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Abstract 

In the line of their duty, Emergency Medical Services (EMS) personnel are inevitably exposed to re-

current psychotraumatic stress elicited by their close contact with intense human suffering and 

death, and they are also at high risk to become victims of attacks, violence, and serious injury. As a 

consequence of encountering a multitude of potentially traumatic experiences on duty, EMS person-

nel exhibit a considerably elevated prevalence of serious mental and physical health problems, and, 

eventually, heightened rates of health-related job turnover and early retirement. Taking this in ac-

count, there is a huge need to develop measures that foster resilience among EMS personnel and 

enable them to maintain their overall well-being, health, and work ability in the long-term. There-

fore, it is a prerequisite to characterise the precise origin and nature of traumatic stress in the EMS, 

and to identify resilience and vulnerability factors that influence the individual risk to develop nega-

tive trauma sequelae. 

For this purpose, an employee survey was conducted among the employees of two regional German 

Red Cross ambulance stations in Southern Germany. Cross-sectional data were collected from 115 

EMS personnel, including (i) exposure to traumatic stress at work, in private life, and during their 

childhood; (ii) perceived work-related stress; (iii) current mental and physical stress symptoms; as 

well as individual differences in (iv) emotion regulation and (v) sense of coherence. In addition, par-

ticipants agreed to donate 1 cm hair strands to analyse markers of the endocrine stress regulation. 

Based on these data, this thesis characterised the nature of traumatic mission incidents (Study I) and 

investigated possible influences on the mental and physical health status of EMS personnel on multi-

ple levels. These included the role of child maltreatment (CM) in lowering the resilience against 

traumatic stress in later life (Study II), endocrine factors that possibly mediate the development of 

trauma-related health problems (Study III), and individual differences among EMS personnel in cop-

ing with traumatic stress (Study IV and V). 

In detail, Study I scrutinised the nature of psychotraumatic stress in the EMS. Content-analytical and 

correlational methods revealed that traumatic rescue missions are constituted of a chain of critical 

circumstances, including (i) hazards and injuries for the EMS personnel’s individual health and safety, 

and circumstances that increase the personnel’s risk (ii) to lose their professional detachment from 

patients and (iii) intense emotional distress during and after missions. Based on this, Study I pro-

posed a provisional measure to quantify the cumulative exposure to potentially traumatic mission 

event types in the EMS. From a biographic perspective, Study II investigated whether CM is associat-

ed with a lower resilience to occupational trauma exposure among EMS personnel. Assuming the 

same degree of occupational trauma exposure in their line of duty, linear moderation analyses indi-

cated that the higher the severity of CM, the more mental and physical stress symptoms EMS per-

sonnel exhibited. This observation emphasises the need to consider CM as a lifetime vulnerability 

factor in occupational health promotion. Exposure to traumatic stress during childhood as well as in 

later life can exert persistent alterations on various biological levels. Those are considered to act as a 

pathway translating the negative sequelae of traumatic stress on the mental and physical health 

across lifetime. Study III was the first study examining hair-based markers of alterations in the co-

regulation of the hypothalamic-pituitary-adrenal cortex axis along with the endocannabinoid system 

in a stress- and trauma-exposed cohort. A total of 72 hair samples from EMS personnel were ana-
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lysed with respect to the glucocorticosteroid cortisol and the endocannabinoids anandamide (AEA), 

2-arachidonoylglycerol (2-AG), N-oleoylethanolamide (OEA), N-stearoylethanolamide (SEA), and N-

palmitoylethanolamide (PEA). In line with the established perspective of hair cortisol as a marker of 

ongoing stress and shift work, EMS personnel with higher quantitative workload exhibited higher 

cortisol concentrations. Moreover, higher endocannabinoid levels were linked to higher CM severity 

and more severe depressive and physical stress symptoms. These findings underpin previous results 

suggesting the endocannabinoid system to be involved in mediating CM-related lifetime vulnerability 

for trauma-related mental and physical health problems. 

In Study IV and V, this thesis investigated individual differences in handling traumatic experiences 

and related intense emotional distress among EMS personnel. Examining the emotion-regulation 

style, Study IV showed that EMS personnel used adaptive strategies (i.e. problem-solving, reapprais-

al, and acceptance) more often than maladaptive strategies (i.e. suppression, avoidance, and rumina-

tion). In accordance with meta-analytical findings, the maladaptive emotion-regulation strategies 

were consistently associated with more severe mental and physical health problems. Conversely, the 

two adaptive strategies, reappraisal and problem-solving, featured no beneficial associations with 

mental and physical health. Solely, higher habitual use of emotional acceptance went along with less 

posttraumatic, depressive, and physical stress symptoms among EMS personnel. Overall, the findings 

of Study IV underscore that future research and practice need to consider the context-specific adap-

tiveness of emotion regulation in occupational contexts with specific regulatory demands such as 

trauma-focused professions. Study V focussed on the revised sense of coherence as a potential resil-

ience factor for the health of EMS personnel. The concept refers to an individual’s conviction of being 

able to handle life’s challenges coupled with the metacognitive inclination to recognise and experi-

ence the coexistence of positive and negative life experiences as balanced. Contrary to the expecta-

tion, the association of a stronger sense of coherence with better mental and physical health was 

only due to higher manageability convictions, but not due to the individual inclination to reflect on 

and experience the balance of positive and negative aspects in life. Taken together, the results of 

Study IV and V imply that enhancing EMS personnel’s medical action and emotion-regulation compe-

tences could increase their mental preparedness to cope better with critical rescue missions, and, 

thus, their risk of traumatisation and compromised well-being, health, and work ability may be re-

duced. 

In conclusion, the present thesis contributed to advance the qualitative understanding of the nature 

of psychotraumatic stress in the EMS and provided further insights into the role of biographic, endo-

crine, and coping-related factors influencing the risk for negative trauma sequelae. Replication stud-

ies are needed to validate the thesis’ findings in representative samples with longitudinal designs, 

and, furthermore, to fathom the physiological mechanisms underlying symptom development. Com-

plementing its findings, this thesis summarised the current knowledge about trauma-focused occu-

pational health promotion in the EMS with the aim to allocate future efforts in research and practice 

on promising prevention paradigms. Prospectively, future research needs to aim at developing and 

rigorously testing preventive interventions to enhance the EMS personnel’s resilience against psy-

chotraumatic stress in the line of their duty.  
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1 Introduction 

“The resuscitation of a 3 month old girl  

who had the same name like me and had her birthday on the 

same day like my first pet. She was found dead in her crib in 

the morning and was resuscitated by me in vain.  

On the drive to the hospital, I sat alone with the dead child in 

the ambulance for about 15 minutes.” 

(An emergency medical technician’s worst life event) 

 

In 2017, ground-based Emergency Medical Services (EMS) have completed 16.4 million rescue mis-

sions and patient transports in Germany. The number of EMS missions has been rising continuously 

for years, and a further increase of 25% is forecasted for the years to come (Schmiedel and Behrendt, 

2019). Principle causes of this accelerating development include the progressive decline of medical 

and social infrastructure in rural areas as well as the demographic change leading to an increasing 

number of cardiovascular, metabolic, and respiratory emergencies among the ageing population 

(Behrendt and Runggaldier, 2009; Lowthian et al., 2011; Nowossadeck, 2012; Veser et al., 2015). 

Doubtless, the rising demand mounts a growing challenge for EMS providers, i.e. to increase steadily 

their capacities for rapid and comprehensive coverage with emergency medical care. At the same 

time, the demographic change intensifies the overall lack of new qualified personnel while the EMS 

workforce becomes increasingly older (Saß et al., 2015; Nelder et al., 2017). In an ageing workforce, 

health-related temporary downtime and permanent absence of personnel becomes all the way more 

likely. In comparison with the general working population and other healthcare professions, the EMS 

shows indeed higher rates of health-related employee turnover and early retirement (Sterud et al., 

2006; Suyama et al., 2009). In the light of these observations, maintaining the physical and mental 

health and working ability of EMS personnel presents a core prerequisite to meet the growing de-

mand for emergency medical care in an increasingly over-ageing society. Thus, in the next decades, 

the need for effective workplace health promotion and psychosocial prevention work will increase 

considerably in the EMS. 

Health promotion in the EMS is by no means a trivial challenge, as ambulance personnel are among 

the objectively most physically and mentally stressed occupational groups, and, accordingly, exhibit a 

high prevalence of serious physical and mental morbidity (Johnson et al., 2005; Sterud et al., 2006). 

Common physical health problems include increased rates of musculoskeletal pain and injuries 

(Suyama et al., 2009; Maguire and Smith, 2013; Maguire et al., 2014), cardiovascular and metabolic 

problems such as obesity, hypertension, and type-2 diabetes, coronary heart disease, and strokes 

(Frank and Ovens, 2002; Tsismenakis et al., 2009; Hegg-Deloye et al., 2014; Kecklund and Axelsson, 

2016), and an elevated risk for fatal accidents and premature mortality (Sterud et al., 2006; Maguire 

et al., 2014). Regarding mental health, systematic reviews and meta-analyses confirmed an increased 

prevalence of posttraumatic stress disorder (PTSD, 1025%), depressive disorders (15%), anxiety 
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disorders (15%), alcohol consumption disorders, general psychological distress (27%), sleep disor-

ders, and suicidal tendencies among EMS personnel (Sterud et al., 2006; Berger et al., 2012; Hegg-

Deloye et al., 2014; Stanley et al., 2016; Petrie et al., 2018; Wagner et al., 2020). In fact, the risk of 

trauma-related mental disorders in the EMS is even higher than in related professions in the social 

services such as the police and fire departments (Berger et al., 2012). 

The poor mental health perspective of EMS personnel results from their burden with the chronic 

psychosocial stressors of their standby duty at ambulance stations as well as recurrent encounters of 

direct and indirect traumatising events in the line of their duty (Bengel and Heinrichs, 2004; Donnelly 

and Siebert, 2009; Wagner et al., 2020). EMS personnel’s standby duty involves various psychosocial 

stressors due to (i) work activities at ambulance stations (e.g. underchallenge and tension due to long 

waiting periods); (ii) work organisation (e.g. unfavourable and frequently changing shift schedules, 

low participation opportunities, bureaucracy, irregular and unhealthy nutrition); (iii) workplace de-

sign (e.g. unsuitable premises, lack of exercise); (iv) social relationships with colleagues and supervi-

sors (e.g. lack of error culture, peer pressure); and (v) more contextual aspects of the job (e.g. low 

participation in family and social life, low job security, and the job’s low social reputation; Herings-

hausen et al., 2010; Karutz et al., 2013). In fact, the psychosocial consequences of standby duty and 

shift work already account for a substantial part of the EMS personnel’s burden with mental and 

physical health problems (Teegen and Yasui, 2000; Van Der Ploeg and Kleber, 2003; Klußmann et al., 

2005; zur Mühlen et al., 2005; Donnelly and Siebert, 2009). Research and practice in the field of oc-

cupational health promotion have developed evidence-based recommendations and guidelines that 

can reduce the physical and psychosocial burden in the EMS in a sustainable manner. Therefore, they 

can contribute substantially to the personnel’s health, well-being, and work ability in the long-term 

(for comprehensive overviews see e.g. Hering et al., 2011; Karutz et al., 2013). 

In contrast, psychotraumatic stress in the EMS cannot be avoided in principle: EMS personnel are 

exposed directly and recurrently to intense human suffering and death and occasionally become 

victims of injuries, accidents, or attacks, as these are inevitable consequences of the frontline medi-

cal rescue duty. Indeed, only few professions face potentially traumatising experiences in the line of 

duty as frequently and recurrently as EMS personnel (Regehr et al., 2002; Declercq et al., 2011). 

There is growing evidence that the personnel’s repeated exposure to a multitude of complex and 

emotionally challenging situations on duty is a principle cause of their elevated risk for serious men-

tal health problems and concomitant physical ailments (e.g. Alexander and Klein, 2001; Bennett et 

al., 2005; Declercq et al., 2011; Donnelly and Bennett, 2014). Therefore, it is of great relevance to 

investigate how the negative effects of psychotraumatic stress on the well-being and health of EMS 

personnel can be reduced. For this purpose, it is necessary to identify relevant factors that influence 

the health risk of EMS personnel, and based on this, it is required to develop measures to govern 

these factors in a beneficial way. 

As the first step, this thesis focussed on investigating potential factors of EMS personnel’s psy-

chotraumatic health risk on multiple conceptual levels and with different methodological accounts. 

Across different populations, it has been shown consistently that the risk for negative trauma seque-

lae increases in a dose-response relationship with the number of potentially traumatic experiences 

(Mollica et al., 1998; Krupnick et al., 2004; Neuner et al., 2004; Neugebauer et al., 2009; Kolassa et 

al., 2010b, 2010a; Comellas et al., 2015). Accordingly, this thesis adopted a lifetime-trauma perspec-

tive, considering exposure of severe and traumatic stress in different life phases as a principle cause 

for the development of mental and physical health problems. This includes exposure to traumatic 
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stress during childhood as well as critical life events in later private life and on the job. However, in 

previous studies, exposure to traumatic events in the EMS has often been recorded in an unstand-

ardised and incomplete manner (Wagner et al., 2020). This is mainly due to the fact that there has 

been little accordance about which events in rescue missions were considered critical. Thus, Study I 

of this thesis scrutinised descriptions of EMS personnel’s worst incidents on duty with the aim to 

characterise the nature of psychotraumatic stress in the EMS more precisely. In addition, Study I 

combined qualitative and correlative methods to select a preliminary set of critical event types to 

allow quantifying occupational exposure to potentially traumatic events in the EMS. 

There is evidence that traumatisation in early life, i.e. child maltreatment (CM) in particular, can 

increase the sensitivity to negative health consequences of stress and trauma encountered in later 

life (stress-sensitisation hypothesis; McLaughlin et al., 2010). Therefore, Study II investigated wheth-

er EMS personnel with more severe CM experiences exhibit more stress symptoms after the same 

degree of occupational trauma exposure in their line of duty. On a biological level, chronic stress and 

recurrent traumatic experiences, especially those in early life, can exert persistent alterations in the 

regulation of the physiological stress-response systems such as the hypothalamic-pituitary-adrenal 

axis and the endocannabinoid system. These alterations are considered to contribute to the devel-

opment of mental and physical stress-related diseases (Chrousos, 2009; Riebe and Wotjak, 2011; 

Micale and Drago, 2018). Thus, Study III aimed to investigate the relevance of stress- and trauma-

related alterations in physiological systems for the EMS personnel’s health status. For this purpose, 

Study III analysed hair samples to examine whether there is evidence of altered activity of the “stress 

hormone” cortisol and selected endocannabinoids in association with lifetime trauma exposure, 

quantitative workload, and the current mental and physical health status of EMS personnel. 

On a psychological level, individuals differ in the way they handle negative feelings and cope with 

mental stress. Since traumatic experiences and related intense emotional distress are inherent in the 

EMS, the personnel’s individual style to overcome emotional stress is of great importance for main-

taining health and well-being (Aldao et al., 2015; Wild et al., 2016). Therefore, this thesis examined 

individual differences in the EMS personnel’s stress-regulation style from two conceptual perspec-

tives. First, from the perspective of emotion-regulation research, Study IV investigated the habitual 

use of six adaptive and maladaptive emotion-regulation strategies, and their association with per-

ceived stress as well as stress-related mental and physical stress symptoms among EMS personnel. 

This study’s aim was to identify which regulatory styles are beneficial in the EMS context, and, hence-

forth, should be promoted with training measures. Second, from the perspective of salutogenesis 

research, the sense of coherence is considered as a central resilience factor in coping with traumatic 

experiences. In its recently revised form, the concept emphasises the importance of experiencing 

negative and positive life events as coexisting and balanced as the prerequisite for maintaining 

health and well-being (Bachem and Maercker, 2016). With respect to the psychotraumatic stress in 

the EMS, it could be pivotal that employees are able to counter negative experiences with the posi-

tive outcomes of their duty, i.e. successfully rescuing and helping their patients. For this reason, 

Study V investigated associations between the (revised) sense of coherence and the mental and 

physical health status among EMS personnel. 

Based on the investigation of the relevance of trauma-biographical factors (Study I and II), endocrine 

factors (Study III), and coping-related factors (Study IV and V) for the mental and physical health risk 

of EMS personnel, this thesis outlines the current knowledge and future directions of trauma-

focused occupational health promotion in the EMS. Thereby, the main focus lies on interventions to 
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strengthen the EMS personnel’s resilience against occupational trauma (primary prevention), while 

also briefly addressing measures to intercept the development of negative trauma sequelae (second-

ary prevention), and, eventually, therapeutically treat manifested mental health problems (tertiary 

prevention). 

The following subchapters of the introduction (chapter 1) summarise the scientific background of this 

thesis and deduct the research questions of the dissertation studies. Chapter 1.1 characterises the 

nature of traumatic stress in the EMS and addresses the question of recording cumulated exposure 

to occupational trauma (p. 12). Chapter 1.2 raises the question whether maltreatment, abuse, and 

neglect during childhood and adolescence may increase the vulnerability of EMS personnel to the 

consequences of stress and trauma in later life (p. 14). Chapter 1.3 introduces the role of the hypo-

thalamic-pituitary-adrenal axis and the endocannabinoid system in translating stress and trauma into 

negative mental and physical health outcomes (p. 16). Chapter 1.4 presents the current empirical 

knowledge about how EMS personnel’s strategies in regulating negative emotions affect their stress 

perception and health (p. 19). Chapter 1.5 introduces the sense of coherence as a possible beneficial 

factor for the health of EMS personnel (p. 21). The final introduction chapter, 1.6, summarises the 

thesis’ objectives and outlines the procedures and methods of the research project within which this 

thesis was completed (p. 24). The second main chapter of this thesis provides an overview of the 

main results of the five empirical studies conducted to address the research questions (chapter 2, p. 

28). The third main chapter discusses and integrates the studies’ findings (chapter 3, p. 37), with 

chapter 3.6 (p. 51) summarising the studies’ limitations and future research directions, and chapter 

3.7 (p. 53) outlining the current knowledge and future directions of trauma-focused occupational 

health promotion in the EMS. 

1.1 EMS personnel’s recurrent exposure to potentially traumatic events in the line 

of their duty 

In the course of their work, EMS personnel are confronted with a variety of different emotionally 

stressful and potentially traumatic incidents. In detail, EMS personnel may be traumatised directly by 

becoming victims of accidents and exhibiting attacks and threats by patients, relatives, or bystanders 

(Bigham et al., 2014; Maguire et al., 2018). In recent years, the reported propensity of violence 

against personnel of EMS and fire brigades has been increasing in Germany (Feltes and Weigert, 

2018). Moreover, as an inherent part of the rescue profession, EMS personnel are recurrently con-

fronted with the intense suffering and death of their patients. Both (i) direct exposure to hazards for 

their personal safety as well as (ii) indirect (secondary) exposure to their patients’ suffering and dy-

ing can have a traumatising effect on rescuers and may elicit acute stress reactions among them, 

including intense emotional distress due to traumatic cues, hyperarousal, emotional numbing, and 

disturbed sleep (Michael et al., 2016). In the medium-term, persistent trauma-related transdiagnostic 

health problems such as posttraumatic stress symptoms, including unintentional re-experiencing 

(intrusion), persistent situational and emotional avoidance of cues (avoidance), and increased nega-

tive emotional reactivity (hyperarousal) can be consequences of traumatic stress (Reinhard and 

Maercker, 2004; Eiche et al., 2019). Other consequences are symptoms of depression, burnout, anxi-

ety, psychosomatic aliments, and suicidality (Berger et al., 2012; Hegg-Deloye et al., 2014; Stanley et 

al., 2016; Petrie et al., 2018; Eiche et al., 2019). In the literature, indirect exposure to traumatic 
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events in the line of duty has also been referred to as vicarious traumatisation, and its persistent 

negative consequences on rescuers’ health and work ability have been termed secondary traumatic 

stress symptoms or compassion fatigue (Argentero and Setti, 2011; Cocker and Joss, 2016; Ludick and 

Figley, 2017; Greinacher et al., 2019). 

Typically, stress symptoms resulting from indirect traumatisation are less severe than those from 

direct traumatisation (Reinhard and Maercker, 2004; Marmar et al., 2006; Michael et al., 2016). 

However, indirect traumatising events in the EMS are considerably more prevalent than direct trau-

matising incidents (Monnier et al., 2002; Declercq et al., 2011; Donnelly and Bennett, 2014). Alt-

hough single traumatic missions themselves do have the potential to put EMS personnel at risk for 

trauma-related health problems (e.g. Fullerton et al., 2004), it is rather the recurrence of exposure to 

a variety of emotionally challenging situations on duty that constitutes the continuously elevating 

vulnerability for mental and physical stress symptoms that may eventually consolidate as a mental 

health disorder (Marmar et al., 2006). Therefore, the cumulating dose of recurrent exposure to duty-

related direct and indirect traumatising events was posited to be the principal cause for deteriorating 

mental health among trauma-exposed professionals (Ursano et al., 1999; Alexander and Klein, 2001; 

Ludick and Figley, 2017; Wagner et al., 2020). 

Although in principle, there is little doubt on this assumption, the empirical evidence for a relation-

ship between duty-related cumulative trauma exposure and negative health outcomes in the EMS 

and other trauma-exposed professions is rather inconsistent. One methodological reason for this 

inconsistency is that studies often employed unstandardised assessments of emotionally stressful 

and traumatic incidents in the EMS (Wagner et al., 2020). Many studies used arbitrary event catego-

ries that scarcely represent the actual diversity of duty-related trauma exposure in the EMS (e.g. 

Alexander and Klein, 2001; Regehr et al., 2002; Van Der Ploeg and Kleber, 2003; Bennett et al., 2005; 

Kirby et al., 2011; Skeffington et al., 2017). On the contrary, other studies employed quite extensive 

checklists to record the EMS personnel’s experience of a variety of stressful event types (Teegen and 

Yasui, 2000; Monnier et al., 2002; Reinhard and Maercker, 2004; Schoch, 2008; Häller et al., 2009; 

Schöfmann, 2010; Declercq et al., 2011; Donnelly and Bennett, 2014; Döllinger, 2014; Richter, 2014). 

However, it is to be questioned whether all these event types are critical incidents exerting negative 

effects on the well-being and health of EMS personnel, or, rather, present a collection of daily has-

sles. 

Therefore, qualitative research aimed to identify the types of mission experiences that are particular-

ly emotionally stressful and, therefore, potentially traumatic for EMS personnel (cf. Halpern et al., 

2009b). According to qualitative data, the most burdensome rescue missions typically involve a con-

catenation of several critical experiences within one mission (Alexander and Klein, 2001; Regehr et 

al., 2002; Van Der Ploeg and Kleber, 2003). During these missions, EMS personnel often feel emo-

tionally involved with their patients; thus, evoking a strong empathic distress among helpers (Ursano 

et al., 1999). Empathy is a “double-edged sword” in any helping profession (Ludick and Figley, 2017): 

On the one hand, EMS personnel need concerned compassion with patients. On the other, to protect 

themselves and to ensure efficient assistance, an emotional distance to their patients’ suffering—

called detached concern—is of utmost importance (Lampert and Glaser, 2018). A number of studies 

proposed single mission circumstances that may heighten the EMS personnel’s risk to lose their pro-

fessionally detached perspective. These include (i) medical care for victims of serious accidents as 

well as acts of violent crime; (ii) dealing with dead bodies or severed body parts; (iii) treating serious-

ly injured or dying children as well as patients with burns; (iv) encountering patients that are family, 
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friends, or personally known to the rescue crew; as well as (v) being threatened, attacked, or injured 

on duty (Clohessy and Ehlers, 1999; Alexander and Klein, 2001; Regehr et al., 2002; Jonsson et al., 

2003; Van Der Ploeg and Kleber, 2003; Avraham et al., 2014). Rescuers who engage in a strong emo-

tional proximity with patients can exhibit intense aversive emotions such as intensive compassion, 

sadness, helplessness, despair, fear, or even panic as well as anger and frustration (Ursano et al., 

1999; Halpern et al., 2009b, 2012b; Avraham et al., 2014; Donnelly and Bennett, 2014; Lampert and 

Glaser, 2018). The intensity of aversive emotions EMS personnel exhibit during and directly after a 

mission was found to be highly predictive for the onset of acute stress reactions as well as posttrau-

matic, depressive, and anxiety symptoms in the medium-term (Marmar et al., 2006; Halpern et al., 

2012b). 

Taken together, previous studies suggested there are several “critical” mission experiences that are 

likely to have a traumatising effect on EMS personnel, and, hence, they promote negative trauma-

related outcomes for the mental and physical health. These putatively critical mission event types 

may be grouped as (i) direct exposure to attacks, threats, and serious injury as well as exposure to 

circumstances which heighten the EMS personnel’s risk (ii) to give up their professionally detached 

perspective and (iii) to perceive a mission as particularly tragic or gruesome. It was the first objective 

of Study I to scrutinise the nature of traumatic rescue mission incidents in order to advance the 

qualitative understanding of psychotraumatic stress in the EMS. First, it was expected that EMS 

personnel’s worst mission-related incidents are characterised by a concatenation of the putatively 

critical mission events previous studies had suggested. Second, it was expected that specifically these 

putatively critical mission events show consistent correlations with poorer mental and physical 

health among EMS personnel. Based on this combined qualitative and correlative perspective, it was 

the second objective of Study I to define a provisional set of critical mission events to allow the 

quantification of EMS personnel’s exposure to potentially critical events in the line of their duty. 

1.2 Child maltreatment as a lifelong vulnerability factor for the detrimental effects 

of recurrent stress and trauma on the mental and physical health 

Child maltreatment (CM) has been defined as “any act or series of acts of commission or omission by 

a parent or other caregiver that results in harm, potential for harm, or threat of harm to a child” 

(Leeb et al., 2008, p. 11). That is, CM may occur in various forms, including emotional and physical 

neglect as well as emotional, physical, and sexual abuse. Globally, the most prevalent forms of CM 

are emotional abuse (ca. 36%) and physical abuse (22.5%). Besides, other forms are emotional ne-

glect (18.5%) and physical neglect (16%) as well as sexual abuse; by the latter one, girls are affected 

more frequently than boys (18.5% vs. 7.5%) (Stoltenborgh et al., 2015). In Germany, the most preva-

lent forms of CM are physical neglect (10.6−48.4%) and emotional neglect (6.7−49.5%), followed by 

emotional abuse (5.2−14.9%), sexual abuse (4.3−12.5%), and physical abuse (4.7−12.0%). Exact rates 

vary considerably depending on the applied assessment method and cut-offs, respectively (Häuser et 

al., 2011; Glaesmer, 2016; Koenig et al., 2016). 

Abundant evidence from epidemiological and longitudinal studies confirms that experiencing abuse 

and neglect during childhood and adolescence is associated with a higher risk for a broad variety of 

mental health problems (e.g. mood disorders, PTSD, anxiety disorders, substance use disorders, eat-

ing disorders, suicidality) and physical ailments (e.g. autoimmune diseases, gastrointestinal problems, 
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obesity, diabetes, heart problems, cancer) throughout life (Felitti et al., 1998; Dube et al., 2009; Gil-

bert et al., 2009; Hamilton et al., 2015; Li et al., 2016; Taillieu et al., 2016; Afifi et al., 2017; Merrick et 

al., 2017), and, eventually, with a reduced life expectancy (Brown et al., 2009). For example, individ-

uals who experienced one form of CM present a two-fold lifetime prevalence for major depressive 

disorder than individuals with no history of CM. Correspondingly, individuals who have experienced 

four or more forms of CM present a fivefold depression prevalence (Chapman et al., 2004; cf. meta-

analyses by Infurna et al., 2016; Li et al., 2016). In addition, individuals with a CM history exhibit psy-

chosocial adjustment problems (e.g. relationship difficulties, familiar problems, higher rates of inter-

personal violence perpetration and delinquency) and socioeconomic problems (e.g. lower education-

al achievements as well as higher rates of unemployment, dependency on welfare, and homeless-

ness) (cf. reviews by Gilbert et al., 2009; Hamilton et al., 2015). Detrimental effects of CM are dose-

dependent, i.e. greater severity of CM (e.g. longer chronicity of CM exposure and/or multiple forms 

of CM) is linked to increased prevalence of poor health outcomes, more complex transdiagnostic 

symptomatology, and more impaired socioeconomic functioning (Dube et al., 2003; Anda et al., 

2006; Hamilton et al., 2015).  

CM impacts individuals during early developmental periods and exerts profound alterations in the 

regulation of stress on various physiological and psychosocial levels (for extensive reviews see e.g. 

Schury and Kolassa, 2012; Fagundes et al., 2013; Hamilton et al., 2015; Nemeroff, 2016; Danese and 

Lewis, 2017; Kuhlman et al., 2017). These alterations convey an increased vulnerability to the nega-

tive consequences of stress and trauma exposure in later life. In a representative U.S. population 

sample, participants showed a higher risk of developing PTSD, depression, and anxiety disorders, the 

more major stress events they had encountered in the year before responding to the study survey. 

Additionally, this risk was considerably elevated among participants who had experienced more 

forms of CM (McLaughlin et al., 2010). This indicates a lowered resilience of individuals with CM his-

tory against the consequences of severe and traumatic stress, which has been termed as the stress-

sensitisation hypothesis (McLaughlin et al., 2010). 

Similar observations were made among occupational groups with frequent exposure to traumatic 

events. Studies showed that the higher US soldiers’ combat exposure during foreign deployment, the 

more symptoms the soldiers displayed after return from deployment. However, moderation effects 

indicate the occurrence of combat-related depression and PTSD symptoms was elevated among sol-

diers who had been exposed to more intense CM in their youth (McCranie et al., 1992; Stein et al., 

2005; Cabrera et al., 2007). Corresponding moderation effects were found for general health com-

plaints of military veterans (Clancy et al., 2006). A number of other retrospective cross-sectional 

studies among military personnel also confirm significant main effects of broadly defined adverse 

childhood experiences (not exclusively CM) and later-life (duty-related) trauma exposure on affec-

tive, posttraumatic, and anxiety symptoms as well as alcohol abuse. However, those studies found no 

moderation effects (Fritch et al., 2010; Van Voorhees et al., 2012; Sareen et al., 2013; Youssef et al., 

2013; Zheng et al., 2016) or did not test possible moderation effects (Rademaker et al., 2011; van 

Zuiden et al., 2011; Aversa et al., 2014). A longitudinal study among Danish soldiers differentiated 

trajectories of PTSD symptom severity, revealing that childhood experiences of physical abuse and 

witnessing family violence prospectively predicted trajectories of elevating PTSD symptom severity 

during and after foreign military deployment (Berntsen et al., 2012). A longitudinal study among 

Hong Kong police cadets indicated that the prospective risk for posttraumatic and depressive symp-

tom incidence during the first year of training depended more on the cadets’ history of CM than on 
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the number of critical incidents they had encountered on duty, the amount of negative major life 

events, or their perceived occupational stress (Wang et al., 2010). 

Accordingly, CM could predispose EMS personnel to develop mental and physical health problems in 

response to critical event exposure on duty. Importantly, in a qualitative study, EMS personnel fre-

quently stated they chose their profession because they see their service to society as a way to com-

pensate for their own negative experiences during childhood (Clompus and Albarran, 2016). Consid-

ering that an adverse childhood may motivate to choose a career in the EMS, it is of high importance 

to investigate whether a history of CM makes EMS personnel more vulnerable to the psychological 

burden of their work. However, only a few studies have so far investigated possible effects of CM on 

EMS personnel’s health: Maunder et al. (2012) asked U.S. EMS personnel to remember a past inci-

dent in the line of duty they still experience as disturbing, and to retrospectively rate the intensity 

and duration of their acute stress reactions after the incident. Participants with a history of CM re-

membered higher levels of physical arousal, irritability, and social withdrawal than the participants 

without CM experiences. In line with this, police cadets with CM history showed an increased cate-

cholamine stress response when watching a video on highly stressful incidents on duty (Otte et al., 

2005). These results indicate that EMS personnel with a history of CM could display increased stress 

reactivity and/or impaired ability to rapidly recover after trauma-related emotional stress (Maunder 

et al., 2010). In addition, EMS personnel with CM history exhibited more severe depressive, somatic, 

and burnout symptoms than those without CM experiences (Maunder et al., 2012). Complementari-

ly, in a German EMS cohort, PTSD prevalence was 22% higher among personnel with CM history than 

among their colleagues without (Teegen and Yasui, 2000). 

In sum, there is first evidence that CM exposure could increase EMS personnel’s reactivity towards 

recurrent trauma exposure on duty, which could promote the subsequent development of trauma-

associated mental health problems. However, previous studies in the EMS did not take into account 

the interaction of CM and recurrent trauma exposure on duty. Therefore, Study II of this thesis in-

vestigated the stress-sensitisation hypothesis (cf. McLaughlin et al., 2010) among EMS personnel. It 

was expected that the intensity of experienced CM acts as a statistical moderator increasing the as-

sociation between EMS personnel’s recurrent trauma exposure on duty and the severity of their cur-

rent posttraumatic, depressive, and physical stress symptoms. 

1.3 Hypothalamus-pituitary-adrenal axis and endocannabinoid system as physiolog-

ical mediators of the negative effects of chronic and traumatic stress on the mental 

and physical health 

Although it is commonly presumed that chronic psychological stress and recurrent trauma in the line 

of duty cause the EMS personnel’s vulnerability for stress- and trauma-related mental and physical 

morbidity (Berger et al., 2012; Hegg-Deloye et al., 2014; Petrie et al., 2018), it has not been thor-

oughly investigated yet how psychological stress and trauma becomes embedded in biological sys-

tems to perpetuate the elevated risk for negative health outcomes. Stress-induced alterations in the 

regulation of the body’s endocrine stress-response system could be one key mechanisms in translat-

ing the negative effects of psychological stress and trauma into deteriorating mental and physical 

health (Chrousos, 2009; Riebe and Wotjak, 2011; Micale and Drago, 2018). Therefore, Study III of this 
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thesis investigated possible alterations in the regulation of the endocrine stress response among EMS 

personnel. 

The hypothalamus-pituitary-adrenal (HPA) axis presents a main regulator of the body’s endocrine 

stress reaction. During phases of acute and chronic stress, the hypothalamus secretes corticotropin-

releasing hormone (CRH) and arginine vasopressin (AVP) to stimulate the production and secretion of 

adrenocorticotropin hormone (ACTH) from the posterior pituitary. In response to increasing ACTH 

activity, the adrenal cortices produce and release glucocorticosteroid hormones, i.e. cortisol, corti-

sone (an inactive form of cortisol), and dehydroepiandrosterone (a cortisol antagonist) (Tsigos and 

Chrousos, 2002). By now, cortisol is probably the most intensively investigated bioactive molecule in 

the context of stress- and trauma-associated psychopathology (Stalder et al., 2017; Liu and Doan, 

2019). In order to meet the body’s increased energy demand during phases of stress, cortisol induces 

glucose release by glycolysis from the liver to various cells and tissues within minutes and persists 

over hours (Tsigos and Chrousos, 2002). Under physiological conditions, increasing cortisol concen-

trations inhibit the additional production of CRH and ACTH, which dampens the HPA-axis activity and 

throttles the further release of glucocorticosteroid hormones (Tsigos and Chrousos, 2002). 

This negative feedback loop is pivotally conditioned by the endocannabinoids anandamide (AEA) 

and 2-arachidonoylglycerol (2-AG) (Riebe and Wotjak, 2011; Hill and Tasker, 2012; Morena et al., 

2016; Micale and Drago, 2018). Endocannabinoids are bioactive signalling lipids derived from arachi-

donic acid and other polyunsaturated fatty acids that are enzymatically synthesised on demand from 

cell membranes of the central nervous system, blood cells, and other peripheral tissues (Tarragon 

and Moreno, 2018; Tsuboi et al., 2018). Conceptual models (Riebe and Wotjak, 2011; Hill and Tasker, 

2012; Morena et al., 2016; Micale and Drago, 2018) postulate that in the absence of acute stress, the 

tonic activity of central-nervous AEA confines the activity of the HPA axis. With exposure to stress, 

AEA activity decreases and disinhibits the HPA axis, eventually stimulating the secretion of cortisol. 

Correspondingly, higher tonic endocannabinoid activity was associated with buffered basal glucocor-

ticosteroid activity (Riebe and Wotjak, 2011). The stress-related activity of glucocorticosteroids stim-

ulates the synthesis and secretion of AEA and 2-AG. A timely delayed increase of 2-AG acts as a turn-

off signal to prompt the downregulation of the HPA-axis activity after the stressful situation has end-

ed (Hill and Tasker, 2012; Morena et al., 2016). 

Imbalances in the mutual regulation of endocannabinoids and glucocorticosteroids could compro-

mise the physiological stress response, and constitute a vulnerability to develop stress-related health 

problems. A parallel pathway in the aetiology of stress-related health problems could be alterations 

in the regulation of the immune system. Individuals with chronic ongoing stress or a history of trau-

matic experiences exhibit chronic low-grade inflammatory activity (Steptoe et al., 2007; Tursich et al., 

2014; Baumeister et al., 2016); a phenotype that also characterises individuals with depressive and 

posttraumatic stress symptoms (Tursich et al., 2014; Haapakoski et al., 2015; Passos et al., 2015). 

Persistent changes in HPA-axis activity might contribute to an altered immune regulation, as gluco-

corticosteroids exert immunosuppressive and anti-inflammatory effects (Tsigos and Chrousos, 2002). 

Furthermore, there is consistent evidence that activated immune cells secrete endocannabinoids 

such as AEA and 2-AG as well as chemically closely related N-acylethanolamides such as stearoyleth-

anolamide (SEA), oleoylethanolamide (OEA), and palmitoylethanolamide (PEA) (Tsuboi et al., 2018). 

The endocannabinoid signal in blood inhibits immune cells from the further secretion of pro-

inflammatory cytokines and recovers the initial immune response back to baseline (Hillard et al., 

2012; Tarragon and Moreno, 2018). In line with this, elevated endocannabinoid activity was also as-
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sociated with lowered neural toxicity, decreased levels of oxidative stress, and attenuated visceral 

and neuropathic pain (Suardíaz et al., 2007; Dalle Carbonare et al., 2008; Solorzano et al., 2009). 

Moreover, peripheral activity of AEA, 2-AG, and OEA is sensitive to the intake of food rich in fat and 

sugar and involved in the regulation of food preference, satiety, lipogenesis, insulin sensitivity, and 

obesity, with OEA being involved in the development of diabetes (Piomelli, 2013; Tarragon and 

Moreno, 2018). There is consistent evidence from pharmacological studies that endocannabinoid-

receptor antagonists are highly efficient in reducing obesity and treating the metabolic syndrome. At 

the same time, these drugs exert severe side-effects on mood such as depression, anxiety, insomnia, 

and suicidality, which eventually resulted in the withdrawal of the drugs’ regulatory approval (Ber-

mudez-Silva et al., 2010).  

Due to their central role in regulating the body’s short- and long-term stress adaptation and immune 

activity, alterations in the mutual dependency of endocannabinoid and glucocorticosteroid activity 

might be a core mechanism in the aetiology of stress- and trauma-related disorders (Riebe and Wot-

jak, 2011; Hillard et al., 2012; Neumeister et al., 2015; Berardi et al., 2016; Micale and Drago, 2018). 

Therefore, Study III of this thesis investigated whether markers of cortisol and endocannabinoid 

activity are associated with the chronic stress and lifetime trauma exposure of EMS personnel as 

well as the severity of their mental and physical health problems. In line with a growing number of 

studies, hair concentrations of cortisol and endocannabinoids were measured as retrospective endo-

crine markers of the biomolecules’ time-accumulated activity (Stalder and Kirschbaum, 2012; 

Krumbholz et al., 2013; Short et al., 2016; Liu and Doan, 2019). Various metabolites, including gluco-

corticosteroids and endocannabinoids are continuously incorporated into the creatine matrix of hair. 

Nevertheless, the precise physiology of incorporation is not conclusively understood (see Stalder and 

Kirschbaum, 2012, for an overview). Unlike measures of momentary glucocorticosteroid and endo-

cannabinoid levels in blood, sweat, saliva, and urine, hair concentrations are less susceptible to tem-

porary influences such as circa- and ultradian rhythmicity, acute stress, food or substance consume, 

and physical exercises (Stalder and Kirschbaum, 2012; Liu and Doan, 2019). Methodological studies 

validated hair cortisol concentrations via the cumulated concentrations of cortisol repeatedly meas-

ured in urine, saliva, and serum, mostly yielding medium-sized positive correlations (Stalder and 

Kirschbaum, 2012; Short et al., 2016; Liu and Doan, 2019). However, associations between the endo-

cannabinoid concentrations in hair and other body matrices have not been investigated so far. Little 

is known about the relationship between glucocorticosteroids and endocannabinoid concentrations 

in human hair. In a longitudinal study, AEA and 2-AG concentrations were associated with lower glu-

cocorticosteroid concentrations in hair of women over the course of pregnancy (Krumbholz et al., 

2013). 

Regarding occupational stress, a meta-analysis confirmed elevated cortisol concentrations in hair of 

individuals with ongoing occupational stress, including shift workers and nursing staff (Stalder et al., 

2017). However, longitudinal studies yielded mixed results about the prospective association of in-

tensifying stress and elevating hair cortisol concentrations (Da Silva et al., 2017; Mayer et al., 2018). 

So far, there are no studies which have investigated possible alterations in endocannabinoid levels in 

hair of individuals with ongoing occupational stress. In studies on traumatic stress, hair cortisol con-

centrations increased over a period of several weeks to months, followed by a return on pre-trauma 

levels or below (Luo et al., 2012; Gao et al., 2014; Pacella et al., 2017). Guilliams and Edwards (2010; 

Steudte-Schmiedgen et al., 2016) hypothesised that increasing cortisol activity after traumatic expe-

riences sensitises the HPA-axis feedback loop, and, thereby, leads to a persistently reduced secretion 

of cortisol among trauma-exposed individuals. However, there are inconsistent findings on the asso-
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ciation between lifetime trauma exposure and cortisol concentrations in hair (Steudte et al., 2011, 

2013; Mewes et al., 2017; Dajani et al., 2018; cf. meta-analysis by Khoury et al., 2019). Also with re-

gard to severe and traumatic stress in early life, there is inconsistent evidence of lowered, un-

changed, or heightened hair cortisol concentrations among adults with a history of CM (e.g. Hinkel-

mann et al., 2013; Schalinski et al., 2015; Schreier et al., 2015; Schury et al., 2017; Bossé et al., 2018; 

Koenig et al., 2018b; Muehlhan et al., 2018; Swales et al., 2018; cf. meta-analysis by Khoury et al., 

2019). Regarding the aetiology of mental health problems, lowered basal cortisol levels are discussed 

to be a risk factor for the development of trauma-related disorders after critical incident exposure 

(Raison and Miller, 2003; Luo et al., 2012; Steudte-Schmiedgen et al., 2015). Correspondingly, the 

meta-analysis of Stalder et al. (2017) confirmed a marginal association between lower hair cortisol 

concentrations and more severe PTSD symptoms (meta-regression coefficient, b̅ = -.18, across k = 3 

studies with a total of n = 50 participants). However, no stable association was found between the 

cortisol levels in hair and depressive symptom severity (b̅ = .06, k = 7, n = 279). 

Compared to the research activities concerning hair cortisol alterations, little research has been con-

ducted on alterations in hair endocannabinoid levels in the context of stress and health. Among 

heavily traumatised survivors of the Ugandan civil war, higher lifetime trauma exposure and more 

severe PTSD symptoms were associated with lower levels of PEA, SEA, and OEA in hair (Wilker et al., 

2016). Among European women in one month postpartum, CM exposure was associated with higher 

1-AG and lower SEA concentrations in hair. Women with a lifetime diagnosis of one or more psychi-

atric disorders showed reduced OEA, SEA, and PEA concentrations in hair (Koenig et al., 2018a). 

On the premises of these findings, Study III expected to find (i) increased hair cortisol concentrations 

among EMS personnel with higher workload, quantified as the number of night shifts and rescue or 

transport missions performed in the last month. According to the hypothesis of Guilliams and Ed-

wards (2010; Steudte-Schmiedgen et al., 2016), EMS personnel could exhibit a persistently lowered 

HPA-axis activity due to their recurrent exposure to severe and traumatic stress in the line of duty. In 

order to test this hypothesis, Study III examined (ii) the association between the EMS personnel’s 

hair cortisol concentration and their exposure to traumatic events in the line of duty, in private life, 

and during childhood and adolescence. To investigate the potential relevance of lowered cortisol 

activity for the EMS personnel’s increased vulnerability for trauma-spectrum disorders such as PTSD 

and depression, Study III explored (iii) the associations between the EMS personnel’s hair cortisol 

levels and the severity of their posttraumatic, depressive, and physical stress symptoms. In order to 

extend the few existing findings on hair endocannabinoid levels in the context of stress and trauma, 

Study III explored (iv) whether the EMS personnel’s hair endocannabinoid concentrations are asso-

ciated with their workload, lifetime trauma exposure, or mental and physical stress symptomatol-

ogy. Finally, Study III is the first to investigate (v) the relationship between the cortisol and endo-

cannabinoid levels in hair of chronically stressed professionals, expecting the concentration of corti-

sol to negatively correlate with those of AEA and 2-AG (cf. Krumbholz et al., 2013).  

1.4 The role of emotion regulation as risk and resilience factor for health  

Although EMS personnel’s burden of unfavourable working conditions may be remedied with appro-

priate organisational measures (see Karutz et al., 2013, for a detailed discussion), encounters of po-

tentially traumatic experiences on rescue missions and related intense aversive emotions cannot be 
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avoided in principle. Therefore, EMS personnel’s ability to cope effectively with their emotional 

stress is of central importance for the maintenance of their life satisfaction, health, and work ability 

despite recurrent occupational trauma (Aldao et al., 2015). All cognitive or behavioural processes by 

which individuals direct (i) which emotions they feel, (ii) when they feel them, and (iii) how they ex-

perience and (iv) express them are summarised under the term emotion regulation (Gross, 1998, 

2015; McRae and Gross, 2020). Some emotion-regulation strategies are associated with better well-

being, stress resilience, and mental and physical health. Therefore, these strategies are referred to as 

“adaptive” emotion-regulation strategies. Their frequent use is considered as a protective factor 

against the negative consequences of severe and traumatic stress (Gross, 1998; Aldao et al., 2010). 

Conversely, other strategies are associated with heightened levels of stress, less life satisfaction, and 

more severe mental and physical health problems. Consequently, these strategies are called “mala-

daptive”, and the inclination of using them is assumed to be a vulnerability factor for health prob-

lems (Aldao and Nolen-Hoeksema, 2010; Aldao et al., 2010). 

Adaptive emotion-regulation strategies include the reduction of emotional distress by (i) creating 

positive reinterpretations and developing differentiated perspectives on a negative experience (re-

appraisal); (ii) changing or preventing stressful situations and their consequences in a planned man-

ner (problem-solving); and (iii) recognising and accepting aversive experiences, emotions, and 

thoughts without evaluating them (emotional acceptance) (Gross, 1998; Aldao et al., 2010; McRae 

and Gross, 2020). On the contrary, maladaptive emotion-regulation strategies include (i) avoiding 

thoughts, emotional sensations, and memories of an aversive experience (experiential avoidance); 

(ii) suppressing the emotional expression in order to lessen the perceived intensity of negative emo-

tions (expressive suppression); and (iii) repeatedly focussing on the perceived negative emotions 

while brooding over their origin and consequences (rumination) (Wenzlaff and Wegner, 2000; Gross 

and John, 2003; Garnefski and Kraaij, 2006; Nolen-Hoeksema et al., 2008; Aldao and Nolen-

Hoeksema, 2010). 

A number of meta-analyses confirm stable associations of adaptive and maladaptive emotion regula-

tion with the well-being and health conditions of healthy or clinical cohorts. The maladaptive emo-

tion-regulation strategies rumination, suppression, and avoidance are linked to elevated emotional 

stress, poorer mental health, and lower life-satisfaction. Typically, rumination exhibits the strongest 

associations with negative health outcomes. In contrast, fewer emotional stress, better mental 

health, and a higher life-satisfaction are linked to the use of adaptive emotion-regulation strategies 

(see meta-analyses by e.g. Aldao et al., 2010; Webb et al., 2012; Hu et al., 2014; Seligowski et al., 

2015; Schäfer et al., 2017; Visted et al., 2018). In addition, reappraisal and acceptance are associated 

with posttraumatic growth in different trauma-exposed groups (meta-analysis by Prati and Pietran-

toni, 2009). Overall, associations between emotion-regulation strategies and mental health out-

comes reach from small to medium effect sizes, while effects of adaptive emotion-regulation strate-

gies are typically smaller and less consistent than those of the maladaptive strategies (e.g. meta-

analyses by Seligowski et al., 2015; Compas et al., 2017; Schäfer et al., 2017). 

Research among trauma-exposed professions such as the EMS reported fairly consistent cross-

sectional associations of rumination, suppression, and avoidance with stronger concurrent depres-

sive and posttraumatic stress symptoms (e.g. Beaton et al., 1999; Clohessy and Ehlers, 1999; Kirby et 

al., 2011; Razik et al., 2013; Shepherd and Wild, 2014; Wild et al., 2016). The individual tendency to 

suppress negative emotional arousal in a laboratory experiment predicted the frequency of post-

traumatic intrusions the EMS personnel exhibited after an year (Shepherd and Wild, 2014; see also 
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Williams et al., 2010). Moreover, in a prospective longitudinal study, EMS trainees’ tendency to ru-

minate predicted the incidence of additional PTSD and depression symptoms during their first year of 

training (Wild et al., 2016). In line with this, studies among traumatised adults indicated that the in-

clination to ruminate over traumatic experiences is not simply a concomitant symptom of existing 

psychopathology. Rather, it is a prospective risk factor for the development of trauma-spectrum dis-

orders (McLaughlin et al., 2011; Kleim et al., 2012; Michael et al., 2016). Moreover, the use of mala-

daptive emotion-regulation strategies often persists even after disorder remission and, thereby, con-

tributes to relapses (Visted et al., 2018). 

Adaptive emotion-regulation strategies have been less extensively studied among trauma-exposed 

occupational groups. By now, existing findings are inconsistent; i.e. some studies found reappraisal to 

be associated with lower PTSD symptoms (Shepherd and Wild, 2014), while others found no associa-

tion with EMS personnel’s mental health (Beaton et al., 1999; Clohessy and Ehlers, 1999) or even 

elevated burnout symptoms (Cicognani et al., 2009). So far, problem-solving has not been studied 

among EMS personnel but was found to be associated with higher PTSD symptom severity among 

police officers (Marmar et al., 2006). In cross-sectional studies, (mindfulness-based) acceptance has 

been linked to stronger posttraumatic growth and fewer posttraumatic stress symptoms among EMS 

personnel and firefighters (Kirby et al., 2011; Setti and Argentero, 2014; Chen et al., 2019; Counson 

et al., 2019; Zhao et al., 2019). In a longitudinal study with police cadets, the use of mindfulness-

based acceptance prospectively predicted fewer depressive symptoms over the course of one year 

(Williams et al., 2010). 

Previous research has focused primarily on the relationship between emotion-regulation strategies 

and health outcomes, while possible influences of emotion regulation on the perception of occupa-

tional stress have been mostly disregarded. Chronically heightened levels of perceived stress present 

a prospective risk factor for the development of mental and physical complaints in the medium-term 

(Marmar et al., 2006; Wang et al., 2010; Donnelly, 2012; Donnelly et al., 2016). Thus, effective emo-

tion regulation could contribute to lower occupational stress perception and, thereby, promote to 

maintain health in the EMS. Available evidence indicates that higher distress tolerance is linked to 

the more frequent use of acceptance, and, albeit to a lesser extent, to the use of reappraisal and 

problem-solving. Negative associations were found between distress resilience and the use of avoid-

ance, suppression, and rumination (Naragon-Gainey et al., 2017). 

Study IV of this thesis (i) characterised the emotion-regulation style of EMS personnel more com-

prehensively than previous studies, and (ii) investigated the emotion-regulation strategies for dif-

ferential relationships with the EMS personnel’s occupational stress perception as well as their 

current mental and physical stress symptoms. It was expected that the tendency to use maladaptive 

emotion-regulation strategies is associated with higher stress perception and more posttraumatic, 

depressive, and physical stress symptoms, whilst the opposite relationships were expected for the 

use of adaptive strategies. 
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1.5 Sense of coherence as a potential resilience factor against the consequences of 

recurrent trauma exposure 

In the field of health psychology, the sense of coherence (SOC) is considered as a central psychologi-

cal resilience factor to maintain mental and physical health throughout any vicissitudes of life. The 

concept refers to the global orientation of perceiving the living environment as predictable, compre-

hensible, and lawful (Antonovsky, 1979, 1993; Eriksson, 2017): Individuals with pronounced SOC ap-

praise life’s stressors more structured, predictable, and explicable (comprehensibility). Furthermore, 

they are convicted of having enough resources to meet any upcoming demands (manageability). 

Finally, individuals with a strong SOC consider life events and diseases as challenges worthy of en-

gagement and effort (meaningfulness) (Antonovsky, 1993; Eriksson, 2017). It is the central hypothesis 

of salutogenesis research that individuals with a stronger SOC better retain or regain mental and 

physical health after exposure to severely stressful or traumatic life events (Bachem and Maercker, 

2016; Eriksson, 2017). At the same time, successful coping with adverse life events may foster the 

SOC and, thereby, supports the maintenance of health in the long-term. Accordingly, the SOC could 

be of pivotal importance for EMS personnel to withstand the recurrent trauma exposure in the line 

of duty, and to translate successful handling of challenging mission experiences into higher individual 

resilience. 

A large number of cross-sectional studies linked higher SOC values to better mental and physical 

health. Regarding PTSD, a meta-analysis confirmed stable associations of higher SOC values with 

lower posttraumatic stress symptoms (pooled effect size, r ̅= -.41) but also emphasised the heteroge-

neity of the studies’ findings (Schäfer et al., 2019). Likewise, SOC was meta-analytically linked to low-

er subjective stress (r ̅= -.53) as well as fewer depressive (r ̅= -.69) and anxiety symptoms (r ̅= -.60) 

among caregiving relatives (del-Pino-Casado et al., 2019). In longitudinal studies with observation 

periods ranging from months up to several years, higher SOC values were predictive for a lower risk 

of additional symptoms of PTSD, depression, anxiety disorders, and substance consumption disorders 

(Engelhard et al., 2003; Richardson and Ratner, 2005; Kouvonen et al., 2010; Luutonen et al., 2011). 

However, other longitudinal studies could not establish that SOC values assessed at the first meas-

urement point predict the onset or course of posttraumatic, depressive, and physical symptoms 

(Karlsson et al., 2000; Kivimäki et al., 2000; Schnyder et al., 2001; Sairenchi et al., 2011; Sjöström et 

al., 2012). 

