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Abstract

Background: There is evidence that chronic stress/burnout have a negative impact on physical and mental
health. Annually global burden of stress related disorders amounts to 300 billion dollars. Conversely,
physical fitness seems to have a significant influence on the development of a large number of mental and
physical disorders and on reduction of physical stress. The aim of this study was to examine stress related
cumulative physiological burden in relation to cardiorespiratory fitness level.

Methods: A sample of 86 healthy males aged between 28-60 years from an international company
took part in the study. In addition to questionnaires, an indicator of cumulative physiological burden
(allostatic load) was calculated including systolic and diastolic blood pressure, waist to hip ratio and
24-hour overnight urinary epinephrine and norepinephrine, cortisol and HRV variables (SDNN,
rMSSD and LF/HF). All individuals underwent additionally a maximal incremental exercise test on an
electronically braked cycle ergometer.

Results: All participants showed high working stress, measured by effort/reward ration. High allostatic
load was significantly associated with low cardiorespiratory fitness. Individuals with higher cardiovascular
fitness showed significantly lower WHR, HR, DBP and significantly higher SDNN and rMSSD compared
to participants with lower cardiorespiratory fitness.

Conclusion: Signs of work-stress related physiological burden were significantly related to
cardiorespiratory fitness. Significant reduction of physiological burden could be observed if people
achieved more than 120% of age related cardiovascular fitness but not if participants felt below this
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Introduction

There is evidence that chronic stress has a negative impact on
health. The global burden of stress related disorders respectively
burnout through decreased productivity, retention, absenteeism,
and compensation costs in excess of 300 billion dollars annually
worldwide [1]. It is expected that the World Health Organization
(WHO) cite stress/burnout as a global pandemic within the next
decade [2]. Disorders like obesity, metabolic syndrome, type 2
diabetes, heart diseases, allergy, anxiety, depression, fatigue syndrome
and burnout are often associated with dysfunctions of the stress
axes [3]. The probability of such dysfunctions can be affected by the
individual ‘s biological vulnerability, learned patterns of coping and
the number and intensity of high stress exposure [4]. It might be
assumed that prospective health will depend strongly on the adaptive
or maladaptive adjustments to high demanding and rapidly changing
environments.

The biological response to stress is mirrored by a cascade of changes
in different physiological systems (e.g., nervous, cardiovascular,
endocrine and immune systems) [5]. These stress systems follow
a circadian activity and serve to adapt the organism to challenging
circumstances [3, 6]. For sustained well-being and the ability of good
performance at work a coordinated and functional stress system,
which is able to respond adequately to stress-situations seems
mandatory. An adequate stress response can be characterized by a
rather short-lived response in the face of threat and a rapid recovery
thereafter. Contrary, stress systems which respond inappropriate to
stress may be detrimental for health [7].
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This development ends in a lack of feeling of existence as well as
meaning of life, leading to a feeling of inner emptiness and existential
despair. According to Maslach et.al. [5], three main dimensions
of these symptoms can be summed up as follows: (a) emotional
exhaustion (e.g. fatigue and meaninglessness), (b) depersonalisation
(e.g. setting aside personal interests as well as interactions with the
environment) and (c) inefficacy, reduced personal accomplishment
which results in an initially only feared but increasingly real-non-
compliance of tasks and duties.

In previous studies, efforts have been undertaken to examine the
association between exposure to workplace stress and health-related
consequences [8-11]. One key model of work stress is the Effort-
Reward Imbalance (ERI) [12] model focusing on the concept of social
reciprocity, meaning a balanced ratio between effort and reward
[13]. Violation of this reciprocity may lead to negative emotions and
sustained stress. A meta-analysis indicated a 50% higher risk for heart
diseases among employees with work stress as evidenced by lower
effort/reward-ratio [14]. Of note, this finding could be attributed to
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two pathways: a possible indirect effect via health risk behaviors like
smoking, sedentarism, malnutrition, and alcohol consumption [15]
as well as direct effects on neuro-endocrine stress responses [16]
that could result in physiological burden [17]. In this context, two
physiological systems are commonly distinguished in the literature:
The sympathetic-adrenergic-medullary (SAM) axis, releasing
catecholamines, and the hypothalamic-pituitary adrenal (HPA) axis
by secretion of cortisol [18]. The activation of the sympathetic system
can be assessed in different ways: Measurement of catecholamine levels
(epinephrine and norepinephrine) using integrated methods like
urine collections over night or over 24 hours as well as measurement
methods that may capture the autonomic nervous system function
more generally by assessing sympathetic and parasympathetic activity.
To reflect the balance between sympathetic and parasympathetic
activity it is common to measure heart rate (HR) and/or heart rate
variability (HRV). HRV is widely discussed as a marker of autonomic
influences on the heart [7]. The HPA axis plays a key role during stress.
Its activation is accompanied by an increase in cortisol release in order
to provide energy to the body needed to handle acute stress situations.
The diurnal rhythm in cortisol release and its various elements like
the increase (50-60%) of cortisol concentration within the first 30 - 45
minutes after awakening - the so called cortisol awakening response
(CAR) - are viewed as essential indicators of HPA axis functioning
[19]. There is evidence for an association between work stress and
increased levels of catecholamines, lower levels of HRV and greater
CAR [7]. The authors concluded that work stress is accompanied by
elevated stress response in terms of sympatho-adrenal and HPA axis
biomarkers. The costs of chronic exposure to repeated or chronic
stress on the organism can be defined as Allostatic load (AL) [20].

