STUDIES IN SPORT, PHYSICAL EDUCATION AND HEALTH
247

Tiina Fohr

The Relationship between Leisure-
time Physical Activity and Stress on
Workdays with Special Reference to

Heart Rate Variability Analyses

¢
I

JYVASKYLAN YLIOPISTO



STUDIES IN SPORT, PHYSICAL EDUCATION AND HEALTH 247

Tiina Fohr

The Relationship between Leisure-time
Physical Activity and Stress on Workdays
with Special Reference to Heart Rate
Variability Analyses

Esitetddn Jyvéaskylan yliopiston liikuntatieteellisen tiedekunnan suostumuksella
julkisesti tarkastettavaksi yliopiston vanhassa juhlasalissa 5212
marraskuun 4. pdivana 2016 kello 12.

Academic dissertation to be publicly discussed, by permission of

the Faculty of Sport and Health Sciences of the University of Jyvaskyld,
in building Seminarium, auditorium 5212, on November 4, 2016 at 12 o’clock noon.

o

UNIVERSITY OF H JYVASKYLA

JYVASKYLA 2016



The Relationship between Leisure-time
Physical Activity and Stress on Workdays
with Special Reference to Heart Rate
Variability Analyses



STUDIES IN SPORT, PHYSICAL EDUCATION AND HEALTH 247

Tiina Fohr

The Relationship between Leisure-time
Physical Activity and Stress on Workdays
with Special Reference to Heart Rate
Variability Analyses

o

UNIVERSITY OF H JYVASKYLA

JYVASKYLA 2016



Editors

Ina Tarkka

Faculty of Sport and Health Sciences, University of Jyvaskyla
Pekka Olsbo, Timo Hautala

Publishing Unit, University Library of Jyvéaskyla

Cover illustration Tiina Fohr

URN:ISBN:978-951-39-6794-9
ISBN 978-951-39-6794-9 (PDF)

ISBN 978-951-39-6793-2 (nid.)
ISSN 0356-1070

Copyright © 2016, by University of Jyvaskyla

Jyvidskyld University Printing House, Jyvaskyld 2016



ABSTRACT

Fohr, Tiina

The relationship between leisure-time physical activity and stress on workdays
with special reference to heart rate variability analyses

Jyvéaskyla: University of Jyvaskyld, 2016, 98 p.

(Studies in Sport, Physical Education and Health

ISSN 0356-1070; 247)

ISBN 978-951-39-6793-2 (nid.)

ISBN 978-951-39-6794-9 (PDEF)

Finnish summary

Diss.

The purpose of this study was to investigate how physical activity (PA), cardio-
respiratory fitness, and body composition are associated with objective heart
rate variability (HRV)-based indicators of stress and recovery on workdays.
Additionally, the association of subjective self-reported stress with HRV-based
stress was investigated.

Samples of 81 healthy men (age 26-40 years), and 16 275 Finnish
employees (6863 men and 9412 women; age 18-65 years) were assessed in the
cross-sectional analyses. A sample of 221 overweight psychologically distressed
individuals (36 men and 185 women; age 26-60 years) was examined in both
cross-sectional and longitudinal analyses. HRV-based stress and recovery were
determined from the beat-to-beat R-R interval recordings mainly over 2
workdays in a real-life setting. The Perceived Stress Scale was used to assess
subjective stress. The level of PA was evaluated using both subjective (validated
questionnaire/interview) and objective (real-life R-R interval recording)
methods. Cardiorespiratory fitness and body fat percentage were determined
under laboratory conditions. Additionally, body mass index (BMI) (kg/m?) was
used as a measure of body composition.

The results showed a positive association of subjective stress with HRV-
based stress. Higher PA, cardiorespiratory fitness, and favorable body
composition were associated with a lower level of HRV-based stress.
Cardiorespiratory fitness and favorable body composition were associated with
better recovery during sleep. A higher initial level of HRV-based stress
predicted a weaker decline, whereas a higher initial level of PA and HRV-based
recovery predicted a larger decline in subjective stress during a 9-month study
period among psychologically distressed and overweight individuals.

The results indicate that there is an association between subjective and
objective HRV-based stress measured in real-life. However, these two
dimensions of stress react differently over the long term. Additionally, the
results support the beneficial effects of PA on HRV-based stress.

Keywords: heart rate variability, physical activity, body composition,
physiological stress, psychological stress, stress management, work stress
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1 INTRODUCTION

Sedentary lifestyle, overweight, obesity and stress are risk factors for multiple
adverse health outcomes, and thus major concerns in society today. There are
great efforts being expended to find ways to reduce inactivity to try to stop
people becoming overweight or obese as well as avoiding stress (e.g. work-
related stress). Most working age individuals spend half of their waking hours
at work and so work exerts a major impact on their lives, including how much
time and at what level they can enjoy daily physical activity (PA). Furthermore,
the workplace may be a source of much stress and anxiety.

Physical activity (PA) confers several positive health benefits. It reduces
risks for obesity and for several chronic diseases (Physical Activity Guidelines
Advisory Committee 2008, Booth, Roberts & Laye 2012). Additionally, PA is an
important component in the treatment of many chronic diseases (Pedersen &
Saltin 2006, Kujala 2009) and it is also beneficial for mental health (Physical
Activity Guidelines Advisory Committee 2008, Gerber & Piihse 2009, Suija et al.
2013). An increase in PA has been found to be associated with improved
psychological wellbeing, even promoting a reduction in work-related stress
(Conn et al. 2009, Thegersen-Ntoumani et al. 2015).

Unfortunately, a substantial proportion of people do not achieve the well-
known health benefits of PA due to insufficient PA (Physical Activity
Guidelines Advisory Committee 2008). In global terms, approximately one
third of adults do not meet the public health guidelines for recommended levels
of PA (Hallal et al. 2012). This sedentary lifestyle is a major problem especially
in the developed countries. Due to technological changes in these countries, PA,
especially activity during working hours, has declined. Therefore, it is self-
evident that leisure-time PA is increasingly important for achieving an
adequate level of fitness and its associated health benefits, including mental
well-being.

Most stress assessment methods primarily focus on an individual’s
subjective perception of stress. However, each individual’s wellbeing consists of
both psychological and physiological aspects (Dodge et al. 2012). In addition to
how stress is subjectively perceived by an individual, stress can exert changes
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in several physiological processes (Cannon 1932, Cohen, Kessler & Gordon
1995) . Thus, in addition to subjective methods, stress can be measured with
different objective methods. Heart rate variability (HRV) has been proposed to
be a feasible method for investigating the physiological effects of stress. HRV
refers to the variation in intervals between consecutive heartbeats originating
from the sinus node i.e. it reflects the modulation of the autonomic control of
the cardiovascular system and furthermore it can be measured non-invasively
(Task Force 1996). Typically a healthy person displays high HRV with efficient
autonomic mechanisms and good adaptation ability, while reduced HRV is an
indicator of an abnormal and insufficiently adapted autonomic nervous system
(ANS) (Porges 1992, Porges 1995, Vanderlei et al. 2009). For instance,
psychological stress often causes sympathetic dominance of the ANS, and this
leads to reduced HRV (Chandola, Heraclides & Kumari 2010). These
physiological stress response reactions disappear during recovery; thus
successful recovery after a stressful situation is a central issue in stress
management (Kinnunen 2005).

The majority of previous HRV-studies have used traditional time-domain
and frequency-domain measures of HRV. These parameters represent the
average level of the autonomic activity over a period of the time. However,
autonomic activity is very dynamic and varies during the day i.e. depending on
stress, recovery and PA. Therefore, the validity of the traditional measures of
HRV is limited in real-life conditions. Additionally, these measures vary
extensively from individual to individual which further limits their usability in
stress assessment and clinical work. However, it is also possible to determine
applied heart rate (HR) and HRV-derived stress and recovery variables that
take into account the dynamics and individuality of HRV and include
information that is difficult to obtain from traditional measurements of HRV.
One can speculate that these kinds of new objective approaches that consider
the individuality of HRV could provide additional insights especially if
combined with the subjective assessments of stress and its management.

The present dissertation investigated how PA, cardiorespiratory fitness,
and body composition are associated with HRV-based indicators of stress and
recovery during workdays. Additionally, the association of subjective stress
with HRV-based stress was investigated. Furthermore, it was examined
whether there is any association between PA and HRV-based stress and
recovery with subjective stress over the long term. One unique aspect of the
present dissertation is in the individual and dynamic method used in the
assessment of physiological stress and recovery.



2 REVIEW OF THE LITERATURE

2.1 Physical activity

PA is defined as any bodily movement produced by the skeletal muscles that
requires the expenditure of energy (Caspersen, Powell & Christenson 1985,
Bouchard, Blair & Haskell 2007). Exercise is PA that is planned and structured,
and involves repetitive bodily movement; its objective is to improve or
maintain physical fitness (Caspersen, Powell & Christenson 1985, Tudor-Locke
& Myers 2001). Physical fitness is defined as a set of attributes that people have
or they achieve that is related to their ability to perform PA (Caspersen, Powell
& Christenson 1985). Thus, there is a very close relationship between PA and
physical fitness with PA being positively associated with physical fitness as the
intensity, duration and frequency of movements increase (Caspersen, Powell &
Christenson 1985, Blair, Cheng & Holder 2001). PA seems to be the principal
determinant for cardiorespiratory fitness although genetic contributions to
fitness are important (Blair, Cheng & Holder 2001).

21.1 Physical activity and health

Some PA is better than none but in order to achieve the optimal health
outcomes, it is recommended that the amount of PA should be significant i.e. it
should be of higher intensity, greater frequency, and/or longer duration. The
general recommendations on PA for wellbeing (Physical Activity Guidelines
Advisory Committee 2008, World Health Organization 2010) are that healthy
adults should perform at least 150 minutes of aerobic moderate-intensity PA or
at least 75 minutes of vigorous-intensity aerobic PA per week or an equivalent
combination of moderate- and vigorous-intensity PA in order to achieve
substantial health benefits. Aerobic PA should be performed in bouts lasting at
least 10 minutes. Additionally, muscle-strengthening activities involving the
major muscle groups should be done at least two times per week. In order to
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gain additional health benefits, it is recommended to increase moderate-
intensity aerobic PA to 300 minutes per week, and vigorous -intensity aerobic
PA to 150 minutes per week (Physical Activity Guidelines Advisory Committee
2008, World Health Organization 2010).

In addition to the beneficial effects of these amounts of PA for physical
health, these guidelines seem to be relevant for mental health as well (Jonsdottir
et al. 2010). Even though leisure-time PA has increased among Finnish adults
and elsewhere around the world (Hallal et al. 2012, Hellddn & Helakorpi 2015),
physical inactivity is a major problem, posing a global risk for health as
occupational and transport-related activity levels are declining (Hallal et al.
2012). Individuals who do not meet the recommended level of PA are often
described as physically inactive (Tudor-Locke & Myers 2001). Worldwide,
approximately every third adult is physically inactive and thus physical
inactivity has been stated to be a contributor to the worldwide epidemic of non-
communicable diseases (Hallal et al. 2012). Sedentary behavior refers to
activities performed in a sitting or lying position (Pate, O'Neill & Lobelo 2008)
and it is a distinct concept from physical inactivity (Tudor-Locke & Myers 2001,
Sedentary Behaviour Research Network 2012). However, PA can reduce
sedentary behavior.

PA exerts several positive health effects. It reduces the risks not only for
obesity but also for several chronic diseases (Warburton, Nicol & Bredin 2006,
Physical Activity Guidelines Advisory Committee 2008, Booth, Roberts & Laye
2012, Reiner et al. 2013). Additionally, PA is important in the treatment of many
chronic diseases (Pedersen & Saltin 2006, Kujala 2009) and it is also beneficial
for mental health (Physical Activity Guidelines Advisory Committee 2008,
Gerber & Piihse 2009, Suija et al. 2013). Adults who are insufficiently physically
active have a 20-30% higher risk of all-cause mortality compared with those
who comply with the general PA recommendations (World Health
Organization 2014). According to the World Health Organization (WHO),
insufficient PA contributes to 3.2 million deaths and 69.3 million disability-
adjusted life-years each year (World Health Organization 2014). In addition to
the direct benefits of PA, there are studies indicating that the association
between PA and health is mediated through physical fitness (Figure 1)
(Katzmarzyk, Craig & Gauvin 2007, Sui et al. 2007). It has been claimed that the
dose-response relationship between fitness and health outcomes would be
higher than between PA and health outcomes. However, it is not possible to
conclude whether PA or fitness is more important for health (Blair, Cheng &
Holder 2001). Both PA and physical fitness are strong predictors of death
(Myers et al. 2004) and furthermore they seem to exhibit a similar relationship
with morbidity (Warburton, Nicol & Bredin 2006).
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Health behaviors including physical activity and stress management influence several different
components of fitness which in turn modulate health outcomes. Behaviors, fitness, and
outcomes are influenced by genetic, social, and environmental factors. Health outcomes can
also affect behaviors (modified from Blair, Cheng & Holder 2001).

FIGURE1 Interrelationships between health behaviors, various types of fitness, and
health outcomes.

