of
environments rich in palatable foods on CR, UE, and EE. Previous research seems to have
only combined these variables when validating psychometric instruments, limiting the
ability to examine such relationships in depth. Also, most cross-sectional studies only
analyzed simple correlations, which does not allow for the observation of the combined
effect of these variables. In an effort to shed light on the determinants of currently relevant
aspects of eating behavior, after determining whether and how CR, UE, and EE were
predicted by the psychological impact of the modern food environment, we also aimed to
understand the role of dieting and BMI in this process.

2. Theoretical Background and Model

This study is grounded on current evidence that individuals who are highly influenced
by the modern food environment show increased responsiveness to food cues, which may
be reflected in part by increased attention to food reward. Previous studies have reported
correlations with measures of problematic eating behaviors (e.g., disinhibition, emotional
eating, etc.) and possible attempts to moderate such responsiveness to food cues [23].
Thus, we defined three main hypotheses based on a theoretical rationale to achieve the
proposed objectives.
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(i) The psychological impact (i.e., motivation to eat) of an environment rich in palatable
foods will positively predict cognitive restraint, uncontrolled eating, and emotional
eating.

Eating regulation depends on both homeostatic and non-homeostatic mechanisms,
which are intimately integrated and rely upon common brain structures [2,24–26]. CR,
UE, and EE seem to be related to non-homeostatic processes, which control food intake
in response to emotional, cognitive, and environmental factors and are usually driven by
pleasure or sensory perception [1,2].

Dopaminergic reward circuits in the central nervous system are activated not only in
response to the consumption of palatable foods [27,28] but also through conditioning, i.e.,
in response to cues that predict the availability or consumption of such foods [29,30]. It
is also known that the high availability of palatable foods and frequent exposure to their
cues can influence individuals’ psychological processes, such as thoughts, feelings, and
motivation, which in turn can affect food intake [31]. This helps explain why the numerous
food cues (e.g., sights, sounds, and smells associated with food) that constitute today’s food
environment can motivate consumption and influence what and how much one eats [32]. In
such a context of abundance, the perception of palatable foods is likely to trigger thoughts
and cravings for these foods at any time [18]. Recently, cravings have been shown to be
associated with the widespread availability of cheap, energy-rich, and highly palatable
foods [33]. Similarly, motivation to eat palatable foods is expected to predict CR, UE, and
EE in an urban sample.

(ii) Dieting will predict cognitive restraint, uncontrolled eating, and emotional eating.
(iii) Cognitive restraint, uncontrolled eating, and emotional eating will positively predict

body mass index.

Restricting food intake for weight loss (i.e., dieting) is a behavior that is widely studied
for its possible paradoxical effects on body weight control. Dieting is a widely used strategy
to reduce or control body weight or body shape. There is evidence that cognitive and
behavioral constraints lead to weight loss in the short term but may also predict weight
gain in the long term [34,35]. Conversely, there is evidence that diets reflect personal
vulnerability to weight gain in an urban, obesogenic environment [36].

Although the effects of weight loss over time in people with obesity are not fully
understood, metabolic responses may occur, such as a reduction in resting metabolic
rate and total energy expenditure [37]. However, particular attention has been paid to
studying the psychological and behavioral effects of dieting, which have been linked
to binge eating, preoccupation with food, and emotional reactivity [38]. For example,
unhealthy behaviors such as skipping meals, using food substitutes, and diet pills in an
attempt to lose weight have been shown to predict higher BMI over time in adolescents [39].
Furthermore, longitudinal studies have shown that dieting predicts the occurrence of
binge eating [40], especially when dieting is accompanied by depressive symptoms and
impaired self-esteem [41]. These findings support the idea that dieting increases the risk of
losing control over food. Restrained eating correlates with externalized and disinhibited
eating, cravings, and BMI [42]. In addition, EE was higher in former or current dieters
than non-dieters [43]. It is important to mention that it is speculated that there is a relevant
distinction between rigid or flexible restrictions, with the former considered more linked to
disinhibited eating behavior [44].

Dieting is considered a risk factor for EE, especially under stressful conditions [45].
Through self-imposed food restriction, dieters often resist their feelings of hunger, which
may interfere with their accurate perception of satiety and increase the risk of eating in the
presence of negative emotions [45]. In addition, EE has been consistently associated with
the overconsumption of palatable, high-energy foods [16]. Restrained eating and EE appear
to be related to psychological aspects (i.e., body satisfaction and self-esteem) and higher
BMI and adiposity [46,47]. Based on this evidence, we believe that dieting will predict CR,
EE, and UE. CR, EE, and UE will, in turn, predict BMI.
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Based on previous findings, a comparison between sexes is also proposed. Growing
evidence shows that women have different health beliefs and food avoidance [48]. Women
also seek more health-related information, pay more attention to the effects of the goods
they buy [49], and place a greater importance on healthy eating than men [50]. CR appears
to be closely related to the internalization of the ideal of thinness and fear of fat, both of
which are driven by sociocultural influences [13] and motivate people, especially women,
to strive for a thinner body [12]. In previous research, women showed higher scores on all
factors related to the psychological impact of an environment rich in palatable foods [33,51].
It is, therefore, expected that women would show higher scores for CR, EE, EU, and factors
related to the food environment.

The developed hypotheses were tested using partial least-square structural equation
modeling (PLS-SEM). PLS-SEM minimizes sample size limitations, makes no distributional
assumptions, has higher statistical power than covariance-based methods, and is an ap-
propriate strategy for testing theory [52]. A confirmatory factor analysis (CFA) was first
performed to check the measurement quality of all latent constructs used in PLS-SEM.

3. Methods
3.1. Sample

Participants were recruited online via social media (e.g., Instagram and Facebook)
and in person on the university campus. An advertising banner with a QR code and
direct message was used for recruitment. The authors of the study carried out the entire
recruitment. Men and women were invited to participate in an online cross-sectional study
about eating behaviors and palatable foods. To be eligible, participants had to be between
18 and 60 years old and live in an urban area. The sample size was calculated consider-
ing the requirements of factor analysis. Since samples with more than 200 participants
are suitable for confirmatory factor analysis (CFA), and samples with 300 participants
are recommended for multivariate analysis [53], we aimed for a minimum number of
300 people.

Data were collected online via SurveyMonkey for one month (3 November–2 Decem-
ber 2022). A total of 545 Brazilian participants answered the Power of Food Scale (PFS)
and the Three-Factor Eating Questionnaire (TFEQ-R18), in addition to sample character-
ization questions that captured socioeconomic and anthropometric status. Participants
with incomplete or monotonous responses (standard deviation = 0 for any scale) were
excluded, as were those with diseases that could affect eating habits, such as diabetes,
cardiovascular, liver, and kidney diseases. There was no monetary incentive. Thus, the
final sample included 413 participants, with a sex balance of 205 women and 208 men. This
study was conducted after approval by the University of Campinas Ethics Committee on
5 October 2022 (protocol number: 62848922.7.0000.5404), and all participants gave their
informed consent.

3.2. Measures

The PFS is a self-assessment instrument that measures the psychological impact
of living in food-rich environments [31]. In other words, the PFS assesses motivation
to consume palatable foods [54], especially in environments where they are highly and
constantly available [55]. The PFS considers that appetitive reactions can be influenced
by the proximity between individuals and palatable foods [31,56]. The questionnaire
developed by Lowe et al. [31] consists of 15 items considering changes in appetite responses
within three levels of food proximity: food available (widely and easily accessible but not
physically present), food present (physically present in the environment but not yet tasted),
and food tasted (tasted but not yet consumed) [31]. It is assumed that the higher the total
score, the stronger the response to the food environment [57]. All items were measured
on a 5-point scale ranging from ‘1—do not agree at all’ to ‘5—strongly agree’. The PFS has
been translated and validated for many countries [54,55,58,59]. Its Portuguese version [60]
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was recently applied to a Brazilian sample with some linguistic adaptations to Brazilian
Portuguese and showed adequate factorial structure [51].

