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Background: Increased emotional reactivity to stress, emotional dysregulation and sleep disturbances are inter-
dependent trans-diagnostic processes that are present in internalising disorders such as depression and anxiety
disorders. This study investigated which objective and subjective parameters of stress reactivity, sleep and
emotional processing would predict symptoms of anxiety and depression in adolescents and young adults.
Methods: Participants were adolescents and young adults between the ages of 14 to 21 (N = 106, 25[24 %] male,
M age = 17.93). Heart rate, heart rate variability, and subjective stress levels were measured before, during and
after a stress induction using the Trier Social Stress Test (TSST). Questionnaires on internalising symptoms,
emotion dysregulation, and sleep quality were used. For seven consecutive nights, objective sleep parameters
were measured with a wearable device.

Results: Heart rate and heart rate variability after (but not during) the stress induction and emotion dysregulation
predicted depressive and anxiety symptoms. Lower subjective sleep quality (but not the objective sleep pa-
rameters) was associated with depressive and anxiety symptoms. Emotion dysregulation mediated the rela-
tionship between sleep quality and depressive symptoms.

Limitations: A cross-sectional design, no measurement of daily activity or naps, and only self-report measures of
depressive and anxiety symptoms as well as emotion dysregulation.

Conclusion: The findings of elevated cardiovascular activation after — but not during — the stress induction and
emotion dysregulation underlines problems in regulating and recovering from stress as predictors of youth
internalising psychopathology. Differences between subjective and objective measures of sleep and stress reac-
tivity suggests a role of cognitive biases in these domains.

1. Introduction

1.1. Emotional reactivity and stress reactivity in adolescent
psychopathology

Adolescence is a sensitive period in human development which
might explain why it is one of the key times for the onset of internalising
psychopathology (March-Llanes et al., 2017). It is a time of many
changes and challenges that are often experienced as stressful and
therefore require reactivity and regulation of stress and other emotions
(Guyer, 2020). Emotional reactivity describes the generation of an
emotional response after exposure to an emotion eliciting cue or stressor

(Karrass et al., 2006). A meta-analysis concluded that while women with
depression or anxiety showed reduced emotional reactivity in form of a
cortisol response to psychosocial stress, men with depression or social
anxiety showed an increase in emotional reactivity to stress (Zorn et al.,
2017). There is less research on emotional reactivity in adolescents and
young adults with internalising disorders, but some studies suggest more
intense emotionally reactivity and prolonged duration of negative affect
(Shapero et al., 2019; McLaughlin et al., 2010; Carthy et al., 2010,
Lopez-Duran et al., 2009). Given the discrepancy of emotional reactivity
in the age groups and between the sexes, the current study aims to
identify if internalising symptoms in youth relate to heightened or
reduced levels of emotional reactivity.
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Stress reactivity can be conceptualised as an aspect of emotional
reactivity that is more narrowly concerned with stressful stimuli, typi-
cally involving a psychophysiological perspective (Engel and Gunnar,
2020). Individuals who experience chronic stress or are more vulnerable
to stress show decreased parasympathetic and increased sympathetic
nervous system activity (Kim et al., 2018). Heightened stress reactivity
and difficulties with stress regulation have also been found to mediate
the relationship between the temperamental characteristics of positive
and negative emotionality and internalising psychopathology (Compas
et al., 2004). One important indicator for psychological stress is heart
rate variability (HRV; Michels et al., 2013). HRV describes the variation
in the time interval between heartbeats. It is modulated by activity in the
prefrontal cortex and the limbic system by acting on the para-
sympathetic nervous system circuits and the sympathetic nervous sys-
tem circuits. There are different variables that relate to different HRV
measurements. This study focused on RMSSD as an indicator of para-
sympathetic activity. Resting HRV was found to predict self-reported
difficulties in emotion regulation, especially impulse control diffi-
culties and lack of emotional clarity (Williams et al., 2015). HRV has
also been discussed as a biomarker of depression, as reduced HRV was
associated with depression in both adults and adolescents (Koch et al.,
2019; Koenig et al., 2016). Participants with an anxiety disorder also
had lower resting HRV compared to non-anxious participants, but there
were no differences in HRV reactivity (Cheng et al., 2022). The current
study investigated HR and HRYV at rest, their stress reactivity and post-
stress regulation to explore the relationship to emotion dysregulation
and symptom severity in youth with internalising symptoms.

1.2. Emotion regulation and stress regulation in adolescent
psychopathology

Regulating one's own positive and negative emotions is a central task
particularly in adolescence, and difficulties in emotion regulation (ER)
at this life stage can predict emotional and social issues concurrently and
prospectively (Sabatier et al., 2017). Successful ER in adolescence has
been linked to social skills, academic success and emotional well-being,
while difficulties in ER have consistently been related to emotional
distress and adolescent psychopathology (Schwartz-Mette et al., 2021).
The sum of ER difficulties has been conceptualised as emotion dysre-
gulation (D'Agostino et al., 2017), and is associated with psychopa-
thology. Anxious youth were found to have more difficulties
understanding and dealing with negative emotions than healthy youth
(Bender et al., 2015), while depressed adolescents had fewer strategies
and used them less effectively to deal with negative emotions (Silk et al.,
2003) and instead relied more on emotional suppression (Larsen et al.,
2013). Given the importance and centrality of emotion dysregulation in
internalising psychopathology, this study investigates how emotion
dysregulation relates to other trans-diagnostic factors such as sleep
problems, and whether it predicts the regulation of acute psychosocial
stress.

