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Abstract
Internally regulated eating style, the eating style that is driven by internal bodily sensations of hunger and satiation, is a concept that has received
increasing attention in the literature and health practice over the last decades. The various attempts that have been made so far to conceptualise
internally regulated eating have taken place independently of one another, and each sheds light on only parts of the total picture of what defines
internally regulated eating. This has resulted in a literature that is rather fragmented. More importantly, it is not yet clear which are the character-
istics that comprise this eating style. In this paper, we identify and describe the full spectrumof these characteristics, namely, sensitivity to internal
hunger and satiation signals, self-efficacy in using internal hunger and satiation signals, self-trusting attitude for the regulation of eating, relaxed
relationship with food and tendency to savour the food while eating. With this research, we introduce a common language to the field and we
present a new theoretical framework that does justice not just to the full breadth of characteristics that are necessary for the internally regulated
eating style but also to the associations between them and the potential mechanisms by which they contribute to this eating style.
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Humans are equipped with a highly sophisticated energy
regulation system that provides signals about when to start
and stop eating(1,2). Although several environmental, genetic
and developmental factors pose challenges to our everyday
efforts to regulate eating(3–5), some people do relatively well
in listening to and acting upon these internal bodily signals
in a confident, relaxed and enjoyable way.

Prior research has shown that the tendency to eat in response
to physiological signals of hunger and satiation (i.e. internally
regulated eating style) associates with lower BMI (small to
medium effect sizes have been reported(6,7)), better psycho-
logical outcomes (e.g. higher body appreciation, self-esteem,
emotional awareness, life satisfaction, psychological flexibil-
ity; lower depression, anxiety, perfectionism, dichotomous
thinking, preoccupation with food) and better behavioural
outcomes (e.g. lower restrained, emotional and external eating,
unhealthy weight-loss practices, eating disorder symptomatology;
higher eating self-efficacy, proactive coping, autonomy)(8–14).
Evidence from intervention studies further corroborates these
positive findings(8,10,15–23), although with respect to weight it
seems that internally regulated eating mainly results in weight
maintenance and to a lesser extent in weight loss (small effect
sizes have been reported(24)). The impact on energy intake,
dietary quality and other physical indicators of health (e.g. blood

pressure, lipids and glucose) is less clear, although improvements
have also been documented in those domains(8,15,16,21,25–31).

Although we are still far from making firm conclusions about
the effects of this eating style, this body of evidence suggests that
it can have beneficial effects. Internally regulated eating style has
received considerable attention in the literature but in a highly
fragmented manner, as many research groups have tried to con-
ceptualise this eating style from their own theoretical lenses.
Concepts such as intuitive eating, eating competence, mindful
eating, etc. have emerged in the literature and practice, which
all refer to eating styles that are driven by internal hunger
and satiation cues. For example, Tribole & Resch(32) originally
defined intuitive eating as the type of eating that is based on
physiological cues of hunger and satiety rather than on emo-
tional or external cues. They positioned intuitive eating as an
eating style with a strong anti-diet mentality; connection with
and responsiveness to internal signals of hunger, fullness and
food selection; relaxed relationship with food; non-responsive-
ness to emotional hunger; body appreciation and appreciation of
the food’s sensory qualities. Tylka and colleagues(33,34) brought
the concept of intuitive eating forward by describing and
measuring some key elements: unconditional permission to
eat, eating for physical rather than emotional reasons, reliance
on internal hunger and satiety cues and body-food choice
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congruence (the extent to which individuals match their food
choices with their bodies’ needs).

Eating competence also falls within the boundaries of inter-
nally regulated eating. Eating competence is defined as being
‘positive, comfortable, and flexiblewith eating andmatter-of-fact
and reliable about getting enough to eat of enjoyable and nour-
ishing food’(35). Individuals who score high on the eating com-
petence self-report measure are those who have positive
attitudes about food and eating, experiment with new food
and learn to accept it, respond to internal signals of hunger
and satiety and have good meal planning skills. Eating compe-
tence is built on two main pillars: permission (choosing and eat-
ing food that is liked in adequate amounts to satisfy hunger) and
discipline (eating family-style meals at predictable times). Thus,
it differs from intuitive eating in that it focuses more on respon-
siveness to satiation signals for meal termination and to a lesser
extent on responsiveness to hunger signals for meal initiation. In
fact, thosewho practice eating competence learn to tolerate hun-
ger at reasonable levels to adhere to the social structure of meals
and snacks.

A third prominent and increasingly studied concept related to
internal regulation of eating is mindful eating. Mindful eating is
based on the application of mindfulness techniques to regulate
eating. The conceptual foundation for mindful eating was pro-
vided by a group of researchers who developed a treatment
for binge eating disorder; Mindful-Based Eating Awareness
Training(36,37). Based on this conceptualisation, cultivation of
mindful eating incorporates bringing attention to the eating
experience in a non-judgmental manner, savouring the food
and appreciating its sensory qualities, being aware of hunger
and satiety sensations and making food choices based on both
liking and health(38).

Finally, several intervention programmes promote internally
regulated eating but do not fall under the three main research
streams mentioned above. For example, Appetite Awareness
Training(20) aims to re-establish and enhance sensitivity and
responsiveness to internal signals of hunger and satiety and to
overcome self-perpetuating maladaptive cycles of overeating that
result from dietary restraint, emotional and other situational cues.
An extension of this programme also involves the reduction of
reactivity to food cues that predict food intake(39). There is also
a sensory-based nutrition intervention that, next to promoting eat-
ing in response to internal hunger and satiety cues, aims to build
a non-restrictive relationship with food and to amplify, with
sensory education, the pleasure that is associated with
eating(40).