The TFEQ proposed by Stunkard and Messick [61] originally consisted of 51 items. It
was developed to assess three dimensions of human eating behavior: the cognitive restraint
of eating, the disinhibition of control, and susceptibility to hunger. This instrument can
verify individuals from extreme voluntary restraint of eating to individuals characterized
by a complete lack of eating restraint. Karlsson et al. [11] later proposed a short version
of the questionnaire comprising 18 items (TFEQ-R18). In this version, the three factors
of eating behavior were divided into CR, UE, and EE. The CR factor refers to controlling
food intake behaviors to reduce energy intake and influence body weight and shape. The
UE factor combines features of the earlier disinhibition and hunger factors. It reflects
the tendency to overeat. The EE factor refers to eating in response to negative emotional
states. The response scale consists of a dichotomous, 4-point Likert scale [11]. For the last
item of the TFEQ-R18, an 8-point scale was used for restraint (1—no restraint in eating to
8—total restraint). Subjects’ scores for each factor can be classified as absent, low, moderate,
or exacerbated using quartiles as cut-off points [62]. In addition, the TFEQ-R18 showed
adequate psychometric properties when applied to Brazilian adults [63].

Socioeconomic and anthropometric data collected included age, sex, gender, place
of residence, education level, monthly family income, frequency of dieting (5-point scale
ranging from ‘1—never’ to 5—always’), currently dieting (yes or no), weight (kg), and
height (m). Self-reported measures of weight and height were used to estimate body mass
index (BMI).

3.3. Data Analysis

The theoretical distributions of the variables were analyzed using means, variances,
skewness, kurtosis, and distribution histograms; the normality of the data was checked
using the Kolmogorov–Smirnov test with Lilliefors correction. Although the PFS and
TFEQ-R18 are validated instruments already in use in Brazil, they were subjected to a CFA
to ensure the quality of latent variables. In addition, CFA is a fundamental first step for
structural equation modeling. The CFA was performed according to the original structure
of the PFS [31,57] and the 18-item version of the TFEQ [11] using diagonally weighted least
squares. Model fit was based on the chi-squared value (p < 0.05), the root mean square error
of approximation (RMSEA < 0.08), the comparative fit index (CFI > 0.90), the standardized
root mean square residual (SRMR < 0.08), the Tucker–Lewis index (TLI > 0.90), and the
goodness-of-fit index (GFI > 0.90) [64].

The relationship between the constructs was measured using PLS-SEM. We tested a
1st-order model to examine the individual effects of the PFS factors on the TFEQ factors,
and it showed significant results consistent with the initially established hypotheses. BMI
(continuous) and dieting (binary) were included as observed variables. All indicators
validated in the previous CFA were included as latent variables, i.e., food available, food
present, food tasted, CR, UE, and EE. The outer model (the part of the model describing
the relationships between the latent variables and their indicators) was analyzed using
factor loadings (>0.40), composite reliability (>0.70), and the average variance extracted
(AVE) (>0.40). The inner model (the part of the model describing the relationships between
the latent variables) was analyzed based on the explained variance of the endogenous
constructs, with effect sizes classified as small (f2 ≥ 0.02), medium (f2 ≥ 0.15), or large
(f2 ≥ 0.35) [65], and predictive relevance (Stone–Geisser’s Q2 > 0.15). Multicollinearity
was measured by variance inflation factor (VIF) values (<3.3) [66]. Discriminant validity
(<0.85) was assessed using the heterotrait–monotrait ratio (HTMT) of correlations [66] A
multigroup analysis was conducted to test if men and women had significant differences in
their group-specific path coefficients. The bootstrapping procedure with 5000 samples was
used to estimate the t-statistics (significance: t > 1.96) and p-values (significance: p < 0.05)
of the estimated loadings.
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Differences between the two groups (e.g., women × men) in the PFS and TFEQ mean
values were assessed with Student’s t-test. Cohen’s d was used to measure the effect
size of significant differences, classified as small (d = 0.20), medium (d = 0.50), or large
(d = 0.80) [65].

A repeated-measure analysis of variance with Bonferroni’s post hoc test was employed
to compare multiple paired variables, e.g., to compare each PFS factor.

Statistical analyses were performed using Statistical Package for the Social Sciences v.20
(IBM Corp. Armonk, NY, USA), JASP 0.16.1 (University of Amsterdam, Amsterdam, The
Netherlands), and SmartPLS v3.2.8 (SmartPLS GmbH. Bönningstedt, Oststeinbek, Germany).

4. Results
4.1. Sample

The sample included 413 men and women (50.4 and 49.6%, respectively) who were
predominantly white (80.6%) and between 18 and 30 years old (75.5%), with a family
income between BRL 3600.01 (USD 676.7) and BRL 7200.00 (USD 1353.4) per month, as
shown in Table 1. Although all participants were Brazilian and lived in four of the main
regions of the country, 95.4% were from the Southeast, particularly the state of São Paulo
(n = 375; 90.8% of the total sample), followed by Rio de Janeiro (n = 10; 2.4%). The sample’s
education level was high, with 69.1% completed or engaged in higher education and 21.3%
in postgraduation programs.

Table 1. Sociodemographic characteristics of 413 Brazilian men and women participating in
a cross-sectional data collection on eating behavior aspects and the psychological impact of
food-rich environments.

Variables n (%) Variables n (%)

Age (years old) Sex
18–30 312 (75.5%) Women 205 (49.6%)
31–40 63 (15.3%) Men 208 (50.4%)
41–50 21 (5.1%) Education level
51–60 17 (4.1%) Incomplete primary education 1 (0.2%)

Gender Completed primary education 2 (0.5%)
Female 204 (49.4%) Incomplete high school 3 (0.7%)
Male 208 (50.4%) Completed high school 34 (8.2%)

Other: nonbinary 1 (0.2%) Incomplete higher education 145 (35.1%)
Race Completed higher education 140 (34%)

White 333 (80.6%) Postgraduate 88 (21.3%)
Black 16 (3.9%) Monthly family income
Mixed 49 (11.9%) Up to BRL 1200.00 9 (2.2%)
Asian 15 (3.6%) BRL 1200.01 to BRL 3600.00 90 (21.8%)

BRL 3600.01 to BRL 7200.00 132 (32%)
Region BRL 7200.01 to BRL 10,800.00 63 (15.2%)

Northeast 6 (1.45%) BRL 10,800.01 to BRL
14,000.00 48 (11.6%)

Central west 6 (1.45%) Higher than BRL 14,000.01 71 (17.2%)
Southeast 394 (95.4%) Dieting frequency

South 7 (1.7%) Never 112 (27.1%)
Rarely 125 (30.3%)

BMI classification Sometimes 94 (22.7%)
Underweight (<18.5 kg/m2) 14 (3.4%) Often 61 (14.8%)

Normal weight (18.5–24.9 kg/m2) 240 (58.1%) Always 21 (5.1%)
Overweight (25.0–29.9 kg/m2) 111 (26.9%) Currently dieting

Obesity (≥30.0 kg/m2) 47 (11.4%) Yes 95 (23%)
Missing 1 (0.2%) No 318 (77%)

BMI = body mass index; USD 1.00 = BRL 5.32 in November 2022.
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The mean body mass index (BMI) ± standard deviation was 24.8 ± 4.86 kg/m2

(range = 16.1 to 54.1 kg/m2), with most of the sample classified as normal weight (58.3%)
and overweight (26.9%). Although some of the participants reported having rarely (30.3%)
or never (27.1%) engaged in dieting, 5.1% of them said, ‘I am always dieting’. When the
study was conducted, 23% of the participants were currently dieting, comprising 25% of
female and 21% of male participants.

