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Abstract

Background

Despite previous research pointing out a bifurcation in cortisol stress reactivity, it is not
yet clear if all variables explaining inter-individual differences in stress responses are captured.
Objectives

To explore which (psychosocial and demographic) variables predict the cortisol
response after a standardized stress- and affective state (SAS)-induction in youth with
overweight and obesity.
Methods

As part of a randomized control trial (SRCTN83822934) investigating the effects of an
emotion regulation (ER)-training on top of a ten-month inpatient multidisciplinary obesity
treatment, 79 children and adolescents (9-15 years) with moderate obesity (M adjusted
BMI1=154.35%, SD=24.57) completed a SAS-induction before leaving the clinic.
Results

Those whose cortisol levels decreased (N=59.5%) from baseline to reactivity showed
higher levels of alexithymia than increasers (p=.049). Attachment avoidance was a significant
positive predictor of relative cortisol decrease after SAS-induction (p=.001). Age was
significantly related to less cortisol decrease (p=.006). No significant effect of ER-intervention

group on relative cortisol change was found.

Conclusions

The current study provides evidence for a bifurcation in cortisol stress reactivity in
youth with obesity. Our data further suggested that psychosocial variables (alexithymia and
attachment avoidance) influence the cortisol stress response. Future research should further

explore whether the attenuators are a more vulnerable group.
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Abbreviations
HPA: hypothalamic—pituitary—adrenal
(%)BMI: (Adjusted) Body Mass Index
SAS: stress- and affective state
ER: emotion regulation
MOT: multidisciplinary obesity treatment
VIF: Variance Inflation Factor
1. Introduction

1.1. Obesity and stress

To date, childhood obesity has reached epidemic levels and represents a major public
health concern . Besides experiencing short- and long-term physical health problems, youth
with obesity are at increased risk for many different psychosocial stressors (e.g., weight stigma,
parent-child attachment difficulties,...) 2. Given the fact that youth with obesity also display
less emotion regulation skills to cope with stress 8, they form an at-risk group for experiencing
psychopathology and enduring chronic stress ®°. Long-lasting stress is seen as harmful for all
adolescents 0, but for those with overweight, this could lead to several worse outcomes that
complicate or even hinder weight loss 1. More specific, stress can lead to and/or maintain
overweight through different pathways whereby the most studied mechanism is the role of
emotional eating as a way of coping with stress, ultimately leading to enhanced overweight
21213 ‘However, not all pathways are fully captured. One of the less studied pathways is the
physiological pathway, assumed to be induced by cortisol release, a hormone produced under
control of the hypothalamic—pituitary—adrenal (HPA) axis and related to feelings of enhanced
stress. Cortisol is linked with obesity via an increased appetite, hedonic hunger and promotion
of fat deposition in the visceral region 2!*. Since obesity and stress are bidirectionally

connected, it is complicated to unravel and break this complex, self-sustaining cycle. Studying
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this pathway also in younger age groups will therefore be the aim of present study, designed to
shed new light on the assumed physiological pathway.
1.2. Cortisol stress response

Besides regulating our metabolism, cortisol is a well-known marker of stress as it
mediates the stress response °. It is known that acute stress results in an enhanced secretion of
cortisol which can be seen as an adaptive physiological response 6. When a stressor becomes
chronic, the HPA axis responds initially with sustained cortisol elevation, but this chronic
elevation is often followed by hypocortisolism "8, Interestingly, during chronic stress, an
acute stressor does not significantly increases cortisol levels °. Indeed, previous research in
children and adults that focuses on cortisol response after an induced stressor found both a
heightened (accentuated) and blunted (attenuated) reaction 2°-?2, This bifurcation, an increase
or decrease from baseline to reactivity, shows the importance of inter-individual differences in
cortisol responses that could explain why one and the same stressor could increase cortisol in
some people but not in others (i.e., those who show a more blunted reaction). Based on their
relationships with both obesity and cortisol, below we describe the variables of interest for the
current study: demographics (age and sex), chronic psychosocial stress correlates (parent-child
attachment, sleep quality and perceived stress) and emotion regulation difficulties (emotional
awareness).

1.2.1. Demographics.

When studying psychosocial variables that are related to obesity for understanding
variability in cortisol reactivity, age and sex should be taken into account. Baseline cortisol
levels increase with age across adolescence, for both boys and girls 2. However, while
adolescent girls have specifically higher baseline cortisol levels 24, adolescent boys show higher
cortisol reactivity from baseline to stressor 2. The influence of sex on cortisol reactivity is less

unequivocal and needs further clearance .
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1.2.2. Chronic psychosocial stress correlates.

In youth, the family context can be very stressful, while a secure parent-child
attachment is negatively related to stress and negative affect 26, This may be especially the
case for children with obesity as an insecure parent-child attachment is positively related to
Body Mass Index (BMI)3. Moreover, high degrees of insecure attachment are linked with
deviated cortisol values and dysregulation in HPA axis responses ?’. However, research in
young populations with overweight and obesity is scarce and conclusions depend on the format
of insecure attachment (i.e., attachment anxiety or avoidance) 282°, Also the direction of the
association is inconsistent: insecure parent-child attachment is positively associated with both
accentuated and attenuated cortisol stress responses in community adolescents 2°.

Sleep quality is another correlate of chronic stress that is both linked with obesity and
HPA activity. A meta-analysis in youth found that poorer self-reported sleep quality was
related with higher odds of being overweight or obese *. Sleep problems are further associated
with cortisol hyperreactivity to stress in adolescents 3. A review concluded that both objective
and subjective measures of low sleep quality potentiate the reactivity of the HPA axis *2.
However, the sleep-cortisol-obesity association has not been ample studied in youth with
obesity.

In psychology, most stress-studies rely on self-reports. As the term perceived stress
indicates, it reflects the subjective stress experience which is seen as the most reliable source
when internal states should be estimated and, as expected, the association with obesity has been
proven 2. However, an association with cortisol is expected as well but this is less clear. A
review on the association between the Perceived Stress Scale (PSS) %, a commonly used
perceived (chronic) stress assessment instrument, and baseline salivary cortisol found
inconsistent results 34, More than half of the studies did not find a significant relationship.

