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What We Know, Think We Know, or Are Starting to Know

There is major interest in the neurobiology of eating behaviour, and this area of research
continues to expand our understanding of both external and internal factors that regulate
energy intake (12 The vast majority of nutrition research is dominated by a focus on external
factors, e.g., portion control, meal regularity, food choice, physical activity ©.

However, there is increasing interest in shifting the emphasis to eating according to internal
hunger and satiety cues. This area, broadly characterised as ‘intuitive eating’, emphasises
10 principles* [contained within four domains, i.e., subscales] to develop self-efficacy in
eating according to internal cues, rather than emotional or situational stimuli . In a previous
Deepdive, we examined one of the first prospective cohort studies to evaluate intuitive eating
behaviours and weight regulation in a cohort of young adults, which found that higherintuitive
eating scores were associated with lower unhealthy weight control behaviours. Intervention
studies also show lower levels of disinhibited eating ©*.

The data so far from the limited prospective observational research, and from interventions,
does suggest that intuitive eating may extend beyond behaviours, to underlying physiological
correlates of these behaviours. What potential factors could explain the regulation of eating
behaviour associated with intuitive eating?

In the neurobiology of eating behaviour, the endocannabinoid system has attracted interest ©".
Endocannabinoids are derived from polyunsaturated fats and are involved in regulation of
appetite and energy homeostasis 6.7, The endocannabinoid system contains two primary
receptors, cannabinoid-1 and cannabinoid-2, which bind to circulating endocannabinoids
synthesised from arachidonic acid, namely AEA, 2-AG, and their derivatives NAEs and 2-MAGs >/,
The cannabinoid-1 receptor has substantial mechanistic evidence indicating a role in energy
regulation, appetite, and the balance of homeostatic/hedonic responsiveness to food, and
receptors in the gut imply a potential bi-directional gut-brain relationship in regulating energy
intake &9,

www.alineanutrition.com


https://www.alineanutrition.com/research-deepdives/ies-project-eat/
https://www.alineanutrition.com/research-deepdives/ies-project-eat/

The present study analysed the associations between circulating levels of endocannabinoids
and intuitive eating scores.

*Geek Box: Assessing Validity for Intuitive Eating

It is important to note that intuitive eating [lowercase] may refer to a measure of psychometric
evaluation, and may refer to a specific intervention itself guided by the principles of Intuitive
Eating [uppercase IE], as set out by Tribole and Resch.

The ten principles of IE include: i) reject the diet mentality; ii) honour your hunger; iij) make peace
with food; iv) challenge the food police; v) respect your fullness; vi) discover the satisfaction factor;
vii) honour your feelings without food; viii) respect your body; ix) exercise - feel the difference;
x) honour your health. These 10 principles were initially clustered into three domains by Tylka,
including: 1) unconditional permission to eat; 2) eating for physical rather than emotional cues;
3) reliance on hunger and satiety cues. These domains, and the principles contained therein,
formed the basis of the first validated instrument to measure intuitive eating, the Intuitive Eating
Scale [IES] 7.

Tylka et al. updated the domains of IE to include a 4th domain, that of body-food choice
congruence. However, the original IES was validated in women only. Thus, in 2013 Tylka & Kroon
Van Diest validated an updated version, the IES-2, which contains 23 items and included the
body-food choice congruence domain and was validated in both sexes '". Factor analysis, which
identifies factors that correlate within the same person, confirmed the 4-domain construct of the
IES-2. Cronbach’s alpha, which is a measure of internal consistency for scale or test [over 0.70 is
considered good consistency, >0.80 is stronger] for the IES-2 during validation was 0.89 and 0.87
for men and women, respectively. The IES-2 has also shown to be reproducible over time, albeit
over a period of weeks [something to consider for prospective studies]. Thus, as an instrument
used to assess intuitive eating in individuals, the IES-2 is a well-validated scale.
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The Study

190 participants [89 male, 101 female] were included in the final analysis. Participants
completed three 24hr diet diaries, along with the full IES-2 to assess intuitive eating, and the
Three-Factor Eating Questionnaire [TFEQ], which assess cognitive restraint, disinhibition, and
hunger.

