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Abstract: (1) Background: In the present pilot study, we examined the response of cortisol to a digital
version of the Trier Social Stress Test (TSST) and corresponding eating preferences in non-overweight
and overweight adolescents. (2) Methods: The experimental study group included 35 adolescents
aged 15.7 ± 0.5 years (16 boys and 19 girls). The participants were split into two groups: non-
overweight (N = 24) and overweight (N = 11), according to the Body Mass Index (BMI). We induced
acute stress in all participants, using a digital version of the Trier Social Stress Test (TSST), with
three different digital tasks. We measured salivary cortisol before the test (T0), during the stress
induction by digital tasks (T5, T10, T15), and 25 min after the stress test (T40). The Health Behavior
in School-Aged Children Questionnaire (HBSC) was administered to assess the influence of stress
on eating behavior: the consumption of fruit, vegetables, sweets, and soft drinks and the frequency
of snacks. (3) Results: Among the entire group of adolescents, we observed a significant difference
between the sexes in terms of cortisol response, girls being predominantly hyperreactive (13 girls
compared to 5 boys, p = 0.03). In overweight adolescents, the cortisol reactivity was lower in boys and
higher in girls (p = 0.05). The overweight hyperreactive adolescents, as compared to the hyporeactive
ones, had a higher frequency of daily consumption of sweets (25% vs. 0%) and soft drink (25% vs. 0).
(4) Conclusions: The individual patterns of cortisol reactivity to laboratory-induced stress could be
associated with an increased risk of unhealthy eating behavior in adolescents.

Keywords: Trier social stress test; digital technique; adolescent; salivary cortisol; eating behavior

1. Introduction

There is a positive association between stress and obesity [1]. Obesity has been
linked to disturbances of the hypothalamic–pituitary–adrenal (HPA) axis and an abnormal
cortisol output [2]. Cortisol is the glucocorticoid end product of the HPA system. An
essential aspect of the body’s interconnected set of physiological systems for responding
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to challenges, the HPA axis is especially sensitive to stressful situations, especially those
involving novelty, uncontrollability, or social threat [3].

Stressful events have been associated with both increased and decreased food in-
take [4,5], and the biological mechanism involves interactions between glucocorticoids,
appetite-related hormones (e.g., ghrelin, leptin, insulin), and the brain’s dopaminergic
reward system [6]. Thereby, coping strategies to manage stress can lead to, on the one hand,
increased food intake with a lot of sugary/fatty food or, on the other hand, avoidance of
food in the context of a ’fight-or-flight reaction’ [5].

Stress-induced eating and cortisol reactivity to an acute stressor might be related to
eating behavior [7]. Depending on their cortisol reactivity to a stressor, subjects may be
divided into high and low reactors [5]. Laboratory studies of the link between stress reactiv-
ity in obese individuals have yielded mixed results. Observations include heightened [4],
blunted [6], or no differences [8,9] in HPA axis stress responses in obese groups compared
with normal-weight individuals. These divergent results might be explained by method-
ological differences, especially the nature of the stressor and the lack of a control group.

Previous studies suggest that social stress is a potent determinant of unhealthy food
choices in adolescents with excess weight [10,11]. This phenomenon could be explained
by the harmful impact of social stress on eating-related behaviors in adolescents [10].
Higher cortisol reactivity [11,12], blunted cortisol response [13], or no differences in cortisol
response [14] to the Trier Social Stress Test (TSST) were found in adolescents with excess
weight as compared to the normal-weight group.

Fewer studies assessed the relationship between cortisol reactivity and eating behavior
in adolescents. We aimed to find the patterns of eating behavior in non-overweight and
overweight adolescents with hypo or hyper-reactivity of cortisol to experimentally induced
acute stress.

2. Design and Methods
2.1. Study Population

Thirty-nine adolescents aged between 15 and 17 years old were enrolled in this pilot
study (18 boys and 21 girls). Participants were recruited from a high school located in Ias, i
(Romania). The inclusion criteria for participants were defined as follows: (i) age range
between 15 and 17 years old; (ii) for girls, to be in the luteal phase of the menstrual cycle
at the time of testing and not to use hormonal contraceptives; (iii) absence of history or
current evidence of physical or psychiatric disorders. Four participants provided invalid
cortisol samples, and therefore, the final study sample comprised 35 adolescents (16 boys
and 19 girls). Data were gathered in October 2019.

