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Zusammenfassung

1. Einfihrung
Als soziale Wesen sind Menschen stets mit psychosozialen Stressoren (z. B. soziale

Bewertung, Ausgrenzung, Leistungsdruck; Dickerson & Kemeny, 2004; Kirschbaum et al.,
1993) konfrontiert, welche die neuroendokrinen (HHNA) und autonomen (ANS) Funktionen
signifikant beeinflussen (Foley & Kirschbaum, 2010; Mohammadi et al., 2019). Demgeman
besteht ein Zusammenhang zwischen chronischem Stress, einer HHNA-Dysregulation und der
Entwicklung psychiatrischer Erkrankungen (Chrousos, 2009; Fries et al., 2005; Heim et al.,
2000; McEwen, 2004). Im Fall von Essstérungen (ES) wird bspw. eine Stresshyporeaktivitat
beobachtet, welche mit dysregulierten Biomarkern einhergeht (Het et al., 2020; Monteleone et
al., 2018a, 2018b; Staving, 2019).

Im Vergleich zu anderen ES ist die Sterblichkeitsrate bei Patienten mit Anorexia
Nervosa (PAN) hoher (Arcelus et al., 2011; Erskine et al., 2016; Moskowitz & Weiselberg,
2017). PAN weisen auf3erdem eine Reihe neuroendokriner und autonomer Dysbalancen auf
(Gibson et al., 2020; Giovinazzo et al., 2019; Mazurak et al., 2011) sowie ausgepragte Angste
vor einer Gewichtszunahme trotz bestehendem Untergewicht (BMI < 17,5 kg/m?; DSM-V, APA,
2013). Der Behandlungserfolg wird als mangelhaft eingestuft (Harbottle et al., 2008; Murray et
al., 2019; Watson & Bulik, 2013), wahrend die Krankheitslast flir Patienten und
Gesundheitswesen als erheblich erachtet wird (Schmidt et al., 2016).

Die Atiologie und Aufrechterhaltung der ES betreffend steht psychosozialer Stress im
Zentrum zahlreicher Studien (Caglar-Nazali et al., 2014; Monteleone et al., 2018b; Wierenga
et al.,, 2018). Dabei demonstrieren ES defizitdre soziale Kompetenzen, ausgepragten
negativen Affekt sowie eine HHNA- und ANS-Hyporeaktivitdt gegentber psychosozialem
Stress (Het et al.,, 2015, 2020; Monteleone et al.,, 2011, 2018b). Experimentelle und
kontrollierte Studien der neuroendokrinen und autonomen Stressreaktion sind bei PAN jedoch
unterreprasentiert und heterogen. Dementsprechend widmen sich die folgenden

Untersuchungen dieser Forschungsliicke.

2. Ziele und Methode

Um das stérungsspezifische Verstandnis auf psychologischer und physiologischer
Ebene zu foérdern, wurde die physiologische Reaktion von PAN auf einen psychosozialen
Stressor unter hoch standardisierten Bedingungen erforscht, die nach Alter und Geschlecht
mit einer gesunden Kontrollgruppe (KG) gematcht wurden. Biomarker wie Speichelcortisol
(Studie 1), Herzrate (HR) und Herzratenvariabilitat (HRV; Studie 2, Tabelle 1) wurden in einem
Querschnittsstudiendesign unter 1) Ruhe und 2) Stress analysiert (siehe Abbildung 1, Studie
1-2). Dazu wurden psychologische Stressindikatoren (PASA, VAS, TICS) und Symptome
untersucht (z. B. SCL-K-9, BDI, EDI). Basierend auf friheren Studien wurden ein erhdhter

Cortisolspiegel und Bradykardie bei PAN (vs. KG) unter Ruhebedingungen postuliert. Eine
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Stresshyporeaktivitdt der untersuchten Biomarker wurde bei PAN (vs. KG) angenommen.
Zudem wurde von einer reduzierten sympathischen (SNS) und ausgepragten
parasympathischen (PNS) Aktivitat und Reaktivitdt bei PAN ausgegangen. Ferner wurde eine
Normalisierung der HPAA-Funktionalitdt nach einer Gewichtsremission bei PAN vermutet.
Zusétzlich wurde der BMI (kg/m?) in Beziehung zu abgeleiteten Biomarkern und

psychologischen Variablen gesetzt. Im Folgenden werden beide Studien vorgestellt.

3. Ergebnisse

3.1 Psychologische und physiologische Ergebnisse

Patienten mit Anorexia Nervosa (vs. KG) wiesen erhéhte chronische und
wahrgenommene Stresswerte auf, fihlten sich starker bedroht und weniger kompetent bei der
Bewaltigung der Stressintervention. Zusatzlich waren sie psychisch starker belastet als die
KG. Stark Untergewichtige PAN sowie solche mit einem niedrigen BMI waren von der

Stressintervention in ahnlichem Ausmald betroffen (siehe Tabellen 1-3).

3.2 Studie 1: Auswirkungen von psychosozialem Stress auf die Hypothalamus-Hypophysen-
Nebennierenrindenachse

Ein erhdhter basaler Cortisolspiegel und eine Cortisolhyporeaktivitat auf den TSST bei
PAN konnten bestatigt werden (siehe Tabellen 2—-3; Abbildung 2). Wie vermutet, zeigte sich
eine Reversibilitdt der Hypercortisolamie, jedoch nicht der Hyporeaktivitat nach einer
Gewichtsremission bei PAN (siehe Tabelle 2—3). Zuséatzliche Analysen demonstrierten einen
Zusammenhang zwischen psychischer Belastung und ES-Symptomatik auf die Funktionalitat
der HPAA bei PAN.

3.3 Studie 2: Auswirkungen von psychosozialem Stress auf das Autonome Nervensystem

Entgegen den postulierten Hypothesen offenbarte sich eine vergleichbare basale HR
und HRV zwischen den Gruppen (siehe Tabellen 4-5a). In Bezug auf die HR- und HRV-
Reaktivitdt konnte eine autonome Hyporeaktivitdt bei PAN repliziert werden. Eine SNS-
Hyporeaktivitat konnte wie postuliert belegt werden, jedoch keine PNS-Hyperreaktivitat (siehe
Tabelle 4-5b; Abbildungen 2-7). Zusatzliche Analysen zeigten signifikante, positive
Zusammenhange zwischen der ANS-Reaktivitdt und erstens dem BMI und zweitens der
Stressbewertung bei PAN.

4. Diskussion

Die Ergebnisse deuten auf eine Hyporeaktivitat der neuroendokrinen und autonomen
Systeme bei PAN hin, zusammen mit einer erhdhten Sensitivitdt fur psychosoziale
Stressstimuli. Die Stresshyporeaktivitat persistierte trotz Reversibilitdt der Bradykardie und
Hyperkortisolamie nach Gewichtsremission und stationarer Behandlung. Dabei kristallisierte

sich einen Zusammenhang zwischen psychischer Belastung und Stressreaktivitat bei PAN
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heraus. Die Reversibilitat der Stresshyporeaktivitdt nach Remission bedarf weiterer
Untersuchungen.

Im Allgemeinen konnten existierende Ergebnisse repliziert werden (z. B. Het et al.,
2015; Mazurak et al., 2011; Rommel et al., 2015), wobei einige aufgrund methodischer
Unterschiede widersprichlich blieben (Monteleone et al., 2011, 2018b; Vocks et al., 2007). Die
ausgewiesene Stresshyporeaktivitdt bei PAN lasst sich durch chronischen Stress in
Verbindung mit einer ausbleibenden Habituation und ausgepragten psychischen Symptomen
erklaren (z. B. Carroll et al., 2017; Fiksdal et al., 2019; McEwen, 1998). Eine chronische
Stresshyporeaktivitat ist verbunden mit sekundaren somatischen Erkrankungen (z. B.
Chrousus, 2000; Karin et al., 2020; Lawson et al., 2009; Rohleder, 2014; Wolf et al., 2009).
Demzufolge besteht ein dringender Handlungsbedarf fiir Betroffene.

Die Ergebnisse der vorliegenden Untersuchungen leisten einen bedeutenden Beitrag,
da experimentelle Studien zur physiologischen Reaktivitat in PAN-spezifischen Stichproben
unterreprasentiert sind. Von hoher Relevanz ist die persistierende Hyporeaktivitat trotz
Regulierung der Cortisolexpression und basalen HR, was einen wesentlichen Befund fiir
innovative Behandlungsansatze und die nachfolgende Forschung darstellt (z. B. Prazedenz

einer Hyporeaktivitat).

4.1 Limitationen und Ausblick

Zu den methodischen Limitationen zahlen fehlende statistische Power, mangelnde
Generalisierbarkeit auf mannliche Patienten sowie die Heterogenitat der PAN (Rekrutierung
zu Beginn, in der Mitte und am Ende der Behandlung). Demnach sind grof3ere Studien mit
robusteren Stichproben sowie differenzierte Analysen der Reaktivitat bei PAN in Abhangigkeit
vom Krankheits- und Behandlungsstadium erforderlich.

Behandlungsansatze zur Verringerung der Krankheitslast auf psychologischer und
physiologischer Ebene sollten in Betracht gezogen werden, da PAN ein erhohtes Risiko fir die
Entwicklung sekundarer somatischer Erkrankungen aufweisen. Stressmanagement, soziales
Kompetenz- und HRV-Biofeedback-Training konnten entsprechend eingesetzt werden.
Folgestudien konnten die Frage nach der Reversibilitdt der Stresshyporeaktivitat nach
Remission und Verbesserung des psychosozialen Stresscopings beantworten, um
Chronifizierung zu vermeiden. Weiterhin konnte untersucht werden, ob die
Stresshyporeaktivitat als Ursache oder als Folge der ES anzusehen ist.

5. Fazit

Stresshyporeaktivitat sowie erhohte Sensitivitat fur psychosoziale Stressstimuli waren
evident bei PAN. Dabei spielte die psychische Belastung eine zentrale Rolle. Eine
Verbesserung des Stressmanagements und der sozialen Kompetenzen zusammen mit HRV-
Biofeedback-Training kdonnte das adaptive Stressverhalten in sozialen Kontexten beglinstigen,

die Stressreaktivitat regulieren und das Chronifizierungsrisiko verringern.
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Summary

1. Introduction

As social beings, we are constantly confronted with psychosocial stressors (e.g., social
evaluation, exclusion, achievement and / or performance; Dickerson & Kemeny, 2004;
Kirschbaum et al., 1993; Pruessner et al., 2003), which significantly affect the neuroendocrine
(HPAA) and autonomic (ANS) function (Chrousos, 2009; Foley & Kirschbaum, 2010;
Mohammadi et al., 2019). In a prolonged fashion and in the lack of habituation, chronic stress
leads to cortisol hypersecretion, posing a risk for the development of Hypothalamic-Pituitary -
Adrenal Axis (HPAA) hyporeactivity. At the same time, this represents a vulnerability for the
development of somatic and psychiatric conditions (Chrousos, 2009; McEwan, 1998, 2004;
Fries, et al., 2005; Heim et al., 2000; Herman et al., 2005). In this regard, response parameters
of the HPAA (e.g., cortisol) and the ANS (e.g., Heart rate variability) are paramount in studying
the relationship between reactivity and health/illness (Chrousos, 2009; McEwen, 1998). For
example, individuals with psychiatric conditions, such as eating disorders (EDs), exhibit
hyporesponsiveness of the stress networks, which is associated with dysregulated biomarkers
(Het et al., 2020; Monteleone et al., 2010; 2018a, 2018b; Steaving, 2019).

Among EDs, Anorexia nervosa (AN) records the highest mortality rate (Arcelus et al.,
2011; Erskine et al., 2016; Moskowitz & Weiselberg, 2017) and displays a range of ANS and
HPAA irregularities, e.g., bradycardia, hypercortisolemia (Gibson et al., 2020; Giovinazzo et
al., 2019; Katzmann, 2005; Mazurak et al., 2011; Miller et al., 2013; Sauro et al., 2008).
Maintenance of underweight and fear of weight gain despite being underweight (BMI < 17.5
kg/m?) are typical characteristics (DSM-V, APA, 2013). Treatment outcomes are poor
(Harbottle et al., 2008; Murray et al., 2019; Watson & Bulik, 2013) and the disease burden for
patients and health care substantial (Schmidt et al., 2016). Therefore, innovative and effective
treatments are urgently needed.

Concerning onset and maintenance, psychosocial stress has been frequently
investigated (Caglar-Nazali et al., 2014; Monteleone et al., 2011, 2018b; Wierenga et al.,
2018). Patients commonly showed deficient social skills and higher negative affect
accompanied by hyporesponsiveness to psychosocial stress (Het et al., 2015, 2020;
Monteleone et al., 2011; 2018b; Putigiano et al., 2001; Vocks et al., 2007; Zonevylle-Bender
et al,, 2015). However, experimental and controlled studies on the neuroendocrine and
autonomic reactivity are underrepresented and ambiguous in PAN. Accordingly, the following

investigations address this research gap.

2. Objectives and Method
In order to expand ED-specific data and foster understanding at the psychological and
physiological level, the stress response to a psychosocial stressor was investigated in a PAN-

sample which was age- and gender-matched to healthy controls (HC), under highly
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standardized conditions. For this purpose, biomarkers such as salivary cortisol (Study 1), heart
rate (HR) and heart rate variability (HRV; see Study 2/Table 1) were assessed in a cross-
sectional study design under two experimental conditions: 7) rest and 2) stress (see Figure
1/Study 1-2). In addition, psychological stress indicators (PASA, VAS, TICS) and symptoms
were analyzed (e.g., SCL-K-9, BDI, EDI). Based on previous evidence, elevated cortisol levels
and bradycardia at rest were expected in PAN (vs. HC). A stress hyporeactivity in the examined
biomarkers was hypothesized in PAN (vs. HC). Additionally, a reduced sympathetic (SNS) and
pronounced parasympathetic (PNS) activity and reactivity was assumed in PAN (vs. HC).
Furthermore, a regulation of the HPAA functionality regarding total cortisol expression (AUCq)
and reactivity with weight recovery in PAN was postulated. Secondarily, BMI (kgm?) was
analyzed in relation to the derived biomarkers and psychological measures of concern. In the

following, both studies are presented.
3. Results
3.1 Psychological and Physiological Outcomes

Patients with anorexia nervosa (vs. HC) reported greater chronic and perceived stress,
felt more threatened as well as less capable to deal with the stress intervention and exhibited
greater psychological burden (i.e., depression, distress, ED-symptoms). In general, weight
recovered and underweight PAN were similarly affected by the stressor (see Study 1: Table
1-3; Study 2: Table 2-3).

3.2 Study 1: Effects of Psychosocial Stress on the Hypothalamic-Pituitary Adrenal Axis

As hypothesized, elevated basal cortisol levels and a blunted cortisol response to the
TSST were confirmed in PAN (see Table 2-3; Figure 2). As assumed, cortisol hypersecretion
was normalized with weight recovery, but cortisol hyporeactivity did not (see Table 2-3).
Additional analyses demonstrated that hyporeactivity was rather related to pronounced ED-
symptoms and distress than to BMI. Conclusively, the results highlighted the impact of

psychological burden on HPAA functionality in PAN.

3.3 Study 2: Effects of Psychosocial Stress on the Autonomic Nervous System

Contrary to our hypothesis, a comparable resting HR and HRV between both groups
was revealed (see Table 4-5a). In terms of HR and HRV-reactivity, a blunted response in PAN
was confirmed. Further, patients evinced a reduced and not a pronounced PNS response, as
initially assumed. However, SNS hyporeactivity was confirmed (see Table 4-5b; Fig 2-7).
Additional analyses demonstrated significant, positive correlations between the ANS reactivity

and firstly the BMI and secondly the stress appraisal in PAN.

4. Discussion
These findings provide evidence for a hyporesponsiveness of the stress system along

with a pronounced perception of psychosocial stress stimulus in PAN. Hyporeactivity of the

stress networks persisted despite remitted bradycardia and cortisol hypersecretion with weight
14

TRIAL MODE - a valid license will remove this message. See the keywords property of this PDF for more information.



recovery and inpatient treatment. Reversibility of hyporeactivity remains to be clarified.

The presented results replicated past evidence (e.g., Het et al., 2015; Mazurak et al.,
2011; Rommel et al.,, 2015; Zonnevylle-Bender et al., 2005), but disagreed with some
outcomes (Monteleone et al., 2011, 2018b; Vocks et al., 2007), possibly due to methodological
differences. The revealed pattern of stress hyporesponsiveness in PAN is likely associated
with chronic stress combined with a lack of habituation, and pronounced psychological burden
(e.g., Carroll et al., 2017; Fiksdal et al., 2019; Fries et al., 2005; McEwen, 1998). Stress
hyporesponsiveness is also associated with an increased risk for negative health outcomes
(e.g., Chrousus, 2000; Karin et al., 2020; Lawson et al., 2009; Rohleder, 2014; Wolf et al.,
2009). Hence, there is an urgent calling for immediate action in affected individuals.

These outcomes are major strengths of the present examinations considering that the
physiological reactivity in the context of psychosocial stress was not studied before in a PAN-
specific sample. Importantly, these analyses suggested that hyporesponsiveness is persistent
despite regulated cortisol expression and resting HR, which is a meaningful contribution for
novel interventions and future research (e.g., precedence of hyporeactivity).

4.1 Limitations and Further Directions

An evident limitation was the lack of statistical power, the limited generalizability to male
patients, and the heterogeneity of PAN (e.g., data collection at the beginning, middle, and end
of treatment). Accordingly, larger studies with more robust samples and differentiated analyses
of the reactivity in PAN according to the illness and treatment stage are required.

Holistic treatment approaches to reduce burden of disease at the psychological and
physiological level should be considered, since PAN are at risk of developing somatic
conditions, secondary to neuroendocrine dysregulation. Therapy covering stress
management, relaxation techniques, social skills and HRV-training (Cardi et al., 2015; Scolnick
et al., 2015) may reduce symptomatology. Further studies could clarify, whether hyporeactivity
is reversable after remission and enhanced stress coping, in order to reduce the risk for
secondary somatic diseases. Novel interventions could focus on balancing HPAA reactivity.
Future research could specify whether abnormalities in the stress system precede or proceed
AN.