Participants attended the investigators’ research facility after an overnight fast to have blood
samples taken. Levels of several different NAEs and 2-MAGs were measured in the blood. To
keep the Deepdive more concise, we will refer broadly to NAEs and 2-MAGs, rather than each
individual metabolite.

The analysis compared scores on the IES-2 and TFEQ relative to tertiles of measured
endocannabinoid levels, adjusting for BMI, age, and fatty acid intake [assessed from the
average of the three 24hr recalls].

Results: Average age of the participants was 40yo for women and 42yo for men. 40/101
women and 49/89 men were classified according to BMI as overweight or obese, respectively.

o IES-2 Score by Sex and BMI: |ES-2 scores were lowest in participants in the obese BMI
category, and highest in participants in the normal BMI category. Certain sex differences
were also observed, with men exhibiting higher scores for the IES-2 domain of eating for
physical rather than emotional reasons.

» Circulating Cannabinoids & Eating Scales: Circulating levels of 2-MAGs were significantly
associated with total IES-2 scores, and additionally associated with specific domains of
the IES-2. There were no associations between any of the NAEs and the IES-2. The two

Figure from the paper illustrating a chart of associations between the NAEs [left side]
and 2-MAGs [right side]; the boxes with a bold coloured circle and asterix in the circle
indicate a significant association with the IES-2 scale. The top line of the table is the total
IES-2 score, and each line of the table down from that is each of the four domains, or
subscales, of the IES-2. Recall from the Geek Box above that these are 1) unconditional
permission to eat [UPE]; 2) eating for physical rather than emotional cues [EPR]; 3)
reliance on hunger and satiety cues [RHSC], and body-food congruence [B-FCC]. As is
clear from this table, only 2-MAGs were significantly associated with IES-2 scores and
scores within specific IES-2 domains.
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* Relationship Between Cannabinoids, BMI, and IES-2: |ES-2 scores varied from highest to
lowest across the three BMI categories of normal, overweight, and obese, respectively. In
addition, IES-2 scores increased across tertiles of increasing circulating levels of 2-MAGs,
i.e., higher IES-2 was associated with higher 2-MAGs levels. [more under Interesting
Finding, below].

The Critical Breakdown

Pros: The study had a decent sample size and was balanced for sex. Participants were
otherwise healthy, with a wide range of BMI categories represented in the cohort. Advanced
and accurate methods were used to assess body composition, i.e., DEXA scans, and for the
measurement of blood cannabinoids [liquid chromatography/mass spectrometry]. The full
IES-2 scale was used to assess intuitive eating, which allowed for each of the four domains to
be analysed separately.

Cons: The lack of understanding of the direction of effect between cannabinoids and positive
eating behaviours, e.g., intuitive eating, makes the correlational nature of this study more
limited in the inferences possible from the results. Typical of much of the intuitive eating
research, the majority of participants [89%)] were Caucasian and well-educated. It remains
unclear what the functional, mechanistic significance of elevated cannabinoids may be,
further complicating making inferences from the study. Again, all science starts somewhere,
andthisisnota ‘Con’ per se, butitisalwaysimportant to reiterate that these are correlational
findings.

Key Characteristic

Any given study is only as good as current knowledge allows it to be. With this in mind, there
is one crucial point through which this study must be placed in context: we don't know the
direction of effect between the associations observed in the present study. In general, it is
established that the direction of effect for cannabinoids is increasing hunger and hedonic
responses to food ). And both NAEs and 2-MAGs are associated with higher body fat 1),
However, intuitive eating is associated with positive eating behaviours, maintenance of lower
body weight, and lower binge eating 3% So, are higher circulating 2-MAGs associated with
both positive eating behaviours [i.e., IES-2] and hedonic food responses? The correlational
nature of the present study leaves this question unresolved.
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Interesting Finding

IES-2 scores were higher with increasing circulating levels of 2-MAGs, however, there was no
statistical interaction between BMI and 2-MAG levels with IES-2 scores. This means that both
associations — I[ES-2 scores with BMI and IES-2 scores with 2-MAG levels — were independent
of each other.

