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1 ABSTRACT 

The main objective of the present dissertation was to contribute to the knowledge about 

the impact of stress on healthy young women. The first two studies aimed at gaining 

further knowledge about the psychophysiological consequences of stress experienced in 

childhood and adolescence on stress reactivity in early adulthood. Adverse childhood 

experiences (ACEs), as one form of chronic or prolonged stress exposure, can alter 

brain development, leading to mental and physical illness and alterations of stress 

system in adulthood. In the first study we wanted to replicate findings of blunted 

endocrine and cardiovascular stress reactivity in association with ACEs in a sample of 

healthy young women. Additionally, we investigated the association of age of occurrence 

and duration of adverse events with cortisol and heart rate reactivity. We could show 

that number of ACEs was associated with blunted cortisol and heart rate (HR) response 

to stress in a dose-response relationship. Duration of ACEs was associated only with 

blunted cortisol response and age of occurrence did not contribute further to the blunted 

stress response. In the second study we wanted to investigate whether blunted 

cardiovascular stress response is due to less sympathetic activity (indexed by systolic 

blood pressure, SBP) or less parasympathetic withdrawal (indexed by respiratory sinus 

arrythmia, RSA). A mediation model showed that the effect of ACEs on HR was 

mediated by SBP but not RSA reactivity which indicates a downregulation in 

sympathetic activity. Future research will need to clarify whether these findings indicate 

risk or resilience. The aim of the third study was to shed more light on the association of 

chronotype and social jetlag with unhealthy habits and health related parameters. We 

could replicate the association among late chronotype, social jetlag and higher alcohol 

consumption. Furthermore, our results suggest a relationship between ACEs and 

chronotype. Although it can be hypothesized that it is rather ACEs that have an impact 

on chronotype, further research is needed to explore this relationship more. In 

conclusion, results of the present dissertation corroborate the knowledge about the 

altering impact of different stressors on behavior and psychophysiological functioning 

even in a sample of healthy young women. In the same time, results also show that our 

sample was not impacted by these stressors at all levels which may imply the presence 

of protective factors or the adaptive nature of alterations of psychophysiological 

mechanisms.  



  8 

2 THEORETICAL BACKGROUND 

2.1 Stress 

Stress is omnipresent in western societies – from our daily life to interpersonal 

relationships, at work, as well as in science and politics. It is often negatively connotated 

and associated with impaired subjective wellbeing and feelings of anxiety and frustration 

caused by being pushed beyond one’s ability to cope successfully. Work stress, as a 

prominent example, is associated with huge health and economic costs. A regular 

survey examining work stress and its consequences in the Swiss population showed 

that in 2018 27.1% of working people reported having more stress than resources at 

work, 30% reported being emotionally exhausted, and the costs of health-related 

productivity losses was estimated to be about 6.5 billion Swiss francs in the year 2018 

(Gesundheitsförderung Schweiz, 2018). Also, stress is a known factor in the 

development of psychiatric disorders such as posttraumatic stress syndrome, 

depression, and insomnia (Espie, 2002; Hautzinger, 1997; Sass et al., 2003). It is 

associated with unhealthy habits, negative health outcomes, as well as cardiovascular 

disease, immune dysfunction or HIV progression (Chrousos, 2009; Cohen et al., 2007; 

Heikkilä et al., 2013). 

The term stress is used so much and in so many different ways, that it seems 

ambiguous and hard to find a common definition (Kagan, 2016). According to Lazarus & 

Folkman (1984) it describes experiences that are emotionally and/or physically 

challenging and that are defined by a stimulus (stressor), which may be perceived as 

burdening, and a following response (stress response). Stressors can be major life 

events (e.g. getting married, birth of a child, death of a loved one), abuse and trauma but 

also daily hassles, economic insecurity, poor health, interpersonal conflicts or 

environmental stressors. They can be characterized in terms of their personal 

significance (low vs. high personal meaning) and in terms of their duration (acute vs. 

chronic) (Ehlert et al., 2013). The significance of an event to the person shapes the 

emotional, behavioral and psychophysiological response (Ehlert et al., 2013; Lazarus & 

Folkman, 1984). People usually perceive situations as threats, when they are appraised 

as high in personal meaning, novelty, and unpredictability and low in controllability 
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(Folkman, 2013). Acute stressors range from daily hassles, like missing the bus to 

critical life events such as loss of a job, illness, and divorce to life-threatening and 

traumatic events such as rape, severe accidents or natural disasters (Ehlert et al., 

2013). Chronic and long-lasting stressors can range from lasting work pressure or 

dissatisfaction, to chronic illness, poverty and war to the point of repeated adverse 

experiences such as childhood neglect, physical, sexual or emotional abuse (Ehlert et 

al., 2013). Not all stressors are bad and there are considerable individual differences in 

the appraisal and perceiving of stressors as well as in coping strategies one chooses 

(Ehlert et al., 2013; Lazarus & Folkman, 1984). Nevertheless, all living organisms must 

maintain a homeostasis (complex dynamic equilibrium), which is constantly challenged 

by internal and external stressors not withstanding whether they are perceived as “good” 

or “bad” stress, whether they are long lasting or acute (Chrousos, 2009). The adaptive 

and active process by which the body maintains or restores homeostasis is called 

allostasis which basically means achieving stability through change (McEwen, 1998b; 

Sterling & Eyer, 1988). Allostasis comprises two parts: first the initiating of a complex 

adaptive pathway in the face of threat or challenge and second, the effective shutting off 

of the response when the threatening or challenging situation is over (McEwen, 1998a). 

The autonomic nervous system (ANS) and the hypothalamic-pituitary-adrenal (HPA) 

axis are key players in the allostatic response. As essential as they are for effective 

adaptation, exceeding, prolonged or chronic activation of these systems can interfere 

with their adaptive function (Chrousos, 2009; McEwen, 1998b). They can then become 

overreactive, fail to shut off or fail to respond which may lead to negative health 

outcomes as well as physical and mental disease and is called allostatic load - the price 

of adaptation (McEwen & Stellar, 1993).  

2.2 The Human Stress System 

The human stress system is a system of different neural and neuroendocrine effectors 

that are recruited by the brain as soon as it perceives stressor-related sensory 

information (interoceptive and exteroceptive cues). The resulting stress response 

consists of an array of physiologic and behavioral central and peripheral adaptive 

responses (Charmandari et al., 2005; Chrousos, 2009). Behavioral changes include 

increased arousal and alertness, improved cognition and focused attention as well as 
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inhibited nonadaptive functions like appetite, growth and reproduction. Physical 

adaptation happens in the form of redirection of energy to the central nervous system 

(CNS), the brain, the heart and the skeletal muscles, increase of cardiovascular tone 

and respiratory rate and inhibition of digestion, growth and immunity (Charmandari et al., 

2005; Chrousos & Gold, 1992). In order to evolve a stress response all involved systems 

such as the endocrine system, the autonomic nervous system, the CNS and the immune 

system, must be highly integrated and connected so that they can initiate, reinforce, or 

inhibit each other. This happens through central control stations like the parvocellular 

corticotropin releasing hormone (CRH) and arginine-vasopressin (AVP) neurons of the 

paraventricular nuclei (PVN) which are located in the hypothalamus as well as through 

the locus coeruleus-norepinephrine (LC-NE) system in the brainstem (Tsigos & 

Chrousos, 2002). The hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic 

and parasympathetic branches of the autonomic nervous system (ANS) are the effectors 

through which the brain affects the organs during exposure to stressors (Tsigos & 

Chrousos, 2002). The central control stations mutually interact with multiple limbic 

forebrain structures, namely the amygdala, the hippocampus and the prefrontal cortex 

which allows influencing the activation of the HPA axis and the ANS by limbic 

information (e.g. emotions, sensory information, memory) (Ulrich-Lai & Herman, 2009).  

2.2.1 The autonomic nervous system (ANS) 

The ANS controls a wide range of functions in our body without our conscious, voluntary 

control. It regulates cardiovascular, respiratory, gastrointestinal, renal, endocrine and 

other systems and thus makes a significant contribution to the homeostasis of our 

organism (Charmandari et al., 2005). Concerning our stress system, it is the ANS that 

provides the most rapid and immediate response to stressor exposure through its two 

branches, the sympathetic nervous system (SNS) and the parasympathetic nervous 

system (PNS). Within seconds after the onset of exposure to a stressor, alterations in 

physiological states, that are known as “fight or flight” response, are provoked through 

neural innervation of end organs (Ulrich-Lai & Herman, 2009). Whereas the sympathetic 

system acts as initiator of the “fight or flight” response, the PNS can assist as well as 

antagonize sympathetically innervated functions by either withdrawing or increasing its 

activity (Chrousos, 2007). Both systems are tonically active and enhance or inhibit tissue 



  11 

activity through changes in the frequency of discharge of neurons (McCorry, 2007). The 

ANS transports impulses from the CNS to the effector tissue via a synapse within an 

autonomic ganglion. The preganglionic neuron, which originates in the CNS with its cell 

body in the brainstem or the lateral horn of the gray matter, synapses with the 

postganglionic neuron within an autonomic ganglion outside the CNS. The 

postganglionic neuron in turn innervates the effector tissue at the target organ. 

In the presence of a stressor, the LC is activated and responds by increasing NE 

secretion, which increases alertness, attention, and arousal. NE stimulates the secretion 

of CRH from the hypothalamus (which leads to the activation of the HPA axis) and 

increases the sympathetic discharge of epinephrine (EPI) and NE (Benarroch, 2009). 

Sympathetic activation leads to stimulation of the adrenal medulla of the adrenal gland 

which as a result releases EPI and NE into the bloodstream 

(sympathetic/adrenomedullary system (SAM); Hellhammer, 2008; Ulrich-Lai & Herman, 

2009). In the periphery, sympathetic activation leads to enhanced cardiovascular and 

pulmonary function. This is reflected, among other things, in an upregulation of blood 

pressure in order to sufficiently supply muscles and other organs with blood during 

stress exposure. Systolic blood pressure (SBP) is regulated nearly exclusively by the 

SNS, thus constitutes an index of sympathetic cardiovascular activity (Obrist, 1981; 

Silvestrini & Gendolla, 2011). 

Tonic parasympathetic activation predominates over sympathetic tone at rest and 

promotes in general functions of growth and restoration (Porges, 1992). It enables 

restoration of homeostasis after stressful situations by inhibiting sympathetic activation 

but also facilitates SNS activation after threat by withdrawing inhibitory function. The 

vagus nerve is a fundamental part of the PNS. Its activity through parasympathetic 

innervation is referred to as vagal tone and has effects on the heart, lungs and the 

digestive system. Vagal tone regulates autonomic arousal and promotes calm states 

(Porges, 2007). High cardiac vagal tone during rest and decrease of vagal influence 

(high withdrawal thereby assisting SNS activation) during threatening situations is 

associated with higher psychological and behavioral flexibility (Fabes & Eisenberg, 

1997; Kok & Fredrickson, 2010; Porges, 2007). Respiratory sinus arrhythmia (RSA) is a 

rhythmical fluctuation in heart rate that occurs during each breathing cycle, in the form of 
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increasing heart rate when breathing in and decreasing when breathing out (Berntson et 

al., 1993). This systematic variability has been shown to be a non-invasive selective 

index of cardiac vagal activity. The amplitude of RSA increases with rest and relaxation 

and decreases with physical and mental stress (Hayano & Yasuma, 2003). 

2.2.2 The hypothalamic-pituitary-adrenal (HPA) axis 

The HPA axis is a neuroendocrine system through which the hypothalamus, the anterior 

pituitary gland and the adrenal cortex direct neuroendocrine function and control the 

secretion of adrenocorticotropin (ACTH) as well as its final effector cortisol. CRH is the 

main hypothalamic regulator of the HPA axis. It is released by the PVN of the 

hypothalamus together with AVP, which has little ACTH secretagogue activity alone but 

is a potent synergistic factor together with CRH (Gillies et al., 1982). In non-stressful 

situations CRH and AVP are secreted according to a circadian rhythm in a pulsatile 

fashion with a peak in the early mornings just before waking, followed by a steady 

decline down to the lowest levels during sleeping (Horrocks et al., 1990). The release of 

CRH and AVP stimulates the ACTH secretion by the anterior pituitary gland. ACTH 

travels via bloodstream to the adrenal cortex where it rapidly stimulates the biosynthesis 

of glucocorticoids, namely cortisol (e.g. Tsigos & Chrousos, 2002; Ulrich-Lai & Herman, 

2009). The circadian rhythmicity, which is synchronized by external and internal 

Zeitgebers like the light-dark cycle or internal body clocks, can be disturbed by changes 

in light, feeding schedules, social cues and is disrupted by stress (Russell & Lightman, 

2019; Tsigos & Chrousos, 2002). Stressor exposure increases the amplitude and 

synchronization of CHR and AVP pulsation in the PVN of the hypothalamus which then 

leads to increased ACTH and cortisol secretion (Tsigos & Chrousos, 1994). In addition, 

the adrenal cortex is directly innervated by the sympathetic nervous system which can 

potentiate HPA axis’ activity (Ulrich-Lai & Engeland, 2005). Cortisol reaches peak levels 

between 10 and 30 minutes after stress onset (Kirschbaum & Hellhammer, 2000). 