2.1.2 Assessment of physical activity and fitness

PA is multidimensional and a complex behavior to measure, in fact no single
assessment method can capture all the dimensions and components of PA. PA
is commonly assessed as a total dose of PA consisting of the duration, intensity
and frequency of PA. Duration refers to the time spent on a single bout of PA,
intensity refers to the physiological effort expended in participating in a certain
type of PA, and frequency of PA refers to the number of bouts of PA during a
specific time period (Warren et al. 2010). PA can be subcategorized further
according to different domains which are related to occupation, the routines of
daily living (e.g. domestic activities, active commuting) and leisure (e.g.
recreational activities, exercise and sports) (Howley 2001, Samitz, Egger &
Zwahlen 2011). Thus, the assessment of PA may be focused on a specific
domain. Assessment of the three dimensions (i.e. duration, intensity and
frequency) of PA provides the ability to calculate the energy expenditure
associated with PA. In healthy normal-weight individuals, the body oxygen
consumption (VO») is approximately 3.5ml/kg per min at rest (Ainsworth et al.
2011). This is associated with approximately 1 kilocalorie (kcal)/kg/hour
calorie cost and this is refers to 1 metabolic equivalent (MET) (Warren et al.
2010, Ainsworth et al. 2011). Other activities can be expressed as multiples of 1
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MET. PA performed at two METs requires twice the resting metabolism, at
three METs - three times the resting metabolism, and so on. The range 1.0-1.5
METs is considered as sedentary behavior, activities in the range of 1.6-2.9
METs are assessed as low intensity, between 3.0-5.9 MET is of moderate
intensity and activities > 6.0 MET are considered as vigorous intensity (Warren
et al. 2010, Ainsworth et al. 2011). Instead of using absolute MET values, energy
expenditure associated with aerobic PA can be expressed relative to some
maximal physiological responses (i.e., maximal HR or VO2max) (Howley 2001).
There are a wide variety of techniques for the assessment of PA, e.g.
behavioral observation, questionnaires, and physiological markers like HR,
calorimetry, and motion sensors (Westerterp 2009). Subjective assessment
methods, i.e. self-report instruments are commonly used tools to assess PA.
These methods include self or interviewer administered questionnaires, recalls
and diaries which are inexpensive and practical ways to assess PA in a large
population (Sallis & Saelens 2000, Warren et al. 2010). Despite the large-scale
application, there is poor reliability and inadequate validity of the measurement
of PA by self-reporting due to recall and other information biases (Westerterp
2009). For instance, both under- and over-reporting, difficulties in ascertaining
the dimensions (frequency, duration and intensity) of PA, and the cognitive
demands of recall are related to self-reporting (Sallis & Saelens 2000).
Technological devices and objective methods provide an alternative
method for the assessment of PA. It has been proposed that one should utilize
objective measures when assessing absolute amounts of PA (Sallis & Saelens
2000). Importantly, objective methods avoid some of the inherent limitations of
self-report instruments, such as recall bias (Warren et al. 2010). Calorimetry,
more specifically the doubly labeled water method, has become the gold
standard for the validation of field methods of assessing PA (Westerterp 2009,
McArdle, Katch & Katch 2010). By utilizing the known abundance of isotopes of
hydrogen (2H) and oxygen (180), the doubly labeled water method safely
measures the average metabolic rate of an organism over a period of time in
free-living conditions (Melanson, Freedson & Blair 1996, Westerterp 2009).
However, the doubly labeled water method is too costly and laborious to be
considered applicable for large-scale studies (Melanson, Freedson & Blair 1996).
Nevertheless, it is used as the standard method against which other PA
assessment methods are validated (Melanson, Freedson & Blair 1996,
Westerterp 2009, McArdle, Katch & Katch 2010). Motion sensors, such as
accelerometers and pedometers, and HR monitors are often used to assess PA
as they are relatively inexpensive, easy to wear, and they can be used in free-
living conditions (Westerterp 2009). Pedometer and accelerometer methods are
based on registering body movement and measuring the acceleration of the
body in one or several planes (Tudor-Locke & Myers 2001). However, the
inability to measure all activities limits the usability of these measures (Warren
et al. 2010). Furthermore, accurate methods of monitoring PA that capture
cardiorespiratory loading are needed. HR monitoring is a commonly used
method to assess the intensity of PA in a clinical setting (Westerterp 2009) and it
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has also been used in a free-living setting to assess the daily amount of
moderate to vigorous PA (e.g. Mutikainen et al. 2014). HR is almost linearly
associated with VO, at moderate to submaximal intensities while the subject
performs steady-state exercise. Nevertheless, the relationship between HR and
VO is curvilinear for very low intensity activities and also when near maximal
exercise. To avoid the problems of assessing low activity intensities, HR
monitoring method should only be used to measure the time spent in moderate
and vigorous PA (Warren et al. 2010).

The close relationship and differences between PA and physical fitness
have been described earlier. In addition to the above mentioned differences, an
important distinction between PA and fitness is the intra-individual day-to-day
variability in PA, whereas fitness is a relatively stable concept. The assessment
of maximal oxygen consumption (VO2amax) provides information about the
cardiovascular component of fitness. A variety of exercise tests that activate the
body’s large muscle groups can be used to determine VOzmax. The direct
measurement of VOzmax in which the subjects are required to exercise to
exhaustion is considered to be the most accurate method to assess an
individual’s level of cardiovascular fitness. In most cases, the test consists of
progressive increments in effort expended on a treadmill or cycle ergometer
(McArdle, Katch & Katch 2010). However, this direct test is costly and time
consuming and it is difficult to motivate certain, e.g. overweight, individuals to
undertake exhausting exercise. Therefore, submaximal exercise test protocols
that predict VO2max have been developed (Fitchett 1985). These tests require less
equipment, time and are easily administered since they do not need to be
performed by highly skilled personnel. The most popular methods of sub-
maximal exercise testing have been those which predict VOamax by extrapolation
from the relationship of sub-maximal VO; and HR values to an assumed age-
related maximal HR (Fitchett 1985). A sub-maximal exercise test has been
shown to be a valid method in the assessment of VO2max (Arena et al. 2007).

In summary, the assessment of PA is challenging. Both subjective and
objective methods have their advantages and disadvantages. Measurement
method may have a significant impact on the determined levels of PA. Self-
reported levels of PA have been found to be both higher and lower than
objectively measured levels of PA. The existing literature reveals that there is a
need for valid, accurate and reliable ways of measuring PA e.g. for assessing
current and changing PA levels, as this could help clarify the relationships
between PA and health outcomes (Prince et al. 2008).

2.2 Body composition

Unfortunately, not only is physical inactivity a major concern in today’s society,
but it is accompanied by the common incidence of overweight. It is likely that
the current epidemic of obesity is caused largely by changes in the physical
environment that favour physical inactivity (Philipson & Posner 2003). It is well
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known that obesity is associated with adverse health consequences i.e. it is a
major cause of many diseases, including type 2 diabetes mellitus and
cardiovascular disease (Bray 2004), and death (Pischon et al. 2008). Thus, many
countries have set national targets to combat the high prevalence and
consequences of overweight and obesity and often one way to achieve these
goals is to encourage their citizens to undertake PA (Branca, Nikogosian &
Lobstein 2007, World Health Organization 2014).

221 Assessment of body composition

Obesity has been defined as a process of excess fat accumulation due to a
chronic positive shift of the energy equation, resulting from an increase in
energy input, a decrease in energy output, or both (Solovieva et al. 2013).
According to the WHO, in 2014 a significant proportion, 39%, of the world’s
adults were overweight, and 13% were obese (World Health Organization
2014). Different parameters have been used in the assessment of body
composition but perhaps the most commonly used measure of overweight and
obesity is body mass index (BMI) which is defined as a person's weight in
kilograms divided by the square of height in meters (kg/m?). According to the
definition devised by WHO, BMI between 18.5 and 24.9 is determined to be
normal or healthy weight, BMI greater than or equal to 25 is overweight, and
BMI greater than or equal to 30 is obesity. These BMI ranges are valid for
Western countries (World Health Organization 2014). BMI provides a useful
population-level measure of overweight and obesity. However, there are some
limitations to BMI, i.e. it is acknowledged that it may not correspond to the
same degree of fatness in different individuals as it is not a direct measure of
body fat. Nevertheless, BMI is considered to be a convenient and reliable
measure of obesity (Garrow & Webster 1985). In addition to BMI, body fat
percentage has been used as an index of adiposity. The upper limit of normal
body fat percentage is 20% for men and 30% for women. Obesity is considered
to exist along a continuum from the upper limit of normal to a value as high as
50% as well as to a theoretical maximum of nearly 70% of body mass in the
extremely obese (McArdle, Katch & Katch 2010). In addition to BMI and body
fat percentage, waist circumference and waist-hip-ratio are used as measures of
obesity. The cutoff points for waist circumference of 102 cm in men and 88 cm
in women and cutoff points for waist-to-hip ratio of 1.0 in men and 0.85 in
women have been proposed to define abdominal obesity and to identify
persons at higher risk for developing certain diseases (Pischon et al. 2008).

2.2.2 Physical activity and obesity

PA, a major life style factor, has traditionally been one of the main targets in
preventing and treating obesity. PA increases energy expenditure and may
prevent weight gain. There are studies suggesting that PA plays an important
role in the prevention of body fat accumulation (Waller et al. 2010, Kujala et al.
2013, Reiner et al. 2013). For instance, DiPietro et al. (2004) noted that the daily
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PA level was negatively associated with weight gain among 2 501 healthy male
adults during a five year follow-up time. Those individuals who maintained the
same level of PA did not gain weight, while those individuals who reduced
their daily PA level suffered a considerable increase in their body weight (Di
Pietro, Dziura & Blair 2004). Furthermore, DiPietro et al. (2004) reported that
those individuals who increased their PA level during the follow-up
experienced a weight loss. Individuals who do not put back on the weight lost
over time have been found to undertake more PA than their counterparts who
regained the lost weight (Weinsier et al. 2002). In addition to the long term
benefits of PA, some studies have detected a cross-sectional relationship
between overweight and physical inactivity as higher BMI has been found to be
associated with lower PA (Hansen et al. 2013, Mutikainen et al. 2014).

In summary, there is a consensus that there is a negative association
between PA and weight gain (Reiner et al. 2013). Regular PA is a key
determinant of energy expenditure and is therefore fundamental to energy
balance, weight control and prevention of obesity (World Health Organization
2014). However, the causality of this relationship is not clear; i.e. is physical
inactivity a contributor to obesity or vice versa nor is it clear to what extent the
association is causal (Bauman et al. 2012, Reiner et al. 2013). Obesity is a
complex condition with many causal contributors, such as many behavioral

factors in addition to PA, socioeconomic, environmental, and genetic factors (Qi
& Cho 2008).

2.3 Stress

Stress has been defined by a number of authors in many different ways,
focusing on its sources, consequences and/or resources to overcome the
negative stress effects. The way in which the term “stress” has been used in the
literature has been inconsistent and there is confusion about the meaning and
measurement of stress (Cohen, Kessler & Gordon 1995). Hans Selye, a pioneer
in the area of stress research, was the first scientist who introduced the concept
of stress. He described stress as a general, non-specific physiological response
to any stressor. Later, he extended this concept by drawing attention to the
difference between eustress (good stress) and distress (bad stress) (Abbas, Farah
& Apkinar-Sposito 2013). However, the physiological stress responses to both of
these forms of stress are similar. The Transactional Model of Stress and Coping
by Lazarus & Folkman (1984) provides a framework for evaluating the
processes of coping with stressful events. Stressful experiences are interpreted
as transactions between the person and his/her environment. These
transactions depend on the impact of the external stressor. This is firstly
mediated by the person’s appraisal of the stressor and secondly by the social
and cultural resources at his or her disposal (Lazarus & Folkman 1984). Thus,
what one person experiences as stress is not the same as that felt by another
person and this may therefore result in different physiological patterns.
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2.3.1 Physiological stress responses

The physiological stress responses include changes in the function of ANS and
hormonal systems. The function of ANS is modulated by its parasympathetic
and sympathetic components (Malliani et al. 1991). The physiological
symptoms of acute stress are commonly associated with the sympathetic
dominance of ANS function (Cannon 1932). However, the heart is under a tonic
inhibitory control by parasympathetic influences. This is supported by the
evidence showing that when both cardiac vagal (the primary parasympathetic
nerve) and sympathetic inputs are blocked pharmacologically, the individual’s
intrinsic HR is higher than his or her normal resting HR (Jose & Collison 1970).

The sympathetic-adrenal medullary (SAM) system and the hypothalamic-
pituitary-adrenocortical (HPA) axis are two interrelated pathways that are
viewed as the primary indicators of stress (Cohen, Kessler & Gordon 1995). The
stress responses mediated by these two systems are presented in Figure 2. The
SAM system reacts to psychosocial stressors with increased secretion of two
hormones, epinephrine and norepinephrine. The SAM system’s response to a
stressor includes elevated blood pressure, increased HR, profuse sweating, and
constriction of peripheral blood vessels. Vagal hypoactivity is associated with
the perception of threat and it is thought to complement the fight or flight
mechanism induced by the SAM system (Thayer et al. 2012). In the modern
world, the relevance of “fight or flight” might not be very suitable in everyday
life. Instead, the regulation of appropriate adaptive processes to stress is
primarily mediated by vagal activity (Porges 1995) as also evidenced by vagal
and sympathetic blockade study during the standing up test (Martinméki et al.
2006a). Similarly, at low exercise intensities, an increase in HR results from
vagal withdrawal and from both vagal withdrawal and sympathetic excitation
at moderate and high intensities (Robinson et al. 1966, Orizio et al. 1998). The
HPA system triggers the initial reactions necessary to confront the demands
made by the stressor. The anterior pituitary gland secretes adrenocorticotrophic
hormone (ACTH), which in turn activates the adrenal cortex to secrete cortical
hormones (primarily cortisol in human beings) to adapt to the stressor. If the
stressor is sufficiently severe and prolonged, the anterior pituitary and the
adrenal cortex lose their capacity to secrete hormones, the adaptation to the
stressor can no longer occur and the symptoms reappear (Cohen, Kessler &
Gordon 1995).