1.2.3. Emotion regulation difficulties.
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Given that youth with obesity display less skills to cope with stress related emotions
81213 emotional awareness is a variable of interest. Emotional awareness can be seen as a
facet of alexithymia (i.e., difficulties in identifying and describing emotions) and is recognized
as the pre-stage of emotion regulation processes . In adolescents with obesity there is a high
occurrence of alexithymia (22%), with alexithymia scores being positively associated with
obesity severity . Difficulties in differentiating and distinguishing feelings is associated with
a hyperresponsive HPA system 3’. However, other studies support physiological hypoarousal
when individuals with high levels of alexithymia are confronted with an emotional challenge
38 Since these results are not unequivocal, more research is indicated.

As mentioned above, different studies reported that chronic stress may result in HPA
hypoactivity, seen in an attenuated cortisol response, after initially leading to an increased
cortisol activity 1”8, This suggests that the attenuated group acts as an exhausted group. This
brings us to the question why some youngsters ‘move’ to hypoactivity and whether they show
more psychosocial difficulties.

1.3. Current study

Despite previous research pointing out a bifurcation in cortisol stress reactivity, it is not
yet clear if all variables explaining inter-individual differences in stress response are captured
20 Especially research examining psychosocial predictors of cortisol stress response in youth
with obesity is lacking. Therefore, the current study focuses on cortisol responses after a
standardized stress- and affective state (SAS)-induction in youth with obesity.

The first aim of the study is to explore the physiological cortisol reaction after SAS-
induction. Two distinct groups are expected: those whose cortisol levels increase (accentuated
response) and those whose cortisol levels decrease (attenuated response) from baseline to

reactivity.
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Our second aim is to explore whether these two groups can be distinguished based on
the demographics age and sex, psychosocial measures of chronic stress correlates (insecure
attachment, sleep quality and perceived stress), and the emotion regulation competence
emotional awareness. We hypothesize that attenuators will be older, have lower emotional
awareness, and higher perceived stress and insecure attachment avoidance scores than
increasers. In addition, we expect that increasers will consist of more boys and have lower sleep
quality and higher insecure attachment anxiety scores compared to attenuators. Next, the
additional hypothesis will be explored whether the psychosocial variables predict the strength
of the cortisol response after SAS-induction.

Third, since participants were part of an emotion regulation (ER) randomized control
trial (SRCTN83822934), a potential intervention effect will be explored. We hypothesize that
those who received an ER-training will show smaller relative changes after SAS-induction than
those who did not receive the training.

2. Method
2.1. Participants

Participants were 79 children and adolescents from 9 to 15 years old (M=12.33,
SD=1.67, 50.6% boys; adjusted(%) BMI! Range=119-229; M=154.4, SD=24.6) who enrolled
for a ten-month inpatient multidisciplinary obesity treatment (MOT) during 2018-2020. At
time of current study participants were already 6 months in the clinic. They all participated in
a randomized control trial (SRCTN83822934) investigating the effects of an ER-training on
top of the MOT *°. Of current participants, 44 patients received an ER-training, while 35
patients were assigned to the MOT-only control group. Patients without cortisol values (no
sample or concentration cortisol too low) on both time-points (before and after SAS-induction)

(N=22) and two outliers (>3SDxmean baseline cortisol) were already excluded. Patients with

1 %BMI is the BMI adjusted for age and sex resulting in the percentage of overweight
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comorbid medical disorders that cause (a part of) the weight gain (i.e. serious thyroid problems)
and youngsters with medical problems where obesity is secondary were not recruited for the
study. Of all participants 26.6% used at least one prescription drug (e.g., inhaler, Ritalin). Those
participant did not differ significantly from the other participant with regard to the variables
used in current study. For more information about the data-collection see Debeuf and
colleagues *°. The study was performed according to the Declaration of Helsinki and approved
by the ethics committee of Ghent University Hospital.
2.2. Procedure

Figure 1 gives an overview of the different time-points and collected data used in this
study. Stable (trait) data (insecure attachment and perceived chronic stress) was measured at
month 3. Sleep, alexithymia and %BMI (i.e., BMI adjusted for age and sex resulting in the
percentage of overweight) were measured at time of SAS-induction (Month 6). More details

can be found in Debeuf et al. 2°.

- Insert here Figure 1 -

2.3. Measures

Adjusted BMI (%BMI) was calculated by adapting measured BMI (weight in
kg/squared height in m?2) for age and sex [(actual BMI/Percentile 50 of BMI for age and sex) x
100]. Percentile 50 of BMI for age and sex was based on normative data “°. An %BMI score
<85% is considered underweight, an %BMI score >120% as overweight and an %BMI score
>140% as obesity.

Salivary cortisol was analyzed by an enzyme linked immune-sorbent assay (ELISA)

with inter-assay CV 7.2%, intra-assay CV 6% and range 50-3200 pg/ml (Arbor Assays®)*.
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Cortisol samples were obtained via salivette synthetic swabs (Sarstedt, Germany), specifically
designed for salivary cortisol analysis. Swabs were centrifuged for 4 minutes at 3000 rpm
(Jouan CR412 centrifuge), and filtrates were stored at -80°C . For a more detailed description,
see van Aken and colleagues “2. Assessment hour of the study (i.e., time of the day when
cortisol levels were measured) was also registered.

The Experiences in Close Relationships Scale-Revised Child version (ECR-RC)* is a
self-report scale assessing two forms of insecure attachment: Attachment Anxiety and
Attachment Avoidance. The 36 items ranged from 1 (=strongly disagree) to 7 (=strongly
agree). The ECR-RC has good reliability and validity “3. In the present sample, attachment to
the mother was used and internal consistency was good for both subscales (a=.89 and a=.91).