4.2. Confirmatory Factor Analysis and Correlations

The CFA for the PFS was performed following the structure presented by
Lowe et al. [31] and Cappelleri et al. [57]. The PFS indicators formed three well-defined
domains with adequate composite reliability and AVE, as shown in Table 2. The PFS
showed adequate fit: χ2 = 10,844.5 (p < 0.001), RMSEA = 0.06, CFI = 0.98, TLI = 0.98, and
GFI = 0.98. All indicators presented adequate factor loadings (Table 2). Factor 2 (food
present) and Factor 3 (food tasted) had similar means (3.06 ± 0.98 and 3.06 ± 0.84, respec-
tively), and they were higher than the mean value of Factor 2 (food available) (2.26 ± 091)
(Pbonf < 0.001 for both). The overall PFS score (aggregate factor) was 2.69 ± 1.34.

Table 2. Mean values, standard deviation, and factor loadings of the Power of Food Scale (PFS)
indicators of a sample of 413 Brazilian adults living in urban areas.

PFS Indicators Mean ± SD Factor Loadings

Food Available (composite reliability = 0.853; AVE = 0.574) - -
PFS 1 2.5 ± 1.2 0.715
PFS 2 2.2 ± 1.1 0.678
PFS 5 2.2 ± 1.3 0.751
PFS 10 2.5 ± 1.2 0.692
PFS 11 2.2 ± 1.3 0.814
PFS 13 1.9 ± 1.1 0.849

Food Present (composite reliability = 0.785; AVE = 0.599) - -
PFS 3 3.6 ± 1.1 0.675
PFS 4 3.1 ± 1.3 0.696
PFS 6 2.9 ± 1.3 0.805
PFS 7 2.6 ± 1.3 0.733

Food Tasted (composite reliability = 0.718; AVE = 0.453) - -
PFS 8 2.7 ± 1.3 0.676
PFS 9 3.6 ± 1.2 0.606
PFS 12 2.5 ± 1.2 0.694
PFS 14 3.4 ± 1.2 0.576
PFS 15 3.0 ± 1.3 0.498

AVE = average variance extracted; SD = standard deviation; #PFS is copyrighted by Drexel University, copies of
the PFS can be obtained by writing to Prof. Michael Lowe: lowe@drexel.edu.

The CFA for the TFEQ-R18 was performed following the structure presented by
Karlsson et al. [11] and Martins et al. [63]. The TFEQ indicators formed three well-defined
domains with adequate composite reliability and AVE, as shown in Table 3. The TFEQ
presented adequate fit: χ2 = 11,284.4 (p < 0.001), RMSEA = 0.06, CFI = 0.97, TLI = 0.97, and
GFI = 0.98. All indicators presented adequate factor loadings (Table 3). Considering the
mean values (CR = 2.40 ± 0.77, UE = 2.14 ± 0.57, and EE = 2.25 ± 0.87), CR, UE, and EE
were classified as low within the total sample.

All constructs from the TFEQ and PFS had adequate discriminant validity and showed
HTMT correlations of < 0.85 between them. Moderate correlations (r > 0.50) were observed
among PFS factors (Table 4). UE and EE showed low-to-moderate correlations with PFS
factors. On the other hand, CR showed almost null-to-null correlations.
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Table 3. Mean values, standard deviation, and factor loadings of the Three-Factor Eating Question-
naire (TFEQ) indicators of a sample of 413 Brazilian adults living in urban areas.

TFEQ-R18 Indicators Mean ± SD Factor Loadings

Cognitive Restraint (composite reliability = 0.847; AVE = 0.516) - -
TFEQ 2 1.9 ± 0.9 0.835

TFEQ 11 2.2 ± 0.9 0.861
TFEQ 12 1.9 ± 0.9 0.767
TFEQ 15 2.4 ± 0.9 0.564
TFEQ 16 2.5 ± 0.8 0.444
TFEQ 18 3.4 ± 1.7 0.654

Uncontrolled Eating (composite reliability = 0.842; AVE = 0.435) - -
TFEQ 1 2.3 ± 0.9 0.529
TFEQ 4 2.1 ± 0.9 0.825
TFEQ 5 2.3 ± 0.8 0.635
TFEQ 7 2.2 ± 0.8 0.578
TFEQ 8 2.1 ± 0.9 0.695
TFEQ 9 2.0 ± 0.9 0.720

TFEQ 13 1.9 ± 0.8 0.652
TFEQ 14 2.0 ± 0.7 0.517
TFEQ 17 2.2 ± 0.8 0.731

Emotional Eating (composite reliability = 0.807; AVE = 0.836) - -
TFEQ 3 2.6 ± 1.0 0.849
TFEQ 6 2.2 ± 1.0 0.887

TFEQ 10 1.8 ± 0.9 0.804

AVE = average variance extracted; SD = standard deviation.

Table 4. Pearson’s correlations (and p-values) of PFS and TFEQ factors in a Brazilian adult sample.

Variables Food Available Food
Present

Food
Tasted

Cognitive
Restraint

Uncontrolled
Eating

Food Available 1.00 - - - -
Food Present 0.61 (<0.001) 1.00 - - -
Food Tasted 0.54 (<0.001) 0.59 (<0.001) 1.00 - -

Cognitive Restraint 0.12 (0.01) 0.03 (0.48) 0.02 (0.63) 1.00 -
Uncontrolled Eating 0.68 (0.001) 0.59 (<0.001) 0.45 (<0.001) 0.02 (0.63) 1.00

Emotional Eating 0.60 (0.001) 0.46 (<0.001) 0.38 (<0.001) 0.19 (<0.001) 0.52 (<0.001)

4.3. Structural Model

The first-order inner model of PLS-SEM was calculated (Figure 1), and it showed
adequate predictive relevance (Q2 > 0). The ‘food available’ domain had a positive relation-
ship with all three domains of eating behavior, showing a small effect size predicting CR
(f2 = 0.01) and medium effect sizes predicting UE (f2 = 0.32) and EE (f2 = 0.23). The ‘food
present’ domain had positive effects, with small effect sizes on UE (f2 = 0.08) and EE
(f2 = 0.01), and it showed no significant effect on CR. None of the paths from the ‘food
tasted’ domain were significant. Regarding the aspects of eating behavior, UE and EE
domains positively predicted BMI, both with small effect sizes (f2 = 0.02; f2 = 0.01). CR had
no significant effect on BMI or UE. However, CR was predicted by being on a diet, with a
small effect size (f2 = 0.08). The current diet also showed a small effect size predicting EE
(f2 = 0.01) but had no significant effect on UE. Furthermore, the CR domain was included as
a moderator of the influence of the ‘food present’ domain on UE, and it showed a negative
effect (f2 = 0.01), diminishing the association between motivation to consume food that is
present in the environment and UE.
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Figure 1. Final inner model: the predictive relationship between the psychological impact of the
food environment, aspects of eating behavior, current dieting, and body mass index of 413 adults
living in urban areas; β = path coefficient values; p-values of the statistics were based on bootstraps
with 5000 samples; blue arrows = paths emerging from PFS factors; violet arrows = paths emerg-
ing from TFEQ-R18 factors; light pink arrows = paths emerging from current dieting; light grey
arrows = non-significant paths.