Genetic and environmental conditions modulate these regulatory
mechanisms (Xiong & Zhang 2013). In addition to the hormones of the SAM
and HPA, changes in the secretions of other hormones, neurotransmitters, and
brain substances have been found to be associated with the stress response
(Cohen, Kessler & Gordon 1995).
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Stressors, including social, psychological and biological factors activate the stress system.
Brain activates (i) the sympathetic-adrenal medullary system (SAM) and the fight or flight
mechanism, and (ii) the hypothalamic-pituitary-adrenal (HPA) axis that stimulates cortisol
release from the adrenal cortex and thereby mobilizes energy as stress compensation. CRH,
corticotropin-releasing hormone; ACTH, adrenocorticotrophic hormone. (Modified from
De Vriendt, Moreno & De Henauw 2009).

FIGURE 2 The stress system.
2.3.2 Theories of stress

According to various several stress models and theories, stress is considered as
a process which includes both the psychological and physiological attributes of
the individual and the surrounding environment and where this unity is
affected by a stress factor, i.e. stressor. If an individual perceives this stressor as
a threat, its presence will produce negative emotional, behavioral and
physiological responses which eventually may lead to different health problems
and diseases. As described above, the ANS and HPA axes are important
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pathways leading to positive adaptation to stress but over longer time intervals,
they can cause negative health consequences. The Allostatic Load Theory
suggests that the adaptive physiological mechanisms of the human body are
affected if the physiological balance becomes disturbed (McEwen 2000). The
allostatic load consists of the function of neuroendocrine, immune, metabolic
and cardiovascular systems. In the normal allostatic response, a response is
initiated by a stressor, sustained for an appropriate interval, and then turned
off. The adverse effects of continued adaptation process without recovery
induce an excessive allostatic load which may be termed an allostatic burden, if
this load is very high or frequent (McEwen 2000). Thus, recovery from stress is
a crucial part of stress management. An incomplete recovery is associated with
adverse health consequences and it is even a risk factor for cardiovascular
diseases (Kivimaki et al. 2006).

In general terms, recovery is described as a process that develops when
the stressors imposed on the individual are no longer present. An individual’s
functioning returns back to its pre-stressor level, strain is reduced during the
recovery process (Meijman & Mulder 1998) and the individual is capable and
ready to continue with his or her current demands, or to confront new demands
(Zijlstra & Sonnentag 2006). The Effort-Recovery Theory suggests that an
unavoidable stress associated with working triggers load reactions such as
physiological activation. However, under optimal conditions, once the
individual is no longer exposed to the work stress, these load reactions are
reversed and recovery occurs. Thus, work stress should not pose long term
negative health consequences as long as individuals recover sufficiently after
work (Meijman & Mulder 1998). If prolonged exposure to work load leads to
continuous physiological activation, the extent of the recovery has been
inadequate. This insufficient recovery may be traced to an employee having to
perform new tasks at work while still in a strained state and thus the need for
recovery increases further (Meijman & Mulder 1998). According to Effort-
Recovery Theory, one important aspect of recovery is that the previously
mentioned functional systems; neuroendocrine, immune, metabolic and
cardiovascular systems, activated during work are no longer strained.
However, if an individual is unable to detach from work and is thinking about
work-related issues during leisure-time, the functional systems are still
challenged and complete recovery cannot occur (Sonnentag & Fritz 2007). It has
been suggested that prolonged activation of the functional systems is an
important mediating mechanism through which the work load leads to
illnesses. Therefore, it is crucial that there are effective processes to curtail this
prolonged activation in order to return an individual’s function to its pre-
stressor level (Sonnentag & Fritz 2007).

There are also several stress theories which focus on the psychological
aspects of stress. The psychological aspect of stress emphasizes the subject’s
perception and evaluation of the potential harm caused by the stressor. An
individual’s perception of stress arises when the demands encountered are
perceived to exceed his or her ability to cope with those demands (Cohen,
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Kessler & Gordon 1995). One of the best known theories is Karasek’s two-
dimensional (1979) Job Demand-Control (JDC) model which proposes that
individuals who concurrently experience high psychological demands (e.g.
high workload) and low decision/control latitude at work are more likely to
develop health problems. A newer stress model, the Effort-Reward Imbalance
(ERI: Siegrist, 1996) model suggests that employees experiencing an imbalance
between effort and reward at work are at risk of developing stress and stress-
related diseases (Siegrist 1996).

Work-related stress can be confused with some closely related concepts,
such as occupational burnout. Occupational burnout can develop as a result of
chronic stress caused by job demands exceeding an employee’s resources for
managing his or her work tasks. However, burnout has been clearly
distinguished, both conceptually and empirically, from other forms of stress
(Cordes & Dougherty 1993). It comprises three dimensions; overwhelming
exhaustion, cynicism toward work and people related to it (depersonalization),
and feelings that one’s work has no value (reduced personal accomplishment)
(Maslach, Schaufeli & Leiter 2001, Naadtdnen & Kiuru 2003). Job stress differs
from occupational burnout in particular with regard two of the dimensions of
burnout. The exhaustion component represents the basic individual stress
dimension of burnout and refers to feelings of being overextended and depleted
of one’s emotional and physical resources (Maslach, Schaufeli & Leiter 2001). In
addition, the depersonalization component of burnout refers to the
interpersonal context dimension of burnout, the component of reduced
personal accomplishment represents the self-evaluation dimension of burnout
(Maslach, Schaufeli & Leiter 2001). These two dimensions constitute attitudinal
components of burnout which are not covered by the traditional concept of
stress (Cordes & Dougherty 1993).

2.3.3 Measurement of stress

Many researchers have been interested to find ways to assess stress and both
subjective and objective instruments for the measuring of stress have been
developed. Stress, e.g. at work, can be assessed by utilizing questionnaires that
are based on the earlier described theories of stress, JDC and ERI. In addition to
this theory-based operationalization of stress at work, a large number of studies
have examined workplace stress according to the definition of the different
aspects of stress, e.g. the Perceived Stress Scale (PSS) (Cohen, Kamarck &
Mermelstein 1983) which includes stress-related items such as being subjected
to time pressure and having interpersonal conflicts. Some of the stress
assessment methods have focused on subjective and direct measures related to
work, whereas others have concentrated on general measures which do not
include dimensions related to work. Additionally, some subjective methods are
based on assessing symptoms of stress such as depression, anxiety and burnout.

However, due to the problems related to subjective measures which are
based on individual’s subjective perception of stress, it has been recommended
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that objective measures of stress should be preferred. More sophisticated
physiological measures of stress such as cardiovascular variables and stress
hormones can be used and these measures can be considered as being more
accurate. One common hormonal measure of stress is circulating or excreted
corticosteroids which are produced and secreted by the adrenal cortex during
and after exposure to a stressor. Their release is one part of the activation of the
HPA system presented earlier (Figure 1). Cortisol is the primary human
glucocorticoid; its release displays a clear diurnal rhythm. The peak in the
cortisol level takes place in the morning after which it declines slowly
throughout the day. Cortisol can be measured from plasma, urine, and saliva
(Cohen, Kessler & Gordon 1995). However, using stress hormones as measures
of stress involves complex laboratory processes whereas HRV has been
suggested to be a more practical method of stress assessment. In addition to the
assessment of stress from ANS activity, HRV analyses have recently attracted
remarkable interest in the assessment of recovery from daily load during the
night.

2.4 Heart rate variability

HRV refers to the beat-to-beat (R-R interval) temporal variation in between the
consecutive heart beats originating from the sinoatrial node and detected as the
normal sinus rhythm in an electrocardiogram (ECG) recording (Figure 3). HRV
is modulated by both components of the ANS, i.e. its parasympathetic and
sympathetic arms (Malliani et al. 1991). HRV has gained importance as a
technique to explore the sympatho-vagal balance of the ANS, which has an
important role in maintaining homeostasis. Normally, sympathetic activation of
the ANS increases after exposure to different inherent and environmental
stressors; these elevate HR and decrease HRV. In contrast, under restful
conditions there is an attenuation of sympathetic activity, and a dominance of
parasympathetic activity, resulting in a decrease in HR and an increase in HRV
(Montano et al. 2009, Vanderlei et al. 2009).

| s

FIGURE 3 Heart rate variability.

HRYV has become a popular clinical and investigational tool (Billman 2011). The
roots of the HRV research lie in the 18th century. Stephen Hales (1733) was the
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first to report the association between respiration, HR and blood pressure. He
observed an increase in HR during inspiration and a decrease in HR during
expiration (Hales 1733). This phenomenon of beat-to-beat fluctuation of HR is
known as respiratory sinus arrhythmia. The first recordings of respiratory sinus
arrhythmia were introduced in 1847 by Carl Ludwig. With the measurement of
the ECG (1895) and the appearance of the portable ECG recorder in the 1960s,
analysis of HRV developed rapidly and today there is much interest in
clarifying the relationship between HRV and its health and disease (Billman
2011).

In general terms, a higher HRV characterizes a healthy person with
efficient autonomic mechanisms and good adaptation abilities whereas reduced
HRV is an indicator of abnormal and insufficient adaptation of the ANS
(McMillan 2002, Vanderlei et al. 2009). With respect to work stress (Thayer,
Yamamoto & Brosschot 2010), a great variety of cardiovascular risk factors and
both cardiovascular and non-cardiovascular diseases have been shown to
reduce HRYV, e.g. obesity (Skrapari et al. 2007), smoking (Karakaya et al. 2007),
hypertension (Maule et al. 2008), diabetes (Rosengard-Barlund et al. 2009), and
heart failure (De Jong & Randall 2005). Additionally, it has been recognized that
HRYV decreases with age (Umetani et al. 1998, Zulfiqar et al. 2010) and heritable
factors may explain a substantial proportion of the variation present in HRV
(Singh et al. 1999).

Computer-based techniques make it possible to analyze R-R intervals in
different domains and there are now a great number of indices of HRV in
existence (Task Force 1996). Time domain and frequency domain are the
primary approaches applied in the analysis of HRV (Task Force 1996, Denver,
Reed & Porges 2007). Of those two, the time domain measures of HRV are
easier to calculate but tend to provide less detailed information than their
frequency domain counterparts. One of the most common spectral analysis
approaches is the fast Fourier transform method (Task Force 1996, Denver,
Reed & Porges 2007). Traditional time-domain and frequency-domain measures
of HRV represent the average level of the autonomic activity over a period of
the time. However, autonomic activity is very dynamic and varies during the
day depending on stress, recovery and PA. In addition to these linear time-
domain and frequency-domain measures of HRV which are not able to describe
accurately changes in beat-to-beat HR dynamics, non-linear methods have been
used to quantify the dynamics of HR fluctuations (e.g. Tulppo et al. 1996).
These more complex non-linear analyses of HR dynamics are being widely
evaluated. For instance, in patients who have experienced a previous
myocardial infarction, the non-linear analysis can reveal abnormal patterns in
the R-R interval behavior that are not easily detected with linear methods
(Makikallio et al. 1996).

Published HRV-studies have mainly used traditional time-domain and
frequency-domain measures of HRV, such as root mean square of successive R-
R intervals (RMSSD) and the ratio of low frequency power to high frequency
power. As described, the traditional measures of HRV represent the average
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level of the autonomic activity over a period of the time. HRV displays a
circadian pattern with the highest values occurring during night sleep followed
by a decline after awakening (Furlan et al. 1990). Furthermore, cardiac
autonomic activity is very dynamic and varies during the day, depending on
stress, recovery and PA. Additionally, other factors e.g. age, diseases like
hypertension and diabetes, ethnicity, medication, smoking, alcohol and caffeine
consumption, and breathing are potential confounders in HRV studies (Task
Force 1996; Jarczok et al., 2013). Therefore, the usability of the traditional
measures of HRV, which are feasible in laboratory settings, is limited in real-life
conditions. Additionally, these measures are very individual which further
limits their applications in stress assessment and clinical work. However,
nowadays it is possible to provide applied HR and HRV-derived stress and
recovery variables that take into account the dynamic changes in autonomic
activity and individuality of HRV including information that is difficult to
obtain from traditional measures of HRV. These novel variables take into
account many factors such as HRV-derived respiratory variables and individual
resting HR and HRV values (Firstbeat Technologies Ltd. 2014). Due to very
high inter- and intra-individuality of HRV (Martinméaki et al. 2006b), these
kinds of new approaches which take into account both the individuality in HRV
and the great variety in the autonomic control could provide additional insights
into the usability of HRV in practical situations by enabling a feasible
measurement of HRV-based stress and recovery in real-life settings.

2.5 Association of subjective stress with heart rate variability-
based stress

Most stress assessment methods primarily focus on an individual’s subjective
perception of stress. However, psychological stress causes sympathetic
responses in ANS, such as reduced HRV (Montano et al. 2009). Several studies
have detected an association between higher psychological stress and lower
HRYV (Jarczok et al. 2013, Tonello et al. 2014). The association between work
stress and HRV components indicates that work stress leads to vagal
withdrawal and sympathetic activation reflecting a sympathetic dominance of
the ANS (Malik & Camm 1993). However, it is challenging to compare the
published studies investigating the association between subjective self-reported
stress and HRYV since they have applied different methods with a wide range of
different questionnaires for the assessment of (work) stress as well as different
measures of HRV. However, most of the previous studies have used traditional
time- or frequency-domain measures of HRV which represent the average level
of the autonomic activity over a period of the time, not taking into account the
diurnal variation in HRV. Furthermore, the comparison between the studies is
complicated since the duration of the HRV measurement period between the
studies has varied greatly, from a few minutes to over 24 hours.
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Most of the previous studies have utilized cross-sectional study settings
providing no information about the causality of the relationships. For instance,
Clays et al. (Clays et al. 2011) reported an association of traditional HRV
measures derived from 24-hour recording with self-reported work stress
assessed by Job Stress Questionnaire. Their results were similar after
adjustment for several health behaviors including PA (Clays et al. 2011). The
findings of Clays et al. (2011) who examined 653 healthy male workers support
the concept that in particular, the parasympathetic component of the ANS is
related to work stress. This idea is further supported by the findings of Collins
and Karasek (2010) who examined 36 healthy males including 6 times 5 min
periods during the 48-h monitoring; they found reductions in variance of
cardiac vagal activity in high job strain subjects, with further reductions in
subjects reporting exhaustion (Collins & Karasek 2010). In a previous study,
Collins et al. (2005) used the same data and found similar results. They included
the whole HRV recording period for a total of 48 hours from the start of one
workday with the next day being a day off work. Hanson et al. (Hanson et al.
2001) used the ERI to assess work stress of 70 individuals including both men
and women. They found that a higher need for control was associated with
lower HRV. Loerbroks et al. (2010) also applied the ERI in their assessment of
work stress. Their study group consisted of 591 employees, including both men
and women, and HRV was recorded over 24 hours. The authors concluded that
the association of work stress and HRV appeared to be most pronounced in
employees aged 35-44 (Loerbroks et al. 2010). In addition, some studies with
relatively small sample sizes, have found job stress to be related to a reduced
HRYV as extracted from = 24-h ECG monitoring (Vrijkotte, van Doornen & de
Geus 2000, Van Amelsvoort et al. 2000, Uusitalo et al. 2011).