Concept of allostatic load (AL)

Health can be seen as the ability of an individual to either adapt
or effectively respond to rapidly changing environments [4]. The
allostatic load model has been developed to assess physiological
dysregulations resulting from prolonged and constantly recurring
stress. Healthy individuals are basically able to maintain physical
stability through constant adaptation and matching their internal
milieu to environmental demands. Typically this process (so-called
allostasis [21]) does not impose health burden with respect to short-
term stressors [4]. During the allostatic process and after responding
to a stressful situation, the organism strives for returning to normal
values — which depends on the time to recover. In contrast, if allostatic
responses are repeatedly activated by the nature, number, and
persistence of the stressors, this may lead to allostatic load (AL), the
so-called wear and tear of the body [20].

There is evidence for individual differences in the stress response
[22]. Individual differences in physiological responding to stress call
for an aggregated measure of physiological load on the organism in
order to get an overview of the extent of the current physiological
state of a person [23]. As an indicator of biological dysregulations in
different physiological systems, a so-called allostatic load index (ALI)
can be calculated to index cumulative physiological burden. Previous
research examined the relationship between physical activity and AL
in Mexican Americans [24]. Results showed significantly lower AL
in high active participants compared to sedentary individuals. This
goes in line with results from other studies showing a positive effect of
physical activity on AL [25, 26].

Cardiorespiratory fitness

Physical activity and exercise has an impact on many aspects of
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health [27]. In this context it is necessary however to distinguish
between the terms physical activity, physical exercise and physical
fitness, which describe different concepts. They are often confused
with one another, and the terms are sometimes used interchangeably.
Physicalactivityis defined asanybodily movement produced by skeletal
muscles that results in energy expenditure measured in kilojoules.
Physical activity in daily life can be categorized into occupational,
sports, conditioning, household, or other activities. Exercise is a
subset of physical activity that is planned, structured, and repetitive
and has as a final or an intermediate objective the improvement or
maintenance of physical fitness. Physical fitness is a set of attributes
that are either health- or skill-related. It can be measured with specific
tests, usually incremental exercise tests to measure cardiorespiratory
fitness (CRF) [28]. Comparably high levels of physical fitness seem to
have a significant influence on the development of a large number of
mental and physical disorders. The positive impact of physical activity
on health is often seen as a protective factor against the development
of mental diseases like depression or anxiety symptoms [29-31] as
well as against the physical consequences of intensive stress, like
cardiovascular diseases [32,11]. Results of a meta-analysis confirmed
a moderating effect of physical activity on physiological reactivity to
mental stress [33]. Moreover, a physically active lifestyle is suggested
to reduce stress [27]. Taken together, these results may imply that
physical fitness could decrease the physiological burden of stress.

There is evidence concerning the impact of aerobic cardiovascular
exercise on burnout and perceived stress [34, 35]. Results suggest a
large burnout-reducing effect as well as an amelioration of perceived
stress. Additionally, research found significant associations between
frequency of exercise and perceived stress, well-being and burnout
[36]. Importantly, these studies are based on self-report measures of
stress and physical activity and no measures of physical fitness have
been assessed in most studies. Recently, it was reported that physical
activity, CRF, and body composition were negatively associated with
levels of stress and recovery on workdays in a cross-sectional study
involving 81 healthy males [37]. Overall, 27.5% of the variance of total
stress on workdays was accounted for by physical activity, CRE and
body composition. Body fat percentage and body mass index were
negatively associated with night-time recovery whereas for CRF the
association was positive. Hence, analysing CRF in relation to work-
related stress and its psychophysiological concomitants seems to be
worthwhile.

To our knowledge, the impact of CRF on cumulative physiological
burden symptoms has not been systematically studied by now and
the assessment of CRF using a maximal incremental exercise test is
lacking in this respect. CRF was shown to be an objective measure of
habitual physical activity and a useful diagnostic and prognostic health
indicator [38]. Although compelling evidence suggests that CRF is
a strong and independent predictor of all-cause and cardiovascular
disease mortality, the importance of CRF is often overlooked from a
clinical perspective compared with other risk factors [39].

Contrary to previous study designs, where differences in
physiological reactivity were measured during an acute stress-
induction (short time), in this study we focused on an average of
physiological burden symptoms, measured over 24 hours, twice
a week. Hence, the generalizability to everyday life physiological
burden could be ensured. Of note, the dose-response relationship
between CRF and AL it is not yet known. Thus, the aim of this study
was to explore the relationship between cumulative physiological
burden and CRF within employees working in a high demanding
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environment. It was expected that high CRF would be related to lower
signs of physiological burden respectively to lower AL.

Methods

Beside the question of satisfaction with their body, patients were
also tested on how differentiated they are able to feel their body?
It is argued in specialist literature that patients who suffer from
psychological disturbances experience their body less differentiated
than healthy people [12]. Furthermore, it can be said, that people who
do not “feel” their own body and their needs are highly endangered
of suffering from burnout, as they neglect the symptoms and warning
signs their body sends out [16,17]. To “feel“ one’s body, a person has
to be able to differentiate his or her body. Miiller [14] argues, that a
high level of differentiation leads to a stable integration of the body
image into one’s mind and therefore also leads to a stable concept
of oneself, which is vital to avoid Burnout and other psychological
malfunctions. To be able to focus on areas of dissatisfaction goes hand
in hand with not feeling dissatisfied with the body as a whole, only
due to a malfunction of one body part, thus stabling the concept of
oneself. Once a person is able to distinguish that an impairment of
one body area does not lead to a breakdown of the entire system, but
rather is something that can be corrected if focused on, the way is
pathed to a healthier self.