4.4. Differences between Sexes

Several differences were observed between the sexes, as shown in Table 5. Women
had higher CR, EE, food available, food present, food tasted, and power of food aggregated
factor scores. These differences showed a small effect size (d > 0.2), except for EE, which
presented a medium effect size (d > 0.5). There was no significant difference in UE between
the sexes. Furthermore, 25% of female and 21% of male subjects were currently on a diet,
which does not represent a statistically significant difference (p = 0.383).

Table 5. Mean values and standard deviation of aspects of eating behavior and psychological impact
of food-rich environments according to proximity levels of palatable foods in Brazilian women and
men living in urban areas.

Variables
Women
(n = 205)

Mean ± SD

Men
(n = 208)

Mean ± SD
p-Value Cohen’s d

Cognitive Restraint 2.5 ± 0.7 2.3 ± 0.7 <0.001 0.342
Uncontrolled Eating 2.1 ± 0.6 2.1 ± 0.6 0.920 0.010

Emotional Eating 2.5 ± 0.9 2.0 ± 0.8 <0.001 0.532
Food Available 2.4 ± 0.9 2.1 ± 0.8 <0.001 0.391
Food Present 3.3 ± 0.9 2.8 ± 0.9 <0.001 0.450
Food Tasted 3.1 ± 0.8 2.9 ± 0.8 0.024 0.222

PFS Aggregated Factor 2.9 ± 0.8 2.6 ± 0.7 <0.001 0.420
SD = standard deviation.
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Despite the differences in the means of several variables, the path coefficients of the
PLS-SEM model were similar between the sexes in the multigroup analysis (Table 6). This
means that the factors of the PFS predicted eating behavior between sexes similarly.

Table 6. Differences between men’s and women’s path coefficients for predicting the effect of
the psychological impact of food-rich environments on aspects of eating behavior in a Brazilian
urban sample.

Paths
Mean Difference

(Men–Women)
Path Coefficient

p-Value

Cognitive Restraint → BMI 0.013 0.904
Cognitive Restraint → Uncontrolled Eating −0.053 0.461

Currently Dieting → Cognitive Restraint 0.307 0.192
Currently Dieting → Emotional Eating −0.047 0.819

Currently Dieting → BMI 0.132 0.538
Currently Dieting → Uncontrolled Eating −0.153 0.360

Emotional Eating → BMI 0.040 0.697
Food Tasted → Cognitive Restraint 0.088 0.546
Food Tasted → Emotional Eating −0.147 0.137

Food Tasted → Uncontrolled Eating 0.041 0.648
Food Available → Cognitive Restraint 0.014 0.914
Food Available → Emotional Eating −0.006 0.957

Food Available → Uncontrolled Eating 0.075 0.389
Food Present → Cognitive Restraint −0.150 0.272
Food Present → Emotional Eating 0.090 0.457

Food Present → Uncontrolled Eating −0.120 0.202
Uncontrolled Eating → BMI −0.021 0.831

Cognitive Restraint × Food Present → Uncontrolled Eating −0.084 0.160
BMI = body mass index.

5. Discussion
5.1. General Discussion

The main objective of this study was to examine the association between aspects of
eating behaviors of significant importance to population health (CR, UE, and EE) and
motivation to consume palatable foods in environments where they are highly available (as
measured with the PFS). The study also examined the association between these aspects and
other variables, such as sex, BMI, and current dieting. Our results suggest that the overall
availability of food is a strong and relevant predictor for eating behavior, particularly
uncontrolled and EE. Although weaker, the immediate presence of food in the environment
(i.e., food present) was also associated with eating behavior. Another important finding
was that dieting (which, on the one hand, might be an attempt to protect oneself from
today’s wide availability of palatable foods) predicted EE, which was also positively
associated with higher BMI in our sample. These results support our original hypothesis
that eating behavior is directly influenced by the food environment. Although significant
heritability has been demonstrated for appetite traits such as food responsiveness, it has
been suggested that the control of environmental conditions may alter the expression of
appetite [67]. Therefore, the findings corroborate the key role of managing exposure to
highly palatable foods in preventing the learned behaviors associated with weight gain
and eating disorders, such as EE [68].

Initially, a CFA was performed for the TFEQ-R18 and PFS. Both questionnaires have
shown good fit and reliability indicators when used in several countries [11,31,55,57,60,69–71].
The PFS and TFEQ-R18 showed adequate factorial structure with high reliability
and internal consistency, consistent with other studies involving the Brazilian popula-
tion [33,51,63]. Both scales had high factor loadings (>0.40), high CR (>0.70), and adequate
AVE (>0.40). Taken together, these CFA results support the finding that the TFEQ-R18 and
PFS are stable scales in Brazilian samples.
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Among the aspects of eating behavior, CR had the highest mean score, followed by EE
and UE, with all three aspects scoring low in the overall sample. However, when comparing
between groups, women scored higher on CR and EE than men. These differences support
previous findings showing higher levels of CR [72], EE [57], or both [73,74] in female
participants. The higher level of CR in females may be primarily due to the social pressure
regarding body weight that females face in almost all cultures [75]. These pressures may
lead to greater internalization of the thin body, perceived pressure from the media—an
orientation toward appearance—and concern about being overweight compared with
men [76]. While men in our sample had low scores on CR and EE, scores for women
were moderate, and the difference in EE showed a medium effect size. Concerning the
PFS factors, food tasted and food present scores were similar and higher than the food
available factor score. This result differs from samples from the USA [57] and Iran [58] but
is similar to other studies in Brazil [33,51] and Portugal [60]. This highlights the notion that
the ‘food present’ factor may be more relevant for Brazilian and Portuguese populations,
as these countries share some common cultural factors. We propose to investigate these
aspects further. Women also scored higher on all PFS factors, which is consistent with other
studies [33,58,77] and supports the idea that women are more susceptible to the hedonic
effects of palatable foods.

With adequate predictive relevance, our first-order inner model showed that appetite
responses reflecting motivation to eat palatable foods within different levels of food proxim-
ity seem to be related to the concepts of CR, UE, and EE. Although, to our knowledge, some
associations between PFS factors and aspects of eating behavior have already been reported
from the TFEQ [58,59], this was the first time that more detailed analyses, including a
predictive model, have been conducted. CR was predicted by the ‘food available’ factor,
which suggests that some level of restraint is exerted in response to the mere possibility of
accessing palatable foods. This seems to represent a form of general anticipation of today’s
food environment. This finding should be carefully scrutinized, as it is well known that
while some degree of CR may serve as a protective factor, it is also associated with poorer
diets, overeating, and susceptibility to obesity and eating disorders [78].

Uncontrolled eating and EE were predicted by the ‘food present’ and ‘food available’
factors. In our model, the path coefficient from ‘food available’ to UE and EE had the
largest effect sizes, i.e., not only can the motivational response to eating palatable and
physically available food lead to UE and EE, but this response appears to be even greater
in a broader context of food availability. This is consistent with hypotheses considering the
(so-called obesogenic) environment as the primary driver of eating-related conditions, as it
allows exteroceptive stimuli to constantly access the motivational mechanisms underlying
the natural drive to eat and can also induce a hyperphagic bias [3]. Thus, this result
suggests that avoiding physical proximity (e.g., not storing palatable foods at home) may
not prevent disturbances in eating behavior, given the easy and quick accessibility of
palatable foods in the modern food environment. Consistent with the recommendation
that health interventions should aim to reduce UE and EE rather than increase CR [78],
we suggest that not only should individual aspects, such as improving one’s relationship
with food, be considered, but also the effects of widespread food availability. Furthermore,
CR showed a moderator effect that attenuated the association between motivation to
eat palatable physically available foods and UE, whereas it was not directly associated
with UE.