5. Conclusion
The presented findings suggested hyporeactivity of the stress networks and a heighted

subjective stress perception to psychosocial stress in PAN, despite normalized cortisol
secretion and resting HR. The role of psychological burden on neuroendocrine and autonomic
function in PAN is yet emphasized. Hence, improvement in stress management and social
skills along with HRV-biofeedback training and relaxation techniques may support adaptive
stress behavior in social contexts, regulate stress reactivity and reduce the risk of illness

chronification.
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1. Introduction
An appropriate physiological stress response is essential for survival and for the
homeostasis of the organism. The restoration and maintenance of optimal functioning requires
a harmonized activation and control of the neuroendocrine and autonomic stress axes. Both
are mediated by overlaying circuits in the limbic forebrain, hypothalamus, and the brainstem in
a way that ensures that the contributions of the neuroendocrine and autonomic systems
correspond to the stressor characteristics (e.g., modality and intensity; Ulrich-Lai & Herman,
2009). Optimal basal activity and responsiveness of the stress system are key for maintaining
homeostasis, well-being, adequate performance, and social interactions. On the other hand,
abnormal basal activity and responsiveness are associated with psychological and somatic

disorders (Charmandari et al., 2004; Chrousos, 2009).

1.1 Theoretical Background — Biomarkers

The response parameters of the hypothalamus—pituitary—adrenal axis and the autonomic
nervous system are widely studied biomarkers in psychosocial stress research and are of
central importance to study the relationship between stress response and health/illness
(Chrousos, 2009; McEwen, 1998). In modern research, cortisol and heart rate variability are
widely used as proxies to assess neuroendocrine and autonomic functioning. The ANS and
the HPAA work as mediators of the stress response (Yaribeygqi, et al., 2017). Stress activates
the HPAA and ANS altering cortisol levels and heart rate as a regulatory function, respectively
(Lovallo, 2015; Sapolsky, etal., 2000; Yaribeygi et al., 2017). Heart rate is modulated by both,
the sympathetic and parasympathetic branches of the ANS. While the sympathetic nervous
system accelerates the heart rate, the parasympathetic nervous system has a decelerating
influence. The resulting inter-beat variation in heart rate is considered the heart rate variability.
While parasympathetic regulation is quick and transient, sympathetic effects are notably slower
(Task Force, 1996; Shaffer & Ginsberg, 2017).

Overall, HRV reflects the contribution of the SNS and PNS as well as the capacity of
the body to deal with stress (Marques et al., 2010; Shaffer & Ginsberg, 2017; Young & Benton,
2015). A healthy interplay of the two systems is reflected in a balanced change in activity that
allows flexible reactions to dynamic external and internal conditions (Thayer & Brosschot,
2005). A reduced HRV is associated with autonomic imbalances (i.e., increased SNS and/or
reduced PNS tone) and with reduced stress adaptivity. A sustained high level of SNS and
reduced PNS activity demands enormous energy reserves from the organism and is related to
serious cardiac complications, even sudden cardiac death (Lischke et al., 2018; Task Force of
the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology, 1996; Thayer & Brosschot, 2005; Thayer & Lane, 2007; Tsuji et al., 1996;
Young & Benton, 2015).
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The HPAA complements the SNS by releasing corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH) and glucocorticoids (GCs), mainly cortisol. Cortisol
permeates the blood-brain barrier and activates central corticosteroid receptors, thereby
regulating its own release (De Kloet et al., 1998; Sapolsky et al., 2000; Ulrich-Lai & Hermann,
2009). The detection of adequate cortisol release results in a negative feedback loop signaling
cessation. This termination is crucial for limiting cortisol exposure in the organism, since
chronic exposure is health-detrimental (e.g., hypersecretion; Handwerger, 2009; McEwen,
2004, 2008, 2010). Perturbations of the neuroendocrine system are strongly associated with
chronic stress (e.g., worries, anxiety), which repeatedly activate the HPAA leading to an
inadequate reaction (e.g., hyporeactivity) in the face of lack of adaptation/habituation
(McEwan, 2004). The repeated exposure to stressors may also result in an increased cortisol
secretion, which in the medium- and long-term is accompanied by stronger negative pituitary
and hypothalamic feedback, prospectively leading to the development of HPAA hyporeactivity
(Fries et al., 2005; Heim et al., 2000). According to McEwen (2004), these modified HPAA
reactivities represent a vulnerability factor for the development of mental disorders.

Stress is ubiquitous and individuals can be affected by different types of stressors.
Psychosocial stress for example, refers to situations related to social evaluation, exclusion and
settings related to performance and achievement (Kirschbaum et al., 1993; Pruessner et al.,
2003; Dickerson and Kemeny, 2004). As social beings, we are indeed constantly confronted
with challenges related to these aspects, either in the professional (e.g., job interview, public
speaking) or private environment (e.g., social exclusion, peer pressure). Importantly, empirical
evidence shows that psychosocial stress is associated with morbidity and mortality (Chida &
Hammer, 2008; Chrousos, 2009; Cohen et al., 2019; De Kloet, 2018) and significantly affects
the HPAA and ANS (Chrousos, 2009; Foley & Kirschbaum, 2010; Mohammadi et al., 2019;
Parker et al., 2003). For instance, patients with psychiatric conditions tend to exhibit
dysfunctional stress response patterns (Gunnar et al., 2009a, 2009b; Keller et al., 2006;
Monteleone et al., 2018a, 2018b; Petrowski et al., 2013, 2021).

A healthy HPAA response shows a gradual increase in cortisol levels within a
few minutes (> 10 min) after initial activation and reach peak concentrations between 10-30
min after stress termination (Foley & Kirschbaum, 2010). On the other hand, individuals with
clinical conditions tend to exhibit a blunted response (Gunnar et al., 2009a; Monteleone et al.,
2018b; Phillips et al., 2013), as observed in patients with eating disorders (Het et al., 2020;
Monteleone et al., 2011, 2018b; Stgving, 2019; Wierenga et al., 2018).
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1.2 Stress Response in Eating Disorders

Eating disorders such as anorexia nervosa, bulimia nervosa and binge eating disorder are
severe psychiatric conditions that are classified as relevant causes of mortality, particularly in
the case of AN, since it records the highest mortality rate among EDs. In addition, standardized
mortality ratios showed at least five times greater rate of death in AN than in the general
population (Arcelus et al.,, 2011; Culbert et al., 2015; Erskine et al.,, 2016; Moskowitz &
Weiselberg, 2017; Rantala et al., 2019). Treatment outcomes are poor (Harbottle et al., 2008;
Watson & Bulik, 2013; Murray et al., 2019) since only less than half of PAN recovered at follow-
up and still report decreased well-being and low quality of life, due to severe effects of iliness
progression on mental and physical health (Harbottle et al., 2008; Jenkins et al., 2011; Tomba
et al., 2017). Accordingly, the disease burden for patients, their caregivers and the health care
system is substantial (Schmidt et al., 2016). Therefore, innovative and effective treatments are

urgently needed.

1.3 Anorexia Nervosa

Anorexia Nervosa has a chronic course (e.g., over 20 years; Fichter et al., 2017; Mathews
et al,, 2011) if left untreated. Maintenance of underweight, fear of weight gain, purging
behaviors, constant weight and shape concerns in spite of being underweight (BMI < 17.5
kg/m?) are typical characteristic (DSM-V, APA, 2013; Moskowitz & Weiselberg, 2017). In
physiological terms, PAN exhibit a range of ANS and HPAA irregularities, e.g., bradycardia
(i.e., low resting HR <50/min; Gibson et al., 2020; Mazurak et al., 2011; Giovinazzo et al.,
2019), PNS/SNS imbalances (Katzmann, 2005; Mazurak et al., 2011), with a trend in
parasympathetic hyperactivity (Bomba et al., 2014; Jacoangeli et al., 2013; Mazurak et al.,
2011) and sympathetic hypoactivity at rest (Mazurak et al., 2011), as well as hypercortisolemia
(e.g., Miller et al., 2013; Sauro et al., 2008).

Concerning onset and maintenance, psychosocial stress has been frequently
investigated (Caglar-Nazali et al., 2014; Monteleone et al., 2011, 2018b; Wierenga et al.,
2018). As previously observed, patients exhibited unfavorable social interactions, deficits in
social skills, and reported higher negative affect before and after interpersonal stress
(Monteleone et al., 2018). Additionally, a history of interpersonal and chronic stress prior onset
was often described (Grilo et al., 2012; Jacobi et al., 2004; Puhl et al., 2017; Keski-Rahkonen
et al., 2016; Rojo et al., 2006). Empirical evidence even revealed an abnormal response to
psychosocial stress in ED patients, showing hyporesponsiveness of the stress system (Het et
al., 2015, 2020; Monteleone et al., 2011, 2018b; Zonevylle-Bender et al., 2015). However,
experimental and controlled studies on the HPAA and ANS reactivity are undemrepresented
and heterogenic in PAN.

A great body of literature supports that irregularities in HPAA activity are reversible in

PAN after treatment/weight recovery (Da Luz Neto et al., 2019; Het et al., 2020; Shibuya et al.,
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2011). On the other hand, outcomes on HPAA reactivity are less abundant and less consistent.
For example, the empirical evidence on the HPAA reactivity to a psychosocial stressor in PAN
is ambiguous. While some studies reported a blunted stress response relative to the control
group (Ginty et al., 2012; Het et al., 2015; Zonnevylle-Bender et al., 2005), others described a
preserved HPAA reactivity to the TSST (Monteleone et al., 2011), or no differences between
groups (Monteleone et al., 2018b). Vocks and colleagues (2007) also observed similarities
between patients and HC after acute stress exposure (i.e., mirror exposure task).

Similarly, empirical evidence on ANS reactivity is inconsistent. Concerning HR
reactivity, some researchers observed a blunted response in ED patients compared to HC (Het
al., 2015; 2020; Monteleone et al., 2011, 2018b), while others found a comparable reactivity
between both groups (Het et al., 2020; Vocks et al., 2008). In terms of HRV reactivity, PAN
demonstrated a pronounced PNS reactivity (lower HR and stronger HF-HRV) and a SNS-
hyporeactivity as indexed by salivary Alpha-Amylase (sAA; Het et al., 2015, 2020). Although,
the latter was not supported by LF-HRV, since it was comparable in patients and controls (Het
et al., 2015). Even so, HRV analyses were not specific to PAN, but to an ED-mixed sample.
Indeed, when studying a PAN-specific sample, Rommel and colleagues (2015) demonstrated
an attenuated PNS reactivity. Other HRV parameters, rather than a low HF-HRV were not
reported, leaving the role of the SNS unknown. Accordingly, the following investigations

address this research gap.

2. Objectives and Method

In sum, experimental evidence on the physiological reactivity to psychosocial stress in PAN
is scarce and inconsistent. Considering this background, the main purpose of the present
studies was to examine the reactivity to a psychosocial stressor in a PAN-specific sample (age,
and gender-matched to HC) by means of biomarkers, such as salivary cortisol (Study 1), HR,
and HRV (Study 2) in a cross-sectional and controlled study design. To this end, a
psychosocial and a standardized stressor was implemented (Trier Social Stress Test -TSST;
Kirschbaum et al., 1993). Based on previous findings elevated basal salivary cortisol levels
and bradycardia at rest were expected in PAN (vs. HC). In terms of reactivity, a blunted salivary
cortisol, HR, and HRV response was hypothesized in patients (vs. HC). Whereby dysregulated
HRYV activity and reactivity was assumed (i.e., SNS hypoactivity-and reactivity as well as PNS

hyperactivity-and reactivity). In the following, both studies are described.
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2.1 Study 1: Cortisol Reactivity in Patients with Anorexia Nervosa after Stress Induction

There is a need for experimental studies on biomarkers in PAN especially in the context of
stress, in order to foster understanding oniliness maintenance. To this end, the salivary cortisol
response to an acute stressor was investigated in n=26 PAN (BMI: 19.3 + 3.4 kg/m?), age, and
gender matched to n=26 HC (BMI: 23.08 + 3.3 kg/m?). For this purpose, salivary cortisol
parameters were assessed in two experimental conditions: (1) rest and (2) stress intervention
(TSST). In addition, psychological indicators of stress were assessed (PASA, VAS, TICS), as
well as psychological distress, depression, and ED symptoms.

A 2x2x8 ANOVA demonstrated elevated cortisol levels in PAN in the resting
condition. In the stress intervention no significant group effect in terms of salivary cortisol was
observed (F (1, 50)=.69; p=.410; n° =.014). A significant condition (F (1, 50)= 20.50;
p=.000; n?% = .291) and time effect (F(2.71, 135.44)=11.27; p=.000; n?, = .200) were
revealed, as well as two significant interaction effects: Condition x group (F (1, 50)=4.17,
p =.046; n? = .077) and Condition x time (F (2.71, 135.44) = 16.07, p=0.000, r?, = .240). In
terms of AUCg, no significant differences between both groups were exhibited. Significant
results were evinced in terms of an increase (AUCi: F(1, 50)=20.66, p=.015, n% = .113),
baseline to peak (+20 min post-TSST: ts=16.51 (9.02), p=.029) and reactivity (Mpan=0.73
vs. Muc=4.25, p=.036). In addition, a significant correlation between AUCs and BMI: r
(24)=-.42, p=.027 was demonstrated, but not between AUCi and BMI (r (24)=-0.26, p=
0.20). Psychological indices suggested higher levels of chronic and perceived stress in PAN
relative to HC. Stress perception in the stress condition (VAS) was comparable.

In conclusion, PAN showed elevated basal salivary cortisol levels at rest and exhibited
a blunted salivary cortisol reactivity to the TSST. Further, it was shown that weight recovery
influences reversibility of hypercortisolemia. However, HPAA irregularities in terms of reactivity
persisted even at a BMI<19.3 (£3.4). In general, our data suggested that pronounced

psychological burden in PAN, has a greater impact on the HPAA functionality than BMI alone.
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Abstract
Thereisa need of experimental studies on biomarker s in patients with anorexia nervosa Pap), espedially in the context of
stress, in order to foster understandingin illness main tenance. To this end, the cortisol response to an acute stressor was
investigated in n =26 Pay (BMI: 193+ 3.4kg/m?), age, and gender matched to n = 26 healthy controls (HC; BMI: 2308 +
3.3 kg/m?). For this purpose, salivary cortisol parameters were assessed in two e xperimental conditions: (1) rest/no
intervention and (2) stress intervention (TSST; Trier Social Stress Test). In addition, psychological indicators of stress were
assessed (Primary Appraisal Secondary Appraisal, Visua | Analogue Sale, and Trier Inventory for the assessment of Chronic
Stress), as wd | as psychological distress, depression, and eating disorder ED) symptoms. A 2 x2 X 8 ANOVA
demonstrated elevated cortisol levels in Panin the resting condition. In the stress intervention no significant group effect
in terms of cortisol (F (1, 50) =0.69; p=0.410; ;717 =0.014). A S|gn|ﬁcant condition (F (1, 50) = 2050; p= 0.000;
;7p =0.291) and time effect (F(2.71, 13544) = 1127, p =0.000; 11 = 020) were revealed, as well as two significant
interaction effects. First: Cond/t/onx gou (F(1, SO) 4.17, p =0.046; qp = 0.077) and second: Condition X time (F (271,
13544)=16.07,p=0.000, 11 = 0.24.).In terms of AUCg, no significant differences bet ween both groups were exhibited.
Regardless, significant resultsvvere evinced in terms ofan increase (AUG: F(1, 50) = 2066, p=0.015, ;7 =0.113),baseline
to peak (-20 min post-TSST: ts = 16.51 (9.02),p = 0.029) and reactivity Mpay =0.73 vs.Myc = 4.25,p = 0.036). Inaddition,
a signficant correlation between AUC; and BMI: r (4) = —0.42 p = 0027 was demonstrated, but not between AUG and
BMI (r (24) = —0.26,p = 0.20). Psychological indices suggested higher levels of chronic and perceived stress in Py relative
to HC However, stress perception in the stress condition (VAS) was comparable. Additional analyses demonstrated that
ED-symptoms are highly correlated with psychological distress and depression, but not with BMI. In addition, it could be
demonstrated that reactivity is rather related to ED-symptoms and psychological burden than to BMI. In conclusion, Pay
showed elevated basal cortisol levds at rest and exhibited a blunted cortisol reactivity to the TSST as evinced by salivary
cortisol parameters. Further, it was shown that weight recovery influences reversibility of hypercortisolem i, i.e, cortisol
levels normalize with weight gain. However, HPAA (hypothalamus—pituitary—adrenal axis) iregularities in terms of
reactivity persist even at a BMI < 19.3 (£3.4). Our data suggest that pronounced psychdogical burdenin Pay, have a
greater impact on the HPAA functionality (secondary to the ED) than BMI itself.