The regulation of stress seems especially important given the fact
that this developmental period is characterised by stressful life events
like changes in relationships to parents and peers, romantic relation-
ships, academic demands and eventually moving out and starting
adulthood. Difficulties with regulating these stressors can be both a
cause and consequence of psychopathology (March-Llanes et al., 2017).
Increased stress exposure and difficulties in stress regulation may
interfere with normative adolescent developmental changes to HPA axis
processing thereby increasing the risk for psychopathology (Roberts and
Lopez-Duran, 2019). In stress reactivity and regulation, combining
physiological and psychological indices is important, and many studies
report differential patterns on subjective and objective levels. For
example, one study found that perceived stress reactivity was related to
cortisol levels, but not heart rate in adolescents (Evans et al., 2013). This
was in line with another study that found that regardless of the fact if
participants had high or low reactivity to the psycho-social stress, their
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perceived stress barely affected their heart rate (Oldehinkel et al., 2011).
Given this disparity between perceived and physiological stress regula-
tion, this study aimed to identify if they relate to psychopathology
differently.

1.3. Sleep quantity and quality in adolescent psychopathology

Sleep plays an important role to physical as well as mental health,
and sleep disturbances have been found to be a contributing factor in
many mental disorders (Freeman et al., 2020). Sleep is also vital in
memory consolidation (Himmer et al., 2017), emotional processing
(Tempesta et al., 2018) and restoration of body and mind (Bonnet and
Arand, 2003). Typical objective sleep parameters include the sleep
duration (total sleep time, TST), length of time it takes to fall asleep
(sleep onset latency, SOL), percentage of time in bed that is spent
sleeping (sleep efficiency, SE) and finally the total time a person is
awake after having initially fallen asleep (wake after sleep onset,
WASO), a measure of the fragmentation of sleep (National Sleep Foun-
dation, 2020). Regarding adolescent psychopathology, a meta-analysis
found significantly more WASO and SOL and less SE for depressed ad-
olescents than controls (Lovato and Gradisar, 2014). In adolescents with
anxiety disorders, a meta-analysis reports a large effect for reduced
subjective sleep quality, medium effects for reduced TST and SE and
small effects for WASO (Cox and Olatunji, 2020). These results suggest
that although sleep is affected in individuals with anxiety and depres-
sion, studies are inconsistent regarding which sleep parameters are
affected and what role they play in maintaining internalising psycho-
pathology. This study therefore aims to investigate the effect of typical
sleep on adolescent psychopathology and its relationship to other core
symptoms.

1.4. Sleep and emotional processing

There seems to be a bi-directional link, with daytime mood and
anxiety affecting how one sleeps during the night, and simultaneously
night-time sleep affecting emotions and the onset of symptoms
throughout the following day (Kahn et al., 2013). Interestingly, both
sleep disturbances and emotion dysregulation have consistently been
found to be trans-diagnostic processes and have been central in the
current research field, highlighting their importance in the maintenance
of internalising mental disorders (Fairholme et al., 2013; Sesso et al.,
2024). In accordance with this link between sleep and emotional pro-
cessing (an umbrella term for reactivity and regulation of emotions and
stress), there is the consistent finding of sleep deprivation or poor sleep
resulting in lowered positive mood, heightened negative emotions such
as fear and anger, and increased emotion dysregulation (Palmer and
Alfano, 2017; Babson et al., 2010; Tomaso et al., 2021). Sleep distur-
bances were also found to have a direct impact on ER, specifically on
maladaptive ER such as rumination, thought suppression and worry
(Schmidt et al., 2011). This is in line with another study finding that
sleep problems influenced adolescent patients' depressive symptoms via
the decreased use of adaptive strategies and the increased use of mal-
adaptive strategies (Kirschbaum et al., 1993). Sleep quality but not TST
seems to have an effect on stress reactivity, while elevated HPA axis
activation was found to be linked to lower SE and more WASO (van
Dalfsen and Markus, 2018).

On the other hand, there are some indications that subjective sleep
quality might be better at predicting subsequent emotional reactivity,
ER and stress regulation than objective sleep quantity (Lollies et al.,
2022; Soffer-Dudek et al., 2011). However, it remains unclear if sub-
jective and objective measures of sleep assessment including sleep
quality affect emotional processing differently. This can only be inves-
tigated by assessing both types of measures, which is rarely done
(Vazsonyi et al., 2021). The precise way in which sleep intersects with
emotional processes awaits investigation, especially for key periods of
maturational development such as adolescence where sleep
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disturbances and a lack of sleep are common may precipitate affective
dysregulation and vice versa (Palmer et al., 2018). Thus, the current
study investigated the naturalistic effects of typical sleep over multiple
nights on emotional processing, considering both objective and subjec-
tive measures.