As expected, being on a diet was associated with higher levels of CR. Dieting also
predicted higher levels of EE. Because EE was also associated with higher BMI, dieting could
be understood as a mediator. Our findings add to the growing body of evidence on the
paradoxical effects of dieting. This could be partly explained by previously demonstrated
associations between EE and increased amount of food consumed, increased consumption
of sweets and desserts, increased food delivery purchase, and decreased consumption of
vegetables [6], for example. UE also predicted higher BMI, which appears to be associated
with increased amounts of food consumed [6]. Considering previous findings showing that
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participants who scored lower on all TFEQ domains had the lowest BMI scores, while those
who scored higher on UE and EE had the highest BMI scores, it has been suggested that the
severity of these aspects of eating behavior may represent an increased risk for overweight
and obesity [69]. Thus, although UE may lead to higher BMI, EE, in particular, may be
exacerbated by interventions focused on weight loss diets, which may ultimately increase
vulnerability to weight gain. Furthermore, all the constructs discussed here were predicted
similarly regardless of the sex of the participants. Despite the tendency for women to have
higher levels of aspects of eating behavior and greater susceptibility to palatable foods, our
model appears to capture how women and men are exposed to the combined functioning
between the power of food, CR, UE, EE, dieting, and BMI.

5.2. Limitations of the Study

Our results should be considered in light of several limitations. First, although pre-
dictive modeling was used, this study used a cross-sectional design. Longitudinal or
experimental studies would allow researchers to confirm these results and draw conclu-
sions about the causal mechanisms between the studied variables. Another limitation
is that we did not examine whether participants were taking orexigenic or anorexigenic
medications. Finally, the study was web-based, which limited the participation of people
with low incomes or from vulnerable areas. Future studies with different sample profiles
and designs would contribute to a broader view of the issues discussed here.

6. Conclusions

The present study revealed that CR, UE, and EE were predicted by ‘food available’
(widely and easily accessible but not physically present food). The ‘food present’ factor
(food physically present) predicted uncontrolled eating and EE. Individuals currently
dieting showed higher levels of CR and EE. Finally, UE and EE were associated with BMI.
Thus, these aspects of eating behavior were positively related to motivation to consume
palatable foods in varying proximity. Our results suggest that the presence of food and,
more importantly, its general availability may be an important driver of eating behavior,
particularly UE and EE. The observed sex differences also suggest that women are more
prone to CR, EE, and the hedonic effects of palatable foods.

Our research underscores the importance of considering the influence of the contem-
porary availability of palatable foods in health strategies to prevent and better manage
eating behavior impairments with particular attention to women. Although completely
changing today’s food environment would be unrealistic, raising awareness of its poten-
tially dangerous role in health is in the public interest. In addition, our findings suggest
that dieting (which is typically associated with the intention to control or lose weight) is
associated with higher levels of EE, which in turn is associated with higher BMI. Therefore,
professionals and health intervention programs should be aware of the potential negative
effects of diet-based interventions.

Author Contributions: Conceptualization, N.d.M., J.P.d.C.-F. and D.T.d.C.; methodology, N.d.M.,
J.P.d.C.-F. and D.T.d.C.; software, N.d.M., J.P.d.C.-F. and D.T.d.C.; validation, N.d.M., J.P.d.C.-F.
and D.T.d.C.; formal analysis, D.T.d.C. investigation, N.d.M. and J.B.; resources, D.T.d.C.;
writing—original draft preparation, N.d.M. and J.B; writing—review and editing, J.P.d.C.-F. and
D.T.d.C.; visualization, J.P.d.C.-F.; supervision, D.T.d.C.; project administration, J.P.d.C.-F. funding
acquisition, D.T.d.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded by Coordenação de Aprefeiçoamento do Ensino
Superior—CAPES, finance code 001.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of State University of Campinas
(protocol code 62848922.7.0000.5404, on 5 October 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.



Foods 2024, 13, 52 13 of 15

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Liu, C.M.; Kanoski, S.E. Homeostatic and Non-Homeostatic Controls of Feeding Behavior: Distinct vs. Common Neural Systems.

Physiol. Behav. 2018, 193, 223–231. [CrossRef]
2. Rossi, M.A.; Stuber, G.D. Overlapping Brain Circuits for Homeostatic and Hedonic Feeding. Cell Metab. 2018, 27, 42–56. [CrossRef]

[PubMed]
3. Berthoud, H.R.; Morrison, C.D.; Münzberg, H. The Obesity Epidemic in the Face of Homeostatic Body Weight Regulation: What

Went Wrong and How Can It Be Fixed? Physiol. Behav. 2020, 222, 112959. [CrossRef]
4. Taquet, M.; Geddes, J.R.; Luciano, S.; Harrison, P.J. Incidence and Outcomes of Eating Disorders during the COVID-19 Pandemic.

Br. J. Psychiatry 2021, 220, 262–264. [CrossRef] [PubMed]
5. Blüher, M. Obesity: Global Epidemiology and Pathogenesis. Nat. Rev. Endocrinol. 2019, 15, 288–298. [CrossRef] [PubMed]
6. Costa, M.L.; Costa, M.G.O.; de Souza, M.F.C.; da Silva, D.G.; dos Santos Vieira, D.A.; Mendes-Netto, R.S. Cognitive Restraint,

Emotional Eating and Uncontrolled Eating: Exploring Factors Associated with the Cycle of Behaviors during the COVID-19
Pandemic. Food Qual. Prefer. 2022, 100, 104579. [CrossRef]

7. Zerón-Rugerio, M.F.; Hernáez, Á.; Cambras, T.; Izquierdo-Pulido, M. Emotional Eating and Cognitive Restraint Mediate the
Association between Sleep Quality and BMI in Young Adults. Appetite 2022, 170, 105899. [CrossRef]

8. de Oliveira, J.; Colombarolli, M.S.; Figueredo, L.S.; Cordás, T.A. Cognitive Restraint Directed at Carbohydrates in Individuals on
Low-Carb Diet with Binge Eating: The Role of Guilt about Food Cravings. Einstein 2021, 19, eAO5599. [CrossRef]

9. Eating When Depressed, Anxious, Bored, or Happy: Are Emotional Eating Types Associated with Unique Psychological and
Physical Health Correlates? Appetite 2018, 125, 410–417. [CrossRef]

10. Mantau, A.; Hattula, S.; Bornemann, T. Individual Determinants of Emotional Eating: A Simultaneous Investigation. Appetite
2018, 130, 93–103. [CrossRef]

11. Karlsson, J.; Persson, L.O.; Sjöström, L.; Sullivan, M. Psychometric Properties and Factor Structure of the Three-Factor Eating
Questionnaire (TFEQ) in Obese Men and Women. Results from the Swedish Obese Subjects (SOS) Study. Int. J. Obes. 2000, 24,
1715–1725. [CrossRef] [PubMed]

12. Polivy, J.; Herman, C.P.; Mills, J.S. What Is Restrained Eating and How Do We Identify It? Appetite 2020, 155, 104820. [CrossRef]
[PubMed]

13. Rodgers, R.F.; Fischer, L.E.; Murray, S.B.; Franko, D.L. Integrating Fear of Fatness into Sociocultural Models of Body Image and
Eating Concerns. Eat. Behav. 2022, 46, 101653. [CrossRef] [PubMed]