In accordance with Antonovsky’s conception, under stable living environments the SOC appears to be 

relatively stable over time (Feldt et al., 2003; Hakanen et al., 2007) or even elevates with higher age 

(Silverstein and Heap, 2015). However, particularly among individuals with lower initial SOC levels 

(Nilsson et al., 2003), the SOC was observed to decline after severe and traumatic stress such as life-

threatening accidents (Schnyder et al., 2000; Snekkevik et al., 2003), exposure to physical, psycholog-

ical, and sexual violence (Volanen et al., 2007), serious illness or death of family members (Kivimäki 

et al., 2002), and during phases of chronic stress such as the care for young children (Ahlborg et al., 

2013; Hildingsson, 2017). Moreover, among chronically ill or elderly, the SOC was found to decrease 

in reaction to the deteriorating health status and loss of social support (Nilsson et al., 2003; Caap-

Ahlgren and Dehlin, 2004; Silverstein and Heap, 2015). SOC fluctuations appear to covary with altera-

tions in the mental health status; however, without predicting the mental health condition’s future 

course (Roth and Ekblad, 2006; Takeuchi et al., 2013). In sum, longitudinal studies obtained incon-
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sistent results on the stability and prospective validity of the SOC as a (pre-trauma) resilience factor 

against the development of mental and physical health problems. 

Antonovsky’s original SOC conception received further criticism for its inconsistent factor structure 

(Bachem and Maercker, 2016). Moreover, medium to high correlations with neuroticism, optimism, 

self-efficacy, emotional distress, and depressive symptomatology casted doubt on the SOC’s discri-

minant validity (Kivimäki et al., 2002; Breslin et al., 2006; Gruszczyńska, 2006, 2014; Feldt et al., 

2007; Konttinen et al., 2008; Grevenstein and Bluemke, 2015; Kase et al., 2018). In order to address 

these limitations, Bachem and Maercker (2016) reconceptualised the SOC and introduced the Sense 

of Coherence Scale−Revised (SOC-R). The revised SOC describes the ability to “perceive life phenom-

ena as connected to each other and to balance positive and negative appraisals of life experiences” 

(Bachem and Maercker, 2016, p. 3). The concept comprises the three facets (i) manageability, i.e. 

the individual’s conviction to be able to successfully master life’s challenges, combined with (ii) re-

flection, i.e. the ability to develop different perspectives on ambiguous life situation and to recognise 

connections, and (iii) balance, i.e. the ability to integrate the positive and negative experiences and 

feelings in the long term (Bachem and Maercker, 2016). 

The SOC-R yielded a satisfactory factor validity and low to mediocre internal consistencies in valida-

tion studies among bereaved relatives and older adults from Switzerland, Italian adults, and a repre-

sentative German population sample (Bachem and Maercker, 2016; Mc Gee et al., 2017; Thoma et 

al., 2018; Chiesi et al., 2020). Higher SOC-R values were associated with better general mental and 

physical health, including fewer symptoms of depression, persistent grief, and anxiety, as well as 

higher levels of posttraumatic growth (Bachem and Maercker, 2016; Mc Gee et al., 2017, 2018; Tho-

ma et al., 2018; Chiesi et al., 2020). The revised concept is associated with neuroticism, extraversion, 

self-efficacy, and optimism; however, to a lesser extent than the original SOC (Bachem and Maercker, 

2016; Mc Gee et al., 2017). Importantly, the SOC-R facets displayed differential correlation patterns: 

manageability presented medium-sized correlations with better mental and physical health, higher 

resilience, positive and negative affectivity, neuroticism and extraversion, higher self-efficacy, -

esteem, and -compassion, as well as higher life satisfaction. Conversely, the SOC-R facets balance and 

reflection showed considerably weaker or no such associations (Bachem and Maercker, 2016; Mc 

Gee et al., 2017; Thoma et al., 2018; Chiesi et al., 2020). So far, no evidence is available on the re-

vised concept’s long-term stability and possible fluctuations due to major life events. Over a period 

of 15 months, the SOC-R’s re-test reliability was rtt = 0.74 among sixty participants (Bachem and 

Maercker, 2016). The only longitudinal study available so far did not report the intra-individual stabil-

ity of SOC-R values across the interval of one year (Mc Gee et al., 2018). Individuals with chronic 

stress reported lower SOC-R values but particularly lower manageability convictions (Mc Gee et al., 

2017, 2018). 

To date, the SOC-R has not been employed in a study in the EMS or similarly trauma-exposed profes-

sions. Studies in professions with recurrent exposure to human suffering using the original SOC con-

cept found inconsistent evidence on its putative protective function: in cohorts of German-speaking 

EMS personnel and other first responders, higher SOC values have been linked to fewer PTSD and 

burnout symptoms, a reduced PTSD probability, higher posttraumatic growth, and a higher life satis-

faction (Streb et al., 2014; Cajoos and von Tavel, 2017; Ragger et al., 2019; Schäfer et al., 2020). EMS 

personnel who received professional training reported higher SOC (Streb et al., 2014). However, in 

another cohort of German first responders, including EMS personnel, emergency physicians, and 

firefighters, higher SOC values did not correlate with less severe posttraumatic, depressive, and phys-
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ical stress symptoms (Richter, 2014). Among Polish firefighters and police officers, higher SOC values 

were linked cross-sectionally to fewer PTSD symptoms but did not prospectively predict the course of 

PTSD symptom severity in the one-year follow-up (Dudek and Szymczak, 2011). Among Palestinian 

medical aid workers deployed to refugee camps, the SOC and its facets showed inconsistent negative 

associations with mental stress, posttraumatic stress symptoms, and general mental health problems 

(Veronese et al., 2013; Veronese and Pepe, 2017). 

Unlike the original concept, the revised SOC places greater emphasis on the individual’s meta-

cognitive ability to recognise and accept the coexistence of positive and negative life experiences, 

and to integrate them into a coherent whole (Bachem and Maercker, 2016). Particularly for EMS 

personnel, the acceptance and integration of the positive experiences of successful medical assis-

tance as well as the negative experiences of being unable to help patients could be an indispensable 

prerequisite to sustain the emotional burden of their work. Therefore, a stronger revised SOC could 

present a potential resilience factor against recurrent trauma exposure in the EMS. To test this hy-

pothesis, Study V of the thesis investigated whether EMS personnel with a higher revised SOC ex-

hibit fewer mental and physical stress symptoms. Due to its relative novelty, Study V also aimed to 

evaluate the SOC-R’s factor structure and consistency. 

1.6 Aims and outline of the thesis project 

Overall, this thesis aimed to advance the multifactorial understanding of biographical, endocrine, and 

individual risk and resilience factors contributing to the elevated mental and physical stress sympto-

matology among EMS personnel. It is commonly presumed that EMS personnel’s recurrent exposure 

to potentially traumatising events in the line of their duty presents a core factor for their negative 

mental and physical health outcomes. However, there is no consensus in research as to which as-

pects of EMS missions are critical for the rescue personnel’s health, and, hence, should be recorded 

to determine the personnel’s cumulated duty-related trauma exposure. Consequently, Study I inves-

tigated the nature of traumatic incidents in the EMS in order to (i) advance the qualitative under-

standing of psychotraumatic stress in the EMS and (ii) define a provisional set of critical mission 

events to quantify EMS personnel’s exposure to potentially critical events in the line of their duty. 

Exposure to traumatic stress in early developmental phases such as childhood and adolescence con-

stitutes a lifelong increased vulnerability for negative health outcomes. Studies among soldiers and 

police officers as well as and first results among EMS personnel indicate that CM may sensitise for 

developing mental and physical stress symptoms after major stress and trauma exposure in the line 

of duty (cf. stress-sensitisation hypothesis). Therefore, Study II investigated with linear moderation 

analyses, the interaction of CM exposure ⨯ occupational trauma exposure as a predictor of the 

EMS personnel’s current mental and physical stress symptoms. 

Negative effects of stress and trauma exposure on health may be mediated by persistent alterations 

in the regulation of the physiological stress-response systems. A central mechanism of the physiolog-

ical stress regulation is the HPA axis with its central hormone cortisol. Furthermore, it is assumed 

that the HPA axis is pivotally regulated by the activity of endocannabinoids, particularly 2-AG and 

AEA. To advance the understanding of how alterations in the activity of HPA axis and endocanna-

binoid system are involved in the translation of the negative effects of chronic and traumatic stress 
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to mental as well as physical health, Study III investigated the associations of cortisol and endocan-

nabinoid concentrations in hair (i) with the EMS personnel’s workload and lifetime trauma expo-

sure as well as (ii) with their mental and physical stress symptoms. 

Successful coping with aversive emotional stress is pivotal for EMS personnel to retain and maintain 

life satisfaction, health, and work ability despite their inevitable exposure to chronic and traumatic 

stress in the line of duty. Therefore, this thesis examined individual differences in the EMS person-

nel’s coping with traumatic and emotional stress from two conceptual perspectives. First, the thesis 

sought to characterise emotion regulation strategies in the EMS context. To this end, Study IV aimed 

at assessing the habitual use of the six emotion-regulation strategies rumination, suppression, 

avoidance, acceptance, reappraisal, and problem-solving among EMS personnel, and investigated 

the strategies’ associations with the perceived occupational stress and mental and physical health 

status of EMS personnel. Second, from a salutogenesis perspective, the thesis investigated the re-

vised sense of coherence (SOC) that is considered as a potential resilience factor to retain mental and 

physical health after trauma exposure. Thus, for the first time, Study V examined the role of the re-

vised SOC as a potential resilience factor for the mental and physical health of EMS personnel. Due 

to the novelty of the revised SOC’s operationalisation, the study also investigated the validity of the 

revised Sense of Coherence Scale’s (SOC-R) factor structure and consistency. 

The Studies I to V were carried out on the basis of cross-sectional data collected in the course of a 

research project conducted in the regional EMS division of the German Red Cross (GRC). The GRC 

division operates two ambulance stations with a total of 318 employed emergency medical techni-

cians. It presents the main EMS provider for the Southwest-German regency districts Heidenheim, 

Alb-Donau Kreis, and Ulm. The project’s principal investigators were commissioned by the GRC divi-

sion management to conduct an employee survey in order to identify individual and occupational 

factors that contribute to the employees’ high mental stress burden and their increased rate of sick-

ness-related absence and resign from the job. The Ulm University ethics committee approved the 

entire study procedures. Figure 1 visualises the recruiting procedure. 

Out of the GRC division’s 318 employees, 247 attended to psychoeducational on-the-job training 

events and were invited to participate in the study. A total of 241 employees registered their email 

address in a list to be provided with the access link to a pseudonymised online-based survey (using 

the LimeSurvey platform, LimeSurvey GmbH, 2017). Participation in the study was voluntary and 

confidential. All study participants declared their informed consent in written form. Participants re-

ceived no remuneration. The survey took approximately 60 minutes to be completed by a partici-

pant. Out of the 247 employees invited, 115 participated in the study. The survey’s response rate, 

46.6%, was higher than in previous studies in the EMS (e.g. 36.5%; Maunder et al., 2012). Because of 

drop outs, there were missing values in some questionnaires, especially in those carried out towards 

the survey’s end. Depending on the inventories selected to address the respective research questions 

in this thesis, complete data were available from a varying number of cases ranging between N = 102 

and 105 participants. A subgroup of 97 participants provided hair strands for the analysis of glucocor-

ticosteroids and endocannabinoids (see Study III). 

Due to the recruitment process, i.e. self-selected convenience sampling, the study cohort is not rep-

resentative for the regional ambulance stations’ employee population. Nevertheless, comparison 

tests confirmed the sample corresponded well to the employee population in terms of work location, 

type of employment, sex, age, and work experience in the EMS (for details see the Appendix, Study 



1 Introduction  25 

2: Behnke et al., 2020, Table 1). Study participants were slightly younger, Mdn (IQR) = 26.0 (17.0) 

years, than the entirety of employees, Mdn (IQR) = 27.3 (15.6) years, because the volunteering medi-

cal students among EMS personnel were underrepresented (14.6% vs. 31.8%). Participants with 

complete and incomplete responses did not differ regarding age, sex, work experience, work loca-

tion, qualification, type of employment, quantitative workload, and exposure to stressful mission 

events. Details of the described comparisons may be found in the Appendix (i.e. Study I: Behnke et 

al., 2019b). 

 

Figure 1. Study flow chart of the overall project conducted at the German Red Cross (GRC) ambulance stations 

Ulm and Heidenheim. The thesis used data from the online employee survey and laboratory analytical meas-

urements of the collected hair samples (each highlighted in grey). 

The employee survey assessed demographic data and included a series of self-report inventories to 

record traumatic experiences across life, several cognitive and behavioural risk factors, as well as 

mental and physical stress symptoms. Three questionnaires were employed to measure lifetime 

trauma exposure. Exposure to CM was assessed with the German short version of the Maltreatment 

and Chronicity of Exposure Scale (MACE-20; Isele, 2016). On 20 items, participants indicated with yes 

or no which forms of maltreatment—i.e. emotional and physical neglect and emotional, physical, or 

sexual abuse by parents or siblings, as well as witnessed violence among parents or siblings—they 

experienced during their childhood and adolescence. The German Life Event Checklist for DSM-5 

(LEC-5; Ehring et al., 2014) was used to quantify the exposure to potentially traumatic events in pri-

vate life. Participants indicated with yes or no which of 31 types of major life events they experienced 

or witnessed, including natural disasters and human-made violence or incidents, but also severe ill-

ness or death. As a profession-specific supplement to the LEC-5, the Rescue and Emergency Situa-

tions Questionnaire (RESQ; Behnke et al., 2019b) was employed to quantify the EMS personnel’s 

exposure to emotionally stressful and potentially traumatic events in the line of their duty. The RESQ 

has been developed as part of a preliminary work on behalf of the research project this thesis based 
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on. In a multi-step iterative process, one of the project’s primary investigators guided a focus group 

of experienced EMS personnel to develop a tentative checklist to assess the exposure to 31 types of 

emotionally stressful and, among them, potentially traumatic events EMS personnel may encounter 

in the line of duty. Moreover, the focus group developed an eight-item questionnaire to assess the 

perceived stress due to negative EMS-specific work conditions (see the Supplementary Material of 

Study IV, Gärtner et al., 2019, for details about the scale development). 

Since there was no questionnaire for the integrated recording of the habitual use of the six emotion-

regulation strategies of interest, a battery of suitable scales was selected from standardised invento-

ries on the basis of existing meta-analyses. The German Response Styles Questionnaire (RSQ-D; Bür-

ger and Kühner, 2007) was used to assess rumination; the German Emotion Regulation Question-

naire (ERQ; Abler and Kessler, 2009) to assess suppression and reappraisal; the Coping Strategies 

Inventory (CSI; Tobin et al., 1984) to asses avoidance; the BriefCOPE (Knoll et al., 2005) to asses prob-

lem-solving; and the corresponding COPE items (Carver et al., 1989) to assess acceptance. With the 

13-item Sense of Coherence Scale−Revised (SOC-R; Bachem and Maercker, 2016), the participants’ 

conviction of manageability, reflection, and balance as well as their overall sense of coherence was 

assessed. Perceived social support was measured using the F-SozU K14 (Fydrich et al., 2009) record-

ing the participants’ responses to 14 statements regarding their emotional support, practical support, 

and social integration. Severity of posttraumatic stress symptoms, depressive symptoms, and physi-

cal symptoms was assessed using the German PTSD Checklist for DSM-5 (PCL-5; Krüger-Gottschalk et 

al., 2017) and the German Patient Health Questionnaire scales for depressive symptoms (PHQ-9) and 

physical ailments (PHQ-15) (Löwe et al., 2002), respectively. To represent the EMS personnel’s over-

all symptom burden, the sum scores of PCL-5, PHQ-9, and PHQ-15 were z-standardised and averaged 

to a symptom composite. 

During feedback events, survey results were communicated in an aggregated and anonymised form 

to the GRC management and interested employees. Upon request, participants received individual 

feedback about their results. In case the applied clinical screening inventories, i.e. PCL-5, PHQ-9, 

PHQ-15, indicated a possible mental or psychosomatic disorder, participants were invited for in-

depth clinical diagnostics, and, if necessary, were referred to psychotherapy. Trained clinical staff 

conducted standardised diagnostic interviews, i.e. the Clinician-Administered PTSD Scale for DSM-5 

interview (CAPS-5; Schnyder et al., 2013) and the Structured Clinical Interview for DSM-IV-TR, 

adapted for DSM-5 (SCID; Wittchen et al., 1997). Among the 40 participants interviewed, 12 of them 

at least received one diagnosis according to DSM-5, including mainly current and remitted depressive 

disorders with comorbid partial PTSD or alcohol consumption disorder (for details see the Appendix, 

Study 2: Behnke et al., 2020, Table 1). 
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2.1 Deconstructing traumatic mission experiences: Identifying critical incidents and 

their relevance for the mental and physical health among emergency medical ser-

vice personnel 

― Study I: Behnke*, Rojas* et al. (2019) ― 

Recurrent exposure to direct and indirect traumatising events in the line of duty is considered as an 

aetiological core factor of the increased prevalence of trauma-associated negative health outcomes 

among frontline first responders (Marmar et al., 2006; Ludick and Figley, 2017). However, previous 

studies in the EMS have reported inconsistent associations between the number of duty-related po-

tentially traumatic experiences and negative health outcomes. A possible reason for this inconsisten-

cy is that across studies, there is little consensus on which traumatic events in rescue mission are 

potentially traumatic and, therefore, to be considered in research. Qualitative studies suggested that 

context and occasion of a mission are not decisive for its traumatic character. Instead, putatively 

critical mission event types are (i) direct exposures to attacks, threats, and serious injury, as well as 

exposure to circumstances increasing the risk for EMS personnel (ii) to give up their professionally 

detached perspective, and (iii) to perceive a mission as particularly tragic or gruesome (Alexander 

and Klein, 2001; Halpern et al., 2009b, 2012b; Avraham et al., 2014; Ludick and Figley, 2017). Based 

on these observations, Study I investigated the nature of traumatic incidents in the EMS in order to 

(i) advance the qualitative understanding of psychotraumatic stress in the EMS, and (ii) to define a 

provisional set of critical mission events to quantify EMS personnel’s exposure to potentially critical 

events in the line of their duty. 

In order to identify constituting aspects of traumatic missions, a quantitative content analysis was 

conducted on 53 descriptions of the worst incidents the EMS personnel encountered in the line of 

their duty. According to the DSM-5, all descriptions reported indirect trauma exposures and three 

cases additionally included direct traumatisation, i.e. personnel were threatened or injured. Eight 

project staff members who were blind to the study objectives coded the descriptions of the EMS 

personnel’s worst mission incidents. High intercoder agreements (Krippendorff’s α = 0.80–0.99) con-

firmed the reliability of the content analysis. The analysis revealed that traumatic mission incidents in 

the EMS were characterised by a concatenation of M ± SD = 2.6 ± 1.5 mission event types. In line 

with previous findings (Alexander and Klein, 2001; Regehr et al., 2002; Van Der Ploeg and Kleber, 

2003), the precise occasions of traumatic rescue missions were heterogeneous, i.e. traumatic rescue 

operations concerned victims of severe traffic accidents (40%), violent crimes (17%), or (attempted) 

suicides (13%), and seriously injured children (25%). Moreover, traumatic missions often involved 

confrontations with dead or even severed bodies (13%) and unsuccessful resuscitation attempts 

(27%). Sometimes a lack of technical and/or staff resources impeded successful assistance (11%). 

Besides, EMS personnel considered traumatic missions as intensively tragic due on the accident’s 
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circumstances (21%), background information about the patients (12%), or being unprepared for the 

extent of tragedy at the mission site (18%). 

In a second step, the results of the quantitative content analysis were combined with the statistical 

associations between encountered mission event types as assessed with the RESQ checklist and the 

severity of the EMS personnel’s posttraumatic, depressive, and physical stress symptoms (Figure 2). 

The ten checklist items exhibiting the highest correlations with the EMS personnel’s health status 

concerned encounters of (i) threats or attacks on EMS personnel (item 30), (ii) specific aspects likely 

to provoke the loss of the professional detachment from patients (i.e. item 7: encountering patients 

with severe burns; item 11: dying or palliative patients; item 20: patients that are friends or personal-

ly known to the personnel; item 21: having a personal relationship with the patient’s family; item 22: 

emotionally identify with patients due to similarities), and (iii) the perception of a rescue mission as 

exceptionally tragic (i.e. item 23: considering the accident as particularly tragic; item 24: having back-

ground information rendering the incident extraordinary tragic; item 27: not being able to help due 

to lack of staff or technical resources; item 29: being unprepared for the extent of tragedy at the 

mission site). 

 

Figure 2. Point biserial correlations (rpb) between the RESQ checklist items and the EMS personnel’s posttrau-

matic, depressive, and physical stress symptoms. The dashed line indicates a correlation of rpb = .10, which has 

been set as minimal threshold of item relevance. Items displayed on grey background were considered as criti-

cal mission event types relevant and have been summarised to the RESQ-critical exposure score. Figure 

adapted from Behnke et al. (2019b; CC BY 4.0, https://creativecommons.org/licenses/by/4.0). 

Combining the results of the content-analytical and correlational analyses on the background of pre-

vious findings led to the selection of these ten items as putatively critical mission events. The set of 

selected item was summarised to the RESQ critical exposure (RESQ-CE) score, proposed as a prelimi-

nary quantification of the EMS personnel’s exposure to critical (i.e. potentially traumatic) event types 

in the line of their duty. Unsurprisingly, the RESQ-CE score exhibited larger and more consistent cor-

relations with the EMS personnel’s mental and physical stress symptoms (rS = .29–.36) than the sum 

score of all RESQ items (rS = .12–.23). Also when controlling the influences of relevant covariates (i.e. 

exposure to non-work-related potentially traumatic events, perceived social support) in multiple 

linear regression analyses, the RESQ-CE score contributed a larger increment to the statistical predic-
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tion of the EMS personnel’s mental and physical stress symptoms (β = .19–.30) than the sum score of 

all RESQ items (β = .10–.22). 

Taken together, Study I contributes to a better qualitative understanding of the psychotraumatic 

burden of the medical rescue profession. Overall, traumatic mission experiences involve a chain of 

circumstances that trigger the loss of empathic distance from patients and the emergence of aversive 

emotions in rescuers. The proposed critical exposure score allows a provisional quantification of ex-

posure to psychotraumatic stress in the EMS. However, future replication studies in independent 

samples are mandatory to confirm the criterion and prospective validity of the critical exposure score 

in predicting the EMS personnel’s mental and physical health status as well as further aspects of well-

being (e.g. job satisfaction, occupational stress sensitivity). It could also be investigated whether 

more complex response formats (e.g. recording the frequency of event encounters or impact of 

event) increase the precision of the proposed critical exposure score. 

2.2 Childhood maltreatment compromises resilience against occupational trauma 

exposure: A retrospective study among emergency medical service personnel 

― Study II: Behnke et al. (2020) ― 

A history of CM is associated with an increased transdiagnostic risk for mental and physical health 

problems throughout life. According to the stress-sensitisation hypothesis (McLaughlin et al., 2010), 

elevated prevalence rates of mental disorders among individuals with a history of CM are the result 

of increased vulnerability for the negative consequences of exposure to severe stress and trauma in 

later life. Corresponding effects have been observed in trauma-exposed occupational groups such as 

soldiers and police officers (e.g. Cabrera et al., 2007; Wang et al., 2010). For EMS personnel, there is 

first evidence of an increased vulnerability to stress and trauma in later life related to CM (Teegen 

and Yasui, 2000; Maunder et al., 2012). Since a history of CM can be a motive for the choice of the 

rescue profession (Clompus and Albarran, 2016), the investigation of CM as a vulnerability factor for 

the individual health of EMS personnel is of great importance. Therefore, the objective of Study II 

was to analyse whether a history of CM presents a moderator to increase the association between 

occupational trauma exposure and the mental and physical stress symptoms of EMS personnel. 

In complete data from N = 103 EMS personnel, multiple linear regression analyses were computed to 

test the interaction effect of CM exposure and occupational trauma exposure (as assessed with the 

RESQ-CE score) on EMS personnel’s posttraumatic, depressive, and physical symptoms. Robust re-

gression models were applied to correct for non-normal distribution of model errors and influential 

data points (Field and Wilcox, 2017). The analyses revealed significant interaction effects of CM ex-

posure ⨯ occupational trauma exposure. Accordingly, compared to EMS personnel without or a mild 

history of CM, EMS personnel with moderate to severe CM exposure exhibited a higher overall symp-

tom severity (interaction: β = .28, p = .002, η² = .054) as well as more severe posttraumatic (β = .30, p 

= .001, η² = .061), depressive (β = .20, p = .026, η² = .027), and as a trend, more physical stress symp-

toms (β = .18, p = .059, η² = .021) after the same exposure to potentially traumatic event types in the 

line of duty (Figure 3). 
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Figure 3. Partial regression plots displaying the moderating effect of exposure to child maltreatment (CM) on 

the association between occupational trauma exposure and the EMS personnel’s (a) overall symptom severity 

(symptom composite) as well as the severity of (b) posttraumatic, (c) depressive, and (d) physical stress symp-

toms. The moderation was tested with continuous variables. To display the findings, conditional regression 

functions were computed for participants with none to mild child maltreatment (CM) exposure (MACE-20 sum 

score: 0–30; marked with black circles) and participants with moderate to severe CM exposure (MACE-20 sum 

score: 30–80; marked with red triangles). Shaded areas indicate 95% confidence intervals. Figure adapted from 

Behnke et al. (2020; © 2019 Elsevier Ltd. (All rights reserved.), with permission from Elsevier). 

Taken together, the results of Study II add to previous findings in community and trauma-exposed 

samples, indicating that a history of CM could sensitise for the development of mental and physical 

stress symptoms after traumatic stress in later life. Accordingly, CM could be a pivotal vulnerability 

factor for the well-being, health, and work ability of frequently trauma-exposed professionals such as 

EMS personnel. This initial observation highlights the need to address CM as a risk factor in the con-

text of career counselling and occupational health management. Future longitudinal studies in larger, 

representative samples need to investigate the prospective validity of CM as a risk factor as well as 

the psychosocial and biological factors conveying its negative consequences throughout life. 

2.3 Associating emergency medical services personnel’s workload, trauma expo-

sure, and health with the cortisol, endocannabinoid, and N-acylethanolamine con-

centrations in their hair 

― Study III: Behnke et al. (2020) ― 

The duty-related burden of chronic occupational stress and recurrent trauma is considered to cause 

the increased risk of trauma-exposed professionals to develop negative mental and physical health 

outcomes (Berger et al., 2012; Hegg-Deloye et al., 2014; Petrie et al., 2018). Stress-induced imbal-

ances of the mutual regulatory relationship of the glucocorticosteroid and endocannabinoid systems 

could lead to profound alterations in the physiological stress adaptation and immune regulation, 

which might contribute to the onset of mental and physical stress symptoms (Riebe and Wotjak, 

2011; Hill and Tasker, 2012; Hillard et al., 2012; Morena et al., 2016; Micale and Drago, 2018). In 

order to investigate biological mechanisms that possibly mediate the negative impact of occupational 

stress and trauma on EMS personnel’s health, Study III characterised the cortisol and endocanna-
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binoid concentrations in the hair of EMS personnel, and explored associations of cortisol and endo-

cannabinoid concentrations with the personnel’s quantitative workload, lifetime exposure to trau-

matic stress, and mental and physical stress symptoms. 

Out of the 115 EMS personnel who participated in the online employee survey, a subgroup of 97 

individuals agreed to the collection of hair strands with a minimum length of 1 cm. Hair strands of 94 

participants were collected, preprocessed, and stored by trained staff according to a standardised 

protocol (cf. Koenig et al., 2018a), whereas three samples of hair shorter than 1 cm were excluded. 

Laboratory hair analysis was performed at the Institute of Doping Analysis and Sports Biochemistry 

Dresden (Kreischa, Germany) according to a validated protocol (Krumbholz et al., 2013). Hair strands 

of twenty participants had to be excluded due to chronic diseases or long-term medication with sys-

tematic effects on hair steroid levels. Another two samples could not be analysed due to insufficient 

hair quantity (< 5 mg). Cortisol and endocannabinoid concentrations could be measured in a varying 

number of the 72 available hair samples (cortisol: n = 53; 2-AG: n = 60; AEA: n = 31; SEA: n = 72, PEA: 

n = 72, OEA: n = 72). Associations between the biological hair variables and the EMS personnel’s 

stress and symptom burden were investigated with bivariate Spearman correlations. Age, gender, 

and recent hair treatments showed statistically significant associations with SEA, PEA, and OEA. Their 

influences were statistically accounted for by calculating semi-partial Spearman correlations in a 

framework of rank-based regressions (Kim, 2015). 

Cortisol and 2-AG concentrations in the hair of EMS personnel were negatively associated (rS = -.37, p 

= .011), while the concentrations of cortisol and AEA were not negatively correlated (rS = .01, p = 

.979). This result partially suits previous observations of Krumbholz et al. (2013) and is in line with 

conceptual models proposing 2-AG to act as a stop signal for the stress-related HPA-axis activation 

(e.g. Micale and Drago, 2018). Table 1 summarises the results of the correlation analyses between 

the hair parameters and psychological variables. 

Table 1. Results of bivariate and semi-partial Spearman correlation analyses 

 
Cortisol 2-AG AEA SEA

1
 OEA

1
 PEA

2
 

Quantitative workload .42
**

 -.12 .20 -.19
*
 .05 -.02 

CM exposure (MACE-20) -.02 .29
*
 .09 .21

*
 .29

**
 .23

**
 

Private major life events (LEC-5) -.17 -.02 .13 .03 .24
**

 .17
*
 

Occupational trauma (RESQ-CE) -.13 -.05 .09 -.04 .08 -.03 

Posttraumatic stress symptoms (PCL-5) -.03 .10 -.01 .14 .11 .06 

Physical symptoms (PHQ-15) -.25 -.09 -.06 .11 .37
***

 .20
**

 

Depressive symptoms (PHQ-9) -.21 -.10 -.05 .28
**

 .20
*
 .08 

Note: 
*
 p < .050, 

**
 p < .010, 

***
 p < .001, two-tailed, n = 2760, depending on available data. Underlined p-

values are significant after correction with Benjamini-Hochberg false discovery rate. Semi-partial correlations 

were computed to control the associations of 
1
 sex and hair treatment or 

2
 sex, age, and hair treatment with 

the respective hair concentration. 

Higher hair cortisol concentrations were observed among EMS personnel with higher quantitative 

workload, measured as the number of nightshifts, medical rescue operations, and routine patient 

transports carried out within the month prior to hair sampling. This finding replicates meta-analytic 

evidence of increased cortisol levels in hair of individuals with ongoing occupational stress (Stalder et 
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al., 2017). Moreover, hair cortisol concentrations were related to neither the EMS personnel’s histo-

ry of traumatic experiences nor their current health status. This finding adds to the inconsistent pat-

tern of previous results (Stalder et al., 2017). 2-AG, PEA, SEA, and OEA hair concentrations were in 

part positively associated with the EMS personnel’s history of CM and non-work-related traumatic 

experiences in later life as well as with a higher severity of depressive and physical stress symptoms. 

When interpreting higher endocannabinoid concentrations in hair as an indicator of elevated intra-

corporal endocannabinoid activity, this observation could reflect a regulatory effort of the body in 

attempting to compensate for the chronic low-grade inflammatory activity that characterises indi-

viduals with a history of CM, traumatic experiences, or current trauma-related disorders (e.g. Tursich 

et al., 2014). 

In sum, Study III provides first evidence of possible alterations in the cortisol and endocannabinoid 

activity among trauma-exposed professionals. While elevated cortisol concentrations in hair might 

reflect the chronic stress due to unfavourable working conditions such as working in shifts, altera-

tions of endocannabinoid concentrations might rather mirror the individuals’ history of traumatic 

stress as well as related concurrent depressive and physical symptoms. Longitudinal research needs 

to address whether tracing biomolecular markers of glucocorticosteroid and endocannabinoid activi-

ty has a prospective value in predicting the course of mental and physical health of professional 

groups recurrently exposed to duty-related stress and trauma. 

2.4 Emotion regulation in rescue workers: Differential relationship with perceived 

work-related stress and stress-related symptoms 

― Study IV: Gärtner*, Behnke* et al. (2019) ― 

The individual style to cope with negative emotional stress plays a critical role in maintaining health, 

quality of life, and ability to work (Webb et al., 2012; Aldao et al., 2015). Among EMS personnel, the 

use of maladaptive emotion-regulation strategies has been consistently and prospectively associated 

with poorer mental health outcomes (Beaton et al., 1999; Clohessy and Ehlers, 1999; Kirby et al., 

2011; Razik et al., 2013; Shepherd and Wild, 2014; Wild et al., 2016). With regard to adaptive emo-

tion-regulation strategies, studies associated acceptance with better mental health (e.g. Kirby et al., 

2011; Zhao et al., 2019), while inconsistent associations have been reported for the use of reapprais-

al (Beaton et al., 1999; Clohessy and Ehlers, 1999; Cicognani et al., 2009; Shepherd and Wild, 2014). 

Problem-solving has not yet been investigated among EMS personnel but was linked to more severe 

PTSD symptoms among police officers (Marmar et al., 2006). Therefore, the objective of Study IV 

was to characterise in detail the emotion-regulation style of EMS personnel, and to investigate its 

relationship to the personnel’s perceived occupational stress as well as their mental and physical 

stress symptoms. 

Statistical analyses were conducted with complete data from N = 102 EMS personnel. A Friedman 

test and post hoc pairwise comparisons revealed that EMS personnel used adaptive strategies more 

often than maladaptive strategies, with acceptance being the most frequently used and rumination 

the less frequently used strategy (Figure 4). Inter-correlations of emotion-regulation strategies as 

well as bivariate associations with the EMS personnel’s perceived work-related stress and their post-

traumatic, depressive, and physical stress symptoms were analysed with non-parametric Spearman 
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correlations. Maladaptive strategies were consistently positively inter-correlated (rS = .23–.33, p < 

.001), whereas the adaptive strategies did not correlate (p > .244). Instead, EMS personnel who used 

more frequently problem-solving also ruminated more often (rS = .22, p < .028). Rumination, sup-

pression, and avoidance were consistently associated with elevated perceived stress as well as more 

severe mental and physical stress symptoms, whereas the associations of avoidance being smaller 

than those of rumination and suppression. The use of problem-solving and reappraisal were linked 

neither to less perceived stress nor to fewer stress symptoms. Solely, acceptance was associated with 

fewer mental and physical stress symptoms (Table 2), although its beneficial associations were 

smaller in size than the deleterious effects of the maladaptive emotion-regulation strategies. 

 

Figure 4. Emergency medical services personnel’s habitual use of emotion-regulation strategies compared with 

a non-parametric Friedman test, χ²(5) = 166.53, p < .001, W� Kendall = 0.22, n = 102. Note: 
*
 p < .050, 

**
 p < .010, 

***
 

p < .001, two-tailed, corrected for the number of post-hoc Durbin-Conover pairwise comparison tests using the 

Benjamini-Hochberg false discovery rate. Figure adapted from Gärtner et al. (2019; CC BY 4.0, 

https://creativecommons.org/licenses/by/4.0). 

The published article (Gärtner et al., 2019) also presents complex linear regression models that were 

computed to analyse the incremental relevance of emotion-regulation strategies as multiple predic-

tors while taking into account further influencing factors such as quantitative workload, perceived 

occupational stress, and lifetime trauma exposure. However, the interest in this broader perspective 

is limited by the sample’s statistical power (Schönbrodt and Perugini, 2013). Therefore, this thesis 

focused primarily on correlative analyses. 

In sum, Study IV underscores that the usual distinction between adaptive and maladaptive strategies 

as often observed in clinical cohorts and among the general population does not seem to hold up in 

every context. Due to its characteristics, the rescue profession makes special demands on the em-

ployees in dealing with aversive emotions. In view of the recurrent encounter of uncontrollability and 

tragedy in the course of rescue missions, the strategies problem-solving and reappraisal appear hard-

ly useful for EMS personnel. Instead, trauma-exposed professionals could specifically benefit from 

primary-preventive trainings to impart acceptance-based stress-regulation strategies, and, at the 

same time, reduce the tendency to use maladaptive emotion-regulation strategies. 
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Table 2. Results of bivariate Spearman correlation analyses 

  Perceived work-

related stress 

Posttraumatic 

stress symptoms 

Depressive  

symptoms 

Physical  

symptoms 

Acceptance -.09 -.21
*
 -.25

*
 -.29

**
 

Reappraisal -.05 -.05 -.03 -.05 

Problem-solving .16 .19 .12 .08 

Avoidance -.01 .23
*
 .26

**
 .24

*
 

Suppression .24
*
 .44

***
 .48

***
 .41

***
 

Rumination .32
**

 .51
***

 .67
***

 .60
***

 

Note: 
*
 p < .050, 

**
 p < .010, 

***
 p < .001, two-tailed, n = 102. 

2.5 Higher sense of coherence is associated with better mental and physical health 

in emergency medical services: Results from investigations on the revised sense of 

coherence scale (SOC-R) in rescue workers 

― Study V: Behnke*, Conrad* et al. (2019) ― 

A strong sense of coherence (SOC) is considered to exert protective effects against the negative con-

sequences of stress and trauma on health (Antonovsky, 1979; Eriksson, 2017). In its revised form, the 

concept refers to an individual’s stable conviction to reflect on and accept the coexistence of positive 

and negative life events and their consequences as well as to perceive the resulting challenges as 

manageable (Bachem and Maercker, 2016). Experiencing positive and negative events as balanced 

and integrating them into a coherent whole could be an essential prerequisite for EMS personnel to 

maintain their well-being, work ability, and health despite recurrent exposure to traumatic experi-

ences in the line of duty. Studies on the original SOC conception yielded mixed findings on associa-

tions between higher SOC values and fewer symptoms of PTSD, depression, and burnout among 

trauma-exposed professions (e.g. Dudek and Szymczak, 2011; Richter, 2014; Streb et al., 2014; Rag-

ger et al., 2019). As the revised SOC has not yet been investigated among EMS personnel, it was the 

objective of Study V to investigate whether a stronger revised SOC is associated with fewer mental 

and physical stress symptoms among EMS personnel. Furthermore, the study examined the validity 

of the factor structure of the Revised Sense of Coherence Scale (SOC-R; Bachem and Maercker, 2016) 

among EMS personnel. 

Bivariate correlations were used to investigate the associations of the SOC-R sum score and its facets 

reflection, balance, and manageability with the EMS personnel’s mental and physical stress symp-

toms. Multiple linear regression models were computed to consider as covariates the influences of 

the participants’ sex and their occupational and private trauma exposure. All models underwent 

5000 times nonparametric Bias-corrected and accelerated bootstrapping to account for non-normally 

distributed model residuals (Efron, 1987). Correlation (Table 3) and regression analyses (Figure 5) 

revealed that EMS personnel with higher SOC-R sum scores, but especially with higher manageability 

values, exhibited fewer posttraumatic, depressive, and physical stress symptoms. Conversely, the 

balance and reflection facets were not associated with the EMS personnel’s mental and physical 
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stress symptoms. SOC-R sum score and facets did not correlate with the EMS personnel’s trauma 

exposure in private life or on duty. 

Table 3. Results of bivariate Spearman correlation and internal consistency analyses 

  Posttraumatic 

stress symptoms 

Depressive  

symptoms 

Physical stress 

symptoms 

Internal  

consistency 

SOC-R sum score -.14 -.26
**

 -.20
*
 α = .76 

SOC-R Manageability -.23
*
 -.35

***
 -.30

**
 α = .72 

SOC-R Reflection -.17 -.13 -.02 α = .72 

SOC-R Balance .03 -.06 -.07 α = .63 

Note: 
*
 p < .050, 

**
 p < .010, 

***
 p < .001, two-tailed, n = 102. 

 

 

Figure 5. Partial regression plots on the associations of the emergency medical services personnel’s sense of 

coherence as assessed with the Sense of Coherence Scale−Revised (SOC-R; Bachem and Maercker, 2016) total 

score (ad) and the SOC-R manageability facet (eh) with their overall symptom burden (symptom composite) 

as well as posttraumatic, depressive, and physical stress symptoms. Shaded areas indicate 95% confidence 

intervals. 
*
 p < .050, 

**
 p < .010, 

***
 p < .001, two-tailed, n = 102. Figure adapted from Behnke et al. (2019a; CC 

BY-NC 4.0, http://creativecommons.org/licenses/by-nc/4.0/). 

The validity of the SOC-R’s factor structure was examined with confirmatory factor analyses. To this 

end, we compared the single- and three-factor structures of the SOC-R as proposed in previous stud-

ies (Bachem and Maercker, 2016; Mc Gee et al., 2017; Thoma et al., 2018). Thereby, the three-

factorial structure of the SOC-R consisting of the three facets manageability, reflection, and balance 

was identified as the most appropriate structure in this study cohort. In addition, Fornell-Larcker 

criteria (Fornell and Larcker, 1981; Hair et al., 2010) were inspected to evaluate the SOC-R’s factor 

convergence and divergence more closely than in previous studies. The procedure revealed that the 

SOC-R facets’ convergent and divergent factor validity were rather low, which became also evident in 
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the SOC-R facets’ weak internal consistency (Table 3). Most likely, the poorly discriminative factors 

resulted from the questionnaire’s weak item inter-correlations. 

In sum, specifically the EMS personnel’s belief to manage successfully any upcoming challenges ap-

pears to be closely linked to their psychological and physical well-being. Longitudinal studies are nec-

essary to investigate whether the revised SOC and particularly the manageability conviction present 

traits exerting beneficial effects against the negative sequelae of severe emotional stress or poten-

tially traumatic events; or whether the revised SOC is rather a state that reflects the individual’s cur-

rent self-efficacy conviction and could be compromised by exposure to traumatic life events or 

strengthened by professional trainings and mental preparedness. 



3 Discussion 

“Traffic accident of a passenger car head-on into a truck. 

Tried to save the 18-year-old behind the wheel.  

After 30 minutes in the ambulance, she was declared dead.  

The patient’s body was literally destroyed. The patient’s 

mother and father rushed to the scene of the accident shortly 

afterwards. The mother screamed for her only child.  

The dead woman was the daughter of my instructor.” 

(An emergency medical technician’s worst life event) 

 

The first objective of this thesis was to draw a detailed picture of the psychotraumatic stress EMS 

personnel encounter in the course of their duty. For this purpose, Study I identified mission aspects 

that constitute traumatic mission incidents and are critical for the EMS personnel’s mental and physi-

cal health problems. A combination of content-analytical and correlative findings indicated the criti-

cal importance of direct attacks and threats to EMS personnel, also of circumstances that elevate the 

personnel’s risk to lose their professional emotional detachment from patients and experience mis-

sions as particularly tragic. With regard to EMS personnel’s resilience to traumatic stress in the line of 

duty, Study II indicated that child maltreatment (CM) could sensitise the psychopathological conse-

quences of occupational trauma exposure. Specifically, EMS personnel who experienced maltreat-

ment and neglect during childhood and adolescence exhibited more posttraumatic, depressive, and 

physical stress symptoms after exposure to critical events on duty. Individual susceptibility to trau-

matic stress as well as the development of negative consequences of traumatic stress for health 

could be mediated by persistent alterations in the regulation of the physiological stress system. 

Therefore, Study III examined cortisol and endocannabinoid concentrations in the hair of EMS per-

sonnel as indicators of an altered regulation of the HPA axis. Higher cortisol concentrations were 

associated with higher quantitative workload. Higher endocannabinoid levels correlated with the 

severity of experienced CM as well as current depressive and physical stress symptoms. 

Traumatic experiences and related intense emotional distress are inherent aspects of the rescue 

profession. Thus, to maintain individuals’ health and well-being, it is pivotal that EMS personnel find 

ways to manage their emotional stress effectively. Therefore, this thesis examined individual differ-

ences in the EMS personnel’s stress-regulation style from two conceptual views. From the perspec-

tive of emotion-regulation research, Study IV inquired which strategies EMS personnel use to deal 

with their negative emotional stress. Predominantly, EMS personnel use adaptive emotion-regulation 

strategies, whereby only the use of emotional acceptance was associated with fewer mental and 

physical stress symptoms. In comparison, maladaptive strategies such as rumination and suppression 

of emotions were used less often; however, these strategies were strongly associated with height-

ened perceived stress and more severe mental and physical stress symptoms. In addition, from a 

salutogenesis perspective, Study V investigated the relationship between the revised sense of coher-
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ence (SOC) and the mental and physical health status among EMS personnel. The revised SOC con-

cept postulates an individual’s inclination to experience negative and positive life events as coexist-

ing and balanced as a central prerequisite for maintaining health and well-being after traumatic ex-

periences. However, the concept’s reflection and balance facets were not of relevance for the EMS 

personnel’s health status. Instead, exclusively the manageability facet of the revised SOC, i.e. the 

conviction of being able to handle any future adversities successfully, was associated with lower 

mental and physical stress. 

In the following sections (chapters 3.13.5), the findings of the thesis will be discussed in detail, par-

ticularly with regard to practice-oriented implications to the fields of research and occupational 

health management. Furthermore, limitations and future directions in research (chapter 3.6) as well 

as the current knowledge about evidence-based health-promotive measures will be addressed (chap-

ter 3.7). Finally, this chapter concludes by drawing general remarks (chapter 3.8). 

3.1 Nature and assessment of traumatic experiences in the EMS 

Recurrent exposure to traumatic experiences is considered to be a principle cause of the increased 

prevalence of mental disorders and accompanying somatic ailments in public frontline services 

(Marmar et al., 2006; Ludick and Figley, 2017). However, empirical evidence for the relationship be-

tween overall exposure to critical events in the line of duty and the symptom burden of EMS person-

nel is inconsistent. This may be due to the lack of systematic and standardised recordings of the duty-

related exposure to critical events (Wagner et al., 2020). Therefore, Study I aimed to achieve a better 

understanding of the nature of psychotraumatic stress in the EMS, and, based on this, to select a 

provisional set of critical mission events that allow quantifying the EMS personnel’s exposure to po-

tentially critical events in the line of their duty. To this end, Study I combined the results of a quanti-

tative content analysis of traumatic mission incidents with the correlations between encountered 

mission event types and the EMS personnel’s current mental and physical stress symptoms. The 

analyses concluded on ten types of mission circumstances which are likely to be critical for the trau-

matisation of EMS personnel as well as the occurrence of trauma-related health problems. In line 

with previous studies (Alexander and Klein, 2001; Regehr et al., 2002; Van Der Ploeg and Kleber, 

2003), Study I confirmed it is the concatenation of several critical circumstances within one mission 

that amounts to traumatic quality. In a nutshell, the identified critical mission events included direct 

attacks and threats to EMS personnel as well as circumstances which promote the risk of personnel 

to lose their professional emotional detachment from patients and to experience the mission as par-

ticularly tragic.  

In detail, in Study I, encounters of serious threats to the health and lives of EMS personnel exhibited 

the highest correlation with their mental and physical stress symptoms. Even single exposures to 

serious threats, attacks, and injuries can cause a direct traumatisation and heighten the risk for the 

onset of posttraumatic, depressive, and anxiety disorders substantially (Reinhard and Maercker, 

2004; Declercq et al., 2011; Michael et al., 2016). According to the content analysis, EMS personnel 

are in direct danger when they try to stop patients from suicides at railway tracks or bridges as well 

as when they arrive at scenes of violent crime before the police, which is particularly common in 

rural areas. In par with previous studies, 40% of the EMS cohort reported encounters of critical 
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threats or serious injuries in the line of duty (Teegen and Yasui, 2000; Suserud et al., 2002; Häller et 

al., 2009; Declercq et al., 2011; Feltes and Weigert, 2018; Maguire et al., 2018). 

Moreover, with regard to indirect traumatisation, Study I indicated that it is critical when EMS per-

sonnel know their patients or relatives of their patients personally, or when patients remind the EMS 

personnel of their own family members or themselves due to prominent similarities (e.g. names, age, 

appearance, clothing). Moreover, medical care for burn victims and palliative patients appears to be 

crucial due to the high individual responsibility for the survival of the patient as well as due to con-

flicting ethical and legal conditions. Furthermore, incorrect or incomplete briefings by the mission 

control centre may be critical, particularly when EMS personnel cannot mentally prepare for the ex-

tent of human suffering or possible hazards at the mission site (cf. chapter 3.5). Likewise, it may be 

traumatic when EMS personnel cannot help patients due to lack of technical or staff resources. Pre-

vious studies provided evidence that all these circumstances increase the EMS personnel’s risk to 

lose their professionally detached perspective and becoming emotionally involved with their patients 

(Ursano et al., 1999; Alexander and Klein, 2001; Regehr et al., 2002; Reinhard and Maercker, 2004; 

Halpern et al., 2009b; Declercq et al., 2011; Avraham et al., 2014). Empathic involvement of the res-

cue workers elicits intense aversive emotions within the crew, including fear, desperation, hope- and 

helplessness, but also guilt and anger (Alexander and Klein, 2001; Halpern et al., 2009b; Avraham et 

al., 2014; Lampert and Glaser, 2018). A number of studies indicate, it is the EMS personnel’s uncon-

trolled compassion along with emotional distress during and after a mission that constitute its trau-

matising quality (Ursano et al., 1999; Alexander and Klein, 2001; Halpern et al., 2009b, 2012b; Av-

raham et al., 2014; Ludick and Figley, 2017; Lampert and Glaser, 2018). Consistent with this, Study I 

outlined the relevance of the EMS personnel’s subjective evaluation of a mission’s aversive emotion-

al quality, i.e. whether they considered the circumstances of an accident, the general life situation of 

their patients, or the fate of their patients and their families as particularly tragic or gruesome. 

Furthermore, Study I identified the heterogeneous occasions of the rescue missions the EMS person-

nel described as the worst incident in the line of their duty. Majority of analysed traumatic missions 

aimed to provide medical care for victims of serious traffic accidents or violent crimes as well as seri-

ously injured children. Often, resuscitations were not successful and EMS personnel were confronted 

with dead or severed bodies. However, in subsequent correlation analyses, these mission events had 

little to no predictive value for the EMS personnel’s current mental and physical stress symptoms. 

The reason for this discrepancy lies in the general frequency of encountering such events on missions 

(Teegen and Yasui, 2000; Declercq et al., 2011): On a statistical level, the limited variance of respons-

es on the event items confines the predictive power of these items (ceiling effect). On a more practi-

cal level, this observation indicates that the situational context of a rescue mission is not decisive for 

its traumatic character (Halpern et al., 2009b, 2012b). In the light of this finding, it is now more evi-

dent, why a number of previous studies could not find associations between occupational trauma 

exposure and negative health consequences (e.g. Van Der Ploeg and Kleber, 2003; Bennett et al., 

2005; Kirby et al., 2011; Skeffington et al., 2017). These studies sought to quantify duty-related criti-

cal event exposure in the EMS on the basis of unspecific, highly frequent, and, hence, non-

informative event types (e.g. caring for victims of traffic accident, injured child). 

In order to achieve a more adequate quantification of exposure to potentially traumatising events in 

the line of duty, Study I merged the identified critical mission event types into a provisional critical 

exposure score. Independent samples are mandatory to confirm the score’s concurrent and predic-

tive validity, as it is not possible to validate a measure in the same sample that was used to construct 
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it. Nevertheless, the score was reviewed for suitability as a predictor of mental and physical stress 

symptoms in the present sample. It exhibited small- to medium-sized positive associations with the 

mental and physical stress symptoms of EMS personnel in correlation analyses as well as in multiple 

linear regression analyses, which also accounted for relevant influences such as perceived social sup-

port and non-work-related potentially traumatic life events (cf. Teegen and Yasui, 2000; Prati and 

Pietrantoni, 2010b; Levy-Gigi et al., 2015; Setti et al., 2016; Wild et al., 2016; Ludick and Figley, 2017). 

In sum, these findings suit previous evidence among trauma-exposed first responders indicating that 

duty-specific traumatic event checklists contribute incrementally to the explanation (or prediction) of 

the employees’ occupational health and well-being, and, therefore, may represent a valuable job-

specific supplement to checklists of non-work-related major life events (Monnier et al., 2002; Weiss 

et al., 2010; Donnelly and Bennett, 2014; Hartley et al., 2016). 

However, previous studies also showed that traumatic event checklists had poor incremental value 

or were even redundant alongside inventories of peritraumatic emotional stress and dissociation 

(Marmar et al., 2006; Donnelly and Bennett, 2014). Thus, future studies may employ the RESQ critical 

exposure score in parallel to an inventory assessing the peritraumatic emotional reactions and retro-

spective evaluations of stressful mission experiences in the EMS, e.g. the Critical Incident Inventory 

(Halpern et al., 2012b). Moreover, it is an open question whether the predictive value of a checklist 

of potentially traumatising mission events can be increased by requesting participants to rate the 

frequency of encountering single event types and the emotional stress the event types elicited (cf. 

impact of event). However, psychometric evaluations of traumatic event checklists among civil-war 

survivors did not support the notion that considering event frequencies improves the accuracy in 

predicting PTSD symptom severity (Wilker et al., 2015; Conrad et al., 2017). Conversely, research on 

traumatic event checklists for first responders found that considering the frequency of event encoun-

ters, subjective impact of event, or combined frequency ⨯ impact scores improve the checklists’ pre-

cision; however, not always to a relevant extent in terms of practical use (Weiss et al., 2010; Declercq 

et al., 2011; Donnelly and Bennett, 2014). In accordance with established traumatic event checklists 

such as the LEC-5 (Ehring et al., 2014), the RESQ was developed with a binary response format 

(yes/no) with the objective to enable simple and quick answering, and also to avoid memory errors 

when estimating the frequency of encountering specific events. Future validation studies of the RESQ 

and its critical exposure score need to systematically examine which response format offers an opti-

mal predictive value for health and well-being in the EMS at reasonable effort for the participants. 

Taken together, Study I of this thesis contributed to a better qualitative understanding of the psy-

chotraumatic stress in EMS missions and presents a first step towards a more adequate assessment. 

Future studies with independent, larger, and longitudinal samples are needed to replicate the selec-

tion of critical mission event types, and verify the concurrent and prospective validity of the pro-

posed critical exposure score with EMS personnel’s occupational health, well-being (e.g. job satisfac-

tion), and possible consequences for social support, partnership, and family life. 

3.2 Child maltreatment as a lifetime vulnerability factor 

In accordance with previous studies, Study I identified a number of direct and indirect traumatising 

mission events that are of critical relevance for the mental and physical stress symptoms of EMS per-

sonnel. Based on this, Study II investigated whether EMS personnel’s vulnerability to the negative 
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consequences of occupational trauma exposure differs depending on whether they experienced 

abuse, maltreatment, and neglect during childhood and adolescence (cf. stress-sensitisation hypothe-

sis; McLaughlin et al., 2010). In general, the results of Study II indicate that EMS personnel who re-

ported a more severe history of CM exhibited more severe posttraumatic, depressive, and somatic 

stress symptoms in adulthood. Our finding among EMS personnel complements a large body of evi-

dence from the general population confirming that individuals with a history of CM face a higher 

prevalence of physical and mental health problems throughout life (McLaughlin et al., 2010; Li et al., 

2016). In fact, the dose-response effect of adverse early-life experiences on negative health out-

comes in adulthood is among the most consistently replicated findings in psychological research 

(Dube et al., 2009; Gilbert et al., 2009; Hamilton et al., 2015; Taillieu et al., 2016; Afifi et al., 2017; 

Merrick et al., 2017). From the lifespan perspective, the results of Study II further emphasise that 

mild to moderate CM exposure may be sufficient to already exert long-lasting detrimental effects on 

the well-being and health of EMS personnel (cf. Felitti et al., 1998). 