The 35 participants were split into two groups: non-overweight (N = 24) and over-
weight (N = 11), according to the Body Mass Index (BMI). The classification of the two
groups was conducted in alignment with World Health Organization (WHO) guidelines.
Based on the WHO Reference 2007 [15], in children aged 5–19 years, the participants
were considered non-overweight (BMI-for-age value < +1 SD) or overweight (BMI-for-age
value ≥ +1 SD).

2.2. Study Design

The study procedure started at 09:00 h, and the adolescents were exposed to a novel
digital version of the Trier Social Stress Test (TSST). The TSST was conducted by the same
examiner (I.G.). Salivary cortisol concentrations were determined at 5 consecutive time
points: 1 baseline time point before the TSST (T0), 3 time points during the test (T5, T10,
and T15), and 25 min following test completion (T40). The perceived stress assessment,
as described below, was performed just before the initiation of the TSST and immediately
following it. The Health Behavior in School-Aged Children Questionnaire (HBSC) [16] was
applied to identify age, weight, sociodemographic variables, and lifestyle factors, including
nutrition practices, physical activity and sedentary behaviors, perceived well-being, and
health complaints.
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2.3. Trier Social Stress Test (TSST)

We induced acute stress in all participants using a digital version of the TSST. The
studied adolescents were students enrolled in the same high school. An overview of the
study was provided before the test during the classes by the principal investigator, and
individuals interested in participating were given informed consent to be signed. On the
day of the experiment, the participants were informed about the digital tasks they were to
perform during the stress test. The experiment was conducted in the high school between
8:00 and 13:00. They were tested individually in a familiar room (a schoolroom) for a total
duration of 60 min. Girls were tested in the luteal phase to standardize the influence of the
menstrual cycle [9].

2.3.1. Pre-Experimental Stage (10 min)

Pre-test Perceived Stress Scale (Pre-test PSS). The level of psychological stress was
assessed by using the Perceived Stress Scale (PSS) designed by Cohen [17] and adapted for
children and adolescents. The PSS consists of 10 items. To evaluate the pre-test perception
of test difficulty, we included seven questions (e.g., ”Do you happen to face situations
where you feel maximum pressure?”, ”Do the emotions you feel influence you negatively in
many situations?”, “Do you usually have a state of discomfort before having a problem?”).
The first saliva sample was collected before the experimental stress test.

2.3.2. Experimental Stage

The stress induction stage started when the participants entered a room where a
committee of three persons (female and male members) dressed in white lab coats were
waiting. The room was equipped with an audio–video recording system. Each digital
test had a duration of 5 min. The saliva collections were performed at the end of each
digital test.

The first digital test (5 min). A digital spatial representation test was used to induce
psychological stress. The test was designed in the shape of a narrow path with a curved
line to be solved in a given time of 5 min, by which average psychological stress could
be induced. The test involved following a line marked on the screen of a tablet without
deviating from the set path. If there was a small deviation, an unpleasant sound was
produced and the participants were obliged to start the test from the beginning.

The second digital test (5 min). The test induced stress by asking the participants
to make arithmetic subtraction (sequentially subtracting 13 from 1022) in front of the
committee and to communicate the result aloud. If the result of the calculation was
incorrect, the electronic device verbally informed the participants that they were wrong and
that they had to resume the arithmetic subtraction calculations from the standard number.

The third digital test (5 min). This test induced stress by asking the participants to find
solutions to escape from a room puzzle (a large rectangle divided into five “rooms”).The
objective of the puzzle was to cross each “wall” of the diagram only once with a con-
tinuous line. Subjects could start where they wanted and had an unlimited number of
tests available.

2.3.3. The Recovery Stage (25 min)

Post-test Perceived Stress Scale (Post-test PSS). In the post-experimental phase, the
participants completed the 10-item PSS, which was adapted to measure the effects of the
stressful events of the current day. To evaluate the post-test perception of test difficulty, we
included seven items (e.g., “The tests were too difficult, in my opinion”, “I am sure I have
successfully solved the tests”, “I would be happy if I could retake the tests when I will be
in a better mood”). The range of total scores for the PSS (17 items) was from 0 to 68. The
higher the score, the greater the severity of perceived stress. In our study, the cutoff value
between the stressed and the unstressed students, based on quartiles, was 31.
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Health Behavior in School-Aged Children Questionnaire (HBSC). The HBSC was also
administered to assess the influence of stress on eating behavior: the consumption of fruit,
vegetables, sweets, and soft drinks and the frequency of snacks [16]