14. Czepczor-Bernat, K.; Brytek-Matera, A.; Matusik, P. The Homeostatic Theory of Obesity: An Empirical Verification of the Circle of
Discontent with an Assessment of Its Relationship to Restrained and Uncontrolled Eating among Children and Adolescents. Int.
J. Environ. Res. Public Health 2020, 17, 6028. [CrossRef] [PubMed]

15. Adriaanse, M.A.; Ridder, D.T.D.; Evers, C. Emotional eating: Eating when emotional or emotional about eating? Psychol. Health
2011, 26, 23–39. [CrossRef] [PubMed]

16. Fuente González, C.E.; Chávez-Servín, J.L.; De La Torre-Carbot, K.; Ronquillo González, D.; Aguilera Barreiro, M.D.L.Á.; Ojeda
Navarro, L.R. Relationship between Emotional Eating, Consumption of Hyperpalatable Energy-Dense Foods, and Indicators of
Nutritional Status: A Systematic Review. J. Obes. 2022, 2022, 4243868. [CrossRef] [PubMed]

17. Araiza, A.M.; Lobel, M.; Ashley Araiza, C.M.; Burghardt Turner Fellowship, W. Stress and Eating: Definitions, Findings,
Explanations, and Implications. Soc. Pers. Psychol. Compass. 2018, 12, e12378. [CrossRef]

18. Lowe, M.R.; Butryn, M.L. Hedonic Hunger: A New Dimension of Appetite? Physiol. Behav. 2007, 91, 432–439. [CrossRef]
19. Lowe, M.R.; Levine, A.S. Eating Motives and the Controversy over Dieting: Eating Less than Needed versus Less than Wanted.

Obes. Res. 2005, 13, 797–806. [CrossRef]
20. Manderson, L.; Jewett, S. Risk, Lifestyle and Non-Communicable Diseases of Poverty. Glob. Health 2023, 19, 13. [CrossRef]
21. Marsola, C.D.M.; Cunha, L.M.; De Carvalho-Ferreira, J.P.; Da Cunha, D.T. Factors Underlying Food Choice Motives in a Brazilian

Sample: The Association with Socioeconomic Factors and Risk Perceptions about Chronic Diseases. Foods 2020, 9, 1114. [CrossRef]
[PubMed]

22. Zanetta, L.D.A.; Hakim, M.P.; Gastaldi, G.B.; Seabra, L.M.A.J.; Rolim, P.M.; Nascimento, L.G.P.; Medeiros, C.O.; da Cunha, D.T.
The Use of Food Delivery Apps during the COVID-19 Pandemic in Brazil: The Role of Solidarity, Perceived Risk, and Regional
Aspects. Food Res. Int. 2021, 149, 110671. [CrossRef] [PubMed]

23. Espel-Huynh, H.M.; Muratore, A.F.; Lowe, M.R. A Narrative Review of the Construct of Hedonic Hunger and Its Measurement
by the Power of Food Scale. Obes. Sci. Pract. 2018, 4, 238–249. [CrossRef] [PubMed]

24. McCutcheon, J.E.; Williams, D.L. Introduction to the Special Issue: Homeostatic vs. Hedonic Feeding. Physiol. Behav. 2021,
236, 113415. [CrossRef]

25. Hsu, T.M.; McCutcheon, J.E.; Roitman, M.F. Parallels and Overlap: The Integration of Homeostatic Signals by Mesolimbic
Dopamine Neurons. Front. Psychiatry 2018, 9, 410. [CrossRef]

https://doi.org/10.1016/j.physbeh.2018.02.011
https://doi.org/10.1016/j.cmet.2017.09.021
https://www.ncbi.nlm.nih.gov/pubmed/29107504
https://doi.org/10.1016/j.physbeh.2020.112959
https://doi.org/10.1192/bjp.2021.105
https://www.ncbi.nlm.nih.gov/pubmed/35048812
https://doi.org/10.1038/s41574-019-0176-8
https://www.ncbi.nlm.nih.gov/pubmed/30814686
https://doi.org/10.1016/j.foodqual.2022.104579
https://doi.org/10.1016/j.appet.2021.105899
https://doi.org/10.31744/einstein_journal/2021AO5599
https://doi.org/10.1016/j.appet.2018.02.022
https://doi.org/10.1016/j.appet.2018.07.015
https://doi.org/10.1038/sj.ijo.0801442
https://www.ncbi.nlm.nih.gov/pubmed/11126230
https://doi.org/10.1016/j.appet.2020.104820
https://www.ncbi.nlm.nih.gov/pubmed/32768601
https://doi.org/10.1016/j.eatbeh.2022.101653
https://www.ncbi.nlm.nih.gov/pubmed/35907363
https://doi.org/10.3390/ijerph17176028
https://www.ncbi.nlm.nih.gov/pubmed/32825045
https://doi.org/10.1080/08870440903207627
https://www.ncbi.nlm.nih.gov/pubmed/20204980
https://doi.org/10.1155/2022/4243868
https://www.ncbi.nlm.nih.gov/pubmed/35634585
https://doi.org/10.1111/spc3.12378
https://doi.org/10.1016/j.physbeh.2007.04.006
https://doi.org/10.1038/oby.2005.90
https://doi.org/10.1186/s12992-023-00914-z
https://doi.org/10.3390/foods9081114
https://www.ncbi.nlm.nih.gov/pubmed/32823593
https://doi.org/10.1016/j.foodres.2021.110671
https://www.ncbi.nlm.nih.gov/pubmed/34600673
https://doi.org/10.1002/osp4.161
https://www.ncbi.nlm.nih.gov/pubmed/29951214
https://doi.org/10.1016/j.physbeh.2021.113415
https://doi.org/10.3389/fpsyt.2018.00410


Foods 2024, 13, 52 14 of 15

26. Berthoud, H.R.; Münzberg, H.; Morrison, C.D. Blaming the Brain for Obesity: Integration of Hedonic and Homeostatic Mecha-
nisms. Gastroenterology 2017, 152, 1728–1738. [CrossRef]

27. Oliveira-Maia, A.J.; de Araujo, I.E.; Monteiro, C.; Workman, V.; Galhardo, V.; Nicolelis, M.A.L. The Insular Cortex Controls Food
Preferences Independently of Taste Receptor Signaling. Front. Syst. Neurosci. 2012, 6, 5. [CrossRef]

28. Oliveira-Maia, A.J.; Roberts, C.D.; Walker, Q.D.; Luo, B.; Kuhn, C.; Simon, S.A.; Nicolelis, M.A.L. Intravascular Food Reward.
PLoS ONE 2011, 6, e24992. [CrossRef]

29. Epstein, L.H.; Leddy, J.J. Food Reinforcement. Appetite 2006, 46, 22–25. [CrossRef]
30. Stice, E.; Yokum, S. Neural Vulnerability Factors That Increase Risk for Future Weight Gain. Psychol. Bull. 2016, 142, 447.

