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ABSTRACT

Similarities have been observed between substance dependence and overconsumption of food, leading to
the development of the food addiction (FA) concept. While psychological markers of FA have often been
documented, data on physiological markers remains scarce. This study aimed to investigate HPA-axis
functioning through cortisol awakening response (CAR) in relation to FA among bariatric candidates. We
hypothesized that participants presenting high FA symptomatology would present a blunted CAR when
compared to participants presenting low FA symptomatology and that significant associations between CAR
and eating behaviors would be observed within both groups. The final sample comprised 40 participants,
who were invited to complete questionnaires and provide saliva samples upon awakening (T0, T15, and
T30). Results from the two-way ANOVA with repeated measures showed a non-significant “time x group”
interaction, indicating that CAR did not differ between groups. Moreover, results from correlational
analyses showed different patterns of associations between CAR and eating behaviors within each group;
further analyses showed that the relationship between CAR and food cravings triggered by cues in the
environment was significantly moderated by FA symptomatology, as higher CAR was related to lower cue-
triggered food cravings only in individuals presenting low FA symptomatology. While these findings do
not support the presence of HPA-axis functioning differences in relation to FA, they suggest that the
association of CAR with eating behaviors may depend on whether or not addictive tendencies are present.
Further investigation of the association between CAR and eating behaviors in the context of FA will thus
be essential.

© 2019 Catherine Bégin. Hosting by Science Repository.

Introduction

comprehensive review, Davis & Carter (2009) highlighted the presence
of cravings and relapse, the role of impulsivity and reward sensitivity,
and the implication of the mesocorticolimbic and prefrontal systems in

The concept of food addiction (FA) has recently elicited growing
interest, as it provides a useful way to gain insight into a specific set of
problematic eating behaviors. In addition to anecdotal reports supporting
the addictive qualities of food, FA was further described using parallels
between the behavioral, psychological, and neurobiological components
of substance dependence and overconsumption of food. In a

the compulsive use of both psychoactive substances and food [1]. Based
on these parallels, the DSM-IV-TR substance dependence diagnostic
criteria were applied to excessive food consumption and the Yale Food
Addiction Scale (YFAS) was designed as a tool to operationalize FA [2,
3]
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Using the YFAS, studies have documented the presence of FA among
various samples. Among individuals suffering from severe obesity and
awaiting bariatric surgery more specifically, prevalence rates up to 54%
have been found, highlighting the importance of studying FA in this
clinical sample [4]. Furthermore, many studies have investigated the
psychological markers of FA. It was found that individuals with FA
presented significantly more severe depression symptoms, childhood
ADHD, impulsivity, and addictive personality traits than individuals
without FA [5, 6]. While essential to consider psychological markers of
addiction in relation to FA, it is also important to consider physiological
markers. For instance, individuals with FA exhibit differences in
neuronal circuitry (including dopamine signaling) and hormonal profiles
(including gut hormones, pituitary polypeptide hormones, and
adipokines) when compared to their counterparts without FA [7-9]. The
functioning of the Hypothalamus-Pituitary-Adrenocortical (HPA) axis,
often reflected by the stress hormone cortisol, is a physiological marker
that has been associated with both addiction disorders and disordered
eating behaviors. However, no study has specifically investigated HPA-
axis functioning through cortisol awakening response (CAR) in relation
to FA.

Indeed, CAR is known to be a reliable indicator of HPA-axis functioning
[10]. While activation of the HPA axis following an acute stressor is
crucial in promoting adaptive responses, prolonged activation of this
system can become maladaptive, as reflected by an inability to
adequately cope with various life events [11, 12]. Considering that
addiction-related behaviors persistently stimulate functioning of the
HPA axis, the compulsive nature of such behavior may be linked to its
downregulation. In fact, blunted HPA-axis functioning has been
observed among individuals suffering from alcohol dependence and
pathological gambling, thus possibly representing a physiological
marker of such disorders, including aspects of vulnerability and risk of
relapse [13-16]. With regards to food and eating, it has been shown that
stress, as reflected in HPA-axis functioning, constitutes a risk factor for
obesity as it has been linked to various metabolic changes and
problematic eating behaviors promoting obesity [17-21]. Lastly, HPA-
axis dysfunctions have been associated with psychological variables
closely related to FA, like impulsivity, sensation seeking, and poor
decision-making highlighted by low punishment sensitivity and high
reward dependence, as well as with eating variables closely related to
FA, such as hedonic eating and other problematic eating behaviors such
as disinhibited and binge eating [22-28].