1.5. The current study

Given the past research on the interaction between emotional pro-
cesses and psychopathology, we predicted that emotion dysregulation
(trait ER difficulties), higher emotional reactivity during the psycho-
social stress induction (higher subjective stress, higher HR and lower
HRYV) and less effective stress regulation (higher subjective stress, higher
HR and lower HRV in the period after the stress induction) predict a
higher anxious and depressive symptomatology. We further hypoth-
esised that effective stress regulation (lower subjective stress, lower HR
and higher HRV in the period after the stress induction) is predicted by
fewer ER difficulties. Thirdly, we hypothesised that lower subjective
sleep quality, shorter TST, higher WASO and higher SOL predict a higher
anxious and depressive symptomatology. Given the evidence for the
interaction between sleep problems and emotional problems, we
hypothesised that lower sleep quality, shorter TST, higher SOL and
higher WASO correlate with ER difficulties, higher stress reactivity and
lower stress regulation. Since ER difficulties has often been found to be a
trans-diagnostic factor across symptomatology, we lastly hypothesised
that emotion dysregulation mediates the relationship between sleep
quality and depressive symptoms.

Assessed for eligibility for the young
adults group (n = 64)

e via phone screening with the
participants

Excluded (n =9)

e Did not meet inclusion
criteria: other
comorbidities (n = 4) and
psychopharmacological
medication (n = 2)

e Did not turn up to the
laboratory session (7 = 3)

'

Took part in the study (n =55)

Excluded from
analysis due to
missing data (n =
1) or drop out (n =
2)

Final young adult
group (n =52)

Fig. 1. Flow chart of participant inclusion and procedure.
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2. Methods
2.1. Design and sampling

The present cross-sectional study was carried out between January
2022 and April 2023 at the Department of Psychology at the University
of Freiburg. Inclusion criteria were being between 14 and 21 years old,
having either a current diagnosis of an anxiety or depressive disorder or
no current or lifetime mental disorder, not taking antidepressant
medication and not being in psychotherapy. The sampling methods were
different for the younger and older age groups. Young adults between 18
and 21 years were recruited through flyers around the University of
Freiburg from different faculties. Adolescents between 14 and 17 years
were recruited from the city of Freiburg's population registry, local high
schools in and around Freiburg, youth groups, the outpatient treatment
centre of the Child and adolescent psychiatry of the University hospital
Freiburg and the participant database of the research group Clinical Child
and Adolescent Psychology. These different approaches to recruitment
were used to ensure a high variability both in age and in symptomatic
severity and were not intended for between-group comparisons in this
study. Interested subjects were referred to the study website for more
information on the study.

2.2. Procedure and data collection

Prior to the investigation, ethical approval was obtained from the
Ethical Review Board of the University of Freiburg. All study procedures
were carried out in accordance with the Declaration of Helsinki. Written
informed consent was obtained from participants and the parents of

Assessed for eligibility for the
adolescent group (n =61)

e via phone screening with the parents
of participants

Excluded (n = 6)

e Did not meet inclusion
criteria: other
comorbidities (7 = 4) and
reported suicidality (n =
1)

e Did not tun up to the
laboratory session (n = 1)

y

Took part in the study (n =55)

Excluded from
analysis due missing
data (n=1)

v

Final adolescent
group (n =54)

Note. Parents/guardians of participants that were minors were involved in the recruitment process, the phone screening and their consent for their child's partic-
ipation was obtained before any contact with the participant him-/herself. They could choose between accompanying their child to the first session or having their

child come by him-/herself with their written consent.
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participants who were minors. After a screening for clinical symptoms of
depression or an anxiety disorder and exclusion criteria by phone,
eligible participants were invited to take part in the study (see Fig. 1).
This study was part of a larger project on trans-diagnostic factors in
adolescent psychopathology, with only the procedures relevant to this
study being detailed here. Procedures and results of the larger project
can be found in another publication (Herber et al., 2024).

The study consisted of two sessions, separated by at least one week,
during which sleep data were collected. During the first session, par-
ticipants were given wearable sleep trackers, which had to be worn at
night for at least 7 consecutive nights until the date of the second ses-
sion. This second session began with participants returning the sleep
trackers and completing psychometric questionnaires via LimeSurvey
(LimeSurvey, 2008). Afterwards, participants were connected to a
portable device to measure their HR and HRV. Participants were
instructed to press a button on the device to mark the start and end of the
pre-stress, stress induction and stress regulation periods, each of which
lasted eight minutes. During the pre-stress period, they were shown a
film clip from a documentary about autumn season. During the stress
induction, participants took part in a digital version of the Trier Social
Stress Test for Adolescents (Johnson et al., 2017), an adapted version of
the TSST-C (Buske-Kirschbaum et al., 1997), consisting of a speech and a
math task that were administered digitally. During the stress regulation
period, participants were instructed to do whatever they felt would
regulate their stress best, while remaining seated in the room. Finally,
they were debriefed about the TSST and the pre-recorded jurors.