The Chronic Sleep Reduction Questionnaire (CSRQ)* measures sleep reduction with
20 items that are answered on a three-point Likert scale (with 0=no, 1=sometimes, and 2=yes).
The CSRQ assesses shortage of sleep, irritation, loss of energy, and sleepiness. The
questionnaire has good psychometric qualities *. The total score was used, which showed good
internal consistency (a=0.90)

The Perceived Stress Scale (PSS)* is a commonly used perceived (chronic) stress
assessment instrument. The ten items ask about stress feelings and thoughts during the last
month and range from 0 (=never) to 4 (=very often). The PSS has adequate validity and
reliability 3. In the present sample, internal consistency was acceptable (a=.68).

The Toronto Alexithymia Scale-Il (TAS-20)* consists of 20 items to measure
alexithymia, with 3 subscales: difficulties in identifying emotions, difficulties in describing
emotions to others, and an externally oriented thinking style. The items are scored on a three-
point Likert scale ranging from O (=not correct for me) to 2 (=correct for me). The TAS-20
uses cutoff scoring, with scores of 21-24 indicating possible alexithymia (subclinical range),

and scores of 25-40 indicating alexithymia (clinical range). The TAS-20 has good internal
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consistency and validity “°. In current study the total score as well as the subscale ‘difficulties
in identifying emotions’ was used. Both had a good internal consistency (0a=.86 and 0=.84).

The stress- and affective state (SAS)-induction consisted of a combination of three
different stressors each lasting 5-10 minutes and presented in a fixed order: a mood induction
using fragments from “The Champ” or “The Lion King” (affective stressor), the Leeds Food
Preference Questionnaire “6(food related stressor) and finally a cognitive stressful memory task
in which participants had to answer open questions regarding details of the fragment they saw
(cognitive stressor); see also Debeuf and colleagues *. The SAS-induction was done twice,
once before and once after ER-training, with three months in between. For the current study,
data from SAS-induction after ER-training was used. Before, during and after SAS-induction
six cortisol samples were taken of which two were analyzed (Figure 1). Due to the known time-
lag of cortisol peak 8, the cortisol sample at minute 23 was used as baseline cortisol sample.
Approximately 40 minutes later, 20-25 minutes after the last stressor (memory task), the
cortisol sample representing ‘after SAS-induction’ was taken.

The MOT took place at a treatment center in Belgium where the patients were following
a ten-month inpatient treatment to obtain a healthy body weight 4. The intervention consists
of learning about healthy food behavior, physical activity, cognitive behavioral techniques and
involvement of the parents. On top of this, 44 patients also received an ER-training called
“EuREKA”8 consisting of 12 sessions in which different ER competences were trained.
2.4. Data-analysis

Analyses were performed using IBM®SPSS® Statistics 26. For the first aim of the
study, cortisol at baseline of SAS-induction was compared to cortisol after SAS-induction
using Repeated Measures ANOVA, both in the total group and, if indicated, in two subgroups
separately. Assessment hour was added as covariate. To compare the increasers- attenuators as

well as the two intervention groups (ER-control group), independent samples T-tests were used

10
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for continuous variables and chi-square tests for categorical variables. Multiple regression
analysis was executed with relative cortisol increase/decrease after SAS-induction as
dependent variable and the psychosocial variables as independent variables, in the increasers
and attenuators group separately. Regression results were robust to the effect of
multicollinearity, as Variance Inflation Factor (VIF) values were smaller (highest value: 4.074)
than 10 .
3. Results

3.1. Descriptive data

Table 1 shows the descriptive data of the participants. It also shows Spearman rank-
order correlation coefficients on the relationship between cortisol at baseline SAS-induction
on the one hand and assessment hour, age, sex, %BMI and the different psychosocial variables

on the other hand. Only the negative correlation with assessment hour was significant.

- Insert here Table 1 -

3.2. Time-effects for the total group and subgroups increasers and attenuators

Regarding aim 1, based on a Repeated Measures ANOVA (Table 2) with assessment
hour as covariate, there was no significant change for the total group between baseline cortisol
(M=516.2, SD=418.9) and cortisol after SAS-induction (M=500.3, SD=419.3), F(1,77)=.700,
p=.405.

As expected, two distinct groups could be distinguished. Those whose cortisol levels
increased (N=32; range=2%-556% relative increase, M=99.3%) and those whose cortisol
levels decreased after SAS-induction (N=47; range=1%-79% relative decrease, M=37.7%).

When repeating above analysis for the increasers group, a significant time-effect

(F(1,30)=8.501, p=.007) between baseline cortisol (M=358.8, SD=241.6) and cortisol after

11
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SAS-induction (M=659.3, SD=492.6) was found, i.e. cortisol levels increased significantly.
There was also a significant interaction between time and the covariate assessment hour
(F(1,30)=4.406, p=.044), the earlier the SAS-induction, the stronger the increase. In the

attenuators group, no significant time-effect (F(1,45)=2.554, p=.117) was found between

cortisol levels before (M=623.4, SD=478.8) and after (M=392.0, SD=324.1) SAS-induction,

although visual inspection suggests reduced cortisol levels.

- Insert here Table 2 -

For testing aim 2, increasers and attenuators were compared on all variables: significant
differences were found regarding alexithymia scores, and trend significantly regarding sex,
age, %BMI and chronic sleep reduction (Table 3). Those whose cortisol levels decreased after
SAS-induction were older, had a higher %BMI and had higher chronic sleep reduction as well
as higher alexithymia scores than increasers. There were also more girls among attenuators

compared to increasers.

- Insert here Table 3 -

In the increasers group, a multiple linear regression to predict relative cortisol increase
based on all psychosocial variables explained 15.9% of the variance but was not significant
(F(10,21)=.398, p=.933). There were no significant predictors in this model (Table 4). In the
attenuators group, the multiple linear regression to predict relative cortisol decrease explained
45% of the variance and was significant (F(10,36)=2.944, p=.008). Attachment avoidance was
a significant positive predictor of relative cortisol decrease after SAS-induction (p=.001). Age

was negatively related to cortisol decrease (p=.006)(Table 4).