Considering the multiple bridges established between substance
dependence and overconsumption of food and the involvement of HPA-
axis functioning in both fields, the present study aimed to explore HPA-
axis functioning in relation to FA in a particularly at-risk clinical sample.
More specifically, the difference in CAR as well as the associations
between CAR and eating behaviors were examined among bariatric
candidates presenting either high or low FA symptomatology. Based on
the aforementioned literature, it was hypothesized that the high-FA
group would exhibit a blunted CAR when compared to the low-FA
group, reflecting a possible HPA-axis dysfunction in those with an
addictive-like profile. It was also hypothesized that significant
associations between CAR and eating behaviors would be observed in
both the high-FA and the low-FA groups.

Physiol Dis Res doi: 10.31487/j.PDR.2019.03.03

Methods and Materials
| Particpants and Procedure

This project was approved by the Research Ethics Committee of the
Quebec Heart and Lung Institute, where participants were recruited.
Eligible bariatric candidates were solicited at the time of their pre-
operative visit if they were aged between 18 and 50 years old, as to only
recruit pre-menopausal women considering the possible impact of sexual
hormones on CAR, and if they were free of current psychiatric condition
and/or severe cognitive disturbances that might interfere with data
collection [29]. After providing informed consent, participants were
given a booklet of questionnaires and nine centrifugation tubes for saliva
sampling, each containing a small cotton swab (salivettes) (Starstedt;
Rommelsdorf, Germany). They were also given oral and written
instructions for saliva sampling. All research material was collected
during the participants’ next hospital visit. Weight and height
information were obtained from medical files.

The final sample included 40 individuals (30 women and 10 men), who
presented a mean age of 39.9 years (SD = 7.3) and a mean BMI of 48.12
kg/m? (SD = 6.05). All participants were White/Caucasian, except for
one participant for whom information relative to ethnicity was missing.
Most of the participants had completed a post-secondary degree (65%)
and reported working full time (80%).

11 Measures
FA

The YFAS is a self-report instrument designed to examine FA
symptomatology over the last 12 months [3]. It comprises 25 items,
among which 20 are based on the seven DSM-IV-TR diagnostic criteria
for substance dependence [2]. Two more items are included to assess the
presence of clinically significant distress/functional impairment and
three more items provide clarification for subsequent items (primer
items). Items contained in the YFAS are answered on a five-point Likert
scale or on a yes-no basis. When scoring the instrument, a chart is used
to determine when an item is endorsed and a criterion is considered
fulfilled when at least one of its associated items is endorsed. A
validation study of the French version of the YFAS by our research team
showed that a 16-item version was best suitable for the present sample,
showing good internal consistency (o= .85) [30].

Depression symptoms

The Beck Depression Inventory-11 (BDI-11) is a self-report questionnaire
composed of 21 items based on the DSM-IV diagnostic criteria for major
depressive disorder and was used to evaluate the presence and severity
of depression symptoms over the past six months [31, 32]. Each item is
measured on a four-point Likert scale, representing various severity
levels of depression symptoms, and is summed up to obtain a total score.
In the present sample, good internal consistency was observed (o = .89).

Anxiety levels

In order to assess the general anxious disposition of participants, the 20-
item trait subscale of the State and Trait Anxiety Inventory (STAI) was
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used [33]. Participants were asked to answer each item using a four-point
Likert scale, indicating to which extent the item corresponds to their
experience in general. After taking into account the reversed items, a
total score can be obtained by adding up all items. In the present sample,
excellent internal consistency was found (o =.90).

Eating pathology

The Eating Disorder Examination (EDE 12.0) is a semi-structured
interview and consists of 62 items evaluating eating-related behaviors
from the past three months [34]. In the context of the present study, only
the “bulimic episodes and other episodes of overeating” section of the
EDE was used in order to document the presence of binge eating
episodes among participants. Items from this section were evaluated
either on the basis of their frequency/severity (scored on a seven-point
Likert scale) or using qualitative information.

Eating behaviors

The Three-Factor Eating Questionnaire (TFEQ) is a 51-item instrument
used to measure three behavioral aspects of eating [35]:
1.  cognitive dietary restraint (o0 = .76);
2. disinhibition toward food (o =.80); and
3. susceptibility to hunger (o= .84).
The first section of the TFEQ includes 36 true-or-false items and the
second section includes 15 four-point Likert-scale items. A score for
each subscale can be computed by adding each item according to a point
system. In the present sample, internal consistency of the three
subscales was satisfying (shown above).