As can be seen, the concept of internally regulated eating has
gone into many directions and described by different terminol-
ogies, while limited efforts have been made to see this literature
from a panoramic perspective(41,42). Therefore, it is still not clear
which are the key characteristics that enable individuals to stick
to this internal, body-based eating style. While each of the pre-
vious attempts to understand the internally regulated eating style
has shed light only on parts of the total picture, analysing them
together at a more integrated level would do more justice to the
full complexity of the concept.

In this paper, we synthesise the full breadth of characteristics
that are necessary for the internally regulated eating style, we

provide definitions for these characteristics, and we specify
hypotheses about how they relate to each other and how they
contribute to this eating style. We focus on individual-difference
characteristics that form a general tendency (eating style) and
not on particular behaviours that manifest as a result of this ten-
dency. This is important because eating behaviours vary sub-
stantially depending on situational factors, while the dominant
eating style of individuals is more stable over time and predictive
of the broader pattern of someone’s eating behaviour(43). Thus,
we position internally regulated eating style as a general ten-
dency that is underpinned by five individual-difference charac-
teristics, namely, sensitivity to physiological signals of hunger
and satiation, self-efficacy in using physiological signals of hun-
ger and satiation to determine when and how much to eat, trust
on the body’s physiological processes for the regulation of eating
and the tendencies towards food legalisation and food enjoy-
ment. We believe it is necessary to understand the trait-like char-
acteristics that work as preconditions for the internally regulated
eating style and the mechanisms by which these characteristics
support individuals in maintaining this eating style.

In achieving the aims above, wemake the following scientific
contributions: first, we contribute to the integration of a rather
fragmented literature; second,we introduce a common language
to the field by providing definitions for the full breadth of char-
acteristics that define the internally regulated eating style and,
third, we build a theoretical framework that does justice not only
to the full spectrum of characteristics of the internally regulated
eating style but also to the associations between them. This is
important because concepts in this domain have not always
been properly defined, and limited efforts have been made to
hypothesise and justify the potential associations between them.
This work highlights the characteristics that individuals should
maintain or improve to be able to adhere to this eating style,
and at the same time the areas that should be addressed by health
professionals in order to promote this eating style among their
clients. The theoretical framework presented here can be used
to develop comprehensive measures of internally regulated eat-
ing style and to design lifestyle interventions for the promotion of
physical and psychological health.

What is internally regulated eating?

Hormonal, neural and mechanical signals that are coordinated
through the brain are translated into subjective sensations of
hunger and satiation that signal when to start and stop eating.
Hunger and satiation become noticeable not only with visceral
sensations in the abdominal area (e.g. hollow sensation, growl-
ing sounds, gastric contractions and gastric distension) but also
with more generalised physical (e.g. fatigue, weakness and dis-
comfort), affective (e.g. desire to eat, decline in pleasantness or
reward value of the food) and cognitive changes (e.g. lack of
concentration, thoughts about food and lack of interest in
food)(44). These components can act synergistically to form an
integrated feeling of hunger or satiation, respectively, but they
can also influence our behaviour on their own. For example,
patients whose stomach has been removed still report feeling
hungry or full despite the lack of visceral cues(45). Similarly,
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individuals may experience visceral symptoms of hunger with-
out a desire to eat at that specific moment due to stress, negative
emotions or because they are busy(44).

Visceral and broader physical (bodily) sensations of hunger
and satiation are particularly relevant for internally regulated eat-
ing. Individuals who regulate their eating internally determine
when and how much they eat based on sensations of this kind,
that is, they initiate eating when they experience moderate
bodily signs of hunger and cease eating upon experience of
moderate bodily signs of satiation(19,32,46–51). This narrower con-
trol of eating prevents individuals from experiencing extreme
states of hunger and fullness. Affective or cognitive signals can
of course co-occur with physical ones when initiating or ending
a meal; however, responding to the former in the absence of the
latter is not compatible with internally regulated eating. It can be
argued that sometimes it is difficult to distinguish physical from
affective or cognitive signals. For example, palatable foods can
impact appetite control and increase the sensation of hunger(52).
However, it is important to consider that hunger is commonly
measured with self-reports that capture a rather integrated feel-
ing of hunger (e.g. how hungry do you feel at the moment?)(53)

rather than its physical component per se. Therefore, it remains a
possibility that physical hunger is distinguishable from non-
physical forms of hunger if it is explicitly evaluated. In the rest
of the paper, we use the terms ‘internal’ or ‘physiological
cues/signals’ to refer to the physical component (bodily sensa-
tions) of hunger and satiation.

Which are the key components of the internally regulated
eating style?

The ability to sense/perceive and interpret the signals that the
body generates in response to hunger and satiation is a central
characteristic of the internally regulated eating style. Existing
conceptualisations of internally regulated eating refer to this as
‘the ability to clearly recognise the physical signs of hunger, sat-
isfaction, and fullness’(54), ‘differentiation of physiological (stom-
ach) hunger and psychological (mouth) hunger signals’(50),
‘sensitivity to hunger and satiety cues’(39) and ‘bringing aware-
ness to sensations of physical hunger and different types of sati-
ety (stomach fullness and sensory-specific satiety)’(38). We use
the term sensitivity to physiological signals of hunger and sati-
ation to refer to this competence.

In turn, individuals also need to be able to use physiological
signals of hunger and satiation to decide when and howmuch to
eat. We use the term self-efficacy in using physiological signals
of hunger and satiation to refer to the perception of ease (or dif-
ficulty) in using internal signals of hunger and satiation to decide
when and how much to eat. While previous research has
focused heavily on the concept of responsiveness to internal sig-
nals of hunger and satiation, which is a behavioural characteristic
(e.g. ‘responding to the internal regulators of hunger, appetite,
and fullness’(35), ‘heightened responsitivity to internal cues, both
hunger and satiety’(48), readiness to eat in response to internal
physiological hunger signals(33)), we position self-efficacy as
the individual-difference characteristic that is determinative for
responsiveness.