Cortisol has a strong catabolic action and ensures a steady supply of glucose which 

increases availability of energy and supports increased metabolic demands under stress 

(Danese & McEwen, 2012; Tsigos & Chrousos, 2002). It also improves cardiovascular 

tone, alters immune function and shapes future stress responses through actions in the 

CNS (McCormick & Mathews, 2007). Cortisol participates not only in the control of the 



  13 

body’s homeostasis and stress response but also, plays a key regulatory role in the 

basal activity of the HPA axis and on the termination of the stress response by inhibitory 

glucocorticoid feedback via receptors in the hippocampus, the PVN, and the anterior 

pituitary gland (Charmandari et al., 2005; Tsigos & Chrousos, 2002). This negative 

feedback prevents further CRH and AVP secretion and leads to a limitation of exposure 

to glucocorticoids and thereof should reduce the immunosuppressive, antireproductive, 

and catabolic effects of cortisol and other glucocorticoids (de Kloet et al., 1998).  

2.3 Adverse Childhood Experiences and the Human Stress System 

Genetics, development, and environmental factors are thought to have great influence 

on the development of individual differences in stress reactivity as well as hyper- and 

hypoactivation of stress response (Charmandari et al., 2005). The stress system is 

especially sensitive to stressors during prenatal life, childhood, and adolescence due to 

increased plasticity of its brain components during these times (Charmandari et al., 

2005). Exceeding or prolonged activation of the stress system during these critical 

periods by environmental triggers could have permanent effects on neurodevelopment 

and thereby altering the stress reactivity of the HPA axis and the SNS (Grassi-Oliveira et 

al., 2008). This form of stress in childhood (occurring before the age 18) is often referred 

to as adverse childhood experiences (ACEs) and includes events like physical abuse, 

sexual abuse, emotional abuse, emotional and physical neglect, household 

dysfunctions, direct and indirect victimization as well as peer, community and collective 

violence (World Health Organisation, n.d.). According to the World Health Organization 

(WHO) 3 in 4 children aged 2-4 years regularly suffer from physical punishment or 

psychological violence by their caregivers, one in five women and one in 13 men report 

having been sexually abused before the age of 17, and 120 million girls and young 

women under 20 years report having been victims of forced sexual contact (World 

Health Organisation, 2020). Child maltreatment and abuse is a global problem, causes 

immense suffering and can have physical and mental long-term consequences as well 

as high economic costs. ACEs are associated with a higher risk for the development and 

persistence of physical and mental illness, especially mood and anxiety disorders, 

substance abuse, cardiovascular disease, and autoimmune disorders (De Bellis, 2002; 

Felitti et al., 1998; Gilbert et al., 2009; Goodwin & Stein, 2004; Heim & Nemeroff, 2001; 
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Weber et al., 2008; Wegman & Stetler, 2009). It is assumed that ACEs alter patterns of 

endocrine and autonomic discharge thereby creating a state of allostatic load in the 

long-term (cf. reviews by Chrousos & Gold, 1992; Lovallo, 2011; McEwen, 1998b). 

Allostatic load can take different directions: stress response can become overreactive or 

fail to shut off resulting in a hyperactivity of the stress system or fail to respond which 

leads to blunted stress response pattern (Fries et al., 2005; Lovallo, 2011; McEwen & 

Stellar, 1993). Importantly, research and theory suggest that there is a normal 

magnitude in reactions to stress but deviations in both directions – exaggerated or 

diminished – may increase vulnerability to stress-related diseases (Carroll et al., 2009; 

Lovallo, 2011). Endocrine and autonomic response can be mediated or moderated at all 

levels by genetic predisposition as well as epigenetic programming during development 

(fostering either resilience or vulnerability) (Charmandari et al., 2005).  

2.3.1 Effects of ACEs during child development 

There is evidence for highly sensitive developmental periods during which stress 

exposure can have enduring influence on the formation of stress response pattern 

(Fumagalli et al., 2007; Tarullo & Gunnar, 2006; Tottenham & Sheridan, 2010). To reach 

full maturation, the nervous, endocrine and immune systems undergo significant age-

related changes from birth until early adulthood. Seen from an evolutionary perspective, 

this prolonged period of maturation makes perfect sense as it helps facilitate adaptation 

based on childhood experience-dependent information (Bateson et al., 2004). The 

negative “side-effect” is, that ACEs, being experience-dependent information as well, 

may cause lasting alterations in stress reactivity. Still, the extent to which ACEs 

influence the development of the stress system varies across individuals based on type 

of ACEs, timing, duration and number of ACEs and the individual characteristics of a 

child including resilience and vulnerability factors, genetic background, previous 

experience as well as available social support (Danese & McEwen, 2012). 

Intra-uterine exposure to maternal psychosocial stress has been associated with altered 

endocrine and immune function, higher BMI, dysregulation in glucose-insulin 

metabolism, and decreased gray matter density as well as altered working memory 

performance in adulthood (Entringer et al., 2009; Entringer, Kumsta, et al., 2008; 

Entringer, Wüst, et al., 2008).  
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Healthy newborns show robust increases in cortisol and ACTH in response to aversive 

stimuli like physical examinations (Gunnar et al., 1992). Over the first year of life 

responsiveness of the HPA axis to these stressors decreases (although infants continue 

to show behavioral distress) and this decrease persists throughout preschool years 

(Gunnar, Brodersen, Krueger, et al., 1996; Larson et al., 1998; Lewis & Ramsay, 1995). 

Cortisol levels of toddlers and preschoolers do not show elevation in response to mildly 

threatening situations like the first day of nursery school even if causing distress and 

inhibition of approach (de Haan et al., 1998; Gunnar et al., 1997; Nachmias et al., 1996; 

Spangler & Schieche, 1998). This hyporesponding to stress (called stress 

hyporesponsive period (SHRP)) is thought to protect the brain from the deleterious effect 

of an increased adrenocortical hormone level in a sensible period of the development of 

the brain and its reaction to stress (Tarullo & Gunnar, 2006). Parental caregiving has 

been shown to be a strong mediator for the SHRP. In the presence of the attachment 

figure securely attached toddlers show no elevations in cortisol in response to mild 

stressors (Ahnert et al., 2004; Gunnar, Brodersen, Nachmias, et al., 1996). In the 

absence of a responsive caregiver, which might be the case in some cases of child 

maltreatment or ACEs, toddlers and preschoolers are equally vulnerable to cortisol 

elevations like younger infants (Gunnar & Donzella, 2002). There are several studies 

that have explored the effects of maltreatment on basal functioning of the HPA axis, 

response to psychosocial stress tasks, and response to pharmacological stimulation with 

CRH. Still, findings are not consistent. There are studies reporting elevated basal 

cortisol levels (Carrion et al., 2002; Cicchetti & Rogosch, 2001a, 2001b; De Bellis et al., 

1999), whereas other found rises during the day (Hart et al., 1996; Kaufman, 1991) or no 

difference at all (Hart et al., 1995). Nevertheless, the picture becomes clearer when 

current psychiatric status is taken into account. Maltreated children with internalizing 

disorders or PTSD seem to have elevated basal cortisol in contrast to maltreated 

children without psychiatric disorders or normal controls (De Bellis et al., 1994, 1999; 

Hart et al., 1996; Kaufman, 1991). Maltreated children with externalizing disorders did 

not differ in basal cortisol levels from normal controls (Cicchetti & Rogosch, 2001b; Hart 

et al., 1995). This could be interpreted as a normally functioning HPA system but studies 

with non-maltreated externalizing children showed that they rather exhibit a tendency to 

a lower basal cortisol level than normal controls (King et al., 1998; McBurnett et al., 
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1991, 2000). Concerning laboratory psychosocial stress tests maltreated children 

showed blunted neuroendocrine stress response. As mentioned above, a blunted HPA 

response to a stressor is associated with allostatic load (MacMillan et al., 2009; Ouellet-

Morin, Danese, et al., 2011; Ouellet-Morin, Odgers, et al., 2011). A blunted cortisol 

response to an acute psychosocial stressor could be the result of a compensatory down-

regulation of the central negative feedback mechanism regulating the HPA axis in the 

context of a chronic HPA activation (Danese & McEwen, 2012; Fries et al., 2005).  

In typically developing children basal cortisol level start to increase with the beginning of 

the pubertal status which sets an end to the SHRP (Halligan et al., 2004; Netherton et 

al., 2004). This could be due to a change in sex steroid levels which in turn influence 

HPA axis activity (McCormick & Mathews, 2007; Tarullo & Gunnar, 2006). A number of 

studies have found that ACEs and child maltreatment is associated with early puberty 

onset (Costello et al., 2007; Foster et al., 2008; Romans et al., 2003). This would be in 

line with findings from Ellis (2004) who found that extremely severe stressors delay 

pubertal maturation whereas mild to moderate stressors accelerate it. Dampened or 

elevated HPA axis activity may allow or suppress the start of the cascade of pubertal 

hormones via the hypothalamic-pituitary-gonadal axis respectively (Negriff et al., 2015). 

However, studies investigating the impact of ACEs on the stress system of adolescents 

occurring after the onset of puberty have not been conducted so far.  

2.3.2 Long-term effects of ACEs on HPA and ANS 

Different stress reactivity phenotypes have appeared in the context of ACEs and adult 

HPA activity. These different phenotype patterns may be moderated and confounded by 

the presence or absence of psychopathology (Danese & McEwen, 2012). A number of 

studies show exaggerated HPA axis reactivity in adults with a history of ACEs and 

current psychopathology (Bremner et al., 2003; Heim, Newport, et al., 2000; Heim & 

Nemeroff, 2001; Rao et al., 2008). Bremner et al. (2003) reported that adults with PTSD 

related to childhood abuse showed higher levels of salivary cortisol in the time period 

leading up to and during a cognitive stress challenge than healthy controls. Also, women 

with a history of ACEs and current depressive disorder showed increased cortisol and 

ACTH responses to the Trier Social Stress Test compared to non-maltreated and non-

depressed controls (Heim, Newport, et al., 2000). Research in adult individuals with a 
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history of ACEs but no current psychopathology shows a different pattern. There is a 

growing number of studies showing blunted endocrine stress response in association 

with ACEs and no current psychiatric disorder. This is in line with the picture of “resilient” 

children, who report blunted stress responses to psychosocial stress in the absence of 

current psychopathology (Carpenter et al., 2007, 2011; Elzinga et al., 2008; Lovallo et 

al., 2012). Lovallo et al. (2012) showed in a sample of healthy adults, that the more 

adverse experiences were reported the smaller cortisol and heart rate responses to a 

psychosocial stress test. This finding supports the assumption of a dose-response 

relationship between ACEs and reactivity to psychosocial stress. Although findings of 

hyporeactivity of the HPA axis to acute stressors in healthy subjects reporting ACEs are 

mostly identical in recent studies, there are still many open questions about the 

association of ACEs and the stress system. There is evidence, that the exposure to 

chronic stressors in childhood affects stress reactivity in adulthood more than the 

exposure to acute stressors in childhood (Tarullo & Gunnar, 2006). Basal cortisol levels 

increase from childhood to adolescence and it is believed that maturation of the diurnal 

rhythm of cortisol is finally installed during puberty (Carpenter et al., 2011). Adverse 

experiences before puberty could therefore have a different impact on stress response 

than stressors experienced after the onset of puberty. 

There are a few studies reporting altered ANS activity in adults with a history of ACEs. 