In extension of previous findings, Study II revealed that CM exposure not only accounted for more 

mental and physical stress symptoms, but also interacted with occupational trauma exposure as a 

moderator. Thus, the more severe the CM experiences of EMS personnel, the stronger the associa-

tion between the exposure to potentially traumatic events in the line of duty and the severity of cur-

rent mental and physical stress symptoms. This finding suggests that EMS personnel with mild to 

moderate CM experiences have a higher risk for the incidence and/or persistence of additional men-

tal and physical stress symptoms in reaction to critical events on duty than EMS personnel who made 

no or less severe CM experiences. This observation adds to first evidence for the stress-sensitisation 

hypothesis in the EMS, positing that CM causes a higher reactivity to stress and trauma in later life, 

while also impairing the ability to overcome acute stress reactions (Maunder et al., 2010, 2012). As a 

result, CM could promote the consolidation of acute stress reactions as persistent trauma-spectrum 

symptoms, and with repeated trauma exposure, their gradual aggregation as clinically relevant trau-

ma-spectrum disorder. Indeed, in par with Study II, previous studies showed that EMS personnel 

with CM experiences exhibited a 22% higher PTSD prevalence and reported the incurrence of more 

depressive and physical stress symptoms than non-CM-exposed personnel (Teegen and Yasui, 2000; 

Maunder et al., 2012). 

Taken together, Study II adds to existing findings regarding  trauma-exposed professionals (McCranie 

et al., 1992; Stein et al., 2005; Cabrera et al., 2007; Clancy et al., 2006; Berntsen et al., 2012; Wang et 

al., 2010) and the general population (McLaughlin et al., 2010) in underscoring that individuals with a 

history of CM are less resilient against the detrimental effects of major stress and traumatic events in 

later life. After the same exposure to stress and trauma in later life, individuals with CM experiences 

exhibit a higher risk to develop more mental and physical symptoms than individuals who experi-

enced fewer or no CM. Thereby, CM constitutes a significant vulnerability for the well-being, health, 

and work ability of employees in different trauma-exposed professions. At the same time, there is 

initial evidence that EMS personnel choose a rescue profession precisely because they want to undo 

or overcome their own adverse childhood experiences (Maunder et al., 2010; Clompus and Albarran, 

2016). As an ethical implication of these findings, job applicants need to be enabled to make in-

formed career choices. Therefore, information about individual biographical resilience and risk fac-

tors for the occupational health such as CM need to be provided. In occupational health manage-

ment, specific support for employees with biographical risk factors needs to be provided while ensur-

ing their privacy. However, little is known about primary preventive measures to effectively enhance 

the resilience of trauma-exposed occupational groups in general (Schöllgen and Schulz, 2016; see 
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also chapters 3.7 for future remarks), and whether individuals with CM experiences may profit from 

such preventive trainings. 

For the development of preventive measures to strengthen the trauma resilience of CM-exposed 

individuals, it is a prerequisite to identify psychological and biological mechanisms that convey the 

negative consequences of CM over the lifespan, and, specifically, the possible vulnerability for emo-

tional stress and trauma in later life. Transdisciplinary stress research has identified a number of cog-

nitive, emotional, and biological alterations related to CM that contribute to an increased sensitivity 

of CM survivors for stress and trauma in later life (Schury and Kolassa, 2012; Hamilton et al., 2015; 

Nemeroff, 2016). At a psychological level, CM is associated with psychopathological vulnerability 

factors, including maladaptive coping and emotion-regulation styles, anxious and avoidant attach-

ment styles, as well as reduced social support (e.g. Spasojević and Alloy, 2002; Prati and Pietrantoni, 

2010b; Halpern et al., 2012a; Crow et al., 2014; Hopfinger et al., 2016; Guilaran et al., 2018; Widom 

et al., 2018; Rudenstine et al., 2019). To advance the understanding of the role of coping-oriented 

risk and resilience factors for the health of EMS personnel, this thesis investigated the relevance of 

maladaptive and adaptive emotion-regulation strategies (Study IV, see chapter 3.4) and the revised 

sense of coherence (Study V, see chapter 3.5) for the EMS personnel’s mental and physical stress 

symptoms. 

At a biological level, CM is related to a chronically upregulated circulation of glucocorticosteroids and 

inflammatory markers, indicating persistent alterations in the mutual regulatory dependency of HPA 

axis and immune system (Baumeister et al., 2016; Danese and Lewis, 2017; Kuhlman et al., 2017; Li et 

al., 2017). At the same time, a chronically pre-activated immune system, measured by elevated levels 

of pro-inflammatory cytokines, is a transdiagnostic risk factor for the onset of various mental disor-

ders (Tursich et al., 2014; Danese and Lewis, 2017), and particularly characterises patients with acute 

depression and PTSD (Liu et al., 2012; Haapakoski et al., 2015; Passos et al., 2015). Due to the narrow 

regulatory entanglement of HPA axis and immune system, individuals not only respond to psychoso-

cial stressors with the secretion of stress hormones but also with an immune activation (Steptoe et 

al., 2007). The stress-induced inflammatory response is specifically pronounced among individuals 

with CM history (Carpenter et al., 2010) and depressed patients alike (Pace et al., 2006). Moreover, 

individuals with a history of CM exhibit higher inflammatory activity in the context of daily hassles or 

caregiving stress compared to non-CM-exposed controls (Kiecolt-Glaser et al., 2011; Gouin et al., 

2012). Accordingly, individuals with a history of CM show elevated inflammatory activation as a re-

sult of a CM-related chronic pre-activation of the immune system as well as its sensitisation to psy-

chosocial stress (Fagundes et al., 2013; Danese and Lewis, 2017). Such enhanced immunoreactivity 

could compromise the resilience of trauma-exposed professionals with a history of CM to recurrent 

stress and trauma exposure in the line of duty, and, hence, could exacerbate their vulnerability to 

develop duty-related trauma-spectrum disorders as well as non-communicable physical ailments. 

The activity of HPA axis and immune system is regulated additionally by the endocannabinoid sys-

tem. On the one hand, endocannabinoids enable the HPA axis to activate under stress and regulate 

the HPA axis’ negative feedback loop; on the other hand, activated immune cells secrete endocanna-

binoids as a negative feedback signal to dampen the release of pro-inflammatory cytokines (Hillard et 

al., 2012; Micale and Drago, 2018). Previous studies provided evidence that recurrent exposure to 

severe and traumatic stress during childhood and adulthood lead not only to alterations in the regu-

lation of the HPA axis and the immune system, but could also impact the endocannabinoid system 

(Wilker et al., 2016; Koenig et al., 2018a). Therefore, Study III investigated hair-based markers of 
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cortisol and endocannabinoid activity to address possible alterations in the regulation of the endo-

crine stress response in relation to the EMS personnel’s stress and trauma exposure in different life 

phases as well as in relation to their current mental and physical stress symptoms (see chapter 3.3). 

3.3 Traces of stress and trauma exposure in endocannabinoid system and HPA axis 

The mutual dependency of endocannabinoids and glucocorticosteroids plays a central role in regulat-

ing the body’s short- and long-term stress adaptation and immune activity (Hillard et al., 2012; Mi-

cale and Drago, 2018). Stress-related imbalances in the co-regulation of the endocannabinoid and 

glucocorticosteroid systems are one possible aetiological pathway in converting psychological stress 

and trauma into negative mental and physical health outcomes (Riebe and Wotjak, 2011; Hillard et 

al., 2012; Berardi et al., 2016). Consequently, Study III analysed whether hair-based markers of corti-

sol and endocannabinoid activity are associated with EMS personnel’s chronic stress and lifetime 

trauma exposure as well as the severity of their mental and physical health problems.  

According to Study III, EMS personnel who reported a higher working quantity within the month 

prior to hair sampling had higher cortisol concentrations in the 1 cm hair segment. This result suits 

previous evidence of higher hair cortisol concentrations, and, correspondingly, higher diurnal cortisol 

secretion among individuals with ongoing mental and physical stress such as industrial shift workers, 

nursing personnel, and parents of young children (Manenschijn et al., 2011; Niu et al., 2011; Hegg-

Deloye et al., 2014; Stalder et al., 2017; Liu and Doan, 2019). Disturbances of sleep rhythmicity as 

due to shift work can profoundly alter the cortisol metabolism and activity in the body (Niu et al., 

2011; Hegg-Deloye et al., 2014; Kecklund and Axelsson, 2016). Future longitudinal research is needed 

to investigate whether adverse working conditions such as shift and night work translate into nega-

tive health outcomes via altering the sleep, nutrition rhythmicity, and, concomitantly, the diurnal as 

well as cumulative cortisol and endocannabinoid dynamics (Hegg-Deloye et al., 2014). 

At the same time, Study III found no associations of the hair cortisol concentration with the EMS 

personnel’s history of CM, exposure to potentially traumatic experiences in private life or on duty, 

and their mental and physical stress symptoms. These findings contradict Guilliams and Edwards’ 

hypothesis (2010; Steudte-Schmiedgen et al., 2016) which presumed that a strong, temporary in-

crease of cortisol secretion after traumatic stress persistently sensitises the HPA axis, potentially due 

to an upregulation of the glucocorticoid-receptor density (e.g. De Kloet, 2016). As a result, recurrent-

ly traumatised individuals are expected to exhibit a lowered tonic cortisol activity in the long term. 

Although EMS personnel are among the most frequently trauma-exposed professionals (e.g. Declercq 

et al., 2011; Berger et al., 2012), their hair cortisol concentrations did not correlate with their lifetime 

exposure to potentially traumatic event types, no matter if experienced on duty or in private life. 

Indeed, existing studies on altered hair cortisol levels in recurrently traumatised cohorts were mostly 

cross-sectional and yielded highly inconsistent results (Steudte et al., 2011; Dajani et al., 2018; 

Khoury et al., 2019). Moreover, Study III found no association between the concentration of cortisol 

in hair and the severity of experienced CM, and, hence, complemented the null correlation reported 

by a recent meta-analysis (Khoury et al., 2019). However, there is preliminary evidence that previous 

studies’ inconsistent findings might be the result of gene ⨯ environment interactions in the regula-

tion of glucocorticoid activity (Koenig et al., 2018b). Therefore, future studies should consider addi-
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tional biological information on genes associated with the regulation of the endocrine stress re-

sponse (e.g. FKBP5 and NR3C1). 

Furthermore, in par with Guilliams and Edwards’ theory (2010), a trauma-related reduction of tonic 

cortisol activity is considered to be a risk factor for the development of PTSD after re-traumatisation 

(Raison and Miller, 2003; Luo et al., 2012; Steudte-Schmiedgen et al., 2015). A meta-analysis con-

firms a weak negative association between higher PTSD symptoms and lower concentrations of corti-

sol in hair, but also emphasises the existing results’ heterogeneity (Stalder et al., 2017). In this study 

with EMS personnel, there was no association between the hair cortisol concentration and subclinical 

PTSD symptoms. In line with Stalder et al.’s meta-analysis (2017), the EMS personnel’s hair cortisol 

concentrations were not linked to their depressive symptoms. This finding further corresponds to 

evidence from a longitudinal study among medical students that observed no pro- or retrospective 

relationships between altered cortisol concentrations in hair and the progression of subclinical de-

pressive symptoms (Mayer et al., 2018). Study III was the first to explore the association between 

physical stress symptoms and cortisol concentrations in the hair of a high-risk profession. Yet, there 

was no significant correlation. 

To conclude, there is a strong need for longitudinal and intervention studies among trauma-exposed 

professions such as the EMS, fire department, police, and military to examine (i) whether recurrent 

exposure to traumatic events (e.g. in the line of duty) prospectively predicts alterations in hair corti-

sol levels and intra-corporeal cortisol dynamics; (ii) whether stress-related alterations in hair cortisol 

concentrations predict stress-related mental and physical morbidity; and (iii) whether preventive 

measures of occupational health management and successful psychotherapy can reverse elevated 

cortisol levels in hair (see Dajani et al., 2018; Schultchen et al., 2019, for first results). Furthermore, it 

has to be analysed how possible stress-related regulatory alterations in the glucocorticosteroid-

mediated stress response are represented on other biological levels (e.g. changes in receptor densi-

ties, protein translation, and gene methylation) as well as how altered glucocorticosteroid activity 

impacts the regulation of physiological functions on different levels (e.g. cellular energy production, 

immune regulation, sleep and nutrition rhythmicity). 

Study III was the first to investigate endocannabinoids in the hair of a professional group with chron-

ic occupational stress and recurrent trauma exposure. In this cohort of EMS personnel, higher hair 

concentrations of 2-AG, SEA, OEA, and PEA were linked to more severe CM experiences, and higher 

OEA and PEA hair concentrations correlated with the number of potentially traumatic events experi-

enced in private life. Moreover, EMS personnel with more subclinical depressive or physical symp-

toms exhibited higher SEA, PEA, and OEA hair concentrations. Presuming that higher endocanna-

binoid concentrations in hair present an indicator of elevated intra-corporal endocannabinoid activi-

ty, the findings of Study III could reflect an increased mobilisation of 2-AG, PEA, SEA, and OEA of the 

body. Activated immune cells release endocannabinoids into the blood stream in order to recover 

the immune cell activation back to baseline (Hillard et al., 2012; Tsuboi et al., 2018). Thus, higher 

endocannabinoid concentrations in hair could potentially mirror the body’s allostatic load, i.e. its 

regulatory effort in attempting to compensate the chronic low-grade pro-inflammatory activity in 

individuals with a history of CM, traumatic experiences, or current trauma-spectrum disorders (Tur-

sich et al., 2014; Haapakoski et al., 2015; Baumeister et al., 2016). 

Nonetheless, the direction of findings in Study III is contrary to the results of previous studies that 

investigated endocannabinoid concentrations in hair of Ugandan civil war survivors with trauma-
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associated mental health problems and European women in one month postpartum (Wilker et al., 

2016; Koenig et al., 2018a). In these studies, higher lifetime exposure to traumatic events as well as 

severe PTSD symptoms were linked to lower PEA, SEA, and OEA concentrations in hair. The history of 

CM was linked to higher 1-AG and lower PEA concentrations in hair. The disparity between Study III 

and previous studies may result from the fact that the EMS personnel participating in Study III were 

predominantly mentally and physically healthy, whereas the cohorts of previous studies comprised 

severely war-traumatised PTSD patients (Wilker et al., 2016) as well as women during the healing and 

regression process shortly after pregnancy and parturition (Koenig et al., 2018a). 

Besides, Study III found a negative correlation between cortisol and 2-AG concentrations, whereas 

cortisol and AEA concentrations did not correlate. This finding partially suits previous evidence about 

the negative relationships of glucocorticoid and 2-AG as well as AEA concentrations in hair of women 

over the course of pregnancy (Krumbholz et al., 2013). Such negative correlations between AEA and 

2-AG with glucocorticosteroids in hair may be expected on the basis of conceptual models theorising 

(i) tonic AEA activity to suppress the activation of the HPA axis in the absence of stress as well as (ii) a 

glucocorticoid activity-triggered production and secretion of 2-AG acting as a turn-off signal for the 

HPA axis after the stress situation has ended (Riebe and Wotjak, 2011; Hill and Tasker, 2012; Morena 

et al., 2016; Micale and Drago, 2018). As AEA is abundant in considerably lower concentrations than 

other endocannabinoids in blood and hair (Hillard et al., 2012; Krumbholz et al., 2013), in Study III, its 

concentration could be measured in 23 samples only. As a result, the sample size might have been 

too low to detect the true associations of AEA concentrations in hair. In line with previous findings 

(Krumbholz et al., 2013; Wilker et al., 2016; Koenig et al., 2018a), SEA, PEA, and OEA concentrations 

were highly inter-correlated but not associated with AEA and cortisol (Krumbholz et al., 2013). Incon-

sistent inter-correlations of endocannabinoid concentrations in hair further indicate that not all en-

docannabinoids enter the hair matrix through the same pathway. To date, the physiological mecha-

nisms of glucocorticoid and endocannabinoid incorporation into extra-corporeal matrices such as 

hair and nail have not been sufficiently understood (Stalder and Kirschbaum, 2012; Krumbholz et al., 

2013, 2018; Liu and Doan, 2019). Consequently, interpreting hair-based biomarkers remains chal-

lenging and conclusions on the biomolecules’ activity in brain and body periphery may be drawn only 

under the reservation of further methodological studies. Longitudinal research is needed to assess 

the dynamics of endocannabinoid, glucocorticosteroid, and inflammatory activity after traumatic 

experiences and during periods of chronic stress at several points in time and across several physio-

logical matrices. Such studies enable a more comprehensive understanding of the mutual regulatory 

relationships between physiological systems and their importance in the aetiology of stress-related 

mental and physical disorders. 

3.4 Dealing with bad feelings: Emotion regulation as potential starting point for the 

development of health-preventive measures in the EMS 

Effective emotion regulation promotes the resilience against the negative consequences of exposure 

to stressful life events (Troy and Mauss, 2011; Naragon-Gainey et al., 2017). In professions such as 

the EMS, where employees are confronted with emotionally stressful and potentially traumatic expe-

riences on a regular basis, dealing with negative emotions is a decisive factor for the maintenance of 

the employees’ health, work ability, and well-being in the long-term (Shepherd and Wild, 2014; Wild 
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et al., 2016). Therefore, Study IV investigated the associations of different emotion-regulation strat-

egies with the stress perception and stress symptoms of EMS personnel, with the aim to identify 

strategies enabling an effective coping with the rescue profession’s emotional demands. In the long-

term, the findings of this study may contribute to developing primary preventive trainings to impart 

an effective emotion-regulation style among EMS employees that promotes maintaining and retain-

ing their health. 

According to Study IV, EMS personnel reported to habitually use more adaptive than maladaptive 

emotion-regulation strategies. The latter ones, however, showed stronger associations with stress 

and health than the adaptive strategies in particular pointing towards their relevance for poor stress 

and health outcomes. In detail, the maladaptive emotion-regulation strategies rumination, suppres-

sion, and avoidance correlated with more perceived work-related stress as well as more severe post-

traumatic, depressive, and somatic stress symptoms. This finding replicates previous observations of 

more severe depressive and posttraumatic stress symptoms among EMS personnel who inclined to 

the use of maladaptive emotion-regulation strategies (Beaton et al., 1999; Clohessy and Ehlers, 1999; 

Kirby et al., 2011; Razik et al., 2013; Richter, 2014; Shepherd and Wild, 2014; Michael et al., 2016; 

Wild et al., 2016). Moreover, the observed effects conform in size to the meta-analytical associations 

between maladaptive emotion regulation and psychopathological symptoms in the general popula-

tion and clinical cohorts (Aldao et al., 2010; Webb et al., 2012; Hu et al., 2014; Seligowski et al., 2015; 

Schäfer et al., 2017; Visted et al., 2018). In addition to previous findings, Study IV observed that the 

use of maladaptive emotion-regulation strategies is correlated with more physical ailments, indicat-

ing that emotion regulation influences the individual well-being more broadly than previously con-

sidered (e.g. Dirkzwager et al., 2004). 

The maladaptive strategies showed substantial positive inter-correlations. Thus, EMS personnel who 

often employed one maladaptive strategy also tended to frequently employ the other two strategies. 

In line with this, there is evidence that suppression and rumination may be mutually reinforcing each 

other, and, thus, impede the emotional processing of severe emotional or traumatic stress experi-

ences (Clohessy and Ehlers, 1999). Attempts to deliberately suppress unwanted negative feelings and 

to avoid thoughts lead to an uncontrolled intrusion of negative thoughts and feelings into the con-

sciousness (cf. the rebound or paradoxical effect of thought suppression; Wenzlaff and Wegner, 

2000; Dalgleish et al., 2008). In fact, among traumatised EMS personnel, the tendency to use sup-

pression prospectively predicted a higher number of future intrusions (Shepherd and Wild, 2014). 

Uncontrolled intrusions of negative thoughts and feelings into the consciousness favour the rumina-

tion about the underlying critical experience. In turn, persistent rumination maintains the feeling of 

threat (Ehlers and Clark, 2000), and presents a prospective risk factor for the development of trans-

diagnostic stress-related disorders (Michael et al., 2007; McLaughlin et al., 2011; Kleim et al., 2012). 

Accordingly, longitudinal evidence confirmed that rumination and suppression are predictive for the 

onset of depression and PTSD among EMS personnel (Wild et al., 2016) and firefighters (Bryant and 

Guthrie, 2005, 2007). 

Against the common expectations, the frequent use of the adaptive emotion-regulation strategies 

reappraisal and problem-solving went along with neither less perceived stress nor fewer mental and 

physical stress symptoms among EMS personnel. Previous studies in the EMS gave a mixed picture of 

the role of reappraisal, reporting associations with fewer PTSD symptoms (Shepherd and Wild, 2014), 

no associations (Beaton et al., 1999; Clohessy and Ehlers, 1999), but also associations with more 

burnout symptoms (Cicognani et al., 2009). Among police officers, the use of problem-solving has 
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been associated with more severe posttraumatic stress symptoms (Marmar et al., 2006). Intriguingly, 

the heterogeneous associations of reappraisal and problem-solving with the EMS personnel’s stress 

perception and health condition contrast the strategies’ rather beneficial effects reported in clinical 

and community samples (Prati and Pietrantoni, 2009; Aldao et al., 2010; Webb et al., 2012; Hu et al., 

2014; Schäfer et al., 2017). Therefore, it appears, the canonical distinction in adaptive and maladap-

tive strategies cannot simply be replicated onto the EMS context, and also possibly, other occupa-

tional contexts with close contact to human suffering.   

In fact, recent research is increasingly focussing on the context-specific demands of successful emo-

tion regulation (Aldao, 2013; Bonanno and Burton, 2013; Aldao et al., 2015; Gross, 2015). That is, 

depending on individual goals as well as situational demands, regulation strategies can be differen-

tially effective, whereas the spectrum of effectivity ranges from adaptive to neutral/ineffective to 

even counterproductive. A number of meta-analyses revealed that the effects of adaptive emotion-

regulation strategies are typically smaller and less consistent than those of maladaptive strategies 

(Aldao et al., 2010; Seligowski et al., 2015; Compas et al., 2017; Schäfer et al., 2017), suggesting that 

adaptive strategies may only be effective in reducing emotional stress if they are applied in appropri-

ate contexts. In this view, one explanation for the lack of relevance of reappraisal and problem-

solving for stress reduction and health maintenance among EMS personnel can be the incompatibility 

of strategy and occupational context. According to the emotion-regulation model of Gross (2015), 

reappraisal and problem-solving rely on attributional changes and purposeful situation selection and 

change. In the general population, the formation of new perspectives as well as planned approaches 

can be very suitable for coping with problems. Therefore, reappraisal and problem-solving are core 

principles of cognitive-behavioural therapies (Garnefski and Kraaij, 2006; Beck, 1979; Hautzinger, 

2013). In the EMS, however, employees cannot choose which situations they encounter in the line of 

duty. On mission, they recurrently experience uncontrollability and encounter events that can hardly 

be reinterpreted in a more positive way (e.g. missions with sudden infant death; Halpern et al., 

2009b). In sum, the findings of Study IV and previous studies suggest that reappraisal and problem-

solving appear not to be the most effective remedy for stress coping and prevention of health prob-

lems in the EMS. 

Instead, the frequent habitual use of acceptance showed small- to medium-sized correlations with 

fewer mental and physical stress symptoms. This observation suits previous reports about positive 

associations of acceptance with better mental health and posttraumatic growth among EMS person-

nel and other trauma-exposed professionals (Williams et al., 2010; Kirby et al., 2011; Setti and Argen-

tero, 2014; Chen et al., 2019; Counson et al., 2019; Zhao et al., 2019) as well as in the general popula-

tion (Prati and Pietrantoni, 2009; Schäfer et al., 2017). Acceptance refers to an observing, non-

judgmental relationship with own feelings, thoughts, and beliefs, being a central therapeutic princi-

ple in mindfulness-based therapy approaches (cf. Dialectical behaviour therapy by Robins et al., 

2001; Mindfulness-based cognitive therapy by Segal et al., 2002; Acceptance and commitment ther-

apy by Hayes et al., 2006). The long-term goal of these therapies is establishing psychological flexibil-

ity, i.e. overcoming rigid patterns of conviction, evaluation, or coping in order to facilitate adaptation 

to difficult life situations. Not accepting stressful experiences and related negative feelings may lead 

to ongoing attempts to find counterfactual solutions or other interpretations of the experience. This 

can result in recurrent mental occupation with stressful experiences (i.e. rumination), and, hence, 

more emotional stress (Ayduk and Kross, 2010). Indeed, in Study IV, there was a positive correlation 

between the tendencies to use problem-solving and rumination. Acceptance, however, allows a self-

distant perspective on stressful experiences and related negative feelings, avoids negative self-
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attributive emotions, and prevents the begin of a maladaptive brooding cycle (Papageorgiou and 

Wells, 2003; Ayduk and Kross, 2010; Querstret and Cropley, 2013). Thereby, acceptance and psycho-

logical flexibility contribute to the maintenance of better mental health after highly stressful and 

traumatic experiences (Kashdan and Rottenberg, 2010; Lakhan and Schofield, 2013). 

To conclude, Study IV and previous studies indicated that emotional acceptance could have benefi-

cial effects for the stress regulation and health of EMS personnel. On the contrary, the strategies 

problem-solving and reappraisal seem less suitable for coping with emotional stress and maintaining 

health in the context of the rescue profession. In line with this, there is first evidence that trainings to 

impart acceptance and mindfulness-based stress regulation in the EMS and other trauma-exposed 

professions exert beneficial effects on the personnel’s perceived stress, self-reported anger, mental 

and physical health outcomes, and several biomarkers of stress (Johnson et al., 2014; Regehr et al., 

2014; Khoury et al., 2015; Bergman et al., 2016; Christopher et al., 2016; Kaplan et al., 2017; Eby et 

al., 2019). Nonetheless, in Study IV, the possible beneficial influence of acceptance on stress and 

health was much smaller in size than the negative influences of the maladaptive strategies. There-

fore, primary prevention should not only seek to enhance the use of one single adaptive strategy 

such as acceptance, but also reduce the use of maladaptive strategies at the same time. More specif-

ically, research on emotion regulation and coping increasingly emphasises the importance of regula-

tory flexibility; i.e. maintaining mental health not only requires a wide repertoire of adaptive regula-

tion strategies, but it is also decisive to master their context-adequate use (Bonanno and Burton, 

2013; Cheng et al., 2014; Aldao et al., 2015; Levy-Gigi et al., 2015). Thus, EMS personnel could partic-

ularly profit from interventions to expand their strategy repertoire and to practice the flexible appli-

cation of situation-adaptive strategies in handling emotionally challenging situations. Berking’s af-

fect-regulation training (Berking, 2011; Berking and Whitley, 2014) is one example of a repertoire- 

and flexibility-oriented intervention that has been successfully adapted for the EMS context (Buruck 

and Dörfel, 2018; see chapter 3.7 for a detailed discussion).  

3.5 Sense of coherence among EMS personnel: The importance of professional pre-

paredness for critical situations 

The revised sense of coherence (SOC) is characterised by the conviction of being able to cope with 

any upcoming vicissitudes in life, along with accepting the coexistence of positive and negative expe-

riences in life and to perceive these aspects as balanced in the long term (Bachem and Maercker, 

2016). A strong revised SOC might be an essential prerequisite for the maintenance of health and 

well-being of EMS personnel. Consequently, Study V investigated the relationship between the re-

vised SOC and the mental and physical stress symptoms of EMS personnel. In this thesis, the SOC-R 

questionnaire was employed for the first time among a cohort of trauma-exposed professionals. 

Overall, individuals who reported a stronger revised SOC also showed fewer depressive and physical 

stress symptoms, whereas no association was found between the revised SOC and the severity of 

posttraumatic symptoms. Interestingly, previous studies investigating Antonovsky’s original SOC 

among first responders found higher SOC values linked to fewer posttraumatic stress and burnout 

symptoms among EMS personnel, firefighters, and police officers (Dudek and Koniarek, 2000; Dudek 

and Szymczak, 2011; Streb et al., 2014; Ragger et al., 2019; Schäfer et al., 2020). However, there 

were no associations of the original SOC with depressive and physical symptoms (Richter, 2014). 
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In addition, Study V investigated the SOC-R facets for differential associations with mental and physi-

cal health, and revealed that fewer posttraumatic, depressive, and physical stress symptoms were 

specifically associated with a stronger manageability conviction, i.e. the EMS personnel’s belief in 

successfully meeting life’s upcoming challenges. Conversely, the personnel’s inclination to reflect on 

the coexistence of positive and negative experiences (reflection) as well as experiencing these as-

pects as balanced (balance) was not related to their mental and physical health. Multiple linear re-

gressions confirmed this pattern of results also under control of the influences of non-work-related 

and occupational trauma exposure as well as gender. Thereby, the results of Study V are in line with 

previous empirical findings on the SOC-R. Among beavered relatives, older adults, and in a repre-

sentative German population sample (Bachem and Maercker, 2016; Mc Gee et al., 2017, 2018; Tho-

ma et al., 2018), the SOC-R facets reflection and balance exhibited at best negligible associations with 

better health or well-being, whereas the SOC-R sum score’s relationship with better health and well-

being was mainly due to the higher manageability scores of healthier individuals. The low importance 

of reflection and balance is remarkable insofar as these aspects have been proposed to be of central 

conceptual importance for the SOC’s re-conception (Bachem and Maercker, 2016). Especially within 

the EMS context, it could have been that the awareness and appreciation of the positive conse-

quences of rescuing and helping could have had a compensatory value for the negative experiences 

on duty. Notably, reflection and balance show certain conceptual similarity with reappraisal exam-

ined in Study IV, i.e. the attempt to regulate negative feelings by focussing on positive aspects of the 

situation and reinterpreting the consequences of the situation in a positive way. Indeed, in a previous 

study, reflection and balance exhibited moderate positive correlations with reappraisal and problem-

solving (Mc Gee et al., 2017). Thus, by using different conceptual accounts, the results of Study IV 

and V point to a similar conclusion: adopting a positively reinterpreting and problem-oriented coping 

style appears not protective against the negative health consequences of psychotraumatic stress in 

the EMS. 

Instead, the findings of Study V and previous studies indicate, it appears to be precisely the individu-

al’s conviction in successfully coping with any upcoming adversities which could be the pivotal aspect 

of the SOC(-R) for maintaining health despite severe stress and traumatic life events. The SOC(-R)’s 

manageability facet shows strong conceptual and correlative overlaps with other self-evaluations of 

ability and situational control such as (occupational) self-efficacy, locus of control, resilience, and 

sense of mastery (Bachem and Maercker, 2016; Chiesi et al., 2020; Schäfer et al., 2020). Accordingly, 

these concepts have been consistently associated with lower stress and better health among EMS 

personnel (Alexander and Klein, 2001; Richter, 2014; Streb et al., 2014; Study V: Behnke et al., 

2019a; Schäfer et al., 2020). Streb et al. (2014) reported that EMS personnel with higher SOC en-

gaged in more elaborated preparation in handling critical mission situations. These individuals also 

exhibited fewer posttraumatic symptoms after the same exposure to critical missions. In the light of 

these observations, the supposed beneficial effects of SOC, self-efficacy, and related concepts could 

originate from an objectively better professional competence of EMS personnel, which enables them 

to better handle critical situations.  

In accordance with this perspective, Arnetz et al. (2009, 2013) developed a training concept to 

strengthen police cadets’ trauma resilience. Using guided imagination, police trainees were exposed 

in sensu to typical critical situations on duty. In addition to increasing the trainees’ mental prepared-

ness for critical incidents, techniques of emotional self-control and proper tactical actions were men-

tally rehearsed. According to the assessment of police instructors, the imagery-trained cadets per-

formed better in mastering an in vivo simulated critical incident eighteen months later. In addition, 
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trained cadets experienced the simulation as less mentally stressful and showed reduced physiologi-

cal stress reactions during and after the simulation than a respective control group. Improved 

knowledge about professional action options as well as adaptive self-regulation allows imagery-

prepared personnel to handle critical situations more successfully. Higher situation control—possibly 

crystallising to subjective proxies such as stronger SOC, self-efficacy, and locus of control—lowers the 

risk for aversive emotional stress such as helplessness, fear, or panic during critical missions as well 

as guilt, regret, or frustration afterwards. In particular, being unable to help patients and worry about 

possible mistakes pose a high risk for severe stress symptoms on EMS personnel as indicated by 

Study I and previous research (Halpern et al., 2009b; Avraham et al., 2014). One of the most crucial 

situations for EMS personnel is to be unaware of the true situation at the mission site, as they could 

become overwhelmed by the true extent of the danger or human suffering at the scene. Therefore, 

significance of mental preparedness becomes all the more evident when considering the importance 

of receiving accurate information from the mission-control centre (Halpern et al., 2009b; Avraham et 

al., 2014; Behnke et al., 2019b). Consequently, trainings to increase EMS personnel’s mental prepar-

edness for critical mission situations can be expected to decrease their emotional burden in critical 

missions, and thus, to lower their risk to develop trauma-related health issues (e.g. Halpern et al., 

2012b; Avraham et al., 2014). In fact, after one year in regular service, imagery-trained police cadets 

showed better mental and physical health than the control group (Arnetz et al., 2013). Chapter 3.7 

discusses future perspectives on imagery trainings in the EMS. 

Although the SOC-R is considered a resilience factor for health and well-being, its predictive validity 

has been investigated rarely, yet. In the only longitudinal study available, neither the SOC-R sum 

score nor its facets predicted the well-being and mental health status of older adults at a one-year 

follow-up (Mc Gee et al., 2018). Longitudinal studies on the original SOC with observation periods 

ranging from several months up to decades draw a more complex picture: in accordance with An-

tonovsky’s conception, SOC values are relatively constant over time under stable living conditions 

(Feldt et al., 2003; Hakanen et al., 2007), with a trend to even increase among older adults in dispose 

of a sufficiently supportive social network (Silverstein and Heap, 2015). Higher initial SOC values are 

linked to a lower prospective risk for PTSD, depression, anxiety disorders, and substance consump-

tion disorders over months up to years (Engelhard et al., 2003; Richardson and Ratner, 2005; Kouvo-

nen et al., 2010; Luutonen et al., 2011). However, in the only longitudinal study conducted on the 

prognostic value of the SOC among first responders, higher initial SOC values did not predict better 

mental and physical health outcomes among N = 35 Polish firefighters at a one-year follow-up 

(Dudek and Szymczak, 2011). Moreover, contrary to the presumed role of the SOC as a stress and 

trauma resilience factor, there is evidence that the SOC may decay after exposure to traumatic 

events, in phases of chronic stress, and due to severe health deteriorations (Kivimäki et al., 2002; 

Nilsson et al., 2003; Snekkevik et al., 2003; Volanen et al., 2007; Ahlborg et al., 2013; Silverstein and 

Heap, 2015; Hildingsson, 2017). The decline of SOC is accompanied by the occurrence of transdiag-

nostic mental health problems such as depression, anxiety, or increasing alcohol consumption; how-

ever, without predicting the deterioration of mental health (Roth and Ekblad, 2006; Takeuchi et al., 

2013). In fact, it is an ongoing debate whether the SOC(-R) is a prospective resilience factor in the 

face of upcoming vicissitudes, or, rather, an epiphenomenon of the individual’s momentary well-

being and self-efficacy conviction (Schnyder et al., 2000; Eriksson, 2017). 

The authors of the SOC-R were motivated to revise Antonovsky’s original SOC concept and its opera-

tionalisation in order to overcome its significant weaknesses with respect to, first, the low factor 

validity and consistency as well as, second, the lacking divergence from concepts such as neuroticism 
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or self-efficacy (Bachem and Maercker, 2016). Therefore, Study V also examined the SOC-R from a 

methodological perspective with regard to its factor validity and internal consistency. In line with 

previous findings (Bachem and Maercker, 2016; Mc Gee et al., 2017; Thoma et al., 2018; Chiesi et al., 

2020), confirmatory factor analyses identified the three-factorial structure of the questionnaire with 

the facets reflection, balance, and manageability as the comparatively best internal structure in the 

EMS cohort. In addition, examining the Fornell-Larcker criteria exposed the factor solution to be ra-

ther “indecisive”; i.e. the SOC-R items converged weakly on the factors (low convergent factor validi-

ty), at the same time they showed clear secondary loadings on the other factors (low divergent factor 

validity). Consequently, the internal consistencies of the questionnaire and its facets were in the 

lower range of acceptable values. Notably, similarly weak internal consistencies were reported in 

previous studies on the SOC-R (Bachem and Maercker, 2016; Mc Gee et al., 2017; Thoma et al., 2018; 

Chiesi et al., 2020). The probable reason for the indecisive factor structure is the low inter-correlation 

of the questionnaire’s items (Heene et al., 2011; Beierl et al., 2018). Thus, factor validity and con-

sistency of the SOC-R might profit from further revisions of its items. 

With respect to Bachem and Maercker’s second objective to sharpen the divergent validity (i.e. 

unique character) of the SOC concept, the existing validation studies still indicated moderate to high 

associations of the SOC-R, and, particularly, the manageability conviction with self-efficacy (r = 

.45.63) and resilience (r = .44.62) (Bachem and Maercker, 2016; Mc Gee et al., 2017; Chiesi et al., 

2020). In general, a large body of evidence underscores the substantial overlap (r = .45.85) between 

the SOC(-R) and, in particular, the manageability facet with a variety of positive self-concepts such as 

self-esteem, self-efficacy, locus of control, sense of mastery, resilience, hardiness, and emotional 

stability (Feldt et al., 2007; Eschleman et al., 2010; Bachem and Maercker, 2016; Chiesi et al., 2020; 

Schäfer et al., 2020). In this light, it appears more fruitful for future conceptual work to unify the 

parallel existing concepts of positivistic psychology. The core self-evaluations concept presents a first 

step towards such a conceptual integration (Bono and Judge, 2003): defined as individuals’ subcon-

scious evaluations about themselves, their own abilities, and their own situational control, the con-

cept encompasses locus of control, emotional stability, self-efficacy, and self-esteem. A further inte-

gration of SOC(-R), manageability, resilience, sense of mastery, and hardiness appears equally sound. 

Adopting a unifying approach would not merely benefit the clarity and coherence of positivistic psy-

chology as a whole, but also concentrate research efforts in the field, and accelerate the growth of 

knowledge. 

3.6 Limitations and future research directions 

The results of this thesis are based on a self-selected convenience sample recruited from the regional 

population of EMS professionals. Although the study sample corresponded well to the regional EMS 

working population in terms of relevant socio-anagraphic characteristics (i.e. work location, form of 

employment, sex, age, and work experience), the sample might have differed in unknown ways from 

the working population. In this respect, the disproportionate participation of resilient and predomi-

nantly healthy employees presents a common bias in occupational health surveys (healthy worker 

effect; e.g. Costa, 2003). In fact, the participants showed a low to moderate severity of posttraumat-

ic, depressive, and physical stress symptoms. Besides, there is evidence that expressions of distress 

and stress-related health complaints are often concealed in the EMS (Häller et al., 2009; Halpern et 
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al., 2009b). Both effects might have led to an underestimation of the true effect sizes. At best, future 

studies should employ random sampling methods to ensure the study cohort’s representativeness 

for the working population. To complete the picture of the stress and symptom burden in the EMS, it 

is highly relevant to recruit EMS professionals who are temporarily or permanently absent (e.g. indi-

viduals in rehabilitation, early retirees, or job dropouts) for study participation. 

The nature of the study cohort also imposed two other specific limitations on the study. Due to the 

occupational demography, in comparison to their male colleagues, female participants were younger 

with less work experience, and hence, had encountered less potentially traumatic events in the line 

of duty. Given this disproportionate distribution and the multiple confounding of sex with relevant 

anagraphic and aetiological factors, this thesis could not address gender-specific effects. Moreover, 

consistent with the prevalence of CM in the general population (Glaesmer, 2016), few individuals in 

the EMS cohort under scrutiny reported severe maltreatment during childhood and adolescence. As 

a result, Study II could not make any inferences about the sensitisation of individuals with severe 

trauma in childhood. It may be expected that individuals with severe CM experiences exhibit an even 

higher vulnerability to later stress via a sensitisation effect (McLaughlin et al., 2010); however, it has 

also been suggested that intense CM could lead to an enhanced resilience to later stress (see Yoon et 

al., 2019, for a review on the ‘steeling’ effect). 

Since there was no comprehensive and standardised checklist available to record psychotraumatic 

stress in the German EMS context, in the preparatory phase of the research project, a focus group of 

work-experienced EMS personnel developed the preliminary RESQ checklist of emotionally stressful 

mission event types. A confirmation of the checklist’s concurrent and predictive validity in independ-

ent samples is pending. Based on the RESQ, Study I identified potentially traumatising event types 

using content-analytical and correlative methods. The concurrent and predictive validity of the pro-

posed critical exposure score also requires verification in independent samples. Generality of findings 

could be limited to the project’s socio-economic and geographical context, considering the fact that 

the development of RESQ and selection of critical mission event types depended on the experiences 

of EMS professionals who were operating within Central-European provincial towns, featuring high 

incomes, good infrastructure, low crime rates, and virtually no natural disasters. Types and frequency 

of emotionally stressful mission events may considerably differ between EMS cohorts across the 

globe, depending upon their respective geographic, sociocultural, economic, and religious back-

ground. Besides, legal and medical responsibilities as well as organisational structures of the EMS 

vary internationally (a detailed comparison can be found at Roudsari et al., 2007). Thus, research 

needs to adapt checklists of emotionally stressful or potentially critical mission event types to the 

respective socio-geographical contexts. Moreover, additional extensions by region-specific items may 

be required to assess critical event encounters in the course of natural disasters (e.g. earthquakes, 

floods, fires), compromised public security (e.g. civil war, rampant violent crime, restricted or lacking 

statehood), or major disasters (e.g. nuclear accidents, epidemics). 

Another limitation of this thesis is the cross-sectional retrospective design of its studies that does not 

allow for causal conclusions. Prospective longitudinal studies are crucial to investigate trajectories of 

alterations in coping strategies and biological parameters as a result of chronic and psychotraumatic 

stress. Repeated measurements among EMS novices and temporary volunteers (e.g. federal volun-

tary service) would allow for unravelling the prospective, mediating, or epiphenomenological charac-

ter of psychosocial, biological, and lifestyle parameters for the course of the employees’ work satis-

faction, quality of life, and health. In this respect, it is also of interest to examine possible changes in 
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variables that are commonly understood as traits. As evident from the discussion on the stability of 

the SOC (see chapter 3.5), it is conceivable that exposure to extreme psychosocial stress could 

change even supposedly stable personal characteristics. 

Conceptually, this thesis considered the accumulating exposure to traumatic experiences across the 

lifetime as a principal cause of mental and physical morbidity. Nevertheless, future studies could put 

a greater emphasis on the importance of peritraumatic stress, dissociation, and derealisation for the 

health prognosis of trauma-exposed personnel (Marmar et al., 2006). An applicable instrument could 

be the Critical Incident Inventory for EMS personnel (Halpern et al., 2012b). Furthermore, a focus 

could be placed on a more detailed investigation of organisational demands and resources such as 

work schedules, work environment, perceived control, role clarity, social support, and relationship 

conflicts (cf. studies using a job demands-resources framework, e.g. Hering et al., 2011; Payne and 

Kinman, 2019). For this purpose, suitable methods may be applying questionnaires about occupa-

tion-specific organisational stressors (e.g. the Work Environment Inventory, Liberman et al., 2002). In 

addition, future studies could characterise employees’ overall health and well-being more compre-

hensively by taking into account additional psychopathological and psychosocial outcomes (e.g. qual-

ity of life, job satisfaction, work-family conflicts, posttraumatic growth etc.; cf. Heringshausen et al., 

2010). Additional biological out-reads (e.g. levels of cellular energy production and oxidative stress, 

circulating levels of endocrine and inflammatory markers) need to be investigated to elucidate the 

biological mechanisms translating occupational stress and trauma into negative health outcomes. It 

is of high practical interest to identify valid biomarkers of occupational overstrain and emerging 

health problems. Finally, future research and practical efforts are needed to derive empirically well-

founded design and intervention measures for workplace health promotion (see chapter 3.7). 

3.7 Trauma-focused health promotion in the EMS 

It is of high relevance to investigate to what extent occupational factors and measures can contribute 

to mitigating or even aggravating the negative health perspective of personnel in trauma-exposed 

professions. This chapter provides a condensed overview of the current empirical state of knowledge 

on health-promoting measures in the EMS and outlines directions for future research and practice. In 

prevention research, a distinction is made between three levels of measures (Schöllgen and Schulz, 

2016): (i) Primary prevention seeks to reduce incidence of disease and work incapacity, at best, by 

combining technical-organisational and personnel-focused measures. Trauma-focused primary pre-

vention in the EMS may involve pre-trauma resilience building as well as the promotion of regulatory 

skills to cope with intense emotional stress during and after traumatic missions (Skeffington et al., 

2013). (ii) Secondary prevention starts after the disorder has originated and serves to intercept 

symptom progression and chronification. In the EMS, this concerns measures of acute help as well as 

facilitated access to social and emotional support after traumatic experiences. (iii) Tertiary preven-

tion refers to therapeutic or rehabilitative interventions after clinically relevant stress symptoms 

occurred. 

Primary prevention aims to bolster resilience among trauma-exposed first responders by modifying 

the pre- or peritraumatic risk factors that presage symptom onset. In order to maintain high levels of 

emotional and professional functioning among EMS personnel, primary prevention could attempt 

either (i) to increase resilience against upcoming traumatic events, (ii) to enhance the ability among 
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personnel to better endure the emotional demands of their work, or (iii) to reduce the personnel’s 

exposure to chronically stressful working conditions. With regard to strengthening trauma resilience, 

research attempted to augment the personnel’s mental and emotional preparedness in the face of 

upcoming traumatic events in the line of duty. In a randomised controlled trial, Arnetz et al. (2009, 

2013) evaluated a mental imagery-based trauma-resilience training, and tested its effectivity within 

a critical event simulation. The authors supplemented the vocational curriculum of police cadets with 

an imagination and skills training, comprising a psychoeducational session, followed by ten weekly 90 

min sessions in classroom format. Each session encompassed 15 min of progressive muscle relaxation 

and, afterwards, 60 min of guided imagery simulating in sensu an exposure to critical mission events, 

imparted by experienced police officers. During imaginations, producing helpful internal states (e.g. 

using cue-controlled relaxation to retain calm and focus) and proper tactically actions (e.g. weapon 

management) were mentally rehearsed. Trainees were encouraged to practice at home using a 

scripted audiotape to facilitate the imagery process and to practice cue-controlled relaxation. One 

year after training attendance, random sub-samples from the intervention and control group (each n 

= 9 cadets) were invited to undergo an in vivo simulation of a critical mission, i.e. a post-office rob-

bery including an unexpected armed attack on participants. Compared to the control group, imagery-

trained cadets experienced the simulated critical situation less stressful, reported less negative emo-

tions after the simulation, and exhibited lower heart rate reactivity. Furthermore, according to the 

professional judgment of their supervisors, the professional performance of trained cadets was supe-

rior to the control group (Arnetz et al., 2009). In a secondary study with the whole training group 

(Arnetz et al., 2013), police cadets in the imagery-trained group (n = 37 vs. 38 in a control group) 

reported treatment-related improvements in general health, physical (especially gastrointestinal) 

ailments, sleep quality, fatigue/irritability, and problem-based coping, which sustained even after 18 

months in service.  

Imagery-based trainings could be of great practical use in any rescue professions. However, it is 

mandatory to investigate its effectivity in larger samples, as it has neither been pursued to what ex-

tent the training equipped police officers against actual critical events in the line of their duty, nor 

whether it could prospectively reduce the risk for trauma sequelae. The training’s rationale is to en-

hance the personnel’s sense of control over critically stressful situations by rendering the incidents 

more predictable, and by expanding their psychological and tactical/professional repertoire to react 

(Arnetz et al., 2009). Applied to the EMS, it may be expected that in sensu exposure-based prepara-

tion for duty-related critical events (i) fosters the personnel’s objective job performance by refresh-

ing medical knowledge and rehearsing professional procedures; (ii) strengthens the self-efficacy of 

EMS personnel; and (iii) increases the situational and emotional predictability of critical experiences. 

As a result, imagery-trained EMS personnel might experience less aversive emotions such as help-

lessness, fear, or panic during critical rescue missions as well as less guilt or regret afterwards. De-

creasing the emotional burden of critical missions can be expected to lower the rescue personnel’s 

risk to develop trauma-related stress symptoms (e.g. Halpern et al., 2012b; Avraham et al., 2014). 

Moreover, imagery-trained EMS personnel can be expected to act more efficiently at the mission site 

and make fewer mistakes under time pressure, which, eventually, benefits their patients alike. Thus, 

allocating research efforts and organisational resources on trainings to prepare EMS personnel men-

tally against critical incidents in the line of duty appears promising in order to benefit their sense of 

control, job performance, well-being, and health. 

Another primary preventive approach is to enhance the ability among EMS personnel to cope better 

with the emotional demands of their work. The findings of Study IV (Gärtner et al., 2019) and previ-
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ous studies (Williams et al., 2010; Kirby et al., 2011; Setti and Argentero, 2014; Chen et al., 2019; 

Counson et al., 2019; Zhao et al., 2019) suggest that personnel of the EMS and other trauma-exposed 

professions might profit from trainings to impart acceptance and mindfulness-based strategies to 

regulate emotional stress. First trials have been conducted on mindfulness-based stress regulation 

(MBSR) trainings among employees of fire brigades, police, and the military with beneficial effects on 

various stress-related outcomes, including self-reported anger, perceived stress, mental and physical 

health outcomes, and also several biomarkers of stress (Johnson et al., 2014; Khoury et al., 2015; 

Bergman et al., 2016; Christopher et al., 2016; Kaplan et al., 2017; Eby et al., 2019). Furthermore, 

there is meta-analytical evidence that MBSR trainings are moderately effective in reducing self-

reported stress and anxiety symptoms among physicians (Regehr et al., 2014), and exert beneficial 

effects on physiological markers of stress, including blood pressure, heart rate, as well as levels of 

circulating cortisol and inflammatory markers (Pascoe et al., 2017). Moreover, MBSR trainings were 

employed to reduce the use of maladaptive emotion-regulation strategies such as rumination with 

moderate success (Querstret and Cropley, 2013). In sum, there is growing evidence that compe-

tence-oriented trainings may have beneficial effects on occupational stress and stress-related symp-

toms. 

However, the successful handling of stress depends not only on the repertoire of adaptive regulatory 

strategies individuals have at their disposal, but also on their knowledge and capability to flexibly 

apply appropriate strategies in order to regulate aversive emotions (Bonanno and Burton, 2013; Al-

dao et al., 2015). Accordingly, EMS personnel could particularly profit from trainings to expand their 

individual strategy repertoire and to impart the flexible application of adaptive strategies to handle 

even emotionally highly aversive events. One example of such a repertoire- and flexibility-oriented 

program is Berking’s affect-regulation training (ART; Berking, 2011; Berking and Whitley, 2014). In 

twelve 90 min sessions, ART imparts seven competences of adaptive emotion regulation; i.e. the 

abilities to (i) be consciously aware of emotions; (ii) identify and correctly label emotions; (iii) identify 

what causes and maintains emotions; (iv) actively modify emotions in an adaptive manner; (v) accept 

and tolerate negative emotions; (vi) confront situations likely to trigger undesired emotions; and (vii) 

provide effective self-support in distressing situations. The program was adapted for the EMS context 

and has already been tested in a pilot study with 107 EMS trainees (Buruck and Dörfel, 2018). Before 

training, EMS trainees had weaknesses in being aware of emotions, identify, and accept them. ART 

reduced emotional exhaustion and cynicism among the experimental group as compared to the con-

trol group. Training benefits were mainly due to gains in the competencies of accepting, tolerating, 

and regulating negative emotions as well as an increased readiness to confront aversive emotions 

(Buruck and Dörfel, 2018). The effectiveness of ART was also demonstrated among police officers 

(Berking et al., 2010) and geriatric nurses (Buruck et al., 2016), with beneficial effects on the well-

being of geriatric nurses at a 6-month follow-up. Despite the promising short- and mid-term effects 

of competence-oriented trainings such as ART, further research is needed on the trainings’ long-term 

effectiveness. 

Secondary prevention attempts to remediate the impact of critical incidents and serves to prevent 

the emergence of disorder symptoms after recent exposure to traumatic experiences. A common 

class of interventions of acute care after traumatic events are psychological debriefings such as the 

Critical Incident Stress Debriefing (CISD; Mitchell and Everly, 1996). Debriefings are structured group 

sessions to exchange information about what happened, usually held a few days after the event. 

Despite commonly perceived as valuable and helpful by the personnel (Elhart et al., 2019), systemat-

ic reviews and meta-analyses found no compelling evidence that debriefings as well as other forms of 
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early psychological interventions maintain mental well-being after traumatic incidents or prevent the 

incidence of PTSD, depression, and anxiety (e.g. Rose et al., 2002; Mitte et al., 2005; Schöllgen and 

Schulz, 2016; Roberts et al., 2019a, 2019b). Consequently, various actors in the field, including the 

German Federal Institute for Occupational Safety and Health (Bundesanstalt für Arbeitsschutz und 

Arbeitsmedizin, Schöllgen and Schulz, 2016), recommended not to conduct psychological debriefings. 

There are other secondary-preventive approaches such as temporary down-time solutions after 

traumatic incidents in the EMS (e.g. Halpern et al., 2014) with conclusive studies proofing their effec-

tivity still pending. 

Social support from colleagues and supervisors is considered a key factor in maintaining the mental 

health of EMS personnel after traumatic experiences (Van Der Ploeg and Kleber, 2003; Setti et al., 

2016). Two meta-analyses confirm that EMS personnel who receive and perceive more social support 

exhibit better overall health and life quality, higher job control, satisfaction, and engagement, as well 

as report less psychological distress and turnover intentions (Prati and Pietrantoni, 2010b; Guilaran 

et al., 2018). However, the majority of findings is based on cross-sectional studies and it is yet to in-

vestigate whether social support from colleagues or supervisors has a positive effect in general or 

whether this social support is specifically relevant after traumatic experiences (Schöllgen and Schulz, 

2016). Conversely, there is evidence that EMS personnel’s frequent encounters of critical incidents in 

the line of duty can deteriorate the social support they receive (Prati and Pietrantoni, 2010a). At the 

same time, a majority of EMS personnel reported a need for social withdrawal after life-threatening 

situations on duty (Halpern et al., 2011; Richter, 2014), i.e. rescuers refrain from speaking to col-

leagues about emotionally stressful experiences in order not to show any personal weakness, to 

avoid possible consequences of supposed mistakes, and not to “unnecessarily” increase the emo-

tional burden of their colleagues (Häller et al., 2009; Richter, 2014). Existing observations give reason 

to apprehend that critical encounters on duty can lead to an increasing social isolation of the person-

nel. Thus, priority should be given to establish a company culture of mutual and cross-hierarchical 

support, as it could contribute to maintain EMS personnel’s health in the long term (Halpern et al., 

2009a). Still, there is a lack of empirically tested interventions strengthening social support among 

colleges and supervisors. With the aim of supporting psychosocial regeneration, scholars recom-

mended revising shift schedules to enable employees to better benefit from their familiar network 

and engage in socially, physically, and mentally recreational activities (Karutz et al., 2013). In the long 

term, such measures might contribute to prevent the social isolation of EMS personnel with higher 

work experience. 