Introduction
A growing plethora of studies has increasingly classified
eating disorders (EDs) as a relevant cause of mortality,
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effects of illness progression on both, mental and physical
health®. Maintenance of underweight, fear of weight gain,
purging behaviors, constant weight and shape concerns as
well as emotional dysregulation are typical characteristic
of Pon""". Even though, the etiopathogenesis of EDs is
still undl ear, the role of the HPAA axis® and stressful life
events havebeen emphasized in theonset and main-
tenance of EDs’~'?. The sympathetic nervous system and
the hypothalamus—pituitary—adrenal axis (HPAA) work
as mediators of the stress response. Stress activates the
HPAA altering cortisol levelsas a regulatory function
(e.g,"*"®). Cortisol levels gradually increase within a few
minutes (~10min) after stimulationand peaks between
10-30 min. after stress termination'® for details on nor-
mal function see’*”. The detection of adequate cortisol
release results in a negative feedback loop signaling ces-
sation of cortisol release. This termination is crucial for
limiting cortisol exposure in the organism, since chronic
exposure is detrimental to health'® and may contribute to
the pathophysiology of anxiety and mood disorders'®~>",
The system can driftfrom normal, adaptive HPAA
functioning in a variety of ways, e.g., by not activating the
system when necessary, activating it when dispensable, or
not halting it whena stressor is adequately addressed **
An altered HPAA functionality has been mainly observed
in individuals, who were exposed to adversity, specially at
eadly life stages'®”. Alterations in P,y manifest in
hypercortisolemia (eg.,'®"") disturbedphysiological and
behavioral processes®® relatedto appetite *° and energy
expenditure®® and a diminished sensitivity of the hypo-
thalamic and pituitary centers to negative feedback, as
evinced in reduced suppression of cortisol after a
dexamethasone-suppression test (DST?’~*°) and a blun-
ted response to acute stress exposure*>*°3% HPAA dys-
regulation in Py has been also associated with childhood
adversities*®*> and psychological variables, such as pro-
nounced ED-symptomatology, body-image concerns, and
psychopathology (e.g, depression, distress®®~*!). It is
thought that these varables induce constant alertness and
stress influencing HPAA functioning®*2 In general,
cortisol plays an essential role in promotingallostasis,
including mediating and suppressing healthy stress
responses'®. On theother hand, chronic exposure to
stress has detrimental effects on health andmay con-
tribute to the pathophysiology of affective disorders'®~>",
In research related to P,n dominates a great consensus
on HPAA hyperactivity (eg, hypercotisolemia'®****~%9)
at rest, mainly accountedby the well-known effects of
starvation and weight loss on HPAA function®?'. Soder-
sten et al.*’ even claim that weight relatedissues, e.g.,
eating behavior and extreme caloric restriction are major
causes for the physiological and psychological changes in
Pan. This phenomenonhas been additionally supported
by research on healthy individuals®*®. An earlier
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experimental study reported that even healthy individuals,
who starve develop similar psychological and physiologi-
cal symptoms characteristic to AN. Also, in recent years,
numerous studies on volunteers free of anED evinced
that extreme caloric restriction(e.g, fasting) resulted in
elevated cortisol compared with les drasticdiets *3~°!,
Cortisol levelsand length of caloric restriction were

negative correlated, suggesting an initial increase incor-

tisol, but adecrease (to baseline) after several hours

(e.g,”®). This outcome implies, that excessive caloric
deprivation results in a temporary HPAA hyperactivity in
healthy individuals*®. These studies underline the
importance of energy deprivation in the development of
anorectic symptoms>>. In conclusion, elevated baseline
cortisol levels are likely observed during extreme caloric
restriction in both, HC and Pan. However, hypercortiso-
lemia in HC is temporary. Conversely, reversibility of
HPA Adysregulation even in recovered P 5y is not always
observed. In this regard, some studies reveal that irregu-
larities remain even after weight restorage® °. In trea-
ted/weight recovered Pay, baseline abnormalities in
cortisollevels **°*°°, and menstrualcyde °7 persisted
compared with controls. To counterbalance, literature
suggesting otherwise is dominant.Researchers have

recurrently demonstrated that HPAA functionality is
normalized with weight recovery or treatment. A great
body of past and current studies*”*® have namely re por-
ted comparable cortisol levels (plasma, salivary) between
treated /weightrestored patients and controls *>*¢%°76>
and normalization of other hormones (e.g, leptin, insulin,
cortisol®®); emphasizing restoration of normal HPAA
activity®®. Due to the dominance of a variety of studies
evincing normalization of HPAA dysregulation, there is a
high probability that most of the endocrine functions are
restored after therapy/weight recovery. Briefly, pre-
dominant literature suggests higher basal cortisol levels
(at rest) in Pan compared with HC. Abnomal HPAA
activity such as hypercortisolemia is a.o., related to star-
vation. A great body of literature supports that HPAA
irregularities secondaryto starvation are temporary in

healthy individuals and reversible in P oy after treatment/
weight gain. Nevertheless, HPAA activity in terms of the
cortisol response to a particular stressor (i.e, reactivity)
research often suggests ablunted cortisol response in

Pan’®?*7%*, It is suggested that chronic stress exposure is
linked to HPAA hyporeactivity®®“®. Even though labora-
tory induced stress to investigated the HPAA activity has
received attention, there are very few experimental studies
on the stress response in ED patients using salivary cor-
tisol assessments in the context of psychosocial stress
(e.g, TSST). Thus, when looking at the HP A Areactivity
outcomes are less abundant and less consistent. In addi-
tion, these few studies reveal contradictory results>”~¢°,
What ismore, comparable experimental research on
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psychosocial stress has focused on bulimia nervosa, binge
eating disorder (e.g.®””%), or mixed groups®>*®”%, while
outcomes specific to Py have received little attention. In
addition, disorder-specific samples of anorectic adults
are still limited in terms of availability as well as in size
(e.g,**%®) and there is no clear consensus emerging from
these studies. The current state of experimental research
on Py in tems of the cortisol reactivity to acute psy-
chosocial stress, even by theemployment of the same
protocol (TSST; Trer Social Stress Test’?), and same
hormonal parameter (i.e., salivary cortiso]) is still incon-
clusive. For example, comparable studies on Pay report a
blunted stress response to the TSST?****¢” relative to the
control group. On the other hand, other studies could not
replicate these results, e.g, the study of Monteleone
et al®® describeda preserved HPAA activity in P oy in
response to the TSST. In a systematic review’> no dif-
ferences between patient groups (incl. AN) and controls
were further observed. Vocks et al.?* also report simila-
rities between ED patients and HC in terms of reactivity,
after a mirror exposure task. Given the inconsistencies
concerning cortisol reactivity, additional research is nee-
dedin order to extendthese results and foster under-
standing on underlying mechanisms. Differences in
sample size and population, BMI, treatment status,
menstrual cycle, as well as comorbidities, may explain
some variation. In termsof sample size, Monteleone
et al®® included only seven patients with AN (vs. eight
HC) making findings susceptible torandom effects, due to
the small sample size. In terms onweight/nutrition and
therapy status, some participants were inpatients?, while
others outpatients with unknown ED-symptoms, treat-
ment and nutrition status®®. In addition, Het et al.*?
examined P,y separately, whil e the results of Monteleone
et al.”' refer to patients withan ED as one entity. Fur-
thermore, some patients exhibited greater symptom
severity and had comorbid depression and anxiety®?
whereas in the study of Monteleone et al.®® these variables
were not reported, limiting the comparability of results.
The study of Het et al®>* appears to havethe highest
experimental standards, although total cortisol output in
terms of AUCg is not explicitlyreported Still, inthis
research all confounders were controlled, the stress
intervention and cortisol assessment were distinctively
standardized. What is more, multiple parameters besides
salivary cortisol were considered (i.e., heart rate varia-
bility, salivaryalpha-amylase) increasing the validityof
results. In addition, it provided the largest Pan-sample
and information on treatment, nutrition andsymptom
severity, which allows comprehensive conclusions.

Purpose of the study and hypotheses
In summary, experimental studies on the cortisol reac-
tivity specific to Pon are limited and outcomes are
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ambiguous. Differences in samplesize and population
compromises generalizability of the results even among
equivalent studies using the sameprotocol (TSST) for
stress-induction. Therefore, the main objective of this
study is to extend the experimental outcomes in the field
of EDs in terms of the cortisol response in Py after acute
stress exposure. For this purpose, we aim to providea
research with a gender and age-matched sample o fadults
under highly standardized conditions with the following
aims. First, investigate the cortisol stress response pattern
in a bigger sample (Pan vs. HC) in an experimental set-
ting. Second, examine the relationship between BMI and
cortisol response. For this purpose, participantswere
classified according to ICD-10 in normal-weight (BMI <
25kg/m?) and anorectic participants (with underweight
BMI < 175 kg/m? and weightre covered BMI < 185 kg/m?)
and reasonedthe following hypotheses. First, based on
past studies we suggest elevated basal cortisol levels in Paxn
in the resting condition (H;). This hypothesis relies on
predominant literature reporting elevated basal levels (at
rest) in Py (e.g, hypercortisolemia) even after treatment/
weight recovery. Second, we expect significant group dif-
ferences in HP AA reactivity. T hus, we hypothesized that
Pan would show a blunted hormonal pattern after stress
exposure (TSST). Consequently, AUCi in HC will exhibita
significant increase compared with Pan (H,). This
hypothesis is based on past studies related to the HPAA
functionality in P 5y suggesting abnormal functionality of
the HPAA in P,y as evinced by blunted reactivity to the
TSST?***7** and also reflected in a diminished sensitivity
to negative feedback to the DST*”*® and hypercortisole-
mia (e.g.,lo‘n). HPAA dysfunctions in Pay has been often
associated with chronic stress®’™'?, pronounced ED-
symptoms>>*? and psychopathology (eg.,**™>®). Since Py
in our study exhibit elevated basal cortisol levels, chronic
stress, and p sychological burden (compared with HC), a
decreasedsensitivity of the HPAA to negative feedback
can be assumed. Hence it is conceivable that Panys endo-
crine system may not perceived acute stress (VAS) (e.g,
TSST) as stressful as compared with HCwith lower basal
cortisol. Therefore, we assume differences in HPAA
reactivity between HC and PAN. Furthermore, mostofthe
studies suggest that HPA A functionality is restored after
weight recovery. Therefore, we reasoned that our results
will support influential literature on the normalization of
the HPAA activity in terms of total cortisol output and
reactivity with weight recovery (Hs; e.g,***”). Hence, we
expect a positive correlation between BMIand AUC; and a
negative correlation between BMI and AUCg in P sy
Laboratory studies measuring the neurendocrine
responses to a standardized stress task in ED patients and
HC is relevant in determining whether AN is character-
ized by a general dysregulation of the autonomic stress
response or not and might help in clarifying inconclusive
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results. To our knowledgethis is the first study that
analyses theendocrine responseto acute psychosocial
stress in a larger group of only Poyn under highly stan-
dardized conditions.

Material and methods
Study participants

In the present study, #n = 26 participants with AN (1=
18 with a BMI>185Kg/m> and n=8 with a BMI<
175Kg/m? and n=26 heathy participants (BMI =
23.08 + 3.3 kg/m®) between 18 and 65 years of age were
recruited through online media, newspapers, and bulletin
boards at several universities. During the course of the
study, Pans were still inpatients at the Polyclinic for
Psychotherapy and Psychosomatic in Dresden, Germany,
who were diagnosed with AN at the time of admission.
During their inpatient treatment some of these patients
were asked to participate in our study, but first after
reaching a certain level of stability, which was reflected in
their BMI (some of the patients were artificially nour-
ished). Please see Table 1 for details. Still, Py witha
higher BMI were also significantly taller (M =170+5)
than Pan with underweight (M = 1624+ 5.5). All Pan
were re-screened and included in the study after a positive
examination of the inclusion criteria. The patients met all
diagnostic criteria of AN according to the Structured
Clinical Interview (SCID) for the Diagnostic andStatis-
tical Manual of Mental Disorders (DSM-IV'*”%). How-
ever, with the exception that some of the Psy have
recovered someweight during thecourseof inpatient
treatment at the clinic and showed a BMIlarger than 17.5
Kg/m?® (see Table 1). Exclusioncriteria for the clinical
group was the presence of other mental disorders (besides
depression), health diseases, and intake of any type of
medication. HC with a past or a current eating or other
mental disorder, a chronic illness, medication treatment,
stressful life events in the past 6 months and an abnormal
BMI were excluded. HC were age and gender matched to
Pan- All participants received an expense allowance of 50
Euro after successful participationonboth test days. A
description of all N= 52 study participants is provided in
Table 1. All participants gave a written informed consent.
Ethical approval was dbtained from the Ethics Committee
of the Medical facultyof the Technical University of
Dresden, Germany (No#EK25012013).

Procedures

Pan (n=26) and HC (n = 26) were scheduled on con-
secutive days for two different experimental conditions
(stress and rest) on a given weekday. The procedures took
place between 2:00 and 4.00 p.m., in order to standardized
cortisol measurements affecting its circadian rhythm. In
addition, all healthy females and a small part of Pang
(n = 5) were submitted to the TSST only during theluteal
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phase, since some of the patients were amen orrhoeic (n =
8) and some didn’t submit any information about their
cyde (n=13). Throughout the entire experiment a total
of nine salivary samples were collected. Upon arrival,
participants signed an informed consent form and com-
pleted psychological measures. The acclimatization phase
of the participants lasted around 15 min. Acclimatization
of theparticipants to the laboratorysettings facilitate
pre-study cortisol levels to return to baseline’®, thereby
allowing a strong TSST responses and low inter-
individual variability””. The testing sequence was rando-
mized: 26 participants initially completed the resting
condition, while the other 26 started with the stress
condition. On the next day, all participantsreturned
to complete the remaining condition. The stress conditi on
consisted onthe exposure to an acute stressor (TSST),
while duringthe resting condition participants read in
quiet and in a neutral environment. The entire experi-
mental procedure took around 90 min and was divided in
three phases: (1) pre-test, (2) intervention phase (rest or
stress) and (3) post-test The experimental conditions
were set as follows. (1) During the pre-test phase
(~30 min.), all participants completed psychological
questionnaires. Salivary samples were collected 15min.
prior intervention (stress or rest) and immediately at the
start. prior intervention. 2) In the following 15min,
participants were either exposed tothe stress (TSST) or
resting condition (quiet reading/room). At the beginning
of the assigned condition, all participants fillked out
the Primary Appraisal Secondary Appraisal (PASA) for
the purpose of evaluating stress perception elicited by the
corresponding condition. Participants, who were sub-
mitted to the stress condition(TSST) underwent three
test phases (5 min each=1. preparation, 2. interview, 3.
math task). The resting conditi on took placein a seduded
and quiet laboratory room, where fordable literature was
suggested to counteract possible superfluous arousal effects.
At this stage, three salivary samples were collected every
10 min. (3) Immediately after the assigned condition (either
stress or rest), the participants completed the Visual Analog
Scale (VAS) for subjective stress perception assessment with
reference to the respective condition. Along the post-test,
five salivary samples were collected every 10 min. Please see
Fig. 1 for an overviewof the procedure.

Cortisol samples and analyses

Cortisol concentrations were measured by means of
salivary samples collected by a Salivette® (Sarstedt,
Numbrecht, Germany). This procedure consists in sali-
vary moistening of a cotton roll for 1 min and placing it
into a salivette-device immediately afterwards. Salivettes
were refrigerated at 2-8 °C. Salivary cortisol analyses were
run after centrifugation usingthe luminescence immu-
noassay test method The latter procedure provides an
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Table 1 Characteristic of the matched partidpants.
Pan HC t/x* p
Total n (%) 26 26
Female 24 (92.3) 24(923)
Male 2077 2(77)
Contraceptives 0 (100) 6 (25) 9474 0003
Cigarettes/tag 480 (7.07) 1.20 (3.25) 23126 0000
t p
M (SD) Pan BMI
>185 Pan BMI
<175
BMI 207 (3) 16.0 (1) 434 0000 2308 (3.3) —4139 0000
Age 2650 (6.11) 2513 479 0.560 058 250 (5.5) 0.747 0500
Size 170.00 (5.00) 162.38 (5.55) 3.30 0003’ 168.21(705) 0452 0653
Psychological variables t p
TICS-9 200 (85) 1.72 (.68) 0826 0417 112 (51) 4254 0000
Norm values
BDI 52.12 (29.70) 3542 (2329 1.32 020 <14 = normal.
14-19 = mild. 20-28 = moderate.
29-63 = severe depression.
SCL (GSl) 1500 (9.00) 11.25 (5.36) 107 029 Score 11 =Percentile 92%. Score 15 =
Percentile 95.2%
EDI 154.166 (64.40 15600 (45.91) 0072 093 Score 155 =Percentile = 85%.
PASA (S)-r —1.04 (1.70 0 (1.58 105 030
PASA (Sh-rsst 0.74 (1.77) 0.71 (.97) 0211 083
VAS—, 37.00 (11.30) 3920 (15.40) —043 066
VAS—sst 5525 (16.0) 5640 (6.30) —0.192 085
AUGsR 50357 (30.30) 477.83 (184.84) 0.22 0.82
AU G rsst 55002 (273.48) 82571 (558559 —1.71 100
AUG- —52.05 (246.44) 3279(139.249) —090 037
AUGsor 1165 (20245) 25056 (479.51) —1.05 030

Pan partidpants with Anorexia nervosa, HC healthy controls, M mean, SD standard deviation, TICS trier inventory chronic stress, BDI beck depression inventory, ED/
eating disorder inventory, SCL Symptom-ChecklistK-9, PASA (S)-R Primary Appraisal Secondary Appraisal (Stress Index) in Resting Condition, PASA (S)-TSST primary
appraisal secondary appraisal (Stress Index) in stress condition, VAS-R visual analogue scale in resting condition, VAS-TSST visual analogue scale in stress condition.

*p < 0,001; *p <0.05.

intra- and inter-assay coefficient of variation below 9.0%,
which is considered as robust and valid’®.

Stress intervention

Trier Social Stress Test (TSST’°). The TSST is known
for its highlystandardized protocol procedure and its
effectiveness in eliciting a stress reaction. This protocol
was applied in the stress condition for laboratory stress
induction purposes. The TSST is also an internationally
established test for inducing an acute psychosocial stress
response and its effectiveness has been demonstrated in
countless studies worldwide”**. It conveys uncontroll-
ability, social evaluation, and arithmetic tasks. Subjective
perception and cognitive evaluation of stress was assessed
onaccount of the scales PASA and VAS, which were
submitted during and after the 15 min stress test.

Psychological assessments

Trier Inventory for Chronic Stress (TICS-9*"*%). This
scale is based on a larger version conveying 57 items and
was applied to measure perceivedchronic stress during

thelast3 months The short version consists of nine items
represerting the main dimensions of the long version (i.e.,
work and social overload, pressure to perform, work
discontent, excessivedemands at work, lack of social
recognition, social tensions, isolation and chronic worry-
ing). [tem ratings range fram O to 5 (0 =never, 1 =rarely,
2= sometimes, 3 = often, 4 = very often). Higher values
indicate greater stress. Satisfactory psychometrics have
been demonstrated in many studies and exhibits good
reliability between Cronbach’s Alpha o= 088-091%"%%,
Primary Appraisal Secondary Appraisal (PASA®®). This
measure evaluates four cognitive appraisal processes
threat, challenge, self-concept of own abilities, and control
expectancy based on a six-point mting scale. Relying on
the four primary scales two secondary scales and a stress
index are calculated Primary appraisal encompasses
threat and challenge, while secondary appraisal indudes
self-concept of own abilities and control expectancy. The
stress index is calculated by subtracting the primary
appraisal from the secondary appraisal and offers a global
assessment. This scalewas applied to evaluate stress
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BDI,
SCL, EDI

Testing conditions

stressor
onset

Trier Social Stress Test.