Sofar, theexperience of time was described froma phenomenological
point of view and shall now be validated empirically. Besides the
inquiry of patterns in personal experience of time of burnout patients,
it shall also be analysed how stable these patterns are and in how far
they are accessible to interventions and measures in rehab clinics.

Methods
Study sample

The study sample comprised of 98 participants, 94 males and 4
females. Because women were severely under represented in the study
group they were excluded from further analyses. Exclusion criteria
were: having had a traumatic event during the past six months,
cardiovascular diseases (e.g., myocardial infarction and stroke), and
current or a history of psychiatric illness. Participants with missing
values on physiological variables were also excluded from the analysis.
Four participants were excluded due to the intake of prescribed drugs
for high blood pressure treatment and additional four participants
due to high scoring on the short version of the Mini-DIPS interview
[40] to avoid possible confounding with existing mental disorders.
Consequently, the final sample size was N=86 healthy male
participants. The mean age was 41.27 years (SD=7.13; range: 28-60)
and participants worked on average 46.06 hours per week (SD=5.64;
range: 38.5 - 60). Demographic and anthropometric data are shown
in Table 1.

Recruiting process

Participants were recruited within an international company, which
has different subsidiaries all over the world. The site, where this study
was conducted, is employing a total of around 1.866 persons; 1.534 of
them are own personnel and 332 are hired employees. In this project
we focused on individuals in working contexts characterized by high
demands. In sum, 347 individuals were eligible for participating. In
a first step, all individuals on project manager level were contacted
and informed about the study (N=140); 120 persons responded by

Int ] Phys Ther Rehab
ISSN: 2455-7498

Page 3 of 7
Mean SD
Age 41.16 7.03
Body mass (kg) 84.40 10.80
Height (cm) 180.40 6.70
Waist-to-hip ratio .92 .10
Working Hours 45.73 5.25
Regular sporting activity yes no
57 29
Smoker yes no
11 75
Education:
Compulsory school -
Secondary modern school 3
College 3
Higher School Certificate 20
University degree 60
Family Status:
living alone 4
in a relationship 34
married 48

Table 1: Demographic and antropometric data (n=86).

e-mail and showed interest in the study. In a second step, an informal
meeting was organized during whichthe study was described and
detailed information was given. Confidentiality, anonymity and
the opportunity to withdraw from the study without any negative
repercussions was assured. Informed consent form was signed
by 98 employees. A precise timetable for collecting the data was
scheduled. To ensure that the recorded data were indicative of a
typical workweek, attention was paid on the planned holidays or
business trips of the participants. Accordingly, as a prerequisite it was
assured that participantswere working at least for four weeks without
interruption before data collection. The study was approved by the
ethics committee of the local University.

Variables and Procedure

To enhance reliability of the data, all physiological variables were
assessed twice within a week (except for Waist to hip ratio and CRF).
To analyze reliability of the measurements, intraclass correlation
coeflicients for absolute agreement (ICCs) were calculated. Generally,
ICCs ranged between .77 and .92, thus justifying the calculation of an
aggregated score for each variable. ICCs of Cortisol ranged between
.45 and .61. Therefore, this variablewas not aggregated to one score.

Work-Stress

Work-stress was assessed by the Effort-Reward-Imbalance (ERI)
[12] questionnaire. The effort-reward-model of stress has proven
useful in predicting stress-related health complications[41]. ERI
measures three psychometric scales, effort (3 items), reward (7 items)
and over commitment (6 items) at job and provides an imbalance score
between effort and reward by calculating the ratio between these two
scales. Items are rated on 4-point Likert scales, ranging from “bad”
to “very good”. Scores for each scale are aggregated into a sum score,
ranging from 3 to 12 for the subscale effort, 7 to 28 for reward and 6 to

IJPTR, an open access journal
Volume 3. 2017. 127


https://doi.org/10.15344/2455-7498/2017/126

Citation: Paletta A, Suchar G, Hiibler T, Juschitz D, Mayer K, et al. (2017) Time Experience of Burnout Patients: A Qualitative Diary Analysis. Int ] Phys Ther

Rehab 3: 126. doi: https://doi.org/10.15344/2455-7498/2017/126

24 for over commitment. Higher scores are indicative of more stress
(effort) due to perceived demands and higher levels of reward and
over commitment at work [41]. It is postulated that the imbalance
between effort and reward is what matters most with regard to
negative health outcome and well-being. Values beyond 1.0 indicate
relatively higher effort relative to lowerperceived reward, whereas
values close to zero indicate less stress, meaning that perceived
reward outweigh expended effort [41]. Cronbach's alpha was .593 for
effort, .798 for reward and .461 for over commitment in this study
sample, indicating, with the exception of the subscale effort, rather
lowreliabilities, thus calling for caution when interpreting the ERI
results. The psychological tests were handed over to the participants
asking them to fill out the forms and return them within one week.