The evidence for the association between subjective and HRV-based stress
derived from longitudinal studies is scarce, with the results being somewhat
inconsistent. Eller et al. (2011) utilized a longitudinal setting and they recorded
HRV for approximately 18 hours but examined only 3 times 5 minutes
segments (the participant was sitting) of the HRV data in their analysis. In
agreement with the previously presented result, they detected a cross-sectional
association between an adverse psychosocial work environment as assessed by
the ERI and a low HRV. Nevertheless, no statistical significance was found
between the HRV estimated in 2006 with the ERI evaluated in 2008 (Eller et al.
2011). In the study of Parkka et al. (Parkka et al. 2009), an intervention which
involved lectures about stress management and exercise exerted a positive
effect on participants’ subjective stress levels. However, the study did not
report significant changes in HRV-based stress or recovery between the pre-
and post-intervention times. Melville et al. (Melville et al. 2012) found that 15
minutes of yoga and meditation were associated with reduced subjective stress
and positive changes in HRV-based stress. The change in subjective stress was
maintained at 15-min post-intervention. In contrast, Cheema et al. (Cheema et
al. 2013) found that although a 10-week yoga intervention exerted a positive
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change on participants’ self-reported anxiety, it did not result in any
improvements in their HRV profiles.

In addition to the studies described above, the association of HRV with
subjective self-reported stress has been examined by utilizing short term HRV
recordings conducted in laboratory conditions (e.g. Chandola et al. 2008).
Chandola et al. (2008) found HRV to be associated with self-reported work
stress. The authors claimed that this was a direct effect of work stress on HRV,
as adjusting for health behaviors did not change the observed association
(Chandola et al. 2008). Additionally, there are several reports using laboratory
simulations which detected reduced HRV as a short term response to acute
mental stress while the subjects performed standardized tasks (Steptoe et al.
2002, Hall et al. 2004, Isowa, Ohira & Murashima 2006).

In addition to studies investigating the relationship between HRV and
work stress, the association of HRV with self-reported health has been
evaluated. Self-rated health is associated with many indicators of both physical
and mental health, such as work stress (Pinquart 2001, Schmidt et al. 2014,
Jarczok et al. 2015). For instance, Jarczok et al. (2015) examined 3947 working
adults and found poorer self-rated health to be associated with lower HRV as
well as with higher work stress. The authors concluded that the extent of brain-
body communication, as indexed by HRV, was associated with self-rated health
(Jarczok et al. 2015).

2.6 Association of physical activity with stress

PA has been shown to benefit both mental and physical health. PA has been
associated with a reduced incidence of reported mental health problems
(Goodwin 2003, Strohle et al. 2007). In addition, it has been postulated that
individuals who exercise regularly have a lower risk for developing stress-
related mental health disorders than their inactive counterparts (Gerber &
Piihse 2009). An increase in PA has been found to be associated with improved
psychological wellbeing, including decreased job stress (Conn et al. 2009,
Theogersen-Ntoumani et al. 2015). It is believed that high stress levels can
attenuate an individual’s willingness or ability to engage in regular exercise and
to be physically active (Sonnentag & Jelden 2009). However, Carson et al. (2010)
found evidence that PA could act as a buffer against emotional exhaustion
rather than PA being decreased as a consequence of exhaustion. Rimmele et al.
(2009) studied the beneficial effect of PA on both subjective self-reported and
objectively measured physiological stress. They found that elite male athletes
reported less state anxiety to psychosocial stress (i.e., public speaking) together
with significantly lower cortisol and HR levels compared to their untrained
male counterparts. Nonetheless, the measurement method of PA may have an
impact on the association of PA with mental health including stress. For
instance, Hamer and Stamakis (2010) reported that objectively assessed
moderate to vigorous PA was not associated with psychological health even
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though there was an association between self-reported PA and psychological
health.

There are several mechanisms potentially involved in the relationship
between PA and stress. PA may confer protective effects on mental health by
increasing resilience to stress via enhanced regulation of the stress response, as
shown in both self-report (Hegberg & Tone 2015) and by assessment of
physiological parameters (Forcier et al. 2006). The positive effects of PA are
explained by the association of increased PA and fitness with enhanced
physiological stress regulation. The regulation of cardiovascular activity is
commonly identified as a marker of physiological resilience to stress. The Cross
Stressor Adaptation Theory provides a theoretical framework for
understanding the protective effects of PA (Salmon 2001). This theory
postulates that regular PA and good fitness lead to adaptations in how an
individual responds to both exercise and psychological stressors as the stress of
regular PA induces biological changes that augment the body’s response to PA
and other physiological stressors (Salmon 2001, Forcier et al. 2006). For instance,
PA and fitness have been found to predict well-regulated cardiovascular
activity in studies conducted in laboratory settings investigating the
physiological responses to mental stressors (Forcier et al. 2006). Repeated bouts
of exercise lead to physiological adaptations, including decreases in resting HR
and blood pressure and increases in parasympathetic activity (Tulppo et al.
2003). There may be other mechanisms involved in the association of PA with
stress as postulated by the endorphin and thermogenic-related hypothesis. The
improved mood after exercise has been suggested to be a consequence of
elevated levels of endorphins (Grossman et al. 1984). However, the evidence
concerning this theory is inadequate and it has been questioned by a number of
investigators (e.g. Schwarz & Kindermann 1992, Ekkekakis & Petruzzello 1999).
The thermogenic hypothesis of exercise postulates that increased body
temperature is responsible for subjectively increased mood following exercise
(Raglin & Morgan 1985). In summary, the association of PA with stress could be
explained through several biological processes (Hamer 2012).

It has been suggested that during stressful periods, PA results in reduced
subjective stress response and healthier behavior. For example, the
psychological explanations for the benefits of PA are that engaging in PA helps
to detach from daily stressors, such as work, and further leads to an improved
mood during and after PA (Morgan 1985). Additionally, the benefits of PA have
been explained in such a way that PA provides a sense of mastery via
conquered challenges and feelings of competency as the individual learns and
masters a new skill (Throne et al. 2000) and the ability to be regularly involved
in this activity may lead to improved mood and self-confidence (North,
McCullagh & Tran 1990). Detachment from work and a sense of mastery
together with the sense of control which can also be achieved by leisure-time
PA, are important factors for recovery, both during the day and while sleeping
(Sonnentag & Fritz 2007). Additionally, social interactions and mutual support
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in connection with PA are factors which are considered as important for mental
health (Morgan 1985).

2.7 Association of body composition with stress

The link between obesity and stress has been explained in various ways. Both
direct and indirect effects of stress on obesity are proposed as explanatory
mechanisms for the association of stress with obesity. Firstly, stress may
increase the risk of weight gain and obesity directly via hyper-activation of the
HPA axis with its resulting metabolic changes (Fig. 2) (Rosmond 2005, Brotman,
Golden & Wittstein 2007, Foss & Dyrstad 2011). Secondly, stress may increase
the risk of weight gain and obesity indirectly through behavioral factors, such
as leisure-time physical inactivity (Kirk & Rhodes 2011).

Obesity has been found to be associated with altered ANS activity (Gao et
al. 1996, Karason et al. 1999) and HRV profiles seem to be relatively poor among
obese subjects (Zahorska-Markiewicz et al. 1993, Karason et al. 1999, Kim et al.
2005, Millis et al. 2010) but they can be improved after weight loss (Karason et
al. 1999, Rissanen, Franssila-Kallunki & Rissanen 2001). It is interesting to note
that each of the obesity associated risk factors for heart disease and stroke; high
blood pressure (hypertension), diabetes, and elevated cholesterol levels have
been found to be associated with decreased HRV (Thayer et al. 2010).
Additionally, a higher BMI has been found to be associated with higher
concentrations of C-reactive protein, an inflammatory marker (Visser et al.
1999). Furthermore, it has been postulated that there would be an inverse
association between HRV and plasma levels of C-reactive protein (Thayer &
Fischer 2009). The results of a recent study by Jarczok et al. (2016) indicated that
the association between higher work stress and poorer glycemic status was
partially mediated through HRV and that it was independent of systemic
inflammation as measured by C-reactive protein. The findings of Karason et al.
(1999) suggested that obese individuals have increased sympathetic activity and
a withdrawal of vagal activity and that these autonomic disturbances improve
after weight loss with a 1 year follow-up. Obese subjects treated with surgery
had a mean weight loss of 32 kg, whereas body weight remained stubbornly
stable in the group of obese subjects only treated with dietary recommendations
(Karason et al. 1999). Additionally, Millis et al. (2010) found a negative
correlation between body fat percentage and HRV in a small sample of male
university students. Grassi et al. (2004) noted that sympathetic activity among
normotensive adults was greater in obese subjects than in lean controls.
Additionally, they found that the increase in sympathetic activity was greater in
individuals with an abdominal or central distribution of body fat in comparison
with those who had more peripheral fat depot (Grassi et al. 2004). In line with
the findings of Grassi et al. (2004), Gao et al. (1996) also found worse HRV
profiles in women with upper-body obesity rather than lower-body obesity and
with visceral rather than subcutaneous obesity. Furthermore, an association of
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sympatho-vagal balance with BMI has been observed in healthy, non-obese
individuals (Molfino et al. 2009, Koenig et al. 2014).

In addition to these negative physiological health effects of obesity, the
association of obesity/overweight with psychological stress has been
extensively evaluated. Normal weight is claimed to be associated with good
self-reported subjective health (Asztalos et al. 2013) including stress-coping
skills (Nyberg et al. 2012, Proper et al. 2012). For instance, Nyberg et al. (2012)
found that both obesity and being underweight were associated with high
levels of work-related stress (Nyberg et al. 2012), independent of sex.
Additionally, employees of normal weight have reported the lowest prevalence
of emotional exhaustion and chronic psychological complaints compared with
their underweight, overweight and obese colleagues (Proper et al. 2012).
However, according to previous studies, the association between subjective
stress and body composition has been inconsistent i.e. there is evidence both
supporting (Block et al. 2009, Nyberg et al. 2012) and refuting this link
(Overgaard, Gyntelberg & Heitmann 2004, Armon et al. 2008). A recent
systematic review reported that the associations of psychosocial factors at work
with weight-related outcomes were weak and somewhat inconsistent
(Solovieva et al. 2013). It was concluded that differences in study design,
heterogeneity of the methods applied to assess work stress or weight status,
and confounding factors included in the analyses may account for the
contradictory findings or weak associations (Solovieva et al. 2013).



3 AIM OF THE STUDY

The present study aimed to investigate how PA, cardiorespiratory fitness, and
body composition are associated with objective HRV-based indicators of stress
and recovery on workdays. Secondary goal was to examine the association of
subjective self-reported stress symptoms with HRV-based stress and recovery.
Furthermore, the association between PA and HRV-based stress and recovery
with subjective stress in the long term was investigated. The specific aims were:

1. To investigate the cross-sectional associations between subjective stress
and HRV-based indicators of stress and recovery on workdays among
overweight and psychologically distressed individuals by taking into
account PA level and body composition (Study I).

2. To investigate the effects of PA and HRV-based stress and recovery on
subjective stress among overweight and psychologically distressed
individuals over a 9-month study period (Study II).

3. To investigate how PA, cardiorespiratory fitness, and body composition
are associated with HRV-based indicators of stress and recovery on work-
days among male participants with different PA levels (Study III).

4. To investigate the amount and intensity of HRV-based stress and
recovery on workdays among a real-life sample of 16 275 Finnish
employees by taking into account their PA level and body composition
(Study IV).



4 PARTICIPANTS AND METHODS

4.1 Study designs and populations

The present study utilized several data sets some of which were originally
collected to primarily answer research questions other than those of the present
dissertation. The working-aged participants in each study of this dissertation
are presented in Figure 4.

Study I and II The cross-sectional (Study I) and longitudinal (Study II) studies
involved 221 individuals (36 men and 185 women; age 26-60) with different
occupations with symptoms of metabolic syndrome and psychological distress
who met the inclusion criteria in the initial screening for a controlled,
randomized trial (Elixir study) published previously (Lappalainen et al. 2014).
The participants were randomly allocated into one of three low intensity
psychological intervention groups (internet-based, mobile-technology based, or
face-to-face) as well as one control group. The internet-based intervention
comprised a web-guided intervention including coaching methods and health
assessment. The mobile-technology based intervention consisted of mobile-
guided mindfulness, acceptance and value-based exercises which were similar
to the face-to-face intervention. The face-to-face intervention involved six group
sessions supervised by a psychologist. The participants randomized into the
control group did not participate in active intervention but they participated in
all the measurements. These interventions have been described in detail
previously (Lappalainen et al. 2014). Data collection for the study was done at
three time points; baseline, 10 weeks’ post-intervention, and at the 36-week
follow-up. Data for Study I consisted of the baseline measurements. Data from
all the three time points of data collection was utilized in Study II. The inclusion
criteria were self-reported BMI 27-34.9 kg/m?, and perceived elevated
psychological stress as indicated by a score of at least 3/12 points on the
General Health Questionnaire (Makowska et al. 2002). The participants did not
have any severe chronic illnesses, and any regularly taken medications and
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changes in medication during the study period were reported. Individuals who
used a- or f-adrenergic blocking agents affecting the heart were excluded from
the analysis. However, other regular medication was allowed.