12
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- Insert here Table 4 -

3.3. Comparing subgroups for intervention effects?

For testing aim 3, a Pearson Chi-Square was performed to determine whether the
proportion of increasers/attenuators was equal between ER-group (N=44, 57% attenuators) and
control group (N=35, 63% attenuators). There was no significant difference, X2(1, N=79)=.295,
p=.587.

When further exploring the influence of condition on the (time-)effect of SAS-induction
on cortisol levels, condition was added as between factor to the Repeated Measures ANOVA’s
(see 3.2.). Conclusions remained the same and there were no significant time x condition
interactions in the total group (F(1,76)=.573, p=.451), increasers group (F(1,29)=.058, p=.812)
or attenuators group (F(1,44)=.342, p=.561).

When comparing ER- and control group regarding relative change, visual inspection
suggests a smaller change for ER-group compared to control group (Figure 2). However, in the
attenuators group, based on an independent samples t-test, relative decrease after SAS-
induction was not significantly smaller for ER-group (t=1.479, p=.147) Also in the increasers
group, based on a Mann-Whitney U test, there was no significant difference between ER
(N=19) and control group (N=13) regarding relative increase (U=90, p=.199).

- Insert here Figure 2 -

4. Discussion

2The ER- and control group did not differ significantly regarding %BMI (t=.169, p=.867), attachment avoidance
(t=.517, p=.606), attachment anxiety (t=-.297, p=.767), perceived stress (t=1.080, p=.284), chronic sleep reduction
(t=1.435, p=.156), alexithymia (t=.586, p=.560) and difficulties in identifying emotions (t=.756, p=.452) at the
start of the training. They did further not differ regarding delta BMI (change in %BMI during training)(t=-.125,
p=.901). Concerning cortisol reactivity at start of the training, there were no significant differences between ER-
and control group in the total (t=1.731, p=.088), increasers (t=.782, p=.442) and attenuatorsgroup (t=.579,
p=.566).

13
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When studying the obesity-stress relation, not all pathways are fully captured. The
present study researched the role of salivary cortisol. Previous research in children and adults
that focuses on cortisol response after an induced stressor found both a heightened and blunted
reaction, which plead to explore inter-individual differences that could explain this bifurcation.
More specific, the aim of the present study was to explore (1) the physiological cortisol reaction
of youth with obesity after an induced stressor, and whether the expected two groups
(increasers and attenuators) also exist in this sample (2) whether the groups can be
distinguished based on demographics and psychosocial variables, and which variables predict
the strength of cortisol response and (3) whether an ER-training influences cortisol response
after SAS-induction.

As hypothesized in aim one, two distinct groups were found: those whose cortisol levels
increased and those whose cortisol levels decreased from baseline to reactivity. This is
consistent with research in healthy adolescents that described this bifurcation 2%, It should be
noted that in the attenuators group the decrease was not significant, although the effect size
was small to medium. Post hoc analyses using Gpower *° revealed that the statistical power for
the Repeated Measures ANOVA was .62, .95 and .99 for the total group, increasers and
attenuators, respectively. A lack of power is thus not the reason for the non-significant
decrease. A possible explanation could be the high variance in cortisol levels, which can be
seen in the large standard deviation and wide range. Further, the nature of the SAS-induction
might also have had an influence. Via visual analogue scales participants rated their mood
before and after SAS-induction. The induction increased their sadness and decreased their
happiness levels, but did not significantly influence their anxiety and stress levels. Since
cortisol is influenced by stress, the induction might not have been strong enough to observe
clear changes in cortisol levels in all participants °. Increasers and attenuators did not differ

significantly regarding baseline mood, mood after SAS-induction and mood change after SAS-
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induction. They did however significantly differ regarding baseline cortisol, with attenuators
having higher baseline levels. This is in line with a previous study that concluded that the
decreased change in the cortisol from pre to post stressor was due to elevated baseline cortisol
levels 1°,

Concerning the second aim, increasers and attenuators differed significantly regarding
alexithymia, with attenuators showing higher levels than increasers. This is in line with a recent
review 2 supporting the presence of hyporeactivity to emotional challenges in alexithymia. A
potential explanation could be that alexithymia is associated with chronic stress *°. Chronically
elevated levels of stress are known to alter HPA function, i.e., chronic stress may result in HPA
hypoactivity, after initially leading to an increased cortisol activity "8, Attenuators can thus
be seen as an exhausted group that looks emotionally ‘immune’. The positive relationship
between alexithymia and chronic stress is confirmed in the current data (r=.236, p=.037).

Regarding age, sex, %BMI and sleep quality, there were no significant differences
between increasers and attenuators (.05 < p’s <.085). This might be influenced by the small
sample sizes of both groups (N=32, N=47). Indeed, post hoc analyses revealed that the
statistical power was very poor (approximately 0.50). Given that current literature regarding
sleep quality is not unequivocal 32°152 more research examining the effects of both subjective
and objective sleep quality on HPA-reactivity is needed, especially in youth with obesity.

There were further no significant differences between increasers and attenuators
regarding insecure attachment and perceived chronic stress. Regarding insecure attachment,
higher levels of attachment anxiety were expected in increasers, as was found in adult females
without obesity 2°. That study did also not find a relation with attachment avoidance. Cameron
and colleagues ° did find a positive association of insecure parent-child attachment with
cortisol stress responses in a sample of adolescents. It would be interesting to know if there is

a difference between attachment anxiety and avoidance. More research in youth with
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overweight and obesity is thus indicated. Regarding perceived stress, we hypothesized that
attenuators would report higher levels of perceived stress than increasers. Our data did not
support this. A potential explanation is the chronology in which experiencing stress initially
leads to hyperreactivity and only later on to hyporeactivity due to sensitization "8, It is thus
possible that both groups contain highly stressed individuals and that common psychosocial
variables underlie the stress experiences.