Results are mixed and there are findings of hyper- as well as hypoactivity of both 

branches of ANS. Concerning tonic sympathetic activity there are findings that show 

elevated sympathetic activity in adults with PTSD (Blechert et al., 2007; Buckley & 

Kaloupek, 2001; Kirsch et al., 2011) whereas in non-clinical samples both higher or no 

baseline difference in SBP or heart rate was detected (Leitzke et al., 2015; Lovallo et al., 

2012). Results concerning sympathetic stress reactivity are also inconsistent. Some 

studies show heightened SNS reactivity (Heim, Newport, et al., 2000; Oosterman et al., 

2010) others show blunted SNS response (Blechert et al., 2007; Cohen et al., 2000; 

Leitzke et al., 2015; Lovallo et al., 2012) in both clinical and non-clinical samples. Lower 

tonic RSA in association with ACEs was found in clinical and non-clinical samples as 

evidence for the effect of early adversities on PNS (Blechert et al., 2007; Cohen et al., 

1997; Dale et al., 2009; Miskovic et al., 2009). RSA withdrawal, as a measure of 
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parasympathetic stress response, is shown to be lower in the context of adversity in 

non-clinical samples (Arditi-Babchuk et al., 2009; Dale et al., 2009). In Participants with 

PTSD no change in RSA between resting condition and trauma recall could be 

measured in contrast to healthy controls (Cohen et al., 1998). Still, there are also studies 

that found no association of ACEs and RSA (Shenk et al., 2014; van Ockenburg et al., 

2015). Clarifying the role of the SNS and the PNS in the response to stress in individuals 

with a history of ACEs is important. An attenuated heart rate response, as reported by 

Lovallo et al. (2012) can be the result of sympathetic hyporeactivity, less 

parasympathetic withdrawal during stress or even a combination of both.  

2.4 Chronotype and Social Jetlag 

Sleep is an essential process in which the human organism physically restores itself and 

stimulates important cognitive functions like memory processing and consolidation 

(Morin, 1993; Saletu, 2004; Tononi & Cirelli, 2006). It is initiated and regulated by the 

circadian clock whose central part lies in the suprachiasmatic nuclei (SCN) of the 

hypothalamus. Disruptions of this homeostatic system in the form of reduced sleep 

duration resulting in sleep debt could lead to allostatic load or overload and thereby 

constitute important stress factors in our daily lives (McEwen, 2016). The circadian clock 

actively synchronizes to the light-dark cycle, showing the same period as the zeitgeber 

cycle (which is 24 hours on earth) as a result. This stable relationship with the zeitgeber 

is called phase of entrainment (Roenneberg et al., 2019).  

2.4.1 Chronotype 

A person’s individual phase of entrainment is called chronotype. Chronotype is 

conceptualized either as psychological trait stating each’s preference in timing of sleep 

and wake, or as biological construct (Horne & Östberg, 1977; Roenneberg et al., 2003, 

2019). Although there are considerable inter-individual differences in self-selected sleep 

timing, the distribution of chronotypes within the population is almost normal and ranges 

from extremely early to extremely late chronotypes (Roenneberg, Kuehnle, et al., 2007). 

Early chronotypes wake up early in the morning and fall asleep early in the evening and 

vice versa late chronotypes fall asleep late in the evening and wake up late in the 

morning (Adan et al., 2012). Chronotype is regulated by the sleep homeostat and the 

internal circadian clock (Buhr et al., 2010; Roenneberg, Kumar, et al., 2007; Stokkan, 
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2001). Zeitgeber-strength, homeostatic build-up sleep pressure, age, sex and genetic 

variations in so-called “clock” genes are all factors, which lead to the above-mentioned 

inter-individual differences in chronotype (Adan & Natale, 2002; Brown et al., 2008; 

Cajochen et al., 2006; Dibner et al., 2010; Roenneberg & Merrow, 2007).  

2.4.2 Social jetlag 

In contrast to the normal distribution of chronotypes in the population, school- and work-

times are fairly narrowly distributed with the major part of the working population of 

central Europe starting work between 07:00 and 09:00 a.m. (Roenneberg et al., 2015). 

People’s individual chronotypes can interfere with timing of working hours, school or 

social schedules. Late chronotypes might be forced to get up before their biologically 

driven wake-up time, whereas early chronotypes might have to stay up longer into their 

biological night. For late chronotypes, the combination of early wake-up times (controlled 

by external timing) along with late sleep onset (controlled by internal time) leads to the 

accumulation of sleep debt on workdays which will then be compensated for on work-

free days by sleeping longer (Roenneberg et al., 2003). This discrepancy between 

internal and external timing is quantified by the absolute difference between midsleep on 

workdays and midsleep on work-free days and is referred to as social jetlag (Wittmann 

et al., 2006). Although late chronotypes suffer more from social jetlag, early chronotypes 

do suffer from social jetlag as well, for example when they stay up long into the night 

without the possibility of sleeping longer the following day due to their normal wake-up 

time (Wittmann et al., 2006).  

2.4.3 Health consequences of chronotype and social jetlag 

Chronotype as well as social jetlag are associated with different adverse health 

consequences and unhealthy habits (Fabbian et al., 2016). Late chronotypes report 

lower sleep quality and more daytime sleepiness (Giannotti et al., 2002; Taillard et al., 

2003; Volk et al., 1994), more depressive symptoms (Levandovski et al., 2011), and less 

healthy lifestyles and dietary habits (Kanerva et al., 2012; Malone et al., 2016). 

Furthermore, they have a higher risk for type 2 diabetes (Merikanto et al., 2013), and 

consume more alcohol, nicotine, and caffeine (Adan, 1994; Wittmann et al., 2006). 

Likewise, more social jetlag is associated with more depressive symptoms (Levandovski 

et al., 2011), increased body mass index (BMI) and obesity (Parsons et al., 2015; 
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Roenneberg et al., 2012), as well as increased consumption of nicotine, caffeine, and 

alcohol (Wittmann et al., 2006). It is well known that chronotype depends not only on 

genetics but also on age and sex (Roenneberg et al., 2015). In addition, findings by 

Fabbian et al. (2016) show that especially in women a tendency to later chronotype 

might act as an unfavorable aspect in the onset of mental or physical disorders. 

2.4.4 Chronotype, social jetlag and ACEs 

The clock and the stress system are both fundamental for survival and mutually interact 

with one another to adjust to changing conditions (Nader et al., 2010). The central part 

of the clock system located in the SCN regulates the daily rhythmic release of 

glucocorticoids and alters the sensitivity of the adrenal cortex to ACTH through 

activation of the autonomic nervous system (Ishida et al., 2005; Kalsbeek et al., 2006). 

On the other hand, HPA axis activity influences the activity of the peripheral clocks 

through glucocorticoids in a resetting manner (Balsalobre et al., 2000). Later chronotype 

has been shown to be associated with higher salivary cortisol levels after awakening, a 

later acrophase of the circadian rhythm of serum cortisol and an increased cortisol 

stress response after a standardized laboratory psychosocial stress induction (Bailey & 

Heitkemper, 2001; de Punder et al., 2019; Kudielka et al., 2007; Randler & Schaal, 

2010). Also, more social jetlag has been shown to be associated with higher 5-h cortisol 

levels and increased resting heart rate (Rutters et al., 2014). Both ACEs as well as 

chronotype and social jetlag seem to influence our stress system. Also, the association 

of a history of ACEs with sleep related problems has been well documented so far 

(Bader et al., 2007; Chapman et al., 2011, 2013; Kajeepeta et al., 2015; Koskenvuo et 

al., 2010; Schäfer & Bader, 2013). Still, it has not yet been investigated whether ACEs 

are linked to chronotype and social jetlag. 
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3 OVERVIEW OF THE RESEARCH PROJECT 

Data of all studies of this dissertation were collected in the context of a larger study 

investigating adverse childhood experiences, acute stress, emotion regulation, and 

sleep in healthy young women. The following section will give a brief overview of the 

research questions, the study designs and methods of the respective articles.  

3.1 Research Questions 

The main objective of the present dissertation was to contribute to the knowledge about 

the impact of stress on healthy young women. The aim of the first two studies was to 

gain further knowledge about the psychophysiological consequences of stress 

experienced in childhood and adolescence. The aim of the third study was to shed more 

light on the association of chronotype and social jetlag (as a form of daily stress) with 

behavioral consequences in the form of unhealthy habits. 

3.1.1 Research question: ACEs, cortisol and HR (Study 1) 

As mentioned above, ACEs can alter the stress system and are considered to be a 

cause of an increased susceptibility to stress-related disorders. While some studies 

report exaggerated HPA axis and SNS reactivity associated with ACEs and 

psychopathology (Heim, Newport, et al., 2000; Rao et al., 2008), blunted cortisol and 

heart rate responses were observed in non-clinical samples after stress induction 

(Carpenter et al., 2011; Lovallo et al., 2012). The aim of this study was to replicate the 

findings of blunted endocrine and cardiovascular stress reactivity in associations with 

ACEs in a sample of healthy young women. Furthermore, we wanted to look at the 

association of age of occurrence as well as duration of ACEs with cortisol and heart rate 

reactivity in adulthood.  

3.1.2 Research question: ACEs, RSA and SBP (Study 2) 

In the first study, we found blunted cardiovascular stress response in association with 

higher number of ACEs which is accordance with findings from Lovallo et al. (2012). 

Still, it remains unclear whether this is due to less sympathetic activity or less 

parasympathetic withdrawal, as heart rate is regulated by both branches of the ANS. 

The aim of this article was therefore to clarify the role of the SNS (indexed by systolic 

blood pressure, SBP) and the PNS (indexed by respiratory sinus arrythmia, RSA) in 
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mediating the effect of ACEs on blunted HR reactivity after psychosocial stress 

induction. 

3.1.3 Research question: Chronotype, social jetlag, alcohol intake and ACEs (Study 3) 

In the third study we aimed to replicate the findings of associations of chronotype and 

social jetlag with alcohol and caffeine intake, depressive symptoms and other health 

related parameters in a sample of healthy young women. Most research to date was 

conducted with male or mixed-gender study samples, mostly with a wide age range. 

Fabbian et al. (2016) have shown that especially in women a tendency to later 

chronotype might act as an unfavorable aspect in the onset of mental or physical 

disorders. Therefore, it is of great importance to examine possible associations in an all-

female sample. Additionally, we intended to explore whether social jetlag and 

chronotype are associated with ACEs which has not yet been investigated to the best of 

our knowledge. 

3.2 General Study Procedure 

Young healthy women, aged 18 to 25 years were recruited at three schools for health 

care professions and social work in Basel. During the first appointment they were 

screened for exclusion criteria (physical or psychiatric illness, pregnancy, regular heavy 

tobacco use, use of illegal drugs, night shift work, use of any medication interfering with 

sleep, the ANS or the adrenocorticoid system), provided written informed consent and 

filled in paper-pencil questionnaires. Participants then started a two-week ambulatory 

assessment of stress, sleep, and daily consumption of stimulants using palm handhelds 

and actometric watches.  

Participants reported to the laboratory after one week for a stress test, which lasted for 

approximately 2.5 hours and took place between 3:30 and 6:00 pm to control for 

circadian variation of cortisol. Participants were told that the laboratory assessment 

would include a test on cognitive performance. Upon arrival, participants were seated in 

a comfortable chair and a baseline period as well as a paced breathing task followed. 

Then participants engaged in the stress test, which was followed by a recovery period. 

At the end of the laboratory testing, participants were debriefed. During the laboratory 

assessment participants provided several saliva samples to measure their free salivary 
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cortisol and several psychophysiological measures were assessed. The Montreal 

Imaging Stress Task (MIST; Dedovic et al., 2005), a standardized computer-supported 

psychosocial stress test during which participants solve arithmetic tasks under time 

pressure and social evaluation, was used to induce a psychosocial stress response. The 

software adapts the difficulty of the tasks to the individual performance level of each 

participant, so that it is not possible to correctly answer more than 45-50 % of the 

arithmetic tasks in the experimental condition. Participants had to complete three 

experimental runs, each lasting four minutes. 

3.3 Methods: ACEs, Cortisol and HR (Study 1) 

3.3.1 Design and procedure 

The relationship between ACEs and endocrine as well as cardiovascular stress reactivity 

after psychosocial stress induction was investigated using a quasi-experimental 

approach. Free salivary cortisol and heart rate were assessed repeatedly before and 

after participants engaged in the MIST. For women taking no oral contraceptives, the 

laboratory assessment was held in the luteal phase of the participant’s menstrual cycle 

(Kirschbaum et al., 1999). 

3.3.2 Study sample 

The sample included 104 women aged between 18 and 25 (M = 21.7; SD = 1.5). 