Study III The cross-sectional study investigated 81 healthy males (age 26-40
years). The population of this study was made up from two separate studies,
the FitFatTwin study (FFT study) and the Body & Future Health study (BFH
study). The identical measurements of the cross-sectional FFT study and the
baseline measurements of the BHF were pooled for the analysis. The final study
population included both inactive and active individuals as the FFT study was
enriched with pairs having within-pair differences in their PA habits. The
inclusion criteria for the BFH study were: BMI 25.0-35.0 kg/m?2, waist
circumference =94 cm, no vigorous exercise (>20 min/session) more than twice
a week, and no smoking. Thus, the participants from the FFT study had on
average a more favorable body composition, better cardiorespiratory fitness,
and a higher self-rated activity class. Individuals who were not on regular
medication were included in the study.

Study IV The participants of the cross-sectional study were 16 275 Finnish
employees (6 863 men and 9 412 women; age 18-65 years). The majority of the
participants were apparently healthy and they had participated in preventive
occupational health care programs provided by their employers during the
years 2007-2015. The participants non-selectively represent a cross-section of
typical Finnish employees including both manual and non-manual laborers.
The majority of the participants were apparently healthy without chronic
diseases. The exclusion criteria for participation in the R-R interval recordings
included severe cardiac disease, very high blood pressure (=180/100 mm Hg),
type 1 or 2 diabetes with autonomic neuropathy, severe neurological disease,
fever or other acute disease, and BMI >40 kg/m? Individuals who had
consumed alcohol during the beat-to-beat R-R interval recording were excluded
from the analysis.
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4.2 Assessment of physical activity and fitness

421 Subjective assessment of physical activity (Studies I, II, III)

The volume of PA (MET index) was assessed using a validated questionnaire
with items regarding present activity and changes within the last two months
(Kujala et al. 1998, Waller, Kaprio & Kujala 2007). The structured questions
covered both leisure-time and commuting PA and were related to the intensity,
duration and frequency of PA. A slightly different version of the questionnaire
was used in Studies I and II (Appendix 1) compared to Study III (Appendix 2).
In Studies I and II, the assessment of PA was accomplished as a self-
administered questionnaire whereas in Study III, the assessment of PA was
made during an interview. A MET was assigned for each activity to describe the
intensity of the form of PA. The MET indices for each form of PA were
calculated by multiplying the intensity (MET), duration (h), and monthly
frequency of the activity, and the MET index (MET-h/d) was expressed as the
sum score of different activities.

4.2.2 Objective assessment of physical activity (Study IV)

The assessment of the level of PA was based on the R-R interval recordings in
Study IV (see a more detailed description of the analysis of the R-R interval data
in chapter 4.3.1 Objective heart rate variability-based stress). From the second-
by-second VO. estimations, the subject’'s mean VO for each minute of the
measurement day was calculated (Mutikainen et al. 2014). Thereafter minute-
by-minute VO estimations were converted to METs by dividing the VO» values
by 3.5. The total number of 1-minute segments within the following thresholds:
3 to < 6 METs (moderate PA) and = 6 METs (vigorous PA) during each
measurement day (including days off work) was calculated. The bouts of PA
lasting continuously for > 10 minutes were included in the estimation of the
amount of weekly PA. These calculations were performed separately for
workdays and days off work and if the measurement period included two or
more workdays or days off, an average was calculated. The activity minutes
score for each day (moderate PA minutes + vigorous PA minutes x 2) was
calculated. Thereafter, the amount of PA was extrapolated using the following
formula: PA minutes per week = (5 x mean workday activity score) + (2 x mean
day off activity score). The calculations have been described in more detail
previously (Mutikainen et al. 2014). Based on the weekly PA minutes, the
participants were divided into the following PA groups according to the 2008
Physical Activity Guidelines Advisory Committee (Physical Activity Guidelines
Advisory Committee 2008): inactive (0 min), low (>0 - <150 min), medium (150-
300 min) and high (>300 min) PA level (Study IV).
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4.2.3 Cardiorespiratory fitness (Study III)

In Study 1II, cardiorespiratory fitness was assessed using the cycle ergometer
test and a slightly modified WHO protocol (Andersen et al. 1971) with 2-min
stages and 25 W/stage increases in workload. The test was submaximal in the
BHF study, whereas in the FFT study it was maximal and included a breath-by-
breath respiratory gas-exchange analysis. The submaximal cycle ergometer test
was ended after the workload during which the tested person achieved the
submaximal HR level (85-88% from the maximal HR), which was defined from
maximal HR based on the participant’s age (210 - (0.65 x age)). In the analyses,
the values used for the VOomax are the results of submaximal workload-based
calculations for all participants.

4.3 Assessment of stress

4.3.1 Objective heart rate variability-based stress (Studies I, II, III, IV)

Objective HRV-based stress and recovery on workdays were determined from
the beat-to-beat R-R interval recordings in real-life settings using a Firstbeat
Bodyguard measurement device (Firstbeat Technologies Ltd., Jyvaskyld,
Finland). The recording frequency (i.e. sampling rate) of the device was 1000
Hz. The recordings were undertaken mainly over 3 days including two
workdays and one day off work.

The recorded data were then analyzed using the Firstbeat Analysis Server
software (version 5.3.0.4 in Studies I-1II, version 6.3 in Study IV). Based on the
person’s age, gender, height, weight and self-reported PA class, the method
estimated the person’s maximal HR, maximal respiration rate, and VOamax. The
individual range of the physiological variables, e.g. resting HR and maximal
HR were automatically updated from the recorded R-R-interval data if lower or
higher values, respectively, were observed. The software included an automatic
artifact detection and correction feature for irregular ectopic beats, and
excessive signal noise (Saalasti et al. 2004). The original R-R interval series were
resampled at a rate of 5 Hz by using linear interpolation to obtain equidistantly
sampled time series, and second-by-second HRV indices reflecting the activities
of the sympathetic and parasympathetic nervous systems were calculated with
the short-time Fourier transform method by using constant duration Hanning
filter window (Saalasti 2003, Martinméki et al. 2006b). The software categorized
the data into different physiological states such as stress, recovery, and the PA
of different intensities by taking into account individual characteristics (e.g.
individual levels and scales of HR and HRV, and the individual relationships
between HRV and autonomic control) (Martinméki et al. 2006b). Stress was
detected when sympathetic activity of the ANS dominated over
parasympathetic activity without physiological demands due to PA. Recovery
was detected when the parasympathetic activity was predominant in the ANS.
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In the categorization, second-by-second HRV indices, HRV-derived respiration
rate, VO» calculated by HR, on-off kinetics, and parameter describing excess-
post exercise VO, were used with neural network data modeling (for more
details, see the white papers by Firstbeat Technologies Ltd.). The intensity of
stress reaction was calculated from the HR, high frequency (0.15-0.4 Hz), and
low frequency (0.04-0.15 Hz) components of HRV and respiratory variables.
The intensity of stress was considered high when HR was elevated, HRV was
reduced, and the frequency distribution of HRV was inconsistent because of
changes in the respiratory period. The intensity of recovery was calculated from
the HR and high frequency component of HRV, and it was considered to be
high when HR was low and the high frequency component of HRV was high
and regular. Thereafter, the software calculated HRV-derived variables to
describe the state of the body (Saalasti 2003, Kettunen & Saalasti 2005, Kettunen
& Saalasti 2008, Firstbeat Technologies Ltd. 2014). The data used in the analyses
of the present dissertation consisted of successfully recorded days with an
allowed maximum of 15 % (Studies I, II, IV) or 25 % (Study III) regarding the
grade of detected and corrected artifacts in R-R intervals. The HRV and HRV-
based variables used in the present dissertation are described in Table 1. The
correlation coefficient between two consecutive workdays varied from 0.64 to
0.93 for HRV-derived variables of stress, and from 0.42 to 0.49 for HRV-derived
variables of recovery during sleep (Study IV).
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TABLE1 Heart rate variability-based variables of stress and recovery used in the studies
of the dissertation.

HRV-based stress
variables

Stress percentage ~ The percentage of 1-minute segments classified as stress during 24-hour period.

Stress percentage,  The percentage of 1-minute segments classified as stress during working hours.
working hours

Stress index The mean value of the magnitude of stress reactions in 1-minute segments
classified as stress during 24-hour period.

HRV-based

recovery (sleep)

variables

Stress balance The difference between the total time of 1-minute segments classified as recovery
during sleep and the total time of 1-minute segments classified as stress divided
by the sum of the total time of 1-minute segments classified as recovery during
sleep and the total time of 1-minute segments classified as stress.
Values from 0.5 to 1 indicate good recovery; values from 0 to 0.5 indicate
moderate recovery; and values from 0 to -1 indicate weak recovery.

Recovery index The mean value of the magnitude of recovery reactions in 1-minute segments
classified as recovery during the 4-hour window starting 30 min after going to
bed.

HRYV, heart rate variability

4.3.2 Subjective stress

In Studies I and II, subjective stress was assessed using the 14-item Perceived
Stress Scale, PSS (Appendix 3) (Cohen, Kamarck & Mermelstein 1983), which
measures the degree to which situations in an individual’s life during the
preceding month have been stressful. The responses are given on a 5-point scale
ranging from 0 (never) to 4 (very often). Generally the PSS total score was
calculated by reversing the scores of the seven positive items and then
summarizing the scores of all 14 items. The Cronbach’s alphas for the scale
were as follows: 0.86 for baseline, 0.90 for 10 weeks, and 0.92 for 36 weeks.

4.4 Assessment of body composition

Body weight (kg) and height (cm) were measured in the morning in a
laboratory setting (Studies I-III). In Study IV, weight and height were self-
reported. The BMI was calculated as weight/height? (kg/m?). In Study IV, the
participants were then divided into the following groups: normal weight (18.5
to <25 kg/m?), overweight (25 to <30 kg/m?) and obese (30-40 kg/m?). The
whole body fat percentage was evaluated after fasting for 10-12 h using dual-
energy X-ray absorptiometry (Study III) or by bioelectrical impedance analysis
(Studies I, II).
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4.5 Ethics of the study

In Studies I, IT and III, all participants were informed about the initial study,
and they signed written informed consent prior to any measurements. The
initial studies were conducted according to the Declaration of Helsinki, and the
initial study protocols were approved by the ethics committee of the Central
Finland Health Care District.

Firstbeat Technologies Ltd. extracted an anonymous data file from the
registry for Study IV. Firstbeat Technologies Ltd. and service providers (e.g.
occupational healthcare unit) who conducted the recordings for the employees
signed an agreement providing Firstbeat Technologies Ltd. with the right to
store the data in an anonymized form and to use it for development and
research purposes with a statement that employers must inform their
employees about this. This study was approved by the ethics committee of
Tampere University Hospital.

4.6 Statistical methods

This dissertation included both cross-sectional and longitudinal analyses. In
Studies I-111, statistical analyses were performed using Mplus program (version
521 in Study I, version 7.1 in Study II, version 7 in Study III) and MLR
estimator which comprises maximum likelihood with robust standard errors
and with scale-corrected chi-square test values correcting for the effect of non-
normality. The few missing values were inferred to be missing at random
(Muthén & Muthén 1998-2012). The model fit was evaluated using the chi-
square (x?) test, root mean square error of approximation (RMSEA),
comparative fit index (CFI), Tucker Lewis index (TLI), and standardized root
mean square residual (SRMR). Non-significant x2 test, RMSEA lower than 0.06,
CFI and TLI greater than 0.95, and SRMR lower than 0.08 indicated a good
fitting model (Hu & Bentler 1999). In Study IV, data processing and statistical
analyses were performed using R 3.2.2 version (The R Foundation for Statistical
Computing). In each of the analyses, the level of significance was set at p<0.05.
The statistical procedures used have been described in detail in the original
studies.

Confirmatory factor analysis (CFA) was used in Study I to analyze the
measurement structure of the PSS score. Based on the results of the CFA, the
latent factor model was used in the estimation of the correlations and in
structural equation modeling (SEM) analysis to analyze the cross-sectional
associations of HRV-based indices of stress and recovery (stress index and
stress balance, respectively) with subjective stress.

Study II included longitudinal analyses. Latent growth curve modeling
(LGM) (Bollen & Curran 2006) in the structural equation framework was used
to analyze repeated measures over time. The LGM specifications for PSS over
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time are presented in Fig. 5. In the model, the factor loadings of the change
were set to zero at first measuring point (PSS 0), set to one at third measuring
point (PSS 36), and allowed to be freely estimated at the second measuring
point (PSS 10). Furthermore, all intercepts of the observed variables were set to
zero and the factor means/intercepts were freely estimated. By using this
specification, the parallel LGM for PSS and one predictor variable (MET index,
stress index, recovery index) at each time could be estimated (Fig. 6).

Perceived Stress Scale (PSS), residual variances (0,4, 8,,, 033), estimated mean (), variance
(11), latent level factor (17;), latent slope factor (n3), regression coefficient (f83,), factor
loading (4,3), intercept (a3)

FIGURE 5 A latent growth model for investigating the change in subjective stress at the
three measurement points PSS 0, PSS 10, and PSS 36.