\

Rest (reading)
Pre-Test Post-Test
Stress (TSST)
b A
preparation Public speaking Arithmetic
task
. R =15 min +Smin +10min +15 +25m; +35mi +45min +55mi +65,
Timeline
Salivary ~ 1. 204 3u 4n B 6un en &n 9
sam'ics H U I U U H U U mU
Min. after +10mi +20, +30, F40nin +50, +60min

Fig. 1 Timeline and design of experimental conditions. Trier Inventory for the assessment of Chronic Stress; PASA Primary Appraisal Secondary
Appraisal questionnaire, VAS Visual Analogue Scale, BDI Beck Depression Inventory, SCL Symptom Check List-K-9, EDI Eating Disorder Inventory, TSST

perception (acute stress intervention). The scale has
shown satisfactory psychometric values®.

Visual Analog Scale (VAS®). This tool serves as a
visual aid scale and it is widely applied to quantify self-
report instruments. In our study it was employed
immediately after both experimental conditions (stress
vs. rest) to rate stress perception from 0 (no stress) to
100 (maximum stress). Satisfactory psychometric prop-
erties and usefulness and economy have been evinced in
a variety of studies®” .

Symp tom-Check-List-9 (SCL-K-9°°). This scaleisa short
version of the Symptom-Checklist-90-Revided”", which is
one of the most appliedself-rating scales for assessing
general psychopathology. It comprises 90 items to be
rated on a 5-point Likert scale (from 0= never to 4 = very
often), which indicatesymptom severity in ninemain
psychopathological dimensions: somatic  symptoms,
interpersonal sensitivity, obsessive—compulsive behaviors,
anxiety and depressive symptoms, hostility, phobic symp-
toms, paranoid tendencies, and psychoticism, and are also
comprised in the short version. The scale also provides a
global severityindex (GSI) asan indicator of overall
psychological distress, with higher scores reflecting higher
levels of psychopathological distress as well as a greater
symptom severity. For the purpose of the present study,
we only reported GSI-values. The sum score is calculated
by addition of the scores of all scales. The psychometric
properties are satisfactory and its reliability values range
from o= 083 to 0.8792°*7*, Normative percentile values
specific to age and gender are provided®*.

Beck Depression Inventory (BDI’>®). This scalewas
applied to measure depressive symptoms in Paxn. The BDI
is a se lf-report questionnaire consisting in 21 items, which
describe symptoms and attitudes to be rated in terms of
intensity from 0 to 3 (total score range: 0—63). The total
score is calculated by addition of the items. Higher scores
indicate greater severity of symptoms. Cut-off values are
established as follow: <14 =normal, 14-19 =mild
depression, 20-28=moderate depression, 29-63 =
severe depression. The psychometric properties of the
BDI are satisfactory. Cronbach’s Alpha ranges from a =
0.89 to 0.9477%%,

Eating Disorderlnventory —(EDI’”'®). The EDI was
appliedto measure ED related symptoms and attitudes
relevant to pathological eating behavior. The scale is
composed of 64 items comprised in 8 dimensions: Drive
forThinness , Bulimia (B), Body Dissatisfaction (BD),
Ineffectiveness (1), Perfectionism (P), Interpersonal Distrust
(ID)I Interoceptive Awareness (1A), and Maturity Fears
(MF). The items are to be rated on a six-point ratingscale
(0= never to 5=always). Reported Cronbach’s Alpha
range from a =072 to 0.92'°1°%, The values of the Py
in the present study are basedon the percentile values
provided' %%,

Statistical analysis

The optimum statistical sample size was calculated with
the G*powerprogram (version: 3.1.9.2.). Based on a
medium effect size of Cohen’s f= 025, two groups (HC
vs. Pan), 7 = 8 repetitions, a significant level of p =005,

26

TRIAL MODE - a valid license will remove this message. See the keywords property of this PDF for more information.



Schmalbach et al. Translational Psychiatry (2020)10:275

power of 80% (1-8=080), and after Bonferroni-correc-
tion, atotal sample sizeof n=26 for within-subjects
factor and n = 52 for between-subjects factor was needed.
For the analyses of the cortisol output of anorectic adults
and healthy controls after a stress condition. A2 (condition:
rest vs. TSST) X 8 (time) X 2 (PAN vs. HC)‘faCtorial ANOVA for
repeatedmeasures with time and condition as within-
factor and group as between-factor was calculated with
SPSS (version 26). The assumption of sphericity was
controlled by Mauchlys testand if required, the
Greenhouse-Geisser correction was applied. Prior to data
analyses, participantswere first matched for age and
gender. In the next step, sociodemographic and life-style
variables (e.g., smoking and use of contraceptives)
between both groups were examined by means of the
independent ¢-test and chi-square test. Second, the cor-
tisol pathway response after stressinduction in both
groups (over eight measurement points: —5, 40, +10,
+20, +30, +40, +50, 4+60) wereanalyzed byatwo-
factorial ANOVA for repeated measures with the
between-factor group (N =52)and the within-factor time
(n=126). The pre-test measure of —15min was not
included inthe analyses, since elevated pre-test cortisol
levels could possibly mask laboratory induced stress,
resulting in falsely altered responses””. Use of oral con-
traceptive and smoking statusweretested to control
influencin g factors on cortisol. Since cortisol data was not
normally distributed, we worked with values subjected to
log transformations. Moreover, the following cortisol
parameters were calculated: area under the curve (AUC)
with respect to ground (AUCg) and increase (AUC)), as
well as reactivity and peak-base values were calculated.
Reactivityis de fined as the change in salivary cortisol
during the experimental phase and is calculatedas the
difference between the first andthe last sample, while
peak-base is the time from baseline to peak-value'®. An
ANOVA was further computed to evaluate differences in
the derived cortisol parameters, in basal levels and stress
appraisal between theresearch groups. To specify the
cortisol response to the TSST, the participantswere
categorized into non-responders and responders based on
an increase of at least 1.5 nmol/L'*%,

Subsequently, a correlation was performed between
BMI and AUCg, and BMI and AU values in order to
investigate the relationship between the cortisol and
BMI in Psy. Thereafter, a further t-test for independent
samples was computed to assess group differences (P Ay
vs. HC) in chronic stress (TICS-9) and further stress
appraisal scales (PASA and VAS). Moreover, psychologi-
cal measures (EDI, BDI, SCL-K-9) in Pan were evaluated
and compared with available norm values. For exploratory
purposes wecomputed correlations (Pearson-Product-
Moment-Correlations) between BMI values and psycho-
logical measures. Lastly, we calculated ¢-test o assess the
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data of only P,y We compared the data of underweight
anorectic patients (BMI< 175 Kg/m?) to weight recov-
ered patients (BMI > 18.5 Kg/m?).

Results
Psychological measures

A summary of the sociodemographic variables of all
study participants is displayedin Table 1. In terms of
randomization of the procedure, there was no sequence
effect. Pan and HC were successfully matched for age and
gender. Significant differences between the two groups in
terms of BMI use of contraceptives, smoking, and chronic
stress were exhibited. As observed, none of the members
of theclinical group used contraceptives, but smoked
significantly more than the healthy controls. In addition,
Pan reported highervalues of chronic and perceived
stress, as well as depression in comparison to HC and
norm values respectively. In addition, Py showed pro-
nounced values in terms of general psychological distress
(GSI) andED symptomatology (EDI) according to per-
centile values (see Table 1). Since some of the P,y had
recovered some weight (BMI > 17.5 Kg/m?), while others
were still unde rweight (BMI < 17.5 Kg/m?) we e -analyzed
data comparing the above-mentioned group categories in
Pan. Further analyses (eg., t-tests) showed neither sig-
nificant differences between the two groups in terms of
psychological measures nor in cortisol (see Table 1). As
shown in Table 2, V AS after stress induction was reflected
in values higher thanO without a signi ficant difference
between both groups (¢, 50)= 0.19; p=0.71), indicating
a successfulstress induction. In terms of appraisal
(PASA), significant differences between the groups were
exhibited only in particular subscales: Threat (¢, s0)=
2.101, p=0041), Self-Concept t; 50y= —4.802, p = 0000),
and Sewndary Appraisal (tq, so)= —3332; p=0002) as
well as in the Stress-index (ti, s0)=2.750; p =0008),
whereby Payn showed a higher stress index. PAS A-values
were correlated with different cortisol parameters, how-
ever no significant correlations were shown (e.g, AUCg
and PASA (SI), r (25)=—-0.108, p =0608; AUCg and
PASA (SI), r (25) =—0.199, p =0.339). In general, Py
evaluated theexperimental procedures as more threa-
tening and experience themselves as less influential over
the ongoing cir cumstances. Further, they felt less capable
of coping with the given situation than healthy adults (see
Table 3). Additional analyses revealed significant corre-
lations between BMI and BDI (r (25) =0402, p = 0046),
but not between BMI and EDI (r (25) =0.332, p =0.098)
or BMI and GSI (r (25) =0.323, p =0.107). This means
that BMI is rather associated with depression rather than
with ED-symptoms or distress. Significant and high cor-
relations wer e also observed between EDI and GSI,  (26)
=0.733, p = 0000, EDI and BDI r (25) = 0664, p =0.000,
but not between EDI and BMI r (26) =0332, p =0.098.
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Table 4 Cortisol values of P,y and HC in nmol/l at nine measurement timepoints.
Salivary samples “Min. Rest Stress Condition Rest Stress

Pan HC

M (SD) M (SD)
1 —20 1153 (6.80) 11.00 (6.00) 7.49 (3.11) 868 (4.44)
2 -5 1022 (641) 942 (5.21) 7.12 3771) 747 (4.00)
3 0 1023 (6.33) 9.51 (4.77) 746 (3.77) 8.25 (3.88)
4 10 991 629 11.84 (8.37) 734 (349) 10.98 (5.74)
5 20 888 (542 13.88 (9.99) 6.66 (345) 16.51 (9.02)
6 30 973 6.18 14.24 (10.52) 7.32 (400) 14.31 (824)
7 40 10.28 6.07) 12.28 (8.68) 742 (363) 13.77 (643)
8 50 1003 6.18 11.36 (5.56) 768 (3.73) 13.01 (6.29)
9 60 9.17 65.17) 10.15 (5.63) 738 (369) 11.71 (5.73)

Pan all patticipants with Anorexia nervosa, HC healthy controls, M mean, SD standard deviation.

“Min. relative to stressor onset.

as between-factor revealed the following results. A group
effect was not observed F (1, 50)=069; p=0410;
;7; = 0.014). This means that both groups exhibited
comparable cortisol mean values. Further analyses
showed a highly significant condition effect (F (1, 50) =
20.50; p = 0.000; ;112, = .291) accounting for almost 30% of
the variance in participants’ cortisol values. Moreover, a
highly significant effect of time over the eight measure-
ment points was evident (F (2.71, 13544)=1127; p=
0.000; 113 = 0.20). Further, two significant interaction
effects were observed (1 Condition x group and 2. Con-
dition x time). First (marginally significant), condition x
group: (F (1, 50) = 4.17, p= 0.046; 17> = 0.077), indicating
that regardless of time, significant variation in cortisol was
observed as a function of both, condition and group.
Second (highly significant), condition x time: F (2.71,
13544) =16.07, p= 0000, ;1127 = 0.24.This outcome
indicates significantly different cortisol response patterns.
All participants demonstrated higher levels of salivary
cortisol afterthe stress intervention, than during the
resting condition. When controlling for oral contraceptive
use, the effect of condition and group on cortisol was
attenuated but remained significant In spite of that, the
effect of factor time on cortisol was marginally affected by
cigarette smoking (p = 0.045; 17127 = 0.064), but not by oral
contraceptive use. As aforementioned, Py smokedsig-
nificantly more than HC.

In termsof reactivity, both groups (HC and P An)
showed a T SST-inducedcortisol response. However, as
predicted (H,), HC demonstrated a higher increasein
salivary cottisol (to 221313% of the baseline) than Pay
(151.167%)—see Fig. 2. Alo, in terms of an increase
(AUC), significant differenceswere revealed between

both groups (HC vs. Pyn)—see Table 2. This increase was
also clearly visible. As illustrated in Fig. 2, healthy parti-
cipants reacted with a greater cortisol increase (from
baseline to peak, +20 min. post-stressor onset ¢; =16.51
(9.02), p=0029) and reactivity (Mpan = 0.73 vs. Myc =
425, p=0036) to the stress intervention, when compared
with the patient group. As assumed (H,), these results
indicate altogether a blunted cortisol reactivity in Py
Further, our data notably shows (see Table 4) a delayed
cortisol response in Py (after 30min.) from stressor
onset (i.e, publicspeaking), when compared with the

control group (after 20min.)—as illustrated in Fig. 2.
Concerning our last hypothesis relatedto P,y (Hs), we
expected a significant inverse correlation between total
cortisol output (AUCg) in the stress condition and BMI.
The results confirm this hypothesis = r (24) =—042, p =
0.027. This outcome indicates that P 55y with a higher BMI
released less total cortisol in response to the stress con-
dition (AUCg). We also hypothesized a positive correla-
tion between a cortisol increase (AUC;) and BMI.
However, this could not be demonstrated= (r (24) =
—0.26, p=020). Please insert Fig. 2.

Discussion

The present study investigated the salivary cortisol
response toa psychosocial stressor under highly stan-
dardized laboratory conditions in inpatients with AN and
a matched sample of healthy participants. Our data could
replicatethe results of many studies showingelevated
basal levels in Payn (H;) relative to HC. In terms of reac-
tivity, both groups displayed an increase in cortisol after
stress induction. However, HC showed a common cortisol
response often seen in healthy adults (i.e., relatively rapid
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Fig. 2 Cortisol inarease in terms of AUCi. Significant cortisol increase in PAN vs. HC in the stress condition p>0.001. PAN individuals with Anorexia
Nervosa, HC healthy controls.

cortisol onset followedbydecreased values with time
progression), while P,y exhibited a delayed and blunted
cortisol response pattern (H,). Overall, no significant
group (HC vs. P,y) differences were shown in total cor-
tisol output. Furthermoreour data indeed suggests
reversibility of hypercortisolemia with a higher BMI, but
with persistent irregularities in cortisol reactivity (Hs).
Altogether, underweight anorectic (BMI <17.5 Kg/m?
and weight recovered patients (BMI > 18.5Kg/m?) show
comparable results in terms of cortisol response, reac-
tivity, andpsychological measures. Concerning psycho-
logical variables, P oy generally reported greater chronic
and perceived stress relative to HC. Poy also felt more
threatened and less resourceful when confronted with the
stress intervention, in contrast to HC. What is more, they
reported pronounced symptoms of depression (BDI),
psychological distress (GSI), and ED-symptomatology
accordingto norm values. Additional analyses revealed
significant correlations between BMI and depression, but
not between BMI and EDI or GSI. Also, EDI and GSI as
well as EDI and BDI correlted high. Reactivity correlated
high with EDI and moderately with GSI but not with BML
In conclusion these outcomes propose that ED-symptoms
and reactivity are related to psychological burdenthan
to BML

In summary, the outcomes in the present study reflect
previous findings in the field of research concerning P,y
and reveal comparable outcomes related to the cortisol
response in the context of studie s using the TSST . In line
with the majority of studies on cortisol in Payn (as pre-
viously described), our data could also demonstrate ele-
vated basal cortisol levels in AN at rest. Therefore, our
first hypothesis couldbe con firmed. Further, our study
was able to replicate the results of Het et al** and
Zonnevylle-Bender et al>* showing a blunted HPAA
reactivity to acute stress (TSST). The latter was also

evincedby Vocks et al. 33, however stress exposure was
implemented by responding to a mirror task. Nawith-
standing, Monteleone et al°® reported a preserved cortisol
response to the TSST in Ppy, however this occurred at
significantly higher hormone levels (pre-and-post stres-
sor). Possible sources of discrepancies between this
outcomeand our findings might arise asa result of

methodological dissimilarities,including sample size,

patient populations, and cortisol assessments (eg., con-
foundingvariables), as revised in the meta-analyses of

Montel eone et al.”®. Notable difference in sample sizes
and mixed clinical groups, are for example noticed in
Montel eone’s® study. In such, only seven patients with
were compared with eight HC, making results susceptible
to random fluctuations. A further explanation may lie in
the characteristics of the P,y. As mentioned, our parti-
cipants were inpatients ill receiving intensive treatment
and the majority (n =18) had a larger BMI (=17.5-19 kg/
m?) than normally observed in affected subjects (BMI <
17.5Kg/m?). On the other hand, the participants in the
study of Monteleone et al °® were outpatients with a quite
lowBMI ( M =163, SD =1.2) and possibly malnourished
(starvation-mode). The effects of starvation are well
known for triggering HP A-axis hyperactivity (e.g,*>'%®),
resulting in higher cortisol levels. Such were indeed evi-
dent in P,y throughout their entire experiment, when
compared with HC. The researchers assumeda hyper-

activity of the HPAA, but with a “preserved” reactivity®®.
Considered by itself this pattern could beinterpreted

more as an irregularity, than an average response to stress.
A common response to stress as presented in healthy
individuals, is characterized by a rapid onset fdlowed by a
quick recovery’®”®, This pattern common to HC was also
displayed by the control group described inthe current

study and is linewith responses reported in a recent

metanalysis’’. What is more, cortisol assessment could
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have been probably affected by the participants’ menstrual
cyde. The female participants in our study were tested in
their luteal phase, however many of the Pjns did not
provide data on their cycle and some were amenorrhoeic,
while participants in Monteleone’s®® study were tested
duringtheir follicular phase. It is assumed that stress
responsivity varies across the menstrual cyce””"’,
Beyond that, Pay in our study smoked significantly more
thanHC, which have may affectedcortisol levels, since
smoking affects the endocrine system'®°,

After all, further considerations maybe plausible in
terms of the blunted cortisol response pattern seen in Pay
in our study. As reported by past studies, besides caloric
restriction/starvation, other variables affect HPAA func-
tionality e.g., chronic stress, of childhood adversities,
psychological burden, and pronounced eating pathology.
As aforementioned, the P5y in the present study were still
in therapy and demonstrated relatively high levels of
chronicand perceived stress, as wel as psychological
burden andED-symptoms Thus, it is conceivable that
this increased level of chronic stress together with the
pronounced threat perception (PASA) and psycho-
pathology (BDI, GSI) accounted for HPAAdysregulation
inP oy to a certain extent. It is known that stress appraisal
is a relevant determinant of the cortisol response®® and
chronic stress results in long-lasting HPA A activity dys-
regulation'”’, e.g, attenuated reactivityresulting in a
blunted hormonal response®" . Correspondingly, Lelli
et al.* reported that patients with a history of childhood
adversities (CHA) exhibited an attenuated cortisol
response before and after therapy. Analogous results were
presented in the research of Monteleone et al.”': P 5y with
CHA demonstrated a blunted cortisol responseto the
TSST as compared withcontrols (HC and P ,y without
CHA), but with a comparable amount of overall cortisol
production, as in thecaseof thepresent experiment.
Hence, we speculate that the P, in our study, have also
had been affected by adverse experiences in the past. This
assumption is based on the blunted response, pronounced
ED-symptoms and psychological burden (e.g., GSI, BDI)
even while being treated. However, psychological burden
alone is also related witha blunted cortisol response to
acute stress®®*%7 as presented inP Ay inour current
study. Therefore, itis conceivable that the observed
symptomology (ie., pronouncedchronic and perceived
stress, ED-symptoms, depressionand psychological dis-
tress) might have accounted for the blunted response to
the TSST.