Regarding tertiary prevention, almost no research has been conducted on the effectivity of psycho-

therapy among first responders. After all, dealing with the multiple and recurrent traumatisation of 

EMS personnel could be a particular challenge in the therapeutic process and might compromise 

their therapy response and remission stability (e.g. Papazoglou, 2017). Based on sparse evidence, 

reviews suggested that trauma-focused cognitive-behavioural therapy (TF-CBT) is likely to be effec-

tive in treating duty-related PTSD (Haugen et al., 2012; Papazoglou, 2017; Alden et al., 2020). Recent-

ly, Bryant et al. (2019) conducted the first randomised clinical trial on the effectivity of TF-CBT among 

EMS personnel with PTSD. In fact, the treatment was effective in reducing PTSD and depression se-

verity, maladaptive self- and world-appraisals, and in improving psychological and social quality of 

life. Nonetheless, there is an urgent need for additional methodologically sound clinical trials to de-

duct empirically well-founded treatment recommendations for multiple traumatised first responders. 

As an additional problem, barriers and stigma hinder first responders from seeking help (Haugen et 

al., 2017, meta-analysis). Psychoeducation, transparent offers to help, and an uncomplicated refer-
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ence to anonymous, external therapists may help to overcome the reservations of employees in 

need (Halpern et al., 2009a). First responders in Germany may have additional reservations about 

accepting therapeutic help, as the diagnosis and therapy of a mental illness has negative conse-

quences for insurance conditions and a possible career in the civil services (Wagner, 2001). 

In conclusion, it remains difficult to formulate recommendations about trauma-focused health pro-

motion, as there is a lack of evidence-based, practically applicable prevention measures in trauma-

exposed professions such as the EMS (see also the systematic reviews by Skeffington et al., 2013; 

Schöllgen and Schulz, 2016; Alden et al., 2020). Clearly, the limited availability of effective secondary 

preventive measures underlines the need for primary and tertiary prevention in trauma-exposed 

professions. Consequently, additional research is mandatory on the development of preventive 

measures as well as their rigorous empirical testing. In this respect, future studies on the effective-

ness of preventive and therapeutic interventions should include methodologically sound baseline 

assessments as well as long-term follow-ups to observe how employees implement imparted skills, 

and to pursue the further course of their stress and health outcomes. In order to promote the em-

ployees’ acceptance and commitment of health-promoting measures, training contents are to be 

tailored to the working reality of the target group, and, at best, be communicated and exemplified by 

credible experts from the target group’s professional field (Buruck and Dörfel, 2018). Successful dis-

semination of personnel-focused measures demands concomitant organisational arrangements to 

promote (or at least not to hinder) the compliance and enactment of health-promoting behaviour. 

Essentially, comprehensive prevention work begins already with the recruitment of personnel and 

includes regular psychoeducation of the personnel. In any psychotraumatic risk professions, it is 

mandatory to provide regular psychoeducation about individual mental and physical risk and resili-

ence factors, including biographical vulnerability factors such as CM (see Study III). Comprehensive 

and transparent psychoeducation provides the basis for self-responsible decisions on choosing a 

profession, adopting health-preventive behaviours, as well as seeking and accepting professional 

help (Halpern et al., 2009a). 

3.8 General conclusions 

EMS personnel exhibit a considerably elevated prevalence of serious mental and physical health 

problems as well as heightened rates of health-related employee turnover and early retirements. It 

is, therefore, of great relevance to investigate resilience and vulnerability factors conditioning the 

well-being, health, and work ability of EMS personnel. For this purpose, this thesis investigated with 

different methods and on multiple levels possible influential factors on the mental and physical 

health risk of EMS personnel, including trauma-biographical factors (Study I and II), endocrine factors 

(Study III), and coping-related factors (Study IV and V). 

In synthesis, the results of Study I show that EMS personnel are confronted with a multitude of emo-

tionally stressful events in the line of their duty, which can have a traumatising effect. This occupa-

tional trauma exposure constitutes a serious risk for the mental and physical health of EMS person-

nel. The thesis contributes to a better characterisation of the quality of occupational trauma expo-

sure as well as to its adequate quantification. Future studies in independent samples are needed to 

confirm the content and prospective validity of the proposed critical exposure score. 
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Epidemiological studies suggest that CM experiences substantially increase sensitivity to the negative 

consequences of traumatic event exposure in adulthood. In par with this stress-sensitisation hypoth-

esis, Study II highlighted the role of CM in establishing a lower resilience for occupational trauma 

exposure among EMS personnel. The higher the severity of CM, the more compromised the mental 

and physical health of EMS personnel after experiencing the same number of traumatic events in the 

line of their duty. This observation underscores the importance of considering CM as a lifetime vul-

nerability factor in the field of occupational health and prevention work. Furthermore, it emphasises 

the need for systematic career counselling to inform jobseekers about protective and risk factors of 

their health at an early stage, thus enabling them to make informed career choices. 

Previous research suggested various biological alterations as a consequence of CM as well as later-

life trauma exposure that are involved in translating the negative sequelae of traumatic stress into 

adverse health outcomes throughout life. Advancing this perspective, the thesis (Study III) examined 

possible alterations in the regulation of the glucocorticoid and endocannabinoid system using hair 

samples of EMS personnel. Higher cortisol concentrations were found in hair of EMS personnel with 

higher quantitative workload, suiting the meta-analytically well-grounded perspective of hair cortisol 

as a marker of ongoing stress and shift work. Higher endocannabinoid levels were linked to higher 

CM severity and more severe current depressive and physical stress symptoms, pointing towards a 

possible role of the endocannabinoid system in translating the CM-related lifetime vulnerability for 

trauma-related mental and physical health problems. Future longitudinal studies in different biologi-

cal samples are necessary to characterise stress- and trauma-related alterations in the mutual regula-

tion of the hormonal as well as immune systems and to investigate their relevance for mental and 

physical health outcomes. Research in high-risk professions opens up important perspectives on the 

relevance of endocrine, immunological, and molecular-biological changes in the context of habitua-

tion and resilience to psychotraumatic stress as well as the aetiology of mental and physical trauma 

sequelae. 

Repeated exposure to stress and trauma is an inevitable consequence of the frontline medical rescue 

duty. Thus, the employees’ individual style in coping with stress plays a critical role in maintaining 

their health, quality of life, and ability to work. Based on the emotion-regulation perspective, Study 

IV confirmed the association of maladaptive emotion-regulation strategies with more severe mental 

and physical health problems. Even though commonly considered as adaptive strategies, no benefi-

cial role of cognitive reappraisal and problem-solving could be found. Study V supported this obser-

vation from the salutogenesis perspective and found no evidence for a health-beneficial effect of the 

EMS personnel’s individual inclination to reflect on both the positive and negative aspects of the 

rescue profession and to experience these aspects as balanced. Instead, Study IV and V identified 

emotional acceptance and a stronger manageability conviction as possible protective factors among 

EMS personnel. Taken together, the findings of Study IV and V contribute to the understanding that 

preserving health despite psychotraumatic stress requires the mental preparedness to flexibly apply 

context-adequate adaptive regulatory strategies and professional competencies. 

Regarding workplace health promotion in the EMS, these findings suggest that primary preventive 

trainings to promote positive reinterpretations and unspecific problem-solving skills may be of lim-

ited effectivity for EMS personnel due to the specific requirements of their profession. Instead, exist-

ing evidence from prevention and intervention research (chapter 3.6) suggest that EMS personnel 

could particularly profit from imagery-based trainings to establish proper medical actions in critical 

situations, and also from trainings which expand their individual repertoire of stress-regulatory strat-
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egies and to impart the flexible application of adaptive strategies to handle even emotionally highly 

aversive events. Overall, there is a great need for the development and empirical testing of preven-

tive measures tailored to the duty-specific needs of trauma-exposed professionals. 

To conclude, this thesis contributes to advance the knowledge of the nature of psychotraumatic 

stress in the EMS, and adds further evidence on biographic, endocrine, and coping-related factors 

associated with the development of negative trauma sequelae on health. Replication studies are 

required to validate the thesis’ findings in representative samples with longitudinal designs. Future 

research is needed to deepen the understanding of the physiological mechanisms underlying symp-

tom development as well as to develop health-promotive interventions to sustainably enhance the 

resilience of EMS personnel against adverse health outcomes after psychotraumatic stress in the line 

of their duty. 
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2-AG 2-Arachidonoylglycerol 

ACTH Adrenocorticotropin hormone 

AEA Anandamide 

AVP Arginine vasopressin 

CM Child maltreatment 

CRH Corticotropin-releasing hormone 

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, 5th edition 

EMS Emergency Medical Services 

GRC German Red Cross 

HPA axis Hypothalamus-pituitary-adrenal axis 

IQR Interquartile range 

LEC-5 Life Event Checklist for DSM-5 

Mdn Median 

OEA Oleoylethanolamide 

PCL-5 PTSD Checklist for DSM-5 

PEA Palmitoylethanolamide 

PHQ-9 Patient Health Questionnaire scale for depressive symptoms 

PHQ-15 Patient Health Questionnaire scale for physical ailments 

PTSD Posttraumatic Stress Disorder 

RESQ Rescue and Emergency Situations Questionnaire 

SEA Stearoylethanolamide 

SOC Sense of coherence 

SOC-R Sense of Coherence Scale−Revised 
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Emergency medical service (EMS) personnel frequently encounter emotionally stressful
or even traumatic incidents in their line of duty. In this study, a checklist of emotionally
stressful events for the German EMS was introduced. A mixed-method approach was
used to identify mission events that were critical for the development of mental and
physical stress symptoms. Data were collected in a cross-sectional sample of 102 EMS
employees. A quantitative content analysis of the participants’ worst experiences on
duty indicated, traumatic missions to be a concatenation of two to five emotionally
stressful events. Rescue missions were experienced as traumatic if (i) EMS personnel
became victims of attacks or threats; (ii) certain circumstances caused them to
give up their professional detachment from patients; (iii) EMS personnel perceived
the overall mission as exceptionally tragic. In subsequent correlation analyses, the
corresponding checklist items showed consistent positive associations with the post-
traumatic, depressive and physical stress symptoms among the study cohort. Within
the exploratory regressions, the sum score of critical on-duty exposures contributed
incrementally to the prediction of mental and physical stress symptoms when non-work-
related trauma exposure and perceived social support were also considered. Findings
point toward the importance of considering the cumulative burden of critical incidents
for the long-term health of EMS personnel. Future research is needed to investigate,
how on-duty trauma affects the social support EMS personnel received from their work
and personal relationships.

Keywords: ambulance personnel, paramedics, critical incident, secondary traumatic stress, detached concern,
vicarious traumatisation, occupational stress and mental-physical health, compassion fatigue
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INTRODUCTION

During their daily work, emergency medical service (EMS)
personnel are subject to experience numerous emotionally
distressing and even potentially traumatic incidents. Among
them are direct exposures to threats of the helpers’ personal
safety and indirect (secondary) exposures as witness of other
humans’ suffering or trauma (Michael et al., 2016). Indirect
exposures to critical incidents on duty are referred to as
vicarious traumatisation and its persistent negative psychological
consequences for the helpers’ health and work ability were
labelled as compassion fatigue or secondary traumatic stress
(STS) symptoms (Argentero and Setti, 2011; Cocker and
Joss, 2016; Ludick and Figley, 2017). STS symptoms strongly
correspond with post-traumatic stress symptoms; i.e., they
involve symptoms of recurrent and involuntary thoughts and
memories of witnessed trauma (intrusion), persistent emotional
and situational avoidance of reminders (avoidance), and
increased negative emotional reactivity (arousal) (Reinhard and
Maercker, 2004). In principle, any event that evokes unusually
intense aversive emotional stress can present a critical incident
triggering the development of STS symptoms as well as related
depressive and physical symptoms (Reinhard and Maercker,
2004; Michael et al., 2016). However, several studies attempted to
identify which types of rescue missions are particularly ‘critical’
(e.g., Halpern et al., 2009). Qualitative studies postulated that
critical missions are not traumatising because of the encounter
with a certain type of event alone rather it is the concatenation
of various emotionally stressful aspects within one mission
(Alexander and Klein, 2001; Regehr et al., 2002; Van Der Ploeg
and Kleber, 2003). To investigate this in detail, we conducted
a quantitative content analysis of the worst work experience of
our participants.

Although exposure to a single traumatic mission can put
EMS personnel at risk for trauma-related symptoms, it is rather
the frequent and repeated confrontation with a multitude of
complex and emotionally challenging situations on duty that
increases the vulnerability to develop mental and physical stress
symptoms, which may ultimately consolidate as mental health
disorders. Compared to the general population, all types of
first responders (e.g., police officers, firefighters, emergency
nurses) face an increased risk of developing trauma-associated
mental disorders such as post-traumatic stress disorder (PTSD),
depression, somatic disorder, or substance consumption disorder
(Goldfrank et al., 2003; Benedek et al., 2007; Bryant and
Guthrie, 2007; Häller et al., 2009; Berger et al., 2012; Donnelly,
2012). However, EMS personnel show even higher rates of
trauma-associated mental health problems than other first
responders, such as firefighters and police officers (Berger
et al., 2012). Efforts were made to merge potentially stressful
mission events within checklists in order to quantify the
cumulative frequency of encountering stressful and critical
incidents among the U.S. and Dutch EMS (Monnier et al.,
2002; Declercq et al., 2011; Donnelly and Bennett, 2014).
In comparison, studies in German-speaking EMS personnel
used relatively incomplete event lists (Teegen and Yasui, 2000;
Reinhard and Maercker, 2004; Schoch, 2008; Häller et al., 2009;

Schöfmann, 2010; Döllinger, 2014). Thus, it was our aim
to develop an updated checklist of emotionally stressful and
critical mission incidents for the German EMS. For this,
a focus group of experienced EMS personnel were formed
in order to obtain key informants’ knowledge during the
development process.

We expected not all stressful events that EMS personnel
encounter on rescue missions to be necessarily critical for
persistent negative consequences on the helpers’ health. Previous
research has indicated that the emotions members of a rescue
crew feel during and after missions are pivotal for the
development of STS symptoms (Halpern et al., 2012). Studies
analysing interview statements and free text comments from
EMS personnel concluded that the most emotionally disturbing
missions typically include emotional involvement with the
patients (Regehr et al., 2002; Van Der Ploeg and Kleber, 2003;
Jonsson and Segesten, 2004; Halpern et al., 2009, 2012; Avraham
et al., 2014). Ludick and Figley (2017) characterised empathy
as a ‘double-edged sword’ in any helping profession. That is,
EMS personnel need to empathise with their patients at the
same time they need to avoid strong emotional proximity to
the patients. The balance of compassion and emotional distance
is often labelled detached concern (e.g., Lampert and Glaser,
2018). Strong emotional proximity bears the risk of evoking
aversive emotions in EMS personnel which were linked to
the subsequent development of STS symptoms. Some of the
exhibited emotions are intensive compassion with patients as
well as anger, sadness, despair, fear, or helplessness (Jonsson
and Segesten, 2004; Halpern et al., 2009, 2012; Berger et al.,
2012; Avraham et al., 2014; Donnelly and Bennett, 2014; Lampert
and Glaser, 2018). Research identified a number of situations
in which EMS personnel are at high risk of losing their
professionally detached perspective and emotionally identifying
with their patients. Among these situations are rescue missions
involving medical care for victims of burns, serious or fatal
accidents or acts of violent crime as well as dealing with
dead bodies or severed body parts, treating seriously injured
or dying children, encounter patients that are family, friends
or personally known to the rescue crew, and being attacked
or threatened during missions (e.g., Clohessy and Ehlers, 1999;
Alexander and Klein, 2001; Regehr et al., 2002; Jonsson et al.,
2003; Van Der Ploeg and Kleber, 2003; Avraham et al., 2014).
Therefore, we expected these events (i) to frequently appear
as an aspect in EMS personnel’s worst mission experiences
and (ii) to be linked to higher STS, depressive, and physical
stress symptomatology.

Due to conceptual reasons authors of existing checklists
avoided to include items on how EMS workers emotionally
perceived rescue missions (for a discussion see Donnelly and
Bennett, 2014). Interestingly, Donnelly and Bennett (2014)
further asked their respondents to suggest additional aspects
that were not previously included in the employed checklist.
Those respondents emphasised to consider, if they have
ever experienced missions which they perceived as gruesome,
tragic or in which they felt helpless. As missions evoking
intensive emotions in helpers were reported to be highly
predictive for STS symptom incidence (Regehr et al., 2002;
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Van Der Ploeg and Kleber, 2003; Jonsson and Segesten, 2004;
Halpern et al., 2009, 2012), our checklist included items to
assess how EMS workers emotionally experienced missions. We
expected these items to have a high relevance in predicting STS,
depressive, and physical stress symptoms.

Aforementioned inventories assess the frequency of
encountering different types of critical situations. However,
it could be difficult for EMS personnel to specifically
recall how often they encountered a certain event type
throughout their whole career in the EMS. This might
result in inaccurate responses especially from experienced
EMS personnel (Donnelly and Bennett, 2014). And this could
explain why the summarised frequency of encounters did
not consistently correlate with EMS personnel’s mental and
physical stress symptoms in previous studies (e.g., Teegen
and Yasui, 2000; Reinhard and Maercker, 2004; Declercq
et al., 2011; Döllinger, 2014). Methodological research among
populations exposed to war-related trauma have indicated
that it is not the recurrence of traumatic events rather the
exposure to various types of events that predicted trauma-
spectrum disorder symptoms (Wilker et al., 2015; Conrad et al.,
2017). Therefore, our checklist will only assess whether EMS
personnel have ever encountered certain events contained
within the checklist. We aimed to test whether the cumulative
number of stressful event types experienced among the
EMS predicts their concurrent STS, depressive and physical
stress symptomatology.

As an imminent consequence of their duty, EMS personnel
are repeatedly exposed to their patients’ intense suffering.
Ludick and Figley, in their holistic compassion fatigue resilience
theory (2017) postulated helpers’ empathic responses to the
frequent exposures to human suffering as the main cause of
STS symptom development. In addition, they also suggested
personnel’s exposure to critical life events unrelated to the work
in the EMS as a risk factor for STS symptoms. Indeed, previous
studies found more severe trauma-related stress symptoms
among EMS workers who reported exposure to more potentially
traumatic major life events outside of their work (Teegen and
Yasui, 2000; Maunder et al., 2012; Richter, 2014; Levy-Gigi
et al., 2015; Wild et al., 2016). As a resilience factor, Ludick
and Figley (2017) emphasised the relevance of whether trauma-
exposed professionals feel socially supported by their family,
friends, colleagues, and supervisors. Indeed, a number of studies
with first responders showed perceived social support to reduce
the risk for detrimental mental and physical consequences of
trauma exposure (e.g., Regehr et al., 2002; Aasa et al., 2005;
Sterud et al., 2006; Richter, 2014; Setti et al., 2016; Wild et al.,
2016; Skeffington et al., 2017). The meta-analysis by Prati and
Pietrantoni (2010b) confirmed that EMS personnel who have
received as well as perceived more social support showed fewer
trauma-related stress symptoms and a higher quality of life.
However, the perception of being supported was the stronger
predictor of health than the received social support. In a
longitudinal study, Wild et al. (2016) observed that over the
course of 2 years, EMS personnel who perceived more social
support developed fewer STS and depressive symptoms. We used
the theoretical framework postulated by Ludick and Figley (2017)

to investigate the utility of our checklist. Specifically, we tested
whether the sum score of the checklist contributes incrementally
to the prediction of our participants’ mental and physical
trauma-related symptoms when exposure to non-work-related
critical life events and perceived social support were also
taken into account.

MATERIALS AND METHODS

Development of the Rescue and
Emergency Situation Questionnaire
(RESQ)
Schoch (2008) and Schöfmann (2010) developed an initial
checklist of 17 emotionally stressful mission aspects for the
German EMS. However, during staff orientation events at
German Red Cross ambulance stations, we repeatedly received
feedback from EMS employees that Schoch’s checklist did not
contain all emotionally stressful aspects of EMS missions. Given
the need for revision and expansion, we invited five experienced
EMS workers to submit item proposals to clarify and complete
the checklist. The original and additionally proposed items were
discussed with a focus group of experienced EMS personnel.
Based on the results of the discussion a revised checklist was
proposed. To ensure the comprehensiveness and accuracy of
the revised checklist it was rereviewed by the focus group
members. Eventually, the revision led to the inclusion of 14
additional aspects, which mainly included items on the care for
specific patient groups (i.e., perpetrators of serious violent crimes
and minor acts of violence, burn victims, patients with mental
disorders, patients with mental or physical disabilities, palliative
or comatose patients, refugees, homeless, or lonely patients). We
further added two items related to unsuccessful resuscitations
and aggressive relatives. The final checklist—called Rescue and
Emergency Situations Questionnaire (RESQ; see Table 2)—
comprised a total of 31 different mission aspects and was applied
in this study. Participants were asked to indicate with no or
yes on whether they have experienced any of the events listed
during their work in the EMS. Additionally, participants could
add events which were not included in the event list as a free text.

The Study
Procedure
The study was approved by the local ethics committee and carried
out in accordance with the provisions of the Declaration of
Helsinki. All participants were EMS personnel from two German
Red Cross ambulance stations in Baden-Württemberg, Germany.
The aim and the procedures of the study were introduced during
on-the-job education events to 247 of the 318 employees of
the two stations. Through e-mail employees were invited to
participate in an online survey (LimeSurvey GmbH, 2017). Of
the 247 invited employees, 115 participated in the survey between
October 2016 and April 2017, presenting a response rate of 46.6%.
Prior to the survey participation all the participants declared
their written informed consent. There was no remuneration
for participation.
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Sample Characteristics
For the present research question, full data was available from
N = 102 EMS workers (65 men, 37 women). From 12 participants,
responses to at least one questionnaire were missing as (i)
they terminated the survey before completion or (ii) the survey
was automatically terminated due to inactivity. Participants
with complete and incomplete responses did not differ with
regard to age, sex, work experience, work location, qualification,
form of employment, quantitative work load, and exposure
to stressful or critical events (see Supplementary Table 1).
Regarding the level of qualification, the sample included 61
(59.8%) Notfallsanitäter (cf. Emergency Medical Technician–
Paramedics), 11 (10.8%) Notfallsanitäter trainees, and 30 (29.4%)
Rettungssanitäter (cf. Emergency Medical Technician–Basics).
The sample corresponded well to the employee population in
terms of work location, form of employment, sex, age, and
work experience in the EMS (see Table 1). Participants were
slightly younger than the entire employee population because
the volunteering medical students among EMS personnel were
underrepresented.

From the online survey, responses from 40 participants
indicated a possible mental disorder. With these 40 participants,
for in-depth clinical diagnostics, clinically trained staff conducted
the Structured Clinical Interview for DSM-IV (adapted for DSM-
5; Wittchen et al., 1997) as well as the Clinician-Administered
PTSD Scale for DSM-5 (Schnyder et al., 2013). Fifteen of them
were diagnosed with one or two current mental disorder(s), while
n = 9 met the criteria for remitted mental disorders. At the time of
the study, n = 8 (7.0%) had a depressive disorder, n = 5 (4.3%) had
alcohol and/or cannabis consumption disorder, and n = 4 (3.5%)
had PTSD, i.e., one case of full PTSD, two cases of partial PTSD
and a patient who refused final diagnosis.

Measures
Depressive symptoms were assessed using the German Patient
Health Questionnaire scale for depression (PHQ-9; Löwe et al.,
2002). On a four-point Likert scale ranging from 0 (not at all) to
3 (almost every day), participants indicated the extent to which
they felt affected by nine depressive symptoms (e.g., “tiredness
or feeling of no energy”) during the past 2 weeks. All items were
aggregated to a sum score (Cronbach’s α = 0.84).

Symptoms of PTSD were assessed using the German PTSD
Checklist for DSM-5 (PCL-5; Krüger-Gottschalk et al., 2017).
Participants described the worst incident they have ever
experienced on a free-text item. With regard to this index event,
participants then reported how much they felt impaired by
symptoms of intrusions, hyperarousal, avoidance, and negative
alterations in mood or cognition during the last month.
Participants responded to 20 items on a five-point Likert scale
ranging from 1 (not at all) to 5 (very strong). Responses were
aggregated to a sum score (Cronbach’s α = 0.91).

Physical symptoms associated with stress were assessed using
the German Patient Health Questionnaire scale for physical
symptoms (PHQ-15; Löwe et al., 2002). On 13 items, participants
indicated how much they felt impaired by physical symptoms
during the last 4 weeks (e.g., stomach aches). The item for
menstrual pain was excluded to avoid gender bias. Responses

were recorded on a three-point Likert scale from 0 (not at all)
to 2 (very strong) and aggregated to a sum score (Cronbach’s
α = 0.84) including two additional items of the PHQ-9 covering
sleep disturbances within the last 2 weeks.

The German Life Events Checklist for DSM-5 (LEC-5; Ehring
et al., 2014) was used to assess whether participants experienced
or witnessed 16 potentially traumatic event types which included
exposure to natural disasters, accidents, interpersonal violence,
war, life-threatening illness, or injury. An additional free text item
asked for other events not included in the event list. As the RESQ
was used, the response option of being confronted with the events
in the line of duty was excluded.

To measure perceived social support, the F-SozU K14 was
used (Fydrich et al., 2009). On a five-point Likert scale ranging
from 1 (does not apply) to 5 (applies exactly), participants
responded to 14 statements regarding their emotional support,
practical support, and social integration (e.g., “I get a lot
of understanding and security from others”). Answers were
aggregated to a sum score (Cronbach’s α = 0.95).

Statistical Analyses
Quantitative Content Analysis
We aimed to investigate which aspects a traumatic mission
were consisted of, and for this, participants were requested
to describe their worst life experience as index event in the
PCL-5 (Krüger-Gottschalk et al., 2017). These descriptions were
analysed in a quantitative content analysis. As a first step, eight
independent coders with clinical experience excluded all index-
event descriptions referring to the private life of participants
(n = 39, 38.2%) or that were ambiguous or incomprehensible
(n = 10, 9.8%), leaving a total of 53 (52.0%) descriptions of duty-
related worst life events for further analysis. All duty-related
worst life events were indirect trauma exposures, according
to DSM-5, including three direct trauma exposures (i.e., EMS
workers themselves were threatened or injured). As a next step,
the coders examined which emotionally stressful mission aspects
(listed in the RESQ) were part of the respective description of the
participants’ worst duty-related life event and they were coded
as “1” whereas any uncontained mission aspects were coded
“0.” Multiple mission aspects could be coded within one worst
duty-related life event. The authors A.B. and R.R. independently
corrected non-instructional coding and objective coding errors.
Disagreements were solved by consensus. Coding objectivity
was determined for each mission aspect using Krippendorff ’s α

(Krippendorff, 2011). Alpha values≥ 0.80 indicated a sufficiently
high intercoder agreement. Classification and data aggregation
were performed in Microsoft Excel 2010 applying Jenderek’s
(2006) macro for Krippendorff ’s α.

Correlation and Regression Analyses
Statistical analyses were done in R 3.5.1 (R Core Team, 2018).
Correlations were computed to analyse the statistical association
between single checklist items (i.e., encountered mission aspects)
and the outcome variables (i.e., depressive, post-traumatic,
and physical symptoms). Point biserial correlations (rpb) were
computed because of the RESQ items’ dichotomy. Statistical
associations between single checklist items and symptom severity
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TABLE 1 | Comparison of sample and work population of regional emergency medical service (EMS) employees.

Entire EMS employees Study sample Test statistic

Absolute Relative Absolute Relative

Total 318 100.0% 102 32.1%#

Work location χ2(1) = 0.00, p = 1.000, V = 0.00

Ulm station 223 70.1% 72 70.6%

Heidenheim station 95 29.9% 30 29.4%

Employment χ2(2) = 11.84, p = 0.003, V = 0.17

Salaried 198 62.3% 77 75.5%

Voluntary 101 31.8% 15 14.7%

In apprentice 19 6.0% 10 9.8%

Sex χ2(1) = 0.71, p = 0.399, V = 0.05

Men 222 69.8% 66 64.7%

Women 96 30.2% 36 35.3%

M (SD) Mdn (IQR) M (SD) Mdn (IQR)

Age (years) 32.1 (11.2) 27.3 (15.6) 30.1 (11.0) 26.0 (17.0) U = 13514.5, z = −2.53, p = 0.011, r = −0.12

Years working in EMS (years) 5.7 (5.5) 3.7 (7.2) 7.7 (8.8) 3.3 (10.9) U = 15362.0, z = −0.67, p = 0.506, r = −0.03

#Proportion of total staff. Frequency distributions of staff and sample were compared using Pearson χ2-tests (applying a Yates correction for 2×2-tables) with Cramer’s
V as effect-size measure. Age and the work experience in the EMS were compared using Mann–Whitney U-tests with Cohen’s r as effect-size measure.

were expected to be small in size and not necessarily pass the
threshold of statistical significance. Therefore, we considered
checklist items showing a consistent positive relationship
to all symptom types with at best rpb ≥ 0.10 the most
relevant and summarised them to the RESQ critical exposure
(RESQ-CE) score.

Associations among the study variables were examined using
Spearman rank correlations (rS) to account for non-normal
variable distributions. Using linear regression analyses, we
explored the incremental value of the RESQ and RESQ-CE scores
as a statistical predictor of the study cohort’s STS, depressive,
and physical symptoms while also considering non-work-related
critical life events and perceived social support as predictors in
the same regression model. As recommended by Field and Wilcox
(2017), robust MM-estimator based linear regressions using the
MASS package by Ripley et al. (2019) were computed in case of
non-normally distributed model residuals.

RESULTS

Aspects Shaping Traumatic Medical
Emergency Missions
In order to investigate the aspects which constituted a traumatic
mission, a quantitative content analysis was conducted on 53
descriptions of the EMS personnel’s worst duty-related life
events. The content analysis was highly objective as indicated
by the intercoder agreement (Krippendorff ’s α = 0.80–0.99, see
Table 2). The analysis revealed that traumatic medical rescue
missions were highly diverse in regard to the types of events
EMS personnel encountered. However, traumatic missions did
not consist of a single stressful mission aspect but rather a
combination of M ± SD = 2.6 ± 1.5 mission aspects. The most
common aspects were: the care for victims of road accidents

(40%), unsuccessful resuscitations (27%), caring for seriously or
fatally injured children (25%), victims of severe violent crimes
(17%), and victims of suicide or attempted suicides (13%) as well
as being confronted with severed body parts (13%). Notably, EMS
personnel typically described their worst life events on duty as
particularly tragic. Tragedy was experienced mostly due to the
accident’s circumstances (21%), background information about
the twist of fate affecting the patients (12%) or the unexpected
intensity of impressions at the mission site (18%). Furthermore,
EMS personnel described that they could not successfully help
due to a lack of technical and/or staff resources (11%).

Prevalence of Stressful Mission Aspects
Assessed With the RESQ
All stressful mission aspects were experienced by EMS personnel
as part of their work (see Table 2). The majority of EMS
workers (92–99%) experienced missions which involved (i)
caring for patients, who were mentally ill or disabled; (ii)
chronically critically ill or palliative patients; (iii) patients
who could not be successfully resuscitated, and (iv) patients
in social emergencies such as refugees or homeless as well
as patients without adequate support from relatives. In the
context of crime, a majority provided medical help to victims
of criminal offences or violent crimes (72–87%). Regarding
accidents, 83% of the participants were confronted with
injured, trapped or killed victims of road accidents (83%) or
mass casualty incidents (66%) and severed body parts (61%).
Further, 83% encountered completed or attempted suicides. 83%
indicated the experience of missions were much more tragic
than expected as compared to the information received from
the mission control centre. Most participants had to deliver
bad news (75%) to the relatives or were confronted with
demanding or even aggressive behaviour (87%) from relatives
of the patients.
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TABLE 2 | Checklist items with results of quantitative content and correlation analyses.

No. Item Proportion of
participants who
reported event

Coding frequency in
content analysis

(N = 53)

Intercoder agreement
(Krippendorff’s α)

Point biserial correlations (N = 102)

Post-traumatic
symptoms (PCL-5)

Physical symptoms
(PHQ-15)

Depressive symptoms
(PHQ-9)

1 A road accident in which people were
trapped or severely injured

83.3% 21.13 0.99 0.04 0.02 0.07

2 An operation where child(ren) suffered
life-threatening or fatal injuries

55.9% 13.13 0.99 0.07 0.05 0.06

3 Taking care of victims of severe violent
crimes (e.g., murder, rape)

52.0% 9.00 1.00 −0.04 0.10 0.07

4 Taking care of victims of minor crimes
(e.g., affray, stabbing)

87.3% 2.00 1.00 0.08 0.02 0.04

5 Taking care of offenders of severe
violent crimes (e.g., rapist, murderer)

28.4% 3.00 1.00 −0.12 0.14 0.04

6 Taking care of offenders of minor
crimes (e.g., people who beat someone
up or who injured someone with a knife)

71.6% 1.00 1.00 −0.10 0.12 0.11

7 An operation where the patient suffered
severe burns

44.1% 1.00 1.00 0.16 0.16 0.23

8 An operation where cardiopulmonary
resuscitation efforts remained
unsuccessful

93.1% 14.13 0.93 −0.01 −0.07 −0.03

9 An operation that included the
treatment of mentally ill patients

99.0% 5.00 1.00 0.10 0.08 −0.10

10 An operation that included an
interaction with mentally or physically
disabled patients

99.0% 0.00 1.00 0.10 0.08 −0.10

11 An operation that included an
interaction with people at the end of life
(e.g., palliative patients)

96.1% 4.00 1.00 0.14 0.17 0.03

12 An operation that included an
interaction with chronically critically ill
patients (e.g., a persistent vegetative
patients)

97.1% 2.00 1.00 0.01 0.12 0.05

13 An operation that included an
interaction with refugees

97.1% 1.00 1.00 0.05 0.04 −0.04

14 An operation that included an
interaction with people facing existential
emergencies (e.g., homelessness or
unemployment)

92.2% 0.00 1.00 0.09 0.06 0.02

15 An operation that included an
interaction with people who were not
supported adequately by their relatives

96.1% 1.25 0.83 −0.01 0.13 0.07

16 An operation that included the bearing
of bad news to a patient’s relatives

74.5% 2.50 0.88 −0.16 0.05 0.02
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TABLE 2 | Continued

No. Item Proportion of
participants who
reported event

Coding frequency in
content analysis

(N = 53)

Intercoder agreement
(Krippendorff’s α)

Point biserial correlations (N = 102)

Post-traumatic
symptoms (PCL-5)

Physical symptoms
(PHQ-15)

Depressive symptoms
(PHQ-9)

17 An operation that included the
interaction with relatives of a patient
who were very demanding or
aggressive

86.3% 2.25 0.89 −0.11 0.12 −0.01

18 An operation that included
confrontation with severed body parts
or corpse (e.g., train accidents,
amputation)

60.8% 7.00 1.00 0.02 0.03 −0.03

19 An operation that included an
interaction with a person who
attempted or committed suicide

83.3% 7.00 1.00 0.13 0.03 0.07

20 An operation that included an
interaction with a patient who was a
friend of yours

51.0% 0.00 1.00 0.09 0.21 0.18

21 An operation that included the
interaction with a patient whose family
you were personally acquainted with

45.1% 2.00 1.00 0.04 0.16 0.16

22 An operation where you identified
yourself with the victim or his/her family
(e.g., dead child the same age as your
own child)

42.2% 3.13 0.96 0.27 0.21 0.24

23 A case that was extremely tragic due to
the accident’s sequence of events (e.g.,
a father chopped trees in the forest and
one of the branches fell on his own
daughter)

47.1% 11.25 0.84 0.29 0.17 0.23

24 A case that was extraordinarily tragic
because of the twists of fate which
affected a family (e.g., attending to a
dying child whose family have already
lost another child)

55.9% 6.13 0.98 0.10 0.16 0.07

25 An operation in which you or a
colleague did not act in an optimal way
(subjective opinion)

85.3% 3.88 0.97 −0.03 0.11 0.11

26 An operation in which the suboptimal
actions of yours or of a colleague lead
to negative consequences (objective
fact)

40.2% 2.38 0.88 −0.03 0.11 0.11

27 An operation in which you were not
able to help the way you wanted to
(because of reasons like self-protection
or human/technical resources)

48.0% 5.75 0.91 0.11 0.14 0.11
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Statistical Relationship Between
Checklist Items and Stress Symptoms
Figure 1 and Table 2 display point biserial correlations (rpb)
between each checklist item and the participants’ STS, depressive,
and physical symptoms. The items numbered 7, 11, 20–24, 27,
29, 30 showed the relatively highest and most consistent positive
correlations with mental and physical symptoms. These items
correspond to the following mission aspects: (i) encountering
patients with severe burns (item 7); (ii) dying or palliative
patients (item 11); (iii) patients that are friends or personally
known to EMS personnel (item 20); (iv) having a personal
relationship with the patient’s family (item 21); (v) having
emotionally identified with patients and their family due to
similarities with their own family (item 22); (vi) considering
the occurrence of accident as particularly tragic (item 23);
(vii) having background information rendering the incident
extraordinary tragic (item 24); (viii) not being able to help
due to lack of staff or technical resources (item 27); (ix) being
unprepared for the tragedy at the mission site (item 29); and
(x) being threatened or even injured during a mission (item
30). In contrary to our expectations, the items corresponding
to encountering seriously injured or dying children (item
2), victims of (attempted) suicides (item 19), and bearing
bad news to relatives of patients (items 16) showed no
consistent and relevant sized associations with the participants’
stress symptomatology.

Results for the RESQ and RESQ-CE Sum
Score
Responses were summarised to create the RESQ score presenting
the number of all emotionally stressful mission aspects
encountered while working in the EMS. Across their career,
EMS workers experienced on average Mdn (IQR) = 22.0 (6.2)
emotionally stressful mission aspects (range: 0–31). The longer
participants worked in the EMS the higher the number of
emotionally stressful mission aspects encountered. Based on
the correlation pattern examined above, the checklist items
7, 11, 20–24, 27, 29, and 30 were summarised as RESQ-
critical exposure (RESQ-CE) score presenting the number of
encountered critical (i.e., potentially traumatic) mission aspects
while working in the EMS. Participants encountered on average
Mdn (IQR) = 5.5 (5.0) critical mission aspects (range: 0–10).
Higher work experience in EMS correlated with encountering
more critical mission aspects.

Table 3 displays descriptive statistics and correlations of the
study variables. Small to medium sized correlations between
the RESQ or RESQ-CE scores with the LEC-5 sum score
indicated a partial overlap of the two checklists. That is,
certain life events might be recorded on both checklists, e.g.,
medical help to injured/dying family members or friends. Neither
the RESQ nor the RESQ-CE score correlated with perceived
social support. The RESQ score was positively associated with
physical stress symptoms, but was only descriptively associated
with post-traumatic and depressive symptoms. Conversely, the
RESQ-CE score showed significant medium-sized associations
with all symptom types. As expected, EMS personnel’s STS
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symptomatology also largely depended on lower perceived social
support and the number of critical life events encountered
in private life.

Table 4 summarizes the results of the linear regression
analyses exploring the incremental value of the RESQ and RESQ-
CE scores as a statistical predictor of mental and physical stress

FIGURE 1 | Point biserial correlations between the RESQ items and the EMS personnel’s post-traumatic (PCL-5), physical (PHQ-15), and depressive (PHQ-9) stress
symptoms. The dashed line indicates a correlation of 0.10 which was defined as minimal threshold of item relevance. Items displayed on grey background were
considered as the most relevant and were summarised to the RESQ-critical exposure score.

TABLE 3 | Descriptive statistics and Spearman rank correlations.

Mdn (IQR) [range] 2 3 4 5 6 7 8 9

RESQ 22.0 (6.2) [0.0, 31.0] 0.888∗∗∗ 0.219∗ 0.683∗∗∗ −0.026 0.124 0.228∗ 0.166 0.178

RESQ-CE 5.5 (5.0) [0.0, 10.0] – 0.293∗∗ 0.562∗∗∗ −0.094 0.314∗∗ 0.359∗∗∗ 0.294∗∗ 0.359∗∗∗

LEC-5 4.0 (4.0) [0.0, 16.0] – 0.106 −0.161 0.243∗ 0.221∗ 0.271∗∗ 0.268∗∗

Years working in EMS 3.1 (10.7) [0.1, 35.0] – −0.094 0.131 0.118 0.123 0.132

Perceived social support 8.6 (1.8) [0.0, 10.0] – −0.292∗∗ −0.236∗ −0.409∗∗∗ −0.371∗∗∗

PCL-5 6.5 (12.0) [0.0, 39.0] – 0.576∗∗∗ 0.561∗∗∗ 0.794∗∗∗

PHQ-15 5.0 (6.3) [0.0, 21.0] – 0.773∗∗∗ 0.899∗∗∗

PHQ-9 3.0 (6.3) [0.0, 18.0] – 0.895∗∗∗

Symptom composite†
−0.3 (1.3) [−1.1, 2.6] –

†Average of z-standardised symptom sum scores. ∗p < 0.050, ∗∗p < 0.010, ∗∗∗p < 0.001, two-tailed, N = 102.

TABLE 4 | Results of linear regression analyses.

Post-traumatic stress symptoms (PCL-5)♦ Physical symptoms (PHQ-15) Depressive symptoms (PHQ-9) Symptom composite†

RESQ 0.099 – 0.215∗ – 0.192∗ – 0.197∗ –

RESQ-CE – 0.189∗ – 0.304∗∗ – 0.255∗∗ – 0.308∗∗∗

LEC-5 0.106 0.046 0.114 0.071 0.090 0.055 0.121 0.075

Perceived
social support

−0.261∗ −0.290∗∗∗ −0.213∗ −0.192∗ −0.476∗∗∗ −0.458∗∗∗ −0.370∗∗∗ −0.350∗∗∗

F (3,98) 3.67∗ 7.14∗∗∗ 4.23∗∗ 6.08∗∗∗ 12.97∗∗∗ 14.68∗∗∗ 8.49∗∗∗ 11.39∗∗∗

R2 0.101 0.111 0.114 0.157 0.284 0.310 0.206 0.258

Separate regression analyses were computed for each outcome variable (columns), with using either the RESQ or the RESQ-CE score as predictor in addition to
the influences of non-work-related potentially traumatic life events (LEC-5) and perceived social support. ♦MM-estimator based robust regressions were performed to
account for non-normal model residuals. †Average of z-standardised symptom sum scores. Standardised regression coefficients are displayed, ∗p < 0.050, ∗∗p < 0.010,
∗∗∗p < 0.001, two-tailed, N = 102.
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symptoms, i.e., the exposure sum scores offer an additional
improvement of the statistical prediction of the stress symptoms
over non-work-related life event exposure and perceived social
support. The cumulative experience of more emotionally stressful
mission aspects during work in the EMS (RESQ score) was
associated with higher overall symptom severity as well as higher
severity of depressive and physical symptoms. However, the
severity of the participants’ post-traumatic stress symptoms did
not depend on the RESQ score. Conversely, higher cumulative
exposure to critical incidences (RESQ-CE score) was a significant
predictor for more severe mental and physical symptoms.
Analyses further confirmed that the perceived social support
was linked to fewer stress symptoms whereas the number of
experienced non-work-related potentially traumatic life events
was no significant predictor.

DISCUSSION

Our main objective was to develop a checklist that allows
quantifying the cumulative exposure to stressful and critical
events experienced by German EMS personnel in rescue
missions. Unlike previous checklists, we not only sampled
objective stressful event types but also included items on
the emotional experience of EMS personnel. Each of the
RESQ’s 31 items was endorsed by participants indicating
the items’ general appropriateness of inclusion in the
inventory. The RESQ sum score—i.e., the cumulated number
of encountered stressful event types—did not consistently
correlate with the post-traumatic, depressive, or physical
stress symptoms among our participants. This finding was
not unexpected as there are a number of previous studies
reporting the fragile associations between the frequency of
event exposure and trauma-related stress symptoms in EMS
personnel (Teegen and Yasui, 2000; Reinhard and Maercker,
2004; Häller et al., 2009; Declercq et al., 2011; Döllinger,
2014). The RESQ sum score was significantly associated
with the severity of the participants’ depressive and physical
stress symptoms while the influences of non-work-related
potentially traumatic events and perceived social support were
statistically controlled.

A possible reason for the inconsistent relationship between
cumulative event exposure (either assessed with previous or
our current checklists) and participants’ trauma-related stress
symptoms could be that not all mission events perceived
as stressful were necessarily traumatic or critical for the
further development of stress symptoms. Therefore, our
second objective was to investigate which event types were
composed of our participants’ traumatic experiences on duty
and also whether these event types were associated with
more severe STS, depressive, and physical symptoms among
our sample of EMS personnel. Based on the literature, we
expected traumatic missions to be characterised by exposures
to direct threats or attacks during missions (e.g., Michael
et al., 2016) and by encounters with patients or situations
that are likely to trigger the empathic involvement of EMS
workers with patients (e.g., Ursano et al., 1999). We also

expected the EMS personnel’s overall emotional experience of
the mission to be of critical importance (e.g., Halpern et al.,
2012). As a second step, we tested whether particularly those
checklist items that assess the exposure to the aforementioned
events showed the strongest correlations with participants’
stress symptomatology.

What Makes a Rescue Mission
Traumatic?
In general, our content analysis indicated that traumatic
experiences in the EMS were characterised by a concatenation
of several emotionally challenging events within one rescue
mission. This findings suits results of previous studies (Alexander
and Klein, 2001; Regehr et al., 2002; Van Der Ploeg and
Kleber, 2003). The precise occasions of traumatic rescue
missions were heterogeneous. In line with previous studies,
these were mainly rescue operations for victims of severe
traffic accidents, for victims of violent crimes or for seriously
injured and/or abused children. Traumatic missions often
covered unsuccessful resuscitation attempts or confrontations
with dead bodies and severed body parts. We matched
these results with the statistical association of the respective
mission event types with our participants’ mental and physical
stress symptomatology.

Attending to victims of severe traffic accidents, to victims of
violent crimes, to resuscitated patients with medical emergencies
or encountered dead bodies were not statistically predictive
for EMS personnel’s mental and physical stress symptoms.
This could be due to the fact that EMS workers often
face such events (e.g., Teegen and Yasui, 2000; Declercq
et al., 2011). The low variability of responses could have
limited the items’ statistical predictive value. Moreover,
frequently, EMS personnel successfully rescue, stabilise
and transfer their patients to further medical treatment.
Success strengthens the EMS personnel’s conviction to
fulfil a meaningful and highly significant duty which also
promotes their self-worth and self-efficacy expectation. Related
concepts such as the sense of coherence were found to
promote resilience and positive psychological adaptation
processes such as post-traumatic growth in EMS personnel
after critical experiences (Streb et al., 2014; Behnke et al.,
2019; Ragger et al., 2019). It was therefore suggested that
the general situational ‘occasion’ of a rescue mission (e.g.,
a traffic accident) is much less important for the mission’s
traumatic nature than the emotional experiences of the helpers
during and after the mission (see Halpern et al., 2012 for
further details).

Based on our quantitative content analysis, we found that
EMS personnel elicit intense aversive emotions when personnel
knew their patients personally or knew relatives of their
patients, or when the patients reminded personnel of their
own family members or themselves. Such circumstances are
known to create a high risk for EMS personnel to lose
their professionally detached perspective on the events and
become empathetically involved with their patients (Ursano
et al., 1999; Alexander and Klein, 2001; Regehr et al., 2002;
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Reinhard and Maercker, 2004; Avraham et al., 2014). This
involvement is known to trigger intense aversive feelings in
EMS personnel, which form the traumatic character of the
rescue mission (Regehr et al., 2002; Halpern et al., 2009,
2012; Avraham et al., 2014; Ludick and Figley, 2017). In
accordance with the results of our quantitative content analysis,
the corresponding checklist items (20, 21, 22) showed consistent
statistical associations with the mental and physical stress
symptoms among the study cohort.

The content analysis further showed that EMS personnel
felt incorrectly or incompletely briefed by the mission control
centre and could not mentally prepare for the extent of
human suffering they were confronted with at the scene of
traumatic missions. Our participants described that certain
traumatic missions were not successful because of avoidable
circumstances such as a lack of technical or human resources
which hindered EMS personnel from providing optimal help.
Such circumstances are known to cause the personnel to
lose their professionally detached perspectives during missions
(Halpern et al., 2009; Declercq et al., 2011; Avraham et al.,
2014). Due to this, aversive emotions spread among rescue
crew members such as fear, hope- and helplessness but also
anger and despair (Alexander and Klein, 2001; Jonsson and
Segesten, 2004; Halpern et al., 2009, 2012; Avraham et al., 2014).
Furthermore, it is speculated whether such events stimulate
self-blaming thoughts and counterfactual ruminations in the
aftermath of missions which were found to facilitate the
development of mental and physical stress symptoms in EMS
personnel (Richter, 2014; Wild et al., 2016; Gärtner et al.,
2019). Correspondingly, the respective checklist items (27, 29)
consistently correlated with more severe STS, depressive and
physical stress symptoms.

In traumatic missions, EMS personnel experienced the
circumstances of the accident, the general life situation, and the
fate of their patients or their families as particularly tragic. To
overcome the limitations of previously available event checklists
(e.g., Donnelly and Bennett, 2014), we deliberately included items
to record the EMS workers’ emotional evaluation of missions.
In line with our expectations, these items (23, 24) showed
highly consistent correlations with increased STS, depressive and
physical stress symptoms.

In line with previous studies, the worst experiences of our
participants further comprised encounters with injured or dead
children, among them were children who became victims of
deliberate maltreatment or neglect (e.g., Declercq et al., 2011).
In contrast to our expectations, there were no consistent
associations between encountering heavily or fatally injured
children and increased stress symptomatology in this cohort
of EMS personnel. Previous studies using exposure checklists
for U.S. EMS personnel yielded similar results (Monnier et al.,
2002; Halpern et al., 2012; Donnelly and Bennett, 2014).
This and abovementioned studies have not elaborately assessed
encounters with injured or dying children. Based on the
qualitative feedback of their participants, Donnelly and Bennett
concluded a more detailed assessment of incidents with children
as necessary (see Donnelly and Bennett, 2014 for suggestions).
In par with this, our participants also suggested inclusion of

additional items on children as patients, e.g., encounters of
sudden infant death. Future efforts to quantify stressful event
exposures in EMS might thus profit from including more
elaborate items.

Based on the findings of previous studies (e.g., Clohessy
and Ehlers, 1999), encountering patients with severe burns
was expected as a frequent aspect of participants’ traumatic
missions; however, our content analysis did not confirm this.
In our checklist, 44% of the study cohort, who reported to
have encountered patients with severe burns, also showed
increased mental and physical stress symptoms. In subsequent
diagnostic interviews, EMS personnel further explained they
found severe burn cases emotionally disturbing as they have
to witness patients suffering in full consciousness, patients’
uncertain chances of survival as well as the high risk of
infection the personnel could pose to the patient. They also
found the burn injuries and burn stench highly disturbing.
In addition, providing medical care for palliative and dying
patients showed statistical correlations with the symptom burden
of EMS personnel. Qualitative studies explored emotional
difficulties associated with missions in which saving patients
were impossible or very unlikely and these difficulties include
guilt, anger or concerns about professional competences
(Halpern et al., 2009; Avraham et al., 2014). Our content
analysis also indicated that in the context of resuscitating
terminally ill patients, EMS personnel are often confronted with
ethical and legal ambiguities which further cause them severe
emotional stress.

Our results support previous findings which have postulated
helpers’ excessive compassion with patients as the core
mechanism for the incidence of STS as well as depressive
and physical stress symptoms (Ursano et al., 1999; Alexander
and Klein, 2001; Regehr et al., 2002; Van Der Ploeg and Kleber,
2003; Jonsson and Segesten, 2004; Halpern et al., 2009, 2012;
Avraham et al., 2014; Ludick and Figley, 2017; Lampert and
Glaser, 2018). However, beside indirect traumatic encounters
some of the EMS personnel’s worst experiences also included
direct threats to their own health or lives. This was especially
the case when rescue crews arrived at the scene before the area
was secured by the police. Moreover, EMS workers’ lives were
endangered whenever they have tried to prevent people from
committing suicide in dangerous locations such as bridges or
train tracks. The corresponding checklist item (30) showed
by far the highest association with mental and physical stress
symptoms. Indeed, direct traumatisation is regarded as a stronger
risk factor for the development of post-traumatic, depressive
and anxiety symptoms than the indirect traumatisation induced
by compassion with patients (Reinhard and Maercker, 2004;
Michael et al., 2016). In correspondence with previously reported
prevalence rates, a total of 40% of this sample of EMS personnel
have encountered threats or were even seriously injured during
rescue missions (Teegen and Yasui, 2000; Suserud et al., 2002;
Häller et al., 2009; cf. Declercq et al., 2011). Among all first
responders, EMS personnel are the most likely victims of violent
attacks by patients, relatives or uninvolved bystanders. The
increasing propensity for violent attacks on rescue workers, as
observed in Germany in recent years, highlights the particular
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relevance of direct traumatisation for EMS personnel’s health
(Feltes and Weigert, 2018).

The RESQ-CE Score as a Measure of
Cumulative Critical Exposure in the Line
of Duty
As discussed above, the number of all emotionally stressful
events encountered on duty (RESQ sum score) showed a
rather fragile association with the STS symptoms of EMS
personnel. This was probably the case because not all events the
EMS personnel perceive as stressful are necessarily traumatic.
Based on the combined results of content and statistical
analyses, we thus summarised the checklist’s most influential
items as RESQ-CE score presenting the cumulated number
of critical exposures in the EMS. Bivariate correlation and
multiple regression analyses confirmed that the RESQ-CE score
was consistently linked to higher mental and physical STS
symptomatology in this sample of EMS personnel. It provided
an incremental contribution to explaining the concurrent post-
traumatic, depressive and physical stress symptoms when non-
work-related trauma exposure and perceived social support were
considered. Our results suggest the RESQ-CE score as a potential
measure to retrospectively quantify cumulative critical exposures
in the EMS. However, future studies in independent samples are
needed to confirm the predictive value of the proposed score.

As predicted, the mental and physical stress symptoms of
EMS personnel were also correlated with the number of negative
major life events encountered outside of their work. This finding
complements previous evidence of elevated levels of stress
symptoms in EMS personnel who experienced more non-work-
related critical life events. These events include serious illnesses
or sudden deaths of caregivers, experiences of violence (such
as physical assaults or robberies), serious accidents, childhood
maltreatment experiences as well as divorce and job loss
(Teegen and Yasui, 2000; Maunder et al., 2012; Richter, 2014;
Levy-Gigi et al., 2015).