2.3. Sample size calculation

To calculate the necessary sample size, the power analysis tool
G*power (Faul et al., 2009) was used. A medium effect size was esti-
mated because of widely heterogenous effect sizes found in a meta-
analysis of the interplay of sleep duration and mood in adolescents
(Short et al., 2020). For a multiple linear regression (H1) with a medium
effect size of f = 0.15, an alpha criterion of a = 0.05, a test power of 1-8
= 0.8 and 7 predictors, a total sample size of 103 participants was
required.

2.4. Measures and materials

2.4.1. Psychometric measures

Different facets of psychopathology and subjective perceptions were
assessed using self-report instruments. Sleep quality was assessed using
the Pittsburgh Sleep Quality Index (PSQI) is a widely used, self-rated
questionnaire of 19 items designed to assess global sleep quality and
disturbances based on the retrospective perception of sleep during the
previous month (Buysse et al., 1989). Items are scored on a 0-3 scale and
overall scores can range from 0 to 21, with greater scores indicating
lower sleep quality. The Difficulties in Emotion Regulation Scale (DERS;
Gratz and Roemer, 2004) is a 36-item self-report questionnaire con-
sisting of six subscales and a global score that assesses overall trait ER
difficulties. Total scores can range from 26 to 180, with higher scores
indicating greater emotion dysregulation. To get a continuous measure
of depressive symptomatology and depression severity, the Beck
Depression Inventory II (BDI-II, Beck et al., 1996) was used. Lastly, the
State and Trait Anxiety Index (STAI-II; Spielberger et al., 1983) was used
to measure a continuum of state and trait anxiety levels. All instruments
were found to be of acceptable validity and reliability.

2.4.2. Psycho-social stress

The Trier Social Stress Test (TSST) is widely seen as a gold standard
in stress research and consists of a speech task and an arithmetic task
(Allen et al., 2017). This study used a version that was adapted to ad-
olescents which keeps the story of the children's version (TSST-C, Buske-
Kirschbaum et al., 1997) but adapts the difficulty of the math task, the
neutral gaze of the jury and duration to their age. Specifically, the
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participants are instructed to make up a story about what happens to two
children that find an abandoned house in a forest for five minutes, and
then do a calculation subtracting a value from a set number for the next
five minutes. The protocol of the TSST for adolescents by Johnson et al.
(2017) was translated into German and retranslated into English to ac-
count for translation reliability and construct validity. In our study, the
TSST was done digitally through the videoconferencing platform Zoom.
The participant was let into the Zoom conference in which the leading
experimenter and two jury members, a woman and a man, were present.
The main experimenter gave instructions while the two other jury
members alternated between direct gaze at the participant and taking
notes on a paper. The two jury members were actually pre-recorded
videos that were inserted as virtual backgrounds through Zoom ac-
counts beforehand by the main experimenter and set to mute. Only two
participants mentioned having doubts about the jurors during the
debriefing.

2.4.3. Heart rate and heart rate variability

HR was chosen as a well-established marker of emotional reactivity
and stress response, while HRV was used as an indicator of adaptability
to stress. A low HRYV is an indicator for greater stress responses, lower
adaptability to changing situations, less resilience and is found as a
biomarker for general psychopathology (Beauchaine and Thayer, 2015).

Both are measured through a portable device, the Varioport II, which
is connected to its software called Variograph (Varioport, Becker-
Meditec, Germany). HR was recorded by means of an ECG by applying
three electrodes to participants' chest, upper stomach and on the lower
left rips. The ECG signal was scanned with 512 Hz and calculated via
complex demodulation (Wilhelm et al., 2005). As an established mea-
sure of HRV, the rMSSD was calculated (Task Force of the European
Society of Cardiology, 1996).

2.4.4. Subjective stress

Single item subjective stress scores were taken after the baseline
(watching a calm film), immediately after the TSST and after the re-
covery period using numerical rating scales. Participants could indicate
their stress level on a 10-point scale from 1 (fully relaxed) to 10 (mental
breakdown). Numerical rating scales are a commonly used psychometric
response scale that were found to be of high sensitivity and high validity
during stress measurements (Lesage et al., 2012).