Allostatic load

AL was calculated to summarize physiological activity across the
regulatory systems, thus indicating cumulative physiological load.
Five biological markers were used to calculatean AL_basic score:
systolic and diastolic blood pressure, waist to hip ratio, and 24-hour
overnight urinary epinephrine and norepinephrine. Furthermore,
there is evidence that work stress is highly associated with reduced
HRV and reduced parasympathetic activity (rMSSD) [42]. Including
HRV variablesinto the AL score has been considered usefulbecause
reduced parasympathetic activity has been found in individuals
affected by burnout symptoms [43]. Consequently, in this study
cortisol, HR and HRV parameters (SDNN, rMSSD and LF/HF)
were additionally included in an extended versionof the AL, which
comprised ten biomarkers altogetherIn accordance with previous
research percentiles were calculated and summarized to quantify a
cumulative index of allostatic load (ALI)[44]. This ALI is defined as
highest 75th percentiles of each parameter (except cortisol, SDNN
and rMSSD, for which the lowest 25th percentiles signified highest
risk). According to previously publishedevidencereduced cortisol
increase in the morning within the first 30 minutes after awakening
wasdefined as a risk factor[45]. In sum, ALIsignalsthe total number
of dysregulated biomarkers and could range from 0 to 5 for the
“classical’, and 0-10 for the “extended” AL index. Higher scores reflect
greater cumulative physiological burden [46].

Measurement of catecholamines and cortisol

Participants were precisely informed how to collect saliva and the
24 hours urine samples. For the saliva samples Salivettes (Sarstedt,
Nimbrecht, Germany) were used, which were labeled with the
code of the participant and the date and time the samples had to
be taken. The cortisol awakening response (CAR)was assessed as
an essential indicator of HPA axis functioning. Participants were
instructed to strictly follow the time schedule for saliva sampling.
First sample collection startedimmediately upon awakeningand
+15, +30 and +45 minutes thereafter. To obtain valid data it was
important that participants completed sampling before breakfast. To
avoid contamination of saliva with food or blood they were asked to
not brush their teeth before data collection was finished. To increase
compliance, participants were supported in developing an exact
sampling schedule.According to the guidelines for assessment of the
CAR [47], ECG monitoring was additionally used to validate the
awakening time of the participants.

Salivary free cortisol was analyzed by using a commercial
chemiluminescence immunoassay (LIA) (IBL Hamburg, Germany).
To reduce error variance caused by imprecision of the intra-assay, all
samples of one participant were analyzed in the same run.
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The same labeling was used for the urine containers.24 hours urine
collection containers were filled with 10 ml 25 % hydrochloric acid
(HCI). Participants collected urine from8:00 a.m. until next day 8:00
am. and were instructed to sample also the first morning urine.
Saliva and urine samples were taken immediately to the laboratory,
the amount of urine was recorded and aliquots frozen at -25°C until
biochemical analysis took place.

Determination of the catecholamines norepinephrine and
epinephrine was performed by high-performance liquid
chromatography (HPLC) with electrochemical detection, according
the extraction procedure suggested by Chromsystems (Munich,
Germany).

ECG-monitoring

ECG-electrodes were attached by the experimenter and continuous
RR intervalswere recorded by Medilog®’AR12plus recorders
(Medilog®AR12plus, Schiller, Switzerland) with a sampling rate
of 8000Hz.Artifact handling of beat-to-beat HR-values was done
semi-automatically by medilog® ADAPT™ software (medilog®
ADAPT", Schiller, Switzerland). Single artifacts were replaced by
linear interpolation and their appearance was recorded. HRV was
assessed following the standard criteria of the Task Force of the
European Society of Cardiology and the North American Society
of Pacing and Electrophysiology [48]. Based on the evidence that
psychological stress produces significant changes in sympathovagal
activity [49], two of the time domain measures, standard deviation of
the normal tonormal interval (SDNN) and square root of the mean
squared differences of successive RR intervals (rMSSD), as well as the
ratio of two frequency domain measures, low frequency component
(LF), 0.04-0.15 Hz, and high frequency component (HF), 0.15-0.40
Hz, using Fast Fourier Transformation, were analyzed in this study.
RMSSD and HF are most sensitive to parasympathetic (i.e., vagal)
diefference and the ratio LF/HF indicates the relative balance between
sympathetic and parasympathetic system[50].

Measurement of blood pressure and waist-to-hip ratio

Blood pressure was calculated as the average of the first and the
last 180s (total of 320s) of a 10 minute continuous blood pressure
measurement in a seated position. Blood pressure was measured with
Task Force ® Monitor V2.2 (CN systems, medical technology, Austria).

Waist-to-hip ratio (WHR) was measured on the first measurement
day by the experimenter. According to the WHO abdominal obesity
is defined as a waist-hip ratio above .90 for males and above .85 for
females.