Furthermore, individuals also need to have a sense of trust
that the body can manage the regulation of eating itself without
the need for external or cognitive control. This attitude supports
individuals in resorting their eating decisions to their internal
feedback. We use the term internal trust to refer to this attitude,
which is in line with previous references to this characteristic
(e.g. ‘trust these signals to guide their eating behaviour’(33), ‘trust
in their internal hunger and satiety cues and reliance on these
cues to guide their eating behavior’(34), ‘Relaxed self-trust about
managing food and eating’(35), ‘self-reliance in the development
of a nondieting lifestyle’(51), ‘rely on signals of hunger and satiety
from their own bodies’(19)) (Self-efficacy and internal trust may
look similar to each other; nevertheless, the two are conceptually
distinct. Self-efficacy can be conceptualised as a competence
(i.e. how easy it is for someone to use internal signals of hunger
and satiation to decide when and how much to eat), while inter-
nal trust is an attitudinal characteristic (i.e. to what extent some-
one trusts his/her body to guide his/her eating)).

Another important feature of the internally regulated eating
style is to have a relaxed relationship with food and particularly
a relaxed attitude towards indulgent food. We use the term food
legalising to refer to this attitude, a term that has also been used
by other authors in the field (e.g. ‘“legalising” of all foods’(50), ‘All
food is legalized’(51)). Food legalising has been conceptualised in
various ways in previous research. For example, some refer to it
as ‘there are no taboo foods or restrictions on eating’(54), ‘refusal
to label certain foods as forbidden’(33) and ‘be “given permission”
to eat previously forbidden foods’(19), while others usemore gen-
eral terms such as ‘being comfortable with food behaviors’(35)

and ‘spontaneity and the enjoyment of food without anxiety,
guilt or concerns about compulsive or “out-of-control” eating’(50).

The last characteristic that completes the profile of those who
have the tendency to regulate their eating internally is the ten-
dency to derive pleasure from eating by appreciating the sensory
qualities of the food that is consumed. We use the term food
enjoyment to refer to this characteristic, which has also been part
of existing conceptualisations of internally regulated eating and
has been referred to as ‘savoring and enjoying food’(38), ‘Being
able to pay attention to food and self during the process of eat-
ing’(35), ‘Identification of tastes in a variety of foods’(40) and ‘look-
ing at the food, holding the food, smelling the food’(39). An
overview of the key characteristics of the internally regulated
eating style can be found in Table 1.

Overall, we argue that some individuals are more sensitive,
self-efficient, confident, relaxed and appreciative comparedwith
others, but the intensity of these features can also vary within
individuals depending on life changes and special circumstan-
ces. In the following sections, we discuss existing evidence on
these characteristics, we explain why all are necessary condi-
tions for the internally regulated eating style and we theorise
about how they relate to each other and how they contribute
to internally regulated eating style, providing supportive evi-
dence when available.

Sensitivity to physiological signals of hunger and satiation

Individuals differ substantially in the sensations they experience
when they are fed or fasted. While most people report gastric
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sensations before and after meals, some fail to do so(55–57).
Individual differences are also observed in the ability to detect
visceral sensations associated with hunger and satiation, in
how pleasant/unpleasant people find such sensations and
in how they respond to changes in their visceral states. For
example, Whitehead & Drescher(58) measured sensitivity to
stomach contractions in twenty healthy individuals and found
that half of them displayed perceptual accuracy significantly
better than chance. Besides, individuals who reported feeling
both abdominal tension and abdominal sounds performed
better in the visceral perception task compared with those
who reported only one or none of these symptoms. Sepple &
Read(59) found that seven out of ten healthy males had <20 %
of a standardised meal in their stomach when self-reported
hunger started to increase, while the rest started feeling hun-
gry with fuller stomachs. This indicates between-individual
variability in the hunger threshold. Similarly, Stephan
et al.(60) showed that healthy, normal-weight individuals
whose stomach was distended with a water-inflated gastric
balloon reached the same subjective sensation of fullness with
volumes ranging between 300 and 1175 ml. Comparable vari-
ability was reported by Van Dyck et al.(61) who employed a
water load task, instead of the classic barostat procedures,
to assess the satiation threshold of individuals. Thus, some
individuals are able to perceive subtle changes in their internal
states of hunger and satiation faster than individuals who are
less perceptive of their inner experiences.

Some scholars have expressed the view that increasing
awareness of internal cues of hunger and satiation may pose a
challenge to food intake regulation and lead to overconsumption
because individuals may be unable to distinguish between
homoeostatic (i.e. related to energy depletion) and hedonic
(i.e. related to food cues) drivers of eating(62). This is supported
by evidence showing that the homoeostatic system of energy
regulation can be easily overridden by hedonic cues in the food
and eating environment(63). Nevertheless, there is an increasing
body of evidence from experimental and intervention studies
that indicates that increased attention to internal bodily sensa-
tions, while eating leads to reduced consumption of snacks(64,65)

and better compensation for previous consumption(66). Ciampolini
and colleagues have shown that training individuals to link their

subjective feeling of hunger to an objective marker (blood glucose
levels), with the purpose of re-learning to identify physical hunger
and responding to it, leads to positive outcomes (e.g. reduced pre-
meal bloodglucose, insulin sensitivity, bloodglucosepeaks, energy
intake and body weight)(25,26,67). Furthermore, obese individuals
and thosewith eating disorders (e.g. bulimia, binge eating disorder)
showa reduced ability to detect hunger and satiation signals as indi-
cated by the fact that their hunger and fullness ratings are not con-
sistent with changes in the size of preloads they consume in
laboratory experiments(48,68,69). Results from neuroimaging studies
also show a negative association between BMI and brain activity
relevant for perception of mechanical distention in the stomach,
suggesting that obesity associates with insensitivity to satiation sig-
nals(70). Evidence from the interoception literature further confirms
that obesity and eating disorders are characterised by significant
interoceptive deficits(71–73). Taken together, the above evidence
suggests that sensitivity to internal hunger and satiation signals,
which can be seen as a domain-specific type of interoception
(i.e. the ability to perceive/sense changes in the internal state of
the body), is an adaptive competence that associateswith improved
health outcomes.