2.4.5. Quantitative sleep assessment

Quantitative sleep parameters were assessed using the wearable
sleep tracker Inspire 2 by Fitbit. It measures sleep similar to actigraphy
(Lee et al., 2017) by measuring the movement of the wrist as well as the
heart rate (HR) through embedded accelerometers and skin sensors
(Kolla et al., 2016). The wristband had to be worn for seven consecutive
nights in the home setting on a typical school or university week to make
conclusions about participants regular sleep patterns. Participants were
instructed to wear the wristband on their non-dominant wrist nightly
and update the Fitbit App in the morning, so that data was synchronised
and saved. The output was used to calculate sleep onset latency (SOL),
total sleep time (TST), wake after sleep onset (WASO), and sleep effi-
ciency (SE), according to the calculations done by Menghini et al.
(2021). Wearable sleep tackers have the advantage over other sleep
measures such as polysomnography and actigraphy to be low in cost,
mobile and nowadays widely used by the general population (Tobin
et al., 2021). However, there are notable limitations to using wearable
sleep trackers to measure sleep: The main one is that the sleep data is
extracted via proprietary algorithms, which have not been indepen-
dently validated and there is no possibility to access the raw data (De
Zambotti et al., 2020). Neither the sensor, nor the algorithm can
therefore be investigated to validate their use given the black box nature
of the device (De Zambotti et al., 2019). Validity and reliability of using
wearable sleep trackers for measuring quantitative sleep parameters can
be found in the appendix (S1).
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2.5. Data analysis

The psychophysiological data was edited manually using ANSLAB
software version 2.51 (Blechert et al., 2016) via MATLAB (version 2.6)
for Windows to remove movement and electronic artefacts as well as
ectopic beats in the electrocardiogram (ECG). We then calculated mean
scores of HR and HRV for each of the three 8 min periods (Breuninger
et al., 2017). Analyses were performed with IBM SPSS Statistics (version
29.0.0.0). The quantitative sleep data was exported per participant from
fitbit.com and the mean of each sleep variable was calculated with a
Python script. Hypothesis 1-3 were analysed using multiple regression
analyses enter method while controlling for age and gender. Next, to
assess associations between sleep parameters and emotional processes
for hypothesis 4, we correlated the different variables using Pearson's
correlation. Finally, for hypothesis 5 a mediation analysis using the
PROCESS Macro by Andrew Hayes was done. Missing values of the HR
and HRV due to technical issues with the Varioport made up 14.15 % (N
=15).

2.6. Manipulation check

A manipulation check was carried out to test if the digital TSST with
the pre-recorded videos did actually induce stress. This was done
through t-tests of the means of HR, HRV and subjective stress level
before vs. during the TSST. It was expected that the subjective stress and
HR would be higher and HRV lower during the stress test compared to
the baseline assessment of the Nature film clip.

3. Results
3.1. Participants

The sample consisted of 106 participants (M age = 17.93; SD = 2.43;
range = 14-21 years), of which 25 [24 %] were male, 54 [51 %] were in
adolescence (M = 15.83; SD = 1.37; range = 14-18 years) and 52 [49 %]
were young adults (M = 20.12, SD = 0.83; range = 19-21 years). Those
in adolescence went to secondary school and the young adults were in
their first or second year of University. All but one participant indicated
that German was their first language. Diagnostic interviews using the
Kinder-DIPS (Unnewehr et al., 1998) were carried out and found that 31
[29 %] participants had a diagnosis of depression and/or an anxiety
disorder, about half (n = 49) had subclinical symptom levels and the last
third were healthy controls (n = 26).

3.2. Descriptive statistics and manipulation check

Both subjective stress and HR increased during the stress induction
and back to about the baseline pre-stress level during stress regulation
(see Table 1). HRV was significantly higher during stress regulation than
both pre-stress and stress induction. The manipulation check was
confirmed with a significant increase in subjective stress during the
stress induction compared to baseline (t{105] = 19.13, p < .001) as well
as increase in HR (t[90] = 64.96, p < .001) and decrease in HRV (¢t[87]

Table 1
Measures of stress at the three measuring time periods.
Pre-stress Stress Stress
M (SD) induction regulation
M (SD) M (SD)
Subjective stress [1-10] 2.53(1.36) 4.93 (1.83) 2.46 (1.22)

Heart rate [bpm]
Heart rate variability
[rMSSD]

75.71 (11.19)
38.09 (63.04)

92.69 (16.23)
32.13 (52.02)

76.26 (11.98)
68.23 (69.73)

Note. Due to technical difficulties with the Varioport, N = 15 participants have
missing HR and HRV data meaning this value is based on n = 91. Further,
outliers (n = 4) in the HRV data were considered artefacts and excluded.
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=19.44,p < .001).

Descriptive statistics showed moderate to high emotion dysregula-
tion (M = 83.36, SD = 21.07); moderate to low sleep quality (M = 5.29,
SD = 1.97), with a score > 5 indicating significant sleep disturbances;
minimal depressive symptoms (M = 11.74, SD = 9.12), with a score
below 13 classified as minimal and below 19 as mild depressive symp-
toms; moderate trait (M = 40.43, SD = 12.26) and state anxiety (M =
29.42, SD = 9.85), with a range from 38 to 44 being classified as
moderate anxiety. Participants slept roughly 7 h a night (see Table 2),
took about 10 min to fall asleep, and were awake for about one hour
accumulated throughout the night.