Food cravings

The Food Craving Questionnaire - Trait (FCQ-T) is a self-report
instrument composed of 37 items and designed to evaluate the general
experience of food cravings according to nine dimensions [36]:

1.  having intentions and plans to consume food (o = .86);

2. anticipation of positive reinforcement that may result from eating

(a=.90);

3. anticipation of relief from negative states and feelings as a result
of eating (o = .87);
lack of control over eating (o = .91);
thoughts or preoccupation with food (o = .85);
craving as a physiological state (o= .81);
emotions that may be experienced before or during food cravings

N o g &

or eating (o = .95);

8.  cues that may trigger food cravings (o= .88); and

9. guilt from cravings and/or for giving into them (a = .70).
Respondents are asked to indicate how often each statement “would be
true for them in general” using a six-point Likert scale. An overall score
as well as subscale scores can be obtained by summing up all
corresponding items. Internal consistency for the FCQ-T subscales
(shown above) and total score (a0 = .97) was excellent in the present
sample.

Hedonic hunger

The Power of Food Scale (PFS) is a self-report questionnaire used to
measure three facets of hedonic hunger [37]:

Physiol Dis Res doi: 10.31487/j.PDR.2019.03.03

1.  participants’ response to food available in the environment (o =
.87);

2. participants’ response to food present in the environment (a0 =
.90); and

3. participants’ response to food in the environment that has been
tasted (o = .80).

It comprises 15 items, each rated on a five-point Likert scale. Answers

can be added up in order to obtain each subscale score as well as a total

score. Internal consistency for the overall PFS (o= .94) and its subscales

(shown above) was excellent in the present sample.

HPA-axis functioning

In the present study, HPA-axis functioning was assessed through CAR,
which represents the boost in cortisol occurring within 30 to 45 minutes
of awakening [29]. Participants were instructed to complete three saliva
samples on three different weekday mornings, in order to reduce
intraindividual variability [29]. Upon awakening, they were asked to
open the first salivette (identified “morning 1, sample 17), put the cotton
swab in their mouth for about 30 seconds, and put the cotton swab back
in the salivette once it was filled with saliva (T0). They were then asked
to repeat these steps 15 and 30 minutes after awakening (T15 and T30,
respectively). They were instructed to store the salivettes in the freezer,
until they could bring them back to the research facility. Participants
were told to refrain from eating, drinking, smoking, and brushing their
teeth before and throughout the complete procedure, as to not
contaminate the samples. They were allowed to drink water, but not
during the five minutes preceding each sample. Compliance with the
procedure was verified through answers on a short questionnaire
pertaining to the sampling procedure.

The salivary cortisol levels were determined using an immunoassay kit
(expanded range high sensitivity salivary cortisol enzyme immunoassay
kit from Salimetrics (Pennsylvania, United States)). As per the
instructions provided with the immunoassay Kkit, the saliva samples were
thawed completely, vortexed, and centrifuged at 1500 x g for 15 minutes.
The saliva samples were then added to the assay plate. The average
salivary cortisol levels for the three mornings were computed for each
time point (TO, T15, and T30). Furthermore, CAR was measured by
subtracting salivary cortisol levels at TO from salivary cortisol levels at
T30 (delta cortisol).

111 Data analytic plan

Descriptive analyses were first conducted to draw up a general portrait
of the sample and variables under investigation. According to the
procedure described by Gearhardt et al. (2011), participants who
endorsed three or more FA criteria were first classified in the high-FA
group (N = 20) [38]. Those who endorsed one or less FA criteria and
who represented the best possible match for the high-FA participants
according to age, sex, BMI, depression symptoms, and anxiety levels
were then classified in the low-FA group (N = 20). Those who endorsed
two FA criteria were not considered as to create a more distinct
separation between both groups. Chi-square tests and t-tests were used
when appropriate to assess sociodemographic differences between the
high- and the low-FA groups and to insure participants from both groups
were adequately matched.
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A two-way analysis of variance was performed in order to compare the
high- and the low-FA groups on CAR, where the three time points at
which saliva samples were obtained (TO, T15, and T30) were identified
as the within-subject factor (time) and the group within which
participants were classified (high-FA and low-FA) was identified as the
between-subject factor (group). Correlational analyses were also
conducted in order to document the associations between CAR (delta
cortisol) and various eating behaviors (presence of binge eating,
problematic eating behavior, food cravings, and hedonic hunger) among
bariatric candidates with high and low FA symptomatology. Lastly, a
multiple regression analysis was conducted using the first model of
Hayes” PROCESS macro for SPSS to test the moderating effect of FA
(high or low) on the association between CAR (delta cortisol) and eating
behaviors [39].