Self-efficacy in using physiological signals of hunger and
satiation

Based on the theory of planned behaviour, self-efficacy (i.e.
perceived behavioural control) is an important determinant of
intention to perform a behaviour and of behaviour per se(74).
Self-efficacy in the eating domain has mainly been studied from
the perspective of perceived competence with losing weight or
sticking to dieting goals(75,76), and several studies have confirmed
that eating self-efficacy is a reliable predictor of weight loss
behaviour(77). To our knowledge, self-efficacy in using internal
signals of hunger and satiation has not been studied in the
existing literature. Extrapolating the above evidence, we suggest
that if individuals find it is easy to rely on their internal signals to
self-regulate their eating, they aremore likely to do so. Some pre-
liminary evidence suggests that higher eating self-efficacy is
associated with higher scores on intuitive eating(78), and self-
efficacy has been found to be a predictor of non-dieting
behaviour(79). Furthermore, we expect that there are individual
differences in how easy it is for people to start eating only
when feeling physically hungry and to stop eating when feel-
ing comfortably satiated. The individual differences that have
been documented for behavioural tendencies such as disin-
hibited eating(80) or eating in the absence of hunger(81) suggest
that some people tend to chronically override their hunger
and satiation signals, while others manage not to do so.

Several pieces of evidence indicate that coupling eating with
internal signals of hunger and satiation has positive effects on
food intake regulation and weight outcomes. Individuals who
said their habitual eating was not related to hunger or fullness
sensations scored higher on disinhibited eating and showed
lower meal-induced changes in hunger/fullness sensations after
consumption of fixed meals in the laboratory compared with
individuals whose eating was habitually related to hunger and
fullness sensations(82). Similar evidence has been documented
for children. In a laboratory study with pre-schoolers, it was

Table 1. Key individual-difference characteristics of internally regulated
eating style

Sensitivity to physiological signals of hunger and satiation
The ability to sense/perceive and interpret the signals that the body

generates in response to hunger and satiation
Self-efficacy in using physiological signals of hunger and satiation
The perception of ease (or difficulty) in using internal signals of

hunger and satiation to decide when and how much to eat
Internal trust
The tendency to trust that the body can manage the regulation of

eating itself without the need for external or cognitive control
Food legalising
The relaxed relationship with food and particularly the relaxed attitude

towards indulgent food
Food enjoyment
The tendency to derive pleasure from eating by appreciating the

sensory qualities of the food that is consumed
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found that only children who were prompted to eat based on
internal cues of hunger and satiety managed to respond to the
energy density cues of preloads and to compensate for prior
intake, while children who were prompted to eat according to
schedule and to clean their plates to receive rewards did not
show evidence of energy compensation(5). Finally, the literature
on appetitive traits that associate with weight has identified sati-
ety responsiveness as a food avoidance appetitive trait, which
associates inversely with energy intake and BMI(83).

Internal trust

To regulate eating internally, individuals need to have a sense of
trust on the body’s physiological processes for eating regulation.
This trust should underlie both decisions about starting eating
(i.e. trusting that the body has physiological processes to self-
regulate the initiation of eating to avoid the aversive state of
hunger) and stopping eating (i.e. trusting that the body has
physiological processes to self-regulate the cessation of eating
to avoid the aversive state of fullness). We call this tendency
‘internal trust’ because the individual has to shift the focus inter-
nally and trust that the body can manage the regulation of eating
itself, without the need for cognitive or external rules (In some
cases, using cognitive or external control over eating may be an
attempt to compensate for pre-existing deficits in perception of
hunger and satiation(73). In these cases, external or cognitive con-
trol may help individuals to regulate their eating.).

Individuals who reported trusting their bodies to tell them
how much to eat were less likely to engage in unhealthy and
extreme weight control behaviours (e.g. skipping meals and
inducing vomiting) as measured with self-reports in a cross-
sectional study with 2287 adults(84). Furthermore, reliance on
internal cues to drive eating associates negatively with eating
disorder symptomatology, body shame, poor interoceptive
awareness and BMI, while positive associations have been
documented with measures of psychological health such
as satisfaction with life, self-esteem, optimism and body
appreciation(33,34,85). More general, body trust, an important
dimension of interoceptive awareness, associates positively
with measures of body awareness and negatively with measures
of anxiety, body dissociation and difficulties with emotional
regulation(86). Taken together, these results provide support
for the adaptive nature of a self-trusting attitude not only in
the domain of eating but also in more general terms.

Food legalising

Due to our innate preference for sweet and energy-dense foods
that is evolutionary advantageous in periods of food scarcity, it is
difficult for many individuals to resist highly palatable foods that
are easily encountered inmodern societies(87). In fact, the height-
ened responsiveness to hedonic cues is recognised as an impor-
tant contributing factor to obesity(88). Consequently, several
scholars and health practitioners promote the idea of cognitive
self-control as a means of managing cravings for palatable food
and maintaining a balanced and healthy diet. For example, it has
been found that focusing on the long-term health outcomes of
unhealthy eating associates with inhibition of reward activity
in the brain(89). Cognitive self-control is effective for some

individuals(90). Nevertheless, for other individuals, it is ineffective
and may even have adverse effects. For example, it has been
shown that the attempt to stick to restrictive intake norms (i.e.
imposed rules governing eating behaviour) can have a counter-
regulatory effect by ultimately leading to overconsumption(91–93).
This effect – also called Abstinence Violation Effect(94) – has been
documented in studies with restrained eaters(92,95) and is attributed
to the feeling that the diet has been violated due to either the energy
content of the food that breaks the diet or to themere consumption
of a forbidden food. However, similar effects have been observed
also among other population groups. Mann & Ward(96) have
shown that prohibiting the consumption of a food, making it
look like a ‘forbidden fruit’, leads to stronger desires for that food
among college students. Similarly, Raynor & Epstein(97) found
that short-term food deprivation increases the reinforcing value
of food among non-restrained female adults. This response pat-
tern can be explained not only by the reactance theory, which
suggests that individuals react negatively (i.e. they desire the for-
bidden fruit) when they feel their freedom is constrained in some
way(98), but also by the commodity theory, which poses that
decreasing the availability of a stimulus increases its perceived
value(99).