3.3. Emotional processing and stress relating to anxiety and depressive
symptoms

Two multiple linear regressions were performed to test if emotion
dysregulation, subjective stress, HR and HRV during stress induction
and stress regulation would predict the depressive and anxious symp-
tomatology (Fig. 2). The overall model for depressive symptoms was
significant (R? = 0.531, F(9, 81) = 11.48, p < .001). Specifically,
emotion dysregulation (8 = 0.957, p < .001) as well as the HR during
stress regulation (f = 0.391, p = .003) and HRV during stress regulation
(# = 0.288, p = .007) were significant predictors of depressive symp-
toms. Interestingly, the same emotional processes, namely emotion
dysregulation (8 = 14.6, p < .001) and HR during stress regulation (f =
0.235, p = .026) also predicted trait anxiety (overall model R? = 0.669, F
(9, 81) = 18.15, p < .001). Age and gender had no significant con-
founding effects.

A third linear regression tested if emotion dysregulation was asso-
ciated with the different measures of stress regulation. The overall
model was significant R? = 0.205, F (8, 82) = 2.64, p = .013) with
subjective stress during stress regulation (f = 0.182, p = .013), HR
during stress regulation (8 = 0.017, p = .029) and gender (8 = —0.356, p
= .013) being significant predictors.

3.4. Sleep quantity and quality relating to anxiety and depressive
symptoms

Two further linear regression analyses investigated the influence of
the different sleep measures on psychopathology (Fig. 3). The overall
model was significant for depressive symptoms (R? = 0.403, F (7, 97) =
9.34, p < .001), with poorer sleep quality as the only individually sig-
nificant predictor of depressive symptoms (8 = 2.68, p < .001), but none
of the quantitative sleep measures. Sleep also predicted trait anxiety ®R?
=0.328, F (5, 99) = 9.66, p < .001) with again only poorer sleep quality
(8= 3.53,p <.001) as a significant predictor of trait anxiety. Neither age
nor gender had a significant effect on the model.

3.5. Emotional and stress processes relating to sleep quantity and quality

When correlating the emotional and stress reactivity and regulation
parameters with the sleep measures, we found that lower subjective
sleep quality was associated with higher HR during stress regulation (r
= 0.25, p = .009) and with more pronounced emotion dysregulation (r
= 0.355, p < .001). Sleep duration correlated with HRV during stress
induction (r = 0.255, p = .008) and during stress regulation (r = 0.251, p
= .009), while SE only correlated with subjective stress level during

Table 2
Descriptive statistics of quantitative sleep measures.
Minimum Maximum Mean SD
Total sleep time [min] 341.7 551.7 425.7 45.8
Sleep onset latency [min] 2.3 29.4 8.2 4.7
Sleep efficiency [%] 82.7 96.4 87.7 2.1
Wake after sleep onset [min] 32.7 82 53.3 109
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Fig. 2. Heart rate and emotion dysregulation predicting psychopathology.
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anxiety (STAI) symptoms, with regression line, its 95 % confidence interval, and individual correlation coefficient r.
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Note. Sleep parameters include the subjective sleep quality (PSQI, higher values indicate lower sleep quality) and the objective sleep measures wake after sleep onset
(WASO), sleep efficiency (SE), total sleep time (TST); outcome measures are depressive symptoms (BDI) and trait anxiety (STAI).

stress regulation (r = 0.184, p = .043). Measures of sleep correlated with
each other and so did emotional and stress processes.

Finally, a mediation analysis was carried out and found that emotion
dysregulation acts as a partial mediator of the relationship between
sleep quality and depressive symptoms, with 61.5 % of variance
explained (R?) by the complete model (F (2,103) = 82.37, p < .001), and
a substantial and statistically significant indirect (mediated) effect (b =
0.965 [0.439; 1.594]) as well as remaining direct (unmediated) effect (b
= 1.575 [0.975; 2.175]), as shown in Fig. 4.

4. Discussion

This study investigated how psychophysiological and emotional
reactivity to stress, stress regulation, emotion dysregulation and quan-
titative as well as qualitative sleep measures are connected to depressive
symptoms and trait anxiety in a sample of community adolescents and
young adults.

Firstly, we had hypothesised that higher stress reactivity, lower
stress regulation and more emotion dysregulation (trait ER difficulties)

Emotion
Kol dysregulation

Sleep Quality

Depressive

b=1.57.p<.001
(Indirect effect: b = .96)

Symptoms

Fig. 4. Emotion dysregulation as partial mediator of the relationship between sleep quality and depressive symptoms.
Note. Regression coefficients and statistical significance of the mediation paths and the direct effect are given.
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would predict more depressive symptoms and trait anxiety. This was
partially confirmed with HR and HRV during stress regulation and
emotion dysregulation being the only significant predictors of both
depressive symptoms and trait anxiety. Interestingly, HR and HRV
during stress reactivity were not significantly associated with these
symptoms, suggesting that adolescents and young adults with internal-
ising psychopathology do not differ from healthy youth in their physi-
ological reactivity to stress, but in their regulation of it. This finding
suggests that although the subjective experience and perception of
physiological stress reactivity is higher in individuals with internalising
symptoms, this difference in terms of HR/HRV can only be found after
the exposure to stress during the regulation phase. This is quite a novel
finding and in line with studies suggesting that there are no significant
differences in physiological stress reactivity in clinical and control
samples (Cheng et al., 2022), but that depressed adolescents take longer
to regulate their physiological stress levels (Rao et al., 2008) and that
perceived heightened HR, but not actual HR, predicts anxiety symptoms
(Trotman et al., 2019).