3.3.3 Data assessment 

ACEs before the age of 18 years were assessed retrospectively using a German 

translation of the ETI-SR (Bremner et al., 2007), which includes general trauma (31 

items), physical (9 items), emotional (7 items), and sexual abuse (15 items). Different 

ACE scores were built by summing up events: ACE total sum score (ACEs with an 

emotional impact of at least 1), ACEs<one year and ACEs>one year (ACEs lasting less 

or more than one year), and ACEs before and after menarche. Additionally, age of first 

ACE occurrence was derived by taking the age at the earliest event across all domains 

for each participant. Free salivary cortisol samples were taken at seven measurement 

points before, during and after the MIST. Electrocardiogram (ECG) recordings were 

taken and heart rate was averaged for baseline, stress (three measurements) and 

recovery. 
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3.3.4 Statistical analyses 

Repeated measures General linear model (GLM) was used to assess if the stress task 

led to a significant psychophysiological (salivary cortisol, heart rate) and subjective 

emotional stress response. In a second step, GLMs for repeated measures served to 

determine the effects of ACEs on endocrine and cardiovascular responses. In these 

models, the different ACE scores were used as continuous variables to examine effects 

of time, ACE scores, and the interaction of time by ACE scores. BMI and use of oral 

contraceptives were included as covariates in all analyses. Emotional response to the 

MIST was entered as covariate in post-hoc analyses. 

3.4 Methods: ACEs, RSA and SBP (Study 2) 

3.4.1 Design and procedure 

The relationship between ACEs and sympathetic as well as parasympathetic 

cardiovascular stress reactivity after psychosocial stress induction was investigated 

using a quasi-experimental approach. SBP, interbeat interval (IBI) and RSA were 

assessed while participants engaged in the MIST.  

3.4.2 Study sample 

The sample included 146 women aged between 18 and 25 (M = 21.7; SD = 1.7). While 

all of the 146 participants completed the study, acute respiratory illness during the 

laboratory session, technical difficulties with the data acquisition system and technical 

failure of the respiration sensors resulted in a final sample of 118 participants for whom 

all relevant physiological data for the current analysis were available. 

3.4.3 Data assessment 

ACEs were summed up to a total score of occurred events (ACE total score). SBP, RSA, 

IBI (a measure inversely related to HR) and respiratory rate (RR) were assessed before, 

during and after MIST. For all physiological variables, averages for baseline and the 

three stress periods were computed. Baseline-to-stress reactivity scores () were 

computed by subtracting baseline values from the mean of all three stress runs. Note 

that for RSA, higher values stand for less RSA withdrawal. RR was assessed to 

account for its potential confounding influence on PNS change estimation by RSA in 

within-subject reactivity analyses (Grossman & Taylor, 2007). 
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3.4.4 Statistical analyses 

Two mediation models were calculated to test the indirect effects of ACEs on baseline 

IBI via baseline SBP and baseline RSA and on IBI via SBP and RSA. To account for 

RR as a potential cofounder for RSA, an adjusted RSA measure (RSAadj) was 

obtained by calculating residuals from a linear regression relating RR to RSA. 

3.5 Methods: Chronotype, Social Jetlag, Alcohol Intake and ACEs (Study 3) 

3.5.1 Design and procedure 

A quasi-experimental approach was used to investigate the association of chronotype 

and social jetlag with intake of alcohol and caffeine, depressive symptoms, BMI and 

ACEs. Daily consumption of alcohol and caffeine was assessed during a two weeks 

ambulatory assessment. After one week, participants completed a standardized 

questionnaire to assess chronotype and social jetlag. After completion of the two weeks, 

participants returned all material and filled in questionnaires about their subjective sleep 

quality as well as symptoms of depression. 

3.5.2 Study sample 

The sample included 146 women aged between 18 and 25 (M = 21.7; SD = 1.7). One 

subject was excluded for the analyses because she did shift work in the month before 

the study and filled in the sleep questionnaire according to the shift timetable resulting in 

a final sample size of 145 participants. The data set of one participant was incomplete 

due to missing information in the electronic diary, reducing the sample size in the 

analyses concerning alcohol and caffeine consumption. 

3.5.3 Data assessment 

ACEs were summed up to a total score of occurred events (ACE total score). The 

Munich Chronotype Questionnaire (MCTQ; Roenneberg et al., 2003) was used to 

assess timing of daily sleep. To estimate chronotype, the midpoint between sleep onset 

and waking on free days (MSF) was calculated, and then corrected for potential 

excessive free-day sleep times (MSFsc; Roenneberg et al., 2004). Additionally, 

participants were grouped into distinct categories of chronotype (early, intermediate, and 

late types) according to their MSFsc score (Juda et al., 2013). The discrepancy between 

work and free days served as measure of social jetlag and was calculated by subtracting 



  26 

the midpoint of sleep on workdays (MSW) from MSF. Daily consumption of alcohol and 

caffeine were assessed with a menu-driven computerized questionnaire on a Palm 

Tungsten E handheld. Participants were instructed to report the number of units of 

alcohol and caffeine they consumed on their handheld every day before bedtime. The 

German version of the Pittsburgh Sleep Quality Index (PSQI; Backhaus et al., 2002; 

Buysse et al., 1989) was used to assess subjective sleep quality and potential sleep 

problems. Symptoms of depression were assessed with the German version of the 

Center for Epidemiological Studies Depression Scale (CES-D; German version: ADS-K; 

Hautzinger & Bailer, 1993). 

3.5.4 Statistical analyses 

Two-tailed Pearson correlations were calculated to assess the relationships between 

chronotype, social jetlag, alcohol and caffeine consumption, depressive symptoms, BMI 

and PSQI-score. A Chi-Square test of independence was used to examine whether 

participants scoring above the ACE mean were distributed differently across the three 

groups of chronotype (early, intermediate, late) compared to participants scoring below 

the ACE mean. Additionally, Pearson correlations were computed in order to cross-

validate these results on a parametric level. 
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4 SUMMARY OF RESULTS 

The following section gives a brief overview of the results of all three articles. For more 

detailed descriptions and information see the original articles in the appendix. 

4.1 Results: ACEs, Cortisol and HR (Study 1) 

Results obtained by GLM repeated measure analyses indicated that the MIST induced a 

robust and significant increase in salivary cortisol, heart rate and emotional stress 

response. Results revealed no significant associations between the subjective emotional 

responses to the MIST and the total sum of ACEs or cortisol and heart rate responses. 

Repeated measures analysis of cortisol responses to stress showed a significant 

interaction of time x ACE total sum score as well as a significant main effect of ACE total 

sum score, indicating that more ACEs were associated with blunted cortisol response. 

Results also showed significant main effects and interactions for duration of ACEs>one 

year and ACEs before menarche. No significant effects were observed for ACEs<one 

year, ACEs after menarche and age of first ACE occurrence.  

Repeated measures analysis of heart rate response to stress showed significant main 

effect and interaction of ACE total sum score, indicating that more ACEs were 

associated with blunted heart rate response. Analyses with all other variables led to no 

significant main effects or interactions with heart rate response. 

4.2 Results: ACEs, RSA and SBP (Study 2) 

Mediational analyses for baseline measures resulted in no observed mediation between 

ACEs and baseline IBI via SBP and RSA. Still, the analyses indicated a significant 

association between ACEs and SBP as well as RSA and IBI. 

Mediational analysis for stress reactivity measures confirmed that the total effect 

(without mediators) of ACEs on IBI was highly significant. The indirect effect was 

statistically different from zero for SBP but not for RSAadj. The direct effect of ACEs 

on IBI was not significant anymore when including the mediators in the model. This 

indicates full mediation of this effect by SBP and a lack of mediation by RSA. 
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4.3 Results: Chronotype, Social Jetlag, Alcohol Intake and ACEs (Study 3) 

A significant positive correlation was found for MSFsc as well as social jetlag and the 

average alcohol intake per day, indicating that later chronotype and higher social jetlag 

were associated with higher average alcohol intake. When smoking was controlled for, 

the association of chronotype and alcohol intake was reduced to a trend level whereas it 

remained the same for social jetlag. No significant correlations were found between 

MSFsc or social jetlag and average caffeine intake, depressive symptoms, BMI, and 

PSQI-Score. 

A Chi-Square test of independence showed a significant association between 

chronotype groups and ACEs. Participants in the above median ACE group were more 

likely to be late chronotypes compared to participants in the below median ACE group. 

There was no significant association between social jetlag groups and ACEs. Also, ACE 

groups did not differ in age, depressive symptoms, BMI, PSQI, alcohol intake, and 

caffeine intake. Since smoking had an influence on the association between chronotype 

and alcohol consumption and ACEs, respectively, we calculated crosstabs for alcohol 

and nicotine consuming subgroups separately post hoc and only for explorative reasons.  
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5 DISCUSSION 

The aim of this thesis was to gain more insight about the impact of stress on healthy 

young women. In study 1 and 2 we aimed at gaining further knowledge about the 

psychophysiological consequences of stress during childhood on stress reactivity in 

early adulthood. We therefore looked at associations of ACEs with endocrine and 

cardiovascular stress reactivity after psychosocial stress induction. Additionally, we 

wanted to clarify the contribution of both branches of the ANS in the cardiovascular 

stress response. As sleep was also a part of the overall study project, we aimed at 

examining the association of chronotype and social jetlag (as potential stressors) with 

unhealthy habits and other health related parameters in healthy young women. Also, we 

intended to explore whether social jetlag and chronotype are associated with ACEs 

which has not yet been investigated to the best of our knowledge. 

5.1 ACEs, Cortisol and HR (Study 1) 

The results of our first study about the association of ACEs and psychobiological stress 

reactivity are in line with previous findings of blunted endocrine as well as cardiovascular 

stress responses to psychosocial stress induction in healthy adults with a history of 

ACEs (Carpenter et al., 2007, 2011; Elzinga et al., 2008; Lovallo et al., 2012). To the 

best of our knowledge, it was the first study to show that in healthy young women 

especially long enduring, chronic ACEs seem to have the strongest association with an 

attenuated cortisol reactivity. The sum of events before but not after menarche was 

significantly associated with blunted cortisol response, whereas the specific age of onset 

did not contribute to further understanding of the association of timing of ACEs with 

endocrine reactivity. Besides the association of ACE total number with heart rate 

response, age of onset and duration of ACEs did not lead to further understanding of 

this link. Our findings make a valuable contribution to the knowledge about the link 

between especially chronic childhood adversities and lasting alterations of the HPA axis. 

As cortisol and cardiovascular responses were independent of emotional reactions to 

stress, diminished psychophysiological stress reactivity cannot be explained by flattened 

affect after a history of ACEs.  
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Our results in healthy participants show a deviation from increased psychophysiological 

stress responses in other samples with a history of ACEs (e.g. Heim et al., 2000; Rao et 

al., 2008). According to the theory of allostatic load (McEwen, 1998b) as well as more 

recent findings on stress reactivity in association with early adversities (Ellis et al., 2005; 

Obradović, 2012) it might be more appropriate to state that exposure to early life stress 

may lead to different dysregulated physiological phenotypes rather than to hyper- or 

hyporesponsivity. More so, when considering the diversity of possible mediating factors 

at all levels of endocrine and autonomic stress responsivity. The adaptive calibration 

model proposed by Del Giudice et al. (2011) offers an evolutionary-developmental 

theory of individual differences in physiological reactivity processes stating that different 

phenotypes might be mediated by various factors and interactions such as study 

sample, type of maltreatment as well as environmental, and genetic factors. Social 

regulation (or buffering) of the HPA axis through sensitive caregiving has been 

demonstrated in numerous human and animal studies (e.g. Carlson & Earls, 1997; 

Gunnar et al., 2001; Hostinar et al., 2014; Slopen et al., 2014; Tarullo & Gunnar, 2006). 

This supports the assumption of an adaptive response of the stress system to its 

environment in order to enhance survival odds. It also supports the hypothesis that in a 

chronically stressful environment the HPA axis counter-regulates its initial 

hyperresponse and cortisol secretion rebounds to below normal level. This could happen 

through an increased glucocorticoid negative feedback with a down-regulation of CRF 

receptors or a diminished release of cortisol by the adrenal glands (Fries et al., 2005; 

Heim, Ehlert, et al., 2000). Our finding that chronic events were associated with a 

blunted cortisol response supports this view. Concerning genetic and epigenetic factors, 

exposure to childhood adversities has been related to gene polymorphisms, epigenetic 

changes and altered gene expression profiles in the CNS (e.g. hippocampus, 

amygdala), thus affecting the stress response (McGowan, 2013; McGowan et al., 2009; 

Oberlander et al., 2008; Stankiewicz et al., 2013). Tyrka et al. (2012) reported epigenetic 

alterations of a region of the human glucocorticoid receptor gene, which was associated 

with blunted cortisol response after a neuroendocrine challenge test in healthy adults 

who had experienced childhood adversities.  
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Our results raise the challenging question of whether the observed alterations in stress 

responsivity can be interpreted as a potential risk factor or as a sign of resilience for the 

development of later mental and physical disorders. Even if initially adaptive, blunted 

cortisol reactivity could compromise future necessary psychobiological stress reactivity, 

and may thus constitute a risk factor for disease which are associated with low 

cardiovascular or endocrine stress reactivity pattern. 