To prevent individuals from exerting maladaptive coping
strategies as a means of compensating for indulgent consump-
tion, internally regulated eating paradigms take to a small or
larger extent a libertarian stand to food. All foods, healthy or
unhealthy, are allowed, and there are no taboo foods to be
avoided. In addition, indulgent consumption is treated as an
overwhelming experience filled with satisfaction rather than
as a regretful situation followed by guilt(32). This relaxed attitude
is assumed to represent a more balanced and healthy relation-
ship with food and eating. An unrestrained relationship with
food may seem counterintuitive, considering that palatable
foods activate the reward system and prolong consumption
through a delay in the experience of satiety(52). However, there
is evidence that this dédiabolisation of unhealthy or indulgent
food may gradually lead to habituation with these foods, that
is, decrease in behavioural and physiological responses after
repeated exposure to the same food(100,101). Through this proc-
ess, even palatable foods do not seem so exciting or tempting
after a while because the individuals know that they can con-
sume them any time they want(32). Thus, legalising food may
eventually lead to weaker desires for potentially tempting food.
In this way, food legalising can fit within contemporary views of
self-control, which posit that successful self-control may not
always result from effortful inhibition of desires but can be rather
attributed to effortless processes such as experiencing the temp-
tation (e.g. to eat a palatable but unhealthy food) as less over-
whelming or tempting in the first place(102). For example,
Hofman et al.(103) showed that individuals with high self-control
reported weaker desires for temptations compared with individ-
uals with low self-control.

Furthermore, it has been found that less relaxed attitudes
about food and eating (e.g. eating-related guilt and preoccupa-
tion with food) and the coping behaviour that usually accompa-
nies such attitudes (e.g. effortful monitoring of the diet) increase
cognitive load and limit the amount of available cognitive resour-
ces(104). This is important because disruptions in cognitive
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function (e.g. working memory capacity and attention) associate
with problems with appetite control and weight gain(105,106).
Instead, a carefree relationship with food, in which individuals
are unencumbered by food preoccupations and avoidance
efforts, could actually prevent individuals fromwasting cognitive
resources and assist them in using the available ones to attend
and respond to their internal signals of hunger and satiation.

Interventions that have been supplemented with food legal-
ising-like components have shown improvements in attitudes
about food, responsiveness to food cues in the environment
(i.e. external eating), eating disorder symptoms, self-control,
depression, anxiety, body shape concerns, body image, spiritual
well-being, food obsessions, flexibility and variety of food
choices(19,50,78,107). In addition, a correlational self-report study
found that giving oneself an unconditional permission to eat
whatever food one desires at any moment is associated not only
with lower BMI, disordered eating, body shame and body sur-
veillance, but also with higher self-esteem and body apprecia-
tion(34). Finally, in the study of Kuijer & Boyce(108), it was
found that participants who associated chocolate cake with cel-
ebration (compared with those who associated it with guilt)
reported higher perceived behavioural control over eating and
were more successful in maintaining their weight over a period
of 18 months. Thus, taking a flexible approach to eating may
prove to be an important determinant of healthy eating(109).

Food enjoyment

Today’s modern societies are characterised by busy lifestyles
whereby eating may go unnoticed several times during the
day. Under such circumstances, people may frequently eat
quickly or distractedly and therefore not fully appreciate the sen-
sory qualities of the food and the pleasure that accompanies the
eating occasion. Inmore extreme instances, peoplewho struggle
with eating-related problems (e.g. anorexia)may even view food
as an enemy rather than as a source of pleasure. Internally regu-
lated eating paradigms embrace the idea of food enjoyment, as
they emphasise the importance of pleasure and satisfaction in
eating that can be achieved by savouring the food while attend-
ing to and appreciating its sensory qualities(32,35,38,40,51).

Mindfulness-based experiments and interventions that use
strategies such as present moment awareness targeted at the
sensory qualities of food being consumed have reported positive
consequences on food intake, cravings for highly palatable foods,
eating behaviour (e.g. emotional and external eating) and
psychological variables such as body appreciation(23,110–114).
For example, in a series of experiments, Arch and colleagues
showed that tuning into the sensory experience leads to higher
enjoyment and lower energy intake of unhealthy foods(110). In
contrast, eating under distraction (e.g. while watching television)
consistently leads to higher energy intake in the same but also in
subsequent meals(113). Furthermore, self-reported eating with
awareness has been associated with lower BMI(115). Various
mechanisms have been proposed to explain the effects of
focused attention to the foodwhile eating on food intake, includ-
ing the enhanced impression of the eating episode in episodic
memory, the reduction in eating automaticity or the prioritisation
of sensory-specific satiation (i.e. decline in pleasure we obtain

from eating a particular food as we eat) over physical sati-
ation(116). The focus on sensory stimulation as a means of deriv-
ing pleasure from eating seems to be crucial for the positive
effects mentioned above, since food enjoyment independent
of sensory amplification, as captured, for example, by the enjoy-
ment of food subscale of the Adult Eating Behaviour
Questionnaire, is identified as a food-approach trait that associ-
ates positively with energy intake(83).