We further explored the relative contribution of the different (psychosocial) variables
in relative cortisol change. In the attenuators group, attachment avoidance was a significant
positive predictor of relative cortisol decrease after SAS-induction, such that youngsters with
higher reported attachment avoidance showed larger cortisol reductions. This finding offers
support for the association between attachment quality and HPA-(re)activity. Conversely, age
was significantly related to less cortisol decrease. The older the participant, the smaller their
cortisol decrease after SAS-induction. There were no significant predictors in the increasers
group regarding relative cortisol increase. The statistical power for the multiple regression
analysis on relative cortisol increase and decrease were respectively .24 and .98.

Lastly, in aim three, a potential intervention effect of the ER-training on cortisol
reactivity was explored. We did not find an effect of intervention group on relative cortisol
change. The small sample sizes in each group (Nrange=13-25) might have impacted the power
to detect a significant difference (power was <.50 for all analyses). A visual inspection (Figure
2) does suggest smaller cortisol changes after SAS-induction for those that received an ER-
training. In the attenuators group, the control group shows a mean decrease of 43% from
baseline to reactivity, while the ER-group declines 33%. In the increasers group, the control-
and ER-group increase with 128% and 80% from baseline to after SAS-induction, respectively.
This suggests that the ER-group might react less strongly to a stressor compared to the control

group. However, the current study did not find significant differences so we cannot draw any
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conclusions about an intervention effect. Because of potential clinical implications, future
research should investigate this in a larger sample.

The present study has several strengths and limitations that have to be acknowledged.
Strengths are the specific well-defined group of youth with obesity living in the standardized
setting of a residential MOT (e.qg., same food, same physical activity, daily rhythm), inclusion
of both sexes and taking different psychosocial factors into account. Limitations include the
small sample size and specific nature of the sample which may limit generalizability.
Regarding the measurement of the psychosocial variables, self-report scales are recommended
when internal states should be assessed but entail the risk for self-report bias that is common
in subjective assessments 3. Future research could include hair cortisol as an objective measure
of chronic stress next to the subjective measure of the PSS. Further, despite including a measure
of parent-child attachment, the present study did not take the participants’ history of childhood
adversities into account. Also the influence of the environment on stress in youth with obesity
and the direction of causality (stress <-> weight status) should be studied in future studies.
Regarding cortisol, the experiment took place at different times during the day. Although we
controlled for assessment hour, future research could schedule all participants around the same
time (e.g., 3:30-6:30 pm, when there is low variability in baseline cortisol) to prevent daily
fluctuations in cortisol ?°. Further, as mentioned above, a more anxiety-provoking or
frustration-provoking stressor could be a better choice to influence stress and cortisol levels of
participants®.

Despite abovementioned limitations, the current study expands the actual knowledge
about cortisol reactivity in youth with obesity and may provide important clinical implications.
When the influence of alexithymia and attachment avoidance can be replicated in future
research, it could expose relevant treatment targets for youth with obesity. Regarding

alexithymia, a specific (group)training consisting of psychoeducation, emotional awareness,
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406

emotional coping skills and experiential approaches might be of value *°. Since alexithymia is
associated with chronic stress, such training might also positively impact their perceived stress.
For individuals with high levels of attachment avoidance, extra psychological help could be
indicated, e.g., family meetings or psychotherapy. In psychology, it is also well-known that
children who cannot trust their parents for emotional support have less opportunities to learn
adequate skills from them to cope with stress and negative emotions 6. This plead even more
for an ER-training.

In conclusion, the current study provides evidence for a bifurcation in cortisol stress
reactivity in youth with obesity. Our data further suggests that increasers and attenuators differ
significantly regarding alexithymia, with attenuators showing higher levels. Also attachment
avoidance should be taken into account in future research since it is related to stronger
decreases of cortisol after an SAS-induction. Future research should further investigate whether
the attenuators are a more vulnerable group and explore the influence of ER-training on cortisol

reactivity in youth with obesity as it may lead to important intervention approaches.

18



407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

Conflicts of interest statement

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper. Prof. Dr.
Braet and Prof. Dr. De Henauw did receive a grant from Ghent University.
Acknowledgements

This work was supported by BOF (Bijzonder Onderzoeksfonds; Grant number
BOF.24J.2016.0007.02 and BOF.GOA.2017.0001.01).

Author contributions

CB and SD conceived the study and coordinated and supervised data collection together with
SV. TD and NM collected data. IV conducted the statistical analysis, interpreted the results and
drafted the manuscript. All authors critically reviewed the manuscript for important intellectual
content. All authors have substantially contributed to, seen and approved the final version of
the manuscript and qualify for authorship.

Ethical statement

The study was approved by the Ethics Committee of the Ghent University Hospital and in
accordance with the Helsinki Declaration (EC UZG 2018/0101). Written informed consent was
obtained from parents and adolescents (>12y). Children below the age of 12 provided a verbal

assent to participate.

19



425

426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472

10.

11.

12.

13.

14.

15.

16.

References

WHO. Report of the commission on ending childhood obesity. World Health
Organization; 2016.