2.4. Collection and Analysis of Salivary Cortisol Samples

Saliva samples were obtained 2 min before the experiment, 2 min after each digital
test, and also at the end of the test (T0, T5, T10, T15, and T40) using the same technique.
Briefly, a neutral cotton-based swab, SalivetteTM (Sarstedt, Numrecht, Germany), was
chewed for about 2 min and then placed in a double-lumen tube. The tube was submitted
to the laboratory and refrigerated until it was centrifuged at 1000 rpm for 5 min at room
temperature. After this, the saliva was frozen to−20 ◦C before analysis. A commercial
direct immunoenzymatic method for salivary cortisol, DKO020 Cortisol Saliva ELISA
(Diametra, Italy), was used, with 0.12 ng/mL sensitivity and an analytical range of 0.5–100.

Additionally, the area under the curve (AUC) with respect to ground (AUCg) was
calculated [18].

2.5. Anthropometric Measurements

Assessments were performed by the same group of extensively experienced re-
searchers. Height and weight were measured for each participant. These measurements
were taken with the students in light clothes and without shoes. Body mass was measured
on a digital scale (Healthy Line, SHL-9015B, CE) with an accuracy of ±100 g. The height of
the children was measured with a portable stadiometer (KaWe, Germany) with an accuracy
of ±0.1 cm.

Actual BMI (kg/m2) was calculated by dividing weight (kg) by height squared (m).
BMI was classified based on World Health Organization (WHO) guidelines [15].

2.6. Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version
22 (IBM Corp., Armonk, NY, USA). Continuous variables were presented as mean (SD) or
median, as appropriate. Statistical calculations were performed using a non-parametric
test since the salivary cortisol data were classified as not normally distributed by the
Shapiro–Wilk normality test. The comparison of two independent values was analyzed
by the Mann–Whitney test. Pearson’s correlation was used to investigate the relationship
between food consumption and the subjects’ stress response. The effect of the TSST on
salivary cortisol was examined by analysis of variance (ANOVA) with repeated measures.
Differences were considered significant at p < 0.05.

3. Results
3.1. Sociodemographics, Anthropometric, Perceived Stress, and Cortisol Response to Induced-Social
Stress in Adolescents

Participants’ sociodemographic characteristics, BMIs, perceived stress scores, and
salivary cortisol are displayed in Table 1. There were no significant differences in the
sociodemographic, anthropometric, physical activity, general health and well-being, and
perceived stress variables between boys and girls.
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Table 1. The characteristics of studied adolescents.

Characteristics Boys
(N = 16)

Girls
(N = 19) p-Value

Sociodemographic parameters
Age 15.6 ± 0.7 15.5 ± 0.6 0.739
Mother’s education (high scool or less, %) 50 57.1 0.606
Father’s education (high scool or less, %) 33.4 42.9 0.732
How many people live in your house?
(≥4, %) 50 57.2 0.878

Perceived family wealth (very well off and
well off, %) 87.5 94.7 0.453

Anthropometric parameters
BMI (kg/m2) 21.8 ± 3.6 21.52 ± 2.7 0.855
Excess weight 1 (%/N) 43.8 (7) 21.1 (4) 0.286
Physical activity
Vigorous exercise 1 h (≥3 days/week, %) 37.5 47.4 0.562
Playing computer games (≥2 h/school
day, %) 14.3 58.3 0.106

Watching TV (≥2 h/school day, %) 60 68.4 0.071
General health and well-being
Self-rated health (excellent and good, %) 50 26,3 0.155
Multiple complaints (≥2
complaints/week, %) 100 94.7 0.359

Perceived stress
Pre-test score (mean ± SD, median) 21.09 ± 7.37 (23) 24,81 ± 6,19 0.167
Post-test score (mean ± SD, median) 29.97 ± 7.34(31) 31,76 ± 5,49 0.231
Cortisol reactivity to TSST
Salivary cortisol (nmol/L)
T0 (before experiment) 4.3 ± 2.9 5.8 ± 3.3 0.145
T5 (after the 1st digital test) 10.4 ± 10.6 10.5 ± 9.3 0.655
T10 (after the 2nd digital test) 27.1 ± 28.0 26.1 ± 23.7 0.947
T15 (after the 3rd digital test) 25.1 ± 27.5 36.3 ± 31.4 0.246
T40 (after 25 min of recovery) 12.6 ± 9.7 25.5 ± 20.1 0.020 *
Area under the curve, AUGg 690.1 ± 658.2 1087.8 ± 813.6 0.091

1 According to the age and specific cutoff points for BMI, as published by the WHO [15]. The data are presented
as the mean ± standard deviation (SD) or median Mann–Whitney U test used to compare variables. TSST, Trier
social stress test. * p-value significantly different between groups (p < 0.05).