A theoretical framework of internally regulated eating style

When individuals lack either sensitivity to or self-efficacy in
using internal signals of hunger and satiation, they cannot
engage in internally regulated eating. These are core competen-
ces that are needed for the internally regulated eating style.
Sensitivity is a prerequisite for self-efficacy. Sensitivity and
self-efficacy are, nevertheless, distinct competences because
there may be other factors that prevent highly sensitive individ-
uals from using their bodily sensations to self-regulate their eat-
ing (e.g. time constraints, unavailability of food and limited trust
on the effectiveness of these signals). In turn, self-efficacy may
impact sensitivity through reciprocal interaction and feedback.
For instance, a person who finds it easy to use internal signals
of hunger and satiation to determine when and how much to
eat may routinely engage in such behaviour and this may aid
the connection with the inner experience and improve sensitiv-
ity to internal, bodily signals(40,111,117–120).

Internal trust is another prerequisite for the internally regu-
lated eating style because it directs attention to the body and
its internal processes. If individuals do not trust their bodies’
self-regulatory abilities for eating, they may be inclined to draw
their attention towards outside of the body and resort to cogni-
tive or external rules to guide their eating behaviour. The lack of
internal trust may further impact sensitivity and self-efficacy. In
support to this, it has been found that body trust, amore generalised
version of trust, associates negatively with body dissociation and
positively with attention regulation (i.e. the ability to sustain and
control attention to body sensations)(86). Thus, lacking internal trust
may be accompanied by the feeling of being dissociated from the
body and the signals it produces, while heightened internal trust
may shift attention towards inside the body and make individuals
more attentive to changes in their internal states. The perceptual
accuracy hypothesis of the self-awareness theory, which posits that
self-focused attention increases the capacity to perceive bodily
signals, further supports our assertion(121). In turn, sensitivity and
self-efficacy may gradually increase internal trust through positive
learning mechanisms. Finally, internal trust may even have a
moderating role between sensitivity and self-efficacy because
the lack of internal trust could act as a barrier to responding to
internal signals that an individual accurately perceives.

Food legalising is another necessary condition for the inter-
nally regulated eating style. In the absence of a relaxed attitude
towards indulgent food, individuals may be inclined to impose
cognitive or external control on their eating as a means of avoid-
ing indulgent consumption or in order to compensate for it.
Thus, a different eating style would emerge (e.g. restrained
eating). As we discussed previously, food legalising provides a
permissive environment for the effective perception and

Internally regulated eating style 143

https://doi.org/10.1017/S0007114520003840  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003840


responsiveness to internal signals of hunger and satiation by sav-
ing cognitive resources that could be wasted otherwise (e.g.
when having a cognitively controlled strategy to eating). In this
way, food legalising supports sensitivity to and self-efficacy in
using internal signals of hunger and satiation.

Finally, we suggest that food enjoyment aids individuals to
stay in tune with the eating experience and the accompanied
sensations, leading, thus, to a more precise regulation according
to internal signals. It has been shown that sensory characteristics
of the food (e.g. thickness and creaminess) interact with the
food’s energy content in determining its satiating capacity(122).
This is because sensory cues create expectations about the sati-
ating capacity of the food, which prepare the appetite system for
the ingested nutrients, and when such expectations are con-
firmed by internal feedback, there is an increase in the efficiency
of nutrient processing(123). This highlights the inter-connected-
ness of the sensory experience while eating with the ingestive
processes that take place in the body and corroborates our argu-
ment for the important role of food enjoyment in the internally
regulated eating style.

To wrap up, a set of five individual-difference characteristics
work as necessary and only jointly sufficient conditions for the
internally regulated eating style. We hereby propose the following
inclusive definition of internally regulated eating style, which builds
on earlier definitions of related constructs(32,33). Internally regulated
eating style is the general tendency to eat in response to physiologi-
cal signals of hunger and satiation, which is underpinned by a spe-
cific set of individual-difference characteristics, namely, sensitivity
to physiological signals of hunger and satiation, self-efficacy in
using physiological signals of hunger and satiation to determine
when and howmuch to eat, trust on the body’s physiological proc-
esses for the regulation of eating, and the tendencies towards food
legalisation and food enjoyment (Fig. 1).

The theoretical model presented above is particularly rel-
evant for adults, although it is consistent with models that have

been developed for children such as the trust model proposed
by Satter(124). The model is applicable for individuals who have
at least some basic connection with their internal signals of hun-
ger and satiation. Those with diminished ability to perceive such
signals (e.g. individuals with eating disorders) should first be sub-
jected to training to relearn and reconnectwith their own bodily sen-
sations. With respect to states of energy balance, the internally
regulated eating style is particularly relevant for weight maintenance
and prevention of further weight gain, althoughweight loss can also
be achieved if individuals stabilise their eating behaviours at an
energy intake level that is lower than their current energyneeds(15,16).
Thus, internally regulated eating can facilitate theprevention and to a
lesser extent the treatment of obesity. Nevertheless, the stabilisation
of eating behaviours and particularly the reduction of maladaptive
behaviours such as eating in the absence of hunger or disinhibited
eating that can be achievedwith internally regulated eating(16,125–127)

are relevant not only for obese and overweight individuals but also
for those with binge eating disorder whomay have normal weights.
Finally, the eating pattern that emerges with internally regulated eat-
ing, that is, frequent small meals, can also be helpful for individuals
with specific medical conditions such as those with gastrointestinal
disturbances or diabetes(128).

How does internally regulated eating fit within existing
theories of self-regulation and eating behaviour?

Dual-system theories that make a distinction between a rational
system that requires effortful deliberation and an intuitive system
that operates automatically and effortlessly have been used
extensively to understand eating behaviour and self-regulation
failure(129–132). These theories take the general stance that effec-
tive regulation of eating can be achieved when individuals man-
age to resist short-term impulses (e.g. not eating the cake) for the
sake of their long-term health goals (e.g. weight loss). Thus, they
promote top-down strategies for the regulation of eating behav-
iour with an emphasis on cognitive control. According to these
models, visceral urges (e.g. hunger, pain and pleasure) are dis-
ruptive influences for self-regulation(133).