Furthermore, this blunted cortisol response in Ppn was
evident inspite of a higher BMI, since P Ay are mostly
underweight (BMI< 17.5Kg/m?). In relation to this
parameter, we predicted that irregularities in hormonal
response to anacute stressor (TSST) are likely tonor-
malize in individuals with a higher weight Therefore, we
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expected an inverse correlation between BMI and AUCqg
and a positive correlationbetweenBMI and AUC | and
(Hs). A significant inverse linear correlation between total
cortisol output (AUCg) and BMI was indeed observable,
suggesting reversibility of hypercortisolemia with weight
recovery. Still, HP AA irregularities in terms of reactivity
persisted. Thus, this hypothesis was only partially con-
firmed. In the present study, a lack of hypersecretion of
total salivary cortisol outputwas also manifested in

similar AUCg-values between Pan and controls, since
total cortisol output was comparable (also confirmed by
the2 x 2 x 8 ANOVA). Similarities in total cortisol output
were also reported in comparable studies®®**7!, The
former finding is also in accordance with abundant stu-
dies reporting a normalization of hypercortisolemia
(e.g,60’64’108’109) in weight recovered Pay;. Likewise, ear-
lier studies support our outcome®, e.g., Walsh et al.*’
examined the adrenocortical activity in underweight and
weight recovered anorexia patients during a 24 h period.
The results revealed that as anorectic patients recovered
weight, the rate of cortisol productiondecreased. Other

researchers have also replicated this outcome. These
finding proposes that dysregulated activity of the HPAA
of symptomatic Py is related to extreme emaciation or
underweight. Consequently, it is concluded that altered
activity of the HPAA in P,y in terms of total cortisol
release is a state-dependent phenomenon. On the other
hand, our results did not confirm that reactivitynor-

malizes with weight gain (non-sig. AUC;). The results
therefore suggest that the HPAAresponse to acute stress
is still affected in P on. Therefore, we assume that hyper-
secretionof cortisol does attenuate with a higher BMI,

but irregularities in terms of reactivity persist (even at a
BMI= 19Kg/m?). Nevertheless, P,y had still notable
ED-symptoms and were stil receiving inpatient treat-
ment. In addition, full realimentation (in the sense of
weight restorage) and recovery was not concluded. Con-
sequently, it is not clear whether this pattern may change
after full remission. In conclusion, this outcome implies
that HP AAfunctionality is not fully restored after weight
recovery and that functionality is sensitive todifferent

types of stressors: eg., bodily stressors (e.g., starvation)
acutely affect cortisol production, while chronic stressors
affect reactivity long-term. This suggest, that even though
hormonal alterations are reversed by refeeding, weight
recovery does not restore the full range of HPAA func
tionality''®. Karin et al. recently proposed a detailed
explanation of this phenomenon. The researchers eluci-
dated that prolonged HP A activation enlarges the func-
tional masses of the pituitarycorticotropes as well as

adrenal cortex and that their recovery from stress takes
weeks even after stress cessation. In short, this mechanism
clarifies why ACTH responses remain blunted for weeks
even after cortisol production is normalized/regulated.
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This explains the normal cortisol output (AUCg) witha
higher BMI, despite blunted reactivity in our sample of P o
Overall, these findings raise the question whether other
variables besides BMI and chronic stress promoted
maintenance of the blunted cortisol response in anorexia
patients. As previously stated, massage therapy resulted in
comparable hormone levels between P,y and controls,
without significant weight changes. Qualitative studies
also claim that interventions aiming at weight changes are
not beneficial for recovery in patients with an ED''. In
this light, it seems reasonable to consider other psycho-
logical variables as influential factors, such as depression,
distress, stress appraisal as well as coping skills. Indeed,
our data showed that ED-symptoms are highly correlated
with psychological distress and depression, but not with
BML. In addition, it could be demonstrated that reactivity
is rather related to ED-symptoms and psychological
burden than to BMI. Asa matter of fact, recovered
patients (weight remission), still experience poor well-
being''>'"? and low quality of life''>"'* despite signi ficant
treatment response!'? even after 2 years of therapy,
compared with controls''>'*®, Particularly, fully recov-
ered ED patients highlight factors such as social support
and the development of new coping skills as essential to
the process of (mental and physical) recovery''”~**°,
Insummary, the mainresults of our study replicated
past research showingelevated basal cortisol levels (at
rest) and a blunted cortisol response in P oy in response to
acute stress exposure. In addition, our data emphasized
that with weight gain, hypercortisolemia might be atte-
nuated, but HPA-axis irregularities interms of cortisol
reactivitymaypersist. Additional analyses of our data
attests past outcomes on the detrimental effects of
chronicand perceived stress, as wel as psychological
burden on the HPAA activity. As such, this outcome is a
major strength ofthe presentstudy since itfosters
understandinginthe psychology of affected individuals
and provides input for further potential designs aiming a
differentiatedanalysis on the particular functionality of
the HPAA in terms of cortisol production and reactivity.
Importantly, it suggests that psychological burdenhas a
higher impact on ED maintenance than weight itself.
A further strength of our research were the highly stan-
dardized procedures and laboratory settings: Both inves-
tigated groups were clearly separated in normal-weight
controls and anorectic individuals, who were perfectly age
and gender match, excluding confounding factorsby
means of strict indusion criteria. In addition, we
employeda highly standardized psychosocial stress test
(TSST) and methodological procedures for accurate
cortisol assessment purposes, by taking confounders into
account (e.g, menstrual cycle, smoking, contraceptive)
and considering strict exclusion criteria (e.g, acuteor
chronic illness, mental disorders, medication, or
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substance intake). Notwithstanding, limiting factors are
the lack of male participants (limited generalizability) and
the lack of data related to measurement of illness dura-
tion, number of days at the clinic and childhood adver-
sities. Future research might benefit from includ ing this
additional data in future studies. Thereupon, it remains to
clarify whether HPAA reactivity can be completely
restored, not only after weight recovery, but specially after
full remission of psychological burden (e.g., depression
and distress) and perhaps after regaining healthy levels of
well-being.

The aim of the present study was to study the cortisol
response of Psy elicited by anacute stressor. A further
purpose was to investigate the relationship between BMI
and the cortisol response. In conclusion, compared with
healthy controls, inpatients withAN evinceda blunted
hormonal response to str ess, which indicated alterations
in theHPAA. On theother hand, our data supported
partial reversibility of HPAA dysfunction: while cortisol
output was regulated with weight recovery, irregularities
in HP A Areactivity persisted. Based on our data we sup-
pose that inadditionto weight recovery, other psycho-
logical variables might affect HPAA reactivity (e.g., stress
appraisal, depression, and psychological distress).In
addition, our study makes clear that weight recovery is not
crucial for ED recovery. Even after weight recovery Pan
still deal withED-symptams, depression, and psycholo-
gical distress. Consequently, it is advisableto address
psychological burden in therapy sessions.
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2.2 Study 2: Autonomic Nervous System Response to Psychosocial Stress in Anorexia

Nervosa: A Cross-sectional and Controlled Study

To foster understanding of the psychopathology of PAN at the psychological and
physiological level, standardized experimental studies on reliable biomarkers are needed. To
this end, the ANS response to a psychosocial stressor was investigated in n = 19 PAN (BMI:
18.7 * 3.3 kg/m?), age, and gender-matched to n = 19 HC (BMI: 24.23% 3.0 kg/m?). For this
purpose, HR and HRV parameters were assessed in a cross-sectional study design under two
experimental conditions: 1) rest and 2) stress (TSST). In addition, psychological indicators of
stress were examined.

An 2 x 2 x 8 ANOVA demonstrated similar HR and HRV patterns (except LF-HRV)
between PAN and HC at rest. Under stress, PAN (vs. HC) demonstrated a blunted HR
(condition*time*group: F(2.91,104.98) = 9.326, p =.000, n? =.206) and an attenuated HRV
response (reduced SNS/PNS reactivity). Significant effects of stress appraisal (SA) and BMI
on HRV-reactivity were revealed. SA on SDNN = Condition*time*SA = F(4.12,140.15) = 2.676,
p =.033, n?,=.073. BMI on LF/HF-Ratio = Condition*time*BMI = F(3.53,60.16) = 3.339, p =
.019, n?, = .164. Psychological indices suggested higher levels of chronic and appraised stress
in PAN relative to HC. Additional analyses demonstrated that ED-symptoms are highly
correlated with the latter constructs, as well as with psychological burden, but not with weight.
Further, it was shown that abnormalities in reactivity persisted despite normalized ANS activity.

Overall, the results suggested that besides weight recovery, improvement in stress
appraisal could benefit ANS reactivity. In this light, a combination of therapy (e.g., development
and activation of coping and social skills, cognitive reappraisal) and biofeedback training may

regulate stress reactivity and improve treatment outcomes.
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To foster und e standing in the p sychopathology of patients with anorexianervosa (Pan) at
the psychological and physiological level, standardized experimental studies on reliable
biomarkers are needed, especially due to the lack of disorder-specific samples. To this
end, the autonomic nervous system (ANS) response to a psychosocial stressor was
investigated inn = 19 Pan (BMI: 18.7 £ 3.3 kg/m?2), age, and gender-matchedton =19
healthy controls (HC; BMI: 24.23 + 3.0 kg/m?). For this purpose, heart rate (HR) andheart
rate variabilty (HRV) parameters were assessed in a cross-sectional study de sign under
two experimental conditions: (1) rest and (2) stress (Trier Social Stress Test). In addition,
psychological indicators of stress were assessed. An 2 x 2 x 8 ANOVA demonstrated
similar HR and HRV patterns (except LF-HRV) between Pay and HC at rest. Under stress,
Pan (vs. HC) demonstrated a blunted HR[condition *time*group: Fp.91,104.98) = 9.326,
p = 0.000, n2 = 0.206]and an attenuated HRV resporse (reduce d SNS/PNS reactivity).
Signfficant effects of stress appraisal (SA) and BMI on HRV-reactivity wererevealed.
SA on SDNN = Condition*time*SA = F4.12, 140.15) = 2.676, p = 0.033, »? = 0.073.
BMI on LF/HF-Ratio = Condition*time*BM = F(3 53, 60.1¢) = 3.339, p = 0.019, n? =
0.164. Psychological indices suggested higher levels of chronic and appraised stress
in Pan relative to HC. Additional analyses demonstrated that ED-symptoms are highly
correlated with the latter constructs, as well as with psychological burden, but not with
weight. Further, it was shown that abnormaities in reactivity persisted despite normalized
ANS activity. Overall, we suggested that besides weight recovery, improvementin stress
appraisal could be beneficia for cardiac health. In this light, a combination of therapy
(e.g., development and activation of coping skils, cognitive r eappraisal) and biofeedba ck
training may improve treatment outcomes and regulate stress reactivity.

Keywords: eating disorders, anorexia nervosa, trier social stress test, heart rate variability, laboratory stress
induction, HRV in AN
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INTRODUCTION

Heart Rate Variability (HRV) is a convenient method to assess
Autonomic Nervous System (ANS) functionality: It reflects the
contribution of parasympathetic (PNS), and sympathetic (SNS)
activity, and acts as a biomarker for health, and adaptive stress
behavior in social contexts (Marques et al., 2010; Young and
Benton, 2015; Shaffer and Ginsberg, 2017; Lischke et al., 2018).
A balanced HRV is related to positive healthoutcomes, while

a low to physical and psychological morbidity (Thayer et al.,
2010; Young and Benton, 2018) as in the case of patients with
anorexia nervosa (Pan). Anorexia nervosa (AN) is aneating

disorder (ED), typically characterized by an exaggerated fear of
weight gain, constant weight and shape concernsinspite of being
underweight (BMI < 17.5 kg/m?; (DSM-5, 2013; Seidel et al.,
2018)). Pan face several medical risks and exhibit a wide range of
ANS dysfunc tions (e.g., cardiovascular irregularities), registering
at least five times greater rate of death than in the general
population (Katzman, 2005; Arcelus et al,, 2011; Keshaviahetal,,
2014; Sachs etal., 2016). Treatment outcomes are poor (Harbottle
et al,, 2008; Watson and Bulik 2013; Murray et al., 2019) and
many patients still report decreased wel-being and lowquality

of life (Jenkins etal., 2011; Tomba et al., 2017). Thus, innovative
treatments are urgently needed. The role of psychosocial
stress (e.g., social evaluation, exclusion, contextsrelated to

performance; Kirschbaum et al., 1993; Pruessner et al, 2003;
Dickersonand Kemeny, 2004 ) in the onset and maintenance
of AN, as well as its effects on the ANS functionality has been
frequently thematized( Caglar-Nazali et al., 2014; Monteleone
et al,, 2018 Wierenga et al, 2018; Young and Benton, 2018).
Almost 90% of Pyn exhibit cardiac abnormalities (Giovinazzo
etal., 2019) with a high incidence of bradycardia (i.e., low resting
HR <50/min; Mazurak et al., 2011; Portilla, 2011; Gibson et al.,
2020). However, experimental studies ontheir ANS response

are underrepresented, especially in the context of psychosocial
stress. Additionally, e mpirical evidence on ANS reactivity is still
inconsistent. In terms of HRV tone (at rest), three different
patterns are reported in Pan: some studies foundincreased

parameters (Roche et al., 2004; Biar et al., 2006), while others
decreased (Platisa et al., 2006; Lachish et al., 2009), and a third
group of papers unveiled comparable results between patients
andhe althycontrols (HC; ~ Murialdo et al, 2007; Vigo et al,,
2008). Nevertheless, a general PNS/SNSimbalance with atrendin
parasympathetic hyperactivity (Mazurak et al., 2011; Jacoangeli
etal,2013; Bomba etal.,2014) and sympathetic hypoactivity (at
rest; Mazurak et al, 2011) has been constantl y observed in Pan.
Concerning heartrate (HR) reactivity, some researchers observed
ablunted response in patients (Monteleone et al., 2011, 2018; Het
etal, 2015, 2020) compared to healthy individuals, while others
found a comparable reactivity between both groups (Vodks etal.,
2008; Het et al., 2020). Regarding the cardiovascular reactivity
as indexed by HRYV, patients demonstrated a pronounced
PNS reactivity (lower HR + stronger HF-HRV) and a SNS-
hyporeactivity as indexed by salivary Alpha- Amylase (sAA; Het
et al., 2015, 2020). Although, the latter was not supported by
LE-HRYV, since it was comparable in patients and controls (Het
et al,, 2015). Still, HRV analyses were not specific to Pon, but

to an ED-mixed sample. Indeed, when studyinga disorder-
specific sample of Pan, Rommel et al. (2015) demonstrated an
attenuated parasympathetic response after stress induction (via
80s. film). Other HRV parameters, rather than a low HF-HRV
were not reported, leaving the role of the SNS unknown. These
inconsistencies can be explained by differences in methodological
procedures (e.g, unstandardized stressors), whereby the degree
of ANS activation is not clear. Other influential factors are the
diverse methods to analyze (e.g., WT, wavelet transformation;
Rommel et al, 2015 and report ANS-parameters (eg., sAA,
either LF-HRYV, or HF-HRV values) providing either a reliable
nor a full picture of the ANS functionality (Boschet al., 2011 ).
Further, heterogeneity in patient population(e.g, mixed ED-
groups) limits the comparabilityof results and small sample
sizes make findings susceptible to random effects. Researches
recommended to investigate these results in the light of ED-
specific samples (Vodks et al, 2008; Het et al., 2020) due to
differences in their stress response (Monteleone et al, 2011;
Peschel et al., 2016). From this perspective, there is a need
to clarify the ANS response in Pan. In general, experimental
evidence on the ANS reactivity to psychosocial stress in Pay is
scarceand ambiguous. Considering this background, the purpose
ofthe presen tstudy is to expand Pon-specific data and ex amine
HRV parameters (see Table 1) under controlled conditions. To
this end, we implemented a psychosocial anda standardized
stressor (i.e., Trier Social Stress Test -TSST; Kirschbaum et al,,
1993).

Hypotheses

(H;) Since bradycardia is highly prevalent in Pan (Mazurak
et al., 2011; Gibson et al, 2020), we estimated a significantly
lower baseline HR in Py than in HC. (H;) We hypothesized
PNS hyperactivity and a decreased SNS in Py at rest, when
compared to HC (Mazurak et al., 2011; Jacoangeli et al, 2013;
Bomba et al, 2014). (H3) We expected a blunted HR response
to the TSST as consistently evidenced (Monteleone et al., 2011,
2018; Het etal., 2015, Het et al., 2020). (Hy) In consonance with
studies based on the TSST (Het et al., 2015, 2020), we assumed
differences in ANS reactivity between both groups, whereby Pan
expressed a low HRV reactivity with a (Hs) reduced SNS and
pronounced PNS-reactivity.