The TSST induced significant effects of time interaction for cortisol (F(4,31) = 11,48,
p < 0.001). The difference in cortisol levels between boys and girls (using the Mann–

Whitney U test) was significant at the T40 time point (p = 0.020).

3.2. Cortisol Reactivity and Adiposity in Adolescents

Depending on the cortisol response to the digital version of the TSST, participants
were categorized into hypo (AUCg < 501.5 nmol/L * min, n = 17) and hyper-reactive
(AUCg > 501.5 nmol/L * min, n = 18) groups according to the median value of AUCg
(Figure 1). Among the entire group of adolescents, we observed a significant difference
between the sexes in terms of cortisol response, girls being predominantly hyperreactive
(13 girls compared to 5 boys, p = 0.03).The frequency of non-overweight adolescents with
higher reactivity of cortisol was nonsignificantly higher in girls as compared to boys
(p = 0.295). In overweight adolescents, the cortisol reactivity was lower in boys and higher
in girls (p = 0.05 (Figure 1)).
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Figure 1. The frequency of non-overweight and overweight adolescents with hypo or hyper-reactivity
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3.3. Cortisol Reactivity and Eating Behavior in Adolescents

Among the entire group of adolescents, we found non-significant differences between
hypo and hyperreactive adolescents regarding the daily consumption of snacks, fruit,
vegetables, and sweets (Table 2). The adolescents from the hyperreactive group had
significantly increased consumption of soft drinks (sweetened beverages) as compared
to the hyporeactive group (p = 0.021). The non-overweight hyperreactive adolescents, as
compared to the hyporeactive ones, had a higher frequency of snack consumption, >3
daily (29% vs. 10%), consumption of sweets (14% vs. 10%), and soft drink consumption
(29% vs. 0). The overweight hyperreactive adolescents, as compared to the hyporeactive
ones, had a higher frequency of daily consumption of sweets (25% vs. 0%) and soft drink
(25% vs. 0).

Table 2. The food behavior in adolescents and their salivary cortisol response (low or high) to TSST.

Food Consumption Hyporeactive
(N = 17)

Hyperreactive
(N = 18) p-Value

Snack frequency (>3 daily) (%) 5.9 22.2 0.174
Snack frequency (>6 daily) (%) 11.8 5.6 0.303
Fruit consumption (daily) (%) 35.3 16.7 0.214

Vegetable consumption (daily) (%) 29.4 44.4 0.365
Consumption of sweets (daily) (%) 5.9 16.7 0.323
Soft drink consumption (daily) (%) 0 27.8 0.021 *

p-value was obtained using the Mann–Whitney U test. * p-value ≤ 0.05 was statistically significant.

The hyper-reactive boys, as compared to the hyporeactive ones, had a higher frequency
vegetable consumption (40% vs. 9%) and soft drink consumption (40% vs. 0). The hyper-
reactive girls, as compared to the hyporeactive ones, had a higher frequency of snack
consumption, >3 daily (31% vs. 17%), consumption of sweets (23% vs. 17%), and soft drink
consumption (23% vs. 0). (Figure 2).
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3.4. Correlations between Cortisol Response to TSST and PSS Scores

There were significant positive correlations between AUCg and the PSS pre-test
(r = 0.345, p = 0.043) and post-test (r = 0.483, p = 0.003) scores.

3.5. Correlations between Stress Parameters and Eating Behavior

We found a tendency to a significant positive correlation between AUCg and soft drink
consumption (r = 0.303, p = 0.077) in all groups of adolescents. In overweight adolescents
(N = 11), we found significant positive correlations between AUCg and consumption
of sweets (r = 0.698, p = 0.017) and soft drinks (r = 0.813, p = 0.002). The PSS post-
test score postively correlated with the consumption of sweets (r = 0.621, p = 0.042) in
overweight adolescents.