On the other hand, emerging theories of self-regulation, such
as the theory of embodied cognition, propose that all cognitive
processes are fundamentally grounded in their physical context
and that bodily states play an important role in cognition and
decision-making(134). This theory supports the notion of embod-
ied self-regulation, namely that bodily states facilitate (instead of
inhibit) self-regulation and that people should take them into
account to help them achieve their long-term goals. Likewise,
contemporary models of appetite control suggest that the dis-
tinction between a hedonic and a homoeostatic system of energy
regulation should be abandoned and that we should focus on the
inter-connectedness of metabolic, reward and cognitive proc-
esses that impact appetite regulation and food intake(135,136).
Thesemodels underline the important role that metabolic signals
have on appetite control, either via their effects on cognitive
processes such as memory, attention and learning(135), or via
neural processes that take place at an unconscious level(136).
This stream of literature sets the scene for better understanding
internally regulated eating. Our hypothesised mechanisms, by
which the characteristics of the internally regulated eating style

Fig. 1. Theoretical framework of internally regulated eating style. Five individ-
ual-difference characteristics comprise the internally regulated eating style.
Sensitivity to physiological signals of hunger and satiation and self-efficacy in
using physiological signals of hunger and satiation are core competences of
internally regulated eating, food legalising and food enjoyment provide a permis-
sive environment for listening and responding to internal signals of hunger and
satiation, and internal trust is a prerequisite for engaging in this internal, body-
based eating style.
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facilitate cognitive processes that are important for the effective
regulation of food intake (internal trust increasing attention to
the body and its signals, food legalising preventing cognitive
resources from being wasted, food enjoyment increasing epi-
sodic memory of meals), are in line with these models.

More specifically, we use the boundary model of eating,
introduced by Herman & Polivy(137), to describe how internally
regulated eating leads to effective regulation of food intake. The
boundary model suggests that food intake is regulated within
two boundaries: one that corresponds to hunger and one to sati-
ety (Herman & Polivy(137) use the term satiety (i.e. the process
that leads to the inhibition of eating between meals) in the origi-
nal paper, although the term satiation (i.e. the process that leads
tomeal cessation) is more accurate because the satiety boundary
is relevant for meal termination. In this paper, we use the original
term as proposed by the authors, but we acknowledge the differ-
ence between the two processes. Furthermore, the boundary
model illustrates hunger and fullness in the same continuum,
which can be misinterpreted as hunger and fullness were differ-
ent sides of the same process. While we want to keep with the
original representation of the model, we want to clarify that we
do not support this notion and we acknowledge that hunger and
fullness are distinct processes, as indicated by existing litera-
ture(53)). Biological pressures drive individuals to eat in order
to keep within these boundaries and prevent the aversive states
of hunger and fullness. The area between the boundaries is
called ‘zone of biological indifference’, and this is where appe-
titive pressures – that is, social, cognitive and other psychological
influences (food palatability, social pressures, etc.) – mainly
determine food intake.

Various eating styles can be conceptualised using the boun-
dary model of eating. For example, it has been suggested that

restrained eating can force the hunger and satiety boundaries
apart (wider zone of biological indifference) because the person
eats in response to something other than the body’s signals (e.g.
self-imposed or externally imposed eating rules) and this makes
the individual gradually less sensitive to such signals(137). In sup-
port to this, Koch & Pollatos(138) have shown in a prospective
study with children that a diminished ability to detect bodily sen-
sations (i.e. interoceptive deficits) is an outcome of obesity and
dysfunctional eating tendencies such as external eating. This
means that individuals become insensitive to internal signals if
they do not use them in structuring their eating behaviours.
While the hunger and satiety boundaries are still relevant for
restrained eaters, they are less relevant for patient groups such
as those with anorexia nervosa or binge eating disorder, as
the former tend to override the hunger boundary (when engag-
ing in extreme fasting) and the latter override the satiety boun-
dary (when engaging in disinhibited eating). Similarly, when
eating in the absence of hunger (i.e. a form of disinhibited eat-
ing), individuals override the hunger or satiety boundary (or
both) as they tend to initiate eating while being in the zone of
biological indifference or continue eating despite being in the
aversive state of fullness(81). Emotional eating and external eating
have a similar pattern because individuals initiate eating or over-
eat in response to emotional and environmental cues either in
the presence or absence of hunger(139). Thus, there are several
eating styles that violate either one or both the hunger and satiety
boundaries.

In turn, we propose that internally regulated eating brings the
hunger and satiety boundaries closer together (Fig. 2) because
individuals who have this as their dominant eating style are
inclined to initiate eating in response to early, moderate signals
of hunger (the hunger boundary is displaced to the right) and to

Fig. 2. The boundary model adjusted for internally regulated eating. Internally regulated eating brings the hunger and satiety boundaries closer together because the
individual ismore strongly inclined to initiate eating in response to early, moderate signals of hunger (the hunger boundary is displaced to the right) and to terminatemeals
in response to early, moderate signals of satiation (the satiety boundary is displaced to the left). This results in a narrower zone of biological indifference and, in turn, in a
smaller latitude for appetitive pressures to exert their influences.

Internally regulated eating style 145

https://doi.org/10.1017/S0007114520003840  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003840


terminate meals in response to early, moderate signals of sati-
ation (the satiety boundary is displaced to the left). In the same
way that individuals lose touch with their bodily signals when
they consistently ignore or override them(138), connection with
those signals can become stronger if individuals consistently
pay attention and respond to them(40,111,117–120). Importantly,
responding to moderate and not extreme internal signals is
a critical element for the effective regulation of food intake.
For example, with respect to hunger, it has been found that
the longer the fasting the greater the activation of reward val-
uation of palatable food in the brain(140), which may lead to
overconsumption(141,142).