Our finding of emotion dysregulation predicting internalising
symptoms is also consistent with previous studies finding that ER diffi-
culties were positively related to both internalising and externalising
symptoms (Compas et al., 2017; Schafer et al., 2017; Young et al., 2019).

Our second hypothesis, concerning an association between trait
emotion dysregulation and observed parameters of stress regulation
following our stress test, was partially confirmed. HR and subjective
stress during the stress regulation phase, as well as female gender, were
associated with more pronounced emotion dysregulation. One inter-
pretation of this pattern is that stress regulation requires flexibility to
adapt to the shifting contextual demands of situations over time, and
those with ER difficulties tend to lack this flexibility, resulting in an
increase in perceived subjective stress (Bonanno and Burton, 2013). It
seems reasonable to assume that an individual struggling with ER, which
might entail decreased emotional awareness and clarity, along with a
lack of strategies to deal with negative emotions, would feel more
stressed as a result, without necessarily experiencing a change at the
physiological level during stress induction. This reasoning is supported
by a study that found increased emotional perception of negative emo-
tions, including stress, in depressed patients compared to healthy con-
trols, however, there were no significant group differences in HRV as a
physiological marker of stress (Wenzler et al., 2017). The fact that
adolescent girls were more affected by emotion dysregulation has also
been supported in a study that found that emotion dysregulation pre-
dicts more anxiety in young females than in young males (Bender et al.,
2015). Emotional instability, resulting in fear of abandonment, unstable
self-concept and impulsivity, is one of the key markers in borderline
personality disorder (BPD) which is also more prevalent in females in
clinical settings (APA, 2013). However, this gender difference in the
prevalence of BPD has been disputed in recent studies (Bozzatello et al.,
2024). Wentzler and colleagues also found that increased emotional
reactivity and its perception were linked to reduced social and
emotional competence, which might also explain the association be-
tween internalising symptoms and emotion dysregulation, as well as
increased subjective stress when having to regulate the stressful expe-
rience in our study.

Our third hypothesis looked at which different sleep parameters
could predict anxiety and depressive symptoms. We found that only
subjective sleep quality, but none of the quantitative sleep measures,
were significantly related to internalising symptoms. One explanation
might be that people with mental health issues perceive more difficulties
related to stress and sleep, but that these difficulties are not found to the
same degree when looking at quantitative measures, indicating a
subjective-objective sleep discrepancy (Baglioni et al., 2010; Rezaie
et al., 2018).

Sleep disturbances are a well-known symptom of depression, how-
ever in clinical practice they are routinely measured as subjective per-
ceptions of sleep, whether it be through a questionnaire or a sleep diary
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(Mayers et al., 2009). Depressed individuals seem to be more distressed
and dissatisfied with their sleep quality than non-depressed poor
sleepers who also report low sleep quality (Mayers and Baldwin, 2006).
Similarly, adolescents with anxiety reported deficits in sleep quality, but
not with sleep quantity, including their perceptions of their TST and SOL
(Orchard et al., 2020). This was supported by a systematic review, which
also found that subjective sleep disturbances (measured via question-
naires) had a bidirectional relationship to both depression and anxiety,
but there was no relationship between excessive daytime sleepiness and
depression (Alvaro et al., 2013). Summing up, internalising symptoms
seem to be more strongly related to participants' perceptions of their
own sleep rather than the duration, fragmentation or efficiency of their
sleep, and this discrepancy is often attributed to cognitive biases asso-
ciated with depression and anxiety.

The fourth hypothesis, concerned with the association between sleep
parameters and stress reactivity/emotional dysregulation was partially
confirmed, with only subjective sleep quality (but none of the quanti-
tative sleep measures) being related to emotion dysregulation, as well as
to both HR and HRV at pre-stress and stress regulation. Poor sleep
quality might impact emotion dysregulation by impairing someone's
ability to engage in ER strategies, such as cognitive reappraisal, by
disrupting higher-level cognitive functions related to the pre-frontal
cortex (Mauss et al., 2013). We also found correlations between SE
and subjective sleep during stress regulation, as well as sleep duration
with HRV during stress induction and regulation. This was supported by
a study that also tested adolescents' sleep using actigraphy during a
regular school week, a week of school holidays and two weeks of school
exams and found that SE and sleep duration both decreased during exam
weeks where stress levels were high (Astill et al., 2013). However, given
that the wearable sleep trackers' sleep measures were not related to most
of the emotional measures or internalising symptomatology (which we
checked exploratorily), this raises the question of their validity given the
black box nature of its algorithm (De Zambotti et al., 2019). In regard to
subjective sleep quality, our findings are in line with previous studies
reporting an association with emotion dysregulation through negative
cognitive appraisals (Lollies et al., 2022; Mauss et al., 2013) and stress
regulation through HPA axis dysregulation (El-Sheikh and Sadeh, 2015).
Our findings point towards the direction that subjective measures of
sleep are more predictive of internalising symptoms and emotion dys-
regulation than objective measures.