METHOD

Participants

In the present study n = 19 Pay (BMI: 18.70 & 3.30 kg/m?)
and n = 19HC (BMI: 24.23 =+ 3.04kg/m 2) were recruited
to investigate the effects of stress on theANS. In general,
participants between 18 and 65years of age were eligible.
Patients with aprimarydiagnosis of AN wereeligibleand
recruited at the Polyclinic for Psychotherapy and Psychosomatic
in Dresden, Germany. Patients were diagnosed with AN prior
admission toan inpatient treatment and were enrolled in the
study after a stabilizationperiod, since some were artificially
nourished. Consequently, some patientsexperienced weight
restoration. Before participation, Pon were re-screening based
on the Structured Clinical Interview (SCID) of the Diagnostic
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TABLE 1 | Metrics of heart rate variability.

The power spectrum analysis of the HRV evaluates the quantitative contribution oftime (RMSSD = Square root of the mean squared differences of successive NN

interval; SDNN, Standard deviation normd to normal) and frequency domains (HF, high frequent and LF, lowfrequent LF) to the total variance (power) of heart rate (HR).

e RMSSD includes sympathetic influences and is associated to HF power, but is tendentially moderated by the PNS than SDNN( Shaffer and Ginsberg, 2017).

e SDNN indicates a general HRV modulated by PNS and SNS branches. Mazurak et al. (2011) added, that it also records endoctine and thermoregulatory processes.

* HFisa marker of the parasympathetic vagal tone being respiration dependent (Force, 1996; Stein and Kleiger, 1999; Shaffer and Ginsberg, 2017).

e LF signals activity in both systems: PNS and SNS (Cohen et al., 2000, Shaffer and Ginsberg, 2017).

eThe LF/HF-ratio represents the balance between PNS and SNS activity. According to this model, a lowLF/HF ratio stands for PNS dominance while a high ratio
reflects SNS overectivation (Mazurak et al., 2011; Shaffer and Ginsberg, 2017). However, the SNS contribution to LF power varies depending on the testing context:
e.g., under resting conditions, it shows PNS and baroreflex, ratherthan SNS activity (Kemper et al., 2007; Goldstein et al., 2011).

and Statistical Manual of Mental Disorders (DSM-IV; First
et al., 1997; Wittchen et al., 1997). Pan with other mental
disorders besides depression (e.g., post-traumatic-stress disorder,
borderline personality disorder, schizophrenia), chronic illness,
and medication treatment were excduded. HC were recruited
through online media, newspapers, and bulletin boards at
different universities, and were screened for mental or physical
conditions. Only mentally and physically healthy participants
were included. HC with an abnormal BMI, chronic illness,
medication treatment, and stressful life events in the past 6
months were excluded. Participants who did not refrain from
eating or smoking 3h before testingwereexcluded too. Six
participants were excluded due to substantial missing data
resulting in a final sample of N = 38.

Every participant received an expense allowance of 50
Euro after participation on two test days—within a week. A
description of all N =38 participants is displayed in Table 2.
Ethical approval was obtained from the Ethics Committee of
the Medical faculty of the Technical University of Dresden,
Germany (No#EK25012013).

Procedure

Pan and HC were scheduled on 2days for two different
experimental conditions (stress and rest) in order to minimize
the probability of errors. All participants were regist ered between
2:00 p.m. and 4:00 p.m.and were previously requested torefrain
from eating, drinking andsmoking prior examination. Upon
arrival, participants signed an informed consent form and filled
out psychological measures for ~30 min. Thereafter, they were
fitted with a long-term dectrocardiogram (ECG) belt-recorder
for continuousECG recording (SysVital, Fraunhofer IPMS,
Germany). The patticipants were randomly assigned either to
the stress or to the resting condition: 19 partici pants started with
the resting, while the other 19 with the stress condition. The
derived HR andHRV parameters were computedover 3-min
intervals duringa pre-TSST resting period (15 min),during stress
exposure (15 min TSST), and duri nga post-TSST reco very period
(40min). These data were collectedover eight Measurement
timepoints = 1 (Baseline), 2(Preparation), 3 (Before public
speaking), 4 (After a mathtask), 5-8 (Recovery Phase). The
measurements in the control condition were collected on
equivalent timepoints (see Figurel). The testing started with
the resting period (15 min.) and was concluded with a recovery
period lasting 40min. In the next testing day, the participants
took part onthe remaining condition. During the respective

experimental condition every participant completed the Primary
Appraisal Secondary Appraisal questionnaire (PASA; Gaab et al.,
2005). At theend of the resting orstress condition, the
participants rated their perceived stress by means of the visual
analog scale(VAS; Flint et al, 2000). An overview of the
procedure is illustrated in Figure 1.

Experimental Conditions: Stress vs. Rest
Stress Condition

The Trier Social Stress Test (TSST, Kirschbaum et al., 1993;
Kudielka et al, 2007) is a validated and a standardized proced ure,
which is world -wide recognized for its effective stress induction
and activation of the ANS (Kirschbaum et al., 19 93; Mohammadi
etal, 2019). In short, itconsists in a social evaluation with a lack
offeedback, in front of a selected two-person panel and a mental
arithmetic test, divided in three phases lasting 5mineach (1st:
Speech preparation. 2nd: Public speaking. 3rd: Arithmetic task).

Resting Condition
In this experimental phaseparticipants could read fordable
literature in a quiet and secluded room.

Heart Rate and Heart Rate Variability

The HR and HRV variables were computed by means of a
three-channel ECG. The recordings were taken from all of the
participants during the entire experimental conditions. A heart
rate tachogram was determined from the ECG data by specifying
the heart beats and evaluating the RR intervals. Subsequently, the
ECG recordings were sampled with a frequency of 250 Hz, an
amplitude quantification of 12 bit, and an analogous recording
bandwidth with 0.5-80Hz. Next, the heart beat spotting was
computed by means of a wavelet min-max-pair based automated
QRS detector (Zaunseder et al., 2008). Prior to analyses, data
was filteredfor artifacts and erroneous R-R interval by the
Polar ProTrainer5 (Polar, Germany). This softwareworks
with anautomatic filtering method(filter power: moderate,
minimu m protection zone: 6 sqm). In the present study, the HRV
parameters were calculated in three min. intervals. The follow ing
time (expressed in ms) and frequency (ms?) parameters were
analyzed to specify HRV= HF, LF power, LF/HF ratio, RMSSD,
and SDNN.
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TABLE 2 | Characteristic of the participants— Demographic variables.

Pan HC tu P
Total (V) 19 19
Female, n (%) 17 (89.5) 17 (89.5)
Age M (SD) 26.05 (5.49) 24.21 (5.54) 1.03 0.31
BMI M (SD) 18.70 (3.30) 24.23 (3.04) —5.36 0.000"**
Contraceptives n (% females) 44.73 (17) 31.57(12) 3.64 0.062
TICS M(SD) 23.90 (10.14) 17.47 (559 2.41 0.022
Snokers, n (%) 13.15 (5) 2.63 (1) 3.17 0.090
Sport (MR) 16.50 22.50 43.50 @ 0961
Skep problems (VR) 24 15 42.00 @ 0.849

Pan, Participants with Anorexia nervosa; HC, Healthy Controls; M, Mean; MR, MeanRank; SD, Standard Deviation; TICS, Trier Inventory Chronic Stress; <p < 0.007**%

(@ Mann-Whitney-Test.

BDI,
SCL, EDI

Testing conditions

N

Y
. 4
Pre-Test Rest Post-Test
A
15 min. 40 min.
Stress (TSST)
v‘ * A'K
-
Preparation Public speaking Arithmetic
(5 min.) (5 min.) task (5 min.)
N
v v l l v v v v
Timepoints:
1 2 3 4 5 6 7 8

FIGURE 1 | Experimental design. Trier Inventory for the assessment of Chronic Stress; PASA, Primary Appraisal Secondary Appraisal questionnaire; VAS, Visual
Analog Scale; BDI, Beck Depression Inventory; SCL, Symptom Check List-K-9; EDI, Eating Disorder Inventory; TSST, Trier Social Stress Test. Measurement
timepoints = 1 (Baseline), 2 (Preparation), 3 (Before public speaking), 4 (After math task), 5-8 (Recovery Phase).” The measurements in the control condition were

collected on equivalent timepoints.

Psychologica Questionnaires

Trier Inventory for the assessment of Chronic Stress (TICS-9;
Schulz et al., 2004; Petrowski et al., 2019a). The TICS-9 is a
short version of the original 57-item TICS. We applied the
short form to assess chronic stres during the last 3 mon ths.
This version includes nine items reflecting all dimensions of
the long version (e.g., work and social overload, pressure to
perform, social tensions). The items can be rated from 0 to 5 (0
= never, 1 = rarely, 2 = sometimes, 3 = often, 4 = very often).
Higher values suggest greater stress. Satisfactory psychometrics
have been evidenced in several studies, with Cronbachs Alpha
ranging from o = 0.88-0.91 (Petrowski et al, 2012, 2018,
2019a).

Primary Appraisal Secondary Appraisal questionnaire (PASA;
Gaab et al., 2005). This scale evaluates situational and disorder-
specificcognitions. Theprimaryappraisal evaluates specific
situations as threatening or challenging. The second appraisal
reflects perceivedcoping capabilities ( self-concept and control
expectancy). Based on these subscales, a total stress index (SI)
can be calculated. It comprises 16 items using a 6-point Likert
scale (1 = completely disagree to 6 = completely agree) and
exhibitsreasonable psychometric properties (Cronbach’salpha=
0.61-0.83; Gaab et al., 2005; Carpenter, 2016).

Visual Analog Scale (VAS; Flint et al,, 2000). The VAS is a
widespread scale, due to its economy and reliability to evaluate
stress. With this tool, our participants rated their subjective
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TABLE 3 | Psychological variables and HRV-Reactivity in Patients with Anorexia Nervosa.

Pan Present scoresM (SD) Norm values Interpretation
BDI 42.46 (27.39) <14 = normal Severe cepression
14-19 = mild
20-28 = moderate
29-63 = severe depression
SCL (GSl) 12.57 (8.13) Score12 = *Percentile 93% Pronounced psycholbgical burden
ED 148.94 (61.47) Score 140-155 = *Percentile = 85% Pronounced ED-symptoms
Pan <17.5vs.Pay > @y V4 P ‘r)2
17.5 BMI (Kg/m?)
BDI 28.50 —-0.906 0.365 0.121
SCL (GSl) 39.00 —-0.414 0.679 0.032
EDI 38.50 —0.454 0.650 0.031
TICS 41.00 —0.248 0.840 0.023
PASA-SI 43.49 -0.040 0.970 0.017
VAS-TSST 43.50 —0.041 0.967 0.011
HRV-reactivity Condition*time*group Group
F (df) P n? F (df) P n?
HR 0.670 (3.85, 65) 0.611 0.0 0.193(1,17) 0.666 0.011
SDNN 1.69 (2.11,36.01) 0.196 0.091 0.079 (1,17) 0.781 0.005
RMSSD 230 (2.03., 34.64) 0.790 0.013 1.98 (1,17) 0.177 0.104
HF 0.140 (2.57, 36.09) 0.87 0.009 0.98 (1,17) 0.333 0.055
LF 0.730 (2.28, 32.57) 0.484 0.041 0.073 (1,17) 0.790 0.004
LF/HF 0.158 (1.69, 28.76) 0.85 0.009 0.194 (1,17) 0.669 0.011

Pan, All patients with anorexia nervosa; HRV, Heart Rate Variabiity, BDI, Beck Depression Inventory; SCL, Symptom-Checklist-GS| Global Severity Index; EDI, Eating Disorder Inventory;
TICS, Trier Inventory Chronic Stress; PASA-SI, Primary Appraisal Secondary Appraisal - Stress Index. ~ Pan scored higher than 80/90% of the norm group. (a) Mann-Whitney-Test.

perception of stress in each experimental condition. Values
ranged between no stress to severe stress (0-100; Lesage et al.,
2012).

Symptom-Check-List-9 (SCL-K-9; Klaghofer and Brahler,
2001). This scale is a short versionof the original Symptom-
Checklist-90-Revised (Franke and Derogatis, 2002) which
evaluatesgeneral psychopathology (e.g, somatic symptoms,
interpersonal sensitivity, anxiety). It also providesa global
severityindex (GSI) as an indicator of overall psychological
distress; whereby higher scores indicate higher levels of
psychopathological distress and greater symptom severity. For
the purpose of the present study, we only reported GSI-values.
The ite ms can be rated ona 5-point Likert scale (0 = never to
4 = very often). The sum score is calculated by addition of all
item scores. The scale demonstrates satisfactory psychometric
properties (o = 0.83-0.87; Klaghofer and Brihler, 2001; Prinz
et a., 2013; Seredaand Dembitskyi, 2016; Petrowski et al,
2019b). Normative percentile values specific to age and gender
arereported by (Petrowski et al., 2019b).

Beck Depression Inventory (BDI; Beck et al., 1961; Hautzinger
etal, 1994). The BDI isa self-report questionnaire with 21 items
that can be rated from 0 to 3 (0-63). The total score is calculated
by ad dition of the items. Higher scores indicate greater symptom
severity. Cut-off values are established as follow: <14 = normal,
14-19 = mild depression, 20-28 = moderate depression, 29-63
= severe depression. Its psychometric properties are satisfactory
(a0 =10.89-0.94;; Beck et al., 1996; Kiithner et al., 2007).

Eating Disorder Inventory (EDL Gamer et al, 1983; Thiel
and Paul, 1988). The EDI measures symptoms and attitudes
relevant to pathological eating behavior in 64 items comprised
in 8 dimensions (e.g., Drive for Thinness Body D issatisfaction,
Interpersonal Distrust). The items are evaluated on a 6-point
rating scale (0 = never to 5 = always). Thepsychometric
properties are satisfa ctory (o = 0.72-0.2; Thiel and Paul, 1988;
Dinkel et al., 2005). In the present study, the evaluationof the
EDI-score was based onthe EDI-scores provided by ( Kappel
etal, 2012).

Statistical Analyses

All statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS version 24.0). The
sphericity hypothesis was verified using the Mauchly test
and Greenhouse-Geisser adjusted p-values are reported when
necessary. The optimum statistical sample size was calculated
with the G*powerprogram (version: 3.1.92.). Based on a
medium effect size of Cohen’s f = 0.25, two groups (Pan and
HC), n = 8 repetitions, a significant level of p = 0.05, power
of 80% (1-p = 0.80), and after Bonferroni-correction, a total
sample size of n = 19 for within-subjects factor and n =
38 for between-subjects factor was needed. Mean differences
between Pan and HC in demographic characteristics(e.g.,
sport activity, cigarette smoking) and psychological measures,
were specified by independent t-tests and non-parametric
tests (ie., Mann-Whitney). A two-way ANOVA for repeated
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measures with the between-factor group (Pan vs. HC) and
the within-factor for condition (rest vs. stress) and time (8
x) was performed to calculate main or interaction effects
in the parameters of interest (HR, HRV) inresponse to the
experimental interventions. Additional ¢-testsw ere performed to
specify time-independent differen ces between the experimental
groups in HR and HRV parameters.

Additional analyses. Since the main topic of the present
study refersto ANS reactivity to a psychosocial stressor,
the psychological features of the participants play a role
and could provide insights in this regard. Since weight is
a main concern in Pay, this variable was considered too.
Therefore, the following additional an dyses were conducted.
The effects of BMI, ED-sy mptomatology (EDI), psychological
burden (BDI, GSI), chronic (TICS) and appraised stress
(PASA-SI) on the HR and HRV response were estimatedby
meansof atwo-way ANCOVA for repeated measures 2 X
2 x 8. Subsequently, post-hoc-tests (ie., estimated marginal
meansand bonferroni adjusted pairwisecomparisons) were
computed to specify differences throughout the measurement
timepoints of relevant parameters. Discrepancies in subjective
stress a ppraisal (PASA-SI) before and after stress exposure were
calculated with ANOVAs for repeated measures. Differences in
other psychological scales were analyzedby t-tests. Pearson-
Product-Moment correlations were computed to determine the
relationship between chronic stress (TICS), stress appraisal
(PASA), BMILand psychological burden (ie.,GSI, BDI,
EDI) in our sample of Pan. The significance level was
definedas p < 0.05.

RESULTS

Psychological Measures

A summaryof the sociodemographic variables of all study
partidpants is displayed in Table2.P Ax and HC were
successfully matched for age and gender. Significant differences
between the groups were identified in: BMI, sleeping problems
and chronic s tress. Add itionally, P on showed highly pronounced
values in psychological distress (GSI), depression (BDI) and ED
symptomatology (EDI; Table3). Since some of the Pox had
recovered some weight (BMI = 17.5-18.7 Kg/n?’), while others
were still underweight (BMI < 17.5 Kg/n?) were-analyz ed data
comparing the two groups in terms of psycholo gical measures,
HR and HRV parameters. The analyses indicated comparable
results (Table 3).

Stress Perception und Appraisal
Acute stress perception (VAS) was comparable in both groups
[Fa, 36) = 2.95,p < 0.094, n?> = 0.07], expressing significantly
higher values after stress exposure, which indicated a successful
stress induction [F(1, 36) = 93.03, p < 0.000, n? = 0.72]. In
contrast, stress appr aisal (PASA-SI) was sig. higher in Poy than
in HC [F(y, 34y = 13.22, p < 0.001, n? = 0.28]. PASA-subscales
indicated differences in: Threat [t(z6) = 2.166, p = 0.037], Self-
Concept t(36y = —3.625,p = 0.001), and Secondary Appraisal (3e)
=—3.171;p =0.003).

Chronic and appraised stress were correlated with
psychological variables. PASA-SI and EDI r(19) = 0.500, p
= 0.040, but not between PASA-SI and BMI, BDI, or GSI. TICS

TABLE 4 | HRV Parameters in Pan and HC— ANOVA results.