Results

Results from chi-square tests and t-tests revealed no significant
difference between the high- and the low-FA groups. Participants from
both groups did not differ in terms of education (y* = 1.077, p =.713) or
employment (y2= 2.125, p = .713) and they did not differ in terms of sex
(five men and 15 women in each group), age (t = .888, p =.380), BMI (t
=-.580, p = .565), depression symptoms (BDI total score; t = -1.081, p
= .287), or anxiety levels (STAI — trait subscale score; t = -1.413, p =
.166).
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Figure 1: Cortisol awakening response in individuals presenting low and
high food addiction symptomatology.

As seen in (Figure 1), results from the two-way ANOVA with repeated
measures showed a significant effect of time on salivary cortisol levels
(F76 = 32.261, p < .001), indicating that participants overall exhibited
higher salivary cortisol levels at T15 when compared to TO (t = -.206, p
<.001) and at T30 when compared to TO (t = -.244, p <.001). However,
the effect of group on salivary cortisol levels was non-significant (F,ss)
= 0.059, p = .810). The “time x group” interaction was also non-
significant (Fz7) = 0,159, p = .810), thus showing that the CAR of
individuals presenting high FA symptomatology and low FA
symptomatology did not differ throughout time.

Results from the correlational analyses (Table 1) showed that most
associations between CAR and eating behaviors were not statistically
significant. However, different patterns of association for the high- and
the low-FA groups were observed. Although not significant, moderate
negative associations were found between CAR and dietary restraint (p
= .054) as well as CAR and hedonic hunger when food is tasted (p =
.052) among individuals presenting high FA symptomatology, while
weak positive associations were found among their counterparts. More
importantly, a significant negative association was observed between
CAR and the FCQT subscale related to food cravings triggered by cues
in the environment (p = .014) among individuals presenting low FA
symptomatology, while a weak and non-significant association was
observed among individuals presenting high FA symptomatology.

In light of this significant association, a multiple regression analysis was
conducted to test the moderating effect of FA (high or low) on the
correlation between CAR and cue-triggered food cravings. Results
presented in (Table 2) showed that the overall model was significant
(F@3s = 12.65, p < .001) and accounted for 51% of the explained
variance in cue-triggered food cravings (R? = .51). Furthermore, the
“CAR x group” interaction was found to be a significant predictor of
cue-triggered food cravings (Fz = 4.6336, p = .04), accounting for a
significant 6% increase in explained variance (R? change = .0627). While
increases in CAR were related to decreases in cue-triggered food
cravings in individuals presenting low FA symptomatology, the
association between CAR and cue-triggered food cravings was not
significant among individuals presenting high FA symptomatology
(Figure 2).

Table 1: Correlation coefficients of the association between cortisol awakening response and eating variables in individuals presenting low and high food

addiction symptomatology.
Variables

PFS_food available
PFS_food present
PFS_food tasted
PFS_total
TFEQ_restraint
TFEQ_disinhibition
TFEQ_hunger
FCQT_intention
FCQT_reinforcement
FCQT_relief
FCQT_control
FCQT_preoccupation

Physiol Dis Res doi: 10.31487/j.PDR.2019.03.03

High-FA group Low-FA group

(N = 20) (N = 20)
-.357 -.081
100 -.265
-.440% 055
-324 -102
- 437+ 072
-.058 -204
-.205 -131
-.147 -151
-101 .001
071 -177
122 -.296
-227 .087
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FCQT_physiological
FCQT_emotions
FCQT_cues
FCQT_guilt
FCQT_total
EDE_binge eating

-.091 .057
-.146 -.371
.010 -.541*
-.165 -.118
-.100 -.222
-.103 -.022

Note. FA — food addiction; PFS — Power of Food Scale; TFEQ — Three-Factor Eating Questionnaire; FCQT — Food Craving Questionnaire-Trait

*p <.05; + marginally significant (p <.10)

Table 2: Multiple regression analysis predicting the effect of cortisol awakening response (delta) on food cravings triggered by cues in the environment.

Predictors B

Group 1.1224
Cortisol awakening response -0.4819
Group x Cortisol awakening response 0.4881

*p < .05; **p < .01; ***p < .001.

e

=]

Low-FA group

"""" High-FA group

=
th

Cue-triggered food cravings (Z score)
-

Cortisc-llawakening response (deltz} Z score)
Figure 2: Food addiction symptomatology as a moderator of the
relationship between cortisol awakening response and food cravings
triggered by cues in the environment.