Cardiorespiratory fitness

All participants underwent a maximal incremental exercise test
at an electronically braked cycle ergometer (MonarkErgomedic
389E, Sweden). After a careful anamnesis by a physician participants
were instrumented, seated on the cycle ergometer and measures
were started. Data were obtained for quiet sitting on the cycle
ergometer, warm up, during incremental exercise and during active
and passive recovery. All exercise tests started at 40W and workload
was increased by 15 or 20W per min according to expected maximal
performance in order to reach maximal workload within 15 min.
After termination of maximal exercise workload was decreased to 40
W in all individuals for 3 min of active recovery and measures were
continued for additional 3 min of passive sitting on the ergometer
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before stopping the test. Throughout the test a 12-lead ECG (ZAN
800 EKG, Germany) was obtained and monitored by the study
physician. Additionally, heart rate (HR) was measured continuously
(S810i, Polar Electro, Finland) and data were stored in 5 s intervals
for further analysis. A second HR monitor was used to obtain beat-to-
beat HR (S8104i, Polar Electro, Finland) to analyze HRV. Gas exchange
data were measured continuously (ZAN 600 USB, Germany) and
data were stored in 5 s intervals for further analysis. Oxygen uptake
(VO,), carbon dioxide output (VCO2), pulmonary ventilation (VE)
and respiratory exchange ratio (RER) were main variables of interest.
Blood samples (20ul) were obtained from a hyperemized earlobe
at rest, after warm up, after every single load step and after active
and passive recovery for blood lactate (La) and blood glucose (BG)
concentration measures (BiosenS_line, EKF Diagnostics, Germany).
Gas exchange data and La measures were used to determine the first
(VT, / LTP,) and the second (VT,/ LTP,) ventilator and lactate turn
points as submaximal markers of CRE, respectively [51]. Turn points
were determined by means of linear regression break point analysis
within defined regions of interest. The first turn point (TP) was
calculated between the first workload and 60% Pmax and the second
turn point between the first TP and P___[51]. These turn points were
shown to represent defined phases of distinct metabolic, hormonal
and cardiorespiratory responses [52]. Together maximal oxygen
consumption (VO, ), maximal power output (P_ ) as well as oxygen
uptake and power output at the sub-maximal turn points serve as
markers to describe maximal and submaximal CRE. To quantify age
dependent exercise performance,the maximal power output (Pmax)
from the incremental exercise test was related to the age predicted
norm as %Pmaxpredicted [53] such as 100-120% of the age predicted
norm was suggested as “normal” CRE.

Statistical analyses

For testing the hypotheses, linear and non-linear regression
analyses (quadratic regression)as well as univariate analysis of
variance (ANOVA)were conducted. “AL_basic” and “AL_extended”
served as the main dependent variables and “%P__ predicted” as
the independent variable. Post-hoc within-group comparisons
were calculated with Bonferroni Post-Hoc tests. A natural
logarithmic transformation was applied to the LE, HF, RMSSD
and sympathovagal balance (LF/HF) data, as their distribution
was skewed. All statistical analysis were performed using the
software IBM SPSS Statistics version 21.0 (IBM Corp., NY, USA)
and significance level was set at p < .05, two-sided for all analyses.

Results
ALI

Both ALI_basic (M = 1.23, SD = 1.32) and ALI extended (M = 2.7,
SD = 2.05) signaled mild degrees of burden within this sample. Both
AL-indices were strongly interrelated (r = .753p< .001).

Cardiorespiratory fitness

Mean variables for sub-maximal and maximal CRF are shown in
Table 2. The mean body mass related oxygen uptake of 41.85+8.28
mlkg'.min" (range: 24.2 to 63.5 mlkg'.min") representing a mean
supra-normal CRF level at 124.5+22.8 % of the age predicted norm
level for power output and oxygen uptake [52]. The sub-maximal
markers of performance LTP, and LTP, as well as HR and La values
were within normal limits for this physically active moderately trained
middle aged population.
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LTP, LTP, MAX
HR (min™) 116.02 £ 11.21 | 156.14 £ 11.10 | 184.95 + 9.60
P (W) 81.45 £29.49 177.24 £ 37.34 | 258.28 £ 47.75
VO, (Lmin) 1.38 £ 0.45 2.61 £0.56 3.49 £ 0.63
La (mmol.IY) 1.30 £ 0.37 4.14 £0.88 11.46 £2.02

Table 2: Variables for sub-maximal and maximal CRFE.

Note: Means + SD for heart rate (HR), power output (P), oxygen uptake (VO,) and
blood lactate concentration (La) during incremental cycle ergometer exercise in 89
healthy male office workers (LTP1 - first lactate turn point; LTP2 - second lactate
turn point; MAX - maximal work load)

To verify the relationship betweenCRFandALlI, a linear regression
analysis was computed for both ALI indices, with the variable CRF
entered as predictor. Results showed a significant correlation between
one variable of CRF(%Pmaxpredicted)and ALI_basic (ff = -.326, t(84)
= - 3.12,R’*= .11) as well as %Pmaxpredictedand ALI_extended (f§ =
-.354, t(84) = - 3.42,R?= .13), suggesting that the higher CRF the lower
the allostatic load (Figure 1).

Figure 1: Linear and quadratic regression model for relation of CRF and
ALL

Visual inspection ofFigure 1 raised the impressionthat the
relationship between both variables might not be linear.Overly high
levels of CRF (i.e., individuals surpas a threshold of CRF> 170%)
could be associated with a slight increase in ALI.Consequently, in a
second step a quadratic regression analysis was computed in order to
statistically evaluate this finding. Results showed a significantly higher
association between ALI and CRF as well as a significant increase in
model fit (f§ = -2.255, #(84) = - 2.510,R*=.17). For further analyses the
study sample was divided into 5 groups based on %Pmaxpredicted.
Figure 2 shows mean values for ALL

To verify at which threshold level of CRF significant differences
in both ALI-indices can be observed, univariate analysis of variance
(ANOVA) was computed. Results showed a significant main effect of
group for both, ALI_basic (F[4, 79] =4.22, p =.004, p” = .176) as well
as for ALI_extended (F[4, 79] = 3.76, p = .007, p” = .160). Post-hoc
tests (Bonferroni) revealed that there were significant differences in
both ALI-indices between group 1 (ALI_basic, M = 2.60, SD = 1.43;
ALI_extended, M = 4.70, SD = 2.16) and group 3 (ALI_basic, M =
0.79, SD =0.92; F[4, 79] = 21.24, p = <.0001, p*> = .371; ALI_extended,
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Figure 2: Mean values for ALI_extended and %P __predicted.