Condition Group Time

F (df) p Ua F (df) P 72 F (df) p 12
HRV
HR 49.351 (1, 36) 0.000"* 0.535 0.002 (1, 36) 0968 0.000 10.621 (2.09, 75.54) 0.000™* 0.228
SDNN 5.357 (1, 36) 0.027 0.133 0.006 (1, 36) 0.938 0.000 2.965 (4.83,169.10) 0.015 0.078
RMSSD 1.335 (1, 36) 0.256 0.036 0.138 (1, 36) 0.712 0.004 6.971 (3.76, 135.54) 0.000"** 0.162
HF 0.279 (1, 36) 0.601 0.008 0.054 (1, 36) 0817 0.002 5863 (4.61, 166.21) 0.000"* 0.140
LF 8.361 (1, 36) 0.006 0.188 0.181 (1, 36) 0.673 0.005 7.835 (3.89, 140.23) 0.000"** 0.179
LF/HF 9.345 (1, 36) 0.004 0.206 0.277 (1, 36) 0.602 0.008 7.178 (339, 122.29 0.000*** 0.166

Condition*Group Time*Group Condition*Time Condition* Time*Group

F@f) p n’ F p "’ F(cf) p i’ F(d) p "

HRV
HR 1.323(1,36) 0.258 0.035 3.725(.09,7554) 0.000* 0.244 46.847(2.91,104.98) 0.000"* 0.565 9.326 (291, 104.98) 0.000*** 0.206
SDNN 3514 (1,36) 0.069 0.091 0.871 (4.83, 169.10) 0.530 0024 5134 (411,144.12) 0.001 0.128 2.109 (4.11, 144.12) 0.081 0.057
RMSSD 0.033(1,36) 0.858 0.001** 1.607 3.76, 135.54) 0.179 0.043 16.461(3.68,132.62) 0.000** 0.314 3.869 (368, 132.62) 0.007 0.097
HF 0.563 (1,36) 0.45 0.201 2.50(4.61,166,21) 0.037 0.065 12.02(4.21,151.69) 0.000** 0.250 2.363 (4.21, 1561.69) 0.052 0.062
LF 3.708(1,36) 0.062 0.093 2.536(3.89, 140.23) 0.044 0.066 16.984(4.50, 162.10) 0.000*** 0.321 3.227 (4.50, 162.10) 0.011 0.082
LF/HF 0.317(1,36) 0.577 0.009 1.2683.39, 122.25) 0.266 0.0834 3.382(3.63, 130.94) 0.014 0.086 0.523 (363, 130.94) 0.702 0.014

Pan, Participants with Anorexia Nervosa; HC, Healthy Controls; M, Mean,; SD, Standard Deviation; HRV, Heart Rate Varnability. HR, Heart Rate; SDNN, standard deviation of NN intervals.
RMSSD, Root mean square successive differences, HF, high frequency; LF, low frequency; LF/HF, Low frequency/ high frequency ratio, p < 0.05"; p <0.01"; p < 0.001"".
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and BDI, #(19) = 0.540, p = 0.021, GSI (19) = 0.722, p = 0.000,
EDI r(19) = 0.644, p = 0.003, but not between TICS and BMI.

Psychological Symptoms and Stress onthe ANS
Response

The effects of the ED-symptoms, psychological burden (BDI,
GSI),appraised (PASA-SI), and chronic stress (TICS) on the HR
and HRV response were estimated for each HRV-parameter by
means of a two-way ANCOVA for repeatedmeasures. Onlystress
appraisal andBMI affected ANS-reactivity. Significant effects
were found in two parameters: SDNN; LF/HF-Ratio. Perceived
stress on SDNN = Condition™time*PASA-ST Fi4 1214015 =
2.676, p = 0.033, n*> = 0.073. Further analyses suggested that
SDNN-HRVw as distinctively low during stress and high at rest
in individuals with a less pronounced stress appraisal (HC), this
variability was less visible in participants with a higher stress
appraisal (Pan). BMI on LF/HF-Ratio = Condition*time*BMI
=F35360.16) = 3.339,p=0.019, n? = 0.164. Additional analyses
indicated that pattic ipants with a normal BMI (21-25kg/m?), in
this case HC, clearly displayed a higher ratio during stress and
a lower during rest. This pattern becomes less pronounced at a
lower BMI, exhibitingan overall reduce d ratio (P ax). Overall, no
further sig. effects were shown (Fs < 1, p = 0.080, n2 =0.110).

HRV Parameters

All HRV-data were tested for normal distribution with
Kolmo gorov-Smirnov test(K-S test). All HRV-parameters
illustrated a skewed distribution (except for HR andSDNN)
and werelog-transformed for subsequent statistical analyses. The
values and analyses of HR and HRV derived parameters are
displayed in Tables 4, 5a,b.

(H;). HR values (at rest) were comparablebetween P Ay
and HC (Tables4, 5ab). (H,). In terms of HRV tone,
a significance was shown in LF—with Pox showing lower
values than controls (Tables 4, 5a,b). The remaining parameters
were comparable between groups PNS hyperactivity was
not observed in Pan at rest (Tables 4, 5a,b). (H3). Onlya
sig. effect of condition*time*group was shown. Pay clearly
illustrated a blunted HR response in comparison to the
HC (see Tables4, 5ab; Figure 2). (H4). In terms of group
differences in ANS reactivity, the following patterns were
revealed: SDNN. Only a significant effect of time and condition
and an interaction effect: condition*time were shown, indicating
increased values during stress thanat rest inall participants
over time (Tables 4, 5a,b; Figure3). At a descriptivelevel,
a weaker reactivity was visible in Pan relative to theHC
(see Table5b). RMSSD. A significant effectof time and
two sig. interaction effects were observed: (1) Condition*time
(2) Condition*time*group. Pon showed an attenuated stress
response compared to theHC. No further sig. effects were
demonstrated (Tables4, 5ab; Figure4). HF. A sig. effect
of time and two sig. interaction effects were found:(1)
Condition*time and (2) Time*group. Overall, there were sig.
differences in HF-values, with Pon recording higher values than
HC over time. The interacion effect of condition*time*group
was not significant (Tables4, 5ab, Figure5). LF. A sig.
effect of condition and time and amultiple sig. interaction

effects were evinced: (1) Time*group, (2) condition*time, (3)
condition*time*group, indicating a lower HRV-LF-reactivity in
patients, compared toHC ( Tables4, 5ab, Figure6). LF/HF-
Ratio. Only a highly sig. effect of condition and time and
a sig. interaction effect of condition*time were revealed: All
participants displayeda higher ratio over time during stress

than at rest (Tables4, 5a,b, Figure 7). (Hs). In terms of HRV
reactivity, Pan exhibited a reduced SNS reactivity, without PNS
dominance (see Tables 4, 5a,b). Overall, large to medium effect
sizes were revealed (see Table 4).

DISCUSSION

Measuring HRVas a proxy to assess ANS reactivity has many
advantages and allows a detailed analysis of the SNS andPNS
contribution. In addition, HRVreflects the capacity of the body
to deal with stress and predicts psychological and physiological
health. Investigating the HRV activity and its alterations might
aid the develo pment of novel ways to tar get AN-sympt omatology
and reduce mortality rates. For this purpose, we extensively
investigatedthe ANS reactivity to a psychosocial stressor in
Pan anda matched sample of HC under highly standardized
laboratory conditions and analyzed different HRV-parameters.
In sum, the stress induction was successful (VAS). Compared
to HC, PAN appraised (PASA) the experimental procedures as
more threatening and experienced themselves as less influential
over the ongoing circumstan ces. Further, they felt less capable of
coping with the given situation than healthy adults. Moreover,
chronic and appraisedstress weremore strongly associated
with psychological symptoms than with weight. Concerning
reactivity, stress appraisal and weight significantly affected the
ANSresponse (i.e, SDNN; LF/HF-Ratio) with P syx showing
areduced ratio overall, relative to the HC. In this regard,
underweight and weight recovered patie nts we re comparable in
terms of cardiovascular reactivity and psychological measures.
Their BMlvariations were not big enough to differently
affect reactivity.

Concerning HR and HRYV, our data revealed similarities
between the groups in almost all parameters during resting
conditions. A significant difference was only shown in LF-
HRV, indicating adecreased baroreflex activity in patients,
compared to controls. In terms of HRV-reactivity: Compared
to HC, patients clearly evinced a blunted HR response
and displayed an attenuated PNS reactivity, as indicated
by a less pronounced decline in RMSSD and HF-HRV
(see Figures4, 5). Relativeto the controlgroup, patients
also demonstrated an attenuated SNS reactivity to stress,
as indexed by a smaller increase in LF-HRV (Figure6).
Overall, patients and controls showed a similar general
HRV reactivity as indicated by LF/HF-ratio and SDNN.
Bothgroups presented sympathetic dominance during stress,
with aslightly weaker SNS-reactivityin P snx-but only at a
descriptive level.

In general, the outcomes of the present study extended
previousresearch and provided new data specific to P an
concerning their ANS response in the context of psychosocial
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TABLE 5a| HRV parameters in the resting condition.

HR LF HF LF/HF RMSSD SDNN
M sD t p M SD t p M SD t p M  SD t p M SD t p i ) t p
1 Pa 8081 (1161 1.086 0294 3.23 (0.51) -2043 0048 277 (0.60) -0.646 0522 245 (059 -1110 0274 166 (0.264) —-0761 0451 7155 (26.18) —1538 0.133
HC 76.82 (11.48) 3.57 (0.50) 290 (0.65) 266 (0.55) 173 (0.31) 86.33  (32.66)
2 Pay 7989 (1264) 0770 0447 3.07 (0.41) —0603 0551 272 (0.50) —-0.643 0524 234 (033 0389 0700 1.61 (0.29) -0563 0577 8056 (62.95) 1.223 0.229
HC 76.87 (11.54) 3.14 (0.39 2.84 (0.64) 229 (0.41) 167 (0.33 62.28 (16.79)
3 Py 78.18 (1233 1.007 0321 3.068 (0.48) —0727 0472 278 (0.6 -0532 0598 227 (039 0.032 0975 1.61 (0.29) -0567 0575 81.06 (65.21) 1.001 0.323
HC 7453 (9.89) 3.16 (0.49) 2.89 (0.67) 226 (0.45) 167 (0.33 64.92 (26.215)
4 Py 7858 (1166) 1.177 0247 290 (0.44) —1.152 0257 267 (0.60 —1.073 0290 223 (039 0.399 0692 1.60 (0.29) -0864 0393 5555 (24.44) —0423 0.675
HC 7453 (941) 3.06 (0.42) 2.88 (0.60) 218 (0.40) 168 (0.39) 58.74  (21.94)
5 P 81.14 (13400 —-0123 0903 2.97 (0.50) 0670 0507 261 (069 0571 0572 2.35 (0.32) —0233 0.817 158 (0.36) 0740 0464 63.24 (464 1507 0.141
HC 81.60 (941 2.87 (0.39) 249 (0.65) 238 (0.40) 150 (0.32) 47.41 (10.19)
6 Pay 7900 (9.54) 1.471 0150 3.06 (0.50) —0496 0623 275 (0.64 -0.379 0707 231 (033 0052 0959 1.61 (031) -0504 0617 61.64 (33.93) 0295 0.769
HC 7474 (822 3.13 (0.40) 2.87 (0.65) 230 (0.35) 167 (0.39 50.12  (15.25)
7 Pan 7843 (1028 0811 0423 3.05 (0.55) —0034 0973 281 (069 0147 0884 223 (031) -0730 0470 1.64 (0.33) -0632 0531 6475 (36.47) 0983 0.332
HC 7593 (871) 3.05 (0.35) 2.78  (0.66) 232 (0.43) 178 (0.44) 55.92  (14.29)
8 Pa 7804 (1154 0.118 0906 3.03 (0.54) 0.348 0730 274 (0.62) —0.494 0.624 228 (028 0.846 0403 1.62 (033) -0.783 0439 6001 (27.54) 0.786 0.437
HC 77.64 (887 2.97 (0.42) 2.84 (0.68) 218 (0.47) 173 (0.47) 54.51  (13.17)

Measurement timepoints =1 (Baseling), 2 (Rest), 3 (Rest), 4 (Rest), 5-8 (Recovery Phase). Pan, Participants with Anorexia Nervosa. HC, Healthy Controls; Log-transformed values (except HR and SDNN); HR, Heart Rate; LF, Low
Frequency; HF, High Frequency; LF/HF-Ratio; RMSSD, Root Mean Square Standard Deviation; SDNN, Standard Deviation Normal to Normal.
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TABLE 5b | HRV parameters in the stress condition.

HR LF/HF RMSSD SDNN
HR M ) p M SD p M SD p M sD M SD p M t
1 Pa 7887 (13.80) 0.624 3.31 (0.60) 0.068 279 (0.65) 0314 251 (059) 166 (0.33) 0241 77.56 —1576
HC 76.92 (1031) 365 (0.50) 299 (0.55) 265 (053 178 (0.30) 94.16
2 Py 83.20 (11.39) 0.147 2.95 (0.40) 0024 257 (0.50) 0.067 238 (026) 157 (0.28) 0.135 66.33 -3%
HC 7833 (8.66) 322 (0.29) 2.89 (0.54) 232 (0.34) 172 (0.29) 69.34
3 Pa 89.15 (13.07) 0.008 298 (0.42) 0.370 259 (.61) 0246 239 (0.34) 150 (0.31) 0.189 6451 0.438
HC 104.04 (19.11) 287 (0.35) 2.35 (0.63) 251 (035 137 (0.30) 61.25
4 P 8814 (13.89) 0012 298 (0.52) 0.156 246 (0.69) 0205 2.521 (0.29) 144 (0.29) 0.085 5805 1.662
HC 102.83 (1997) 275 (0.48) 220 (0.62) 254 (0.20) 126 (0.39) 45,11
5 Pax 81.86 (15.09) 0.625 297 (0.50) 0.507 261 (.69 0572 235 (0.32) 158 (0.36) 0.464 7064 1.331
HC 8397 (1119 287 (0.39) 249 (0.65) 2.38 (0.40) 150 (0.32) 4910
6 Pw 7504 (15.39) 0.654 306 (0.50) 0623 275 (0.64) 0707 231 (033) 161 (0.31) 0617 73.49 0.624
HC 77.01 (1094 313 (0.40) 2.83 (0.65) 230 (0.35 1.67 (0.39) 66.00
7 Pa 74.85 (13.99) 0.872 3.05 (0.55) 0973 281 (0.68) 0884 223 (0.31) 164 (0.33) 0532 81.64 1.189
HC 73.92 (20.86) 3.05 (0.35) 278 (0.66) 232 (0.43) 173 (0.44) 59.12
8  Pax  76.37 (12.05) 0.675 3.08 (0.54) 0.730 2.74 (0.62) 0.624 228 (029) 162 (0.33) 0439 69.68 1.189
HC 7400 (2118 297 (0.42) 2.84 (0.69) 218 (047 173 (0.47) 55.64

Measurement timepoints =1 (Baseline), 2 (Preparation), 3 (Before public speaking), 4 (After math task), 5-8 (Recovery Phase). Pan, Participants with Anorexia Nervosa; HC, Healthy Controls; Log-transformed values (except HR and

SDNN). HR, Heart Rate; LF, Low Frequency; HF, High Frequency; LF/HF-Ratio. RMSSD, Root Mean Square Standard Deviation, SDNN, Standard Deviation Normal to Normal.
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FIGURE 2 | Heart Rate Response in PANand HCduring stress and at rest. Measurement timepoints = 1 (Baseline), 2 (Preparation), 3 (Before public speaking), 4
(After méth task), 5-8 (Recovery Phase). The measurements in the control condition were colected on equivalent time points.
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FIGURE 3| SDNN (ms) in PAN and HCduring stress and at rest. SDNN, Standard Deviation Normal to Normal. Measurement timepoints = 1 (Baseling), 2
(Preparation), 3 (Before public speaking), 4 (After math task), 5-8 (Recovery Phase). The measuements in the control condition were collected on equivalent
timepoints.
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FIGURE 4 | RMSSD (ms) in PANand HCduring stress and at rest. RMSSD Root Mean Square Standard Deviation. Measurement timepoints = 1 (Baseline), 2

(Preparation), 3 (Before public speaking), 4 (After math task), 5-8 (Recovery Phase). The measuements in the control condition were collected on equivalent
timepoints.
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FIGURE 5 | HF (ms2) in PAN and HCduring stress and at rest. HF, High Frequency. Measurement timepoints = 1 (Baseline), 2 (Preparation), 3 (Before public
speaking), 4 (After math task), 5-8 (Recovery Phase). The measurements in the control condition were collected on equivalent time points.
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FIGURE 6 | LF (ms2) in PANand HCduring stress and at rest. LF, LowFrequency. Measurement timepoints = 1 (Baseline), 2 (Preparation), 3 (Before public speaking),
4 (Aftermeth task), 5-8 (Recovery Phase). The measurements in the control condition were collected on equivalent timepoints.

stress. (H;) Contrary to our first hypothesis, our data indicated =~ (Mazuraket al., 2011; Jacoangeli et al., 2013; Bomba et al,
a simibhr tonicHR between P an and HC. This is in line  2014) are probably due to differences in the patient po pulation.
with previous results reporting comparable baseline HR-  For instance, t hese studies included Pan with an average BMI
values between bothgroups ( Zonnevylle-Bender et al., 2005  between 129 and 17.7, or BMI < 15, implying emaciating.
Monteleone et al., 2011; Het et al., 2020). Nevertheless, our ~ On the other hand, the Pax we evaluatedwere being treated
findings contradicted those of Het et al. (2015), who found  and hadrecovered some weight. Therefore, it is plausible to
a significantly lower HR (baseline) in ED-patients than in  assume that some irregularities in cardiovascular activity were
healthy participants. The discrepancy between our findings and  restored, as previously shown in weight recovered patients
those of Het et al. (2015) can be explainedby the quality of (Miller et al., 2009; Het et al., 2020). Evenso, abnormalities
the patient sample. The patients in their study were recruited in HR and HRV reactivity werestill observed in P Ay, as
immediately after admission to a treatment clinic, implying an  previously hypothesized(H 3, 4): We expecteda bluntedHR
acute ED-phase, since they just started treatment. It is known  response (H3) and a low HRVreactivity (Hy) in Paox compared
that bradycardia is a common symptom in the acute phase of  to HC. Our data confirmed both, replicating past evidence (e.g.,
AN (Yoshida etal., 2006; Mazurak et al., 2011). In contrast, the Monteleone et al., 2011; Het et al., 2015, Monteleone et al.,
participants inour sample were recruited after a stabilization 2018; Het et al., 2020). Our last hypothesis (Hs) confirmed
phase during an inpatient treatment, showing a higher (mean)  a reduced SNS reactivity inP sn. However, a parasympathetic
BMI than in the mentioned sample. (H;) Further, we assumed  hyperreactivity could not bereplicated. The formerfinding
parasympathetic hyperactivity and a decreased SNS activity  coincided with past studies reporting an attenuated sympathetic
in Pan at rest, compared tothe HC. Our results confirmed responseto the TSST in patients ( Monteleone et al., 2011;
the latter, expressing lower HRV-LF in Pan, as previously = Het et al, 2015). Our latterfinding of a parasympa thetic
described (Mazurak et al., 2011; Jacoangeli et al., 2013; Bomba  inhibitionin responsetothe TSST suggested an inadequate

et al, 2014). Nevertheless, parasympathetichyperactivity in parasympathetic reguhtion, indicating difficulties in Payn to
Pan could not be observed, since other HRV-parameters (HE downregulate stress (Carney et al., 2005). This outcome fit the
LF/HF, RMSSD, SDNN) were comparable between Py and HC.  results of Rommel et al. (2015), who recorded a similar response
Hence, our second hypothesis only received partial support. This  pattern in a sample of Pox (SNS activity was not investigated),
inconsistency between our result an those previously mentioned ~ but contradicted the findings of Het et al. (2015) and Het et al.