Discussion

The present study aimed to explore HPA-axis functioning in relation to
FA among bariatric candidates, by examining the difference in CAR
between a high- and a low-FA group and by documenting the
relationship between CAR and various eating behaviors within both
groups. It was possible to conclude from the present findings that the
high- and the low-FA groups were properly matched to control for the
effect of potential confounding factors on CAR and that the procedure
surrounding the collection of saliva samples was valid as the expected
increase in salivary cortisol levels after awakening was observed.

Results also showed that the CAR of individuals in the high- and the
low-FA groups did not differ. This finding did not correspond to our
original hypothesis, namely that the CAR of participants from the former
group would be blunted in light of their addictive tendencies toward
food. It is important to consider that all participants involved in the
present study presented severe obesity and that HPA-axis dysfunctions
and obesity are interrelated [17]. A significant “time x group” interaction
would have indicated an impact of FA on HPA-axis functioning above
and beyond the impact of obesity on HPA-axis functioning. It is
therefore plausible that the influence of FA on CAR may not have been
potent enough to be detected among individuals presenting such severe
obesity, especially since the sample size was small and may have
hindered observation of a significant group difference (n? = .004 for the

Physiol Dis Res doi: 10.31487/j.PDR.2019.03.03

t value p

5.6604 .0000***
-2.8362 .0074*
2.1526 .0381*

interaction effect). It is also important to consider that disrupted sleep
patterns can potentially influence CAR and that night eating syndrome,
characterized by frequent awakening through the night, is common
among bariatric candidates [40, 41]. The presence of such eating
pathology may thus have acted as another confounding variable, for
which the present experiment did not control. Lastly, it is important to
consider that the collection of saliva samples included measurements at
15 and 30 minutes post-awakening. In a study on HPA-axis dysfunction
in alcohol-dependent patients, significant group differences indicating
an attenuated CAR in short-term abstinent patients when compared to
long-term abstinent patients were found only 45 and 60 minutes after
awakening [13]. Another study on salivary cortisol and binge eating
disorder revealed that women suffering from this disorder showed lower
total cortisol levels throughout the day (15 and 30 minutes after
awakening in addition to 12:00PM, 3:00PM, and 8:00PM) when
compared to women free of this disorder [28]. We cannot exclude that a
longer saliva collection procedure could have allowed the observation of
a group difference in HPA-axis functioning in the present study.

The correlational analyses showed few significant associations between
CAR and eating behaviors. This finding does not support our hypothesis
that CAR would be significantly associated with eating behaviors in both
the high- and the low-FA groups. It is however possible to notice that
many associations between CAR and eating behaviors were negative.
This correlational pattern is similar to what was previously reported
among men and women from the general population; according to the
authors, these results suggest that lower HPA-axis reactivity may be
associated with undesirable eating behaviors, such as disinhibition,
susceptibility to hunger, and binge eating, among healthy individuals
[26].

In the same line of thoughts, findings from the present study revealed
that CAR was negatively related to cue-triggered food cravings among
individuals presenting low FA symptomatology, but not among
individuals presenting high FA symptomatology. Previous literature has
highlighted the fact that certain problematic eating profiles modify the
relationship between stress and eating patterns. For instance, restrained
and emotional eaters as well as individuals suffering from binge eating
disorder tend to overeat instead of lose appetite in times of stress [19].
Also noteworthy, findings from the correlational analyses revealed that
some associations between CAR and eating behaviors tend to differ
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when individuals with or without FA are considered. FA could therefore
represent another problematic eating profile that affects the relationship
between stress and specific eating behaviors, where the influence of
CAR on eating behaviors could depend on whether or not addictive
tendencies are present.

The present results must be considered in light of some limitations. As
previously stated, the sample size was small and may thus have
influenced the detection of differences between the high- and low-FA
groups in terms of HPA-axis functioning and its association with eating
behaviors. Also, participants were recruited approximately three months
prior to the bariatric surgery and may have already made changes in their
eating habits with the help of a dietician. Future experiments would
benefit from including a control group, inquiring about potential
confounding variables specifically related to the nature of the addiction
studied (for instance, the time and caloric content of the last meal and
night eating syndrome), and testing participants earlier in the process
leading to the bariatric surgery.

Conclusion

To our knowledge, this is the first study to explore HPA-axis functioning
through CAR in relation to FA and eating behaviors in bariatric
candidates. Findings from the present experiment certainly open the door
to further examination of this physiological marker in the field of FA,
which could help us gain insight into the reward pathway and its impact
on eating behaviors in individuals presenting severe weight problems.
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