5.2 ACEs, RSA and SBP (Study 2) 

This study extends the finding of blunted heart rate reactivity in response to 

psychosocial stress from study 1 and clarifies the role of the sympathetic and 

parasympathetic branches of the ANS. Results show full mediation of the effect of ACEs 

on IBI (a measure inversely related to HR) by SBP reactivity and no mediation by RSA 

reactivity, suggesting down-regulation of phasic sympathetic stress response. No 

significant association was found between ACEs and RSA reactivity (when controlling 

for RR changes), indicating that blunted HR response was not appreciably influenced by 

alterations in parasympathetic functioning du to ACEs.  

Our result of blunted SBP in association with ACEs is in accordance with the findings of 

Lovallo et al. (2012) and Leitzke et al. (2015), who reported blunted HR or SBP reactivity 

in their samples. Lovallo et al. (2012) explain their finding in accordance with the theory 

of allostatic load and argue that deviations from the norm in the functioning of the stress 

system in either direction (exaggerated or diminished stress reactivity) might signal a 

system’s loss of allostatic regulation. On the other hand, Leitzke et al. (2015) consider a 

form of useful adaptation as a possible explanation for their finding of blunted SBP 

reactivity in youth. They argue that a blunted stress response might be adaptive in the 

context of repeated significant, but not overwhelming stress exposure because it 

reduces chronic activation, fearfulness, and psychophysiological activity to subsequent 

stressors (Gunnar et al., 2009; Leitzke et al., 2015). Similar to that, the adaptive 

calibration model (Del Giudice et al., 2011) postulates a nonlinear relation between 

exposure to adversity and stress response, with moderate stress environments leading 

to buffered responsivity pattern. In our healthy sample, ACE scores were on the lower 

end of the continuum, which suggests that the dosage of stressful experiences in the 

high-ACE individuals was still low enough to promote development of stress resistance. 
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Such considerations are speculative without measuring long-term health outcomes, 

therefore only further research with prospective designs can show whether blunted SNS 

stress response represents a beneficial adaptation or poses a risk factor for long-term 

adverse health consequences. 

No significant association was found between ACEs and RSA reactivity after controlling 

for the well-established confounding influence of within-individual changes in RR 

(Grossman & Taylor, 2007). This suggests that in our sample, change in 

parasympathetic stress reactivity did not substantially depend on the number of ACEs 

and that the finding of blunted HR reactivity from study 1 was primarily due to reduced 

sympathetic reactivity.  

5.3 Chronotype, Social Jetlag, Alcohol Intake and ACEs (Study 3) 

This study aimed to examine potential associations of chronotype and social jetlag with 

alcohol and caffeine intake, depressive symptoms and other health related parameters 

in a sample of healthy young women. The second aim was to explore whether there is a 

relationship between sleep-wake behavior as indexed by chronotype and social jetlag 

and ACEs. 

In our sample of healthy young women, later chronotype and higher social jetlag were 

associated with more alcohol intake. These results corroborate and extend previous 

research, showing association between chronotype as well as social jetlag and alcohol 

intake also in all-female sample. One potential explanation for this relationship is the so-

called “pub hypothesis”, stating that later chronotypes (who are at higher risk for 

suffering from social jetlag) simply have more time to drink alcohol in the evening due to 

a later bedtime and sleep onset (Wittmann et al., 2010). The use of alcohol as a kind of 

self-medication to reduce physical tension (vegetative activation), which later 

chronotypes may experience to a higher degree than morning types in the evening 

hours when external social timing requires relaxation to fall asleep, constitutes another 

explanation (Adan, 1994; Wittmann et al., 2010). However, as our sample reported only 

low to moderate drinking, it may be rather the pub-hypothesis explaining the found 

relationship. Still, our findings are interesting as they show that associations between 

chronotype, social jetlag and alcohol intake can be found even at low consumption level.  
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We did not find a significant association between chronotype or social jetlag and caffeine 

consumption which is not in line with previous findings (Adan, 1994; Wittmann et al., 

2010). On reason for these discrepant findings may be methodological difficulties in 

measuring the units of substances, especially in the case of caffeine in beverages which 

is largely dependent on their preparation (Mitchell et al., 2014). Also, it is known that 

caffeine consumption increases with age, reaching its peak around 50-64 years (Mitchell 

et al., 2014). It is therefore possible that our participants consumed too little caffeine to 

detect potential associations. Equally to the results for caffeine, associations between 

chronotype as well as social jetlag and BMI, depressive symptoms, and sleep quality did 

not reach significance. This may be explained by the high functioning sample (no 

psychiatric disorders, all participants in tertiary education) or the assumption that 

multifactorial processes are needed to explain the link between late chronotype and 

higher social jetlag and different health variables. Wittmann et al. (2010) presented a 

mediation model of smoking together with alcohol consumption as mediators for the 

association between later chronotype and depressive symptomatology.  

Participants having an ACE score above the median were more likely to be late 

chronotypes compared to participants having an ACE score below the median. Our 

results provide further evidence for a relationship between environmental factors, 

namely ACEs, and chronotype which is in line with a cross-sectional study by Barclay et 

al. (2013) who looked at the relationship between negative life events in the past year 

and chronotype in monozygotic twins. In contrast to their study and as an additional 

benefit we assessed negative life events in childhood and adolescence which is a much 

wider lifespan and includes multiple sensitive periods of neurodevelopment. It is known 

that the circadian and the stress system are mutually interacting. One hypothesis for the 

suggested link between chronotype and ACEs could therefore be that a history of ACEs 

may influence circadian regulation via interaction with the stress system (namely HPA-

axis), especially when occurring during developmentally sensitive periods, and thus may 

contribute to variation in phenotype of chronotype. This might also explain the fact that 

ACEs are related to chronotype but not to social jetlag. From that perspective, ACEs can 

hardly be seen as a consequence of social jetlag, as this could be the case with alcohol 

consumption. A second hypothesis could be the mediating role of sleep quality or 
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personality traits in the relationship between chronotype and ACEs as proposed by 

Barclay et al. (2013). 

5.4 Strengths and Limitations 

The first study of the present dissertation provides important further understanding about 

the psychobiological consequences of stress experiences in childhood and adolescence. 

Specifically, it provides knowledge about the relationship of ACEs and the endocrine and 

cardiovascular stress response in early adulthood of healthy young females. It 

strengthens the assumption that ACEs give rise to a blunted stress reactivity of the HPA 

axis and the ANS in young healthy women. The investigation of the relationship of 

duration and age of onset of ACEs with stress reactivity after psychosocial stress 

induction is a further strength of the study resulting in the finding that long enduring, 

chronic stress experiences as well as those happening before menarche showed the 

strongest association with a blunted stress response in adulthood.  

The second study expands the findings of the first by clarifying the role of the different 

branches of the ANS in blunted heart rate reactivity after a psychosocial laboratory 

stress task in healthy young women. To the best of our knowledge it is the first study so 

far to investigate this relationship of ACEs and the parasympathetic as well as 

sympathetic nervous system at the same time in such sample. 

The third study covered, besides ACEs, chronotype and social jetlag as daily stressors. 

The strength of this study is the assessment of daily alcohol intake over 14 consecutive 

days using a palm handheld device instead of single assessment of consumption of 

stimulants in paper and pencil format. Computerized diaries are known to enhance 

compliance and to reduce recall bias in autobiographic memory retrieval (Stone et al., 

2003). This methodological advantage adds further strength to the suggested 

relationship of chronotype as well as social jetlag and alcohol intake. 

General strength of all three studies are the confinement of the study sample to healthy 

young women free of psychiatric and somatic comorbidities that allowed investigating 

associations between ACEs and stress response as well as sleep-wake parameters and 

health related variables in a homogenous non-clinical sample, the relatively large 

sample size, as well as the control of potentially confounding variables in all three 
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studies. The age group of our sample of healthy young women has not often been object 

of investigation of ACEs and stress reactivity so far. This constitutes another general 

strength, even more because this age group is of great interest in the exploration of 

chronotype, social jetlag and health related variables as well.  

Besides these individual and general strengths, limitations of the studies have to be 

considered as well. General limitations of all studies are the following: 1) We deliberately 

examined a homogenous sample of healthy young women as a part of a larger study, 

which limits the ability to generalize the results further than to young women free of 

mental and physical illness. 2) As participants with psychiatric diagnosis or physical 

pathology had been excluded, the range of ACEs, stress reactivity and symptoms of 

depression may have been restricted. 3) The sample consisted of young women 

attending schools for health care professions and social work, which may imply self-

selection bias in the direction of more stress-resilient individuals. It cannot be ruled out 

that this kind of occupational career is chosen by particularly stress-resilient persons 

who feel capable of the demanding work in healthcare. That our sample was 

outstandingly compliant strengthens our presumption that the sample was probably 

resilient to additional stress and dedicated to social commitment. 4) Effects of memory 

and retrospective biases cannot be excluded since the assessment of ACEs, symptoms 

of depression as well as sleep-timing was based on subjective and self-report measures. 

5) Type of trauma is neglected which can be seen as a limitation as it could explain 

different HPA axis phenotypes. 6) The cross-sectional nature of the studies does not 

allow to draw any conclusion about cause and effect of the found relationships. 

Specific limitations of the first study are that only peripheral readouts of stress hormone 

activation were measured which makes it impossible to identify the exact mechanisms or 

location of the observed dysregulation as the HPA axis and the cardiovascular system 

are complex and multilayer systems. Because of methodological reasons, the 

specification between chronic and acute as well as pre and post-menarche ACEs cannot 

be assumed to be completely independent from each other. Since some participants 

reported ACEs from both dimensions of the variables, it was not possible to have fully 

distinct and statistically orthogonal groups. One of the limitations of the second study is 

that established measures of RSA have been criticized for being susceptible to changes 
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in beta-adrenergic tone, thus not perfectly separating vagal form sympathetic influences 

(see e.g., Grossman & Taylor, 2007). Also, additional cardiovascular sympathetic 

indices such as pre-ejection period would have been advantageous for measuring 

sympathetic reactivity. Discrete blood pressure readings limit information on 

cardiovascular dynamics (e.g., beat-to-beat cross-correlations including baroreflex 

sensitivity) that may be particularly important for assessing disturbance in the complex 

and integrated system of central and peripheral feedback loops likely affected by 

allostatic load (McEwen, 2016). For the third study on chronotype, social jetlag and 

ACEs, subjective assessing of sleep-wake times was used, which has proven to be 

reliable in determining a person’s chronotype (Allebrandt et al., 2014). Nevertheless, 

there are potentially cofounding variables such as age, sex, and season of assessment 

(Allebrandt et al., 2014; Roenneberg & Merrow, 2007). Age and sex were controlled for 

due to sample characteristics. Season of assessment is believed to influence phase of 

mid-sleep via photoperiod length and was not controlled for in our sample. 

5.5 Conclusion and Implications for Future Research 

The first two studies about laboratory stress response in the context of a history of ACEs 

showed blunted endocrine and SNS reactivity in association with more ACEs in healthy 

young women. Additionally, longer duration of ACEs and their occurrence before 

menarche were identified to be associated with blunted cortisol response. In conclusion, 

results from both studies validate the association of ACEs with alterations in the adult 

human stress system, even in the absence of current mental or physical disorders. 

Future research will need to clarify whether this indicates a risk for later pathology or 

stands for resilience. On the one hand, blunted stress reactivity is associated with 

negative health outcomes (e.g. Chrousos, 2009; Lovallo, 2011). On the other hand, 

repeated significant but not overwhelming stress exposure in childhood (as it was most 

likely the case in our sample) is argued to promote an attenuated stress response and 

may stand for an adaptive process (Gunnar et al., 2009; Leitzke et al., 2015; Parker et 

al., 2006). From this point of view a low stress response might foster beneficial effects 

and guard against negative health outcomes associated with exaggerated or long-lasting 

responses to stress. Models like the theory of allostatic load (McEwen, 1998b) or the 

adaptive calibration model (Del Giudice et al., 2011) propose that early life stress may 
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lead to different physiological phenotypes which are mediated by interaction of factors 

like type of maltreatment, environmental, genetics and epigenetics. Further investigation 

of underlying factors of the above associations, such as intensity, frequency, and type of 

stressor, as well as different physiological phenotypes and their mediating and 

moderating factors with prospective designs is fundamental in order to shed more light 

on the question of risk or resilience of blunted endocrine and cardiovascular stress 

response.  