This study additionally confirmed the hypothesis that EMS
personnel showed fewer STS symptoms when they perceived
more social support from significant others. Prati and Pietrantoni
(2010b) provided meta-analytical evidence for the stable
association of received and perceived social support with a
better overall health and life quality among EMS personnel.
In this sample, perceived social support did not correlate with
the number of stressful or critical encounters in the line of
duty. However, frequent stressful encounters might affect the
supportive social network of EMS personnel in other ways. There
is evidence that the more critical incidents they encountered
in the line of duty, the lesser social support they receive
(Prati and Pietrantoni, 2010a). Moreover, first responders who
experienced life-threatening situations on duty reported a lower
need for social support (Richter, 2014). Correspondingly, Häller
et al. (2009) reported that a majority of EMS personnel avoid
speaking with their colleagues about emotionally burdensome
experiences. On the one hand, not to show personal weakness
and to avoid possible consequences of supposed mistakes; on
the other hand, not to emotionally burden their colleagues and

not to cause any further burden at their work environment.
These observations admonish the danger that critical encounters
in the EMS could lead to increasing social isolation of the
personnel. Considering the high relevance of social support for
EMS personnel’s health, priority should be given to improve
or at least stabilise their supportive social networks. As EMS
personnel particularly benefit from support by their colleagues
and supervisors (e.g., Setti et al., 2016), establishing a company
culture of mutual and cross-hierarchal support may be a key
factor to promote EMS personnel’s health in the long-term.

Strengths and Limitations
Incorporating experienced EMS professionals to develop the
checklist allowed integrating occupation-specific knowledge to
revise and extend the existing checklist. By that, we were able to
integrate the occupation-specific knowledge and perspective of
key informers of the target population. Another strength of this
study is, we investigated both mental and physical trauma-related
stress symptoms, of which the latter were often disregarded
in previous research (Sterud et al., 2006; cf. Halpern et al.,
2009). The prevalence of mental disorders were comparable to
previous studies (Donnelly, 2012). Additionally, the response
rate (46.6%) in our study was considerably higher than in
previous research. Admittedly as we have used convenience
sampling, our sample might have differed from the population
in unknown ways (“non-response bias”). Nevertheless, in regard
to relevant socio-anagraphic characteristics, the recruited sample
corresponded well with the entire work population of the
local German Red Cross ambulance service stations. EMS
personnel who were confronted with particularly high doses
of stress and trauma could have been currently or chronically
ill, resigned from their jobs or prematurely retired from it.
Due to their absence event prevalence and its effects might
have been underestimated (“healthy worker effect”; Costa,
2003). Constraints on generality may result from the fact
that checklist development and empirical findings are based
on the experiences of EMS personnel responsible for Central
European provincial towns with comparatively high income,
good infrastructure, and low crime rate. The type and frequency
of emotionally stressful mission events could considerably
differ among populations depending on their respective socio-
cultural, religious or geographic backgrounds. The checklist can
be considered as a living document that may be expanded
with regionally specific items such as natural disasters (e.g.,
earthquakes, floods), singular disasters (e.g., nuclear accidents)
or compromised public security (e.g., missions in civil war
zones, in areas with rampant violent crime and/or restricted
or lacking statehood). Further important, our results are to
be interpreted correlational due to the cross-sectional and
retrospective study design. Longitudinal studies are necessary
to further confirm the predictive validity of the proposed
checklist scores for the incidence of mental and physical
stress symptoms. Finally, participants’ response behaviour might
have been biased by social desirability. There is evidence that
expressions of distress and stress-related health complaints are
often concealed in the EMS (Häller et al., 2009; Halpern et al.,
2009). However, an employed social desirability questionnaire
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(SDS-CM short scale; Lück and Timaeus, 1997) indicated no such
response behaviour.

CONCLUSION

Rescue missions can be traumatic (i) if EMS personnel encounter
threats or incur serious injuries; (ii) if certain circumstances cause
personnel to give up their professionally detached perspective
on patients; (iii) if they perceive missions as exceptionally
tragic. The corresponding items of the newly introduced RESQ
checklist showed the highest correlations with post-traumatic,
depressive and physical stress symptoms among our study
cohort. Therefore, the sum score of these items (RESQ-CE)
could present a suitable measure for quantifying the cumulative
exposure to critical events in EMS rescue missions. Replications
in independent samples are necessary to verify the validity of the
sum score. Future studies could also investigate the combined
effects of critical events encountered at work as well as in private
life, and its impact on EMS personnel’s quality of life. This also
demands investigating the possible detrimental effects of repeated
duty-related trauma exposure on the supportive social network
of EMS personnel.
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Supplementary Table 1. Comparison of participants with complete and incomplete responses 

 Participants with 

complete data (n = 102) 

Participants with 

incomplete data (n = 13) 

Test statistic 

Age (years) Mdn (IQR) = 26 (17)  Mdn (IQR) = 25 (8) U = 560.5, z = -

0.91, p = .364, r 

= -.08 

Sex male: n = 66 (64.7%) 

female: n = 36 (35.3%) 

male: n = 6 (46.2%) 

female: n = 7 (53.8%) 

χ²(1) = 1.69, p = 

.193, V = .12 

Work experience 

(years) 

Mdn (IQR) = 3.3 (10.9)  Mdn (IQR) = 4.3 (6.0) U = 571.0, z = -

0.81, p = .416, r 

= -.08 

Work location Ulm: n = 72 (70.6%) 

Heidenheim: n = 30 

(29.4%) 

Ulm: n = 8 (61.5%) 

Heidenheim: n = 5 

(38.5%) 

χ²(1) = 0.45, p = 

.504, V = .06 

Qualification Notfallsanitätera: n = 61 

(59.8%) 

Rettungssanitäterb: n = 30 

(29.4%) 

Apprenticeship 

Notfallsanitäter: n = 11 

(10.8%) 

Notfallsanitätera: n = 6 

(46.2%) 

Rettungssanitäterb: n = 5 

(38.5%) 

Apprenticeship 

Notfallsanitäter: n = 2 

(15.4%) 

χ²(2) = 0.64, p = 

.639, V = .09 

Employment form salaried: n = 87 (85.3%) salaried: n = 10 (76.9%) χ²(1) = 0.61, p = 
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 2 

voluntary: n = 15 (14.7%) voluntary: n = 3 (23.1%) .434, V = .07 

Nightshifts (per 

month)† 

Mdn (IQR) = 5 (3)  Mdn (IQR) = 5 (3) U = 539.0, z = -

1.06, p = .289, r 

= -.10 

Rescue missions 

(per month)† 

Mdn (IQR) = 10 (12)  Mdn (IQR) = 10 (10) U = 596.5, z = -

0.54, p = .592, r 

= -.05 

Routine transport 

mission (per 

month)† 

Mdn (IQR) = 10 (11)  Mdn (IQR) = 10 (6) U = 597.0, z = -

0.53, p = .594, r 

= -.05 

LEC-5  Mdn (IQR) = 4 (141)  Mdn (IQR) = 3 (4) U = 567.0, z = -

0.85, p = .393, r 

= -.08 

RESQ Mdn (IQR) = 22 (6)  Mdn (IQR) = 22 (10) U = 603.0, z = -

0.53, p = .595, r 

= -.05 

RESQ−CE Mdn (IQR) = 6 (5)  Mdn (IQR) = 6 (6) U = 655.0, z = -

0.07, p = .943, r 

= -.01 

Note: Frequency distributions of staff and sample were compared using Pearson χ²-tests (applying 
a Yates correction for 2⨯2-tables) with Cramer’s V as effect-size measure. Continuous variables 
were compared using Mann-Whitney U-tests with Cohen’s r as effect-size measure († one missing 
value). Comparison tests were not calculated for perceived social support, posttraumatic, 
depressive, and physical symptoms because less than six cases were available from the group of 
participants with incomplete data. The levels of qualification are comparable with a Emergency 
Medical Technician-Paramedic and b Emergency Medical Technician-Basic. 
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A B S T R A C T

Background: Childhood maltreatment (CM) compromises resilience against stress and trauma
throughout life. Therefore, it could present a major risk factor for the health of frequently
trauma-exposed professionals such as emergency medical service (EMS) personnel.
Objective: We investigated, whether EMS personnel’s history of CM increased their risk for
mental and physical stress symptoms after occupational trauma exposure.
Participants and Setting: Data from 103 German EMS personnel (age: Mdn±QD=26.00 ± 8.50
years) were collected as part of a cross-sectional survey distributed among employees of the
regional German Red Cross EMS division (response rate 46.6%). The sample corresponded well to
the division’s entire staff in terms of socio-anagraphic characteristics.
Methods: CM and occupational trauma exposure as well as posttraumatic, depressive, and so-
matic symptoms were assessed with self-report questionnaires.
Results: Moderation analyses indicated stronger positive associations between occupational
trauma exposure and the severity of posttraumatic (β= .30, p< .001), depressive (β= .20, p =
.026), and somatic symptoms (β= .18, p = .059) among EMS personnel who reported a higher
exposure to CM.
Conclusions: Our study provides initial evidence that CM could increase the EMS personnel’s
vulnerability to the detrimental consequences of critical incidents on duty. Future research is
needed (i) to replicate and generalize our observation on various trauma-exposed professions as
well as (ii) to develop preventive measures for targeting the mediating and protective factors
which influence the relationship between CM and the negative consequences of occupational
trauma exposure.

As an imminent consequence of their duty, emergency medical service (EMS) personnel are repeatedly exposed to human suf-
fering and despair. Few professions face a similarly high and recurrent exposure to potentially traumatic experiences as the EMS
(Declercq, Meganck, Deheegher, & Van Hoorde, 2011; Donnelly & Bennett, 2014; Halpern, Gurevich, Schwartz, & Brazeau, 2009;
Regehr, Goldberg, & Hughes, 2002). In the line of duty, per year EMS personnel experience about three different types of traumatic
events (Declercq et al., 2011). Whereas in the general population, the life time prevalence for experiencing at least one traumatic
event ranges between 29–83% (Benjet et al., 2016). As a consequence of the recurrent exposure to a multitude of critical incidents in
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the line of duty, EMS personnel’s risk to develop posttraumatic, depressive, and somatic stress symptoms increases with time (e.g.,
Donnelly & Bennett, 2014; Fjeldheim et al., 2014; Skeffington, Rees, & Mazzucchelli, 2017, 2017). The risk of EMS trainees to incur
an episode of major depressive disorder (MDD) was prospectively predicted by the number of critical incidents they had encountered
within a duration of two years in the line of duty (Wild et al., 2016; see also Fullerton, Ursano, & Wang, 2004).

A dosage-response relationship between the cumulative number of critical incidents across life time and the increasing risk for
trauma-related disorders such as posttraumatic stress disorder (PTSD), MDD, and somatoform disorder was consistently observed also
among other trauma-exposed populations such as war-exposed individuals and refugees (Comellas et al., 2015; Kolassa, Ertl, et al.,
2010; Kolassa, Kolassa, Ertl, Papassotiropoulos, & De Quervain, 2010; Krupnick et al., 2004; Mollica, McInnes, Poole, & Tor, 1998;
Neugebauer et al., 2009; Neuner et al., 2004). Likewise, biographical accumulation of recurrent direct and indirect trauma exposure
in the line of duty is considered to be the core mechanism for the development of occupational health problems among trauma-
exposed professions such as the military, fire brigade, police, and the EMS (e.g. Ludick & Figley, 2017). Indeed, EMS personnel
present a PTSD prevalence of 10% which is three times higher than among the general population (Berger et al., 2012). Among EMS
personnel, posttraumatic symptoms (Breslau, Davis, Peterson, & Schultz, 2000; Fjeldheim et al., 2014; Marshall et al., 2001) are
typically accompanied by depressive and somatic stress symptoms (Aasa, Brulin, Ängquist, & Barnekow-Bergkvist, 2005; Fjeldheim
et al., 2014; Häller, Michael, & Balmer Köchlin, 2009; Halpern et al., 2009).

Furthermore there is a dosage-response relationship between the severity of experienced childhood maltreatment (CM) and the
increased risk for mental and physical disorders later in life. CM causes a lifelong vulnerability for numerous mental disorders such as
PTSD and MDD as well as various physical ailments (Felitti et al., 1998; Hamilton, Micol-Foster, & Muzik, 2015; Li, D’Arcy, & Meng,
2016; McLaughlin, Conron, Koenen, & Gilman, 2010; Schury & Kolassa, 2012; Taillieu, Brownridge, Sareen, & Afifi, 2016; Turner,
Taillieu, Cheung, & Afifi, 2017). That is, individuals who experienced one form of CM (e.g. sexual abuse) already present twice the
prevalence for MDD in later-life compared to individuals who have not experienced CM. Individuals with a history of four or more
CM types exhibit a fivefold lifetime prevalence of MDD, i.e., 61% (Chapman et al., 2004; Felitti et al., 1998; Hovens et al., 2009).

Research demonstrated that CM exposure could increase the individual vulnerability towards the detrimental effects of severe and
traumatic stress experienced later in life. In a US community sample, McLaughlin et al. (2010) observed that the more major stress
events the survey respondents had encountered in the year prior to participation, the more they were at risk for developing MDD,
PTSD, and anxiety disorders. However, this risk was higher among the respondents who experienced more types of CM. Comparable
observations were made among trauma-exposed professionals. After foreign deployment, US soldiers with higher combat exposure
presented more depressive symptoms. However, the incidence of depressive symptoms due to combat exposure depended on the
soldiers’ history of CM (Cabrera, Hoge, Bliese, Castro, & Messer, 2007). During their first year of training, police cadets’ risk to
develop MDD and PTSD depended more strongly on their history of CM than the critical incidents in their line of duty, the overall
number of negative life events, or their perceived occupational stress (Wang et al., 2010).

Accordingly, CM could predispose EMS personnel for developing psychopathological and psychosomatic stress symptoms after
exposure to critical incidents in their line of duty. The prevalence for trauma-related disorders among EMS personnel is the highest
among helping professionals, i.e. it even exceeds the mental disorder risk among firefighters and police officers (Berger et al., 2012).
Importantly, EMS personnel often choose this profession as they consider service to society as a way to compensate for their own
negative experiences in childhood (Clompus & Albarran, 2016). Therefore, it is practically relevant to investigate whether CM
compromises EMS personnel’s resilience against duty-related traumatic stress.

So far, only a few studies investigated possible influences of CM on the health of EMS personnel. In an US sample, Maunder,
Halpern, Schwartz, and Gurevich (2012) asked EMS personnel to remember a past on-duty incident which they regarded as “still
troubling” and to retrospectively rate the intensity and duration of acute stress reactions after this particular incident. Respondents
with CM history remembered higher physical arousal, irritability, and social withdrawal than respondents without CM experiences.
These results suggest that CM could negatively affect EMS personnel’s resilience against on-duty trauma exposure by causing in-
creased stress reactivity and/or by impairing their ability to rapidly recover from trauma-related emotional distress (Maunder,
Peladeau, Savage, & Lancee, 2010). Moreover, EMS personnel who experienced CM reported more severe concurrent depressive,
somatic, and professional burnout symptoms than respondents without CM experiences (Maunder et al., 2012). Complementary, in a
German EMS cohort, the PTSD prevalence among individuals with CM history was 22% higher than among their colleagues without
CM experiences (Teegen & Yasui, 2000).

However, above mentioned studies did not consider the possible interplay of CM exposure with the EMS personnel’s recurrent
exposure to critical incidents in the line of duty (“occupational trauma exposure”). Therefore, it was our first hypothesis that EMS
personnel’s individual history of CM as well as their occupational trauma exposure contribute to more severe posttraumatic, de-
pressive, and somatic stress symptomatology. Furthermore, if a history of CM in fact causes a higher reactivity to major stress events
(i.e. stress-sensitization hypothesis; cf. McLaughlin et al., 2010), it can be expected that EMS personnel with CM exposure develop more
stress symptoms after exposure to a certain dosage of occupational trauma than EMS personnel without or with milder CM exposure.
Thus, our second hypothesis was, CM acts as a statistical moderator which increases EMS personnel’s risk for mental and physical
stress symptoms after occupational trauma exposure.

1. Methods

1.1. Procedure

Data were collected as part of an employee survey conducted in the regional EMS division of the German Red Cross (GRC). The
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GRC division operates two large ambulance stations with a total of 318 employees and is the main provider of EMS for about 455,000
inhabitants of the Southwest-German regency districts Heidenheim, Alb-Donau Kreis, and Ulm. We were commissioned by the GRC
division management to identify individual and occupational factors that contribute to the high mental stress load of the employees
and their increased rate of sickness-related absence and to resign job.

For health promotion, EMS employees can voluntarily attend four psychoeducational on-the-job trainings per year. These
trainings aim at imparting knowledge and skills such as relaxation techniques, social competencies and healthy lifestyle (e.g., ba-
lanced diet, regular exercise). At these events, 247 of the 318 employed EMS workers were approached to participate in the study and
were provided with the access link for a pseudonymized online-based survey (LimeSurvey GmbH, 2017). Of the 247 invited em-
ployees, 115 EMS personnel participated in the study. The response rate of 46.6% was higher than in previous studies among EMS
personnel (e.g. 36.5%, Maunder et al., 2012).

Participation was voluntary and confidential, and written informed consent was obtained from all study participants. Participants
received no remuneration. The survey assessed demographic data and included a series of inventories to record traumatic experiences
across life, several cognitive and behavioral risk factors as well as mental and physical stress symptoms. It took approximately 60min
to complete the survey.

The Ulm University ethics committee approved the entire study procedures. During feedback events, survey results were com-
municated to management and interested employees. Upon request, participants received individual feedback about their results. In
case the clinical inventories indicated a possible mental disorder, participants were invited for in-depth clinical diagnostics and if
necessary were referred to psychotherapy.

1.2. Participants

For the present research question, complete data were available from N = 103 participants (32.4% of all regional EMS em-
ployees), including 66 men and 37 women. Responses to at least one questionnaire were missing from 12 participants because (i) they
terminated the survey before completion or (ii) the survey was automatically terminated due to inactivity. Participants were aged
between 18 and 61 years (Mdn (IQR)= 26.0 (17.0) years) and their work experience ranged from 1 month to 35 years (Mdn

(IQR)= 3.1 (11.0) years), with about 50% who worked for more than three years in the EMS. The sample comprised emergency
medical technicians (EMT) with different levels of qualification: 29% were Rettungssanitäter (cf. EMT–Basic) who completed a cer-
tification course of 3.5 months and mainly support the transport of patients or drive the ambulance; 60% were Notfallsanitäter (cf.
EMT–Paramedics) who completed a specialized medical training of 2.5–3 years and are responsible for leading the rescue mission
until the eventual arrival of emergency physicians; another 11% were EMT–Paramedic trainees. A majority of 98.1% of participants
was born in Germany. The study sample and the GRC division’s entire staff were compared to examine possible differences between
the groups. Legally available sociodemographic and occupational information was provided by the GRC management (i.e., age, sex,
length of service, form of employment, work location). Comparison tests (Table 1) indicated that sample and entire staff corre-
sponded in terms of work experience, work location, and sex. Compared to all employed EMS personnel, the sample included less
voluntary workers and was slightly younger. However, discrepancies were minimal.

1.3. Measures

1.3.1. Childhood maltreatment exposure

CM exposure was assessed with the German self-report version of the Maltreatment and Abuse Chronology of Exposure scale
(MACE-20; Isele, 2016; Isele, Schauer, Ruf-Leuschner, & Elbert, 2011). On 20 items (e.g. “Did they hit you with an object such as a
strap, a belt, a brush, a stick, a pipe, a broom, a cooking spoon?”), participants indicated with yes or no which forms of CM they had
experienced during their childhood and adolescence. The MACE-20 covers subscales for sexual, physical, and emotional abuse
through parents or siblings as well as the experience of violence through peers, emotional and physical neglect by parents and
siblings, and witnessing violence against parents or siblings. The values of each subscale were summed up and interpolated, re-
presenting the exposure to each form of CM on a scale from 0 to 10. The sum score of all subscales represents the total CM exposure
on a scale from 0 to 100. Unlike the MACE interview version (Isele et al., 2014; Teicher & Parigger, 2015), the MACE-20 assesses only
the total CM exposure in terms of experienced forms of CM during childhood and adolescence, but not the chronicity of CM exposure.
That is, the MACE-20 does not differentiate which forms of CM were experienced at a particular age (Isele, 2016). Psychometric
evaluations of the MACE-20 are not yet available (personal communication of the test authors, August 2019). The MACE interview
version indicated a high correspondence of .74 with the Childhood Trauma Questionnaire score and a correlation of .70 with the
Adverse Childhood Experiences scale in an US validation sample (Teicher & Parigger, 2015) as well as high correlations of .75–.83
with the CTQ score in a German validation sample (Isele et al., 2014).

1.3.2. Occupational trauma exposure

In the checklist Rescue and Emergency Situations Questionnaire (RESQ; Schoch, 2008; Behnke, Rojas, Karrasch, Hitzler, &
Kolassa, 2019), participants indicated with yes or no whether they had been exposed to any of 31 types of emotionally stressful
aspects of medical rescue missions, including ten types of critical exposures (e.g., being attacked or injured on duty; caring for
patients personally known to the rescue crew). The critical exposures encountered were summarized to the RESQ-Critical Exposure
(RESQ-CE) score (scaled from 0 to 10) and subsequently used as a measure of occupational trauma exposure. The checklist was
developed by a focus group of experienced EMS personnel and its content validity was evaluated using a quantitative content analysis
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and correlational analyses (Behnke et al., 2019). Note that calculating internal consistencies is not appropriate for event checklists
(for details see Halpern, Maunder, Schwartz, & Gurevich, 2012).

1.3.3. Posttraumatic stress symptoms

The German PTSD Checklist for DSM-5 (PCL-5; Krüger-Gottschalk et al., 2017) was used to assess the severity of PTSD symptoms.
With respect to their worst life-time experience participants indicated on 20 items the impairment they felt due to the four cardinal
symptom clusters of PTSD (i.e., intrusions, avoidance, hyperarousal, and negative alterations in mood and cognition) during the
previous month. Responses were recorded on a 5-point Likert scale ranging from 0 (“not at all”) to 4 (“very strong”). The sum score of
all responses represented the severity of posttraumatic stress symptoms on a scale from 0 to 80 (Cronbach’s α= .91).

1.3.4. Depressive symptoms

The 9-item German Patient Health Questionnaire depression scale (PHQ-9; Löwe, Spitzer, Zipfel, & Herzog, 2002) was employed
to assess the severity of MDD symptoms. On a 4-point Likert scale ranging from 0 (“not at all”) to 3 (“almost every day”), participants
indicated the extent to which they felt impaired by nine types of depressive symptoms during the past two weeks (e.g., “tiredness” or
“feeling of no energy”). The sum score of all items represented depressive symptom severity on a scale from 0 to 27 (Cronbach’s
α= .84).

1.3.5. Somatic symptoms

Physical ailments (e.g., stomach aches, back pain) and sleep disturbances during the last four weeks were assessed using the 15-
item German Patient Health Questionnaire scale (PHQ-15; Löwe et al., 2002). The item asking for menstrual pain was excluded for
reasons of comparability between sexes. Participants responded to items on a 3-point Likert scale from 0 (“not at all”) to 2 (“very
strong”). The sum score of all items represented the severity of somatic symptoms on a scale from 0 to 28 (Cronbach’s α= .84).

Table 1

Study sample and local work population characteristics.

Sample n (%) / Mdn

(QD)
Work population n (%) / Mdn

(QD)
Test statistics

Total 103 (32.4%) 318
Age (years) 26.0 (8.5) 27.3 (7.8) z = −2.53, p = .011, r = −.12
Work experience (years) 3.1 (5.5) 3.7 (3.6) z = −0.53, p = .599, r = −.03
Biological sex
Men 66 (64.1%) 222 (69.8%) χ²(1, 421)= 0.93,

p= .334, V= .05Women 37 (35.9%) 96 (30.2%)
Work location
Ulm 73 (70.9%) 223 (70.1%) χ²(1, 421)=0.00,

p=1.000, V= .01Heidenheim 30 (29.1%) 95 (29.9%)
Employment form
Salaried 78 (75.7%) 198 (62.3%) χ²(2, 421)=12.08,

p= .002, V= .17Voluntary 15 (14.6%) 101 (31.8%)
in apprentice 10 (9.7%) 19 (6.0%)
Level of qualification
EMT paramedic (“Notfallsanitäter”) 62 (60.2%)
EMT basic (“Rettungssanitäter”) 30 (29.1%)
EMT paramedic, in apprentice 11 (10.7%)

Secondary school education
High-school certificate (“Abitur”) a 67 (65.0%)
intermediate secondary certificate (“Realschulabschluss”) b 30 (29.1%)
lower secondary certificate (“Hauptschulabschluss”) 6 (5.9%)

Family status
Single 49 (47.6%)
Divorced 8 (7.8%)
Partnership 24 (23.3%)
Married 22 (21.4%)

Country of origin (Germany) 101 (98.1%)
Mental disorder diagnoses according to DSM-5
Posttraumatic stress disorder, current/remitted c 4d (3.9%) / 0 (0.0%)
Major depression disorder, current/remitted e 5 (4.9%) / 11f (10.7%)
Alcohol consumption disorder, current/remitted e 3 (2.9%) / 1 (1.0%)

Note: The frequency distributions of the sample and the local work population were compared using χ² tests applying a Yates correction in case of
2⨯2 tables. The Cramer’s V contingency coefficient is reported as effect-size measure. Continuous variables were compared using Mann-Whitney U-
tests with the effect-size measure r. a Qualifying for university entrance, b qualifying for specialized worker apprenticeship, c diagnosed with the
Clinician-Administered PTSD Scale for DSM-5 interview (CAPS-5; Schnyder et al., 2013), d all cases received a partial PTSD diagnosis, e diagnosed
with the Structured clinical interview for DSM-IV-TR, adopted for DSM-5 (SKID; Wittchen, Zaudig, & Fydrich, 1997), f including one case with
substance-induced depression, two cases with adjustment disorder with depressed mood, and one prolonged grief disorder. Note that all cases with
posttraumatic stress disorder and alcohol consumption disorder were comorbid with current or remitted major depression disorder.
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Table 2

Descriptive statistics and correlations (N=103).

1. 1a. 1b. 1c. 2. 3. 3a. 3b. 3c. 3d. 3e. 3f. 4. 5. 6.

1. Overall symptom severity − .59*** .77*** .75*** .27*** .26*** .17* .21** .08 .25*** .21* .13 .05 .10 −.16*
1a. Posttraumatic
symptoms

− .43*** .40*** .22** .24** .15* .16* .15 .28*** .13 .14 −.01 .08 −.16

1b. Depressive symptoms − .65*** .22** .28*** .18* .25*** .01 .25** .25** .12 .10 .09 −.07
1c. Somatic symptoms − .29*** .20** .13 .18* .10 .16 .14 .04 .09 .12 −.15

2. Occupational trauma
exposure

− .01 −.08 .02 .01 .13 .05 −.12 .41*** .42*** .16

3. Childhood maltreatment
exposure

− .66*** .71*** .20* .39*** .38*** .27** −.09 −.04 −.11

3a. Emotional violence − .44*** .11 .23* .23* .19* −.17* −.14 −.11
3b. Physical violence − .15 .09 .17 .14 −.04 .02 −.02
3c. Sexual violence − −.00 −.05 .13 −.16 −.08 −.30**
3d. Emotional neglect − .44*** .25** .08 .04 −.06
3e. Physical neglect − .23* .10 .06 −.11
3f. Witnessed violence
against parents or siblings

− −.13 −.17* −.12

4. Age − .61*** .38***
5. Work experience − .26**
6. Sex† −

M (SD) 0.00
(0.86)

9.83 (9.75) 4.65 (4.28) 5.45 (4.43) 5.56 (2.55) 10.38
(11.63)

1.33 (1.75) 1.75 (1.87) 0.16
(0.47)

1.26 (2.56) 0.58 (1.58) 0.24
(1.14)

30.03
(10.99)

7.62 (8.77) −

Mdn (QD) −0.23
(0.61)

6.00 (6.00) 3.00 (3.00) 5.00 (3.00) 6.00 (2.50) 6.66
(5.00)

0.00 (0.84) 1.11 (1.11) 0.00
(0.00)

0.00 (0.00) 0.00 (0.00) 0.00
(0.00)

26.00
(8.50)

3.08 (5.50) −

Minimum −1.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.00 0.08 −

Maximum 2.64 39.00 18.00 19.00 10.00 79.99 10.00 10.00 1.67 10.00 6.66 10.00 61.00 35.00 −

Skew 0.95 1.18 1.22 1.03 −0.07 2.92 1.71 1.75 2.75 2.01 2.78 6.81 1.00 1.47 −

Kurtosis 0.33 0.51 1.23 0.50 −0.92 13.37 4.68 4.51 6.04 3.10 7.08 54.65 91.39 1.25 −

Note: * p < .05, ** p < .01, *** p < .001, two-tailed, nonparametric Kendall’s τ rank correlations. Abbreviations: mean (M) and standard deviation (SD), Median (Mdn) and quartile deviation (QD).
The MACE-20 scale for childhood maltreatment exposure has a scale length of 0–100 and the subtypes of 0 to 10. † Positive point biserial correlations indicate higher values for men.
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1.4. Statistical analyses

Variables were predominantly nonnormal distributed (Supplementary Table 2). Therefore, nonparametric Kendall’s τ correlations
were computed. Linear regressions were performed using occupational trauma exposure and CM exposure as well as their interaction
as predictors of the stress symptoms. The severity of posttraumatic, depressive, and somatic stress symptoms as well as a composite of
the z-standardized symptom scales (symptom composite) served as outcome variables. Checking the assumptions of linear regression
models indicated nonnormal distributed model residuals, mainly caused by right-skewed distributions of posttraumatic and somatic
symptoms. As recommended (Field & Wilcox, 2017), we computed robust linear regressions with MM-estimators (using the MASS

package by Ripley et al., 2017) to correct for nonnormality and influential values in dependent and predictor variables.

2. Results

Table 2 displays descriptive and correlation statistics of all study variables. A majority of the participants experienced no or mild
CM (mostly physical violence or emotional neglect) whereas only a minority reported severe CM exposure. Exposure to different
types of CM as well as higher total CM exposure was associated with more severe mental and physical stress symptoms
(τ= .13− .28). Only few individuals witnessed violence among parents and/or siblings or experienced sexual violence. Due to the
variance restrictions of these CM types there were no substantial correlations with mental or physical stress symptoms. CM pre-
valence did not depend on sex; except for the fact that female EMS personnel reported more exposure to sexual violence.

EMS personnel reported the encounter of M± SD=5.56 ± 2.55 types of critical exposures on duty. As expected, older or more
work experienced participants indicated higher cumulative exposure to critical incidents on duty. Higher occupational trauma ex-
posure was associated with more severe mental and physical stress symptoms (τ= .22–.29). There were no consistent correlations of
age, working experience or sex with the severity of mental and physical stress symptoms.

Robust linear regressions (Table 3) consistently indicated significantly more severe posttraumatic, depressive, and somatic stress
symptoms among EMS personnel who reported more CM exposure (β= .33–.56, p’s< .001) and more occupational trauma exposure
(β= .26–.38, p’s ≤ .004). Furthermore, a moderation effect (β= .28, p= .002) revealed that the overall severity of symptoms due
to occupational trauma exposure was higher among EMS personnel who were exposed to more CM (Fig. 1a). Similar-shaped mod-
eration effects were observed for posttraumatic (β= .30, p= .001, Fig. 1b) and depressive symptoms (β= .20, p= .026, Fig. 1c) as
well as a for somatic stress symptoms as a trend (β= .18, p= .059, Fig. 1d).

3. Discussion

Our study confirmed the results of previous studies conducted among EMS personnel (Fjeldheim et al., 2014; Skeffington et al.,
2017; Wild et al., 2016) indicating a positive association of the exposure to potentially traumatic on-duty events and an elevated
severity of mental and physical stress symptoms. Moreover, previous research among the general population (Li et al., 2016;
McLaughlin et al., 2010) and trauma-exposed professionals such as soldiers, police cadets or EMS personnel (Cabrera et al., 2007;
Maunder et al., 2012; Teegen & Yasui, 2000; Wang et al., 2010) showed that individuals with a history of CM face a higher prevalence
of physical and mental health problems throughout life. In line with this, we found that EMS personnel who reported the encounter of
more emotional, physical abuse and/or neglect during childhood or adolescence showed more severe posttraumatic, depressive and
somatic stress symptoms in adulthood. Importantly, our study indicates that mild to moderate exposure to CM could suffice to impair
the well-being and health of affected individuals for the decades to come (Felitti et al., 1998).

Table 3

Results of the robust linear MM-estimator regressions (N=103).

Outcome Predictors b (SE) 95% CI β F(199) p η²

Overall symptom severity (composite of PCL-5, PHQ-9, and PHQ-15)a Intercept −0.026 (0.068) [−0.160, 0.107] − 0.15 .700 −

OTE 0.128 (0.027) [0.075, 0.181] .38 22.63 < .001 .112
CM 0.040 (0.007) [0.027, 0.053] .54 36.81 < .001 .140
OTE ⨯ CM 0.006 (0.002) [0.002, 0.009] .28 9.76 .002 .054

Posttraumatic symptom severity (PCL-5)b Intercept −1.292 (0.977) [−2.831, 0.247] − 2.71 .103 −

OTE 0.977 (0.310) [0.369, 1.586] .26 9.91 .002 .052
CM 0.386 (0.076) [0.237, 0.536] .46 25.68 < .001 .077
OTE ⨯ CM 0.067 (0.020) [0.027, 0.107] .30 10.91 .001 .061

Depressive symptom severity (PHQ-9)c Intercept −0.351 (0.333) [−1.003, 0.301] − 1.11 .294 −

OTE 0.480 (0.132) [0.223, 0.738] .29 13.34 < .001 .054
CM 0.205 (0.032) [0.142, 0.269] .56 40.44 < .001 .178
OTE ⨯ CM 0.020 (0.009) [0.003, 0.037] .20 5.14 .026 .027

Somatic symptom severity (PHQ-15)d Intercept −0.506 (0.362) [−1.215, 0.204] − 1.95 .165 −

OTE 0.656 (0.143) [0.376, 0.937] .38 21.04 < .001 .113
CM 0.127 (0.035) [0.059, 0.196] .33 13.17 < .001 .053
OTE ⨯ CM 0.018 (0.009) [0.000, 0.036] .18 3.65 .059 .021

Note: OTE…occupational trauma exposure, CM…childhood maltreatment. Overall model statistics, a F(3,99)= 19.60, p < .001, R² = .306; b F

(3,99)= 12.28, p < .001, R² = .191; c F(3,99)= 17.61, p < .001, R² = .259; d F(3,99)= 11.31, p < .001, R² = .187.
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Furthermore, previous research among general population (McLaughlin et al., 2010) and foreign-deployed US soldiers (Cabrera
et al., 2007) indicated that individuals with a history of CM are less resilient against the detrimental psychological effects of major
stress and traumatic events later in their life. Consequently, individuals with a history of CM developed more symptoms of MDD or
PTSD after exposure to later-life major stress or trauma (i.e. stress-sensitization hypothesis; cf. McLaughlin et al., 2010). Based on these
observations, we hypothesized that EMS personnel with CM exposure display a higher reactivity to occupational trauma exposure.
Accordingly, our data provided evidence that EMS personnel with CM exposure showed an elevated overall, posttraumatic, and

Fig. 1. Partial regression plots on how childhood maltreatment (CM) moderated the association between occupational trauma exposure and (a) the
overall symptom severity; (b) posttraumatic symptom severity; (c) depressive symptom severity; (d) somatic symptom severity. Note that the
interaction was tested with continuous variables. For the purpose of displaying the results, conditional regression functions were computed for
participants with none to mild CM exposure (MACE-20 sum score: 0–30; marked with black circles) and participants with moderate to severe CM
exposure (MACE-20 sum score: 30–80; marked with grey triangles). Shaded areas indicate 95% confidence intervals.
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depressive symptom severity due to occupational trauma exposure than EMS personnel without or with mild CM exposure. A similar
trend was observed for somatic symptoms too.

According to previous research in the EMS, CM is associated with more intense acute stress reactions after critical incidents in the
line of duty and could impair the ability to overcome these reactions (Maunder et al., 2012, 2010). Therefore, CM could increase the
risk of acute stress reactions to persist as posttraumatic symptoms, which could gradually amount to full PTSD with recurrent trauma
exposure. Indeed, Teegen and Yasui (2000) observed a 22% higher PTSD prevalence among EMS personnel who experienced CM than
those who did not. EMS personnel with a history of CM also reported more depressive and somatic symptoms (Maunder et al., 2012).
In addition to that, our study provided initial evidence that CM could sensitize EMS personnel for the incurrence of more depressive
and somatic stress symptoms.

Succinctly, our results among EMS personnel complement previous findings which indicated that CM exposure could establish a
lifelong sensitivity to chronic stress and trauma (McLaughlin et al., 2010) and could be a significant vulnerability factor for the well-
being, health, and work ability of frequently trauma-exposed professionals (Cabrera et al., 2007; Maunder et al., 2010; Wang et al.,
2010). These findings highlight the necessity to inform job applicants and employees about the role of CM as a risk factor. It is not
unusual that EMS personnel chose their helping profession as they want to undo or overcome their own adverse childhood ex-
periences (Clompus & Albarran, 2016). However, our results suggest that this motive of “self-healing through the profession” might
not work and could even exert more detrimental effects on EMS personnel. Thus, providing early and comprehensive psychoedu-
cational information in the context of career counselling could enable CM survivors to make informed career choices.

Future research is needed to identify mediating and protective factors which may affect the relationship between CM exposure
and consequences of occupational trauma. Such studies will contribute to developing urgently needed preventive and supportive
measures for trauma-exposed professionals such as EMS personnel (Schöllgen & Schulz, 2016). So far, transdisciplinary stress re-
search identified various CM-related cognitive, emotional, and biological alterations that could account for an increased sensitivity
among CM survivors towards traumatic experiences throughout their life (e.g., Hamilton et al., 2015; Nold et al., 2019; Schury &
Kolassa, 2012). At the psychological level, CM is associated with well-known psychopathological risk factors, including maladaptive
coping and emotion-regulation styles. Emotional and sexual abuse are linked to an increased use of rumination and a reduced ability
to mindfully observe, accept, and tolerate undesired emotions, which in turn can mediate the severity of depressive symptoms (e.g.,
Crow, Cross, Powers, & Bradley, 2014; Hopfinger, Berking, Bockting, & Ebert, 2016; Spasojević & Alloy, 2002). The use of acceptance
and rumination is respectively associated with lower or higher perceived stress as well as posttraumatic, depressive, and somatic
symptoms among EMS personnel (Gärtner, Behnke, Conrad, Kolassa, & Rojas, 2019). Similarly, mindfulness is linked to lower de-
pressive and anxiety symptoms as well as improved well-being among firefighters (Counson et al., 2019). Trainings to promote
mindfulness and emotional acceptance can increase the psychological resilience of employees in emotionally challenging professions
and can positively influence their health (Buruck, Dörfel, Kugler, & Brom, 2016; Eby et al., 2019). In general, such interventions are
promising for EMS personnel (e.g., Buruck & Dörfel, 2018; Kaplan, Bergman, Christopher, Bowen, & Hunsinger, 2017), but especially
for personnel with a history of CM.

Furthermore, CM exposure leads to anxious and avoidant attachment styles and reduced social support among EMS personnel
(Halpern, Maunder, Schwartz, & Gurevich, 2012) which mediate the risk to develop mental health problems (Widom, Czaja,
Kozakowski, & Chauhan, 2018). In addition, exposure to critical incidents in the line of duty could compromise the social support
EMS personnel receive (Prati & Pietrantoni, 2010b) and at the same time could lead to their social withdrawal (Häller, Michael, &
Balmer Köchlin, 2009; Richter, 2014). Meta-analyses confirmed social support as a central resilience factor for EMS personnel’s
overall health and life quality (Guilaran, de Terte, Kaniasty, & Stephens, 2018; Prati & Pietrantoni, 2010a). Particularly, EMS per-
sonnel benefit from the support of their colleagues and supervisors (Setti, Lourel, & Argentero, 2016; Van Der Ploeg & Kleber, 2003).
Thus, organizational measures as well as preventive trainings that establish and foster a company culture of mutual peer and su-
pervisor support could be highly beneficial for EMS personnel with CM history.

3.1. Limitations

Our results are based on a self-selected convenience sample recruited from a regional population of EMS professionals. Although
our study sample corresponded well to the regional population of EMS employees in terms of relevant socio-anagraphic character-
istics, it cannot be ruled out that the sample could have differed in unknown ways from the study population. In this regard, the
disproportionate participation of resilient and predominantly healthy employees presents a common bias in occupational health
surveys (healthy worker effect; Costa, 2003). In fact, our participants showed a low to moderate severity of posttraumatic, depressive,
and somatic stress symptoms. This might have led to an underestimation of the true effects. However, PTSD and MDD prevalence was
within the range of previous studies in the EMS (Berger et al., 2012). Further constraints for generality might result from the fact that
the study sample did not comprise individuals with a history of severe sexual abuse. In addition, our study cohort of EMS personnel is
no general representation of EMS professionals or any other first responders located globally. Our findings are based on the ex-
periences of professionals providing EMS for Central-European provincial towns with comparatively high income, good infra-
structure, low crime rates, and virtually no natural disasters. Moreover, organizational structures and the legal/medical responsi-
bilities of the EMS considerably differ across the globe (a detailed comparison can be found at Roudsari et al., 2007). Finally, the
retrospective cross-sectional design of the study does not allow causal conclusions. Future longitudinal research is recommended to
confirm our findings within representative EMS cohorts and also extend to various types of first responders population. Such studies
could also consider possible influences of chronic stressors (e.g., living with disabled persons) and critical events (e.g., recent loss of
relatives) in the participants’ private life (cf. Levy-Gigi et al., 2015; Teegen & Yasui, 2000).
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3.2. Conclusions

Working in the EMS is characterized by recurrent trauma exposure, chronic psychosocial stress, and an elevated risk for mental as
well as physical diseases. Previous research in community and trauma-exposed samples indicated that individuals with a history of
CM could be sensitized for developing mental and physical stress symptoms when exposed to major stress or trauma later in their
lives. CM could therefore present a central vulnerability factor for the well-being, health, and work ability of frequently trauma-
exposed professionals such as EMS personnel. Accordingly, our cross-sectional study confirmed that EMS personnel with CM exposure
showed higher overall, posttraumatic, and depressive symptom severity due to occupational trauma exposure than their colleagues
without or with milder CM exposure. Although our findings need to be confirmed in larger, representative samples using longitudinal
study designs, our initial observations highlight the need to consider CM as a risk factor in the context of career counselling and
occupational health management. Future research is needed to investigate possible mediating and protective factors of the re-
lationship between CM and consequences of occupational trauma exposure. Such research may stimulate the development of pre-
ventive plans or interventions to negate the detrimental effects of early adverse experiences on helping professionals.
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Associating Emergency Medical 
Services personnel’s workload, 
trauma exposure, and health 
with the cortisol, endocannabinoid, 
and N‑acylethanolamine 
concentrations in their hair
Alexander Behnke1*, Alexander Karabatsiakis1,2, Aniko Krumbholz3, Sarah Karrasch1, 
Gustav Schelling4, Iris‑Tatjana Kolassa1 & Roberto Rojas5

In their line of duty, Emergency Medical Services (EMS) personnel are exposed to chronically stressful 
working conditions and recurrent traumatic events, which increase their risk for detrimental health 
outcomes. Here, we investigated whether this risk is due to altered regulation of the hypothalamus–
pituitary–adrenal (HPA) axis and the endocannabinoid system. Therefore, 1 cm hair strands were 
collected from a cohort of 72 German EMS personnel in order to measure concentrations of cortisol, 
endocannabinoids [i.e., anandamide (AEA), 2‑arachidonoylglycerol (2‑AG)], and N‑acylethanolamines 
[i.e., stearoylethanolamide (SEA), oleoylethanolamide (OEA), and palmitoylethanolamide (PEA)]. 
Rank correlation analyses were conducted to test associations of cortisol, endocannabinoid, and 
N‑acylethanolamine concentrations with the EMS personnel’s workload, lifetime trauma exposure, 
and mental and physical health problems. We found a negative correlation between cortisol and 
2‑AG concentrations in hair. Higher hair cortisol was associated with higher workload. Reported 
traumatic stress during childhood and later in life as well as more severe depressive and physical 
stress symptoms were associated with elevated 2‑AG, SEA, OEA, and PEA concentrations. Future 
longitudinal research needs to address the prospect of tracing biomolecular markers of glucocorticoid, 
endocannabinoid, and N‑acylethanolamine activity as a predicting value of the long‑term course of 
mental and physical well‑being.

Emergency Medical Services (EMS) personnel play an essential role in our society. However, due to their work 
nature, they are constantly exposed to mental and physical stressors, i.e. (i) chronic stress due to adverse work 
conditions such as shift work including regular night shifts, as well as (ii) recurrent encounters of potentially 
traumatic events at mission  sites1–3. As a result, EMS personnel show an increased prevalence of stress- and 
trauma-related mental as well as physical health problems, including posttraumatic stress disorder (PTSD), 
major depressive disorder (MDD), and concomitant physical  ailments1,3–5. Due to EMS personnel’s burden of 
stress and health risks, it is highly relevant to investigate how their exposure to mental stress and trauma gets 
embedded in biological systems and elevates their vulnerability for negative health conditions. However, the 
biological processes that translate recurrent exposure to chronic and traumatic stress into detrimental health 
effects are not sufficiently understood.

Existing studies indicate, stress-induced changes in the regulation of the body’s endocrine stress-response 
system could mediate the aetiology of stress-related (psycho-)pathology6,7. The hypothalamus–pituitary–adrenal 
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(HPA) axis acts as a main regulator of body’s endocrine stress reaction by triggering the release of glucocorti-
costeroid hormones from the adrenal glands into the blood  stream8. The glucocorticosteroid hormone cortisol 
is probably the most intensively investigated bioactive molecule in the context of stress and trauma-associated 
 psychopathology9,10. During phases of acute and chronic stress, cortisol induces glucose release by glycolysis 
from the liver to various cells and tissues within minutes and persist over  hours8. Under physiological conditions, 
increase in cortisol concentrations inhibits further cortisol secretion via a negative feedback  loop8. In addition, 
the HPA axis’ negative feedback mechanism is pivotally conditioned by the endocannabinoids anandamide 
(AEA) and 2-arachidonoylglycerol (2-AG)6,7,11,12. Endocannabinoids are bioactive signalling lipids derived from 
arachidonic acid or other polyunsaturated fatty acids that are enzymatically synthesised on demand from cell 
membranes of the central nervous system, blood cells, and other peripheral  tissues13,14. According to conceptual 
 models6,7,11,12, in the absence of acute stress, the tonic activity of central-nervous AEA regulates the activity of the 
HPA axis. With exposure to stress, AEA activity decreases and disinhibits the HPA axis, which eventually trig-
gers the secretion of cortisol. Subsequently, the stress-related activity of glucocorticoids stimulates the synthesis 
and secretion of AEA and 2-AG. The timely delayed increase of 2-AG acts as a turn-off signal to downregulate 
HPA-axis activity once the stressful situation has  ended11,12.

Alterations in the mutual endocannabinoid–glucocorticoid regulation could compromise the physiological 
stress response and this could initiate a vulnerability to develop stress-related health problems. Another impor-
tant pathway for the development of stress-related health problems could be alterations in the regulation of the 
immune system. In fact, individuals with chronic ongoing stress or with history of traumatic experiences exhibit 
chronic low-grade inflammatory  activity15–17, which has been consistently linked to depressive and posttraumatic 
stress  symptoms17–19. Persistent changes in HPA-axis activity might contribute to an altered immune regulation, 
as glucocorticoids exert immunosuppressive and anti-inflammatory  effects8. Furthermore, there is consistent 
evidence that activated immune cells secrete endocannabinoids such as AEA and 2-AG as well as chemically 
closely related N-acylethanolamines (NAEs) such as stearoylethanolamide (SEA), oleoylethanolamide (OEA), 
and palmitoylethanolamide (PEA)14, which inhibit immune cells from further secretion of pro-inflammatory 
 cytokines13,20. Therefore, endocannabinoids and NAEs are considered to facilitate the downregulation of the 
initial immune responses back to  baseline13,20. Correspondingly, endocannabinoids and NAEs were found to 
reduce neural toxicity, lower oxidative stress, and attenuate visceral and neuropathic  pain21–23.

The central role of endocannabinoids, NAEs, and glucocorticoids in regulating the body’s short- and long-
term stress adaptation as well as immune activity points towards the relevance to investigate their mutual depend-
ency in the aetiology of stress and trauma-related  disorders6,7,20,24,25. In this context, stress research has been 
focusing on measuring the concentrations of glucocorticoids, endocannabinoids, and NAEs in hair samples. Hair 
concentrations are considered to retrospectively represent the intra-corporeal activity of measured biomolecules 
in the course of several weeks to  months10,26–28. Such studies provide evidence for altered hair concentrations of 
cortisol (HCC), endocannabinoids, and NAEs associated with exposure to chronic and traumatic stress as well 
as related health problems. First of all, there is meta-analytical evidence of elevated HCC among individuals with 
ongoing occupational stress (e.g. shift workers, nursing staff)9. However, longitudinal studies reported inconsist-
ent prospective associations of intensifying stress and increasing  HCC29,30. To our best knowledge, endocan-
nabinoids and NAEs have not yet been investigated among chronically stressed professionals. Secondly, studies 
on traumatic stress have observed an increase in HCC over a period of several weeks to months, followed by a 
return of HCC to pre-trauma levels or  below31–33. It is discussed whether the trauma-triggered strong increase 
of cortisol activity sensitises the HPA-axis feedback loop, and, thereby, leads to a persistently reduced cortisol 
 secretion34,35. However, findings on the association between lifetime trauma exposure and reduced HCC are 
 inconsistent36–38. Also with regard to traumatic stress in early life, there are inconsistent findings on lowered, 
unchanged, or heightened HCC among adults who experienced severe abuse or neglect in childhood and ado-
lescence, i.e. childhood maltreatment (CM)36,39. Additionally, lowered cortisol activity has been suggested to be 
a risk factor for the development of trauma-related disorders after re-traumatisation32,40,41. Correspondingly, a 
meta-analysis9 indicated a marginal negative association between HCC and the severity of posttraumatic stress 
symptoms, whereas no consistent association was found with depressive symptoms.

Compared to research on HCC alterations, limited research has been conducted on alterations in hair endo-
cannabinoid and NAE concentrations in the context of stress and health. Among heavily traumatised survivors 
of the Ugandan civil  war42, higher lifetime trauma exposure and more severe PTSD symptoms were associated 
with lower levels of PEA, SEA, and OEA in hair. In a study among European women in one month  postpartum43, 
CM exposure was associated with higher 1-AG and lower SEA concentrations in hair. Women with a lifetime 
diagnosis of one or more psychiatric disorders also showed reduced OEA, SEA, and PEA concentrations in  hair43.

To advance the knowledge on the role of the glucocorticoid, endocannabinoid, and NAE system in the devel-
opment of stress-related health problems, we aimed to investigate possible alterations in the mutual regulation 
of cortisol as well as selected endocannabinoids and NAEs in a chronically stressed and trauma exposed cohort 
of EMS personnel. Through this study, we anticipated to find (i) increased HCC among EMS personnel with 
higher quantitative workload, and (ii) HCC to be associated with the personnel’s lifetime exposure to potentially 
traumatic events experienced either in private life or in the line of duty. (iii) We explored the association between 
HCC and CM exposure as well as (iv) the associations between HCC and the severity of posttraumatic, depres-
sive, and physical stress symptoms. (v) Furthermore, we explored the associations between the concentrations 
of endocannabinoids and NAEs in the EMS personnel’s hair and their workload, lifetime trauma exposure, and 
stress-related symptoms. (vi) In line with aforementioned conceptual  models6,7,11,12,28, we also expected to find 
negative correlations of cortisol with AEA and 2-AG concentrations in hair.
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Material and methods
Recruitment and characterisation of the study cohort. All study procedures were approved by the 
Ulm University ethics committee. All study procedures and methods were performed in accordance with the 
Declaration of Helsinki. Analyses were based on a cohort of N = 72 Emergency Medical Technicians stationed 
at two German Red Cross ambulance stations located in Ulm and Heidenheim (State of Baden-Württemberg, 
Germany). For a detailed summary of the study cohort’s sociodemographic and lifestyle-related characteristics 
see Table 1. Recruitment took place after regular on-the-job education events. Individuals interested in par-
ticipation received an invitation email with access to an online survey. After participants were provided with 
detailed information on general study aims and its procedures, a written informed consent was obtained from 
them. Afterwards, participants answered questionnaires on their mental and physical health status, workload, 
and lifetime trauma exposure.

Out of 318 EMS employees working at the two ambulance stations, 115 of them (36.2%) participated in the 
study. Among them, a subgroup of 97 participants agreed to provide hair strands for the analysis of steroid and 
lipid concentrations in hair. Due to relatively short hair length especially among men, we decided to collect hair 
strands with a minimum of 1 cm length. Hair samples of 94 participants were preprocessed to a standardised 
segment length of 1 cm and shipped to the laboratory, whereas three samples of hair shorter than 1 cm were 
excluded. Due to analytical limitations, steroids and lipids could not be measured in hair samples of less than 
2 mg, resulting in the exclusion of another two hair samples. Data of n = 20 participants were excluded due 
to a priori defined pathophysiological conditions that were reported to systemically confound  HCC9,44, i.e. 
chronic inflammatory diseases (n = 1 Morbus Crohn), chronic metabolic diseases (n = 4 hypothyroidism; n = 1 
type-II diabetes; n = 1 hyperinsulinemia; n = 1 polycystic ovarian syndrome; n = 1 chronic renal problems), rare 
blood diseases (n = 1 thalassemia; n = 1 haemolysis; n = 1 hereditary factor-X deficiency), regular cardiovascular 
medication (n = 6 anti-noradrenergic drugs), regular psychiatric medication (n = 1 antiepileptica), multiple-
substance consume disorder (n = 1 cannabis/alcohol/cocaine consumption disorder). Biological variables could 
be measured in a varying number of the 72 available hair samples, i.e. cortisol: n = 53; 2-AG: n = 60; AEA: n = 31; 
SEA: n = 72; PEA: n = 72; OEA: n = 72. To maximise statistical power, subsequent analyses were computed with 
all available data.

Clinical assessment. Posttraumatic stress symptoms regarding an index event were assessed using the Ger-
man PTSD Checklist for DSM-5 (PCL-5)45. On 20 items, participants reported the intensity to which they felt 
impaired by intrusions, avoidance, hyperarousal, as well as negative alterations in mood and cognition in the 
previous month. Responses were recorded on a 5-point Likert scale from 0 (“not at all”) to 4 (“very strong”), and 
aggregated to a sum score (Cronbach’s α = 0.92). On the 9-item depression scale of the German Patient Health 
Questionnaire (PHQ-9)46, participants indicated the severity of nine depressive symptom types during the past 
two weeks. Responses were recorded on a 4-point Likert scale from 0 (“not at all”) to 3 (“almost every day”), 
and aggregated to a sum score (Cronbach’s α = 0.81). Physical stress symptoms were assessed using the physical 
symptom scale of the German Patient Health Questionnaire (PHQ-15)46. On 15 items (including two PHQ-9 
items for disturbed sleep), participants reported the extent to which they felt impaired by e.g. headache, back 
pain, stomach aches or sleep disturbances in the previous month. Responses were recorded on a 3-point Likert 
scale from 0 (“not at all”) to 2 (“very strong”), and aggregated to a sum score (Cronbach’s α = 0.84). According to 
the questionnaires’ cut-off values to screen for clinically relevant symptoms, the present cohort reported weak 
posttraumatic and depressive as well as weak to moderate physical stress symptoms (Table 1).