Our last hypothesis, that emotion dysregulation (partially) mediates
the relationship between sleep quality and depressive symptoms, was
confirmed, which is in accordance with other studies linking these three
constructs together (Kirschbaum et al., 1993; Palmer et al., 2018).
Interestingly, Palmer and colleagues found that greater sleep distur-
bances predicted anxiety and depression in adolescents, and adolescents'
sleep problems were also related to their ER abilities when accounting
for stress reactivity. This again suggests that dysfunctional ER (resulting
in visible physiological problems during stress regulation) is more pre-
dictive of adolescent psychopathology than stress reactivity itself,
highlighting the importance of ER difficulties and the perception of sleep
quality as trans-diagnostic factors that deserve attention when treating
adolescents with internalising disorders.

The strengths of our study include the large cohort of adolescents and
young adults, encompassing participants ranging from symptom-free to
subclinical internalising problems and full clinical diagnoses (validated
in clinical interviews with 31 participants [29 %]). This range of par-
ticipants provides power and external validity to our dimensional and
trans-diagnostic approach. Further, we used a variety of subjective and
objective measures of both stress and sleep processes and an established
experimental induction of stress using the TSST. However, there are
certain limitations to our study that have to be taken into account.
Firstly, anxiety and depressive symptoms as well as emotion dysregu-
lation were only collected via self-report. Secondly, the validity of the
wearable sleep trackers can be questioned as they have been found to be
lower in specificity in detecting wakefulness than polysomnography, the
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gold standard for measuring sleep (De Zambotti et al., 2016, for more
details see Appendix S1). On the other hand, a meta-analysis
(Haghayegh et al., 2019) concluded that recent-generation Fitbit
models that collectively utilize HRV and body movement (such as the
ones used in this study) yield measurements of TST, WASO and SE equal
to polysomnography, only underestimating SOL. Also concerning the
sleep data, we did not record daily naps, which could have impacted
some participants' nightly sleep duration or sleep quality, or mask pe-
riods of day-time rest in compensation for poor sleep. These sources of
noise in our objective sleep measurements could contribute to the
absence of associations with other outcome variables in our data.
Thirdly, only HR and HRV were used as physiological indices of stress
reactivity and stress regulation, instead of other additional psycho-
physiological measures such as cortisol and skin conductance levels,
which have been linked to childhood internalising psychopathology
(Dieleman et al., 2016). The reduction in HRV already at pre-stress
(similar to the stress induction) is noteworthy. It can be interpreted as
anticipatory anxiety in knowledge of an upcoming stress test, but could
also indicate more general expectancy or preparedness to action. If
activation in the HRV was already so pronounced at pre-stress, this could
have created a ceiling effect for the experimental manipulation. It
should also be acknowledged that these analyses were conducted with
only 86 % of the total sample due to missing HR/HRV data. As a result,
the sample size was below the requirement of the power calculation,
which may have contributed to analyses that included psychophysio-
logical data being underpowered. Lastly, our stress induction was done
using a virtual TSST, which might have been less effective than a psycho-
social stress test done with an in-person jury. Future studies are needed
to corroborate our findings in larger clinical samples, using multiple
methods, and preferably with longitudinal designs.

Despite these limitations, the present findings may have several
implications for further research and clinical practice. If replicated, our
results suggest that problems regarding emotion dysregulation and
stress regulation seem to be more predictive of internalising psychopa-
thology in youth rather than reactivity to acute stress, highlighting the
importance of focusing on those individuals' responses in the aftermath
of stressful events and developmental challenges by adolescents with
mental health problems rather than their reaction to stressors as they
happen. Furthermore, subjective perceptions of sleep and stress seem to
especially be associated with symptoms of anxiety and depression, but
quantitative measures of sleep and stress reactivity do not significantly
differ in participants with different levels of internalising symptoms,
suggesting that cognitive bias might be responsible (Joormann and
Vanderlind, 2014; Everaert et al., 2017). There have been many studies
on cognitive bias and its modification in depression; however, our study
suggests that it might be similarly important in anxiety disorders (Leung
et al., 2022). Addressing potential cognitive biases is important for
treatment, as mental health professionals should focus on interventions
that reduce these biases and educate patients about cognitive bias in
affective disorders. At the same time, it is important to alleviate patients'
concerns about their perceived physiological impairments, such as
worries about lost sleep and its impact on next-day functioning. In
conclusion, our study shows that sleep quality, stress regulation and
emotion dysregulation predict internalising symptoms in adolescents
and young adults. These should be jointly treated in psychotherapy, as
they appear to be interconnected.
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