In the third study we shifted our attention to a different set of potential stressors besides 

ACEs, namely chronotype and social jetlag. We have replicated the association among 

late chronotype, social jetlag and higher alcohol consumption in a sample of healthy, 

young women. In addition, we have found that there is an influence of smoking on this 

relationship even in our sample with only very moderately smoking participants. This 

points to the need of studying consumption patterns of both alcohol and nicotine 

together and their relationship with chronotype and social jetlag. Further analyses with 

ecological momentary assessment (EMA) could be helpful to explore underlying 

processes and situational influences in these relationships. Additionally, there would be 

benefit in further exploring possible mediating effects of personality traits (e.g. novelty or 

sensation-seeking, impulsivity, and extraversion) since they are known to be linked to 

chronotype as well as consumption of psychoactive substances (Adan, 1994; Prat & 

Adan, 2011). Furthermore, our results suggest a link between ACEs and chronotype. 

Participants having a higher ACE score were more likely to be late chronotypes 

compared to participants having a lower ACE score. A history of ACEs may influence 

circadian regulation via interaction with the stress system (namely HPA-axis), especially 

when occurring during developmentally sensitive periods, and thus may contribute to 

variation in phenotype of chronotype. This might also explain the fact that ACEs are 

related to chronotype but not to social jetlag. From that perspective, ACEs can hardly be 

seen as a consequence of social jetlag, as this could be the case with alcohol 

consumption. However, this is quite speculative. Longitudinal research is needed to 

clarify this question more thoroughly and to shed more light on the direction of the 

association as well as on underlying processes and possible interventions preventing 

adverse health consequences resulting from late chronotype, ACEs, consumption of 



  38 

alcohol and smoking. More knowledge about underlying processes might help to 

develop interventions preventing adverse health consequences resulting from late 

chronotype and ACEs by focusing on self-selected sleep timing, smoking and 

consumption of alcohol. 

In conclusion, results of the present dissertation corroborate the knowledge about the 

altering impact of different stressors on behavior and psychophysiological functioning 

even in a sample of healthy young women. In the same time, results also show that our 

sample was not impacted by these stressors at all levels (e.g. absence of psychiatric or 

somatic disorders, high level of functioning) which may imply the presence of protective 

factors or the adaptive nature of alterations of psychophysiological mechanisms. Family 

support, parenting programs and improved caregiving may be such protective factors in 

childhood and seem to positively affect the human stress system (e.g. Cicchetti et al., 

2011). Whereas in adults cognitive-behavioral stress management has been shown to 

moderate neuroendocrine, and psychological stress reactivity (Gaab et al., 2003, 2006). 

Concerning the impact of late chronotype and social jetlag on health and performance it 

has been shown to be effective to delay start of school schedules for adolescents who 

almost generally suffer from social jetlag (Zerbini & Merrow, 2017). Also, allowing more 

flexible work times that correspond more to each one’s chronotype would help diminish 

negative consequences of insufficient sleep on daytime functioning and possible long-

term consequences thereof (Wittmann et al., 2006). Altogether, there are great 

challenges for our society concerning all stressors covered in this dissertation. Society 

should start adapting its temporal organization more to the circadian biology of humans 

and thereby try to overcome the difference between social and biological timing and 

even more important, work hard to take actions at all levels to prevent trauma and 

maltreatment in childhood and adolescence. 

  



  39 

6 REFERENCES 

Adan, A. (1994). Chronotype and personality factors in the daily consumption of alcohol 

and psychostimulants. Addiction, 89(4), 455–462. https://doi.org/10.1111/j.1360-

0443.1994.tb00926.x 

Adan, A., Archer, S. N., Hidalgo, M. P., Di Milia, L., Natale, V., & Randler, C. (2012). 

Circadian Typology: A Comprehensive Review. Chronobiology International, 29(9), 

1153–1175. https://doi.org/10.3109/07420528.2012.719971 

Adan, A., & Natale, V. (2002). Gender differences in morningness–eveningness 

preference. Chronobiology International, 19(4), 709–720. 

https://doi.org/10.1081/CBI-120005390 

Ahnert, L., Gunnar, M. R., Lamb, M. E., & Barthel, M. (2004). Transition to Child Care: 

Associations With Infant-Mother Attachment, Infant Negative Emotion, and Cortisol 

Elevations. Child Development, 75(3), 639–650. https://doi.org/10.1111/j.1467-

8624.2004.00698.x 

Allebrandt, K. V, Teder-Laving, M., Kantermann, T., Peters, A., Campbell, H., Rudan, I., 

Wilson, J. F., Metspalu, A., & Roenneberg, T. (2014). Chronotype and sleep 

duration: The influence of season of assessment. Chronobiology International, 

31(5), 731–740. https://doi.org/10.3109/07420528.2014.901347 

Arditi-Babchuk, H., Feldman, R., & Gilboa-Schechtman, E. (2009). Parasympathetic 

reactivity to recalled traumatic and pleasant events in trauma-exposed individuals. 

Journal of Traumatic Stress, 22(3), 254–257. https://doi.org/10.1002/jts.20417 

Backhaus, J., Junghanns, K., Broocks, A., Riemann, D., & Hohagen, F. (2002). Test–

retest reliability and validity of the Pittsburgh Sleep Quality Index in primary 

insomnia. Journal of Psychosomatic Research, 53(3), 737–740. 



  40 

https://doi.org/https://doi.org/10.1016/S0022-3999(02)00330-6 

Bader, K., Schaefer, V., Schenkel, M., Nissen, L., Kuhl, H.-C., & Schwander, J. (2007). 

Increased Nocturnal Activity Associated With Adverse Childhood Experiences in 

Patients With Primary Insomnia. The Journal of Nervous and Mental Disease, 

195(7), 588–595. https://doi.org/10.1097/NMD.0b013e318093ed00 

Bailey, S. L., & Heitkemper, M. M. (2001). Circadian rhythmicity of cortisol and body 

temperature: Morningness-eveningness effects. Chronobiology International, 18(2), 

249–261. https://doi.org/10.1081/CBI-100103189 

Balsalobre, A., Brown, S. A., Marcacci, L., Tronche, F., Kellendonk, C., Reichardt, H. M., 

Schutz, G., & Schibler, U. (2000). Resetting of circadian time in peripheral tissues 

by glucocorticoid signaling. Science, 289(5488), 2344–2347. 

https://doi.org/10.1126/science.289.5488.2344 

Barclay, N. L., Eley, T. C., Parsons, M. J., Willis, T. A., & Gregory, A. M. (2013). 

Monozygotic Twin Differences in Non-shared Environmental Factors Associated 

with Chronotype. Journal of Biological Rhythms, 28(1), 51–61. 

https://doi.org/10.1177/0748730412468698 

Bateson, P., Barker, D., Clutton-Brock, T., Deb, D., D’Udine, B., Foley, R. A., Gluckman, 

P., Godfrey, K., Kirkwood, T., Lahr, M. M., McNamara, J., Metcalfe, N. B., 

Monaghan, P., Spencer, H. G., & Sultan, S. E. (2004). Developmental plasticity and 

human health. Nature, 430(6998), 419–421. https://doi.org/10.1038/nature02725 

Benarroch, E. E. (2009). The locus ceruleus norepinephrine system: Functional 

organization and potential clinical significance. Neurology, 73(20), 1699–1704. 

https://doi.org/10.1212/WNL.0b013e3181c2937c 

Berntson, G. G., Cacioppo, J. T., & Quigley, K. S. (1993). Respiratory sinus arrhythmia: 



  41 

Autonomic origins, physiological mechanisms, and psychophysiological 

implications. Psychophysiology, 30(2), 183–196. https://doi.org/10.1111/j.1469-

8986.1993.tb01731.x 

Blechert, J., Michael, T., Grossman, P., Lajtman, M., & Wilhelm, F. H. (2007). Autonomic 

and Respiratory Characteristics of Posttraumatic Stress Disorder and Panic 

Disorder. Psychosomatic Medicine, 69(9), 935–943. 

https://doi.org/10.1097/PSY.0b013e31815a8f6b 

Bremner, J. D., Bolus, R., & Mayer, E. A. (2007). Psychometric Properties of the Early 

Trauma Inventory - Self Report. The Journal of Nervous and Mental Disease, 

195(3), 211–218. https://doi.org/10.1097/01.nmd.0000243824.84651.6c 

Bremner, J. D., Vythilingam, M., Vermetten, E., Adil, J., Khan, S., Nazeer, A., Afzal, N., 

McGlashan, T., Elzinga, B., Anderson, G. M., Heninger, G., Southwick, S. M., & 

Charney, D. S. (2003). Cortisol response to a cognitive stress challenge in 

posttraumatic stress disorder (PTSD) related to childhood abuse. 

Psychoneuroendocrinology, 28(6), 733–750. https://doi.org/10.1016/S0306-

4530(02)00067-7 

Brown, S. A., Kunz, D., Dumas, A., Westermark, P. O., Vanselow, K., Tilmann-

Wahnschaffe, A., Herzel, H., & Kramer, A. (2008). Molecular insights into human 

daily behavior. Proceedings of the National Academy of Sciences, 105(5), 1602–

1607. https://doi.org/10.1073/pnas.0707772105 

Buckley, T. C., & Kaloupek, D. G. (2001). A Meta-Analytic Examination of Basal 

Cardiovascular Activity in Posttraumatic Stress Disorder. Psychosomatic Medicine, 

63(4). 

https://journals.lww.com/psychosomaticmedicine/Fulltext/2001/07000/A_Meta_Anal



  42 

ytic_Examination_of_Basal.11.aspx 

Buhr, E. D., Yoo, S.-H., & Takahashi, J. S. (2010). Temperature as a Universal 

Resetting Cue for Mammalian Circadian Oscillators. Science, 330(6002), 379–385. 

https://doi.org/10.1126/science.1195262 

Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The 

Pittsburgh sleep quality index: A new instrument for psychiatric practice and 

research. Psychiatry Research, 28(2), 193–213. 

https://doi.org/https://doi.org/10.1016/0165-1781(89)90047-4 

Cajochen, C., Münch, M., Knoblauch, V., Blatter, K., & Wirz‐Justice, A. (2006). Age‐

related Changes in the Circadian and Homeostatic Regulation of Human Sleep. 

Chronobiology International, 23(1–2), 461–474. 

https://doi.org/10.1080/07420520500545813 

Carlson, M., & Earls, F. (1997). Psychological and neuroendocrinological sequelae of 

early social deprivation in institutionalized children in Romania. Annuals of the New 

York Academy of Sciences, 807, 419–428. 

Carpenter, L. L., Carvalho, J. P., Tyrka, A. R., Wier, L. M., Mello, A. F., Mello, M. F., 

Anderson, G. M., Wilkinson, C. W., & Price, L. H. (2007). Decreased 

Adrenocorticotropic Hormone and Cortisol Responses to Stress in Healthy Adults 

Reporting Significant Childhood Maltreatment. Biological Psychiatry, 62(10), 1080–

1087. https://doi.org/10.1016/j.biopsych.2007.05.002 

Carpenter, L. L., Shattuck, T. T., Tyrka, A. R., Geracioti, T. D., & Price, L. H. (2011). 

Effect of childhood physical abuse on cortisol stress response. 

Psychopharmacology, 214(1), 367–375. https://doi.org/10.1007/s00213-010-2007-4 

Carrion, V. G., Weems, C. F., Ray, R. D., Glaser, B., Hessl, D., & Reiss, A. L. (2002). 