Figure from the paper illustrating the relationship between tertiles of 2-EPG, the omega-3
derived 2-MAG [x-axis, left to right], and IES-2 scores [y-axis]. Black circles represent
participants in the normal BMI category, while open squares represent participants in the
overweight/obese BMI categories.

As the graph above shows, in both normal BMI and overweight/obese BMI categories,
increasing 2-EPG levels were associated with higher IES-2 scores. In participants in the normal
BMI category, the baseline was higher, reflecting the fact that participants in this category
had higher IES-2 scores compared to the other categories. Thus, the relationship between
higher cannabinoids and IES-2 scores was independent of BMI [all categories showed this
relationship].

This presents the puzzle for interpreting this study. In animals, blocking CB; receptors reduces
motivation for fat and sweet foods 12, Recall, however, that the 2-MAGs associated with IES-2 in
the present study are derived from omega-3 fatty acids. Could it be that there is a relationship
between these cannabinoids and the positive eating behaviours reflected in IES-2 scores,
i.e., that perhaps these 2-MAGs are associated with more sensitivity to internal hunger cues?
Maybe...the authors highlight that 2-EPG and 2-DPG may both act through non-CB; receptors,
potentially meaning that they act through different pathways to other cannabinoids.
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Relevance

The present study could be the first to show neural correlates of intuitive eating that may
associate with regulation of the endocannabinoid system that exerts such a strong influence on
appetite and food reward. Or it could be a red herring, because we don’t fully understand the
functions of the 2-MAGs that were associated with IES-2 in this study.

Teasing out cause-effect is a long way off in this research. For example, another recent study
found that circulating levels of both NAEs and 2-MAGs were associated with higher body fat %),
Specifically, NAEs were associated with higher subcutaneous fat, while 2-MAGs associated with
greater visceral fat 1?). However, it is important to stress that the direction of the relationship
between body fat and endocannabinoids has not been demonstrated, i.e., whether they are a

product of adipose tissue or reflect some other processes (%),

This latter point is important for putting the present study into context. Recall from the
Interesting Finding, above, that both IES-2 scores were associated with higher 2-MAG levels,
independent of BMI. Could it be that the omega-3 derived 2-MAGs influence homeostatic,
rather than hedonic, pathways of energy intake regulation in the brain [and/or gut]? Maybe.
This is one of the intriguing questions that are left to move forward with in future research.

So, what are we left with? Yes, cannabinoids are generally associated with increased appetite
and hedonic food reward, known as the ‘liking’ part of the brain motivation-reward system /.
Yes, there seem to be correlations between specific cannabinoids and both total body fat, and
specific body fat depots 2. And yes, we would perceive both of the above as ‘negatives’
however, intuitive eating is associated with positive eating behaviours, lower binge eating,
dietary disinhibition, and lower unhealthy weight control behaviours ©131® Thus, the present
study leaves us with an apparent paradox, for now.

Of course, this study could be interpreted to suggest that higher IES-2 scores are protective
against the hedonic signalling of circulating endocannabinoids. Just a thought...I hate using
this caveat: more research needed!

Application to Practice

With any intervention, there is a temptation to default to “show me the mechanism”. And we
don’t know what we don’t know in relation to the potential physiological correlates of intuitive
eating. Honestly, it also doesn’t matter because mechanism does not equal effect. We have a
plethora of human outcome data showing a benefit to the Intuitive Eating intervention, and
other interventions that promote eating by internal cues ®'319. And human outcomes will
always come before mechanistic meanderings.

www.alineanutrition.com



References

1.

10.

11.

12.

13.

14.

15.

16.