Note: Group 1 < 100%Pmaxpredicted (80 - 100%), group 2 people
within normal range (100 - 120 %P__ predicted) and groups 3 (120
- 140%Pmaxpredicted), 4 (140 - 160 %P __ predicted) and 5 (160 -
180%P__ predicted) people above normal range of CRE. * p<.05.

max

M =2.25,8D = 1.56; F[4, 79] = 14.83, p = <.0001, #p” = .292) and also
between group 1 and group 5 (ALI_basic, M = 0.89, SD = 0.78; F[4, 79]
=10.12, p = .005, np* = .373; ALI_extended M = 1.67, SD = 1.12; F[4,
79] = 14.22, p = .002, yp” = .456) with comparably large effect sizes.
These results suggest that individuals with lower exercise performance
than normal (< 100%Pmaxpredicted) showed higher stress related
signs of physiological burden and that only above a threshold level of
120% CREF a significant reduction of the psychophysiological signs of
burden could be observed.

Additional analyses were computedto explore associations between
%P__ predicted and each of the physiological variables of the ALI
separately. There were significant correlations with WHR (r = - .271,
p=<.013), HR (r = - .555, p = < .001), DBP (r = - .279, p = < .013),
SDNN (r=.302, p = <.005) as well as with rMSSD (r=.214, p = <.05).
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These results suggest that higher CRF was associated with lower
WHR, HR, DBP, and higher SDNN and rMSSD. Additional analyses
were also computed for alternative quantifications of CRF like VO,
LTP,LTP,and P__. Results are shown in Table 3.

Self-rated work stress

In order to verify the working stress conditions of the individuals,
a ratio between effort and reward was calculated. A mean value of
1.25 (SD=0.38) confirmed that the sample showed higher effort
than reward ratings, indicating stress. To find out, whether there
was a correlation between the subscales of the ERI and both ALI-
indices, additionallinear regression analysis were computed.For both
analyses, subtests of ERI were used as predictor variables. Results (
Table 4 and Table 5) showed a significant correlation between the
subscale overcommitment and ALI basic (f§ = .214, #(84) = 2.004,

Variable B SEB | B
ALI basic x over commitment 12 .06 21*
ALI extended x ratio effort/reward 1.14 | .58 21*

Table 4: Linear regression analyses between AL and ERI subtests (n=86).

Note. R* = .05 (*p<.05) for over commitment; R* = .04(*p<.05) for ratio effort/
reward.

Variable B SEB B
%P predictedx overcommitment .04 .02 27%
%P predictedx ratio effort/reward -.00 .00 -.25%

Table 5: Linear regression analyses between %Pmaxpredicted and ERI
subtests (n=86)Note.

R* = .07 (*p<.05) for reward; R* = .06 (T p<.10) for ratio effort/reward.

R?=.046), but not for the subscales effort and reward, suggesting that
higher overcommitmentwas associated with higher allostatic load. A
rather moderatecorrelation could be found between the ratio effort/
reward and ALI_extended (f§ = .208, #(84) = 1.952, R?=.032), but not

VO, LTP, LTP, % P predicted o Mean SD
Effort -.12 .04 -.06 -.15 -.10 10.49 1.40
Reward 15 22 25%* 27* .28% 19.45 3.57
Overcommitment -.14 -.08 -17 -17 -.18 15.01 2.36
Efford-Reward-Ratio -17 -13 -.20 -.25% -23% 1.25 .38
ALI Basic -37* -.16 -.22* -.33* -.22* 1.23 1.32
ALI Extended -.44* -.25% =27 -.35% -27* 2.70 2.05
HR 24h (BPM) -42% -.39% -.46* -.55% -.46* 69.36 8.20
SDNN 24h (ms) 27* .26* 32* 29* 31 93.60 23.34
rMSSD 24h (ms) 29* 23* 22 21 24 3.50 .37
LF/HF (ms?) 14 11 -.08 -15 23 75 19
SBP (mmHg) -.19 -.12 -.16 -.13 -17 120.98 10.19
DBP (mmHg) -.30* -.28 -.33* -27* -.35* 79.24 8.06
WHR -.38* -27* -.24% =27 -22% 92 .10
Epinephrine (ug/24h) -11 -.06 -13 -13 -11 7.79 3.28
Norepinephrine pug/24h) -.16 .03 -.09 -11 -11 45.31 13.24
Cortisol-Increase (% t0-t30) | -.01 11 .04 -.05 17 64.11 84.15

Table 3: Pearson correlation coefficients and descriptive statistics (Mean, SD) of ALI parameters and parameters of CRF (n=86).