4. Discussion

In this pilot study, we examined the cortisol response to a digital version of the induced
acute psychological stress test (Trier Social Stress Test, TSST) in a group of adolescents. We
also assessed the eating behavior (using the Health Behavior in School-Aged Children,
HBSC, Questionnaire) and its relationship with the characteristics of cortisol reactivity dur-
ing the TSST. Our results indicate that eating habits are related to the hypo or hyperreactivy
of salivary cortisol response to the TSST. Hyperreactive adolescents ate fewer fruits and
drank more soft drinks. Three of four overweight girls had hyperreactive cortisol response,
and six of seven overweight boys had hyporeactive cortisol response. The characteristics
of eating behavior in overweight adolescents suggested by our study are: (1) overweight
boys were hyporeactive to induced psychological stress and had an increased frequency
of snacks as compared to the normal-weight group; (2) overweight girls were hyperre-
active to induced psychological stress and had an increased consumption of soft drinks.
In overweight adolescents, positive correlations were noticed between salivary cortisol
response (AUCg) and unhealthy food consumption (sweets and soft drinks). Additionally,
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the perceived stress score (Perceived Stress Scale) post-TSST positively correlated with
consumption of sweets.

Previous studies have demonstrated an increased ad libitum food intake in healthy
individuals with a high cortisol reactivity in response to a laboratory stressor [2,19,20].
In people with obesity, diverse outcomes have been reported on the link between stress-
induced cortisol reactivity and food behavior. Higher cortisol reactivity in response to the
standard TSST was associated with increased food consumption [2,5,20] or reduced snack
intake [21] in obese women with high cortisol reactivity.

Moss et al. [14] studied children’s eating behavior for 7 consecutive days, asking
subjects to complete a diary before going to bed. Each daily diary asked about: the day’s
events, snacks consumed, and their feelings. In this study, the consumption of unhealthy
snacks was strongly associated with daily negative moods in children with higher levels
of AUCg.

The cortisol reactivity to the TSST tends to be significantly higher in non-obese men
as compared to non-obese women, but no differences were observed between men and
women with obesity [1]. In women with obesity and binge eating disorder (BED) the cortisol
reactivity to the TSST was lower as compared to normal-weight and obese women [6].
The blunted pattern of cortisol response to an acute stressor was explained by a possible
compensatory down-regulation of the HPA axis secondary to the presence of chronic stress
in this group of obese BED participants.

The importance of the current study is to demonstrate that the relationship between the
cortisol reactivity to a particular digital version of the TSST (AUCg) and eating behavior
has different patterns in non-overweight and overweight adolescents. In the studied
adolescents, the percentage of overweight boys was very high (43.8%). The overweight
boys were hyporeactive, with an increased frequency of snack and soft drink consumption.
This could suggest a down-regulation of the HPA axis secondary to chronic stress [7,22,23]
and the increase in comfort food intake as a compensatory mechanism [6]. The lower
cortisol response to the TSST could also suggest increased abdominal adiposity [24] or
lower perceived stress [24]. The overweight girls (21.1% of total) were hyperreactive
(three of four), suggesting increased activation of the HPA axis following an acute stress.
In girls, higher cortisol reactivity was positively associated with depressed mood and
higher BMI [12]. Pubertal girls respond to stress by turning to high-calorie foods, and
this behavior may then be reinforced by physiological reward pathways [25]. Moreover,
significant correlations between cortisol responses and perceived stress scores were found
using our digital version of the TSST. By comparison, approximately 25% of the studies
using the standard TSST have found correspondence between physiological arousal and
subjective emotional stress experience [26].

Strengths and limitations. This is the first study using tablet display technology to
evaluate cortisol response to psychosocial stress and its impact on eating behavior. The
proposed digital version of the Trier Social Stress Test (TSST) is a standardized, inexpensive,
and portable method. The group of adolescents who participated in the experiment was
quite homogeneous (high school students), and all participants carried out the stress test
under the same external conditions, in a classroom of their school. A possible limitation
of our study is the modest number of participants (N = 35, with only 17 adolescents
with hyporeactivity and 18 adolescents with hyperreactivity to acute psychologic stress).
Another limitation is the lack of a control group against which to compare the variables
studied. The study needs to be replicated on a larger scale to validate the initial results.

5. Conclusions

The individual patterns of cortisol reactivity to laboratory-induced stress could be
associated with an increased risk of unhealthy eating behavior in adolescents. The digital
version of the TSST proposed in this study is a reliable, easy-to-use, and suitable method for
assessing HPA dysfunctionalities and could be beneficial in the diagnosis and management
of overweight adolescents.
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