Volkow ND, Wang G-J, Tomasi D, Baler RD. Obesity and addiction: neurobiological overlaps.
Obesity Reviews. 2013 Jan;14(1):2-18.

Berridge KC. ‘Liking’ and ‘wanting’ food rewards: Brain substrates and roles in eating
disorders. Physiology & Behavior. 2009 Jul;97(5):537-50.

Westenhoefer J, von Falck B, Stellfeldt A, Fintelmann S. Behavioural correlates of successful
weight reduction over 3 y. Results from the Lean Habits Study. International Journal of
Obesity. 2004;28(2):334-5.

Tylka TL, Calogero RM, Danielsdottir S. Isintuitive eating the same as flexible dietary control?
Their links to each other and well-being could provide an answer. Appetite. 2015;95:166-75.

Schaefer JT, Magnuson AB. A review of interventions that promote eating by internal cues.
Journal of the Academy of Nutrition and Dietetics. 2014;114(5):734-60.

Osei-Hyiaman D, Harvey-White J, Batkai S, Kunos G. The role of the endocannabinoid system
in the control of energy homeostasis. International Journal of Obesity. 2006;30:533-8.

Ruiz de Azua |, Lutz B. Multiple endocannabinoid-mediated mechanisms in the regulation
of energy homeostasis in brain and peripheral tissues. Cellular and Molecular Life Sciences.
2019;76:1341-63.

Kunos G. Understanding Metabolic Homeostasis and Imbalance: What Is the Role of the
Endocannabinoid System? American Journal of Medicine. 2007 Sep;120(9 SUPPL. 1).

DiPatrizio N v. Endocannabinoids in the Gut. Cannabis and Cannabinoid Research. 2016
Dec;1(1):67-77.

Tylka TL. Development and psychometric evaluation of a measure of intuitive eating. Journal
of Counseling Psychology. 2006;53(2):226-40.

Tylka TL, Kroon Van Diest AM. The Intuitive Eating Scale-2: Item refinement and psychometric
evaluation with college women and men. Journal of Counseling Psychology. 2013;60(1):137-
53.

Castonguay-Paradis S, Lacroix S, Rochefort G, Parent L, Perron J, Martin C, et al. Dietary
fatty acid intake and gut microbiota determine circulating endocannabinoidome signaling
beyond the effect of body fat. Scientific Reports. 202;10(1):15979.

Camilleri GM, Méjean C, Bellisle F, Andreeva VA, Kesse-Guyot E, Hercberg S, et al. Intuitive
eating is inversely associated with body weight status in the general population-based
NutriNet-Santé study. Obesity. 2016;24(5):1154-61.

Christoph M, Jarvela-Reijonen E, Hooper L, Larson N, Mason SM, Neumark-Sztainer D.
Longitudinal associations between intuitive eating and weight-related behaviors in a
population-based sample of young adults. Appetite. 2021;160:105093.

Kirkham TC, Williams CM, Fezza F, Marzo V di. Endocannabinoid levels in rat limbic forebrain
and hypothalamus in relation to fasting, feeding and satiation: stimulation of eating by
2-arachidonoyl glycerol. British Journal of Pharmacology. 2002 Jun;136(4):550-7.

Tylka TL, Annunziato RA, Burgard D, Danielsdottir S, Shuman E, Davis C, et al. The Weight-
Inclusive versus Weight-Normative Approach to Health: Evaluating the Evidence for
Prioritizing Well-Being over Weight Loss. Journal of Obesity. 2014;40(4): 983495.

www.alineanutrition.com



	Button 4: 
	Button 6: 
	Button 2: 
	Button 5: 
	Button 3: 
	Button 17: 
	Button 19: 
	Button 16: 
	Button 18: 
	Button 20: 
	Button 21: 
	Button 22: 
	Button 23: 
	Button 24: 
	Button 25: 
	Button 26: 
	Button 27: 
	Button 28: 
	Button 29: 
	Button 10: 