Note: * = significant p<.05
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for the subscales effort and reward separately. These results suggest
that the higher the experienced work stress the higher allostatic load
was. Additional correlations were computed to explore associations
between ERI and each of the physiological variables of the ALI
separately.We decided on a Bonferroni alpha adjustment to p <.016 to
overcome the problem of alpha inflation. Results showed significant
correlations between the ratio of effort/reward and SDNN (r =
- 281, p = < .009) as well as effort/reward and rMSSD (r = - .275,
p = < .011), suggesting that higher experienced working stress was
accompanied by lower SDNN and the lower parasympathetic activity.
Significant correlations could also be found for reward and SDNN (r
=.278, p = <.010) and rMSSD (r = .294, p = < .006), suggesting thata
higher experienced reward was accompanied with higher HRV. No
significant correlationswith any physiological variablewere found for
effort and over commitment. Additional analyses were conducted to
verify possible correlations between subtests of ERI and parameter of
CRE To verify the association between %P predicted and ERI, an
additional linear regression analysis was computed. Results showed
a significant correlation between %Pmaxpredicted and reward (f§ =
271, t(84) = 2.552, R*= .074) as well as between %P__ predicted and
effort/reward ratio (8 = - .253, #(84) = - 2.36, R’= .064), suggesting
that perceived reward was significantly higher with higher CRE.
Additionally, results showed significantly higher effort/reward
imbalance the lower CRE. No correlations could be found between
%Pmaxpredicted and effort and over commitment, respectively.
Additional analyses were also computed for subtests of the ERI and
alternative quantifications of CRF like vo, ., LTP,LTP, and Pmax.
Results do not suggest any additional effect.

Discussion

The objective of the present study was to investigate whether CRFis
associated with physiological signs of burden, which could be seen as
a consequence of stressful working conditions. Therefore, individuals
working under stressful working conditions were analyzed by
measuring CRE, self-reported work stress, stress related variables of
the SAM (catecholamines, HRV and blood pressure) and the HPA
axis (cortisol). In order to capture the amount of dysregulations
multiple physiological variables were integrated into two ALIs[54].
Because previous studies almost exclusively focused on the negative
consequences of stressful working conditions and self-reported stress/
burnout symptoms on physiological dysregulations, the aim of this
study was to explore the relation between available positive resources
like CRF and cumulative physiological burden. Therefore, we analyzed
different objective markers of physical fitness.

ALI

In line with expectations, both the ALI basic and the extended
ALI score were significantly lower with increasing CRF (specifically,
%P__ predicted). In particular, individuals with higher CRF showed
significantly lower WHR, HR, DBP and significantly higher rMSSD
compared to individuals with lower CRE. These results suggest that
lower physical fitness might be accompanied by higher signs of
physiological burden. This finding corroborates previous studies
suggestinga buffering effect of physical exercise/activity on HR,
HRYV, blood pressure, and WHR. A current review on HRV, physical
activity and working stress could show a strong association between
workplace stress and reduced HRV in employees [55]. Several studies
[16,56,57]reported a reduced HRV in employeesreporting work
related stress. The authors concluded that assessing the autonomic
functioning could be a straight forward and effective way to identify
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work stress. It is thus surprising that HRV has not yet been routinely
integrated in the AL metric.

It is notable that all included studies in this review assessed the
level of physical activity or exercise with self-reports in a descriptive
function. The authors encouraged more studies concerning physical
activity and exercise intervention for better understanding the benefits
of physical activity on both stress and HRV but neglected the possible
influence of CRF on the signs of physiological burden resulting from
stressful working conditions. Interestingly, in this context it has never
been discussed whether the actual status of CRF should be integrated
asa fixed component in psychophysiological stress diagnosesalongside
the evaluation of stress related variables of the SAM and HPA axis.The
current study suggests that this could be a promising addendum in
order to better evaluate individual physiological processes under stress.
Moreover, the hypothesis that CRF could counteract physiological
dysregulations could prove fruitful for designing intervention
programs.Moreover, the findings of this study may help answer the
question whysome individuals under same working conditions are
affected by stress related symptomswhile others are not. Currently,
positive resources are not sufficiently valued when diagnosing the
impact of work stress on physiology.Moreover, the findings of this
study could help to clarify the emerging inconsistency in the field
ofstress/burnout and psychophysiology[58].I1t is well known that
available resources could have a buffering effect on physiological
stress responses and health[59]. Several studies related work stress
and burnout symptoms to AL [46,60]and reaffirmed significant
correlations between chronic stress and higher AL. Although the total
score of both AL quantifications (basic and extended, respectively)
was quite low in this study, the most sensitive measures seemed to
be those of the SAM axis and not those of the HPA axis.Of note,
parasympathetic -mediated HRV (rMSSD) was negatively associated
with work stress, which corroboratesother research showing high
correlations between stress and decreased rMSSD[61]. Previous
findings suggesting positive associationsbetween HRV and CRF[37]
could also be replicated in the present study.Individuals with higher
CRF showed significantly higher rMSSD compared to individuals
with lower CRE.

One explanation why no significant associations were found for
epinephrine and norepinephrine could be that catecholamines are
short acting and short living molecules, thus making them more
sensitive toacute stress[7]. Hence, an aggregate level across 24
hours could have been too coarse and biased by other, momentary
circumstances.