Tomiyama AJ. Stress and obesity. Annu Rev Psychol. 2019;70:703-718.
doi:10.1146/annurev-psych-010418-102936

Diener MJ, Geenen R, Koelen JA, et al. The significance of attachment quality for
obesity: A meta-analytic review. Can J Behav Sci. 2016;48(4):255.
d0i:10.1037/cbs0000050

Chu D-T, Nguyet NTM, Nga VT, et al. An update on obesity: Mental consequences
and psychological interventions. Diabetes Metab Syndr. 2019;13(1):155-160.
d0i:10.1016/j.dsx.2018.07.015

Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, Bhadoria AS. Childhood
obesity: causes and consequences. J Family Med Prim Care. 2015;4(2):187.
d0i:10.4103/2249-4863.154628

Cullin JM. Implicit and explicit fat bias among adolescents from two US populations
varying by obesity prevalence. Pediatr Obes. 2021;16(5):e12747.
doi:10.1111/ijpo.12747

Willem C, Gandolphe M-C, Roussel M, Verkindt H, Pattou F, Nandrino J-L.
Difficulties in emotion regulation and deficits in interoceptive awareness in moderate
and severe obesity. Eat Weight Disord. 2019;24(4):633-644. doi:10.1007/s40519-019-
00738-0

Pinna F, Lai L, Pirarba S, et al. Obesity, alexithymia and psychopathology: a case-
control study. Eat Weight Disord. 2011;16(3):164-170. doi:10.3275/7509

Terock J, Van der Auwera S, Janowitz D, et al. The relation of alexithymia, chronic
perceived stress and declarative memory performance: Results from the general
population. Psychiatry research. 2019;271:405-411.
doi:10.1016/j.psychres.2018.12.024

Sigfusdottir ID, Kristjansson AL, Thorlindsson T, Allegrante JP. Stress and
adolescent well-being: the need for an interdisciplinary framework. Health Promot
Int. 2017;32(6):1081-1090. doi:10.1093/heapro/daw038

De Vriendt T, Moreno LA, De Henauw S. Chronic stress and obesity in adolescents:
scientific evidence and methodological issues for epidemiological research. Nutr
Metab Cardiovasc Dis. 2009;19(7):511-519. doi:10.1016/j.numecd.2009.02.009
Aparicio E, Canals J, Arija V, De Henauw S, Michels N. The role of emotion
regulation in childhood obesity: implications for prevention and treatment. Nutr Res
Rev. 2016;29(1):17-29. d0i:10.1017/S0954422415000153

Evers C, Marijn Stok F, de Ridder DT. Feeding your feelings: Emotion regulation
strategies and emotional eating. Pers Soc Psychol Bull. 2010;36(6):792-804.
d0i:10.1177/0146167210371383

Epel E, Lapidus R, McEwen B, Brownell K. Stress may add bite to appetite in
women: a laboratory study of stress-induced cortisol and eating behavior.
Psychoneuroendocrinology. 2001;26(1):37-49. doi:10.1016/s0306-4530(00)00035-4
Oakley RH, Cidlowski JA. The biology of the glucocorticoid receptor: new signaling
mechanisms in health and disease. J Allergy Clin Immunol. 2013;132(5):1033-1044.
d0i:10.1016/j.jaci.2013.09.007

Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: a theoretical
integration and synthesis of laboratory research. Psychol Bull. 2004;130(3):355.
d0i:10.1037/0033-2909.130.3.355

20



473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Fries E, Hesse J, Hellhnammer J, Hellhammer DH. A new view on hypocortisolism.
Psychoneuroendocrinology. 2005;30(10):1010-1016.
doi:10.1016/j.psyneuen.2005.04.006

Herman J. Neural control of chronic stress adaptation. Front Behav Neurosci.
2013;7:1-12. doi:10.3389/fnbeh.2013.00061

Viena TD, Banks JB, Barbu IM, Schulman AH, Tartar JL. Differential effects of mild
chronic stress on cortisol and S-1gA responses to an acute stressor. Biol Psychol.
2012;91(2):307-311. doi:10.1016/j.biopsycho.2012.08.003

Cameron CA, McKay S, Susman EJ, Wynne-Edwards K, Wright JM, Weinberg J.
Cortisol stress response variability in early adolescence: Attachment, affect and sex. J
Youth Adolesc. 2017;46(1):104-120. doi:10.1007/s10964-016-0548-5

Del Giudice M, Ellis BJ, Shirtcliff EA. The adaptive calibration model of stress
responsivity. Neurosci Biobehav Rev. 2011;35(7):1562-1592.
doi:10.1016/j.neubiorev.2010.11.007

McKay SL, Fouladirad S, Cameron CA. The Frustration Social Stressor for
Adolescents (FSS-A): A newly adapted psychosocial stressor. Stress Health.
2021;37(4):715-728. doi:10.1002/smi.3029

Koester-Weber T, Valtuefia J, Breidenassel C, et al. Reference values for leptin,
cortisol, insulin and glucose, among European adolescents and their association with
adiposity: the HELENA study. Nutr Hosp. 2014;30(5):1181-1190.
d0i:10.3305/nh.2014.30.5.7982

Van der Voorn B, Hollanders JJ, Ket JC, Rotteveel J, Finken MJ. Gender-specific
differences in hypothalamus—pituitary—adrenal axis activity during childhood: a
systematic review and meta-analysis. Biol Sex Differ. 2017;8(1):1-9.
d0i:10.1186/s13293-016-0123-5

Bouma EM, Riese H, Ormel J, Verhulst FC, Oldehinkel AJ. Adolescents’ cortisol
responses to awakening and social stress; effects of gender, menstrual phase and oral
contraceptives. The TRAILS study. Psychoneuroendocrinology. 2009;34(6):884-893.
doi:10.1016/j.psyneuen.2009.01.003

Modnaco E, Schoeps K, Montoya-Castilla I. Attachment styles and well-being in
adolescents: How does emotional development affect this relationship? Int J Environ
Health Res. 2019;16(14):2554. doi:10.3390/ijerph16142554

Pietromonaco PR, Powers SI. Attachment and health-related physiological stress
processes. Curr Opin Psychol. 2015;1:34-39. doi:10.1016/j.copsyc.2014.12.001
Pinto I, Wilkinson S, Virella D, Alves M, Calhau C, Coelho R. Attachment strategies
and neuroendocrine biomarkers in obese children. Acta Med Port. 2016;29(5):332-
339. doi:10.20344/amp.6826

Smyth N, Thorn L, Oskis A, Hucklebridge F, Evans P, Clow A. Anxious attachment
style predicts an enhanced cortisol response to group psychosocial stress. Stress.
2015;18(2):143-148. d0i:10.3109/10253890.2015.1021676