  43 

Diurnal salivary cortisol in pediatric posttraumatic stress disorder. Biological 

Psychiatry, 51(7), 575–582. https://doi.org/https://doi.org/10.1016/S0006-

3223(01)01310-5 

Carroll, D., Lovallo, W. R., & Phillips, A. C. (2009). Are Large Physiological Reactions to 

Acute Psychological Stress Always Bad for Health? Social and Personality 

Psychology Compass, 3(5), 725–743. https://doi.org/10.1111/j.1751-

9004.2009.00205.x 

Chapman, D. P., Liu, Y., Presley-Cantrell, L. R., Edwards, V. J., Wheaton, A. G., Perry, 

G. S., & Croft, J. B. (2013). Adverse childhood experiences and frequent insufficient 

sleep in 5 U.S. States, 2009: A retrospective cohort study. BMC Public Health, 

13(1). https://doi.org/10.1186/1471-2458-13-3 

Chapman, D. P., Wheaton, A. G., Anda, R. F., Croft, J. B., Edwards, V. J., Liu, Y., 

Sturgis, S. L., & Perry, G. S. (2011). Adverse childhood experiences and sleep 

disturbances in adults. Sleep Medicine, 12(8), 773–779. 

https://doi.org/10.1016/j.sleep.2011.03.013 

Charmandari, E., Tsigos, C., & Chrousos, G. (2005). Endocrinology of the stress 

response. Annual Review of Physiology, 67, 259–284. 

https://doi.org/10.1146/annurev.physiol.67.040403.120816 

Chrousos, G. P. (2007). Organization and Integration of the Endocrine System: The 

Arousal and Sleep Perspective. Sleep Medicine Clinics, 2(2), 125–145. 

https://doi.org/10.1016/j.jsmc.2007.04.004 

Chrousos, G. P. (2009). Stress and disorders of the stress system. In Nature Reviews 

Endocrinology (Vol. 5, Issue 7, pp. 374–381). 

https://doi.org/10.1038/nrendo.2009.106 



  44 

Chrousos, G. P., & Gold, P. W. (1992). The Concepts of Stress and Stress System 

Disorders. JAMA, 267(9), 1244. 

https://doi.org/10.1001/jama.1992.03480090092034 

Cicchetti, D., & Rogosch, F. A. (2001a). Diverse patterns of neuroendocrine activity in 

maltreated children. Development and Psychopathology, 13(3), 677–693. 

https://doi.org/10.1017/S0954579401003145 

Cicchetti, D., & Rogosch, F. A. (2001b). The impact of child maltreatment and 

psychopathology on neuroendocrine functioning. Development and 

Psychopathology, 13(4), 783–804. https://doi.org/10.1017/S0954579401004035 

Cicchetti, D., Rogosch, F. A., Toth, S. L., & Sturge-Apple, M. L. (2011). Normalizing the 

development of cortisol regulation in maltreated infants through preventive 

interventions. Development and Psychopathology, 23(3), 789–800. 

https://doi.org/10.1017/S0954579411000307 

Cohen, H., Benjamin, J., Geva, A. B., Matar, M. A., Kaplan, Z., & Kotler, M. (2000). 

Autonomic dysregulation in panic disorder and in post-traumatic stress disorder: 

application of power spectrum analysis of heart rate variability at rest and in 

response to recollection of trauma or panic attacks. Psychiatry Research, 96(1), 1–

13. https://doi.org/https://doi.org/10.1016/S0165-1781(00)00195-5 

Cohen, H., Kotler, M., Matar, M. A., Kaplan, Z., Loewenthal, U., Miodownik, H., & 

Cassuto, Y. (1998). Analysis of heart rate variability in posttraumatic stress disorder 

patients in response to a trauma-related reminder. Biological Psychiatry, 44(10), 

1054–1059. https://doi.org/https://doi.org/10.1016/S0006-3223(97)00475-7 

Cohen, H., Kotler, M., Matar, M. A., Kaplan, Z., Miodownik, H., & Cassuto, Y. (1997). 

Power spectral analysis of heart rate variability in posttraumatic stress disorder 



  45 

patients. Biological Psychiatry, 41(5), 627–629. https://doi.org/10.1016/S0006-

3223(96)00525-2 

Cohen, S., Janicki-Deverts, D., & Miller, G. E. (2007). Psychological stress and disease. 

Journal of the American Medical Association, 298(14), 1685–1687. 

https://doi.org/10.1001/jama.298.14.1685 

Costello, E. J., Sung, M., Worthman, C., & Angold, A. (2007). Pubertal maturation and 

the development of alcohol use and abuse. Drug and Alcohol Dependence, 88, 

S50–S59. https://doi.org/https://doi.org/10.1016/j.drugalcdep.2006.12.009 

Dale, L. P., Carroll, L. E., Galen, G., Hayes, J. A., Webb, K. W., & Porges, S. W. (2009). 

Abuse history is related to autonomic regulation to mild exercise and psychological 

wellbeing. Applied Psychophysiology Biofeedback, 34(4), 299–308. 

https://doi.org/10.1007/s10484-009-9111-4 

Danese, A., & McEwen, B. S. (2012). Adverse childhood experiences, allostasis, 

allostatic load, and age-related disease. Physiology and Behavior, 106(1), 29–39. 

https://doi.org/10.1016/j.physbeh.2011.08.019 

De Bellis, M. D. (2002). Developmental traumatology: A contributory mechanism for 

alcohol and substance use disorders. Psychoneuroendocrinology, 27(1–2), 155–

170. https://doi.org/10.1016/S0306-4530(01)00042-7 

De Bellis, M. D., Baum, A. S., Birmaher, B., Keshavan, M. S., Eccard, C. H., Boring, A. 

M., Jenkins, F. J., & Ryan, N. D. (1999). Developmental traumatology part I: 

biological stress systems. Biological Psychiatry, 45(10), 1259–1270. 

https://doi.org/https://doi.org/10.1016/S0006-3223(99)00044-X 

De Bellis, M. D., Chrousos, G. P., Dorn, L. D., Burke, L., Helmers, K., Kling, M. A., 

Trickett, P. K., & Putnam, F. W. (1994). Hypothalamic-pituitary-adrenal axis 



  46 

dysregulation in sexually abused girls. The Journal of Clinical Endocrinology & 

Metabolism, 78(2), 249–255. https://doi.org/10.1210/jcem.78.2.8106608 

de Haan, M., Gunnar, M. R., Tout, K., Hart, J., & Stansbury, K. (1998). Familiar and 

novel contexts yield different associations between cortisol and behavior among 2-

year-old children. Developmental Psychobiology, 33(1), 93–101. 

https://doi.org/10.1002/(SICI)1098-2302(199807)33:1<93::AID-DEV8>3.0.CO;2-N 

de Kloet, E. R., Vreugdenhil, E., Oitzl, M. S., & Joëls, M. (1998). Brain Corticosteroid 
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Conclusions:  ACEs  are  associated  with  blunted  endocrine  and  cardiovascular  stress  reactivity  in

young  and  healthy  women.  Adverse  life  events  in  childhood,  particularly  if  they  occur  repeat-

edly  and chronically,  show  a strong  association  with  alterations  in  stress  reactivity  in  adulthood,

potentially  predisposing  for  later  mental  or  physical  disorders.

© 2014  Elsevier  Ltd.  All  rights  reserved.

1.  Introduction

Adverse  childhood  experiences  (ACEs),  including  physi-

cal,  emotional  and  sexual  abuse,  affect  a  significant

portion  of the  population  and  have  been  shown  to  be

risk  factors  for  the  development  and  persistence  of

mental  disorders  such  as  depression,  anxiety  disorders,

substance  use  disorders,  or  attention-deficit/hyperactivity

disorder.  Changes  in stress  sensitivity  and  functioning  of  the

hypothalamic—pituitary—adrenal  (HPA)  axis  have  been  sug-

gested  as  causal  factors  (De  Bellis,  2002;  Tarullo  and  Gunnar,

2006;  Heim  et  al.,  2008).  The  HPA  axis,  together  with  the

sympathetic  nervous  system  (SNS),  are  key  players  in  the

formation  of the  stress  response  (Chrousos,  2009).  Mod-

els  of stress  reactivity  and  health  outcomes  have  therefore

been  a  main  focus  in  research  towards  understanding  adver-

sity  and  resilience  processes.  Different  reactivity  phenotype

patterns  have  emerged  in different  studies,  with  a  number

of  studies  showing  exaggerated  HPA axis  and  SNS  responses

in  the  context  of  ACEs  and  psychopathology  (Heim  et  al.,

2000b;  Heim  and  Nemeroff,  2001;  Bremner  et al.,  2003;  Rao

et  al.,  2008).

In contrast  to  findings  in clinical  samples,  a  growing

number  of  studies  on healthy  participants  reported  blunted

endocrine  (Carpenter  et al.,  2007,  2011;  Elzinga  et  al.,  2008;

Lovallo  et al.,  2012)  and  cardiovascular  (Lovallo  et  al.,  2012)

responses  in  association  with  ACEs.  For  example,  Carpenter

et  al.  (2007)  reported  blunted  plasma  cortisol  responses  to

a  psychosocial  stress  test  in a healthy  sample  with  a  his-

tory  of  ACEs  compared  to  participants  without  a history  of

childhood  maltreatment.  Also,  a recent  study  by  Lovallo

et  al.  (2012)  showed  in a  large  sample  of healthy  partic-

ipants  diminished  cortisol  as  well  as  heart  rate  responses

with  an  increasing  number  of  adverse  life  events,  indicating

an  inverse  dose-response  relationship  of ACEs  and  reactivity

to  a  mental  stress  test.

To  the  best  of our  knowledge,  the  association  of  age

of  occurrence  and  duration  of  ACEs  has  not  been  investi-

gated  in healthy  samples  so  far.  There  is evidence  that  these

factors  could  have  a  differential  impact  on  stress  reactiv-

ity  in adulthood  (Tarullo  and  Gunnar,  2006;  Schoedl  et al.,

2010;  Tottenham  and  Sheridan,  2010).  Since  most  studies

used  brief  self-report  questionnaires  or life  events  checklists

to  assess  ACEs  (e.g.  Carpenter  et  al.,  2011;  Lovallo  et al.,

2012),  questions  of duration  of  the events  or the  respec-

tive  age  when  they  happened  widely  remain  unanswered.

From  a  developmental  perspective,  age  at  traumatization

is  believed  to  be  an  important  factor  (Bosch  et al.,  2012).

Brain  components  involved  in  stress  response  show  large

plasticity  during  pre-  and  postnatal  periods  and  during

early  childhood,  and  some  plasticity  during  later  child-

hood  and  adolescence  (Fumagalli  et  al.,  2007;  Andersen

et  al.,  2008).  Also,  the  duration  of adverse  experiences

could  be  associated  with  psychobiological  constructs.  Par-

ticularly  those  environmental  events  that  cause  exceeding

or  prolonged  stimulation  of the  stress  system  during  these

critical  developmental  periods  could  be  linked  to  abnormal

neurodevelopment  and  therefore  be  risk  factors  for  lasting

alterations  in  stress  reactivity  of the HPA  axis  and  the  SNS

(Schoedl  et  al.,  2010).

Therefore,  the  aim  of  the present  study  was  to  repli-

cate  the  findings  of  attenuated  endocrine  and  cardiovascular

stress  reactivity  in  association  with  a  history  of ACEs  in

a  young,  healthy,  female  adult  sample.  Furthermore,  we

aimed  to  investigate  the  association  of  duration  as  well  as

age  of  occurrence  of  adverse  life  events  in  childhood  and

adolescence  with  the  stress  reactivity  in  adulthood.  To  elu-

cidate  the  association  of age  of  occurrence  and  duration,

in  this  study,  the  Early  Trauma  Inventory-Self  Report  (ETI-

SR)  served  as  a  more  detailed  method  in  measuring  ACEs

(Bremner  et  al.,  2007).  The  questionnaire  retrospectively

assesses  a  wide  range  of  stress  and  trauma  exposure  before

the  age  of  18  and  considers  age  of occurrence  as  well  as

duration  of  the  events.

In contrast  to  Lovallo  et al.  (2012)  who  employed

standard  public  speaking  and  mental  arithmetic  stressors,

and  in contrast  to  the standardly  used  Trier  social  stress

test  (TSST,  (Kirschbaum  et  al.,  1993),  we  used  the  Mon-

treal  imaging  stress  task  (MIST),  that  has  been  developed

to  be  compatible  with  functional  magnetic  resonance  brain

imaging  (Dedovic  et  al.,  2005),  but  can  be  used  in labora-

tory  stress  studies  as  well  (La  Marca  et al.,  2011).  The  MIST

offers  a  promising  alternative  to  conventional  psychosocial

stress  tests.  Advantages  of the  MIST  are  that  participants  sit

still  during  the  stress  protocol  and  do  not  speak,  therefore

causing  fewer  artifacts  measuring  psychobiological  parame-

ters  like  heart  rate  or  electrodermal  activity.  Furthermore,

since  the  MIST  is  considered  to  evoke  a  moderate  endocrine

stress  response,  the  observed  findings  represent  HPA activity

close  to naturalistic  settings  (Smyth  et al.,  1998).