More specifically, we propose that the individual-difference
characteristics we identified in this research enable individuals
to maintain a narrow zone of biological indifference. Heightened
sensitivity reduces the thresholds for perceiving hunger and sati-
ation signals, which means that these can be perceived at early
stages before their intensity increases. In addition, individuals with
heightened self-efficacy should be able to initiate meals at early
stages of hunger and terminate meals at early stages of satiation.
Thus, sensitivity and self-efficacy work together in maintaining a
narrow zone of biological indifference. Through attentional and
other cognitive processes (discussed above), internal trust, food
legalising and food enjoyment further support the maintenance
of a narrow biological indifference zone, through their effects on
sensitivity and self-efficacy. In this narrower control of food intake,
the biological pressures that keep consumption within the two
boundaries are more prominent and determinative for food con-
sumption, leaving thus, a smaller latitude for appetitive pressures
to exert their influences. This is not to say that internally regulated
eaters arenot susceptible to the effects of emotional or environmen-
tal factors that impact eating behaviour and food intake (e.g. neg-
ative emotions and food temptations). Such factors are challenging
for everyone. Instead, we take the position that despite occasional
fluctuations, those individuals are generally less responsive to such
cues(10,15–17). The five individual-difference characteristics they
have (particularly food legalising) support them in getting back
on track after deviations.

Discussion

Internally regulated eating is a concept that has been receiving
increasing attention in the literature and health practice over the
last decades, but in a highly fragmented way. In this paper, we
identified and delineated the key individual-difference charac-
teristics that form the internally regulated eating style, consider-
ing streams of literature that had not been sufficiently integrated
that far. Next to providing definitions and available scientific evi-
dence for each of these characteristics, we formulated hypothe-
ses about their inter-relationships and about the mechanisms by
which they contribute to this eating style. The theoretical frame-
work presented in this paper suggests that the internally regu-
lated eating style leads to a more precise tuning of food intake
within the states of hunger and satiation by listening and
responding to moderate hunger and satiation signals in a
confident, relaxed and enjoyable way. This superordinate

conceptualisation of internally regulated eating style may be
the starting point in finding the common ground between differ-
ent streams of literature that share the main underlying concept
and in facilitating the alliance of forces to promote a healthy and
sustainable eating style.

In ourmodel, a set of five individual-difference characteristics
that support each other form the internally regulated eating style.
Sensitivity to physiological signals of hunger and satiation is a
prerequisite for self-efficacy in using such signals to determine
when and how much to eat and these two competences associ-
ate positively with each other. Internal trust is also necessary
because it directs attention towards inside the body and its proc-
esses, has a bi-directional relationship with sensitivity and self-
efficacy and is further assumed to work as a moderator between
them. Food legalising is another critical element as it provides a
permissive environment for the effective perception and respon-
siveness to internal signals of hunger and satiation. Finally, food
enjoyment completes the profile of the internally regulated
eating style as it sets the scene for a more precise regulation
according to internal signals. Thus, all five characteristics have
their particular roles and are all necessary for the internally
regulated eating style. This is a novel conceptualisation that
adds to what is already known in the literature because it high-
lights the inter-connectedness of the internally regulated eat-
ing style characteristics.

Next to this main hypothesis regarding the inter-connected-
ness of the five characteristics, in this paper, we generated sev-
eral hypotheses that can be tested with empirical research. For
example, we hypothesised that food legalising prevents cogni-
tive resources from being wasted and in this way provides a per-
missive environment that allows individuals to focus on their
bodily sensations and use them in their eating-related decisions.
To test this mechanism, researchers could conduct causal-chain
experiments to examine how food legalising impacts the amount
of available cognitive resources and, in turn, how the availability
of cognitive resources impacts the perception and responsive-
ness to internal signals of hunger and satiation. In a similar
way, it could be tested whether the effects of internal trust on
perception and responsiveness to internal signals are mediated
by attention processes.

The novel conceptualisation of internally regulated eating
style also opens new avenues for the measurement of this eating
style. Currently, there is no adequate scaling instruments to
assess the characteristics we have identified in this research.
The development of measures to capture these characteristics
would not only improve our understanding of the concept and
its correlates but will also open the field for experimentation. The
use of quick and inexpensive measures of individual-difference
characteristics to identify and classify individuals may work as
a starting point in the study of eating behaviour, followed
by a more elaborate exploration of actual behaviour (which,
in turn, is more variant and not always representative of the
individual’s dominant eating style). Once such instruments are
available, researchers can use them to explore the interrelations
between the characteristics of the internally regulated eating
style and the extent to which they are predictive of health
outcomes.
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Finally, the main practical contribution of this paper is that
it portrays the most important areas to intervene in order to
promote the internally regulated eating style. Strategies like
coupling subjective sensations of hunger and satiation with
objective markers can be used to enhance sensitivity to and
self-efficacy in using these signals to regulate food intake(25,26,67).
This could be done in combination with strategies aimed at
increasing the awareness and reducing the responsiveness to
external or emotional cues of food intake(39,143) since such cues
can have an important influence on food intake. Strategies that
cultivate independence and self-reliance can be used to enhance
internal trust, food habituation strategies, like repeated exposure
to indulgent food, can be used to reduce the hedonic responses
to such foods and prevent counter-regulatory behaviours that
usually follow their consumption(100), and mindful eating strate-
gies like present-moment awareness during eating can be used
to cultivate food enjoyment(38).

There is abundant room for further progress in understanding
internally regulated eating. Potential pathways for future research
could be to investigate the psychobiological factors that influence
the development and maintenance of the internally regulated eat-
ing style, to explore moderating factors that facilitate or prevent
individuals in/from engaging in internally regulated eating, and
to fully elucidate the long-term consequences of internally regu-
lated eating on physical, psychological, behavioural and dietary
outcomes. The current paper may provide a theoretical basis for
future investigations on this topic.
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