Fatima Y, Doi S, Mamun A. Sleep quality and obesity in young subjects: a meta-
analysis. Obes Rev. 2016;17(11):1154-1166. doi:10.1111/obr.12444

Mrug S, Tyson A, Turan B, Granger DA. Sleep problems predict cortisol reactivity to
stress in urban adolescents. Physiol Behav. 2016;155:95-101.
doi:10.1016/j.physbeh.2015.12.003

van Dalfsen JH, Markus CR. The influence of sleep on human hypothalamic—
pituitary—adrenal (HPA) axis reactivity: A systematic review. Sleep Med Rev.
2018;39:187-194. doi:10.1016/j.smrv.2017.10.002

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health
Soc Behav. 1983;24(4):385-396. d0i:10.2307/2136404

21



523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Halford C, Jonsdottir IH, Eek F. Perceived stress, psychological resources and
salivary cortisol. In: Kristenson M, Garvin P, Lundberg U, eds. The role of saliva
cortisol measurement in health and disease. Sharjah, UAE: Bentham Science
Publishers; 2012:67-86.

Lumley MA, Neely LC, Burger AJ. The assessment of alexithymia in medical
settings: implications for understanding and treating health problems. J Pers Assess.
2007;89(3):230-246. doi:10.1080/00223890701629698

Fanton S, Azevedo LC, Vargas DM. Alexithymia in obese adolescents is associated
with severe obesity and binge eating behavior. J Pediatr. 2022;98(3):264-2609.
d0i:10.1016/j.jped.2021.06.003

Hua J, Le Scanff C, Larue J, et al. Global stress response during a social stress test:
impact of alexithymia and its subfactors. Psychoneuroendocrinology. 2014;50:53-61.
doi:10.1016/j.psyneuen.2014.08.003

Panayiotou G, Panteli M, Vlemincx E. Processing emotions in alexithymia: A
systematic review of physiological markers. In: Luminet O, Bagby M, Taylor GJ, eds.
Alexithymia: Advances in research, theory, and clinical practice. Cambridge:
Cambridge University Press; 2018:291-320.

Debeuf T, Verbeken S, Boelens E, et al. Emotion regulation training in the treatment
of obesity in young adolescents: protocol for a randomized controlled trial. Trials.
2020;21(1):1-17. d0i:10.1186/s13063-019-4020-1

Roelants M, Hauspie R, Hoppenbrouwers K. References for growth and pubertal
development from birth to 21 years in Flanders, Belgium. Ann Hum Biol.
2009;36(6):680-694. doi:10.3109/03014460903049074

Cortisol ELISA Kits: The DetectX® Cortisol ELISA Kits quantitatively measure
cortisol present in a variety of samples. Arbor Assays. Accessed April 12, 2021.
https://www.arborassays.com/product/k003-h-cortisol-eia-kit/

van Aken MO, Romijn JA, Miltenburg JA, Lentjes EG. Automated measurement of
salivary cortisol. Clin Chem. 2003;49(8):1408-1410. doi:10.1373/49.8.1408
Brenning K, Soenens B, Braet C, Bosmans G. An adaptation of the Experiences in
Close Relationships Scale-Revised for use with children and adolescents. J Soc Pers
Relat. 2011;28(8):1048-1072. d0i:10.1177/0265407511402418

Dewald JF, Short MA, Gradisar M, Oort FJ, Meijer AM. The Chronic Sleep
Reduction Questionnaire (CSRQ): a cross-cultural comparison and validation in
Dutch and Australian adolescents. J Sleep Res. 2012;21(5):584-594.
d0i:10.1111/j.1365-2869.2012.00999.x

Bagby RM, Taylor GJ, Parker JD. The twenty-item Toronto Alexithymia Scale—II.
Convergent, discriminant, and concurrent validity. J Psychosom Res. 1994;38(1):33-
40. d0i:10.1016/0022-3999(94)90006-X

Finlayson G, Arlotti A, Dalton M, King N, Blundell JE. Implicit wanting and explicit
liking are markers for trait binge eating. A susceptible phenotype for overeating.
Appetite. 2011;57(3):722-728. doi:10.1016/j.appet.2011.08.012

Braet C, Tanghe A, Bode PD, Franckx H, Winckel MV. Inpatient treatment of obese
children: a multicomponent programme without stringent calorie restriction. Eur J
Pediatr. 2003;162(6):391-396. doi:10.1007/s00431-003-1155-5

Verbeken S, Boelens E, Debeuf T, et al. EUREKA: een transdiagnostisch
emotieregulatietrainingsprotocol voor kinderen en adolescenten met psychische
klachten. In: Boelens E, Van Malderen E, Debeuf T, et al., eds.
Emotieregulatietraining bij kinderen en adolescenten. Houten: Bohn Stafleu van
Loghum; 2019:139-247.

22


https://www.arborassays.com/product/k003-h-cortisol-eia-kit/

572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595

596

49,

50.

51,

52.

53.

54,

55.

56.

Faul F, Erdfelder E, Lang A-G, Buchner A. G* Power 3: A flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods. 2007;39(2):175-191. doi:10.3758/bf03193146

Hartwig EA, Aust S, Heuser I. HPA system activity in alexithymia: a cortisol
awakening response study. Psychoneuroendocrinology. 2013;38(10):2121-2126.
d0i:10.1016/j.psyneuen.2013.03.023

Capaldi I, Vincent F, Handwerger K, Richardson E, Stroud LR. Associations between
sleep and cortisol responses to stress in children and adolescents: a pilot study. Behav
Sleep Med. 2005;3(4):177-192. doi:10.1207/s15402010bsm0304_1