[CrossRef]
31. Lowe, M.R.; Butryn, M.L.; Didie, E.R.; Annunziato, R.A.; Thomas, J.G.; Crerand, C.E.; Ochner, C.N.; Coletta, M.C.; Bellace, D.;

Wallaert, M.; et al. The Power of Food Scale. A New Measure of the Psychological Influence of the Food Environment. Appetite
2009, 53, 114–118. [CrossRef] [PubMed]

32. Ferrario, C.R. Why Did I Eat That? Contributions of Individual Differences in Incentive Motivation and Nucleus Accumbens
Plasticity to Obesity. Physiol. Behav. 2020, 227, 113114. [CrossRef] [PubMed]

33. Paiva, J.B.; Carvalho-Ferreira, J.P.; Penati, M.P.; Buckland, N.J.; Dalton, M.; da Cunha, D.T. Exploring the Pathways from the
Power of Food to Food Cravings in a Sample of Brazilian Young Adults. Appetite 2023, 181, 106381. [CrossRef] [PubMed]

34. Mann, T.; Tomiyama, A.J.; Westling, E.; Lew, A.M.; Samuels, B.; Chatman, J. Medicare’s Search for Effective Obesity Treatments:
Diets Are Not the Answer. Am. Psychol. 2007, 62, 220–233. [CrossRef] [PubMed]

35. Lowe, M.R.; Doshi, S.D.; Katterman, S.N.; Feig, E.H. Dieting and Restrained Eating as Prospective Predictors of Weight Gain.
Front. Psychol. 2013, 4, 57480. [CrossRef]

36. Lowe, M.R. Dieting: Proxy or Cause of Future Weight Gain? Obes. Rev. 2015, 16 (Suppl. S1), 19–24. [CrossRef]
37. Stice, E.; Durant, S.; Burger, K.S.; Schoeller, D.A. Weight Suppression and Risk of Future Increases in Body Mass: Effects of

Suppressed Resting Metabolic Rate and Energy Expenditure. Am. J. Clin. Nutr. 2011, 94, 7–11. [CrossRef]
38. Polivy, J. Psychological Consequences of Food Restriction. J. Am. Diet Assoc. 1996, 96, 589–592. [CrossRef]
39. Neumark-Sztainer, D.; Wall, M.; Story, M.; Standish, A.R. Dieting and Unhealthy Weight Control Behaviors during Adolescence:

Associations with 10-Year Changes in Body Mass Index. J. Adolesc. Health 2012, 50, 80–86. [CrossRef]
40. Neumark-Sztainer, D.; Wall, M.; Haines, J.; Story, M.; Eisenberg, M.E. Why Does Dieting Predict Weight Gain in Adolescents?

Findings from Project EAT-II: A 5-Year Longitudinal Study. J. Am. Diet Assoc. 2007, 107, 448–455. [CrossRef]
41. Goldschmidt, A.B.; Wall, M.; Loth, K.A.; Le Grange, D.; Neumark-Sztainer, D. Which Dieters Are at Risk for the Onset of Binge

Eating? A Prospective Study of Adolescents and Young Adults. J. Adolesc. Health 2012, 51, 86–92. [CrossRef] [PubMed]
42. Adams, R.C.; Chambers, C.D.; Lawrence, N.S. Do Restrained Eaters Show Increased BMI, Food Craving and Disinhibited Eating?

A Comparison of the Restraint Scale and the Restrained Eating Scale of the Dutch Eating Behaviour Questionnaire. R. Soc. Open
Sci. 2019, 6, 190174. [CrossRef] [PubMed]

43. Péneau, S.; Ménard, E.; Méjean, C.; Bellisle, F.; Hercberg, S. Sex and Dieting Modify the Association between Emotional Eating
and Weight Status. Am. J. Clin. Nutr. 2013, 97, 1307–1313. [CrossRef] [PubMed]

44. Westenhoefer, J.; Stunkard, A.J.; Pudel, V. Validation of the Flexible and Rigid Control Dimensions of Dietary Restraint. Int. J. Eat.
Disord. 1999, 26, 53–64. [CrossRef]

45. van Strien, T. Causes of Emotional Eating and Matched Treatment of Obesity. Curr. Diab. Rep. 2018, 18, 35. [CrossRef] [PubMed]
46. Markey, C.H.; Strodl, E.; Aimé, A.; McCabe, M.; Rodgers, R.; Sicilia, A.; Coco, G.L.; Dion, J.; Mellor, D.; Pietrabissa, G.; et al. A

Survey of Eating Styles in Eight Countries: Examining Restrained, Emotional, Intuitive Eating and Their Correlates. Br. J. Health
Psychol. 2023, 28, 136–155. [CrossRef]

47. Vlahoyiannis, A.; Nifli, A.P. Dietary Restraint Is Associated with Adiposity and Repeated Attempts of Food Avoidance since
Early Adolescence. Physiol. Behav. 2020, 218, 112826. [CrossRef]

48. Bärebring, L.; Palmqvist, M.; Winkvist, A.; Augustin, H. Gender Differences in Perceived Food Healthiness and Food Avoidance
in a Swedish Population-Based Survey: A Cross Sectional Study. Nutr. J. 2020, 19, 140. [CrossRef]

49. Ek, S. Gender Differences in Health Information Behaviour: A Finnish Population-Based Survey. Health Promot. Int. 2015, 30,
736–745. [CrossRef]

50. Wardle, J.; Haase, A.M.; Steptoe, A.; Nillapun, M.; Jonwutiwes, K.; Bellisle, F. Gender Differences in Food Choice: The Contribution
of Health Beliefs and Dieting. Ann. Behav. Med. 2004, 27, 107–116. [CrossRef]

51. Paiva, J.B.; Carvalho-Ferreira, J.P.; Penati, M.P.; Buckland, N.J.; da Cunha, D.T. Motivation to Consume Palatable Foods as a
Predictor of Body Image Dissatisfaction: Using the Power of Food Scale in a Brazilian Sample. Eat. Behav. 2022, 45, 101634.
[CrossRef] [PubMed]

52. Henseler, J.; Ringle, C.M.; Sinkovics, R.R. The Use of Partial Least Squares Path Modeling in International Marketing. Adv. Int.
Mark. 2009, 20, 277–319. [CrossRef]

53. Kyriazos, T.A.; Kyriazos, T.A. Applied Psychometrics: Sample Size and Sample Power Considerations in Factor Analysis (EFA,
CFA) and SEM in General. Psychology 2018, 9, 2207–2230. [CrossRef]

54. Lipsky, L.M.; Nansel, T.R.; Hayne, D.L.; Liu, D.; Eisenberg, M.H.; Simons-Morton, B. Power of Food Scale in association with
weight outcomes and dieting in a nationally representative cohort of U.S. young adults. Appetite 2016, 105, 358–391. [CrossRef]
[PubMed]

https://doi.org/10.1053/j.gastro.2016.12.050
https://doi.org/10.3389/fnsys.2012.00005
https://doi.org/10.1371/journal.pone.0024992
https://doi.org/10.1016/j.appet.2005.04.006
https://doi.org/10.1037/bul0000044
https://doi.org/10.1016/j.appet.2009.05.016
https://www.ncbi.nlm.nih.gov/pubmed/19500623
https://doi.org/10.1016/j.physbeh.2020.113114
https://www.ncbi.nlm.nih.gov/pubmed/32777311
https://doi.org/10.1016/j.appet.2022.106381
https://www.ncbi.nlm.nih.gov/pubmed/36410563
https://doi.org/10.1037/0003-066X.62.3.220
https://www.ncbi.nlm.nih.gov/pubmed/17469900
https://doi.org/10.3389/fpsyg.2013.00577
https://doi.org/10.1111/obr.12252
https://doi.org/10.3945/ajcn.110.010025
https://doi.org/10.1016/S0002-8223(96)00161-7
https://doi.org/10.1016/j.jadohealth.2011.05.010
https://doi.org/10.1016/j.jada.2006.12.013
https://doi.org/10.1016/j.jadohealth.2011.11.001
https://www.ncbi.nlm.nih.gov/pubmed/22727082
https://doi.org/10.1098/rsos.190174
https://www.ncbi.nlm.nih.gov/pubmed/31312488
https://doi.org/10.3945/ajcn.112.054916
https://www.ncbi.nlm.nih.gov/pubmed/23576047
https://doi.org/10.1002/(SICI)1098-108X(199907)26:1%3C53::AID-EAT7%3E3.0.CO;2-N
https://doi.org/10.1007/s11892-018-1000-x
https://www.ncbi.nlm.nih.gov/pubmed/29696418
https://doi.org/10.1111/bjhp.12616
https://doi.org/10.1016/j.physbeh.2020.112826
https://doi.org/10.1186/s12937-020-00659-0
https://doi.org/10.1093/heapro/dat063
https://doi.org/10.1207/s15324796abm2702_5
https://doi.org/10.1016/j.eatbeh.2022.101634
https://www.ncbi.nlm.nih.gov/pubmed/35569294
https://doi.org/10.1108/S1474-7979(2009)0000020014
https://doi.org/10.4236/psych.2018.98126
https://doi.org/10.1016/j.appet.2016.06.012
https://www.ncbi.nlm.nih.gov/pubmed/27298083