Perceived Stress Scale (PSS), residual variances (64, 8,,, 033), estimated means (a4, a;),
variances (11 ,Y5;), residual variance (y33), residual covariance (y,,), latent level factors
(11, m2), latent slope factor (13), regression coefficient (831, B3;), factor loading (4,3),
intercept (a3)

FIGURE 6 A latent growth model for investigating the effect of the initial level of the

predictor variables on the change in subjective stress at the three measurement
points PSS 0, PSS 10, PSS 36.
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In Study III, SEM was used to investigate if PA, cardiorespiratory fitness,
and body composition were associated with HRV-based indicators of stress and
recovery. In this study, the effect of clustered data (twins) was controlled using
the type complex definition in Mplus. Body fat percentage, BMI, VOamax, MET
index were included as independent variables and HRV-derived stress and
recovery variables were incorporated as dependent variables.

Kruskal-Wallis test was used in Study IV to analyze the between-group
differences. For the descriptive statistics, the means and standard deviations
(SD) of the outcome variables (variables derived from HRV) were calculated
separately for men and women, and stratified based on PA, BMI and age. In
Study 1V, linear models were employed to study the effects of PA group, BMI
and age on HRV-based stress and recovery variables. In the models, age and
BMI were incorporated as continuous predictor variables and an objectively
measured PA group was incorporated as a categorical predictor variable. The
models were generated separately for men and women. The reference value for
age was set to 18 years and for BMI to 18.5 kg/m?2. A simple linear least squares
regression model (procedure Im in R) was applied to predict the stress
percentage during the day. As confirmed by visual inspection, the assumption
of linear regression considering the normal distribution of the residuals was not
fulfilled for stress percentage during working hours, stress index and recovery
index. Thus, a Box-Cox transformation was applied on these dependent
variables (Osborne 2010). The Box-Cox coefficient was determined by
maximizing the log-likelihood function and it was rounded to two decimal
places before transformation. Tobit regression model (procedure vglm using
iteratively reweighted least squares in R) was applied for modeling stress
balance with a fixed lower and upper limit of —1 and 1, respectively.



5 RESULTS

5.1 Participant characteristics

Several data sets were utilized in the present dissertation. The basic
characteristics of the participants are presented in Table 2. In Studies I and II,
the participants were overweight and psychologically distressed with low inter-
individual variance in their levels of PA. The participants’ mean age was 48
years (45 for men; 48 for women), the mean BMI was 31.1 kg/m? (30.8 for men;
31.2 for women), the mean percentage of body fat was 38.6 (28.0 for men; 40.7
for women). The participants’” mean level of PA based on a retrospective PA
questionnaire was 3.2 MET-h/day (4.3. for men; 3.0 for women). The mean
value for the PSS total score was 26.5 (26.2 for men; 26.5 for women). Of those
221 participants, 208 (94%) participated in the 10-week post-intervention
measurements and 199 (90%) in the 36-week follow-up measurements. In the
10-week post-intervention measurement, the mean value of BMI was the same
as that taken at the baseline, 31.1 kg/m?2 (30.8 for men; 31.2 for women), but
decreased so that at the 36-week follow-up measurement it was 30.7 kg/m?
(30.5 for men; 30.8 for women). The mean percentage of body fat decreased
from baseline to 10-week (38.5 for all; 27.8 for men; 40.7 for women) and
declined further at the 36-week assessment (37.8 for all; 27.2 for men; 39.9 for
women) measurement. The mean value of PSS total score decreased from
baseline to 10-week (23.9 for all; 22.1 for men; 24.3 for women) and then also
further at the 36-week (21.9 for all; 21.3 for men; 22.1 for women) measurement.

In Study III, the participants were pooled together from two separate
studies comprising a group of participants with extensive variability in PA,
cardiorespiratory fitness and body composition. The participants’ mean age
was 34.1 years, the mean BMI was 26.0 kg/m?, the mean percentage of body fat
was 24.5, and their mean VOamax was 39.6 ml/kg/min. The participants’ mean
level of PA based on a retrospective PA interview was 3.5 MET-h/day.

In Study 1V, the participants’ mean age was 45 years (for both men and
women) and the mean BMI was 26.0 kg/m? (26.6 for men; 25.5 for women). The
mean value of the subject’s objectively-based monitoring of their weekly
minutes of PA was 186 (246 for men; 142 for women).
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5.2 Association of subjective stress with heart rate variability-
based stress (Studies I, II)

Study I In this study, PSS was used in the assessment of subjective stress. The
structure of the factor used to analyze the association of subjective stress with
HRV-based stress was based on the responses to the 14 questions of the PSS.
This factor i.e. subjective stress, correlated with stress index (r=0.139, 95% CI
0.002 to 0.276, P=0.047) and with stress balance (r=-0.140, 95% CI -0.277 to -
0.003, P=0.046) without any adjustments. Furthermore, subjective stress was
associated with the stress index (residual r=0.209, 95% CI 0.075 to 0.343,
P=0.002) and with the stress balance (residual r=-0.137, 95% CI -0.275 to 0.000,
P=0.050) after adjustments for sex and age. Figure 7 presents the association of
subjective stress with stress index and stress balance after adjustment for sex,
age, PA, and body fat percentage. Subjective stress was associated with stress
index (residual r=0.217, 95% CI 0.084 to 0.351, P=0.001) and stress balance
(residual r=-0.146, 95% CI -0.283 to -0.009, P=0.037). The results were not
influenced by further adjustment for alcohol consumption or regular
medication.

«—
0.439 Objective stress ¢
1 dkke
(0.055) (stress index) j
Seal - 0217
0.129 (0.068) **
. — ©071) |~ ~
0.039 Physical activity 0.149 ~ Subjective < 0.347
’ T index 0.072) * - (0.059) ***
(0.072) - stress
-
0.2347%% 0187 |7 0146
1 @1on (0.070)
-
- po—
Body composition | =« < Objective recovery L. (—]
(fat%) (stress balance)

## P < (.001 **P <0.01 *P <0.05
> small effect, but non-significant

Sex-adjusted associations are presented as standardized model results (estimate and standard error).
Residual correlation and standard error between subjective stress and objective stress and recovery, and
correlations between age, physical activity, and body composition are also presented.

FIGURE 7 Associations of age, physical activity, and body composition with subjective
stress, and with objective stress and recovery.

Study II This study investigated the association of subjective stress with
objective HRV-based stress and had a longitudinal setting. The LGM analysis
showed a significant individual variation in the latent level and slope factors, as
well as a decline in the average PSS total score, but the average and individual
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levels of HRV-based stress and recovery indices were rather stable during the 9-
month study period. Higher initial level (average +1 SD) of the stress index
(standardized £ = 0.259, P = 0.001) predicted a weaker decline in PSS (Fig. 8),
whereas a higher initial level of the recovery index (standardized § = —0.250, P
= 0.004) predicted a larger decline in PSS during the 9-month study period (Fig.
9). Adjustment for age, sex, current medication or changes in medication during
the study period, alcohol consumption, or intervention group did not change
the results. Age and current medication were significantly associated with the
initial level of the stress index and recovery index; however, age and
medication were not associated with changes in PSS over time.

30

28

26

= == Slaverage+1 SD
24

Sl average

------ Sl average-1 SD

22

20

18 T T 1
PSS baseline PSS 10-week PSS 36-week

PSS, Perceived Stress Scale; SI, stress index; SD standard deviation

FIGURE 8 The effect of the initial level of the stress index on the change in subjective
stress during a 9-month study period.
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PSS, Perceived Stress Scale; R, recovery index; SD, standard deviation

FIGURE 9 The effect of the initial level of the recovery index on the change in subjective
stress during a 9-month study period.

5.3 Association of physical activity with stress (Studies II, III, IV)

Study II This study investigated the association of PA with stress and utilized a
longitudinal setting. As reported above, the LGM analysis detected a significant
individual variation in the latent level and slope factors, and a decline in the
average PSS total score. The average and individual levels of MET index were
rather stable during the 9-month study period. It was found that a higher level
of PA was associated with larger decline in subjective stress over the long term
i.e. a higher initial level of MET index (standardized g = —0.266, P < 0.001)
predicted a larger decline in PSS during the 9-month study period (Fig. 10).
Adjustment for age, sex, current medication or changes in medication during
the study period, alcohol consumption, or intervention group did not affect the
results.
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METI, MET (metabolic equivalent) index; PSS, Perceived Stress Scale; SD, standard
deviation

FIGURE 10 The effect of the initial level of the MET index on the change in subjective stress
during a 9-month study period.

Study III This study assessed, both PA and cardiorespiratory fitness. The
results are shown in Table 3. Better fitness and a higher level of PA were
associated with a lower amount of stress reactions on workdays among
participants with variability in their PA and fitness levels. Additionally, better
fitness was associated with lower magnitude of stress reactions and better
recovery (both lower amount and higher magnitude of recovery reactions)
during sleep after the workday. Adjustment for age, alcohol consumption,
working time, or sleeping time influenced the following results only minimally
or modestly.
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TABLE3  Association of physical activity and cardiorespiratory fitness with the heart
rate variability-derived indicators of stress and recovery.

MET index (h/day) VO2max
Standardized  Standard P Value Standardized  Standard P Value
estimate (B)  error (S.E.) estimate (B)  error (S.E.)

Stress (%), -0.304 0.113 <0.001 -0.311 0.132 0.019
working hours
Stress (%), -0.385 0.145 0.008 -0.416 0.126 0.001
24 hours
Stress index, -0.096 0.124 0.440 -0.379 0.096 <0.001
24 hours
Stress balance, 0.097 0.089 0.255 0.270 0.073 <0.001
sleep
Recovery index, 0.074 0.173 0.670 0.294 0.125 0.019
sleep

MET, metabolic equivalent; VOamax, maximal oxygen consumption

Study IV Here, PA was incorporated as a categorical variable. In the descriptive
statistics, the means and SDs of the outcome variables were calculated
separately for men and women, and stratified based on PA. Differences in
HRV-derived stress and recovery variables between PA groups (Table 4) were
statistically significant except for stress balance. In both men and women, the
high PA group had the highest recovery index, and the lowest stress percentage
(during the day and during working hours) and the lowest stress index.

The linear models (Table 5), including age, BMI and PA as predictor
variables showed that high PA was associated with lower stress percentages
(during workdays and working hours) and a lower stress balance, with the
results being similar in men and women (P<0.001 for all). Figure 11 shows the
effect of PA and BMI group on the stress and recovery variables with the effect
of age controlled. The high PA group had the lowest mean stress percentage
during the day and during working hours in all three BMI groups, after
adjustment for age (Fig. 11).
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FIGURE 11 Stress and recovery by physical activity and body mass index group.
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5.4 Association of body composition with stress (Studies III, IV)

Study III The results showing an association of body composition with the
HRV-derived indicators of stress and recovery among participants including
both normal-weight and overweight individuals are presented in Table 6. This
study utilized both BMI and body fat percentage as measures of body
composition. The results indicate that these two measures gave quite similar
results with respect to the association between body composition and stress.
Both BMI and body fat percentage were positively associated with stress
percentage during the day as well as with the stress index (p<0.01 for all). Body
fat percentage, but not BMI, was positively associated (standardized 3=0.306,
P=0.005) with stress percentage during working hours.

The HRV-based variables of recovery during night-time sleep (stress
balance, recovery index) were negatively associated with body fat percentage
(p<0.05 for all) and BMI (p<0.01 for all).

Adjustment for age, alcohol consumption, working time, or sleeping time
influenced the results only minimally or modestly.

TABLE 6  Association of body composition with the heart rate variability-derived
indicators of stress and recovery.

Body fat% BMI
Standardized =~ Standard P Value Standardized = Standard P Value
estimate ()  error (S.E.) estimate (B)  error (S.E.)
Stress (%), 0.306 0.108 0.005 0.162 0.086 0.060
working hours
Stress (%), 0.442 0.101 <0.001 0.272 0.093 0.003
24 hours
Stress index, 0.422 0.115 <0.001 0.478 0.102 <0.001
24 hours
Stress balance, -0.400 0.083 <0.001 -0.379 0.095 <0.001
sleep
Recovery index, -0.359 0.130 0.006 -0.395 0.102 <0.001
sleep

BMI, body mass index

Study IV In this study, BMI was used both as a categorical and continuous
variable. In the descriptive statistics, the means and SDs of the outcome
variables were calculated separately for men and women, and stratified
according to the values of BMI. Differences in HRV-derived stress and recovery
variables between BMI groups were statistically significant for both men and
women (Table 7). Normal-weight individuals had the highest stress balance and
recovery index, the lowest stress percentage during the day and the lowest
stress index. Stress percentage during working hours was lowest in obese
individuals.
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In the linear models, BMI was included as a continuous predictor variable
together with age and PA. A higher BMI value was associated with a higher
stress index, and a lower stress balance and a poorer recovery index. These
results were similar in men and women (P<0.001 for all). Figure 11 shows the
effect of PA and BMI group on the stress and recovery variables with the effect
of age controlled. Mean stress index values increased as the BMI group changed
from normal weight to overweight and from being overweight to obese,
regardless of the PA group.
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6 DISCUSSION

The present study investigated how PA, cardiorespiratory fitness, and body
composition are associated with objectively measured HRV-based indicators of
stress and recovery on workdays. Additionally, the association of subjective
self-reported stress symptoms with HRV-based stress was evaluated.
Furthermore, it was examined whether there is any association between PA and
HRV-based stress and recovery with subjective stress in the long term. This
study used a novel HRV-based method to assess the amount and intensity of
stress and recovery. HRV has been proposed to be a valid way of assessing
stress (Van Amelsvoort et al. 2000). Psychological stress exerts physiological
effects on health through multiple mechanisms including alterations in the
activity of the ANS. However, HRV is very individual and dynamic being
modulated by sympathetic and parasympathetic activity of the ANS (Malliani
et al. 1991, Task Force 1996). Previous findings about the associations examined
here have been mainly based on traditional measures of HRV which represent
the average level of the autonomic activity over different time periods. Thus,
the novelty of the present findings stems from the HRV-based method that
takes into account the dynamics and individuality of real-life HRV.