Cardiorespiratory fitness

In line with expectations, CRF was significantly higher in
individuals who showed lower signs of physiological burden.Results
also showed significant correlations between CRF and WHR, diastolic
blood pressure, SDNN and rMSSD. Specifically, a higher CRF was
associated with lower WHR, diastolic blood pressure and higher HRV
(in particular, indices of parasympathetic activity). These results are
compatible with research suggesting that physical activity and exercise
could ameliorate stress related disorders and signs of burnout [55]. It
is assumed that physical activity results in higher CREwhich in turn
could promote resilience to mental stress[62]. Positive consequences
of physical activity asan intervention in the workplace have been
found in previous studies[63], suggesting that physical activity could
constitute an effective tool for buffering allostatic load. This topic
was also examined from another perspective. It has been questioned
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whether individual coping programs can counteract workplace
stressors and are powerful enough to eliminate the cause of stress-
related symptoms and burnout[64]. Such programs regard the risk
for stress exclusively as a result of sustained high demands stemming
from the workplace environment. Certainly, individual interventions
cannot influence or change the working environment but they
could influence physiological adaptation processes and potentially
strengthen available resources in a positive way[63]. Hence, it might
be asked why the evaluation of available individual resources like
CRFis not a fixed component of stress evaluation? It should be noted
though that the presumed positive relationship between higher stress
resilience and higher physical fitness has to be demonstrated yet [62].
One possible reason for the heterogeneity of findings could be related
to different methodological approaches in the assessment of physical
fitness. Results of a review concerning this topic reported that all 18
studies included in this review assessed the level of physical activity
or exercise exclusively with self-report data[55], thus questioning the
validity of the assessment. Moreoverit seems challenging to specify a
specific CRF threshold that should be met in order to verify positive
effects on stress-related psychophysiologicalsystems.

To gain more clarity about the dose-response relationship,our
analysis suggested that participants had to reach 120-140% of age-
related CRF to achieve this positive effect on AL. This effect is likely
to shrink the higher the percentage of CRE. It is interesting to note
that comparably high levels of CRF tended to be accompanied by
increased AL, as became evident by a curvilinear regression. Of note,
this finding is compatible with research suggesting that overtraining
could be associated with physiological dysregulations [67]. It should
be emphasized though that in order to substantiate this finding,
further research with individuals scoring over a wider range of CRF
is certainly warranted.

Importantly, the worst health-related effect had those, who showed
CRFvalues lower than 100%Pmaxpredicted.Interestingly, a cut-off
point of approximately 10-12 METs (metabolic equivalent to CRF),
which is comparable with the average of oxygen intake in our sample
size, was shown to be related to several health risk factors, and the
highest mortality risk was in the <10 METs / <30 kg/m2 subgroup
[65]. These authors argued that given the comparatively limited
impact of BMI, more emphasis should be placed on measuring
exercise capacity and developing strategies for its improvement in
cardiovascular disease prevention programs. Similar cut-off scores for
CRF have been documented for the relationship between CRF and
diabetes risk. After adjustment, patients achieving 212 METs had a
54% lower risk of incident diabetes compared with patients achieving
<6 METs [66].

ERI

Assessment of work stress was performed with the ERI [12],
because this inventory is widely used in stress research to identify
work related stress[41]. Significant correlations could be found
between the subscale reward and the effort/reward ratio with variables
of the SAM axis (in particular, DBP, SDNN and rMSSD), but not with
HPA axis (cortisol). This indicates that an imbalance between high
effort and low reward could increase the risk of negative effects on
health, especially on variables of the SAM axis.These findings are in
agreement with results of prospective and cross-sectional studies,
indicating health-adverse effects of an imbalance between perceived
effort and received reward [41]. Results of a review study concerning
effort/reward imbalance related high effort and low reward to poor
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employee health[68]. They also mentioned that the combination of
high effort and low reward could enableidentification of employees
at risk for an early stage of cardiovascular disease. With respect to
the present sample, the possible risk of reduced health resulting
from this imbalance could be shown by decreased parasympathetic
activity, higher DBP and lower SDNN. This is consistent with
subjective evaluations from participants, attributing working stress
not to their expended effort but rather to non-received reward in
terms of money, esteem and job opportunities including job security.
In line with this reasoning,a higher degree of appreciation towards
employees, especially within different hierarchical levels, has been
found to decrease the experienced stress/burnout-symptoms
significantly[69-71]. Findings concerning the significant correlation
between the subscale over-commitment and AL corroborate other
research, stating that high over-commitment leads to impaired health
[68]. Of note, it is hypothesized that a high imbalance between effort
and reward could lead to negative health outcomes as a consequence
of a compromised health behavior. This could possibly explain
the significant correlation between %Pmaxpredicted and reward
respectively effort/reward ratio.

Limitations

These findings should be considered in the context of several
limitations. Firstly, the cross-sectional design gives no clear
information about causality of associations. Hence, it remains to
be explored whether higher CRF could influence AL or vice versa.
Probably bidirectional effects are prevalent. Secondly, although we
assessed the hours per week spent with physical activity, we do not have
additional information concerning the type and intensity of physical
activity, which could complement the findings.Thirdly, it should be
noted that the study sample was quite homogeneous with respect to
education, age, CRE, and perceived work stress. Further studies are
needed to analyze the interrelation between CREF, psychological and
physiological stress-related processes in more heterogeneous or more
compromised samples. Fourthly, the findings on effort, reward, and
over-commitment need to be interpreted with cation, because of
rather low reliability of the subscales of the ERI. Finally, the study
analyzed men only. Hence, the generalizability to women needs to be
explored in future studies.

Conclusion

In summary, the results of the present study suggest a relationship
between work-related stress, psychophysiological signs of burden
and CRE. However, the extent of the positive benefits of CRF on AL
remains to be elucidated. Thus, future research, especially studies with
heterogeneous samples concerning different jobs, different working
stress conditions, different educational levels as well as different CRF
levelsis needed to better understand how different levels of CRF can
minimize psychophysiological dysregulation.Examination of the
results reveals that correlations between CRF and AL were only found
within variables of the SAM axis (except catecholamines) but not
within variables of the HPA axis. This could indicate that variables
of the SAM axis, especially blood pressure and rMSSD seems to
be particularly sensitivefor evaluating first signs of stress related
physiological burden.
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