Wright CE, Valdimarsdottir HB, Erblich J, Bovbjerg DH. Poor sleep the night before
an experimental stress task is associated with reduced cortisol reactivity in healthy
women. Biol Psychol. 2007;74(3):319-327. doi:10.1016/j.biopsycho.2006.08.003
Demetriou C, Ozer B, Essau C. Self-Report Questionnaires. In: Cautin RL, Lilienfeld
SO, eds. The Encyclopedia of Clinical Psychology. Wiley Online Library; 2015:1-6.
Pollak KM, Shao S, Knutson JM, et al. Adolescent psychological and physiological
responses to frustration-and anxiety-provoking stressors. Curr Psychol. 2019:1-11.
d0i:10.1007/s12144-019-00582-6

da Silva AN. Developing Emotional Skills and the Therapeutic Alliance in Clients
with Alexithymia: Intervention Guidelines. Psychopathology. 2021;54(6):282-290.
d0i:10.1159/000519786

Morris AS, Houltberg BJ, Criss MM, Bosler CD. Family context and
psychopathology: The mediating role of children's emotion regulation. In: Centifanti
LC, Williams DM, eds. The Wiley handbook of developmental psychopathology.
Hoboken, NJ: Wiley Blackwell; 2017:365-389.

23



Table 1.

Descriptive statistics and Spearman’s rho correlations with cortisol

Variable M SD Range p
Baseline cortisol (pg/mL) 516.21 418.92 17.7-2311.7 -
Assessment hour 13.86 2.71 9.26-18.57 <.01
Age (years) 12.33 1.67 9-15 429
Sex (% boys) 50.6 - - 937
Adjusted Body Mass Index (%) 154.35 2457 119-229 .086
Experiences in Close Relationships Scale
Attachment Anxiety [1-7] 2.46 .99 1-5.28 .800
Attachment Avoidance [1-7] 2.92 1.21 1-5.78 .860
Chronic Sleep Reduction Questionnaire [0-40] 17.25 8.72 0-35 .168
Perceived Stress Scale [0-40] 21.49 5.82 9-35 741
Toronto Alexithymia Scale-11 [0-40] 18.85 7.84 0-40 .894
Difficulties in identifying emotions [0-14] 5.61 3.72 0-14 710
597
Table 2
Results of the Repeated Measures ANOVA s for cortisol
Main effect of time F (df) p Effect size (np?)
Total group .700 (1,77) 405 .009
Increasers 8.501 (1,30) .007 221
Attenuators 2.554 (1,45) 117 .054
Notes. N is equal to 79, 32 and 47 respectively
598
Table 3.
Sample descriptives and T-test of the increasers versus attenuators group
Increasers Attenuators
M SD M SD t-test p
Age 1191 1.44 1262 176  1.888 .063
Sex (% boys) 62.5 - 42.6 - - .082
Adjusted Body Mass Index 148.63 16.92 158.25 28.14 1.892 .062
Assessment hour 13.79 240 13.90 2.92 187 .852
Experiences in Close Relationships Scale
Attachment Anxiety 2.63 1.02 2.34 0.96 -1.268 .209
Attachment Avoidance 2.94 1.21 2.90 1.23 -.119 .906
Chronic Sleep Reduction Questionnaire  15.16  9.02 18.68 8.30 1.788 .078
Perceived Stress Scale 2141 5.59 2155 6.03  .109 913
Toronto Alexithymia Scale-11 16.75 9.63 20.28 6.05 2.001 .049
Difficulties in identifying emotions ~ 4.91 4.14 6.09 3.36 1.393 .168

Notes. N is respectively 32 and 47. For sex, a chi-square was used to calculate the p-value. Increasers
and attenuators did not differ significantly regarding delta BMI (change in %BMI during training).

599
600
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Table 4.
Cross-sectional multiple regression analysis on relative cortisol increase/decrease after SAS-
induction (Enter Method).

Increasers Attenuators
B t VIF B t VIF

Constant 807 192 615 1.586
Assessment hour 031 .221 1.471 013 1.129 1.265
Age -216 -1.016 1.252 -067  -2.937* 1917
Sex (boys as reference) -008 -.011 1.603 -116  -1552 1.682
Adjusted Body Mass Index -003 -.202 1.067 .001 .863 1.327
Experiences in Close Relationships Scale

Attachment Anxiety 193 549 1.708 -052 -1.332 1.670

Attachment Avoidance 277 .926 1.741 116 3.464*  2.028
Chronic Sleep Reduction Questionnaire 013 .322 1.895 .001 276 2.144
Perceived Stress Scale .004 .061 1.727 .003 535 1.359
Toronto Alexithymia Scale-11 .000 .004 3.429 .001 149 3.237

Difficulties in identifying emotions -099 -737 4.074 019 1.210 3.501

Notes. N is respectively 32 and 47; Relative cortisol increase values were natural log transformed,;
*p<.05
602

Figure 1
Timeline study design

Mood Food choice Memory
induction task task

0 16 23 33 43’ 65’
=3 = Cortisol sample

Baseline

SAS-induction

Start MOT Start ER-training End ER-training
Month 0 Month 3 Month 6
ECR-RC % BMI
PSS CSRQ
TAS-20

Notes. MOT=Multidisciplinary Obesity Treatment; ECR-RC=measure insecure attachment;
PSS=measure perceived stress; “%BMI=Adjusted BMI; CSRQ=measure sleep quality; TAS-
603 20=measure alexithymia
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Figure 2.
Relative cortisol change after SAS-induction in the control and emotion regulation group
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605 Table and Figure Legends

606  Table 1: Descriptive statistics and Spearman’s rho correlations with cortisol

607  Table 2: Results of the Repeated Measures ANOVA’s for cortisol

608  Table 3: Sample descriptives and T-test of the increasers versus attenuators group

609  Table 4: Cross-sectional multiple regression analysis on relative cortisol increase/decrease after

610  SAS-induction (Enter Method).

611  Figure 1: Timeline study design

612  Overview of the different time-points and collected data used in this study.

613  Figure 2: Relative cortisol change after SAS-induction in the control and emotion regulation
614  group

615  Mean relative cortisol change [(|baseline cortisol - cortisol after induction|/baseline cortisol) x
616  100] of the control and emotion regulation group, in the increasers and attenuators group

617  separately.
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