This study detected an association between subjective and objective HRV-
based stress using a validated measure of perceived stress, PSS, as a measure of
subjective stress. However, the findings suggested that these two aspects of
stress react differently over the long term. There was a decline in subjective
stress but no changes in HRV-based indices of stress and recovery during the 9-
month study period. Nevertheless, these findings indicated that initial levels of
HRV-based stress and recovery affected subjective stress in the long term. Some
of the found associations relating subjective stress with objective HRV-based
stress among the overweight and psychologically distressed participants with
low inter-individual variation in their PA levels were rather weak and the
clinical significance of the present findings should be evaluated in greater detail
by examining participants with greater heterogeneity of stress, PA and body
composition. However, the findings of this dissertation suggest that the HRV-
based method for objective stress assessment provides an additional and
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relevant perspective for assessing stress. The focus of this dissertation in
investigating the association of PA with stress was in objective HRV-based
stress. The results support the beneficial effect of PA on health since there was
evidence of lower HRV-based stress in physically active individuals. The
findings of this dissertation support the hypothesis that fitness exerts a greater
impact on the types of stress that impacts on HRV and especially on recovery
from that kind of stress. Furthermore, this hypothesis is supported by the
findings of this dissertation that there is an association of favorable body
composition with lower amount and lower intensity of HRV-based stress on
workdays and a better recovery during sleep.

6.1 Association of subjective stress with heart rate variability-
based stress

This study found an association of higher subjective stress with higher HRV-
based stress and reduced HRV-based recovery (Study I). Additionally, the
results found that a lower initial level of HRV-based stress and a higher initial
level of HRV-based recovery were linked with a larger decline in subjective
stress over the long term (Study II). These findings support the
recommendation that one should complement self-report measures with other
objective measures (Semmer, Grebner & Elfering 2003). A wide range of
different methods have been used in previous studies investigating the
association of subjectively measured stress with HRV making it difficult to
compare the present findings with those in the literature. However, in line with
the present findings, several studies have found an association between higher
subjective stress and lower HRV (Jarczok et al. 2013, Tonello et al. 2014). The
putative mechanism behind the association is that work stress leads to vagal
withdrawal and sympathetic predominance of the ANS (Malik & Camm 1993).
Eustress refers to “good” stress and is associated with both physical and
mental challenges that promote health. However, chronic stress, irrespective of
its origin and whether it is “good” or “bad”, is a risk factor for diseases. Thus,
recovery plays an important role in stress management; adequate recovery is
needed to maintain psychological and physiological reserves between work
periods (Geurts & Sonnentag 2006). Sleep is an important part of recovery.
During sleep, many functions of the individual are restored. It has been
postulated that the lack of recovery is likely a greater health problem than the
absolute level of stress (Lundberg 2005). This is supported by the findings of
Vrijkotte et al. (2000); they also found HR and vagal tone to be independently
associated with the incidence of mild hypertension and furthermore that the
values occurring during sleep were more predictive for mild hypertension than
the corresponding values while the individual was at work (Vrijkotte, van
Doornen & de Geus 2000). This finding emphasizes the importance of recovery
in stress management and supports the significance of the present finding
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(Study I) i.e. there is an association between higher subjective stress and lower
objective recovery. However, further studies will be needed to investigate the
association between subjective stress and HRV-based recovery during sleep.
For instance, Hynynen et al. (2011) found that low- and high-stress groups
exhibited no differences in nocturnal traditional measures of HRV.

Study Il investigated HRV-based stress and subjective stress and applied a
longitudinal setting. The results showing a decline in subjective stress but no
changes in the magnitude of HRV-based stress and recovery reactions suggest
that these two aspects, subjectively and objectively measured stress,
psychological and physiological stress, react differently over the long term.
Nonetheless, the present findings suggest that the initial levels of the
magnitude of HRV-based stress and recovery do reflect subjective stress over a
longer time perspective. The results of Study II showed that a lower initial level
of the magnitude of stress reactions as well as a higher initial level of the
magnitude of recovery reactions were associated with larger decline in
subjective stress. Previous studies have mainly focused on cross-sectional
associations of subjective stress with HRV-based measures of objective stress
but much fewer investigators have examined the association between HRV-
based objective stress and subjective stress in longitudinal settings (Parkka et al.
2009, Melville et al. 2012, Cheema et al. 2013). The results of these published
reports are in line with the present study suggesting that positive changes in an
individual’s subjective experience of stress may be associated with short time
positive changes in his/her HRV profile. However, although objective and
subjective stress react differently, it seems that HRV is more stable than the
subjective experience of stress in the long term. This is support for the concept
that although physiological and psychological responses to stress may be
related they can be dissociated and differentiated from each other (Campbell &
Ehlert 2012).

The findings of the dissertation support the idea that it would be
advantageous to utilize both subjective and objective HRV-based methods in
clinical practice. Self-report measures are influenced by several factors and
there is a risk for measurement bias. Nonetheless, when attempting to measure
how much stress an individual is experiencing, subjective assessment cannot be
totally replaced by objective methods. Although self-reports always include the
risk of subjective biases, replacing self-reports with stress-related physiological
measurements is not recommended. However, objectively measured
physiological stress may show evidence of stress accumulation before the
individual experiences subjective stress. In the best case scenario, an objective
measurement could alert the individual to undertake corrective actions in order
to avoid more serious health consequences.
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6.2 Association of physical activity with stress

Most working age people spend half of their waking hours at work and thus
work has a major impact on their lives, and it may well determine the level of
both daily PA and stress. The main interest of the dissertation was to
investigate the association of PA with HRV-based stress on workdays. It was
found that PA exerted a beneficial effect on HRV-based stress. The results
showing an association of higher level of PA and better fitness with a lower
amount of HRV-based stress and an association of better fitness with a lower
magnitude of HRV-based stress were not unexpected. These outcomes were
observed not only in a smaller study group, consisting of 81 males whose level
of PA was based on self-reports and fitness level on sub-maximal exercise test,
but also on a large sample of Finnish workers whose estimated level of PA was
based on real-life HR monitoring. The present findings are in line with the
previous reports i.e. both moderate and vigorous PA are associated with higher
HRV (Rennie et al. 2003) and PA has been shown to lead to favorable changes
in cardiac parasympathetic modulation and to increased HRV (Jurca et al. 2004,
Pober, Braun & Freedson 2004, Pichot et al. 2005, Soares-Miranda et al. 2014).

As previously mentioned, sleep is a crucial part of recovery from stress.
Regular PA has consistently been associated with better quality sleep (Driver &
Taylor 2000). However, it has been suggested that the beginning of sleep may
be disturbed if exercise is undertaken late at night because of the increased level
of cardiac autonomic activity after exercise and the prolonged time needed for
the recovery. The findings of Myllymaki et al. (2011) suggest that vigorous late-
night exercise may influence the cardiac autonomic control of heart during the
first sleeping hours. They found higher HR after the exercise day compared to
the control day but no differences were found in HRV between the days
(Myllyméki et al. 2011). Recovery of HRV is also dependent on training
background, and type, intensity and duration of exercise (Kaikkonen, Rusko &
Martinméki 2008). The lower the level of physical fitness and the higher the
intensity of exercise, the slower is the recovery of HRV after exercise (Seiler et
al. 2007). Several studies have reported decreases in nocturnal HRV after
maximal exercise (Furlan et al. 1993, Hautala et al. 2001, Hynynen et al. 2010).
Hynynen et al. (2010) reported that even an exercise that was perceived as light
and easy may have prolonged effects on nocturnal HRV during the following
night. Those individuals who are physically more active may be eager to add to
their PA level during a measurement period and exercise may take place late in
the evening after the workday. Thus the findings of this study that there is an
association of higher PA with a lower amount of HRV-based recovery (Study
IV) or no association of PA with the amount or magnitude of night-time HRV-
based recovery, but higher fitness was linked with better recovery (Study III)
are somewhat as expected. To summarize, it appears that a high amount of PA
on the same day may disturb night-time recovery, but over the long term, PA
and good fitness enhance recovery during sleep. Previously it has been found
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that participating in sport activities after the workday has been thought to be
highly important for recovery (Sonnentag & Jelden 2009). The findings of
Sonnentag & Jelden (2009) showed that unfortunately after a stressful day,
when an appropriate recovery activity such as enjoying some sport would be
especially beneficial, people tend to be physically inactive and do not
participate in sporting activities and thus do not enjoy the activity’s property of
enhancing recovery after that kind of workday. Positive recovery experiences,
such as PA, during the day can reduce the strain level developing during the
working hours and further enhance the quality of sleep. For instance, PA helps
the individual to detach from work and thus sleep onset will be shorter and
sleep quality will be improved when he/she is no longer obsessed with work-
related issues after working hours or before going to bed. Additionally, it has
been reported that the feelings of mastery and control connected to PA will give
an individual a feeling of satisfaction and accomplishment and this will exert a
positive impact on sleep quality (Sonnentag & Fritz 2007).

The assessment method of PA may have an impact on the observed
associations as there may be variation in the level of estimated PA depending
on whether subjective or objective methods are used. For instance, based on
objective monitoring, only approximately every fourth adult Finn undertook
the recommended amount of PA (Husu et al. 2014), which is about half of the
value when this is estimated via self-reported PA. Furthermore, the findings of
Hamer and Stamakis (2010) support the belief that the measurement method
being used will influence the associations that will be found. They reported that
objectively assessed moderate to vigorous PA was not associated with
psychological health even though there was an association between self-
reported PA and psychological health (Hamer & Stamatakis 2010).

Additionally, it is less clear how the putative beneficial effect of PA on the
physiological stress impacts on an individual’s psychological stress. Very few
studies have investigated the association of the effects of PA on the changes in
psychological and physiological stress and their results are inconsistent. For
instance, Klaperski et al. (2013) showed that PA-induced changes in the
physiological stress response did not extend to psychological stress responses.
As previously discussed, the monitoring of HRV-based stress seems to indicate
that over the long term, acute responses to PA are more stable than subjective
feelings of stress. The present findings derived from longitudinal analyses
indicate that PA has beneficial effects on an individual’s ability to decrease the
level of subjective stress (Study II). In summary, individuals who experience
stress and at the same time are physically active benefit from their PA. They are
more capable of lowering their level of subjective stress in comparison to those
individuals who are inactive and psychologically stressed. In line with this
study, a meta-analysis of workplace PA interventions suggested that an
increase in PA may decrease work stress as well as exerting other health
benefits (Conn et al. 2009). Furthermore, Kouvonen et al. (2013) found that
increased work-related stress was weakly associated with decreased PA during
the 6-8 year follow-up. Based on the findings of the present study, it is not
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possible to draw any conclusions about the effect of increased PA on subjective
or objective stress as the study participants stated that there was no significant
change in their level of PA. It can be suggested that the greatest improvements
in health would be experienced when the least fit individuals become
physically active and also that people who engage in exercise at levels above
the general PA recommendations are likely to gain further health benefits
(Warburton, Nicol & Bredin 2006).

Furthermore, the findings of this dissertation (Studies III, IV) support the
idea that it is fitness rather than the level of PA that has a greater impact on
HRV-based stress and especially on HRV-based recovery from stress (Table 8).
Both higher levels of PA and fitness were associated with a lower amount of
HRV-based stress reactions, but in addition, better fitness was found to be
associated with lower intensity of stress reactions and with better night-time
recovery. The results emphasize the important role of good fitness in promoting
the recovery from daytime stress; this has been postulated as being more
important for health (Vrijkotte, van Doornen & de Geus 2000, Lundberg 2005).
Additionally, previously it has been found that the dose-response relationship
between fitness and health outcomes would be higher than that between PA
and health outcomes (Blair, Cheng & Holder 2001). However, PA is needed for
improving fitness. The Cross Stressor Adaptation Theory provides an
explanation for the observed associations. According to this theory, PA can help
the individual to build resources to buffer the negative effects of stress and
promote his/her recovery from stress. In other words, PA can help the
individual to develop fitness. Furthermore, this increased fitness, which is
associated with a greater dominance of the parasympathetic arm of the ANS
under resting conditions, is related to lower stress vulnerability as well as
promoting recovery from stress (Porges 1995). This supports the concept that
PA in the long term has beneficial effects on health, in terms of lower HRV
based stress and better recovery. Furthermore, by measuring HRV based
indices, one should gain a better perspective of the relationship between
increased fitness and stress. The results of the dissertation suggest that an
employer should support employees” PA as a way of enhancing their wellbeing.
It has been found that physical inactivity is associated with absenteeism (Birdee
et al. 2013); one trial indicated that a PA intervention at the organizational level
could reduce absenteeism (Bhui et al. 2012). The ability to objectively monitor
stress, recovery and PA of a company’s employees may well be a promising
tool to modify their health behavior. Today, everyone is aware of the PA
recommendations; this information is provided everywhere, for example in
television, newspapers and social media. Thus, the failure to undertake PA
cannot be a consequence of ignorance of its benefits (Hirvonen et al. 2012). In
this respect, it is apparent that new methods are needed to convince individuals
to change their behavior.
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TABLE8 Summary of the observed associations of physical activity, cardio-respiratory
fitness and body composition with heart rate variability-based stress and

recovery.
Amount of Magnitude of Amount of  Magnitude of HRV-
HRV-based = HRV-based stress =~ HRV-based based recovery
stress reactions recovery reactions

Physical activity /- no/no -/no no/no
(Study III/Study IV)
Cardiorespiratory _ _ + +
fitness (Study I1I)
Body
composition +/+ +/+ -/- -/-
(Study III/Study IV)

HRYV, heart rate variability; +, positive association; -, negative association; no, no association

6.3 Association of body composition with stress

Previously, the studies investigating the association of body composition with
stress and recovery have mainly used subjective methods to estimate the level
of stress. However, the effect of obesity on ANS has been another focus of
interest. This study utilized both BMI and body fat percentage as measures of
body composition. These two measures associated rather similarly with the
HRV-based indicators of stress and recovery, suggesting that BMI, a parameter
that is straightforward to measure can be used as an indicator of body
composition in clinical work.