Foods 2024, 13, 52 15 of 15

55. Ulker, I.; Ayyildiz, F.; Yildiran, H. Validation of the Turkish Version of the Power of Food Scale in Adult Population. Eat. Weight
Disord. 2021, 26, 1179–1186. [CrossRef] [PubMed]

56. Painter, J.E.; Wansink, B.; Hieggelke, J.B. How Visibility and Convenience Influence Candy Consumption. Appetite 2002, 38,
237–238. [CrossRef] [PubMed]

57. Cappelleri, J.C.; Bushmakin, A.G.; Gerber, R.A.; Leidy, N.K.; Sexton, C.C.; Karlsson, J.; Lowe, M.R. Evaluating the Power of Food
Scale in Obese Subjects and a General Sample of Individuals: Development and Measurement Properties. Int. J. Obes. 2009, 33,
913–922. [CrossRef]

58. Aliasghari, F.; Asghari Jafarabadi, M.; Lotfi Yaghin, N.; Mahdavi, R. Psychometric Properties of Power of Food Scale in Iranian
Adult Population: Gender-Related Differences in Hedonic Hunger. Eat. Weight Disord. 2020, 25, 185–193. [CrossRef]

59. Yoshikawa, T.; Orita, K.; Watanabe, Y.; Tanaka, M. Validation of the Japanese Version of the Power of Food Scale in a Young Adult
Population. Psychol. Rep. 2012, 111, 253–265. [CrossRef]

60. Ribeiro, G.; Santos, O.; Camacho, M.; Torres, S.; Mucha-Vieira, F.; Sampaio, D.; Oliveira-Maia, A.J. Translation, Cultural Adaptation
and Validation of the Power of Food Scale for Use by Adult Populations in Portugal. Acta Med. Port. 2015, 28, 575–582. [CrossRef]

61. Stunkard, A.J.; Messick, S. The Three-Factor Eating Questionnaire to Measure Dietary Restraint, Disinhibition and Hunger.
J. Psychosom. Res. 1985, 29, 71–83. [CrossRef] [PubMed]

62. Tholin, S.; Rasmussen, F.; Tynelius, P.; Karlsson, J. Genetic and Environmental Influences on Eating Behavior: The Swedish Young
Male Twins Study. Am. J. Clin. Nutr. 2005, 81, 564–569. [CrossRef] [PubMed]

63. Martins, B.G.; da Silva, W.R.; Maroco, J.; Campos, J.A.D.B. Psychometric Characteristics of the Three-Factor Eating Questionnaire-
18 and Eating Behavior in Undergraduate Students. Eat. Weight Disord. 2021, 26, 525–536. [CrossRef] [PubMed]

64. Kline, R.B. Principles and Practice of Structural Equation Modeling; Guilford Publications: New York, NY, USA, 1998.
65. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Academic Press: Cambridge, MA, USA, 2013. [CrossRef]
66. Henseler, J.; Ringle, C.M.; Sarstedt, M. A New Criterion for Assessing Discriminant Validity in Variance-Based Structural Equation

Modeling. J. Acad. Mark. Sci. 2015, 43, 115–135. [CrossRef]
67. Llewellyn, C.H.; Van Jaarsveld, C.H.M.; Johnson, L.; Carnell, S.; Wardle, J. Nature and Nurture in Infant Appetite: Analysis of the

Gemini Twin Birth Cohort. Am. J. Clin. Nutr. 2010, 91, 1172–1179. [CrossRef] [PubMed]
68. Herle, M.; Fildes, A.; Llewellyn, C.H. Emotional Eating Is Learned Not Inherited in Children, Regardless of Obesity Risk. Pediatr.

Obes. 2018, 13, 628–631. [CrossRef] [PubMed]
69. Löffler, A.; Luck, T.; Then, F.S.; Sikorski, C.; Kovacs, P.; Böttcher, Y.; Breitfeld, J.; Tönjes, A.; Horstmann, A.; Löffler, M.; et al.

Eating Behaviour in the General Population: An Analysis of the Factor Structure of the German Version of the Three-Factor-
Eating-Questionnaire (TFEQ) and Its Association with the Body Mass Index. PLoS ONE 2015, 10, e0133977. [CrossRef]

70. Mostafavi, S.A.; Akhondzadeh, S.; Mohammadi, M.R.; Eshraghian, M.R.; Hosseini, S.; Chamari, M.; Keshavarz, S.A. The
Reliability and Validity of the Persian Version of Three-Factor Eating Questionnaire-R18 (TFEQ-R18) in Overweight and Obese
Females. Iran J. Psychiatry 2017, 12, 100–108.

71. Vázquez-Velázquez, V.; Velázquez-Jurado, H.; Stephano-Zúñiga, S.; Méndez-Hernández, C.; Salinas-Rivera, E. Psychometric
Properties of the Three-Factor Eating Questionnaire-R18 (TFEQ-R18) in Mexican Patients with Obesity. Rev. Mex. De Trastor.
Aliment. 2022, 12, 146–155. [CrossRef]

72. Jáuregui-Lobera, I.; García-Cruz, P.; Carbonero-Carreño, R.; Magallares, A.; Ruiz-Prieto, I. Psychometric Properties of Spanish
Version of the Three-Factor Eating Questionnaire-R18 (Tfeq-Sp) and Its Relationship with Some Eating- and Body Image-Related
Variables. Nutrients 2014, 6, 5619–5635. [CrossRef]

73. De Lauzon, B.; Romon, M.; Deschamps, V.; Lafay, L.; Borys, J.M.; Karlsson, J.; Ducimetière, P.; Charles, M.A. The Three-Factor
Eating Questionnaire-R18 Is Able to Distinguish among Different Eating Patterns in a General Population. J. Nutr. 2004, 134,
2372–2380. [CrossRef] [PubMed]

74. de Medeiros, A.C.Q.; Yamamoto, M.E.; Pedrosa, L.F.C.; Hutz, C.S. The Brazilian Version of the Three-Factor Eating Questionnaire-
R21: Psychometric Evaluation and Scoring Pattern. Eat. Weight Disord. 2017, 22, 169–175. [CrossRef] [PubMed]

75. Nasser, M. Eating Disorders across Cultures. Psychiatry 2009, 8, 347–350. [CrossRef]
76. Baceviciene, M.; Jankauskiene, R. Changes in Sociocultural Attitudes towards Appearance, Body Image, Eating Attitudes and

Behaviours, Physical Activity, and Quality of Life in Students before and during COVID-19 Lockdown. Appetite 2021, 166, 105452.
[CrossRef] [PubMed]
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