2.  Methods and materials

2.1.  Participants

The  sample  included  104  young  and healthy  females  in  the

age  of  18  to  25  years  (M =  21.7;  SD  =  1.5),  recruited  at  three

schools  for  health  care  professions  and  social  work  in Basel,

Switzerland.  The  sample  was  part  of an  ongoing  project,

which  included  only  female  participants.  The  recruitment

material  referred  to  a  14-day  sleep  assessment  describing

the  nature  and  prevalence  of  sleep  and  sleeping  disorder  and

did  not include  explicit  statements  about  childhood  trauma

or  adverse  childhood  experiences.

Exclusion  criteria  were  current  physical  or  psychiatric

illness,  pregnancy,  regular  and  heavy  tobacco  use  (>5
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individual  differences  in physiological  reactivity  processes.

The authors  hypothesize  that,  at  a  very  general  level,  a

nonlinear  relation  between  adverse  life event  exposure  and

stress  response  exists.  However,  in the  context  of  high

adversity,  the  model  predicts  an  either  vigilant  profile,

characterized  by  high biological  stress  responsiveness,  or

an  unemotional,  underresponsive  profile,  characterized  by

generally  low  HPA  axis  and  SNS  activity.  Thus,  these  oppo-

site  phenotypes  might  be  mediated  by  other  factors  and

their  interactions,  e.g.  the  study  sample,  the  type  of mal-

treatment  or  the interaction  of various  environmental  and

genetic  factors.

In terms  of environmental  factors,  studies  have  demon-

strated  that  the  HPA axis  in  early  human  development  is

under  strong  social regulation  (Tarullo  and  Gunnar,  2006).

Therefore,  several  studies  suggested  parental  caregiving  as

a moderator  of  the HPA reactivity  (Gunnar  et  al.,  1992;

Nachmias  et  al.,  1996;  Tarullo  and  Gunnar,  2006).  Thus,

sensitive  parenting  appears  to  buffer  cortisol  responses  in

fearful  situations,  whereas  being  deprived  of an  evolution-

arily  expectable  level  of care  (e.g.  institutional  rearing)  has

been  associated  with  blunted  cortisol  production  (Carlson

and  Earls,  1997;  Gunnar  et al.,  2001).  However,  studies

with  institutionalized  children  were  also  able  to  show  that

improved  caregiving  environments  had  an  effect  on  nor-

malizing  dampened  HPA axis  diurnal  rhythms  (Dozier  et al.,

2008;  Cicchetti  et  al.,  2011;  Fisher  et  al.,  2011).

The  social  buffering  of  the  HPA axis  is supported  by

findings  in animal  models.  In their  extensive  summary  of  lit-

erature,  Hostinar  et al.  (2014)  report  findings  from  animal

studies,  which  suggest  that  neural  mechanisms  are  respon-

sible  for  behavioral  and  neuroendocrine  changes  due  to

social  buffering  (Hostinar  et  al.,  2014).  Findings  from  animal

studies  report  changes  in  the  development  of  the  HPA axis

and  its function  in social  buffering.  In  early  development,

a stress  hyporesponsive  period  (e.g.  Witek-Janusek,  1988)

during  which  the  mother  strongly  controls  the infants  corti-

costerone  levels  has  been  reported,  which  can  be  disrupted

by  maternal  deprivation  and  result  in a hyperresponsive

HPA  pattern.  In  later  stages  of  development,  peers  can

also  become  a  source  of social  buffering  (Hennessy  et  al.,

2009).  For  example,  social  input  has  been  shown  to  dampen

HPA  axis  reactivity  in rat  pups  if the  mother  was  present

(e.g.  Stanton  and  Levine,  1990;  Shionoya  et al.,  2007),  in

maturing  rodents  when  cohabitating  companions  are  present

(Terranova  et  al.,  1999),  or  in  squirrel  monkeys  in  the  pres-

ence of  familiar  and  unfamiliar  conspecifics  (Vogt  et al.,

1981;  Hennessy,  1984).

The  findings  in  human  and  animal  studies  provide  sup-

port  for  an  adaptive  response  of the  stress  system  to  its

environment,  probably  in order  to  enhance  survival  odds.

It could  be  speculated  that  after  an  initial  hypersecre-

tion of cortisol  due  to  chronic  stressful  environments,  the

HPA  axis  could  counter-regulate  its  response  and  cortisol

output  might rebound  to  below  normal.  A  plausible  bio-

logical  explanation  could  be an  increased  glucocorticoid

negative  feedback  with  a  downregulation  of CRF  recep-

tors,  or a  diminished  release  of cortisol  by  the  adrenal

glands  (Heim  et al.,  2000a;  Fries  et al.,  2005).  This  view

is supported  by  our  finding  that  only  chronic  events,  not

acute  events,  were  associated  with  a  blunted  cortisol

response.

Recent  studies  link  genetic  and  epigenetic  alterations  to

stress  reactivity  in  association  with  ACEs  as  well.  A history

of ACEs  has  been  associated  with  an  epigenetic  regulation  of

the  glucocorticoid  receptor  in  the hippocampus  (McGowan

et al.,  2009).  Moreover,  a  recent  study  on healthy  adults  who

experienced  the  loss  of  a  parent  during  childhood,  maltreat-

ment,  or  low  parental  care  showed  epigenetic  alterations  of

a region  of  the  human  glucocorticoid  receptor  gene,  which

in turn  was  associated  with  a blunted  cortisol  reactivity

after  a  neuroendocrine  challenge  test  in  these  participants

(Tyrka  et  al.,  2012).  Another  study  linked  prenatal  maternal

depression  to  increased  methylation  of  the  glucocorticoid

receptor  gene, and  showed  exaggerated  salivary  cortisol

output  to  stress  at  3  months  of age  (Oberlander  et al.,  2008).

Further  studies  are  needed  to investigate  these  changes  in

central  regulation  of the  glucocorticoid  receptor  in  brain

regions  involved  in  stress  responses  in  association  to ACEs.

Our  results  raise  the  challenging  question  of whether

the  observed  alterations  in stress  responsivity  can  be  inter-

preted  as  a  potential  risk  factor  for  or  as  a  sign  of  resilience

to the  development  of later  mental  and  physical  disor-

ders.  Even  if  initially  adaptive,  blunted  cortisol  reactivity

could  compromise  future  and  necessary  psychobiological

stress  reactivity.  For  example,  low  cardiovascular  and/or

endocrine  reactivity  to  acute  psychological  stress  has  been

associated  with  depression,  fibromyalgia,  obesity,  burn  out,

substance  use disorders,  and  chronic  pain  syndromes  (Griep

et al.,  1998;  Heim  et al.,  1998;  Pruessner  et al.,  1999;

Lovallo  et al.,  2000;  Gold  and  Chrousos,  2002;  Gur  et al.,

2004;  Phillips  et  al.,  2011;  Jones  et  al.,  2012).

Considering  that  participants  in  the  present  study  were

recruited  from  a  school  of  higher  education  and  were  free

of psychopathology  in adulthood,  they  may  have  been

selected  in a  way  that  the  blunted  stress  reactivity  pattern

may  stand  for  resilience  to  the  development  of mental

illness  in  the  aftermath  of childhood  adverse  experiences.

Longitudinal,  population-based  research  is  needed  to  inves-

tigate  if participants  without  present  psychopathology,  who

had shown  blunted  stress  responses  after  stress  induction,

are  at  higher  risk  to  develop  psychiatric  disorders  later  in

life or  remain  healthy.

The  present  study  revealed  diminished  heart  rate

responses  in association  with  the  total  number  of  ACEs,

but  not with  the  subgroups  regarding  duration  and  age  of

occurrence.  Recently,  Bauer  &  Boyce  have  suggested  the

examination  of  the HPA axis  and  the  SNS  simultaneously  for

a better  understanding  of their  coordination  (additive  or

interactive;  or opposing  or complementary)  (Bauer  et  al.,

2002).  Only  few  studies  have  examined  the  exact  nature  of

their  coordination  in adult  samples  so  far  (Ali  and  Pruessner,

2012;  Lovallo  et  al.,  2012;  Andrews  and  Pruessner,  2013),

and results  are  mixed.  Methodological  differences  between

the  reported  studies  could  account  for  the  different  findings.

More  empirical  research  is  needed  to  investigate  the  exact

nature  of SNS  alterations  after  ACEs,  as  well  as  the coordi-

nation  and  interactions  between  the  two  stress  systems.

Our  results  revealed  no  associations  of  the  specific  age

of occurrence,  which  contrasts  to  findings  of  other  studies.

Bosch  et  al. (2012)  reported  that  especially  ACEs  in  pre-

and postnatal  developmental  stages  were  associated  with

heightened  cortisol  reactivity  (Bosch  et  al.,  2012).  However,

their  sample  included  16-year  old  adolescents,  and  also
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included  concurrent  psychopathology.  In contrast  to  the

present  study,  which  used  age  of  first  ACE  occurrence,  and

the  distinction  pre-  and  postmenarche,  the  authors  used

more  distinct  age groups  to  examine  the  association  of

age  and  cortisol  reactivity.  A limitation  of  our  approach,

by  using  the  specific  age  of occurrence,  is that  type  of

trauma  is  neglected.  Type  of  trauma  is  an  important  factor,

which  could  also  explain  different  HPA  axis  phenotypes.

Future  studies  are  needed  to  further  analyze  timing  of

ACEs,  and  methodologically,  this  might  be  assessed  best  in a

sample  of participants  with  one  specific  severe  trauma/life

event.  Furthermore,  a  limitation  of  the  present  study  is

that  no data  on  pre-  and  postnatal  stress  exposure  was

included.  Prenatal  maternal  stress  (Entringer  et al.,  2009)

and  postnatal  adversity  (Bosch  et al.,  2012)  have  been

associated  with  increased  HPA responses  to  stress,  which

could  result  in a  sensitization  to  stressors  in  long-term.

Another  limitation  of  the  present  study  is that  only

peripheral  readouts  of  stress  hormone  activation  were  mea-

sured.  The  HPA  axis  and  the  cardiovascular  system  are

complex  and  multilayer  systems  and  therefore  we  are  not

able  to  identify  the  exact  mechanisms  or  location  of the

observed  dysregulations.  Furthermore,  that  only  women

were  recruited  and  tested  has  to be mentioned  as  another

potentially  limitating  factor.  Especially  as  some  of  the

recent  models  on stress  reactivity  changes  after  chronic  or

traumatic  stress  make  mention  of sex  differences,  it  would

have  been  informative  to  assess  the  stress  response  in  men

as  well  (Bangasser,  2013).  Thus,  due  to  the  characteris-

tics  of the  study  sample,  the  presented  findings  can  only

be  generalized  to young  women  free  of mental  and  physi-

cal  illness.  Also,  participants  were  attendees  of schools  for

health  care  professions  and  social  work,  which  could  have

led  to  a  selection  bias  as  outlined  above.  Also,  even  though

Hardt  and  Rutter  (2004)  concluded  in  their  review  of studies

from  1980  to 2001  that  the  validity  of retrospective  recall  of

sexual/physical  abuse,  physical/emotional  neglect  or family

discord  is sufficiently  valid  (Hardt  and  Rutter,  2004).  Still,

the  retrospectively  assessed  adversities  could  have  been

underestimated  and/or  biased,  especially  reported  events

in  toddler  and  pre-verbal  ages.

Because  of methodological  reasons,  the  specification

between  ACEs  shorter/longer  than  one  year  cannot  be

assumed  to  be  completely  independent  from  each  other.

Since  some  participants  reported  both,  acute  and  chronic

ACEs,  with  our  sample  size,  it was  not possible  to  have  fully

distinct  and  statistically  orthogonal  groups.

Despite  these  limitations,  the  present  study  strengthens

the  assumption  that  adverse  childhood  experiences  give  rise

to  a blunted  stress  reactivity  of the  HPA  axis  and  the  SNS

in  young  healthy  women.  In this  study  population,  num-

ber  and  duration  of adverse  events  in childhood  showed  the

strongest  association  with  an  attenuated  stress  response  in

adulthood.  These  findings  suggest  that  the  reactivity  of the

human  stress  system  is  indeed  shaped  by  the experience  of

extrinsic  chronic  stressors  in  childhood  and  adolescence.
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7.3 Later Chronotype is Associated with Higher Alcohol Consumption and More 
Adverse Childhood Experiences in Young Healthy Women 
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