Three questionnaires were employed to measure lifetime trauma exposure. On the 20-item self-report version 
of the German Maltreatment and Abuse Chronology of Exposure scale (MACE-20)47, participants indicated with 
yes or no which forms of maltreatment (i.e. emotional and physical neglect and emotional, physical or sexual 
abuse by parents or siblings as well as witnessed violence among parents or siblings) they experienced during 
their childhood and adolescence. All answers were summarised to an overall score representing the total child-
hood maltreatment exposure on a scale from 0 to 100. In this study cohort, most participants reported no to mild 
CM exposure while a minority was exposed to mild to moderate levels of CM. The MACE-20 assesses the total 
exposure to childhood maltreatment but does not differentiate which forms of maltreatment were experienced at 
an age. The German Life Event Checklist for DSM-5 (LEC-5)48 was used to quantify the exposure to potentially 
traumatic events in adulthood. Participants indicated which of 31 types of major life events they experienced or 
witnessed, including natural disasters and human-made violence or incidents, but also severe illness or death. 
We excluded the answering option of being confronted on duty and instructed the participants to focus on their 
private life only. Work-related potentially traumatic events were assessed using the Rescue and Emergency Situa-
tions Questionnaire (RESQ)2. Participants indicated which of 31 emotionally burdensome aspects of emergency 
medical rescue mission they experienced, including ten potentially traumatising mission aspects. In further 
analyses, we used the number of experienced potentially traumatic mission aspects (RESQ-CE score).

To objectify the current quantitative workload participants reported the number of nightshifts, medical 
rescue operations, and routine patient transports they carried out in the previous month prior to the assess-
ment. Reported quantities were z-standardised and averaged to the variable “quantitative workload”. In addi-
tion, participants reported their age, sex, work experience, and experience of major life events within the last 
month. While hair sampling, participants reported their natural hair colour as well as the frequency and type 
of hair treatments (e.g. bleaching, colouring, dyeing, permanent waving, and washing frequency). Additionally, 
they indicated the frequency of sports exercises, chronic diseases, or acute infections, as well as consumption 
of medication and drugs.
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Sampling and pre‑processing of hair strands. Trained academic staff used laboratory gloves to collect 
three hair strands from a posterior vertex position of the scalp avoiding the hair follicle. Majority of participants, 
especially middle-aged men had short and thin scalp hair (minimal length approx. 5 mm); hence, available hair 
was limited in length and weight. Following a standardised protocol, hair strands were cut to 1 cm segments, 
weighed (hair samples with minimal 1 cm length: n = 94, Med = 7.50 mg, IQR = 6.13 mg, range: 1.70–50.90 mg), 
and stored into sterile Eppendorf tubes.

Laboratory analyses of steroid and lipid concentrations in hair. Hair analysis was performed using 
a validated  protocol28. Due to the relatively low hair-sample quantities, technical adaptations were necessary. 
Hair samples were powdered using a ball mill (Homogenizer FastPrep-24, MP Biomedicals, USA). After add-
ing internal standards (cortisol-d4, AEA-d4, PEA-d4, 2AG-d5), extraction with 1.5 mL methanol was carried 
out in an ultrasonic bath at 50 °C for 6 h. The liquid phase was separated and cleaned by solid-phase extraction 
(SPE). Hair residues from methanol extraction were hydrolysed with 1.0 mL 0.5 N KOH-solution for 18 h at 
60 °C. After separating the liquid phase, the clean-up was performed by SPE. Extracts from both SPE-runs were 
combined, evaporated, and reconstituted with HPLC-buffer. Hair concentrations were measured by HPLC-HR-
MS/MS-technology using the Agilent HPLC system 1290 infinity and the Sciex TripleTOF 6600 mass spectrom-
eter. Chromatographic separation was operated on an Agilent ZORBAX-Eclipse XDB-C8-column using a linear 
gradient using the buffer A (water/acetonitrile (95:5), 2 mmol  NH4AC, 0.1% acetic acid) and buffer B (water/
acetonitrile (5:95), 2 mmol  NH4Ac, 0.1% acetic acid)28.

Statistical analyses. Statistical analyses were performed with  R49. Nonparametric analyses were conducted 
as most of the variables were not normally distributed. Using Spearman rank correlations and Mann–Whitney 
U-tests, the steroid and lipid concentrations in hair were investigated for potential influences of age, sex, natural 
hair colour, hair treatments, frequency of hair washing, body mass index (BMI), experience of major life events 
within the last 31 days, infections within in the last month, also frequency and duration of sports  exercises9,44,50. 
Correlations between the steroid and lipid concentrations in hair as well as their associations with stress, trauma, 
and health variables were analysed using Spearman rank correlations. In the case of significant associations of 
the steroid and lipid concentrations in hair with covariates, these associations were statistically controlled using 
semi-partial Spearman rank correlations (using the R package ppcor51).

Table 1.  Sample characteristics. Med median, IQR interquartile range. a BMI was introduced to the 
questionnaires after study start. b Bleaching, dyeing, tinting, and permanent waving in the last 6 weeks before 
hair sample collection were considered as hair treatment. c Self-reported common colds, flu, influenza, angina, 
and cystitis at the time of hair sample collection or within four weeks before. d Only a small percentage of 
participants had red (n = 2) or black (n = 3) as natural hair colour. Participants with grey hair were categorised 
according to their initial natural hair colour. e See Supplementary Table S5 for further details.

N Med (IQR) or frequency Empirical range Theoretical scale range

Quantitative workload 62 0.07 (0.80) [− 1.50, 1.90] z-scaled

Childhood maltreatment exposure (MACE-20) 61 6.66 (10.00) [0.00, 55.00] [0.00, 100.00]

Number of experienced major life events (private life) 
(LEC-5) 62 4.00 (4.30) [0.00, 13.00] [0.00, 34.00]

Number of experienced potentially traumatic mission 
aspects (RESQ-CE) 61 5.00 (4.00) [1.00, 10.00] [0.00, 10.00]

Severity of posttraumatic stress symptoms (PCL-5) 60 5.00 (11.00) [0.00, 39.00] [0.00, 80.00]

Severity of physical symptoms (PHQ-15) 59 5.00 (7.00) [0.00, 21.00] [0.00, 30.00]

Severity of depressive symptoms (PHQ-9) 59 4.00 (6.00) [0.00, 17.00] [0.00, 27.00]

Age (in years) 62 25.00 (14.00) [18.00, 54.00]

EMS work experience (in years) 62 3.08 (5.0) [0.00, 33.00]

Sex 62 Women: 27 (43.5%)
Men: 35 (56.5%)

Body Mass Index (BMI) a 24 25.95 (6.30) [20.00, 37.20]

Sports exercises (hours per week) 71 2.00 (3.75) [0.00, 14.00]

Frequency of hair washing per week 71 7.00 (3.00) [3.00, 14.00]

Hair treatments b 71 No: 63 (87.5%)
Yes: 8 (11.3%)

Acute infections c 72 No: 43 (59.7%)
Yes: 29 (40.3%)

Natural hair colour d 71 Red/blond: 30 (42.3%)
Brunet/black: 41 (57.7%)

Major stress events within four weeks before study par-
ticipation e 59 No: 42 (71.2%)

Yes: 17 (28.8%)
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Results
Potentially confounding influences. Group comparisons indicated higher concentrations of OEA, PEA, 
and (in trend) SEA among women than men (Supplementary Table  S1) as well as among participants who 
applied cosmetic hair treatments within six weeks before hair sampling (Supplementary Table S2). Biological 
hair parameters did not differ depending on participants’ acute inflammatory states, natural hair colour, or 
recently experienced major stress events (Supplementary Tables S3–S5). Spearman correlations (Supplementary 
Table S6) indicated lower PEA concentrations in the hair of older participants. Cortisol, endocannabinoid, and 
NAE hair concentrations were not associated with the frequency of hair-washing, sports exercises, or the BMI.

Associations of cortisol, endocannabinoid, and NAE hair concentrations with stress exposure 
and stress‑related symptoms. Table 2 displays the results of bivariate and semi-partial Spearman cor-
relation analyses. Semi-partial correlations were computed to control SEA and OEA concentrations for influ-
ences of sex and hair treatment as well as PEA concentrations for influences of sex, age, and hair treatment (see 
Supplementary Table S7 for zero-order correlations). EMS personnel with higher quantitative workload showed 
higher HCC. However, HCC was not linked to CM exposure, exposure to potentially traumatic events in private 
life or on duty, or the severity of mental and physical stress symptoms.

Regarding endocannabinoids and NAEs, higher quantitative workload correlated with lower SEA, but not 
with any other investigated lipid. CM exposure was associated with higher concentrations of 2-AG, SEA, OEA, 
and PEA. Participants who reported exposure to more potentially traumatic events in private life had higher 
OEA and PEA hair concentrations. There were no significant associations of endocannabinoid or NAE hair 
concentrations with exposure to potentially traumatic mission aspects. Hair concentrations of endocannabinoids 
and NAEs did not consistently correlate with the participants’ subclinical posttraumatic, depressive, and physical 
stress symptoms. Higher OEA and PEA concentrations were associated with more severe subclinical physical 
symptoms; higher SEA and OEA concentrations were linked to more severe subclinical depressive symptoms.

Associations between cortisol, endocannabinoid, and NAE hair concentrations. Correlation 
analyses (Table 3) indicated a negative association of cortisol and 2-AG concentrations in hair. Hair concentra-
tions of 2-AG, SEA, OEA, and PEA were positively correlated, except for the insignificant association of 2-AG 
and OEA concentrations. AEA was not related to the concentrations of cortisol, 2-AG, SEA, OEA, PEA in hair.

Table 2.  Results of bivariate and semi-partial correlation analyses. *p < 0.050, **p < 0.010, ***p < 0.001, two-
tailed. Bold-faced correlation are significant. Underlined p-values are significant after correction with false 
discovery rate. Semi-partial Spearman correlations were computed to control the associations of 1sex and hair 
treatment or 2sex, age, and hair treatment with the respective hair concentration. Sample sizes varied due to 
differing number of detected steroids and lipids in hair, as well as due to missing values in sociodemographic 
and psychological data (for details see the methods section). Each correlation was analysed using all 
respectively available data of the whole study cohort: n = a44, b43, c42, d41, e52, f51, g50, h49, i28, j27, k26, l60, 
m59, n58.

Cortisol 2-AG AEA SEA1 OEA1 PEA2

Quantitative workload

rS 0.419** − 0.122 − 0.202 − 0.186* 0.046 − 0.016

p 0.005a 0.387e 0.303i 0.043l 0.618l 0.827l

Childhood maltreatment exposure (MACE-20 score)

rS − 0.023 0.290* 0.086 0.215* 0.286** 0.235**

p 0.886b 0.039f 0.669j 0.019l 0.002l 0.002l

Number of experienced major life events (private life) (LEC-5 score)

rS − 0.169 − 0.018 0.133 0.027 0.237** 0.175*

p 0.274a 0.900e 0.499i 0.771l 0.009l 0.019l

Number of experienced potentially traumatic events on duty (RESQ-CE score)

rS − 0129 − 0.052 0.091 − 0.045 0.080 − 0.026

p 0.408b − 0.716f 0.652j 0.628l 0.385l 0.731l

Severity of posttraumatic stress symptoms (PCL-5 score)

rS − 0.027 0.097 − 0.008 0.143 0.109 0.056

p 0.864c 0.503g 0.969k 0.125m 0.242m 0.458m

Severity of physical symptoms (PHQ-15 score)

rS − 0.249 − 0.087 − 0.063 0.110 0.373*** 0.204**

p 0.116d 0.551h 0.760k 0.241n < 0.001n 0.007n

Severity of depressive symptoms (PHQ-9 score)

rS − 0.208 − 0.103 − 0.050 0.279** 0.197* 0.079

p 0.192d 0.479h 0.809k 0.002n 0.035n 0.299n



6

Vol:.(1234567890)

Scientific Reports |        (2020) 10:22403  | https://doi.org/10.1038/s41598-020-79859-x

www.nature.com/scientificreports/

Discussion
In our study, we addressed possible alterations in the interplay of cortisol as well as selected endocannabinoids 
and NAEs in the development of mental and physical health problems after exposure to chronic and traumatic 
 stress6,20. Among our study cohort, i.e. EMS personnel, we found higher HCC in individuals with higher work-
load. In addition, higher hair concentrations of 2-AG were associated with more severe CM exposure and lower 
HCC. Higher 2-AG, SEA, OEA, and PEA hair concentrations were observed among EMS personnel who reported 
more exposure to CM, major life events in adulthood, or more severe subclinical depressive and physical stress 
symptoms.

In our sample of EMS personnel, there was a significant negative correlation between cortisol and 2-AG 
concentrations in hair, whereas cortisol and AEA concentrations were not correlated. Similarly, Krumbholz 
et al.28 reported negative associations between the trajectories of glucocorticoids and 2-AG as well as AEA con-
centrations in hair of women over the course of pregnancy. In our study, the statistical power might have been 
too low to detect associations of AEA concentrations in hair. AEA could be measured in 31 hair samples only 
due to its lower abundance in various body matrices as compared to other endocannabinoids and  NAEs20,28. 
Overall, negative correlations between AEA and 2-AG with glucocorticoids in hair suit conceptual  models6,7,11,12 
proposing (i) tonic AEA activity to suppress HPA-axis activity in the absence of stress, and (ii) a glucocorticoid 
activity-triggered production and secretion of 2-AG to act as a turn-off signal for the HPA axis after the stress 
has ended. Further in line with previous  findings28,42,43, we found SEA, PEA, and OEA concentrations highly 
inter-correlated, but not associated with AEA or  cortisol28. Inconsistent correlations between the concentrations 
of endocannabinoids and NAEs could indicate that not all these lipids enter the hair through the same  pathway52. 
It is important to note that the incorporation of glucocorticoids, endocannabinoids, and NAEs into hair is not 
yet sufficiently  understood10,26,28.

Hair cortisol concentration among EMS personnel. We observed higher HCC among EMS per-
sonnel who reported higher workload within the month prior to hair sampling. This observation suits previ-
ous evidence of higher HCC among individuals with ongoing mental and physiological stress, e.g. industrial 
shift workers, nursing personnel, or young  parents9,10. Shift work-related disturbances of the sleep rhythm can 
trigger changes in cortisol metabolism and distribution in the  body5,53,54. Higher HCC and correspondingly, 
higher diurnal cortisol secretion are typical observations among shift  workers5,53,55. Intervention studies need 
to examine (i) whether elevated cortisol activity predicts stress-related mental and physical morbidity among 
occupational cohorts, as well as, (ii) whether preventive measures of work organisation and occupational health 
management can reverse elevated HCC.

We expected to find reduced HCC among EMS personnel who reported higher exposure to potentially trau-
matic life events. However, HCC did not correlate with their lifetime exposure to potentially traumatic event 
types, experienced on duty or in private life. Our finding contradicts with a widely proposed perspective that 
temporary increases of cortisol secretion after trauma exposure could possibly sensitise the HPA axis, causing a 
reduced tonic cortisol activity in the long  term34,35. Similar to our finding, previous research also provided highly 
inconsistent evidence for reduced HCC among individuals with recurrent trauma  exposure36–38. Longitudinal 

Table 3.  Correlations and descriptive statistics of cortisol and endocannabinoid concentrations in hair. 
Spearman rank correlations (rS), *p < 0.050, **p < 0.010, ***p < 0.001, two-tailed. Bold-faced correlations are 
significant. Underlined p-values are significant after correction with false discovery rate. Sample sizes vary due 
to differing number of detected steroids and lipids in hair: n = a46, b23, c28, d53, e60, f31, g72.

Cortisol 2-AG AEA SEA OEA PEA

Cortisol

rS − 0.371* 0.006 − 0.216 − 0.050 − 0.054

p 0.011a 0.979b 0.121d 0.723d 0.700d

2-AG

rS 0.188 0.353** 0.166 0.255*

p 0.337c 0.006e 0.205e 0.049e

AEA

rS 0.114 0.188 0.232

p 0.541f 0.311f 0.209f

SEA

rS 0.557*** 0.705***

p < 0.001g < 0.001g

OEA

rS 0.884***

p < 0.001g

Med (IQR) [pg/mg] 14.4 (9.5) 1331.6 (1257.9) 2.2 (1.4) 5265 (5123) 2161 (3867) 3078 (5061)

Range [pg/mg] 4.1–70.7 310.7–11,659.0 0.8–7.7 1962–38,875 815–57,619 1071–40,952

N 53 60 31 72 72 72
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studies among trauma-exposed professions (e.g. EMS, fire department, military) are highly relevant in order to 
examine whether recurrent trauma exposure causes alterations of HCC and intra-corporeal cortisol dynamics, 
and also, to investigate whether it may be normalised through trauma-focused  psychotherapy37,56. Furthermore, 
it is significant to explore how regulatory alterations in the endocrine stress response are represented on other 
biological levels, e.g. changes in receptor densities, protein translation, and gene methylation.

A trauma-related reduction of tonic cortisol activity was suggested as a risk factor for the development of 
PTSD symptoms after re-traumatisation32,40,41. A meta-analysis9 assembling strongly heterogeneous studies con-
cluded on a weak negative association between PTSD symptoms and HCC. Furthering this heterogeneous body 
of evidence, there was no association between HCC and subclinical PTSD symptoms in our study. Moreover, in 
line with the meta-analysis9, we observed no association between the HCC and subclinical depressive symptoms 
among EMS personnel. Our finding further corresponds to evidence from a longitudinal study among medical 
students indicating no pro- or retrospective associations between HCC changes and the progression of subclini-
cal depressive  symptoms29. To our best knowledge, our study is the first to investigate the association between 
physical stress symptoms and HCC among a high-risk profession, but we did not find any significant association. 
Longitudinal studies among high-risk professionals are necessary to clarify whether changes in HCC present 
a sensitive and robust marker to objectify the risk of stress-related mental or psychosomatic health problems.

Previous research yielded inconsistent findings on altered HCC among adults with a history of  CM36,39. In 
our cohort of EMS personnel, there was no correlation between HCC and the severity of experienced CM. This 
observation complements previous findings of null correlations in adult CM  survivors36,39. Preliminary evidence 
suggested that the inconsistent findings across previous studies might be the result of gene × environment interac-
tions in the regulation of glucocorticoid  activity39. Future studies should therefore consider additional biological 
information on genes associated with the regulation of the endocrine stress response, e.g. FKBP5 or NR3C1.

Endocannabinoid and NAE hair concentrations among EMS personnel. Our study is the first to 
investigate endocannabinoid and NAE concentrations in the hair of a professional cohort with frequent occu-
pational and traumatic stress exposure. We found no consistent association between the investigated lipids and 
the participants’ quantitative workload which was measured based on the number of nightshifts, medical rescue 
operations, and routine patient transports carried out within a month prior to hair sampling. In this cohort of 
predominantly healthy EMS personnel, higher 2-AG, SEA, OEA, and PEA hair concentrations were linked to 
more severe CM experiences, whereas higher OEA and PEA concentrations in hair correlated with higher expo-
sure to private major life events. There was no correlation observed between endocannabinoid/NAE concentra-
tions and exposure to potentially traumatic event types on duty. Moreover, participants with more subclinical 
depressive and/or physical symptoms exhibited higher SEA, PEA, and OEA concentrations. When interpreting 
higher endocannabinoid and NAE hair concentrations as an indicator of an elevated intra-corporal activity of 
these lipids, our observation could refer to an increased mobilisation of 2-AG, PEA, SEA, and OEA. Activated 
immune cells secrete endocannabinoids and NAEs to the circulation in order to prevent further increase in 
immune activity and contribute to recover the immune cell activation back to  baseline14,20,43. Thus, higher endo-
cannabinoids and NAEs might mirror a regulatory effort, i.e. the allostatic load of the body in attempting to 
compensate the chronic low-grade pro-inflammatory phenotype that typically characterises individuals with a 
history of CM, traumatic experiences, or current depression and  PTSD15,17,18.

Nevertheless, the direction of our findings is contrary to previous investigations of endocannabinoids and 
NAEs in human  hair42,43. Higher lifetime trauma exposure correlated with lower PEA, SEA, and OEA hair 
concentrations among Ugandan civil war survivors with trauma-associated mental health  problems42. And in a 
cohort of women in one month  postpartum43, CM exposure was associated with higher 1-AG and lower PEA, 
however there was no association with SEA, AEA, and OEA concentrations in hair. In contrary to our findings, 
these studies reported lower endocannabinoid and NAE concentrations among individuals with psychiatric 
lifetime  diagnosis43 and severe PTSD  symptoms42. The disparity might result from the fact that our cohort was 
predominantly mentally and physically healthy, whereas the cohorts of previous studies comprised of war-
traumatised PTSD  patients42 as well as women with concurrent physiological alterations following pregnancy 
and  parturition43.

Another possible influence on the regulation of cortisol, endocannabinoids, and NAEs might be the dietary 
habits and metabolic profile of EMS personnel. Enforced by working in shifts, EMS personnel tend to be on 
irregular/high-calorie diet as well as frequent alcohol consumption, often resulting in obesity and metabolic 
syndrome-related secondary  diseases5,54,57. Previous studies found higher HCC among individuals with higher 
 BMI5,9. Moreover, there is consistent evidence that anticipation and consumption of high-calorie food causes 
an increase in 2-AG, AEA, and higher intestinal OEA concentrations in  blood13,58. Subsequently, AEA and 
2-AG increase sensitivity to the sweet taste and thus influence the preference for high-calorie  food13,58. OEA 
also influences the feeling of satiety and the storage of energy by de novo lipogenesis, and, hence, play a role in 
development of  obesity13,58. However, in our study, cortisol, endocannabinoid, and NAE hair concentrations 
did not correlate with the BMI of EMS personnel. Moreover, individuals with obesity-related diseases such as 
type-II diabetes or hypertension were excluded since these conditions may bias the  HCC9,44. Future longitudinal 
studies are needed to investigate whether changes in sleep quality, lifestyle, and nutrition behaviour resulting 
from adverse working conditions (e.g. shift and night work) translate into negative health outcomes by altering 
diurnal cortisol, endocannabinoid, and NAE  dynamics5.

Strengths and limitations. This study is the first to co-investigate cortisol, endocannabinoids, and NAEs 
in the hair of chronically stressed and frequently trauma-exposed professionals. We provided a comprehen-
sive overview of steroid and lipid concentrations and their associations with several types of private and duty-
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related stress. In addition, we controlled various covariates that could systematically influence  HCC9,28,44,50. The 
relatively small sample size limits the reliability and generality of our results. Specifically, the results regarding 
AEA are to be interpreted with caution, as the lipid could be measured in 31 hair samples only due to its lower 
abundance in various body matrices as compared to other endocannabinoids and  NAEs20,28. In future stud-
ies, one way to reduce the number of unsuccessful measurements of target substances could be to standard-
ise the amount of hair supplied to the laboratory analyses. Moreover, the study’s cross-sectional, retrospective 
nature does not allow causal or longitudinal conclusions. In addition, using hair concentrations as a marker of 
long-term endocannabinoid and NAE activity in the body needs to be validated via endocannabinoid and NAE 
profiles in blood, saliva, and urine. Moreover, compared to cortisol, relatively little is known about the import 
kinetics of endocannabinoids and NAEs from the hair follicle into the hair shaft as well as these substances’ tem-
poral deposition in  hair52. To date, interpreting hair-based biomarkers remains challenging, as the physiological 
mechanisms of glucocorticoid, endocannabinoid, and NAE incorporation into hair have not yet been sufficiently 
 undersetood10,26,28. Therefore, future research is needed to better characterise the deposition and abundance of 
lipids and steroids in hair.

Conclusions
This was the first study which simultaneously analysed hair-based markers of alterations in the co-regulation 
of the HPA axis and the endocannabinoid/NAE system in a stress and trauma-exposed cohort. Higher cortisol 
concentrations were found in hair of EMS personnel with higher quantitative workload which corroborates the 
established meta-analytical perspective of hair cortisol as a marker of ongoing stress and shift work. Advancing 
existing evidence, we found higher endocannabinoid and NAE levels in EMS personnel who reported more 
exposure to CM, major life events in adulthood, or more severe subclinical depressive and physical stress symp-
toms. This finding points towards a possible role of endocannabinoids and NAEs in translating the CM-related 
lifetime vulnerability for trauma-related mental and physical health problems. There is a need for longitudinal 
studies among recurrently stressed cohorts in order to examine the interplay of glucocorticoid, endocannabi-
noid, NAE, and inflammatory dynamics across different biological matrices (e.g. hair, blood, urine, saliva). For 
the same, future studies need to recruit larger and more diverse study cohorts for comparing occupations with 
various stress and trauma exposure. It is also relevant to investigate whether tracing alterations of biomolecular 
markers of work-related stress enables predicting the onset of mental or somatic health problems.

Data availability
The data generated and analysed during the current study are not publicly available, as we do not have the consent 
of the ethics committee or our participants to grant access to or insight into the collected data. As a result, the 
data may not be published in public repositories and may not be made accessible to any third parties outside 
the research project.
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Supplementary Table S1. Results of Mann-Whitney U-Test on differences between men and women 

 
Cortisol 2-AG AEA SEA OEA PEA 

women 

Med (IQR) in 

pg/mg 

14.8 (7.6) 
1708.3 

(1237.7) 
2.7 (2.9) 

6026 

(9842) 

4538 

(7509) 

4562 

(10018) 

men  

Med (IQR) in 

pg/mg 

13.0 (5.9) 
1345.5 

(1563.2) 
2.2 (1.2) 

5020 

(3942) 

1893 

(1867) 

2614 

(3435) 

N (nf:nm) 44 (20:24) 52 (26:29) 28 (11:17) 62 (27:35) 62 (27:35) 62 (27:35) 

U 179.00 264.00 83.00 344.00 239.00 281.00 

z -1.44 -1.28 -0.49 -1.82 -3.32 -2.72 

p .150 .200 .621 .068 <.001 .007 
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Supplementary Table S2. Results of Mann-Whitney U-Test on differences due to hair treatment 

 
Cortisol 2-AG AEA SEA OEA PEA 

no 

Med (IQR) 

in pg/mg 

14.2 (9.2) 
1265.8 

(1334.3) 
2.2 (1.3) 

5094 

(4063) 

2089 

(3719) 

2879 

(4261) 

yes 

Med (IQR) 

in pg/mg 

14.4 (10.0) 
1927.7 

(1280.4) 
3.0 (2.9) 

9468 

(11957) 

7128 

(9061) 

9835 

(11007) 

N (nno:nyes) 53 (46:7) 59 (52:7) 30 (24:6) 71 (63:8) 71 (63:8) 71 (63:8) 

U 158.00 118.00 63.00 149.00 127.00 136.00 

z -0.08 -1.50 -0.47 -1.87 -2.27 -2.11 

p .937 .134 .641 .061 .023 .035 

Note: Bleaching, dyeing, tinting, and permanent waving in the last 6 weeks before hair sample 

collection were considered as a hair treatment (one missing value). 

 

Supplementary Table S3. Results of Mann-Whitney U-Test on differences due to natural hair colour 

 
Cortisol 2-AG AEA SEA OEA PEA 

red to 

dark 

blond 

Med (IQR) 

in pg/mg 

13.4 (7.6) 
1425.7 

(1469.4) 
1.96 (1.5) 

5057 

(5483) 

2436 

(4747) 

3172 

(5809) 

brunette 

to black 

Med (IQR) 

in pg/mg 

14.4 (11.4) 
1177.1  

(1240.7) 
2.49 (1.2) 

5483 

(4590) 

2148 

(3585) 

3146 

(5175) 

N 

(nblo:nbru) 
53 (24:29) 59 (27:32) 30 (14:16) 71 (30:41) 71 (30:41) 71 (30:41) 

U 343.00 348.00 85.00 595.00 609.00 597.00 

z -0.09 -1.28 -1.12 -0.23 -0.07 -0.21 

p .929 .201 .262 .816 .944 .834 

Note: Red and blond hair and brunette and black were each summarised as only a small percentage of 

participants had red (n = 2) or black (n = 3) as natural hair colour. Participants with grey hair were 

categorised according to their initial natural hair colour (one missing value). 

  



3 

Supplementary Table S4. Results of Mann-Whitney U-Test on differences due to self-reported acute 

inflammatory conditions 

 
Cortisol 2-AG AEA SEA OEA PEA 

no  

Med (IQR) 

in pg/mg 

14.4 (9.2) 
1425.7 

(1185.4) 
2.7 (1.5) 

5703 

(5894) 

2148 

(5060) 

3336 

(6143) 

yes 

Med (IQR) 

in pg/mg 

13.6 (9.4) 
1102.6 

(1052.2) 
2.2 (1.3) 

4678 

(4711) 

2190 

(3581) 

2682 

(3898) 

N (nno:nyes) 53 (29:24) 60 (37:23) 31 (21:10) 72 (43:29) 72 (43:29) 72 (43:29) 

U 331.00 366.50 89.00 518.00 583.50 579.00 

z -0.30 -0.90 -0.68 -1.21 -0.46 -0.51 

p .761 .370 .499 .226 .646 .609 

Note: The most common acute inflammatory conditions reported at the time of hair sample collection 

or in the four weeks prior to hair sample collection were common colds, flu, influenza, angina, and 

cystitis. 

 

Supplementary Table S5. Results of Mann-Whitney U-Test on differences due to experiencing major 

stress events within four weeks before study participation 

 
Cortisol 2-AG AEA SEA OEA PEA 

no  

Med (IQR) 

in pg/mg 

14.1 (5.9) 
1391.7 

(1410.7) 
2.5 (1.2) 

5061 

(6772) 

2224 

(3528) 

3420 

(4754) 

yes 

Med (IQR) 

in pg/mg 

12.7 (3.0) 
1380.3 

(1385.7) 
1.9 (2.3) 

6320 

(5018) 

3222 

(5837) 

3344 

(7279) 

N (nno:nyes) 41 (31:10) 49 (33:16) 26 (18:8) 59 (42:17) 59 (42:17) 59 (42:17) 

U 118.00 215.00 53.00 308.00 278.00 327.00 

z -1.12 -1.05 -1.06 -0.82 -1.32 -0.50 

p .261 .296 .291 .412 .186 .616 

Note: Participants characterised the type of experienced stressful events on a free text item and rated 

the event-related subjective stress on a 4-point Likert scale from 0 (“not stressful at all/no event”) to 3 

(“very stressful”). Events rated as at least 2 (“stressful”) were considered major stress event (two 

missing values). 
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Supplementary Table S6. Bivariate Spearman correlations (rS) between cortisol and endocannabinoid 

concentrations in hair and potential influencing factors 

    Cortisol 2-AG AEA SEA OEA PEA 

Age rS -.201 -.273 -.045 -.195 -.201 -.274* 

p .191 .050 .818 .129 .118 .031 

N 44 52 28 62 62 62 

EMS work 

experience 

rS -.137 -.112 -.128 -.020 -.005 -.050 

p .376 .430 .515 .880 .967 .701 

N 44 52 28 62 62 62 

Body Mass Index rS -.249 -.067 .377 .381 .321 .216 

p .353 .768 .318 .066 .126 .311 

N 16 22 9 24 24 24 

Sports exercises 

(hours per week) 

rS .014 .146 .042 .067 .009 .111 

p .923 .268 .825 .581 .941 .355 

N 53 59 30 71 71 71 

Frequency of hair 

washing per week 

rS -.044 -.180 -.186 .009 -.116 -.076 

p .756 .171 .324 .938 .337 .528 

N 53 59 30 71 71 71 

Note: * p < .050, ** p < .010, *** p < .001, two-tailed. 

 

Supplementary Table S7. Bivariate Spearman rank correlations (rS) between cortisol and 

endocannabinoid concentrations in hair and different stress types and symptoms 

   Cortisol 2-AG AEA SEA OEA PEA 

Quantitative workload rS .419** -.122 .202 -.125 .097 .041 

p .005
a
 .387

e
 .303

i
 .332

l
 .454

l
 .755

l
 

Childhood maltreatment 

exposure (MACE-20) 
rS -.023 .290* .086 .213 .286* .235 

p .886
b
 .039

f
 .669

j
 .099

m
 .025

m
 .069

m
 

Number of experienced major 

life events (private life) (LEC-5) 
rS -.169 -.018 .133 .091 .284* .232 

p .274
a
 .900

e
 .499

i
 .480

l
 .025

l
 .069

l
 

Number of experienced 

potentially traumatic mission 

aspects (RESQ-CE) 

rS -.129 -.052 .091 -.004 .097 .008 

p .408
b
 .716

f
 .652

j
 .978

m
 .455

m
 .952

m
 

Severity of posttraumatic stress 

symptoms (PCL-5) 
rS -.027 .097 -.008 .165 .134 .080 

p .864c .503g .969k .207n .309n .542n 

Severity of physical symptoms 

(PHQ-15) 
rS -.249 -.087 -.063 .150 .398** .238 

p .116
d
 .551

h
 .760

k
 .256

o
 .002

o
 .070

o
 

Severity of depressive symptoms 

(PHQ-9) 
rS -.208 -.103 -.050 .301* .212 .103 

p .192
d
 .479

h
 .809

k
 .020

o
 .107

o
 .437

o
 

Note: * p < .050, ** p < .010, *** p < .001, two-tailed. Sample sizes differ depending on available 

data: n = 
a
 44, 

b
 43,

 c
 42,

 d
 41,

 e
 52,

 f
 51,

 g
 50,

 h
 49,

 i
 28,

 j
 27,

 k
 26,

 l
 62, 

m
 61, 

n
 60, 

o
 59. 
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ceived work-related stress and stress-related symptoms 
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Rescue workers are exposed to enduring emotional distress, as they are confronted with
(potentially) traumatic mission events and chronic work-related stress. Thus, regulating
negative emotions seems to be crucial to withstand the work-related strain. This cross-
sectional study investigated the influence of six emotion regulation strategies (i.e.,
rumination, suppression, avoidance, reappraisal, acceptance, and problem solving)
on perceived work-related stress and stress-related depressive, post-traumatic, and
somatic symptoms in a representative sample of 102 German rescue workers. Multiple
regression analyses identified rumination and suppression to be associated with more
work-related stress and stress-related symptoms. Acceptance was linked to fewer
symptoms and, rather unexpectedly, avoidance was linked to less work-related stress.
No effects were observed for reappraisal and problem solving. Our findings confirm
the dysfunctional role of rumination and suppression for the mental and physical health
of high-risk populations and advance the debate on the context-specific efficacy of
emotion regulation strategies.

Keywords: rescue workers, emergency medical technicians, emotion regulation, rumination, post-traumatic
symptoms, depressive symptoms

INTRODUCTION

Rescue workers are required to respond to a variety of emergency situations involving human
suffering, danger, and death. For example, their occupational work includes providing emergency
medical assistance to injured people and rescuing humans from accidents, fires, floods, or other
natural or human-made disasters. Consequently, rescue workers are regularly confronted with
traumatic events (e.g., Regehr et al., 2002; Marmar, 2006). That is, they are confronted (directly or
witnessing) with actual or threatened death, serious injury, sexual violence, and/or serious aversive
details of those events. These situations go along with physical, psychological, and emotional stress.
Subsequently, rescue workers are at higher risk for experiencing strong negative emotions (e.g.,
fear, worry), and disturbed sleep or concentration (e.g., Van Der Ploeg and Kleber, 2003; Benedek
et al., 2007; Halpern et al., 2009; Donnelly et al., 2016), which in turn promotes the development
of physical and mental health problems. Indeed, the more often rescue workers are confronted
with traumatic events on duty, the higher is their risk of clinically significant and often comorbid
depressive and post-traumatic symptoms as well as physical complaints (Teegen and Yasui, 2000;
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Fullerton et al., 2004; Benedek et al., 2007; Berger et al., 2012;
Donnelly, 2012; Razik et al., 2013; Fjeldheim et al., 2014; Wild
et al., 2016; Skeffington et al., 2017). In addition to their duty-
related trauma exposure, rescue workers’ individual vulnerability
for mental health problems may further be increased by
nonwork-related traumatic events in private life, particularly
experiences of childhood maltreatment (Maunder et al., 2012; for
reviews, see Hamilton et al., 2015; Li et al., 2016).

Besides the experience of traumatic events, the burden of
rescue workers is further complicated by their workload, resulting
from adverse working conditions such as shiftwork and its known
negative consequences on physical and mental health (for a
review see, Frank and Ovens, 2002). Further factors are chronic
workplace stress such as false alarms, time pressure and tensed
relationships with colleagues and managers due to increased
stress in an already high-stress profession (Clohessy and Ehlers,
1999; Teegen and Yasui, 2000; Van Der Ploeg and Kleber, 2003;
Aasa et al., 2005; Heringshausen et al., 2010). From a more
general point of view, the economic situation also impacts on
worker’s health in non-profit organizations such as the rescue
service. In detail, studies have shown that major macroeconomic
distortions (such as the economic crisis) have a negative
impact on health care services due to decreased private and
public funding, resulting in increased workload, job insecurity,
reduction of wages, and fear of becoming unemployed (Giorgi
et al., 2015; Mucci et al., 2016). Indeed, the economic recession
has been linked to the development of mental illness due to
increased work-related stress (reviewed in Mucci et al., 2016).
In this regard, the economic recession could contribute to an
increased stress load together with already unfavorable working
conditions and the experience of traumatic events in rescue
workers. Interestingly, accumulated stress has been associated
with chronic low-grade inflammation which in turn represents
an underlying biological mechanism in the development of
mental disorders such as depression and PTSD (Berk et al., 2013;
Gola et al., 2013; Boeck et al., 2016). In sum, several factors
might lead to the perception of increased work-related stress
in rescue workers, which accelerates the development of post-
traumatic, depressive, and somatic symptoms (Beaton et al., 1997;
Boudreaux et al., 1997; Aasa et al., 2005; Bennett et al., 2005;
Sterud et al., 2008; Wild et al., 2016). These mental and physical
health problems can in turn cause sickness-related absence from
work, earlier retirement and even complete withdraw from the
job (Hammer et al., 1986; Dirkzwager, 2004; Chapman et al.,
2009; Razik et al., 2013).

Given the work-related stressors and constant exposure to
potential traumatic events on duty, the ability to deal with
negative emotions seems to constitute a crucial component in
the daily duties of rescue workers to stay healthy and carry
out their work properly. Emotion regulation is defined as
all processes by which individuals influence which emotions
they have, when they have them, and how they experience
and express them (Gross, 1998, 2015). While several emotion
regulation strategies have been associated with personal well-
being, physical and mental health (“adaptive” strategies), others
have been proposed to boost the vulnerability to develop
mental problems (“maladaptive” strategies; for reviews see,

Aldao and Nolen-Hoeksema, 2010; Aldao et al., 2010). To the
first category belongs the attempt to change a stressful or negative
situation and its consequences (problem solving); generating
positive interpretations or perspectives on a negative situation
in order to reduce negative emotions (reappraisal); and the
ability to accept emotions, thoughts, and perceptions without
evaluating them (acceptance; Gross, 1998; Aldao et al., 2010).
In contrast, typical maladaptive emotion regulation strategies
are the tendency to repetitively focus on the experience of
negative emotions and its causes and consequences (rumination);
the suppression of the emotional expression and experience of
negative emotions (suppression); and the avoidance of thoughts,
emotions, sensations and memories related to the negative event
(avoidance; Foa and Kozak, 1986; Wenzlaff and Wegner, 2000;
Gross and John, 2003; Garnefski and Kraaij, 2006; Nolen-
Hoeksema et al., 2008).

These strategies are commonly studied in the context of
psychopathology in healthy and clinical populations, where
research identified moderate to large effect sizes. In detail,
studies have shown that the use of adaptive emotion regulation
strategies (particularly reappraisal and problem solving) is
linked to enhanced resilience against negative emotional stress
and mental diseases (for meta-analyses see Aldao and Nolen-
Hoeksema, 2010; Aldao et al., 2010; Webb et al., 2012). In
addition, reappraisal and acceptance were found to promote
post-traumatic growth (Prati and Pietrantoni, 2009). On the
contrary, the use of maladaptive strategies was consistently
associated with increased negative emotional stress and elevated
risk for mental health problems (for meta-analyses see Aldao and
Nolen-Hoeksema, 2010; Aldao et al., 2010; Webb et al., 2012).

Research on maladaptive emotion regulation in trauma-
exposed individuals such as rescue workers yielded relatively
consistent results. Previous research found rumination,
suppression, and avoidance to be associated with more
severe post-traumatic and depressive symptoms (e.g., Beaton
et al., 1999; Clohessy and Ehlers, 1999; Kirby et al., 2011;
Razik et al., 2013; Shepherd and Wild, 2014; Wild et al., 2016).
More important, longitudinal studies indicated that rumination
represents a prospective risk factor for the development of PTSD
and depression (Wild et al., 2016). Furthermore, the extent to
which rescue workers suppressed their emotional arousal during
an experimental emotion regulation paradigm was predictive
for subsequent intrusions (Shepherd and Wild, 2014). These
findings suggest a central role of rumination and suppression
in the development of trauma-related mental disorders instead
of being an epiphenomenon or a consequence of the respective
disorders (e.g., Michael et al., 2007; Kleim et al., 2012).

Regarding adaptive emotion regulation strategies, research
obtained mixed results. Some studies report reappraisal to be
linked to less severe post-traumatic symptoms (Shepherd and
Wild, 2014), whereas others found no relationship with rescue
workers’ mental health (Beaton et al., 1999; Clohessy and Ehlers,
1999). Moreover, to our knowledge, no study has investigated
the emotion regulation strategies acceptance and problem solving
in rescue workers. Finally, no study so far investigated the
association of emotion regulation with perceived work-related
stress. Given that the perception of chronic work-related stress
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represents a central risk factor for the development of health
impairments (e.g., Aasa et al., 2005), it is of great interest
to investigate whether and to what extent emotion regulation
strategies are associated with perceived work-related stress in
rescue workers.

In sum, past research has shown associations between several
emotion regulation strategies and perceived work-related stress
and stress-related symptoms in healthy and clinical populations.
However, little is known about whether and how rescue workers
use specific emotion regulation strategies in their daily duties and
how this relates to their physical and mental health. Therefore,
the first aim of this cross-sectional study was to examine to what
extent rescue workers use the six commonly studied emotion
regulation strategies acceptance, reappraisal, problem solving,
avoidance, suppression, and rumination. Our second aim was
to investigate the relationship between these strategies and the
rescue workers’ perceived work-related stress and mental health.
In detail, we hypothesized that adaptive emotion regulation
strategies (i.e., acceptance, problem solving, reappraisal) are
linked to reduced work-related stress and fewer post-traumatic,
depressive, and somatic symptoms. On the contrary, we
expected that maladaptive emotion regulation strategies (i.e.,
rumination, suppression, avoidance) are associated with the
opposite effects. Independent of emotion regulation, we expected
general workload and recent private or work-related stressful
events to elevate the perception of work-related stress. Further,
we expected the number of potentially traumatic life events
and increased work-related stress to predict more severe post-
traumatic, depressive, and somatic symptoms. Therefore, we
controlled for these potential covariates and were especially
interested in incremental effects of emotion regulation strategies
beyond these factors.

MATERIALS AND METHODS

Participants and Procedure
All participants were employees of two German Red Cross
emergency medical service stations. During occupational health
seminars, 318 rescue workers were introduced to the study’s aims
and procedure and received an individual link for participation in
an online survey designed to assess stress and symptom burden
and to examine possible resilience and vulnerability factors. Of
115 rescue workers participating in the survey, full data was
available from 103 participants. Data of one participant had to
be excluded due to an invariant response pattern, leaving N = 102
participants (32.1% of the regional working population) as the
final sample, including 66 men and 36 women. The survey was
presented in LimeSurvey (LimeSurvey GmbH, 2017) and took
about 1 h to complete. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The protocol was
approved by the Ulm University Ethics Committee. There was no
compensation for participation. On request, participants received
individual feedback on their results.

In terms of formation, the sample comprised 30 (29.4%)
emergency medical technician intermediates (EMT-I/85, Ger.:
Rettungssanitäter), 61 (59.8%) EMT paramedics (EMT-P; Ger.:

Notfallsanitäter) as well as 10 EMT-P trainees (9.8%) and one
member of the rescue coordination center (1.0%). The study
sample was representative for the total number of employees in
both rescue stations (see Supplementary Table 1). Population
and sample had a similar age distribution, with the population
slightly older than the sample. This is possibly the result of a
slight under-representation of medical student volunteers in the
sample.

Measures
Emotion Regulation
To comprehensively assess the use of emotion regulation
strategies, we employed several commonly used inventories
(cf. Aldao et al., 2010): Acceptance was measured using the
respective four COPE items (Carver et al., 1989) in their
German translation (Cronbach’s α = 0.83). Problem solving
was assessed by combining the four items of the scales for
active coping and planning taken from the German version
of the BriefCOPE (Knoll et al., 2005; Cronbach’s α = 0.70).
Reappraisal and suppression were assessed using the German
Emotion Regulation Questionnaire (ERQ; Abler and Kessler,
2009; Cronbach’s α = 0.69 and 0.82, respectively). Rumination
was assessed using the symptom-focused rumination scale of
the German Response Styles Questionnaire (RSQ; Bürger and
Kühner, 2007; Cronbach’s α = 0.81). Avoidance was assessed using
the avoidance scale of the Coping Strategies Inventory (CSI;
Tobin et al., 1984; Cronbach’s α = 0.79). To obtain comparable
value dimensions, all emotion regulation scales were transformed
in 0 to 10.

Outcome Measures
Perceived work-related stress
To assess rescue workers’ perceived stress due to the particular
operational and organizational work factors of the emergency
medical service we developed a specific questionnaire. On seven
items, participants reported their stress experience due to alarms,
shift work, interruptions of meals, sweating caused by heavy work
clothing, or the loud sound of the emergency alarm. Participants
could add another stressful work factor as free text. Responses
were recorded on a four-point Likert scale, anchored at 1 (not
bothering) and 4 (very bothering), or as 0 if the work factor
was not experienced. Responses were aggregated to a sum score
ranging from 0 to 32, showing a satisfactory internal consistency
(Cronbach’s α = 0.81). A principal component factor analysis
and Velicer’s revised minimum average partial test confirmed
the scale as unidimensional. Questionnaire development and
dimensionality analysis are detailed in the Supplementary
Material.

Mental and somatic symptoms
Stress-related depressive symptoms were measured with the
German Patient Health Questionnaire scale for depression
(PHQ-9; Löwe et al., 2002). Participants reported on a four-
point Likert scale ranging from 0 (not at all) to 3 (almost
every day) how much they felt bothered by nine depressive
symptoms (e.g., “tiredness or feeling of no energy”) during the
past 2 weeks. The sum score of all items (ranging from 0 to 27)
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was used for subsequent statistical analyses (Cronbach’s α = 0.83).
Somatic symptoms were measured with the German Patient
Health Questionnaire scales for physical symptoms (PHQ-15;
Löwe et al., 2002), including 13 items assessing how much
participants felt bothered by physical-somatic symptoms during
the last 4 weeks (e.g., stomach aches or back pain) and two
additional items of the previously described PHQ-9 covering
sleep disturbances within the last 2 weeks. Responses are recorded
on a three-point Likert scale ranging from 0 (not at all) to 2 (very
strong) and aggregated to a sum score ranging from 0 to 28 for
statistical analyses (Cronbach’s α = 0.84). The item for menstrual
pain was excluded to avoid a systematic gender bias. Post-
traumatic symptoms were measured with the German version of
the PTSD Checklist for DSM-5 (PCL-5; Ehring et al., 2014). With
regard to their worst lifetime event, participants indicated on 20
items how much they were bothered by symptoms of the four
PTSD symptom clusters intrusions, hyperarousal, avoidance, and
negative alterations in mood or cognition during the last month.
Responses were recorded on a five-point Likert scale ranging
from 1 (not at all) to 5 (very strong) and aggregated to a sum score
(ranging from 0 to 80) used for subsequent analyses (Cronbach’s
α = 0.91).

For a better descriptive overview, we applied the
questionnaires’ cutoffs to examine whether participants met
the screening criteria for a potential diagnosis. In the PHQ-9,
the cutoff for moderate depressive symptoms is reached when at
least five of the nine items were answered with “on more than
half of the days.” The PHQ-15 cutoff for mild somatic symptoms
is reached when at least 3 out of 14 items were answered with
“bothered a lot” and a sum score of at least six points is reached.
The PCL-5 cutoff for a suspected PTSD diagnosis is reached
when a sum score of at least 33 points is reached. According to
screening cutoffs, n = 4 (3.9%) participants fulfilled criteria for
a PTSD, n = 10 (9.8%) showed moderate levels of depressive
symptoms, and n = 16 (15.7%) showed moderate levels of
somatic symptoms.

Control Variables
Workload
To control the influence of the average quantitative workload
on perceived work-related stress (cf. Heringshausen et al., 2010),
rescue workers reported the number of night shifts, emergency
missions (under time pressure) and routine missions (without
time pressure) they completed on average per month. Since
fewer personnel is present during night shifts, more emergency
missions are carried out per rescue worker. In the case of part-
time employment, primarily the number of night shifts is reduced
and, hence, less emergency missions are carried out. Due to
these interdependencies and present right-skewed distributions,
the variables were split by the median (e.g., rather less or more
night shifts) and combined to a workload index (minimum:
0, maximum: 3). Higher values indicated that rescue workers
worked more frequently at night and performed more emergency
and routine missions.

Current strain
Stress due to negative events during the last 4 weeks was
assessed to control its potential impact on participants’ perceived

stress and symptoms. Separated according to private life and
work, participants indicated whether and when a stressful event
occurred and briefly characterized it in a free text item. They rated
the current event-related stress on a Likert scale ranging from 0
(not stressful at all) to 3 (very stressful). If no recent stress event
was reported the rating scale was coded 0. The perceived stress
ratings for private life and work were summarized to control for
participants’ current strain in subsequent analyses.

Potentially traumatic life-events
Three questionnaires were employed to assess rescue workers’
exposure to potentially traumatic life-events accumulated during
childhood, in private later-life, and in the emergency medical
service, respectively. Childhood maltreatment was assessed
using a short-version of the German Maltreatment and Abuse
Chronology of Exposure scale as self-report (KERF-20; cf.
Isele et al., 2014). On 20 items, participants indicated whether
they had experienced different forms of emotional, physical,
and sexual abuse as well as emotional and physical neglect
by parents, siblings, and peers during childhood. Using the
German Life Events Checklist for DSM-5 (LEC-5; Ehring et al.,
2014), it was assessed whether participants had experienced or
witnessed 16 potentially traumatic event types during private
later-life, including the exposure of natural disasters, accidents,
interpersonal violence, war, life-threatening illness or injury. An
additional open item asked for other events not included in the
event list. Unlike the original inventory, the response option of
being confronted with events during work was excluded. Instead,
work-related traumatic event exposure was assessed in more
detail using the Rescue and Emergency Situations Questionnaire
(RESQ). The version of Schoch (unpublished) was revised and
extended by 17 items in a focus group with five experienced
rescue workers (detailed information on the validation of the
RESQ are given elsewhere). Participants indicated for each of
the 31 different event types whether they had experienced a
corresponding event during work for the emergency medical
service (e.g., “Mission during which resuscitation measures
remained unsuccessful”). In addition, they had the possibility
to add event types that were not listed as free text. Responses
were aggregated to a sum score. To represent the relative number
of experienced potentially traumatic events across childhood,
private later-life, and work, the centered sum scales of the three
measures were averaged to a composite that served as a control
variable in subsequent analyses.

Data Analyses
Statistical analyses were performed in R Core Team (2016).
Inter-correlations were analyzed using non-parametric Spearman
ρ correlations because several variables were not normally
distributed. Differences in the use of emotion regulation
strategies were examined using Friedman’s rank sum test
followed by Conover’s all-pairs post hoc comparison tests (using
“PMCMR”; Pohlert, 2018). p-Values were corrected by applying
the Benjamini–Hochberg false discovery rate, Cohen’s r served as
effect size measure (Fritz et al., 2012).

The association of emotion regulation with perceived work-
related stress was investigated using a multiple linear regression.
Workload and current strain served as covariates. Model
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FIGURE 1 | Use of emotion regulation strategies.

residuals were normally distributed and not autocorrelated, but
heteroscedastic (Koenker test: BP = 18.32, p = 0.019). As a
correction, the model was 5000 times Wild bootstrapped (using
“hcci”; Marinho and Cribari-Neto, 2014). Further, the association
of emotion regulation with post-traumatic, depressive, and
somatic symptoms was examined with a multivariate linear
regression. Perceived work-related stress, the number of
potentially traumatic life-events, and current strain served as
covariates. Checking the model assumptions indicated violated
multivariate normality of model residuals (Energy test: E = 1.90,
p < 0.001 using “MVN”; Korkmaz et al., 2018), particularly
due to right-skewed distribution of post-traumatic and somatic
symptoms. Thus, we applied M-estimators to calculate a robust
multivariate regression (using “heplots”; Fox et al., 2018).
Subsequent robust M-estimator based univariate regressions
were performed to investigate differential associations of emotion
regulation strategies with the different symptom types. Partial η2

served as effect size measure in regressions (Fritz et al., 2012).
Our sample size enabled to detect effects of about 7.3% explained
variance (η2) at an alpha level of 0.05 and a power of 0.80, as
determined using G∗Power 3.1 (Faul et al., 2009) for a single
predictor.

RESULTS

Use of Emotion Regulation Strategies
The use of emotion regulation strategies differed significantly,
Friedman-χ2(5) = 166.53, p < 0.001 (see Figure 1 and Table 1).
Acceptance and reappraisal were more frequently used than
problem solving, suppression, and avoidance, which in turn
were more frequently used than rumination (for post hoc tests
see Supplementary Table 2). Maladaptive strategies were all
positively correlated with each other (ρ = 0.23-0.33, p’s ≤ 0.021),
whereas adaptive strategies were not (p’s ≥ 0.244). There were

TABLE 1 | Bivariate Spearman correlations of emotion regulation strategies with
perceived work-related stress and stress-related symptoms (N = 102).

Mdn (IQR)† Perceived
work-related

stress

Post-
traumatic
symptoms

Depressive
symptoms

Somatic
symptoms

Acceptance 8.33 (3.33) −0.09 −0.21∗
−0.25∗

−0.29∗∗

Reappraisal 5.28 (2.01) −0.05 −0.05 −0.03 −0.05

Problem
solving

4.17 (3.33) 0.16 0.19 0.12 0.08

Avoidance 3.75 (3.75) −0.01 0.23∗ 0.26∗∗ 0.24∗

Suppression 4.17 (2.92) 0.24∗ 0.44∗∗∗ 0.48∗∗∗ 0.41∗∗∗

Rumination 2.08 (2.08) 0.32∗∗ 0.51∗∗∗ 0.67∗∗∗ 0.60∗∗∗

∗p < 0.050, ∗∗p < 0.010, ∗∗∗p < 0.001, two-tailed. †The sum scores of the
employed emotion regulation strategy scales were transposed on a range of 0
to 10 for comparability.

no correlations between the use of adaptive and maladaptive
strategies, except for a positive association of rumination and
problem solving (ρ = 0.22, p = 0.028). Supplementary Table 3
presents descriptive statistics and correlations of all study
variables.