Frontiers in Psychology | www.frontiersin.org 12 March 2021 | Volume 12 | Article 649848

48

TRIAL MODE - a valid license will remove this message. See the keywords property of this PDF for more information.



Schmalbach et al.

HRV in Pa

w—tp—= PAN TSST == PAN Rest === HC TSST HC Rest
3
2.5
—N A
B ‘_-_.a
0 4
C
S 2
]
E
(@)
2 1.5
°©
()
e
©
'4: 1
n
Q
0.5
0
1 2 3 4 5 6 7 8
FIGURE 7 | LF/HF-Ratio (ms?) in P ay and HC during stress and at rest. LF/HF-Ratio, Low Frequency/High Frequency Ratio. Measurement timepoints = 1 (Baseline),
2 (Preparation), 3 (Before public speaking), 4 (After math task), 5-8 (Recovery Phase). The measurements in the control condition were collected on
equivalent timepoints.

(2020). They rather observed parasympathetic dominance in
their patient sample during eady treatment (2015), and anomal
PNS reactivity after treatment (2020). A plausible explanation
might liein the treatment status and sample composition,
considering that our patien t sample was in the middle of therapy
andincluded only participants with P 5y, rather than an ED-
mixed group.

In short: compared to HC, the patients in our study
demonstrated hyporeactivity in both, SNS and PNS. This makes
sense, since SNS is assodiated with dieting and chronic stress
as indicatedby pronounced values inTICS and marked ED-
symptomatology (EDI) in our participants. On the other hand,
PNS hyporeactivity is associated with depression (Jarrett et al.,
2003), as indexed by elevated BDI-scoresin our Py sample. PNS
hypera ctivity is related to bradycardiaand is mostly characteristic
in the acute-phase of AN (as anadaptivemechanism; ~ Roche
etal, 2004; Yoshida etal, 2006) which was n ot observed in our
sample. Consequently, it can be implied that ANS functionally
was partially restored.

Ultimately, these findings providestrong evidence for a
hyporesponsiveness of the ANS in Pay. Overall, it was shown that
abnormal ANS activity is partly reversed with weight recovery
andtreatment, but irregularities in reactivity persisted despite
these changes. Specifically, (increased) stress appraisal and

(low) weight significantly affected HRV reactivity (i.e., blunted
response). In average, patients experienced stress as threatening
and felt less skillful to cope with it. These outcomes are a major
strength of the present study considering that HRV reactivity in
the context of psychosocial stress has not been studied before in
samples specific to Pan. Many researchers who have conducted
comparable experiments with ED-mixed samples pointed out the
need of ED-specific findings, since there exist marked differences
in emotional and physiological patterns (e.g., Peschel et al.,2016)
that cannot be clearly identified if studied as a group. Further,
our study offers an extensive analysis of the ANSreactivity

in Pan, which fosters understanding in the psychological and
physiological mechanisms of their ANS response. At the same
time, it provides input for potential treatment designs, e.g.,
HRV-Biofeedback training (Scolnick et al., 2014). Importantly,
it suggests that ANS imbalances can manifest differently
according to the stage of illness, treatment and weight status,
as observed in different patient samples. A further strength of
our res earch were the highly standardized context and laboratory
setting: Homogenous samples of HC and patients due to our
strict inclusion and exclusion criteria (which ispivotal for

minimizing the influence of confounding variables). In ad dition,
partidipants were perfectly age and gender matched. Moreover,
we implemented a highly standardized stressor (TSST), which
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reliably activates the ANS. Notwithstanding, our study hosts
some limitations. Regardless of the significant effects reported,
an evident limitation is the small sample size in our study. Also,
the generalizability of our findings is limited to female patients.
Therefore, larger studies with more robust samples are needed
to back up the results and to shed light on to the non-significant
trends. A further limitation is that we were not able to collect data
related to illness and treatment duration (e.g, number of days
at the clinic before participation). Future research would benefit
from includingthis data in future analyses.Thereupon, it remains
to clarify whether ANS reactivity can be completely restored,
not only after weight recovery, but speciallyafter improving
well-being and coping skills (e.g., stress appraisal). Additionally,
further experiments may study the effects of HRV-biofeedback
interventions onsubjective stress appraisal and well-being. In
conclusion, these findings suggested ANS hyporeactivity in Pax,
despite normalized basal activity. Specifically, it was revealed that
ANS reactivity was most affected by heightened stress appraisal
and low weight, rather than other psychological symptoms
(e.g., general ED-symptomatology). Therefore, we supp osed that
besides weight recovery, improvement in stress appraisal would
be beneficial. Consequently, it is recommended to help patients
improve stress appraisal bydeveloping andenhancing their
coping and social skills. In addition, exercise sessions with
biofeedback training might support cardiac health andHRV-
regulation. A combination of bothmay improve treatment
outcomes and regulate stress reactivity.
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3. Discussion

Measuring salivary cortisol and HRV as a proxy to assess HPAA and ANS reactivity
has many advantages. For example, salivary cortisol is a reliable stress marker that can be
easily collected and HRV allows a detailed analysis of the SNS and PNS contribution. In
addition, HRV reflects the overall capacity of the body to deal with stress and predicts
psychological and physiological health. Investigating the physiological stress response and its
alterations might aid the development of novel ways to target AN-symptomatology and reduce
mortality rates. For this purpose, we extensively investigated the HPAA and ANS reactivity to
a psychosocial stressorin a PAN-specific sample and a matched controlled group under highly
standardized laboratory conditions. Since the main topic of the present study refers to reactivity
to a psychosocial stressor, the psychological features of the participants play a role and may
provide insights in this regard. Therefore, additionally to the main topic of the examinations at
hand, the relationship between psychological and physiological measures was also assessed.
For instance, we additionally examined BMI in relation to psychological variables, especially

since weight is a main concern in PAN.

3.1 Effects of Psychosocial Stress on the Hypothalamic-Pituitary Adrenal Axis

Concerning the effects of psychosocial stress on the HPAA, a blunted hormonal
response pattern was hypothesized in PAN in comparison to HC. Furthermore, a normalization
of the HPAA activity was expected in PAN regarding total cortisol expression and reactivity to
the TSST with weight recovery. Cortisol baseline values were included in the analyses,
assuming higher levels in PAN relative to the control group. In addition, the BMI of patients
was examined in relation to psychological measures of concern.

In terms of HPAA function, the results of the present study replicated past evidence
showing elevated basal cortisol levels in PAN compared to HC (Sauro et al., 2008; Paszynska
et al., 2016; Putigiano et al., 2001). In terms of reactivity, both groups displayed an increase in
salivary cortisol after stress induction. However, HC showed a common hormonal response
often seen in healthy adults (i.e., relatively rapid cortisol onset followed by decreased values
with time progression), while PAN exhibited a blunted hormonal response pattern. These
results are in line with past evidence (Ginty et al., 2012; Het et al., 2015; Zonnevylle-Bender
et al., 2005), but disagree with other studies (Monteleone et al., 2011, 2018b; Vock et al.,
2007). These inconsistencies can be explained by differences in methodological procedures
(e.g., standardized vs. unstandardized stressors), the quality of the sample (e.g., ED-mixed
groups, inpatients vs. outpatients, treatment and weight status), cortisol assessments (e.g.,
confounding variables such as menstrual cycle, smoking status), and very small sample sizes
(e.g., n = 7 patients) making the results susceptible to random fluctuations. In contrast, the
study at hand included a relatively large sample of a disorder specific population, including a

standardized psychosocial stressor. Further, the participants of the present study were
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inpatients, some were still amenorrheic and smoked significantly more than the HC.

Concerning total cortisol release (AUCg), no significant group differences were shown,
suggesting reversibility of hypercortisolemia with weight recovery in PAN, but with persistent
irregularities in hormonal reactivity. These results are consistent with past studies (Het et al.,
2015, 2020; Zonnevylle-Bender et al., 2005; Mazurak et al., 2011; Monteleone et al., 2018b).
Importantly, our patients were still in treatment, therefore further longitudinal data is needed in
order to clarify whether hormonal hyporeactivity is also reversible after ED-remission. Indeed,
a considerable recent observation explained that prolonged HPAA activation not only disturbs
HPAA functionality, but enlarges the functional masses of the pituitary corticotropes and
adrenal cortex and their recovery from stress takes even weeks after stress cessation (Karin
et al., 2020). This mechanism provides a possible clarification about why ACTH responses
remain blunted for weeks even after cortisol release is normalized. This phenomenon may
explain why the total cortisol expression is regulated, despite the blunted reactivity in the
presented PAN-sample even at a BMI = 19 kgm?2. Nevertheless, further research is necessary
for clarification in PAN.

In terms of psychological measures, PAN generally reported greater chronic and
perceived / appraised stress relative to HC and felt more threatened and less capable to cope
with the stressintervention. What is more, theyrecorded pronounced symptoms of depression,
psychological distress, and ED-symptomatology compared to healthy individuals. Additional
analyses demonstrated that ED-symptoms were highly correlated with psychological distress
and depression, but not with BMI. Further, reactivity was rather related to ED-symptoms and
psychological burden than to weight. Overall, these results showed that besides caloric
restriction, chronic stress, psychological burden, and pronounced ED pathology significantly
affected HPAA functionality, which is in line with current research (e.g., Burke et al., 2005;
Fiksdal, et al., 2019; Hori et al., 2014; Lelli et al., 2019; Young et al., 2000). Therefore, there is
a high probability that the described symptomology in PAN (i.e., pronounced chronic and
perceived stress, ED-symptoms, depression and psychological distress) might have
accounted for the blunted response to the stress intervention. Furthermore, our results evinced
a partial rather than a full restoration of HPAA functionally with weight recovery. While
hypersecretion of cortisol was attenuated with weight recovery, hormonal hyporeactivity
persisted. Conclusively, psychological and physiological variables may acutely and chronically

affect the full range of HPAA functionality.

3.2 Effects of Psychosocial Stress on the Autonomic Nervous System
In terms of the ANS response to the TSST, a blunted HR reactivity was expected in
PAN when compared to the HC. Moreover, a low HRV reactivity (with a reduced SNS and
pronounced PNS-response) was hypothesized in PAN relative to the control group. Regarding
basal activity, a significantly lower HR was estimated in PAN (vs. HC). Secondarily, due to the
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characteristics of AN, BMl-values were analyzed in relation to HRV-parameters and
psychological measures of concern.

In terms of HR and HRV, our results revealed similarities between the groups in almost
all parameters during the resting condition. A significant difference was only shownin LF-HRV,
indicating a decreased baroreflex activity in patients, compared to controls. This result was
unexpected, given the high prevalence of bradycardia in PAN. In terms of responsiveness,
patients evinced a blunted HR and HRV reactivity as indexed by and attenuated SNS and PNS
response. This response pattern is consistent with previous research (Het et al., 2015, 2020;
Monteleone et al., 2011, 2018b). Hence, a pronounced PNS reactivity could not be confirmed,
as illustrated in past evidence (Het et al., 2015, 2020). A hyporeactivity in both, SNS and PNS
makes sense, since SNS-hyporeactivity is associated with dieting and chronic stress as
indicated by pronounced values in chronic stress and marked ED-symptomatology in the PAN-
sample. PNS hyporeactivity is related to depression (Jarret et al., 2003), as indexed by
elevated BDI-scores in the presented sample. PNS hyperactivity is rather correlated to
bradycardia, mostly characteristic in the acute-phase of AN (Roche et al., 2004; Yoshida et al.,
2006) which was not observed in the current sample. Consequently, it can be implied that ANS
functionally was partially restored. Additional analyses revealed that (less favorable) stress
appraisal and (low) weight significantly affected the ANS, with PAN showing reduced HRV-
parameters, relative to the HC.

In sum, hyporesponsiveness of the stress networks persisted despite remitted
hypercortisolemia and bradycardia in PAN, which are considered to be secondary to starvation
and low weight (Culbert et al.,, 2015; Schorr et al., 2015). Hence, the stress pattern of
hyporesponsiveness in the presented PAN-sample can be understood as a result of chronic
stress exposure in the lack of habituation, as previously explained (Fries et al., 2005; Heim et
al., 2000; McEwen, 1998; 2004). At the same time, hyporesponsiveness is related to
pronounced psychological burden (e.g., distress, depression; Burke et al., 2005; Carroll et al.,
2017; Fiksdal et al., 2019), as observed in the study at hand.

Conclusively, the blunted response of the stress network in the presented patient
sample is likely associated with chronic stress and exacerbated psychological burden. Studies
related to the psychophysiological stress response discussed that an appropriate stress
response is essential for immune regulation and preventing a detrimental inflammatory
response (Chrousus, 2000; Heim et a., 2000; Rohleder, 2014; Sternberg, 1992, 2001; Wolf et
al., 2009), otherwise leading to somatic and infectious diseases (e.g., skin conditions,
inflammatory bowel disease syndrome; Buske-Kirschbaum & Hellhammer, 2006; Sproston et
al., 2018; Stasi et al., 2017). In addition, it has been shown that chronic HPAA-dysregulation
is associated with other negative health outcomes (e.g., hormonal imbalances; Karin et al.,

2020; Lawson et al., 2009). Therefore, PAN are at risk of developing secondary somatic
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ilinesses, which may additionally burden the patients and health care system (Agh et al., 2016;
Erskine et al., 2016). At the same time, taking a toll on interpersonal relationships and
performance, promoting a vicious cycle.

These outcomes are a major strength of the present studies when considering that the
physiological reactivity in the context of psychosocial stress has not been studied before in
PAN-specific samples. Many researchers who have conducted comparable experiments with
ED-mixed samples pointed out the need of disorder-specific findings, since there exist marked
differences in emotional and physiological patterns (e.g., Peschel et al., 2016), that cannot be
clearly identified if EDs are studied as a group. Further, the examinations at hand offer an
extensive analysis of biomarkers, which foster understanding in the psychological and
physiological mechanisms of the stress response. At the same time, it provides input for novel
treatment designs (e.g., HRV-Biofeedback training; Scolnick et al., 2014) and research
questions. Importantly, it is suggested that HPAA and ANS imbalances can manifest differently
according to the stage of iliness, treatment and weight status. A further strength of the present
examinations were the highly standardized context and laboratory setting, e.g., the
implementation of a highly standardized stressor (TSST), which reliably activates the HPAA
and ANS.

3.3 Limitations and Further Directions

Regardless of the significant effects reported, an evident limitation was the lack of
statistical power. Also, the generalizability of our findings is limited to female patients.
Therefore, larger studies with more robust samples are needed to back up the results and to
shed light on to the non-significant trends. A further drawback is related to the heterogeneity
of PAN in terms of different iliness and therapy stages. For example, some patients were
recruited a few days after admission to the clinic, some in the middle of treatment and others
at the end of therapy. Future research would benefit from including this information in future
analyses, since imbalances in the stress networks may manifest differently, according to the
stage of iliness and treatment.

As evidenced in the present study, patients demonstrated a hyporesponsiveness of the
stress system and a heightened subjective stress perception to psychosocial stress. Thus,
clinical implications for therapy suggest holistic interventions aiming to reduce burden of
disease at the psychological and physiological level, especially since these patients are at risk
of developing somatic conditions, secondary to neuroendocrine and autonomic dysregulation.
Interventions covering stress regulation and social skills training combining coping with
increased sensitivity to social threat (e.g., cognitive reappraisal, targeting negative social
stimuli; Cardi et al., 2015; Tchanturia et al., 2014) may reduce constant activation of the stress
axis. At the same time, it is recommended to empower PAN in social interactions by enhancing

self-esteem/self-efficacy (e.g., Gilbert, 2005; Lischke et al., 2018; Schmidt et al., 2015;
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Treasure et al., 2016), especially since the self-concept of the patients was significantly lower
than HC. Additionally, relaxation techniques and HRV-Biofeedback (e.g., Chellew et al., 2015;
Scolnick et al., 2014) may support stress coping. Based on HRV-Biofeedback treatment to
target HRV-dysregulation, novel interventions could develop analog adjuvant methods to
balance HPAA reactivity.

Since the PAN-sample in the present study were still receiving treatment, further
studies with recovered PAN could clarify whether HPAA and ANS stress reactivity can be fully
restored in order to avoid chronification and the development of secondary somatic conditions
- given the relationship between hyporesponsiveness and inflammation (e.g., Heim et al,,
2000; Wolf et al., 2009). In this manner, the burden of disease at an individual and societal
level (e.g., health care system) can be reduced.

Future research (e.g., hair cortisol analysis; Greff et al., 2019; Stalder et al., 2017) may
provide insights on whether abnormalities in the stress system exist prior to ED onset or are a
consequence of the illness. In the former case, future studies could examine if ED-prevention
programs in early detected high-risk populations (e.g., young girls and women on diets) are

effective in reducing the risk of developing AN.

4. Conclusion

In conclusion, these findings suggested hyporeactivity in PAN, despite regulated
cortisol secretion and heart rate during inpatient treatment. Specifically, it was revealed that
stress reactivity was not only closely related to weight, but to heightened negative stress
appraisal and psychological burden (e.g., ED-symptomatology, depression, distress). A
chronic hyporesponsiveness places patient at risk for developing secondary somatic
conditions. Therefore, besides weight recovery, improvements in social skills and stress
appraisal would be beneficial. In addition, a combination of HRV-Biofeedback-Training, stress
management interventions and relaxation techniques may improve adaptive stress behavior
in social contexts and regulate stress reactivity. At the same time reducing the risk of disease

chronification.
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