Emotion Regulation and Perceived
Work-Related Stress
Rescue workers reported moderate work-related stress
(Mdn ± IQR = 14.00 ± 7.00), which was elevated in rescue
workers who had a higher workload (ρ = 0.23, p = 0.019),
and who reported current strain due to an acute private or
work-related major stress event (ρ = 0.20, p = 0.039). Bivariate
correlations (Table 1) indicated that the use of suppression and
rumination was associated with higher work-related stress. Other
emotion regulation strategies did not significantly correlate with
work-related stress.
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To examine the association of emotion regulation with
perceived work-related stress while controlling for workload
and current strain, a multiple linear regression was performed,
F(8,93) = 3.78, p < 0.001, R2 = 24.5%. In detail, perceived work-
related stress was associated with higher workload (β = 0.27,
p = 0.003, η2

p = 0.086) and higher use of rumination (β = 0.18,
p = 0.044, η2

p = 0.042). In contrast, avoidance was linked to less
work-related stress (β = −0.19, p = 0.034, η2

p = 0.046). As a
trend, suppression (β = 0.19, p = 0.067, η2

p = 0.035) and current
strain (β = 0.18, p = 0.074, η2

p = 0.033) were linked to more
work-related stress. There were no significant effects of other
emotion regulation strategies on perceived work-related stress
(see Table 2). Partial regression plots for the associations between
emotion regulation strategies and perceived work-related stress
are given in Supplementary Figure 1.

Emotion Regulation and Post-traumatic,
Depressive, and Somatic Symptoms
The sample showed rather mild to moderate post-traumatic
(Mdn ± IQR = 6.5 ± 12.0), depressive (Mdn ± IQR = 3.0 ± 6.3),
and somatic symptoms (Mdn ± IQR = 5.0 ± 6.0), with a
small number of participants with more severe symptoms (right-
skewed distribution). The number of experienced potentially
traumatic life events (ρ = 0.39−0.43, p’s < 0.001) and
perceived work-related stress (ρ = 0.28−0.44, p’s ≤ 0.005)

TABLE 2 | Results of linear regression analyses (N = 102).

Perceived
work-related

stress

Post-
traumatic
symptoms

Depressive
symptoms

Somatic
symptoms

Multivariate
testsa

Predictors β β β β 3

Acceptance −0.11 −0.13(∗) −0.07 −0.14∗ 0.935

Reappraisal 0.03 −0.04 −0.03 −0.02 0.994

Problem
solving

0.05 0.12 −0.05 −0.03 0.962

Avoidance −0.19∗ 0.11 0.07 0.07 0.970

Suppression 0.19(∗) 0.21∗∗ 0.29∗∗∗ 0.22∗∗ 0.780∗∗∗

Rumination 0.18∗ 0.29∗∗ 0.42∗∗∗ 0.31∗∗∗ 0.690∗∗∗

Covariates

Workload 0.27∗∗
− − − −

Perceived
work-related
stress

− 0.08 0.20∗∗ 0.22∗∗ 0.879∗∗

Current
strain

0.18(∗) 0.03 −0.03 −0.06 0.989

Potentially
traumatic
life-events

− 0.15(∗) 0.16∗ 0.14(∗) 0.910∗

R2 24.5% 45.4% 67.7% 49.4% −

F (df1,df2) 3.78∗∗∗ 8.49∗∗∗ 21.43∗∗∗ 9.99∗∗∗
−

(8,93) (9,92) (9,92) (9,92)

(∗)p < 0.075, ∗p < 0.050, ∗∗p < 0.010, ∗∗∗p < 0.001, two-tailed. Standardized
regression coefficient (β). aThe association of predictors and covariates with the
overall severity of post-traumatic, depressive, and somatic symptoms was tested
using multivariate tests, Wilk’s Lambda (3). Detailed results are presented in the
Supplementary Tables 4-6.

were associated with increased symptom severity. In addition,
current strain was linked to more severe post-traumatic
and depressive symptoms (both ρ = 0.21, p = 0.034).
Regarding emotion regulation, bivariate correlations (Table 1)
indicated that avoidance, suppression, and rumination were
linked to generally more severe symptoms, whereas acceptance
was associated with less severe symptoms. Reappraisal and
problem solving did not significantly correlate with symptom
severity.

A robust multivariate regression analysis was performed to
investigate the association of emotion regulation strategies and
overall symptom severity (i.e., post-traumatic, depressive, and
somatic symptoms were combined as a multivariate outcome).
Perceived work-related stress, the number of potentially
traumatic life-events, and current strain served as covariates.
Robust multivariate tests confirmed that rescue workers’ overall
symptom severity was linked to the more frequent use of
rumination (Wilk’s 3 = 0.690, p < 0.001, η2

p = 0.310) and
suppression (Wilk’s 3 = 0.780, p < 0.001, η2

p = 0.220). In
addition, symptom severity was higher in individuals who
perceived more work-related stress and who were exposed to
more potentially traumatic life-events (see Table 2).

Subsequent robust univariate linear regressions were
computed to analyze the relationship of emotion regulation with
post-traumatic, depressive, and somatic symptoms as separate
outcomes (Table 2). Overall, the models explained R2 = 45–67%
of variance. Post-traumatic symptoms were increased in rescue
workers who more frequently used rumination (β = 0.29,
p = 0.002, η2

p = 0.101) and suppression (β = 0.21, p = 0.010,
η2

p = 0.070) and, as a trend, who had experienced more potentially
traumatic life-events (β = 0.15, p = 0.057, η2

p = 0.039). As a trend,
fewer symptoms occurred in individuals who more often used
acceptance (β = −0.13, p = 0.070, η2

p = 0.035). There were
no significant effects of other emotion regulation strategies,
perceived stress or current strain on post-traumatic symptom
severity (see Table 2).

Moreover, rumination (β = 0.42, p < 0.001, η2
p = 0.283)

and suppression (β = 0.29, p < 0.001, η2
p = 0.197) were more

frequently used by rescue workers who reported more severe
depressive symptoms. The two strategies accounted for about
half of the variance of the sample’s depressive symptoms. In
addition, the number of experienced potentially traumatic life-
events (β = 0.16, p = 0.011, η2

p = 0.068) and perceived work-
related stress (β = 0.20, p = 0.002, η2

p = 0.104) were associated with
more depressive symptoms. No effects on depressive symptoms
were observed for other emotion regulation strategies and current
strain (see Table 2).

Rumination (β = 0.31, p = 0.001, η2
p = 0.122) and suppression

(β = 0.22, p = 0.004, η2
p = 0.087) as well as perceived work-

related stress (β = 0.22, p = 0.004, η2
p = 0.087) and, as a

trend, potentially traumatic life-events (β = 0.14, p = 0.064,
η2

p = 0.037) were linked to more severe somatic symptoms.
Conversely, the use of acceptance went along with less somatic
symptoms (β = −0.14, p = 0.046, η2

p = 0.042). None of the other
emotion regulation strategies or covariates had significant effects
on somatic symptoms (see Table 2). Partial regression plots
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for the associations between emotion regulation strategies and
stress-related symptoms are given in Supplementary Figure 1.

DISCUSSION

This study investigated the use and relationship of six emotion
regulation strategies on perceived work-related stress and
stress-related depressive, post-traumatic, and somatic symptoms
in rescue workers. Our results showed that rescue workers
generally use more adaptive than maladaptive emotion regulation
strategies. Furthermore, rumination and suppression were
associated with more work-related stress and more post-
traumatic, depressive, and somatic symptoms. Surprisingly,
avoidance predicted less work-related stress in a regression
analysis, but correlated with more severe symptoms. On the
contrary, acceptance correlated with lower symptom severity.
The adaptive emotion regulation strategies reappraisal and
problem solving showed no significant associations with work-
related stress and stress-related symptoms. This could indicate
that different populations, depending on their respective
requirements, develop specific regulatory styles that do not
follow the classical distinction between adaptive and maladaptive
strategies.

Use of Emotion Regulation Strategies
Descriptively, rescue workers used maladaptive emotion
regulation strategies to a comparable or even slightly less
extent than people in the community samples. However, they
used adaptive emotion regulation strategies more frequently
than maladaptive strategies and comparably more frequently
than people in the community samples (for more details, see
Supplementary Table 7).

The Relationship of Emotion Regulation
and Perceived Work-Related Stress and
Stress-Related Symptoms
Maladaptive Emotion Regulation
Regarding maladaptive emotion regulation strategies, previous
studies in community samples and emergency medical personnel
indicated stable associations between the use of rumination,
suppression, and avoidance with a substantially increased risk for
and severity of post-traumatic and depressive symptoms (Beaton
et al., 1999; Clohessy and Ehlers, 1999; Michael et al., 2007; Aldao
et al., 2010; Kirby et al., 2011; Webb et al., 2012; Razik et al.,
2013; Ehring and Ehlers, 2014; Shepherd and Wild, 2014; Wild
et al., 2016). In line with these findings, rescue workers’ use of
rumination, suppression, and avoidance correlated with more
severe post-traumatic and depressive symptoms in this study. The
effect sizes were the highest found in this study and comparable
to the meta-analytical effect sizes reported by Aldao et al. (2010).
Importantly, we observed a comparable relationship for somatic
symptoms as well, indicating that using maladaptive emotion
regulation strategies could impair rescue workers’ health more
broadly than previously reported (cf. Hegg-Deloye et al., 2014).

Multiple linear regressions confirmed the robustness of these
relationships for rumination and suppression under control of

other emotion regulation strategies as well as relevant trauma and
stress variables, whereas avoidance demonstrated no significant
effect. The fact that avoidance showed no incremental value
beyond suppression and rumination could be explained by the
strategies’ relationship: bivariate correlations indicated that the
use of both avoidance and suppression were associated with an
increased use of rumination. Thus, the strategies likely explain
shared variance in the regression analysis. A possible explanation
why suppression and rumination (instead of avoidance) remain
significant could be derived from the literature: there is evidence
that suppression of negative emotions and thoughts provokes
a “rebound effect” (also called paradoxical effect of thought
suppression), that is, subsequently, the suppressed memories and
emotions intrude consciousness relentlessly (e.g., Wenzlaff and
Wegner, 2000; Dalgleish et al., 2008). Indeed, in traumatized
rescue workers, suppression was associated with more intrusions
in the long term (Shepherd and Wild, 2014). As a result,
suppression can lead to increased rumination and, thereby,
accelerate the development of post-traumatic, depressive, and
physical symptoms in the long term (e.g., Moore et al., 2008;
Dickson et al., 2012).

Moreover, it is important that rumination and suppression
were also linked to an elevated perception of work-related stress.
The observed effect sizes were smaller than for the stress-related
symptoms. If negative emotions are regulated in a maladaptive
way, even more negative emotions may arise, leading to increased
post-traumatic, depressive, and physical symptoms. Regarding
their dysfunctional mechanisms, rumination and suppression
may prevent emotional processing of emotionally distressing or
even traumatic events (Rachman, 1990; Clohessy and Ehlers,
1999). By permanently thinking about the negative events of
the past, a sense of current threat may maintain in form
of rumination (Ehlers and Clark, 2000). Longitudinal studies
with emergency medical service trainees (Wild et al., 2016)
and traumatized adults (e.g., Michael et al., 2007; Kleim et al.,
2012) indicated the tendency to ruminate about traumatic events
as a prospective predictor for PTSD. Notably, we investigated
rumination as a tendency to ruminate about past events in
general, as opposed to previous studies (e.g., Clohessy and Ehlers,
1999; Razik et al., 2013; Wild et al., 2016) that focused on trauma-
related rumination. Therefore, our results highlight the adverse
role of rumination per se (cf. Michael et al., 2007).

In contrast to other studies (Aldao et al., 2010; Razik et al.,
2013), avoidance was associated with less work-related stress,
indicating unexpected beneficial effects of this strategy. Indeed,
to overcome highly emotional disturbing events, strategies like
avoidance or distraction are preferred as they provide an effective
short-term reduction of negative feelings (Gross, 1998; Webb
et al., 2012; Schönfelder et al., 2014; Levy-Gigi et al., 2015). At
the same time, avoidance was positively correlated with the use
of ruminaton as well as more severe post-traumatic, depressive,
and physical symptoms, which in turn is in line with studies
showing negative long-term effects of avoidance on the mental
and physical health of rescue workers (Beaton et al., 1999;
Clohessy and Ehlers, 1999; Kirby et al., 2011; Razik et al., 2013; cf.
the review by Aldao et al., 2010). In sum, our results support the
view that avoidance is associated with less perceived work-related
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stress in the short term, but likely at the cost of more rumination
and more severe mental and physical health promblems in the
long term.

Adaptive Emotion Regulation
Regarding adaptive emotion regulation strategies, reappraisal
and problem solving were no substantial predictors of work-
related stress and stress-related symptoms. This contradicts
previous meta-analytical findings (Prati and Pietrantoni, 2009;
Aldao et al., 2010; Webb et al., 2012), where reappraisal and
problem solving produced medium-sized effects in preventing
health impairments and stimulating post-traumatic growth in
clinical and community samples. One explanation could be
that “adaptive” strategies might not always be beneficial in all
contexts (Bonanno and Burton, 2013; Aldao et al., 2015). An
integral part of the occupational work of rescue workers is the
constant exposure to emotionally challenging or adverse mission
events. Given that, a problem-solving approach concerning
these experiences might not be applicable (e.g., in case of
death, natural disasters, or criminality) or might even imply
personal retreat (e.g., resignation from job in order to avoid such
experiences). Intriguingly, problem solving correlated positively
with rumination. A reason for this counterintuitive finding might
be that people often engage in rumination by persistently trying
to understand and solve their problems (Papageorgiou and Wells,
2003; Ayduk and Kross, 2010). One might speculate that in
our sample, rescue workers who used problem solving also
engaged in rumination more often since they “confused” their
attempts to solve a problem with repetitively brooding about
unchangeable negative mission experiences without finding a
satisfying solution. Similarly, reappraisal might be an ineffective
strategy in this context, since certain operational events cannot
be re-interpreted as events with a positive meaning if they are
the arbitrary product of tragic coincidence (e.g., sudden infant
death). In fact, our findings are in line with previous studies
in rescue workers indicating no beneficial effect of positive
reinterpretations of experienced adverse events on mental health
(Beaton et al., 1999; Clohessy and Ehlers, 1999; but see Shepherd
and Wild, 2014).

In contrast to reappraisal and problem solving, acceptance
was associated with less severe post-traumatic, depressive,
and somatic symptoms. In the multiple regression analyses,
acceptance was also linked to reduced perception of work-related
stress. In our study, acceptance was in fact the only adaptive
emotion regulation strategy that showed beneficial effects on
perceived work-related stress and mental and physical health of
rescue workers. The associations were only small to moderate
in size, but fit to the findings of a meta-analysis by Prati
and Pietrantoni (2009). Increasingly popular therapy approaches
involve the use of acceptance and related mindfulness techniques
guiding patients to adopt an observing, non-judgmental (i.e.,
accepting) relationship to their feelings, thoughts, and beliefs
(e.g., Acceptance and Commitment Therapy, Hayes et al., 2006;
Dialectical Behavior Therapy, Robins et al., 2001; Mindfulness
Based Cognitive Therapy, Segal et al., 2002). These therapeutic
techniques allow, above all, the development of psychological
flexibility, which leads to a flexible adaptation of behavior in

difficult life situations considering personal values and the type
of experience (Hayes et al., 2006). On the other hand, the
non-acceptance of stressful personal experiences is associated
with the constant attempt to find a solution or to seek
a different interpretation of what happened. This leads to
greater occupation by these events and thereby an increase in
rumination and, as a result, more emotional suffering. Through
the acceptance of what happened, a self-distancing perspective
is adopted when trying to analyze thoughts and feelings as past
events, which in turn can prevent the development of negative
counterproductive emotions and therefore the initiation of a
rumination process (Papageorgiou and Wells, 2003; Ayduk and
Kross, 2010). There is evidence that acceptance of psychological
distress or physical pain reduces the tendency to ruminate over
these experiences (Lakhan and Schofield, 2013). Acceptance and
psychological flexibility are associated in turn with greater mental
health (e.g., Kashdan and Rottenberg, 2010). In sum, our results
indicate that acceptance is a beneficial strategy to cope with the
consequences of work-related stress and goes along with less
work-related stress as well as mental and physical symptoms,
although the effect size seems to be rather small.

The general picture emerging from our study is that rescue
workers use more adaptive than maladaptive emotion regulation
strategies. Of these strategies, however, only acceptance was
associated with a beneficial outcome (i.e., reduced work-related
stress and less severe stress-related symptoms). In contrast,
already the moderate use of maladaptive strategies was associated
with detrimental effects on perceived work-related stress and
stress-related symptoms. Thus, although rescue workers in
our study used reappraisal, problem solving and acceptance
rather frequently, the use of maladaptive emotion regulation
strategies seems to exert more deleterious effects that cannot
be prevented by the use of adaptive strategies. If replicated in
further research, this may have important clinical implications.
First, suppression and rumination have been identified as
stable predictors of perceived work-related stress and stress-
related symptoms in rescue workers. Therefore, targeting both
strategies may be helpful for the prevention of occupational
health impairments in trauma-exposed professions. Second,
our findings suggest that a reduction of maladaptive emotion
regulation strategies may be more promising than the promotion
of adaptive emotion regulation strategies alone. Third, the use
of reappraisal and problem solving might even facilitate the
initiation of rumination processes and should therefore be
carefully evaluated in prevention and intervention approaches.
Instead, future research could investigate whether acceptance-
based trainings could contribute to maintain rescue workers’
mental and physical health. Most importantly, the current study
points toward the necessity to further investigate the processes
that can explain why rescue workers engage in maladaptive
emotion regulation strategies despite their negative long-term
consequences. For example, it would be helpful to investigate
the particular short- and long-term intentions of rescue workers
in applying or non-applying certain strategies in response to
different types of stressors (i.e., unchangeable critical mission
incidents vs. changeable working conditions) and to examine in
more detail why some emotion regulation strategies might have
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beneficial effects in the short term but negative consequences in
the long term (e.g., Levy-Gigi et al., 2015).

Limitations and Future Directions
The study is limited by its cross-sectional design, the reliance
on self-report measurements and its related vulnerability to bias.
First, regarding the non-response bias, unknown differences may
exist between rescue workers who chose to respond and those
who did not. Especially rescue workers who did not participate in
the study because they were currently or chronically ill or left the
profession prematurely by dismissal or early retirement would
have been particularly interesting regarding the consequences
of stress and ineffective emotion regulation styles. Therefore,
these missing cases may have led to an underestimation of
effects (cf. healthy worker effect, Costa, 2003). However, the
response rate in our sample was higher than in past research on
similar occupational groups (Skeffington et al., 2017). Further,
prevalence rates of mental disorders assessed by self-report
questionnaires and standardized interviews are comparable to
other studies in the emergency medical service (Donnelly, 2012)
and lie in a normal range of Western samples (cf. general
symptom prevalence in emergency service ranging from 6% to
more than 20%; Martin et al., 2009). Second, survey research is
vulnerable to social desirability bias (although a questionnaire
assessing social desirability indicated no such behavior for
any participant). This may be especially problematic in rescue
workers since the expression of distress and consequences of
traumatic stress have to be concealed often (Halpern et al., 2009).
Therefore, the generalizability of the findings and the rate of
reported health problems or psychopathological symptoms may
be reduced. Third, by using a cross-sectional study design the
results can only be interpreted correlational. Longitudinal studies
are necessary to investigate the particular mechanisms and causal
directions behind the observed associations between the use
of emotion regulation strategies, psychopathological symptoms
and exposure to potentially traumatic life events and work-
related stress. In addition, the sample size of the current study
was comparatively small for correlation and regression analyses
(Schönbrodt and Perugini, 2013). Although our sample size
enabled us to detect effects of about 7.3% variance explanation,
the investigation of smaller effects and complex interaction effects
between emotion regulation and physical and mental health
requires larger samples with more statistical power.

CONCLUSION

In sum, our results demonstrate that rescue workers generally use
more adaptive than maladaptive emotion regulation strategies.
Although reappraisal and problem solving were associated with
beneficial health outcomes in previous studies in healthy and
clinical populations, they might be less effective in the context
of the emergency medical service. In contrast, acceptance seems
to be an adaptive strategy for rescue workers to deal with highly
stressful and aversive events. In line with previous research, we
found considerable negative effects of the maladaptive strategies
rumination and suppression on perceived work-related stress and

stress-related symptoms. Importantly, our results show negative
consequences of these strategies not only on depressive and
post-traumatic but also on somatic symptoms. Furthermore, we
investigated the association of the regulation of emotions with
work-related stress perception as a crucial risk factor for the
development of psychopathological symptoms. Here, avoidance
was associated with less stress in the short term, but likely at the
cost of more severe mental and psychial health promblems in
the long term. The data suggest that a reduction of rumination
and suppression strategies should be targeted in prevention
and intervention measures in rescue workers. Our results point
toward investigating the effects of acceptance-based preventive
trainings in rescue workers. Further studies are needed to
replicate our findings in larger samples. Moreover, longitudinal
designs and data on underlying short- and long-term motives
and biological processes may provide valuable insights into causal
mechanisms behind these associations.
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Supplementary Material 

1 Supplementary Figures and Tables 

1.1 Supplementary Tables 

Supplementary Table 1. Population and sample characteristics 

 Population Sample  

Rescue workers absolute relative absolute relative Test statistic 

total 318 100.0% 102 32.1%#  

by ambulance station     χ²(1, 420) = 0.00, 

p = 1.000, 

V = .00 

Ulm 223 70.1% 72 70.6% 

Heidenheim 95 29.9% 30 29.4% 

by employment     χ²(2, 420) = 11.84, 

p = .003, 

V = .17 

salaried 198 62.3% 77 75.5% 

voluntary 101 31.8% 15 14.7% 

in apprentice 19 6.0% 10 9.8% 

by sex     χ²(1, 420) = 0.71, 

p = .399, 

V = .05 

men 222 69.8% 66 64.7% 

women 96 30.2% 36 35.3% 

 M (SD) Mdn M (SD) Mdn Test statistic 

Age in years 32.1 

(11.2) 

27.5 30.1 

(11.0) 

26.0 z = -2.53, p = .011, 

r = -.12 

Time working for 

emergency service in 

months 

68.0 

(66.3) 

45.0 92.2 

(105.4) 

39.5 z = -0.67, p = .506, 

r = -.03 

Note. # proportion of population, n = 318. Population and sample frequency distributions were 
compared using χ² tests applying a Yates correction in case of 2⨯2 tables. Age and affiliation 
were compared using Mann-Whitney U-tests because the distributions violated normality and 
variance equity. Effect sizes are indicated by Cramer’s contingency coefficient V and Cohen’s r. 
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Supplementary Table 2. Results of Conover’s post-hoc tests pairwise comparing the use of 
emotion regulation strategies (N = 102) 

   Acceptan

ce 

Reapprai

sal 

Problem-

solving 

Suppressi

on 

Avoidan

ce 

Ruminati

on 

Test 

statistic t 

Acceptance − -4.24*** -6.90*** -6.22*** -7.88*** -12.31*** 

 Reappraisal  − -2.66* -1.98 -3.64*** -8.07*** 

 Problem-

solving 

  − 0.68 -0.98 -5.41*** 

 Suppression    − -1.66 -6.09*** 

 Avoidance     − -4.43*** 

  Rumination      − 

Cohen’s r Acceptance − -0.63 -0.69 -0.69 -0.71 -0.84 

 Reappraisal  − -0.26 -0.31 -0.45 -0.76 

 Problem-

solving 

  − -0.02 -0.15 -0.63 

 Suppression    − -0.18 -0.70 

 Avoidance     − -0.50 

  Rumination      − 

 Mdn 8.33 5.28 4.17 4.17 3.75 2.08 

  IQR 3.33 1.94 3.33 2.92 3.75 2.08 

Note: * p < .05, ** p < .01, *** p < .001, two-tailed, false detection rate-corrected. Cohen’s r 
indicates the effect sizes of the difference between columns and lines.



Supplementary Material 

Supplementary Table 3. Descriptive statistics and Spearman’s ρ correlation-matrix of study variables (N = 102) 

 1.  2.  3.  4.  5.  6.  7.  8.  9.  10.  11.  12.  13.  14.  15.  16.  

1. Posttraumatic 

symptoms (PCL-5) 

− .59*** .55*** -.21* -.05 .19 .23* .44*** .51*** .06 .28** .21* .39*** .00 .11 -.22* 

2. Depressive 

symptoms (PHQ-9) 

.59*** − .82*** -.25* -.03 .12 .26** .48*** .67*** .15 .44*** .21* .43*** .13 .15 -.06 

3. Somatoform 

symptoms (PHQ-

15) 

.55*** .82*** − -.29** -.05 .08 .24* .41*** .60*** .15 .41*** .11 .42*** .11 .15 -.19 

4. Acceptance (COPE) -.21* -.25* -.29** − -.02 .05 -.18 -.08 -.19 .15 -.09 -.02 -.09 -.03 .03 .09 

5. Reappraisal (ERQ) -.05 -.03 -.05 -.02 − .12 .16 .02 .02 -.10 -.05 -.10 .03 -.20* -.15 .08 

6. Problem-solving 

(BriefCOPE) 

.19 .12 .08 .05 .12 − -.12 .07 .22* .06 .16 .22* .11 .12 .02 .12 

7. Avoidance (CSI) .23* .26** .24* -.18 .16 -.12 − .23* .31** .08 -.01 .01 .15 -.10 -.05 -.12 

8. Suppression (ERQ) .44*** .48*** .41*** -.08 .02 .07 .23* − .33*** -.03 .24* .02 .25* .20 .15 .18 

9. Rumination (RSQ-

D) 

.51*** .67*** .60*** -.19 .02 .22* .31** .33*** − .07 .32** .30** .29** -.09 -.01 -.12 

10. Workload .06 .15 .15 .15 -.10 .06 .08 -.03 .07 − .23* .11 .11 .01 .00 -.03 

11. Perceived work-

related stress 

.28** .44*** .41*** -.09 -.05 .16 -.01 .24* .32** .23* − .20* .22* .28** .32** .15 

12. Current strain .21* .21* .11 -.02 -.10 .22 .01 .02 .30** .11 .20* − .18 .00 .12 .03 
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13. Potentially 

traumatic life-events 

.39*** .43*** .42*** -.09 .03 .11 .15 .25* .29** .11 .22* .18 − .29** .34*** .06 

14. Age (in years) .00 .13 .11 -.03 -.20* .12 -.10 .20* -.09 .01 .28** .00 .29** − .74*** .46*** 

15. Time employed in 

emergency medical 

service (in years) 

.11 .15 .15 .03 -.15 .02 -.05 .15 -.01 .00 .32** .12 .34*** .74*** − .30** 

16. Sex# -.22* -.06 -.19 .09 .08 .12 -.12 .18 -.12 -.03 .15 .03 .06 .46*** .30** − 

Mean 9.92 4.61 5.48 7.30 5.08 4.35 3.75 4.30 2.31 1.75 14.77 0.74 0.00 30.06 7.69 − 

Standard deviation 9.75 4.28 4.43 2.40 1.52 2.45 2.41 2.14 1.64 1.11 4.76 1.14 12.40 11.04 8.79 − 

Median 6.50 3.00 5.00 8.33 5.28 4.17 3.75 4.17 2.08 2.00 14.00 0.00 -2.10 26.00 3.29 − 

Interquartile range 12.00 6.25 6.00 3.33 2.01 3.33 3.75 2.92 2.08 2.00 7.00 2.00 13.24 17.00 10.94 − 

Empirical range 0−39 0−18 0−19 0−10 0.6−8.1 0−10 0−9.4 0−9.6 0−7.9 0−3 7−27 0−4 -

27.4−48.6 

18−61 0.1−35 − 

Scale range 0−80 0−27 0−28 0−10 0−10 0−10 0−10 0−10 0−10 0−3 0−32 0−8 − − − − 

Skew 1.17 1.25 1.01 -0.86 -0.50 0.14 0.19 0.21 0.97 -0.28 0.59 1.27 0.89 0.99 1.46 − 

Kurtosis 0.49 1.32 0.47 0.22 0.19 -0.48 -0.94 -0.39 1.08 -1.27 -0.40 0.27 1.85 0.01 1.22 − 

Note. * p < .05, ** p < .01, *** p < .001. # Positive values indicate higher values for men (n = 66). 
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Supplementary Table 4. Ordinary linear regression results (N = 102) 

Outcome Predictors b SE t p η²p 

Perceived 

work-related 

stress 

Intercept 11.08 1.88 5.88 <.001*** .271 

Acceptance -0.21 0.15 -1.44 .150 .022 

Reappraisal 0.11 0.30 0.35 .741 .001 

Problem-solving 0.10 0.20 0.52 .614 .003 

Avoidance -0.37 0.17 -2.12 .034* .046 

Suppression 0.43 0.23 1.83 .067(*) .035 

Rumination 0.52 0.26 2.01 .044* .042 

Workload 1.18 0.40 2.95 .003** .086 

Current strain 0.74 0.41 1.78 .074(*) .033 

Overall model statistics: F(8,93) = 3.78, p < .001, R² = .245 

Note: (*) p < .075, * p < .050, ** p ≤ .010, *** p ≤ .001, two-tailed. Results were 5000 times Wild 
bootstrapped to correct for heteroscedasticity. 

  



Supplementary Material 

Supplementary Table 5. Robust multivariate test results (N = 102) 

 Wilk’s Λ F(3,90) p η�
�  

Intercept .968 0.99 .403 .032 

Acceptance .935 2.09 .107 .065 

Reappraisal .994 0.17 .918 .006 

Problem-solving .962 1.20 .316 .038 

Avoidance .970 0.94 .427 .030 

Suppression .780 8.48 <.001*** .220 

Rumination .690 13.47 <.001*** .310 

Perceived work-related stress .879 4.12 .009** .121 

Current strain .989 0.32 .810 .011 

Potentially traumatic life-events .910 2.98 .036* .090 

Note: (*) p < .075, * p < .050, ** p ≤ .010, *** p ≤ .001, two-tailed.
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Supplementary Table 6. Results of subsequent robust linear regressions (N = 102) 

Outcome Predictors b SE t p η�
�  

Posttraumatic 

symptoms 

(PCL-5) 

Intercept 0.46 4.20 0.11 .913 .000 

Acceptance -0.53 0.29 -1.83 .070(*) .035 

Reappraisal -0.29 0.47 -0.61 .547 .004 

Problem-solving 0.46 0.31 1.51 .136 .024 

Avoidance 0.45 0.32 1.40 .166 .021 

Suppression 0.95 0.36 2.64 .010** .070 

Rumination 1.75 0.54 3.22 .002** .101 

Perceived work-related 

stress 

0.16 0.16 0.96 .342 .010 

Current strain 0.27 0.68 0.40 .687 .002 

Potentially traumatic life-

events 

0.12 0.06 1.93 .057(*) .039 

Overall model statistics: F(9,92) = 8.49, p < .001, R² = .454 

Depressive 

symptoms 

(PHQ-9) 

Intercept -1.84 1.40 -1.32 .192 .018 

Acceptance -0.12 0.10 -1.27 .209 .017 

Reappraisal -0.08 0.16 -0.48 .632 .003 

Problem-solving -0.09 0.10 -0.91 .367 .009 

Avoidance 0.13 0.11 1.17 .247 .015 

Suppression 0.57 0.12 4.75 <.001*** .197 

Rumination 1.09 0.18 6.03 <.001*** .283 

Perceived work-related 

stress 

0.18 0.05 3.27 .002** .104 

Current strain -0.12 0.23 -0.53 .597 .003 

Potentially traumatic life-

events 

0.05 0.02 2.59 .011* .068 

Overall model statistics: F(9,92) = 20.68, p < .001, R² = .677 

Somatoform 

symptoms 

(PHQ-15) 

Intercept 0.32 1.80 0.18 .860 .000 

Acceptance -0.25 0.12 -2.02 .046* .042 

Reappraisal -0.06 0.20 -0.27 .786 .001 

Problem-solving -0.05 0.13 -0.36 .721 .001 

Avoidance 0.12 0.14 0.89 .376 .009 

Suppression 0.46 0.15 2.97 .004** .087 
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Rumination 0.83 0.23 3.58 .001*** .122 

Perceived work-related 

stress 

0.21 0.07 2.97 .004** .087 

Current strain -0.24 0.29 -0.82 .415 .007 

Potentially traumatic life-

events 

0.05 0.03 1.88 .064(*) .037 

Overall model statistics: F(9,92) = 9.99, p < .001, R² = .494 

Note: (*) p < .075, * p < .050, ** p ≤ .010, *** p ≤ .001, two-tailed. 
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Supplementary Table 7. Comparing the use of emotion regulation strategies with other 
(community) samples  

 Present study Community samples† 

Emotion regulation strategy M (SD) N M (SD) N 

Acceptance 8.8 (2.9) 102 5.5 (1.6) 2187a 

Reappraisal 4.1 (0.9) 102 4.4 (1.0) 2475b 

Problem-solving 5.2 (2.9) 102 2.6 (0.6) 241c 

Avoidance  1.5 (1.0) 102 2.2 (0.7) 879d 

Suppression 3.6 (1.3) 102 4.0 (1.2) 2475b 

Rumination 1.7 (0.5) 102 1.9 (0.5) 1132e 

Note: †selected from a Doron et al. (2014), b Wiltink et al. (2011); c Hong (2007); d Tobin et al. 
(1984); e Michl et al. (2013). Emotion regulation scales were not rescaled on 0 to 10. 
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1.2 Supplementary Figures 

 

Figure 1. Partial regression plots for the associations of emotion regulation strategy use (sorted by column) and outcome variables (sorted by row). 
Influences of covariates were controlled (see Table 2 for details). Gray areas indicate 95% confidence intervals. 
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2 Perceived work-related stress questionnaire for the emergency medical service 

In a focus group with five experienced rescue workers, we developed a rating of burdensome 
work aspects in order to capture the specific requirements of the work requirements in the rescue 
service (Supplementary Table 8). Due to its bias by scale length, Cronbach’s alpha is an 
inconclusive measure of a scale’s homogeneity and unidimensionality (Clark & Watson, 1995). 
We therefore conducted a principal component exploratory factor analysis (Kaiser-Meyer-Olkin 
measure of sampling adequacy = .80; Bartlett’s test of sphericity, χ²(21) = 218.74, p < .001) and 
the revised Velicer’s minimum average partial (rMAP) test (O’Connor, 2000) to determine the 
factor structure of the scale. We found the first extracted factor to bundle 47.5% of the items’ 
variance. Factor loadings were sufficient, ranging from.52 to .79. The rMAP test confirmed the 
one-factor solution as the most appropriate because of indicating the smallest average 4th power 
partial correlation (Supplementary Table 9). 

  



Supplementary Material 

Supplementary Table 8. Items of the perceived work-related stress questionnaire 

 German English translation 

Instructio

n 

Im Folgenden sind Situationen 

beschrieben, die im Rahmen einer 

Tätigkeit beim Rettungsdienst erlebt und 

als belastend empfunden werden können. 

Bitte geben Sie an, ob Sie der jeweiligen 

Situation schon einmal ausgesetzt waren 

und falls ja, als wie belastend Sie diese 

Situationen allgemein empfunden haben. 

The subsequent questionnaire describes 

situations that can be perceived as 

stressful in the context of working in the 

medical emergency service. Please 

indicate whether you have been exposed 

to the respective situation and if so, how 

stressful you perceived the situation in 

general. 

Item 1 Durch eine Alarmierung kurz vor 

Schichtende kommt es zu Überstunden 

An alarm shortly before the end of the 

shift results in overtime hours. 

Item 2 Die Pause muss aufgrund eines 

plötzlichen Einsatzes unterbrochen 

werden, so dass Sie keine Zeit haben sich 

auszuruhen 

The break must be interrupted due to a 

sudden emergency mission, so you don’t 

have time to rest and recover. 

Item 3 Das Essen muss aufgrund eines Einsatzes 

verschoben oder unterbrochen werden, 

sodass Sie sehr hungrig sind 

The meal has to be postponed or 

interrupted due to a mission, so that you 

are very hungry. 

Item 4 Die Nachtruhe in der Nachtschicht wird 

durch viele Einsätze unterbrochen, sodass 

Sie sich übermüdet fühlen 

The sleep during the night shift is 

interrupted by many missions, so that you 

feel overtired. 

Item 5 Ein dringender Toilettengang muss 

aufgrund eines Notfalleinsatzes 

verschoben werden 

An urgent visit to the restroom must be 

postponed due to an emergency mission. 

Item 6 Erhöhtes Schwitzen durch 

vorgeschriebene Einsatzkleidung z.B. 

lange Hose oder Jacke bei Verkehrsunfall 

Increased sweating due to mandatory 

protective clothing, e.g. long trousers or 

jacket in the event of a traffic accident. 

Item 7 Das Geräusch des Einsatzalarms, 

Funksprüche oder Sirenen hören 

Hearing the sound of the emergency 

alarm, radio calls or sirens. 

Item 8 Irgendeine andere sehr belastende 

Situation: 

Kurze Beschreibung: 

_____________________ 

Some other very stressful situation: 

Short description: 

_____________________ 
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Supplementary Table 9. Results of exploratory factor analysis and Velicer’s revised minimum 
average partial test 

Extracted 

factor 

Eigenvalue Explained variance 

per factor, ΔR² 

Cumulated 

explained variance, 

R² 

Average partial 

correlation, 4th 

power 

0 − − − 0.0339 

1 3.32 47.5 47.5 0.0058 

2 .99 14.2 61.7 0.0353 

3 .90 12.8 74.5 0.0488 

4 .56 8.0 82.5 0.1668 

5 .51 7.3 89.7 0.3126 

6 .41 5.9 95.6 1.0000 

7 .31 4.4 100.0 − 

 

 



Appendix  157 

Study 5: Higher sense of coherence is associated with better mental and physical 

health in emergency medical services: Results from investigations on the revised 

sense of coherence scale (SOC-R) in rescue workers 

Reference: Behnke, A., Conrad, D., Kolassa, I.-T., & Rojas, R. (2019). Higher sense of coherence is as-

sociated with better mental and physical health in emergency medical services: Results from investi-

gations on the revised sense of coherence scale (SOC-R) in rescue workers. European Journal of Psy-

chotraumatology, 10(1), 1606628. doi: 10.1080/20008198.2019.1606628 

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. This is an 

Open Access article distributed under the terms of the Creative Commons AttributionNon Commer-

cial License (CC BY-NC 4.0, http://creativecommons.org/licenses/by-nc/4.0/), which permits unre-

stricted non-commercial use, distribution, and reproduction in any medium, provided the original 

work is properly cited. 

The article was published as an original research article in the European Journal of Psychotraumatol-

ogy that was listed in the 1st quartile in the field of Psychiatry and Mental Health in 2019 with an 

impact factor of 3.36, a 3-year impact factor of 3.34, and an H index of 34. 

Author contributions: AB and DC are joint first authors. RR, AB, DC, and I-TK developed the study 

concept, and RR, DC, and AB conducted the study setup. AB collected the data and performed the 

statistical data analyses. AB drafted the first version of the manuscript supported by DC and under 

supervision of I-TK and RR. AB revised the article according to the reviewers’ comments. All authors 

contributed to the interpretation of data, critically revised the manuscript, and approved the final 

version of the paper for submission. AB coordinated the submission, revision, and publication pro-

cess. 

  



BASIC RESEARCH ARTICLE

Higher sense of coherence is associated with better mental and physical
health in emergency medical services: results from investigations on the
revised sense of coherence scale (SOC-R) in rescue workers
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ABSTRACT
As rescue workers are regularly confronted with potentially traumatising on-duty events, they
have an increased risk to develop trauma-related mental and physical health impairments,
including post-traumatic, depressive, and somatic symptoms. For this high-risk group, it could
be of particular importance to experience their occupational burden as manageable, mean-
ingful, and coherent. This mindset – called sense of coherence – may be a potential resilience
factor against the development of mental and physical health problems. In a cross-sectional
cohort of 102 rescue workers (Mdn(QD)age = 26.0 (8.5), age range: 18−61), including 36 women,
we investigated whether higher values on the Revised Sense of Coherence Scale (SOC-R) pre-
dicted lower post-traumatic, depressive, and somatic symptoms. In addition, we evaluated the
factor structure of the SOC-R using confirmatory factor analyses. Linear regressions indicated
that higher SOC-R, but particularly manageability scores were associated with less post-
traumatic (β = −.31, p = .009), depressive (β = −.44, p < .001), and somatic symptoms (β =
−.36, p = .002). Furthermore, we found that all symptom scores significantly increased with
occupational and private-life trauma exposure. The SOC-R’s factor structure was replicated,
comprising the three subscales manageability, reflection, and balance. However, the SOC-R’s
convergent factor validity was rather low in the present sample. Taken together, a high sense of
coherence, and in particular a high manageability conviction, was observed as resilience factors
for high-risk groups that are frequently exposed to potentially traumatic events. Future studies
might investigate whether strengthening the sense of coherence could be one building block in
an effective prevention program for maintaining long-term health in risk groups.

Un mayor sentido de coherencia se asocia con una mejor salud mental
y física en los servicios médicos de emergencia: Resultados de inves-
tigaciones sobre la Escala del Sentido de Coherencia Revisada (SOC-R)
en trabajadores de rescate
Debido a que los trabajadores de rescate se enfrentan regularmente con eventos laborales
potencialmente traumatizantes, presentan un mayor riesgo de desarrollar trastornos mentales
y físicos relacionados con el trauma, incluyendo síntomas postraumáticos, depresivos y somáticos.
Para este grupo de alto riesgo sería importante el experimentar su trabajo como manejable,
significativo y coherente. Esta perspectiva—llamada sentido de coherencia— podría ser un factor
potencial de resiliencia en contra del desarrollo de problemas mentales y físicos. En una cohorte
transversal con 102 trabajadores de rescate (Mdn(QD)edad = 26.0 (8.5), rango de edad: 18-61), de
los cuáles 36 eran mujeres, investigamos si los valores más altos en la Escala del Sentido de
Coherencia Revisada (SOC-R) predijeron menos síntomas postraumáticos, depresivos y somáticos.
Además, evaluamos la estructura factorial del SOC-R mediante análisis factoriales confirmatorios.
Las regresiones lineales indicaron que las puntuacionesmás altas del SOC-R, pero particularmente
la capacidad de menejabilidad, se asociaron con menos síntomas postraumáticos (β = −.31, p =
.009), depresivos (β = −.44, p <.001) y somáticos (β = −.36, p = .002). Además, encontramos que
a mayor la exposición con traumas laborales y privados los puntajes de estos síntomas aumen-
taron significativamente. La estructura factorial del SOC-R se replicó con sus tres subescalas
manejabilidad, reflexión y equilibrio. Sin embargo, la validez del factor convergente del SOC-R
era menor en la presente muestra. En general, se observó que un alto sentido de coherencia y, en
particular una alta manejabilidad, funcionan como factores de resiliencia en grupos de alto riesgo
que con frecuencia están expuestos a eventos potencialmente traumáticos. Estudios futuros
deberían investigar si el fortalecimiento del sentido de coherencia podría ser un componente
básico en un programa de prevención eficaz para mantener la salud a largo plazo en grupos de
riesgo.
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紧急医疗服务中更高的心理一致感与更好的身心健康相关：救援人员的
心理一致性量表（SOC-R）的结果

由于救援人员经常面临可能造成创伤的职业事件，他们发生创伤相关的精神和身体健康损
害的风险增加，包括创伤后应激、抑郁和躯体症状。对于这个高风险群体而言，将其职业
负担看作为可管理，有意义且一致可能尤为重要。这种被称为心理一致感的心理状态可能
是一种潜在的抵御心理和身体健康问题发展的韧性因素。在102名救援人员（Mdn(QD) 年龄
= 26.0（8.5），年龄范围：18-61）的横断面队列研究中，包括36名女性。我们考察了修订
心理一致感量表（SOC-R）的更高分数是否预测较低的创伤后应激、抑郁和躯体症状。此
外，我们使用验证性因子分析评估了SOC-R的因子结构。 线性回归分析表明，较高的SOC-R
分数，尤其是可控性得分与较少的创伤后应激（β= −.31，p = .009），抑郁（β= −.44，p
<.001）和躯体症状（β = −.36，p = .002）相关。进一步的，我们发现随着职业和个人生活
创伤暴露，所有症状评分都显著增加。 SOC-R的因子结构得到重复，包括三个分量表：可
管理性，反思和平衡。不过，在本样本中SOC-R的聚合效度相当低。总的来说，高度心理一
致性，尤其是高的可控信念，被视为经常暴露于潜在创伤事件的高风险群体的韧性因素。
未来的研究可能会调查加强心理一致感是否可以成为有效维持风险群体长期健康的预防计
划的一个组成部分。

coherence is a prospective
resilience factor against
stress and trauma in high-
risk professions.

1. Introduction

Research in cohorts exposed to multiple traumatic
event types such as survivors of violent conflict and
war, found the risk for post-traumatic stress disorder
(PTSD) and depression to increase in a dose–response
relationship with the number of traumatic events
experienced across lifetime, up to a maximum of
100% under extreme trauma exposure (Comellas
et al., 2015; Conrad et al., 2017; Kolassa et al., 2010;
Kolassa, Kolassa, Ertl, Papassotiropoulos, & De
Quervain, 2010; Mollica, McInnes, Pool, & Tor,
1998). A similarly increased risk to develop PTSD
can be assumed in individuals who are regularly con-
fronted with traumatic experiences in the context of
their work. Such occupational high-risk groups include
firefighters, police officers, and rescue workers.

Rescue workers are confronted with on average 15
different traumatic event types during five years of
employment, including the care for severely injured or
dying children, family members, friends, colleagues or
acquaintances or being themselves attacked or injured
during rescue operations (Alexander & Klein, 2001;
Declercq, Meganck, Deheegher, & Van Hoorde, 2011;
Donnelly & Bennett, 2014; Halpern, Maunder, Schwartz,
& Gurevich, 2012; Regehr, Goldberg, & Hughes, 2002;
Teegen & Yasui, 2000). There is ample evidence for an
increasing prevalence of clinically relevant (often co-
morbid) post-traumatic and depressive symptoms as
well as accompanying somatic complaints with the num-
ber of traumatic events on duty (Aasa, Brulin, Ängquist,
& Barnekow-Bergkvist, 2005; Benedek, Fullerton, &
Ursano, 2007; Berger et al., 2011; Clohessy & Ehlers,
1999; Donnelly, 2012; Fjeldheim et al., 2014; Fullerton,
Ursano, & Wang, 2004; Häller, Michael, & Balmer
Koechlin, 2009; Hegg-Deloye et al., 2014; Razik, Ehring,
& Emmelkamp, 2013; Skeffington, Rees, &Mazzucchelli,
2017; Teegen&Yasui, 2000;Wild et al., 2016). According
to a meta-analysis of Berger et al. (Berger et al., 2011),
rescue workers show even higher prevalence rates for

PTSD than firefighters and police officers. Not surpris-
ingly, PTSD prevalence in rescue workers is much higher
than in the general population, and ranges between 5%
and 22% (Bennett, Williams, Page, Hood, & Woollard,
2004; Berger et al., 2011, 2007; Clohessy & Ehlers, 1999;
Grevin, 1996; Jonsson, Segesten, & Mattson, 2003;
Lowery & Stokes, 2005; Skeffington et al., 2017; van der
Ploeg & Kleber, 2003). There is initial evidence that also
nonwork-related major life events, but particularly
adverse experiences during childhood could lead to con-
siderably elevated concurrent symptom levels in rescue
workers (Levy-Gigi et al., 2015; Maunder, Halpern,
Schwartz, & Gurevich, 2012; Richter, 2014).

Several factors protecting from the development of
mental health problems after trauma in first responders
have been identified, among themhigh levels of perceived
(coping) self-efficiency (Heinrichs et al., 2005; Regehr,
Hill, Knott, & Sault, 2003), social support (Fjeldheim
et al., 2014; Prati & Pietrantoni, 2010; Regehr et al.,
2003; Shakespeare-Finch, Rees, & Armstrong, 2015), or
the emotion regulation strategy acceptance (Gärtner,
Behnke, Conrad, Kolassa, & Rojas, 2019). In addition,
Antonovsky proposed a sense of coherence as an impor-
tant psychological resilience factor (Antonovsky, 1979).
In its original form, the sense of coherence encompassed
three principal beliefs that a person can have about life
and its challenges: First, the perception of the world as
logically structured, understandable and thus predictable
(comprehensibility). Second, the conviction of having
sufficient resources to successfully face the demands of
the world (manageability). And thirdly, the conviction
that these demands are valuable challenges that exist for
a good reason and are worth dealing with
(meaningfulness).

Different versions of Antonovsky’s Sense of Coherence
Scale (SOC) exist (Antonovsky, 1993). Previous research
using either the 9-, 13- or 29-item version found that
a higher sense of coherence was associated with, e.g., less
severe somatic symptoms in breast cancer patients
(Leonhart et al., 2017), less pregnancy-specific distress
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(Staneva, Morawska, Bogossian, & Wittkowski, 2016),
and with higher health-related quality of life in adoles-
cents with heart disease (Wang, Hay, Clarke, &
Menahem, 2014).

Yet, the original SOC questionnaires suffered from
problems regarding their psychometric properties,
including an inconsistent factorial structure and fluctua-
tions with age (Bachem & Maercker, 2016). Due to the
concept’s high correlation with broad personality traits,
particularly neuroticism (Gruszczyńska, 2014; Kase,
Ueno, & Oishi, 2018), its discriminant validity was
debated. Recently, Bachem and Maercker (2016) recon-
ceptualised the sense of coherence and introduced the
Revised Sense of Coherence Scale (SOC-R). In its revised
version, less focus is placed on the structure, predictabil-
ity, and reasonability of environmental stimuli, but the
individual’s general ability to perceive life events as
a coherent whole, including both, the good and the bad.
Comparable to the original concept it describes
a person’s conviction to master life’s adversities,
extended by the individual’s ability to see the relatedness
and balance between ambiguous life experiences
(Bachem & Maercker, 2016). Individuals with
a stronger sense of coherence are therefore expected to
maintain mental health even if confronted with highly
stressful or traumatic events. Accordingly, the authors
found negative correlations between the SOC-R and
measures for depression and anxiety as well as positive
correlations with measures of mental and physical well-
being (Bachem & Maercker, 2016). Furthermore, the
revised sense of coherence moderates the association
between early-life emotional neglect and later-life mental
health in a way that individuals with low to moderate
scores on the SOC-R showed considerably more mental
health problems related to early-life emotional neglect
than individuals with higher SOC-R values (Mc Gee,
Höltge, Maercker, & Thoma, 2017, 2018).

The aimof this cross-sectional studywas to investigate
whether the revised sense of coherence is a potential
resilience factor against post-traumatic, depressive, and
somatic symptoms also in high-risk groups, who are
regularly confronted with extreme levels of trauma,
such as rescue workers. Thereby, potential covariates,
including trauma exposure on duty and in private life
across childhood and adulthood as well as (biological)
sex, will be considered. In addition, given the relative
novelty of the SOC-R, this study aimed at evaluating the
questionnaire’s factor structure in a cohort of German
rescue workers.

2. Material and methods

2.1. Participants

Participants were recruited from October to December
2016 in two rescue stations of the German Red Cross in
Germany. Full data was available from 103 rescue

workers. One participant had to be excluded for doubts
on the validity of the given answers, i.e., the participant
indicated an invariant response pattern in several ques-
tionnaires, including the SOC-R. Statistical analyses were
therefore based on a total of N = 102 participants (Mdn
(QD1)age = 26.0 (8.5) years, range: 18−61), including 36
women. Working experience ranged from one week to
35 years (Mdn(QD) = 3.29 (5.47) years).

2.2. Materials and study procedure

The Ulm University ethics committee approved the
study procedures. Study aims and procedures were
introduced to the rescue workers during regular
further education events. Rescue workers interested
in study participation were asked to provide their
email address to receive an individual link for partici-
pation in an online survey (LimeSurvey, 2017). All
participants declared their written informed consent
prior to participation. The survey lasted approximately
60 min and included questions on demographic data,
questionnaires to assess the experience of traumatic
events and childhood maltreatment, clinical screening
instruments for PTSD, depression, and somatic symp-
toms, and instruments to measure a variety of poten-
tial risk and resilience factors regarding the
development of mental health problems, including
the SOC-R. A detailed description of the question-
naires used in this study can be found below.

2.2.1. Sense of coherence
The Revised Sense of Coherence Scale (SOC-R)
(Bachem & Maercker, 2016) contains 13 items (e.g.,
In spite of everything, I can learn from bad experi-
ences). Participants indicated their agreement with
each statement on a 5-point Likert scale ranging
from 1 (not at all true) to 5 (extremely true), with
item 6 being coded reversely. The scale comprises the
three subscales manageability, reflection, and balance.
For statistical analyses, the sum scores of all items
(Cronbach’s α = .76) and the three subscales were
calculated (Cronbach’s α = .72, .72, and .63 for man-
ageability, reflection, and balance, respectively).

2.2.2. Occupational trauma exposure
Using a modified and extended version of the Rescue
and Emergency Situations Questionnaire (Schoch,
2008), the rescue workers’ exposure to 10 potentially
traumatic on-duty event types were assessed, includ-
ing severe injury or death, taking care of people with
special needs (e.g., palliative patients) or difficulties in
the interaction with relatives of victims. In addition,
participants could add events not included in the
event list as free text. Participants indicated whether
they had ever been exposed to any of the described
mission events or not. The number of experienced
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potentially traumatic event types represented the
occupational trauma exposure.

2.2.3. Private-life trauma exposure
To assess the exposure to traumatic event types in
private life from child- to adulthood, we used two ques-
tionnaires. First, the German version of the Life Event
Checklist for DSM-5 (LEC-5) (Ehring, Knaevelsrud,
Krüger, & Schäfer, 2014; Weathers et al., 2013) was
used to assess 16 potentially traumatic event types cov-
ering the exposure to natural disasters, accidents, inter-
personal violence, war, life-threatening illness or injury.
Participants were asked whether they had ever experi-
enced any of these events or witnessed how a close
relative or friend had experienced any of these events.
Each form of exposure was rated as one individual
potentially traumatic event type. Participants could
also add traumatic event types not included in the
event list. Different from the original questionnaire,
we excluded the answering option of being confronted
on duty and instructed the participants to focus on their
private life only, as work-related traumatic events were
assessed separately. Participants could also indicate that
they had not experienced the event or were insecure
whether they had been exposed to it. In this case, the
item was rated as nonexposed. Second, childhood mal-
treatment experiences were assessed with the German
20-item short-version of the Maltreatment and Abuse
Chronology of Exposure scale (Teicher & Parigger,
2015) applied as a self-report measure (KERF-20)
(Isele, Schauer, Ruf-Leuschner, & Elbert, 2011; Isele
et al., 2014). The KERF-20 covers 10 different forms of
childhood maltreatment experiences, including sexual
abuse, emotional, and physical neglect, as well as physi-
cal and emotional abuse through parents or siblings, the
experience of violence through peers, and the witness of
violence on parents or siblings, respectively. The values
of each subscale were added, then interpolated, and
finally, the sum score of all subscales was calculated.
LEC-5 and KERF-20 sum scores were summarised to
represent the individual’s total private-life trauma expo-
sure (cf. Conrad et al., 2017; Wilker et al., 2015).

2.2.4. Post-traumatic symptoms
The German version of the PTSD Checklist for DSM-5
(PCL-5) (Krüger-Gottschalk, Knaevelsrud, Rau et al.,
2017; Weathers et al., 2013) was applied. The PCL-5
includes 20 items covering the four PTSD symptom
clusters intrusions, avoidance, hyperarousal, and nega-
tive alterations in mood and cognition. With regard to
the worst traumatic event experienced in private or on
duty, participants indicated on a 5-point Likert scale,
ranging from 1 (not at all) to 5 (very strong), how
much they felt impaired by the described problems
(e.g., avoidance of memories, thoughts or emotions
related to the traumatic event) during the last month.

The sum score of all items was used as a measure for
PTSD symptom severity (Cronbach’s α = .91).

2.2.5. Depression symptoms
Depressive symptoms were assessed with the German
version of the 9-item depression scale of the Patient
Health Questionnaire (PHQ-9) (Kroenke, Spitzer,
Williams, & Löwe, 2010; Löwe, Spitzer, Zipfel, &
Herzog, 2002). On a 4-point Likert scale ranging
from 0 (not at all) to 3 (almost every day), partici-
pants indicated how much they felt impaired by
symptoms of depression during the past two weeks
(e.g., tiredness or feeling of no energy). For statistical
analyses, the symptom score of all nine items was
calculated (Cronbach’s α = .83).

2.2.6. Somatic symptoms
Physical impairment and sleep disturbances during
the last four weeks (e.g., stomach aches; back pain)
were assessed with 15 items according to the German
version of the Patient Health Questionnaire (PHQ-
15) (Kroenke et al., 2010; Löwe et al., 2002). For
reasons of comparability between males and females,
we excluded the item asking for menstrual pain. The
questions were answered on a 3-point Likert scale
from 0 (not at all) to 2 (very strong). The sum score
of all responses was used in subsequent analyses
(Cronbach’s α = .84).

2.3. Statistical analyses

Statistical analyses were performed with SPSS, version
20 (IBMCorp, 2011) and R, version 3.5.1 (R Core Team,
2018). To evaluate the factor structure of the SOC-R we
performed confirmatory factor analyses (CFA) using the
R package lavaan, version 0.6–3 (Rosseel, 2012). As
SOC-R items were not multivariate normally distributed
(Energy test: E = 2.01, p < .001), a maximum likelihood
estimator (MLR) with robust Huber-White standard
errors and an asymptotic Yuan-Bentler test statistic
was used (Bentler, 2006, pp. 289-291; Rosseel, 2012, p.
29). We specified a one-factor model including all 13
items and two 3-factor models separating the three sub-
scales manageability, reflection, and balance, as pro-
posed in Bachem and Maercker (2016). The absolute
χ2 statistic and the according p-value (p > .05), the
relative χ2 statistic (χ2/df < 3), the root mean square
error of approximation (RMSEA; ≤ .08), the standar-
dised root mean square residual (SRMR; ≤ .08), and the
comparative fit index (CFI; ≥ .95) were used as model fit
criteria (Hu & Bentler, 1999). According to the Fornell-
Larcker criteria (Fornell & Larcker, 1981), satisfying
factor convergence is indicated by an average variance
extracted (AVE) larger than .50 and a composite relia-
bility (CR) larger than .70. Satisfying factor discrimin-
ability is indicated by an AVE larger than the maximum
shared variance (MSV) and a square root of AVE greater
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than inter-construct correlations (Gaskin, 2016; Hair,
Black, Babin, & Anderson, 2010).

Furthermore, we investigated whether the SOC-R
and its subscales were associated with lower PTSD,
depression, and somatic symptom severity as well as
a lower total symptom burden, as an indicator of rescue
workers’ overall health status. For the total symptom
burden, the symptom severity scores were z-standar-
dised and averaged to a composite score. Due to non-
normality of various study variables, bivariate
correlations were computed with Spearman’s ρ rank
correlation. Linear regression analyses were conducted
to predict the severity of the different symptoms and
their composite by the SOC-R or its subscales. All
models included occupational and private-life trauma
exposure as well as sex as covariates. As model residuals
were right-tailed for each outcome variable, all regres-
sion models were 5000-times BCa bootstrapped.

3. Results

3.1. Confirmatory factor analysis

The intercorrelation matrix of the SOC-R items
(Supplementary Table 1) shows no generally positive
correlations of the questionnaire’s items. Within the
three factors suggested by Bachem and Maercker
(2016), rather weak item intercorrelations were found
(manageability: ρ = .22−.45, p ≤ .029; reflection: ρ = .22
−.45, p ≤ .025; balance: ρ = .19−.54, p ≤ .051). In addition,
significant correlations with items of other factors
occurred. Using CFA, we compared the one- and the
two three-factor solutions proposed by Bachem and
Maercker (2016). As displayed in Table 1, none of the
compared solutions reached a satisfactory model fit, with
the original three-factor solution (Figure 1) yielding the
comparatively best model-to-data adequacy. To further
evaluate the adequacy of this solution, we additionally
examined the Fornell-Larcker criteria (Table 2). Only
AVE = 31−42% of the items’ variance converged on the
respective factors. As a result, the composite reliability
was rather low for the factors balance and manageability
and not satisfactory for the reflection factor (CR ≤ .70).
The reflection factor also had a low discriminant validity
due to the fact that its items shared less variance with
another than with items of the other factors (i.e., AVE <
MSV). Taken together, the SOC-R’s three-factor solution
was the most adequate structure to presume in the

present sample, although the factors’ convergent validity
was rather low as a result of the weak item
intercorrelations.

3.2. Associations of the SOC-R with
post-traumatic, depressive, and somatic
symptoms

Bivariate correlations (Supplementary Table 2) indi-
cated that higher SOC-R total scores were associated
with less severe somatic and depressive symptoms as
well as a lower symptom composite, whereas the
negative association with post-traumatic symptoms
was not significant. The SOC-R subscale manageabil-
ity was negatively associated with the severity of all
symptom types, whereas there were no significant
correlations of the subscales reflection and balance
with symptom severity. Overall, occupational and
private-life trauma exposure were associated with
a substantially increased severity regarding all symp-
tom types. There were medium to high correlations
of post-traumatic, somatic, and depressive symptom
severity (ρ = .55−.82, p’s < .001).

Table 3 summarises the results of bootstrapped lin-
ear regressions performed to test whether higher SOC-
R total scale or subscales statistically predicted less
severe post-traumatic, somatic, depressive as well as
transdiagnostic symptoms (symptom composite score).

Post-traumatic symptoms were less severe in rescue
workers with higher manageability scores (Figure 2(b)),
whereas the SOC-R total scale (Figure 2(a)) or other
subscales showed no significant association with post-
traumatic symptoms. Occupational and private-life
trauma exposure as well as female sex were associated
with more severe post-traumatic symptoms.

Somatic symptoms were less severe in rescue work-
ers with higher SOC-R total (Figure 2(c)) and man-
ageability scores (Figure 2(d)), whereas the other
SOC-R subscales showed no significant association
with somatic symptoms. Occupational and private-
life trauma exposure, as well as female sex, were
associated with more severe somatic symptoms.

Similarly, depressive symptoms were less severe in
rescue workers with higher SOC-R total (Figure 2(e))
and manageability scores (Figure 2(f)), while there
were no significant associations of the other SOC-R
subscales with depressive symptoms. Again, occupa-
tional and private-life trauma exposure were linked to
more severe depressive symptoms.

Table 1. Results of confirmatory factor analyses.
χ2 (df) p χ2/df RMSEA SRMR CFI

One-factor solution 173.51 (65) < .001 2.67 .126 [.103, .149] .113 .591
Original three-factor solutiona 89.88 (62) .012 1.45 .066 [.032, .095] .081 .892
Modified three-factor solutionb 122.03 (62) < .001 1.97 .098 [.072, .124] .112 .763

RMSEA = robust root mean square error of approximation with a 90% confidence interval, SRMR = standardized root mean square residual, CFI = robust
comparative fit index. aSee Figure 1 for details; bBachem and Maercker (2016) proposed a modified three-factor solution, in which the second and
third item were counted to the balance scale instead of the reflection scale.
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Regarding the symptom composite score, symptom
severity was lower in rescue workers with higher
SOC-R total (Figure 2(g)) and manageability scores
(Figure 2(h)). Again, the other SOC-R subscales had
no significant relationship with symptom severity.
Occupational and private-life trauma exposure was
associated with elevated symptom severity.

The association of female sex with increased symp-
tom severity was inconsistent across the regression
models (see Table 3). Group comparison between
male and female rescue workers indicated that sex
was multiply associated with other variables
(Supplementary Table 5). Men were significantly
older (d = 1.02, p < .001), had longer work experience
(d = 0.63, p = .003), and descriptively, were exposed
to more occupational trauma events (d = 0.34, p =
.090). Moreover, male rescue workers indicated
slightly higher scores than females on the SOC-R
total scale (d = 0.42, p = .043), whereas no sex
differences were observed for the SOC-R subscales
(p’s > .068).

Correlation analyses indicated no dependency of
the sense of coherence measures on other covariates,
i.e., occupational or private-life trauma exposure, age,

working experience or educational level (p’s > .05; see
Supplementary Table 2).

4. Discussion

This study aimed at investigating the putative bene-
ficial relationship of the revised sense of coherence
with mental and physical health in a cross-sectional
sample of German rescue workers. Our results sug-
gest that the revised sense of coherence and particu-
larly its manageability facet could be an important
resilience factor protecting the mental and physical
health of rescue workers and employees of profes-
sions with similar on-duty trauma exposure.
Moreover, we confirmed the three-factor structure
of the SOC-R in the present sample with restrictions
regarding the factors’ convergent validity.

4.1. Factor structure of the SOC-R

CFA indicated the three-factor solution as origin-
ally proposed by Bachem and Maercker (2016) as
the relatively most appropriate structure for the
SOC-R in this sample of rescue workers. The
SOC-R total scale was divided into the three sub-
scales manageability, reflection, and balance. The
three factors explained a similar amount of var-
iance on the items and yielded a comparably weak
model fit as reported in earlier studies (Bachem &
Maercker, 2016; Mc Gee et al., 2017). One explana-
tion for the poor model fit could be the low inter-
correlation of the SOC-R items. Low correlations of
items within factors could also have inflated the-
model-fit parameters, in particular RMSEA, SRMR
and the χ2 test (Beierl, Bühner, & Heene, 2018;
Heene, Hilbert, Draxler, Ziegler, & Bühner, 2011).
Inflated model-fit indices may thus erroneously
identify unsuitable or unjustifiably complex factor
solutions as appropriate (Beierl et al., 2018; Heene
et al., 2011). Therefore, we more closely investi-
gated the SOC-R’s factor structure using Fornell-
Larcker criteria, revealing that the questionnaire’s
items did not homogeneously converge on the
respective factors, but showed considerable ‘error’
variances with other factors’ items. This resulted in
a rather low convergent factor validity of the SOC-
R in the present sample. Due to this, the composite
reliability of the SOC-R subscales manageability
and balance was in the lower acceptable range,
while the composite reliability of the reflection
subscale was too low. In sum, our results suggest
the SOC-R’s three-factor structure as the relatively
most appropriate a-priori solution in rescue work-
ers. However, the SOC-R factors showed a rather
low convergent validity which could indicate that
the questionnaire items do not adequately represent
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Figure 1. Three-factor solution of the Revised Sense of
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the theoretically presumed facets of the revised
sense of coherence.

4.2. The revised sense of coherence as
a potential resilience factor

As the revised sense of coherence was proposed as
a potential resilience factor, we investigated the SOC-
R’s association with post-traumatic, depressive, and
somatic symptoms in this sample of German rescue
workers. We identified the manageability subscale as
significantly associated with less severe post-traumatic,
depressive, and somatic symptoms beyond the influence
of occupational and private-life trauma exposure and sex.
Manageability accounted for considerable proportions of
the variance of the different symptom types (η2p = 10
−20%, see Table 3), comparable in size to the negative
associations of trauma exposure as an important aetio-
logical transdiagnostic risk factor in rescue workers
(Berger et al., 2011; Clohessy & Ehlers, 1999; Hegg-
Deloye et al., 2014; Teegen & Yasui, 2000).
Furthermore, higher values on the SOC-R total scale
were linked to lower depressive and somatic as well as
composite symptom levels, whereas our results indicated
no association of the SOC-R total scale with less severe
post-traumatic symptoms. Thus, in this study, the rescue
workers’ conviction to have sufficient resources to suc-
cessfully manage vicious situations appeared to be the
central protective aspect within the sense of coherence
against developing clinically relevant mental or physical
symptoms. Believing that there are no solutions or stra-
tegies for dealing with stressors can trigger negative self-
reflective emotions such as despair, hopelessness, shame
or even guilt, which have been reported to be linked to an
intensification of symptomatology in rescue workers
(Avraham, Goldblatt, & Yafe, 2014; Halpern, Gurevich,
Schwartz, & Brazeau, 2009; Halpern et al., 2012).
Manageability could counteract these beliefs and feelings.
The manageability conviction apparently characterises
rescue workers who stay resilient even in the face of
continuing occupational trauma exposure and after
major psychosocial stress and trauma events in private
life. In general, our results replicate previous findings
indicating a protective effect of the revised sense of
coherence and, primarily, its manageability facet against
the development of mental diseases (Bachem &
Maercker, 2016; Mc Gee et al., 2017, 2018). Moreover,

this study is the first to associate the SOC-R with better
physical health.

4.3. Occupational and private-life trauma
exposure as risk factors

Previous studies indicated that rescue workers face
a considerably high risk to develop PTSD and depres-
sion as well as physical health complaints as
a reaction to frequent exposure to severely stressful
or traumatic experiences on duty (Aasa et al., 2005;
Benedek et al., 2007; Berger et al., 2011; Clohessy &
Ehlers, 1999; Donnelly, 2012; Fjeldheim et al., 2014;
Fullerton et al., 2004; Häller et al., 2009; Hegg-Deloye
et al., 2014; Razik et al., 2013; Skeffington et al., 2017;
Teegen & Yasui, 2000; Wild et al., 2016). In line with
this, we found the number of experienced traumatic
event types on duty associated with an increased
severity of post-traumatic, depressive, and somatic
symptoms. There is evidence that private psychoso-
cial stress or trauma events and particularly adverse
childhood experiences could also compromise the
health of emergency medical service, fire brigade or
police personnel or increase their vulnerability to on-
duty traumatisation (Levy-Gigi et al., 2015; Maunder
et al., 2012; Richter, 2014). Correspondingly, we
observed consistently increased transdiagnostic
symptom severity in rescue workers who reported
more potentially traumatic life-events in adulthood
and/or more maltreatment experiences in childhood.
Active psychoeducation about the role of traumatic
experiences, especially childhood maltreatment, as
a vulnerability factor could raise the awareness and
willingness of rescue workers to seek professional
help when developing mental and physical stress
symptoms. Information should already be offered
during career counselling and entry to make appli-
cants with a history of (childhood) trauma aware of
their particular risk.

4.4. Limitations and future directions

Observed prevalence rates for mental disorder symp-
toms were in the range of previous studies in the
emergency medical service (Berger et al., 2011;
Donnelly, 2012; Hegg-Deloye et al., 2014; Sterud,
Ekeberg, & Hem, 2006). Highly affected individuals

Table 2. Fornell-Larcker criteria of the preferred three-factor model.
Model criteria Interfactor correlations

CR AVE √AVE MSV Balance Reflection Manageability

Balance .730 .420† .648 .208 −
Reflection .636† .309† .556† .318† .149 −
Manageability .725 .348† .590 .318 .456 .564 −

A composite reliability of CR > .70 indicates a sufficient consistency of items within a factor (latent variable); an average variance extracted of AVE > .50
indicates sufficient convergent factor validity (i.e., more than 50% of the items’ variances converged on their common factor); satisfactory discriminant
factor validity is given when the maximum shared variance MSV < AVE and when the square root of AVE is greater than the interfactor correlations
(i.e., items within factors converge more on their common factor than on another factors). Values indicated with † violate the aforementioned criteria.
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might not have participated in the present study due
to current or chronical illness, dismissal or early
retirement. This ‘healthy-worker effect’ might have
led to an underestimation of effects (Costa, 2003).
Moreover, due to the study’s cross-sectional design,
the results can only be interpreted correlational. To
conclusively investigate the putative role of the sense
of coherence as a resilience factor, prospective long-
itudinal studies are necessary (Mc Gee et al., 2018).

Longitudinal studies are also needed to provide
evidence on the dynamic of the revised sense of
coherence throughout life. A longitudinal study in
older adults found no changes in the SOC-R over
the course of one year (Mc Gee et al., 2018).
However, the developers of the SOC-R speculated
that the sense of coherence could fluctuate with
major life events. Being exposed to a high number
of critical life events could compromise the sense of
coherence, or vice versa, could stimulate the forma-
tion of a stronger sense of coherence (Bachem &
Maercker, 2016). Longitudinal studies on
Antonovsky’s SOC conception found a decrease
with negative life events (Volanen, Suominen,
Lahelma, Koskenvuo, & Silventoinen, 2007), but par-
ticularly in older adults as a reaction to deficits in
health and social resources (Silverstein & Heap,
2015). In our sample, however, SOC-R scores were
neither associated with the rescue workers’ occupa-
tional or private-life trauma exposure, nor with their
age or working experience. Moreover, the score dis-
tributions corresponded well to the scores of healthy
and old adults and were only slightly higher than
those observed for bereaved persons (Bachem &
Maercker, 2016; Mc Gee et al., 2017). To conclusively
investigate possible impacts of multiple trauma expo-
sure on the stability of the SOC-R, future research
may employ longitudinal designs in high-risk groups.
The sense of coherence is classically understood as
a predictor of lower health impairments in reaction to
stress and trauma. However, additional research is
needed to clarify whether the sense of coherence
could be compromised in reaction to the occurrence
of mental or physical health problems and whether
successful occupational resilience trainings or psy-
chotherapy can improve the individual sense of
coherence.

In bereaved persons, significantly lower SOC-R sum
scores were observed in women than in men, and
a similar trend regarding the subscales (Bachem &
Maercker, 2016). We observed equally directed, but
small-sized differences in our sample. Further, women
reported slightlymore severe post-traumatic and somatic
symptoms thanmen. Although this finding is in line with
the well-established epidemiological observation that
women have a generally increased risk to develop stress-
related disorder symptoms (Creamer, Burgess, &
Mcfarlane, 2001; de Vries & Olff, 2009; Goldstein et al.,Ta
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2016; Perkonigg, Kessler, Storz, & Wittchen, 2000), it
contradicts previous research in rescue workers report-
ing a higher PTSD prevalence in men than women
(Bennett et al., 2004). Indeed, increased symptom pre-
valence for female rescue workers appears debatable as
female rescue workers were younger in this population,
less work experienced, and were – descriptively –
exposed to less occupational trauma than their male
colleagues. In sum, we refrain from interpreting the sex
effects in this occupational cohort, because sex is not only
disproportionately distributed but also systematically
confounded with relevant occupational-demographic or
disorder aetiological factors. Future studies are needed to
investigate whether aspects of the revised sense of coher-
ence are differentially used by men and women.

5. Conclusions

This cross-sectional study suggests the revised sense of
coherence and particularly, its manageability facet as
a possible resilience factor for the mental and physical
health of occupationally trauma-exposed populations.
We replicated the exposure to potentially traumatic
events on-duty or in private life as important risk factors
for rescue workers’ health. Comprehensively evaluating
the German SOC-R’s psychometric features indicated its
three-factor structure as the most appropriate solution in
this sample, although poor item-to-factor convergence
compromised the factor validity. Future longitudinal
studies may investigate the revised sense of coherence
as possible prospective resilience factor and may aim at
strengthening employees’ manageability perception to
help them better cope with their professional demands.
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Figure 2. Partial scatter plots displaying the linear regressive
associations of the Revised Sense of Coherence Scale (SOC-R;
Bachem & Maercker, 2016) total scale with the rescue workers’
(a) post-traumatic symptoms as assessed with the PTSD Checklist
for DSM-5 (PCL-5; Krüger-Gottschalk et al., 2017), (c) depressive
symptoms as assessed with the Patient Health Questionnaire
depression scale (PHQ-9; Löwe et al., 2002), (e) somatic symptoms
as assessed with the Patient Health Questionnaire physical symp-
toms scale (PHQ-15 ; Löwe et al., 2002), and the transdiagnostic
symptom composite score (g) as well as the associations of the
SOC-R Manageability subscale with (b) post-traumatic symptoms,
(d) depressive symptoms, (f) somatic symptoms, and the trans-
diagnostic symptom composite score (h). Influences of occupa-
tional and private-life trauma exposure and sexwere considered as
covariates. Grey areas indicate 95% confidence intervals.

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY 9



Note

1. In case of nonnormally distributed data, the quartile
deviation (QD), defined as half of the interquartile
deviation, is used as robust alternative for the standard
deviation.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by the German Red Cross
(Deutsches Rotes Kreuz) rescue service Heidenheim-Ulm
gGmbH.

Data availability statement

Restrictions apply to the datasets: The datasets for this
manuscript are not publicly available because the data may
not be passed on or published to third parties outside the
research project. The dataset contains sensitive personal
and clinical information that might allow identifying indi-
vidual participants. We do not have the consent of the
ethics committee or our participants to grant access to or
insight into the collected data.

ORCID

Alexander Behnke http://orcid.org/0000-0002-4128-9627
Iris-Tatjana Kolassa http://orcid.org/0000-0001-7847-
1847

References

Aasa, U., Brulin, C., Ängquist, K. A., & Barnekow-
Bergkvist, M. (2005). Work-related psychosocial factors,
worry about work conditions and health complaints
among female and male ambulance personnel.
Scandinavian Journal of Caring Sciences, 19, 251–258.

Alexander, D. A., & Klein, S. (2001). Ambulance personnel
and critical incidents: Impact of accident and emergency
work on mental health and emotional well-being. British
Journal of Psychiatry, 178, 76–81.

Antonovsky, A. (1979). Health, stress, and coping. Jossey-
Bass social and behavioral science series. San Francisco,
CA: Jossey-Bass Inc.

Antonovsky, A. (1993). The structure and properties of the
Sense of Coherence Scale. Social Science & Medicine, 36,
725–733.

Avraham, N., Goldblatt, H., & Yafe, E. (2014). Paramedics’
experiences and coping strategies when encountering
critical incidents. Qualitative Health Research, 24,
194–208.

Bachem, R., & Maercker, A. (2016). Development and
psychometric evaluation of a revised Sense of
Coherence Scale. European Journal of Psychological
Assessment, 34, 206–215.

Beierl, E. T., Bühner, M., & Heene, M. (2018). Is that
measure really one-dimensional?: Nuisance parameters
can mask severe model misspecification when assessing
factorial validity. Methodology, 14, 188–196.

Benedek, D. M., Fullerton, C., & Ursano, R. J. (2007). First
responders: Mental health consequences of natural and
human-made disasters for public health and public safety
workers. Annual Review of Public Health, 28, 55–68.

Bennett, P., Williams, Y., Page, N., Hood, K., &
Woollard, M. (2004). Levels of mental health problems
among UK emergency ambulance workers. Emergency
Medicine Journal, 21, 235–236.

Bentler, P. M. (2006). EQS 6 structural equations program
manual. (6th ed.). Multivariate Software, IncEncino, CA:
Multivariate Software, Inc. Retrieved from http://www.
econ.upf.edu/~satorra/CourseSEMVienna2010/
EQSManual.pdf..

Berger, W., Coutinho, E. S. F., Figueira, I., Marques-Portella,
C., Luz, M. P., Neylan, T. C.,…Mendlowicz, M. V. (2011).
Rescuers at risk: A systematic review and meta-regression
analysis of the worldwide current prevalence and correlates
of PTSD in rescue workers. Social Psychiatry and
Psychiatric Epidemiology, 47, 1001–1011.

Berger, W., Figueira, I., Maurat, A. M., Bucassio, É. P.,
Vieira, I., Jardim, S. R., … Mendlowicz, M. V. (2007).
Partial and full PTSD in Brazilian ambulance workers:
Prevalence and impact on health and on quality of life.
Journal of Traumatic Stress, 20, 637–642.

Clohessy, S., & Ehlers, A. (1999). PTSD symptoms,
response to intrusive memories and coping in ambu-
lance service workers. British Journal of Clinical
Psychology, 38, 251–265.

Comellas, R. M., Makhashvili, N., Chikovani, I., Patel, V.,
McKee, M., Bisson, J., & Roberts, B. (2015). Patterns of
somatic distress among conflict-affected persons in the
Republic of Georgia. Journal of Psychosomatic Research,
78, 466–471.

Conrad, D., Wilker, S., Pfeiffer, A., Lingenfelder, B.,
Ebalu, T., Lanzinger, H., … Kolassa, S. (2017). Does
trauma event type matter in the assessment of trau-
matic load? European Journal of Psychotraumatology,
8, 1–9.

Costa, G. (2003). Factors influencing health of workers and
tolerance to shift work. Theoretical Issues in Ergonomics
Science, 4, 263–288.

Creamer, M., Burgess, P., & Mcfarlane, A. C. (2001). Post-
traumatic stress disorder: Findings from the Australian
national survey of mental health and well-being.
Psychological Medicine, 31, 1237–1247.

de Vries, G.-J., & Olff, M. (2009). The lifetime prevalence of
traumatic events and posttraumatic stress disorder in the
Netherlands. Journal of Traumatic Stress, 22, 259–267.

Declercq, F., Meganck, R., Deheegher, J., & Van Hoorde, H.
(2011). Frequency of and subjective response to critical
incidents in the prediction of PTSD in emergency
personnel. Journal of Traumatic Stress, 24, 133–136.

Donnelly, E. (2012). Work-related stress and posttraumatic
stress in emergency medical services. Prehospital
Emergency Care, 16, 76–85.

Donnelly, E. A., & Bennett, M. (2014). Development of
a critical incident stress inventory for the emergency
medical services. Traumatology: An International
Journal, 20, 1–8.

Ehring, T., Knaevelsrud, C., Krüger, A., & Schäfer, I.
(2014). The life event checklist for DSM-5, german ver-
sion. Translated questionnaire, Zentrum für
Psychotraumatologie, Hamburg, Germany. Retrieved
from http://zep-hh.de/wp-content/uploads/2015/05/
PCL-5.pdf

Fjeldheim, C. B., Nöthling, J., Pretorius, K., Basson, M.,
Ganasen, K., Heneke, R., … Seedat, S. (2014). Trauma

10 A. BEHNKE ET AL.

http://zep-hh.de/wp-content/uploads/2015/05/PCL-5.pdf
http://zep-hh.de/wp-content/uploads/2015/05/PCL-5.pdf


exposure, posttraumatic stress disorder and the effect of
explanatory variables in paramedic trainees. BMC
Emergency Medicine, 14.

Fornell, C., & Larcker, D. F. (1981). Evaluating structural
equation models with unobservable variables and mea-
surement error. Journal of Marketing Research, 18,
39–50.

Fullerton, C. S., Ursano, R. J., & Wang, L. (2004). Acute
stress disorder, posttraumatic stress disorder, and
depression in disaster or rescue workers. American
Journal of Psychiatry, 161, 1370–1376.

Gärtner, A., Behnke, A., Conrad, D., Kolassa, I.-T., & Rojas, R.
(2019). Emotion regulation in rescue workers: Differential
relationship with perceived work-related stress and
stress-related symptoms. Frontiers in Psychology, 9, 2744.

Gaskin, J. (2016). Validitymaster, stats tools package.
Provo, Utah, USA: Information Systems Department,
Brigham Young University. Retrieved from http://stat
wiki.kolobkreations.com

Goldstein, R. B., Smith, S. M., Chou, S. P., Saha, T. D.,
Jung, J., Zhang, H., … Grant, B. F. (2016). The epide-
miology of DSM-5 posttraumatic stress disorder in the
USA: Results from the national epidemiologic survey on
alcohol and related conditions-III. Social Psychiatry and
Psychiatric Epidemiology, 51, 1137–1148.

Grevin, F. (1996). Posttraumatic stress disorder, ego
defense, mechanisms, and empathy among urban
paramedics. Psychological Reports, 79, 483–495.

Gruszczyńska, E. (2014). Discriminant validity of sense of
coherence vs trait anxiety in explaining emotional state in
an experimental task. Psychological Reports, 115, 228–241.

Hair, J., Black, W., Babin, B., & Anderson, R. (2010).
Multivariate data analysis (7th ed.). Upper Saddle
River, NJ, USA: Prentice-Hall, Inc.

Häller, P., Michael, T., & Balmer Koechlin, K. (2009). PTBS
und komorbide Beschwerden bei Rettungssanitätern.
Verhaltenstherapie and Verhaltensmedizin, 30, 403–417.

Halpern, J., Gurevich, M., Schwartz, B., & Brazeau, P.
(2009). What makes an incident critical for ambulance
workers? Emotional outcomes and implications for
intervention. Work & Stress, 23, 173–189.

Halpern, J., Maunder, R. G., Schwartz, B., & Gurevich, M.
(2012). The critical incident inventory: Characteristics of
incidents which affect emergency medical technicians
and paramedics. BMC Emergency Medicine, 12.

Heene, M., Hilbert, S., Draxler, C., Ziegler, M., &
Bühner, M. (2011). Masking misfit in confirmatory fac-
tor analysis by increasing unique variances: A cautionary
note on the usefulness of cutoff values of fit indices.
Psychological Methods, 16, 319–336.

Hegg-Deloye, S., Brassard, P., Jauvin, N., Prairie, J.,
Larouche, D., Poirier, P., … Corbeil, P. (2014). Current
state of knowledge of post-traumatic stress, sleeping
problems, obesity and cardiovascular disease in
paramedics. Emergency Medicine Journal, 31, 242–247.

Heinrichs, M., Wagner, D., Schoch, W., Soravia, L. M.,
Hellhammer, D. H., & Ehlert, U. (2005). Predicting
posttraumatic stress symptoms from pretraumatic risk
factors: A 2-year prospective follow-up study in
firefighters. American Journal of Psychiatry, 162,
2276–2286.

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit
indexes in covariance structure analysis: Conventional
criteria versus new alternatives. Structural Equation
Modeling: A Multidisciplinary Journal, 6, 1–55.

IBM Corp. (2011). IBM SPSS statistics for windows.
Armonk, NY: IBM Corp.

Isele, D., Schauer, M., Ruf-Leuschner, M., & Elbert, T.
(2011). Belastende Kindheitserfahrungen (KERF-20-I) –
eine komprimierte Interviewversion. In M. Schauer, M.
Schauer, F.Neuner, & T. Elbert (Eds (Eds), Narrative
exposure therapy (net): a short-term treatment for trau-
matic stress disorders (2nd ed.). Göttingen/Camebridge:
Hogrefe & Huber Publishers.

Isele, D., Teicher, M. H., Ruf-Leuschner, M., Elbert, T.,
Kolassa, I.-T., Schury, K., & Schauer, M. (2014). KERF
- Ein Instrument zur umfassenden Ermittlung belasten-
der Kindheitserfahrungen: Erstellung und psychome-
trische Beurteilung der deutschsprachigen MACE
(Maltreatment and Abuse Chronology of Exposure)
Scale. Zeitschrift für Klinische Psychologie und
Psychotherapie, 43, 121–130.

Jonsson, A., Segesten, K., & Mattson, B. (2003). Post-
traumatic stress among Swedish ambulance personnel.
Emergency Medicine Journal, 20, 79–84.

Kase, T., Ueno, Y., & Oishi, K. (2018). The overlap of sense
of coherence and the Big Five personality traits:
A confirmatory study. Health Psychology Open, 5, 1–4.

Kolassa, I.-T., Ertl, V., Eckart, C., Kolassa, S., Onyut, L. P.,
& Elbert, T. (2010). Spontaneous remission from PTSD
depends on the number of traumatic event types
experienced. Psychological Trauma: Theory, Research,
Practice, and Policy, 2, 169–174.

Kolassa, I.-T., Kolassa, S., Ertl, V., Papassotiropoulos, A., &
De Quervain, D. J.-F. (2010). The risk of posttraumatic
stress disorder after trauma depends on traumatic load
and the Catechol-O-Methyltransferase Val158Met
polymorphism. Biological Psychiatry, 67, 304–308.

Kroenke, K., Spitzer, R. L., Williams, J. B. W., & Löwe, B.
(2010). The patient health questionnaire somatic, anxi-
ety, and depressive symptom scales: A systematic review.
General Hospital Psychiatry, 32, 345–359.

Krüger-Gottschalk, A., Knaevelsrud, C., Rau, H., Dyer, A.,
Schäfer, I., Schellong, J., & Ehring, T. (2017). The
German version of the Posttraumatic Stress Disorder
Checklist for DSM-5 (PCL-5): Psychometric properties
and diagnostic utility. BMC Psychiatry, 17(1), 379.
https://doi.org/10.1186/s12888-017-1541–6

Leonhart, R., Bancroft, E. K., Mitra, A., Ardern-Jones, A.,
Castro, E., Page, E. C., & Eeles, R. A. (2017). Physical
and psychological correlates of high somatic symptom
severity in Chinese breast cancer patients.
Psychooncology, 26, 656–663.

Levy-Gigi, E., Bonanno, G. A., Shapiro, A. R., Richter-Levin,
G., Kéri, S., & Sheppes, G. (2015). Emotion regulatory
flexibility sheds light on the elusive relationship between
repeated traumatic exposure and posttraumatic stress dis-
order symptoms. Clinical Psychological Science, 4, 28–39.

LimeSurvey, G. (2017). LimeSurvey: An open source survey
tool. Hamburg, Germany. Retrieved from http://www.
limesurvey.org.

Löwe, B., Spitzer, R., Zipfel, S., & Herzog, W. (2002).
Gesundheitsfragebogen für Patienten (PHQ-D).
Komplettversion und Kurzform. Testmappe mit
Manual. Germany, Pfizer: Fragebögen, Schablonen.
Karlsruhe.

Lowery, K., & Stokes, M. A. (2005). Role of peer support
and emotional expression on posttraumatic stress disor-
der in student paramedics. Journal of Traumatic Stress,
18, 171–179.

Maunder, R. G., Halpern, J., Schwartz, B., & Gurevich, M.
(2012). Symptoms and responses to critical incidents in
paramedics who have experienced childhood abuse and
neglect. Emergency Medicine Journal, 29, 222–227.

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY 11

http://statwiki.kolobkreations.com
http://statwiki.kolobkreations.com


Mc Gee, S. L., Höltge, J., Maercker, A., & Thoma, M. V.
(2017). Evaluation of the revised Sense of Coherence
scale in a sample of older adults: A means to assess
resilience aspects. Aging and Mental Health.
doi:10.1080/13607863.2017.1364348

Mc Gee, S. L., Höltge, J., Maercker, A., & Thoma, M. V.
(2018). Sense of coherence and stress-related resilience:
Investigating the mediating and moderating mechanisms
in the development of resilience following stress or
adversity. Frontiers in Psychiatry, 9.

Mollica, R. F., McInnes, K., Pool, C., & Tor, S. (1998).
Dose-effect relationships of trauma to symptoms of
depression and post-traumatic stress disorder among
Cambodian survivors of mass violence. British Journal
of Psychiatry, 173, 482–488.

Perkonigg, A., Kessler, R. C., Storz, S., & Wittchen, H. U.
(2000). Traumatic events and post-traumatic stress
disorder in the community: Prevalence, risk factors
and comorbidity. Acta Psychiatrica Scandinavica, 101,
46–59.

Prati, G., & Pietrantoni, L. (2010). The relation of perceived
and received social support to mental health among first
responders: A meta-analytic review. American Journal of
Community Psychology, 38, 403–417.

R Core Team. (2018). R: A language and environment for
statistical computing. Vienna, Austria: R Foundation for
Statistical Computing. Retrieved from https://www.R-
project.org/

Razik, S., Ehring, T., & Emmelkamp, P. M. G. (2013).
Psychological consequences of terrorist attacks:
Prevalence and predictors of mental health problems in
Pakistani emergency responders. Psychiatry Research,
207, 80–85.

Regehr, C., Goldberg, G., & Hughes, J. (2002). Exposure to
human tragedy, empathy, and trauma in ambulance
paramedics. American Journal of Orthopsychiatry, 72,
505–513.

Regehr, C., Hill, J., Knott, T., & Sault, B. (2003). Social support,
self-efficacy and trauma in new recruits and experienced
firefighters. Stress and Health : Journal of the International
Society for the Investigation of Stress, 19, 189–193.

Richter, S. (2014). Stressbelastung und Stressbewältigung bei
haupt- und ehrenamtlichen Einsatzkräften in Rheinland-
Pfalz (Doctoral Dissertation). Universität der Bundeswehr,
Munich, Germany. Retrieved from https://d-nb.info/
1069557307/34.

Rosseel, Y. (2012). lavaan: An R package for structural
equation modeling. Journal of Statistical Software, 48,
1–36.

Schoch, E.(2008). Berufliche Belastung und ihre psy-
chischen Folgen bei Einsatzkräften im Rettungsdienst
[Occupational stress and its psychological consequences
in emergency service employees] (unpublished diploma
thesis). Dep. Clinical Psychology, University of
Konstanz. Germany: Konstanz.

Shakespeare-Finch, J., Rees, A., & Armstrong, D. (2015).
Social support, self-efficacy, trauma and well-being in
emergency medical dispatchers. Social Indicators
Research, 123, 549–565.

Silverstein, M., & Heap, J. (2015). Sense of coherence
changes with aging over the second half of life.
Advances in Life Course Research, 23, 98–107.

Skeffington, P. M., Rees, C. S., & Mazzucchelli, T.
(2017). Trauma exposure and post-traumatic stress
disorder within fire and emergency services in
Western Australia. Australian Journal of Psychology,
69, 20–28.

Staneva, A., Morawska, A., Bogossian, F., &
Wittkowski, A. (2016). Pregnancy-specific distress:
The role of maternal sense of coherence and antena-
tal mothering orientations. Journal of Mental Health,
25, 387–394.

Sterud, T., Ekeberg, Ø., & Hem, E. (2006). Health status in
the ambulance services: A systematic review. BMC
Health Services Research, 6.

Teegen, F., & Yasui, Y. (2000). Traumaexposition und
posttraumatische Belastungsstörungen bei dem
Personal von Rettungsdiensten. Verhaltenstherapie and
Verhaltensmedizin, 21, 65–83.

Teicher, M. H., & Parigger, A. (2015). The ‘Maltreatment
and abuse chronology of exposure’ (MACE) scale for the
retrospective assessment of abuse and neglect during
development. PloS one, 10, 1–37.

van der Ploeg, E., & Kleber, R. J. (2003). Acute and chronic
job stressors among ambulance personnel: Predictors of
health symptoms. Occupational and Environmental
Medicine, 60, i40–i46.

Volanen, S.-M., Suominen, S., Lahelma, E., Koskenvuo, M.,
& Silventoinen, K. (2007). Negative life events and sta-
bility of sense of coherence: A five-year follow-up study
of Finnish women and men. Scandinavian Journal of
Psychology, 48, 433–441.

Wang, Q., Hay, M., Clarke, D., & Menahem, S. (2014).
Associations between knowledge of disease, depression
and anxiety, social support, sense of coherence and
optimism with health-related quality of life in an ambu-
latory sample of adolescents with heart disease.
Cardiology in the Young, 24, 126–133.

Weathers, F. W., Blake, D. D., Schnurr, P. P., Kaloupek, D.
G., Marx, B. P., & Keane, T. M. (2013). The Life Events
Checklist for DSM-5 (LEC-5). National Center for
PTSD, U.S. Department of Veterans Affairs,
Washington DC, USA. Retrieved May 3, 2017, from
http://www.ptsd.va.gov

Weathers, F. W., Litz, B., Keane, T., Palmieri, P., Marx, B.,
& Schnurr, P. (2013). The PTSD checklist for DSM-5
(PCL-5). National Center for PTSD, U.S. Department of
Veterans Affairs, Washington DC, USA.

Wild, J., Smith, K. V., Thompson, E., Béar, F., Lommen,M. J. J.,
& Ehlers, A. (2016). A prospective study of pre-trauma risk
factors for post-traumatic stress disorder and depression.
Psychological Medicine, 46, 2571–2582.

Wilker, S., Pfeiffer, A., Kolassa, S., Koslowski, D., Elbert, T.,
& Kolassa, I.-T. (2015). How to quantify exposure to
traumatic stress? Reliability and predictive validity of
measures for cumulative trauma exposure in a
post-conflict population. European Journal of
Psychotraumatology, 6, 28306.

12 A. BEHNKE ET AL.

https://doi.org/10.1080/13607863.2017.1364348


   

Supplementary Material 

Higher Sense of Coherence is Associated with Better Mental and 

Physical Health in Emergency Medical Services: Results from 

Investigations on the Revised Sense of Coherence Scale (SOC-R) in 

Rescue Workers 

 



   

1.1 Supplementary Tables 

Supplementary Table 1. Item intercorrelation matrix of the Revised Sense of Coherence (SOC-R) scale (N = 102) 

SOC-R 

Subscale 

 

Item 10 Item 11 Item 12 Item 13 Item 2 Item 3 Item 4 Item 5 Item 1 Item 6 Item 7 Item 8 Item 9 

Balance Item 10 − .19 .24
*
 .22

*
 .05 .22

*
 .04 .07 .18 .24

*
 .21

*
 .19 .13 

 

Item 11  − .53
***

 .54
***

 -.02 -.06 .04 .25
*
 .15 .05 .17 .23

*
 .25

*
 

 

Item 12   − .50
***

 -.02 .12 .17 .33
**

 .28
**

 .11 .22
*
 .24

*
 .11 

 

Item 13    − .04 -.03 -.03 .33
**

 .18 .11 .12 .35
***

 .20
*
 

Reflection Item 2     − .42
***

 .30
**

 .25
*
 .42

***
 .14 .19 .22

*
 .27

**
 

 

Item 3      − .29
**

 .22
*
 .32

**
 .11 .08 .14 .31

**
 

 

Item 4       − .33
**

 .34
***

 .11 .28
**

 .11 .02 

 

Item 5        − .25
*
 .09 .12 .23

*
 .29

**
 

Manageability Item 1         − .33
**

 .40
***

 .44
***

 .32
**

 

 

Item 6          − .35
***

 .40
***

 .22
*
 

 

Item 7           − .25
*
 .30

**
 

 

Item 8            − .45
***

 

 

Item 9             − 

Note: Spearman’s ρ rank correlations, 
*
p < .050, 

**
p < .010, 

***
p < .001, two-tailed. Item 6 was reversely coded. 
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Supplementary Table 2. Descriptive and correlative overview of study variables (N = 102) 

 1. 2. 3. 4. 5. 6. 7.
† 

8. 9. 10. 11. 12. 13. 14. 

1. SOC-R total scale
#
 − .81

***
 .58

***
 .73

***
 .05 -.01 .19 .00 -.16 .04 -.14 -.20

*
 -.26

**
 -.23

*
 

2. SOC-R Manageability
#
  − .33

***
 .41

***
 .04 -.09 .15 .12 -.04 -.07 -.23

*
 -.30

**
 -.35

***
 -.33

***
 

3. SOC-R Reflection
#
   − .14 -.06 -.13 .20

*
 -.05 -.11 .11 -.17 -.02 -.13 -.11 

4. SOC-R Balance
#
    − .11 .13 .17 .01 -.13 .01 .03 -.07 -.06 -.04 

5. Occupational trauma 

exposure 

    − .17 .17 .55
***

 .56
***

 -.29
**

 .29
**

 .38
***

 .32
***

 .38
***

 

6. Private-life trauma 

exposure 

     − -.07 -.08 .02 -.08 .39
***

 .32
**

 .38
***

 .39
***

 

7. Sex
†
       − .46

***
 .30

**
 -.18 -.22

*
 -.19 -.06 -.20

*
 

8. Age        − .74
***

 -

.58
***

 

.00 .11 .13 .08 

9. Work experience 

(years) 

        − -

.46
***

 

.11 .15 .15 .15 

10. Educational level          − -.17 -.11 -.25
*
 -.18 

11. Posttraumatic 

symptoms 

          − .55
***

 .59
***

 .80
***

 

12. Somatic symptoms            − .82
***

 .90
***

 

13. Depressive symptoms             − .91
***

 

14. Symptom composite              − 

 1. 2. 3. 4. 5. 6. 7.
† 

8. 9. 10. 11. 12. 13. 14. 

Mean 51.05 19.45 16.28 15.31 5.62 13.93 − 30.06 7.69 − 9.92 5.48 4.61 0.00 

Standard deviation 5.52 2.80 1.96 2.71 2.50 10.66 − 11.04 8.79 − 9.75 4.43 4.28 0.86 
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Median 51.00 20.00 16.00 15.00 6.00 10.99 − 26.00 3.29 − 6.50 5.00 3.00 -0.21 

Quartile deviation 4.00 1.50 1.50 1.50 2.50 6.72 − 8.50 5.47 − 6.00 3.00 3.13 0.62 

Kurtosis -0.31 0.30 -0.19 0.07 -0.99 3.57 − 0.01 1.22 − 0.49 0.47 1.32 0.30 

Skew -0.08 -0.44 -0.20 -0.42 -0.26 1.47 − 0.99 1.46 − 1.17 1.01 1.25 0.94 

Scale range 38−62 12−25 11−20 8−20 1−10 0−63 − 18−61 0.8−35 − 0−39 0−19 0−18 -

1.1−2.6 

Note: Spearman’s ρ rank correlations, 
*
p < .050, 

**
p < .010, 

***
p < .001, two-tailed; 

#
 sum scores of the Revised Sense of Coherence (SOC-R) 

scale; 
†
 for sex, point-biserial correlations were computed with positive correlations indicating higher values for men (n = 66). 
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Supplementary Table 3. Results of linear regression analyses (N = 102) 

Outcome Predictors b Boot-SE Boot-95% CI Boot-p η²p 

Symptom composite Intercept 0.48 0.73 [-0.91,  1.89] .490 .008 

Sex
†
 0.22 0.14 [-0.08,  0.49] .138 .020 

Occupational trauma exposure 0.11 0.03 [ 0.06,  0.17] <.001
***

 .135 

Private-life trauma exposure 0.03 0.01 [ 0.02,  0.05] <.001
***

 .180 

SOC-R  -0.03 0.01 [-0.06, -0.01] .020
*
 .058 

 Overall model statistics: F(4,97) = 6.56, p < .001, R² = .350 

Posttraumatic 

symptoms (PCL-5) 

Intercept 7.02 9.28 [-10.72,  25.73] .447 .012 

Sex
†
 3.74 2.04 [-0.46,  7.40] .068 .042 

Occupational trauma exposure 0.84 0.29 [ 0.29,  1.36] .008
**

 .056 

Private-life trauma exposure 0.36 0.08 [ 0.20,  0.51] <.001
***

 .172 

SOC-R  -0.16 0.17 [-0.49,  0.18] .369 .011 

 Overall model statistics: F(4,97) = 8.93, p < .001, R² = .269 

Somatic symptoms 

(PHQ-15) 

Intercept 7.08 3.74 [-0.01,  15.37] .057 .043 

Sex
†
 1.60 0.86 [ 0.03,  3.43] .068 .037 

Occupational trauma exposure 0.64 0.18 [ 0.29,  1.00] .002
**

 .142 

Private-life trauma exposure 0.10 0.04 [ 0.01,  0.18] .010
*
 .066 

SOC-R  -0.14 0.07 [-0.27, -0.02] .047
*
 .037 

 Overall model statistics: F(4,97) = 8.50, p < .001, R² = .260 

Depressive symptoms 

(PHQ-9) 

Intercept 10.53 3.89 [ 2.88, 17.81] .011 .082 

Sex
†
 -0.42 0.69 [-1.92,  1.09] .545 .003 

Occupational trauma exposure 0.47 0.15 [ 0.21,  0.73] .003
**

 .093 

Private-life trauma exposure 0.15 0.04 [ 0.06,  0.23] <.001
***

 .157 
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SOC-R  -0.20 0.07 [-0.33, -0.06] .004
**

 .088 

 Overall model statistics: F(4,97) = 11.01, p < .001, R² = .312 

Note: 
***

p < .001, 
**

p < .010, 
*
p < .050, two-tailed. Regression analyses were 5000-times non-parametrically BCa-bootstrapped. 

†
 Positive 

values for sex indicate that women show more symptoms than men. Abbreviations: revised sense of coherence total score (SOC-R), 

childhood maltreatment experiences (CME), unstandardized regression coefficient (b), bootstrapped standard error (Boot-SE), bootstrapped 

95% confidence interval (Boot-95% CI) and p-value (Boot-p), increment of explained variance (η²p). 
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Supplementary Table 4. Results of linear regression analyses (N = 102) 

Outcome Predictors b Boot-SE Boot-95% CI Boot-p η²p 

Symptom composite Intercept -0.04 0.68 [-1.30,  1.35] .956 .000 

Sex
†
 0.27 0.13 [-0.01,  0.54] .050 .036 

Occupational trauma exposure 0.12 0.03 [ 0.06,  0.17] <.001
***

 .165 

Private-life trauma exposure 0.03 0.01 [ 0.02,  0.04] <.001
***

 .191 

SOC-R M -0.13 0.03 [-0.20, -0.06] .002
**

 .205 

SOC-R R 0.06 0.04 [ 0.00,  0.12] .091 .027 

SOC-R B 0.03 0.02 [-0.02,  0.08] .168 .015 

Overall model statistics: F(6,95) = 13.11, p < .001, R² = .453 

Posttraumatic 

symptoms (PCL-5) 

Intercept 2.39 9.06 [-15.86,  19.56] .814 .003 

Sex
†
 4.19 2.02 [ 0.05,  8.72] .043

*
 .056 

Occupational trauma exposure 0.87 0.28 [ 0.25,  1.40] .003
**

 .066 

Private-life trauma exposure 0.35 0.08 [ 0.18,  0.52] <.001
***

 .172 

SOC-R M -1.09 0.42 [-1.87, -0.22] .009
**

 .101 

SOC-R R 0.65 0.51 [-0.30,  1.68] .199 .021 

SOC-R B 0.44 0.33 [-0.19,  1.04] .197 .019 

Overall model statistics: F(6,95) = 8.07, p < .001, R² = .338 

Somatic symptoms 

(PHQ-15) 

Intercept 3.85 3.88 [-3.35,  12.27] .326 .015 

Sex
†
 1.85 0.80 [-0.29,  3.60] .028

*
 .053 

Occupational trauma exposure 0.66 0.16 [ 0.35,  0.99] <.001
***

 .166 

Private-life trauma exposure 0.10 0.04 [ 0.02,  0.17] .006
**

 .072 

SOC-R M -0.57 0.17 [-0.94, -0.26] .002
**

 .131 

SOC-R R 0.36 0.19 [ 0.00,  0.67] .057 .032 
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SOC-R B 0.07 0.14 [-0.21,  0.35] .607 .002 

Overall model statistics: F(6,95) = 8.10, p < .001, R² = .339 

Depressive symptoms 

(PHQ-9) 

Intercept 8.93 3.65 [ 1.51,  15.98] .017
*
 .060 

Sex
†
 -0.22 0.61 [-1.41,  1.09] .710 .001 

Occupational trauma exposure 0.48 0.14 [ 0.21,  0.74] .004
**

 .109 

Private-life trauma exposure 0.14 0.04 [ 0.07,  0.21] <.001
***

 .155 

SOC-R M -0.67 0.18 [-1.02, -0.30] <.001
***

 .196 

SOC-R R 0.12 0.19 [-0.26,  0.48] .528 .004 

SOC-R B 0.15 0.12 [-0.09,  0.38] .225 .011 

Overall model statistics: F(6,95) = 10.61, p < .001, R² = .401 

Note: 
***

p < .001, 
**

p < .010, 
*
p < .050, two-tailed. Regression analyses were 5000-times non-parametrically BCa-bootstrapped; 

†
 positive 

values for sex indicate that women show more symptoms than men. Abbreviations: revised sense of coherence (SOC-R) manageability (M), 

reflection (R), and balance (B) subscale, childhood maltreatment experiences (CME), unstandardized regression coefficient (b), bootstrapped 

standard error (Boot-SE), bootstrapped 95% confidence interval (Boot-95% CI) and p-value (Boot-p), increment of explained variance (η²p).  
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Supplementary Table 5. Gender comparison regarding the sense of coherence measures, demographic data, and outcome variables 

 Men (n = 66) Women (n = 36) Statistics Effect size 

Sense of coherence 

   SOC-R total score 

 

M = 51.9, SD = 5.3 

 

M = 49.6, SD = 5.6 

 

t(100) = -2.05, p = .043
*
 

 

d = -0.42 , η² = .042 

   SOC-R Manageability  M = 19.7, SD = 2.8 M = 19.0, SD = 2.7 t(100) = -1.28, p = .204 d = -0.25 , η² = .015 

   SOC-R Reflection  M = 16.5, SD = 2.0 M = 15.8, SD = 1.8 t(100) = -1.84, p = .068 d = -0.36 , η² = .031 

   SOC-R Balance  Mdn = 16.0, QD = 1.2 Mdn = 15.0, QD = 1.8 U = 951.5, p = .095 d = -0.33 , η² = .027 

Age Mdn = 33.0, QD = 9.0 Mdn = 21.0, QD = 2.5 U = 531.5, p < .001
***

 d = -1.02 , η² = .206 

Work experience in years Mdn = 5.0, QD = 7.0 Mdn = 2.1, QD = 1.9 U = 756.5, p = .003
**

 d = -0.63 , η² = .090 

Occupational trauma exposure M = 5.9, SD = 2.6 M = 5.0, SD = 2.1 U = 947.5, p = .090 d = -0.34 , η² = .028 

Private-life trauma exposure Mdn = 9.7, QD = 5.8 Mdn = 14.5, QD = 7.5 U = 1081.0, p = .454 d = 0.15 , η² = .006 

Posttraumatic symptoms Mdn = 5.0, QD = 5.7 Mdn = 10.0, QD = 7.4 U = 879.0, p = .030
*
 d = 0.44 , η² = .046 

Somatic symptoms Mdn = 3.0, QD = 3.0 Mdn = 5.0, QD= 3.0 U = 923.0, p = .062 d = 0.37 , η² = .034 

Depressive symptoms Mdn = 3.0, QD = 3.5 Mdn = 4.0, QD = 2.8 U = 1099.0, p = .530 d = 0.12 , η² = .004 

Symptom composite score Mdn = -0.5, QD = 0.6 Mdn = 0.6, QD = 0.6 U = 908.0, p = .050 d = 0.40 , η² = .038 

Note: In case of normally distributed data and homogeneous variances, mean (M) and standard deviation (SD) are reported and Student’s t-

tests were computed. In case of nonnormally distributed data and/or heterogeneous variances, median (Mdn) and quartile deviation (QD) are 

reported and Mann-Whitney U-tests were computed. Effect size is given as difference between the central tendencies relative to the pooled 

deviations, Cohen’s d, and as proportion of explained variance, η². 
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