One finding emerging from this dissertation is that there is an association
between favorable body composition and lower amount and intensity of HRV-
based stress on workdays; this is in line with previous studies using traditional
measures of HRV. Previously, HRV profiles have been claimed to be relatively
poor among obese individuals (Zahorska-Markiewicz et al. 1993, Karason et al.
1999, Kim et al. 2005, Millis et al. 2010) and to improve after weight loss
(Karason et al. 1999, Rissanen, Franssila-Kallunki & Rissanen 2001). In addition
to stress during the workday, this study investigated the association of body
composition with HRV-based stress specifically during working hours but the
findings are somewhat inconsistent. Unfavorable body composition, as
reflected by a high body fat percentage in Study III, was associated with a
higher amount of stress during working hours among men. In contrast, Study
IV found an association between higher BMI and a lower amount of HRV-based
stress during working hours among a large sample of Finnish workers.
Previously, it has been suggested that individuals with lower socioeconomic
status are more likely to be obese and more likely to be in physically active
employment than their counterparts with higher socioeconomic statuses
(McLaren 2007, Lallukka et al. 2008). Thus, time spent in PA leads to less time



64

for other physiological body states, such as stress, during working hours and
this may explain the latter finding (Study IV). Another possible explanation for
these findings is that among obese individuals, the physiological state of the
body is detected as PA instead of stress, with HR increasing and HRV
declining. Therefore, caution is required when interpreting these results.
However, the association of body composition with HRV-based stress during
working hours should be studied further.

The findings of this study derived from the night-time HRV-based
indicators of recovery are consistent and support the hypothesis that an
unfavorable body composition exerts a negative impact on HRV. Furthermore,
the finding that BMI was more strongly associated with the amount of recovery
than PA or age (Study IV) highlights the importance of body composition in
relation to recovery from stress. However, there is convincing evidence that
there is an association between PA and weight gain (Reiner et al. 2013). Thus,
the results of the present study about the effects of favorable body composition
further support the belief that PA has beneficial effects on HRV-based stress.
However, the causality of the relationship between PA and obesity is not clear;
is physical inactivity a contributor to obesity or vice versa nor is it evident the
extent to which any association is causal (Bauman et al. 2012, Reiner et al. 2013).
It is apparent that obesity is a complex condition with many causal
contributors, such as other behavioral factors in addition to PA, socioeconomic,
environmental, and genetic factors (Qi & Cho 2008).

In general, the evidence is weak and inconsistent that there would be a
link between psychosocial factors at work and weight-related outcomes
(Solovieva et al. 2013). However, based on previous (Zahorska-Markiewicz et
al. 1993, Rissanen, Franssila-Kallunki & Rissanen 2001) and the present results,
the association between obesity and HRV and HRV-based stress seems to be
more consistent. In this dissertation, fat distribution was not taken into account
even although it may have a role in relation to the HRV profile (Gao et al. 1996,
Grassi et al. 2004).

6.4 Methodological considerations

This dissertation utilized several data sets. In Studies I and 1I, the participants
were psychologically distressed and overweight and thus represented an
appropriate study group for investigating the association of subjective stress
with objective stress and recovery. Furthermore, the participants represent a
group of Finnish workers with different occupations, mainly commercial and
office workers. However due to the specific characteristics of this study
population, the findings derived from Studies I and II can be generalized only
to overweight individuals with psychological distress. The observed results
about the beneficial effect of PA and fitness on HRV-based stress among
participants who participated in clinical measurements (Study III) were
confirmed among over 16 000 Finnish workers (Study IV). The strength of this
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dissertation is the very large sample in Study IV which included both non-
manual and manual labor employees. However, as Study IV was a data-mining
study, detailed individual information about the participants was not available.
Most of the workers were apparently healthy; however, the inclusion of
individuals with chronic diseases and/or on medications may have had an
effect on HRV. However, the large sample size should have compensated for
these inclusions, and the results were statistically significant. On the other
hand, large sample sizes may lead to the appearance of statistically significant
differences also in cases when their clinical significance is low.

It is strength of the present study that it utilized novel technology and that
the HRV data was recorded in real-life settings over a rather long time period,
usually two workdays and one day off work. The majority of studies which
have investigated work stress have applied short term analyses of HRV. It has
been postulated that long term HRV recordings during real-life activities could
reveal new aspects in stress studies (Van Amelsvoort et al. 2000, Grossman &
Taylor 2007). Traditional measures of HRV are sensitive to several confounding
factors. For instance, age, diseases like hypertension and diabetes, ethnicity,
medication, smoking, alcohol and caffeine consumption, level of PA, and
breathing are potential confounders in HRV studies (Task Force 1996, Jarczok et
al. 2013). Due to the limited possibility of incorporating traditional measures of
HRYV into the ever-changing and uncontrollable real-life setting, it is important
to develop methods that exploit HRV data and are able to provide valuable
information on stress and recovery as the subjects go about their everyday lives.
The inter-day reliability of the HRV-derived variables of stress and recovery
used in this study was found to be high. Additionally, these variables correlated
highly with traditional measures of HRV. The validated HRV-based method
(Rusko et al. 2006, Uusitalo et al. 2011) used in this study utilized both HRV and
additional HRV-derived information in producing knowledge of stress and
recovery that is not available from the basic HRV measures since these
represent the average level of the autonomic activity over a period of the time.
This knowledge can also be utilized in supporting lifestyle changes. HRV-based
methods that take individual characteristics into account and provide easily
understandable variables of stress and recovery during day and night can be
informative and potentially represent suitable measures for field studies and
clinical trials. Individual written feedback together with verbal feedback and
discussion of the HRV recording results would be optimal (Appendix 4; an
example of the feedback the participants received). It should be noted here that
the method used in this study did not distinguish eustress from distress.
However, it may be impractical to try to differentiate between these two types
of stress. The physiological response to both forms of stress is similar and if this
response is prolonged, it has adverse health effects.

In addition to HRV-based assessment of stress on workdays, subjective
methods were used to assess the level of stress. Even though it is known that
subjective assessments may include some reporting bias, it is a commonly used
way of measuring stress. A simple questionnaire has been the most frequently
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utilized instrument but this has been widely criticized because it relies on
individual self-reporting. In the present study, subjective stress was assessed by
PSS. This scale has been found to be a reliable and valid measure of perceived
stress. PSS assesses subjective stress during the preceding month. Thus, it is
important to appreciate that the present results provide information about the
association of perceived stress during the preceding month with the objective
HRV-based stress and recovery on (mainly) two days at the end of this month.
The HRV-based values represent a physiological measurement and provide
objective data; these should be more reliable as they are not affected by an
individual’s desire to impress nor are they influenced by social context or
emotions (Kompier 2005). Therefore, it is reasonable and important to develop
objective measures of stress that reflect the physiological burden of stress.
Nonetheless, it is clearly advantageous to combine subjective and objective
measures of stress as they complement each other.

Measurement method may have a significant impact on the measured
levels of PA. Self-reported levels of PA have been found to be both higher and
lower than objectively measured levels of PA. If one peruses the existing
literature, then it is evident that there is a need for valid, accurate and reliable
measures of PA in assessing current and changing PA levels, and the
relationships between PA and health outcomes (Prince et al. 2008). In this study,
the assessment of PA was based on both subjective self-report and objective
ambulatory beat-to-beat R-R interval recording. It is important to take into
account that the self-report, accomplished as an interview or questionnaire,
assessed PA during the preceding month. In contrast, the beat-to-beat R-R
interval recording-based estimation of PA was sampled during the same days
as the objective measurement of stress. The validated questionnaire that was
used inquired about the long term level of leisure-time PA - this may give more
reliable information about an individual’s PA than an objective measurement
from a short period. However, it can be considered as a strength of this study
that in addition to the subjective assessment of the level of PA, the amount of
weekly PA was estimated based on the objective measurement of PA periods
lasting over ten minutes and the measurement period included at least one
workday and one day off work. During this kind of short time assessment, the
individual could display a tendency to be more active than would normally be
the case. However, three days of data collection has been postulated to be
sufficient to achieve valid results (Tudor-Locke et al. 2005) and it has been
recommended that the recording period should include both weekdays and
weekend days as activity levels may vary considerably between these days of
the week (Warren et al. 2010). The validated ambulatory beat-to-beat R-R
interval-based method (Smolander et al. 2011, Mutikainen et al. 2014) used to
assess the amount and intensity of PA has been shown to provide more
accurate estimates of the intensity of PA than can be acquired from HR data
(Smolander et al. 2011, Mutikainen et al. 2014). Furthermore, compared to
accelerometer-based data, HR-based monitoring methods are better for
determining the intensity of different types of PA in real-life. Accelerometers
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cannot account for all activities, such as cycling, stair use, or activities that
require lifting a load. Additionally, upper-body activities are neglected if the
accelerometer is worn on the hip or lower-back (Strath et al. 2013). However,
accelerometer-based objective monitoring methods may be more reliable than
HR-based techniques in monitoring low to very low intensity PA (Strath et al.
2013).

BMI and body fat percentage were used as measures of overweight in the
present study. Body fat percentage was estimated by both bioimpedance
analysis and DXA. DXA was initially designed to measure bone mass but it has
been shown to be both accurate and precise and it is increasingly being used for
measuring body composition in clinical settings. DXA is considered superior to
many other methods as it offers a quick and easy assessment of body fat, lean
mass and bone mineral density (Andreoli et al. 2009). However, BMI and total
body fat percentage are considered as measures of general adiposity.
Abdominal obesity is more closely associated than gluteofemoral obesity with
the risk of several chronic diseases and there are large studies indicating that
indicators of abdominal obesity, such as waist circumference or the waist-hip
ratio may be better predictors than BMI of the risk of disease (Pischon et al.
2008). However, the findings of a previous study which examined the
association of BMI, waist girth, and waist-hip-ratio with the risk of death
among over 35000 participants from nine European countries suggest that
general and abdominal adiposity are both associated with the risk of death.
Furthermore, those results support the use of waist circumference or waist-to-
hip ratio in addition to BMI in the assessments of mortality risk, particularly
among persons with a low BMI (Pischon et al. 2008). In their review article,
Deurenberg et al. (2002) stated that while it is obvious that the BMI is a
reasonably good indicator for body fat percentage, it is necessary to be aware
that the relationship between BMI and body fat percentage is age-, gender- and
ethnicity-dependent.

6.5 Implications and future directions

This study found objective HRV-based measures of stress to be associated with
risk factors of cardiovascular diseases; low PA, overweight and low
cardiorespiratory fitness. Thus it would be interesting to carry out a prospective
study on HRV-based stress and cardiovascular events. Assessment of HRV is a
promising clinical tool for assessing health and identifying health impairments.
However, due to the limited applicability of the traditional measures of HRV to
manage constantly changing and uncontrollable real-life settings, it is important
to develop methods that collect HRV data and are able to provide valuable
information on stress and recovery in an individual’s everyday life. By utilizing
both HRV and additional HRV-derived information, it is possible to acquire
knowledge of physiological states, such as stress and recovery that is not
available from the basic HRV measures which represent the average level of the
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autonomic activity over a period of the time. The presently described method
for objective stress assessment provides an additional and important dimension
for estimating the level of stress. These results provide important information
about the efforts needed for stress management to improve an individual’s
health and wellbeing. This information could be applied for devising new
health policies, and the results may well be adapted so that health-care
professionals could utilize them in their daily clinical work. Furthermore, the
results provide valuable information for the development of stress assessment
methods. Additionally, it is important that new technologies and PA
measurement methods are developed as they may have considerable financial
implications (Hallal et al. 2012).

This study did not assess the role of sedentary behavior on HRV-based
stress. Sedentary behavior refers to activities of less than 1.5 METs performed in
a sitting or lying position (Pate, O'Neill & Lobelo 2008) and it is a distinct
concept from physical inactivity (Sedentary Behaviour Research Network 2012).
Today, more and more emphasis is being placed on understanding the
detrimental effects of sedentary behavior. Future studies should assess the
association of PA with stress taking into account the impact of sedentary
behavior. For example, even though an individual would comply with PA
recommendations, her/his day may include many hours of sedentary behavior
which has been suggested to be a risk factor for depression, irrespective of
whether she/he undertakes moderate/vigorous PA (Zhai, Zhang & Zhang
2015). This finding may apply to associations of sedentary behavior with stress.
In the future, the development of the objective measurement methods
producing both HR and accelerometer data might clarify the association
between PA and stress as well as taking into account the influence of sedentary
behavior.

The effect of the timing of PA on night-time recovery should be studied
further and it would be interesting to confirm the findings of the present study
using the same objective measurement of PA but instead of absolute cutoff
points at different intensity levels, the relative (i.e., relative to individual's
estimated VOamax) cutoff points would be used. It is well known that maximal
exercise capacity in poorly fit individuals, in particular among aged, obese or
individuals with chronic diseases, may be lower than the recommended
absolute intensity level of vigorous PA. Consequently, it is obvious that
individuals who cannot reach the recommended intensity level, do not have so
much activity in their objective recordings. Thus, objectively measured absolute
volume of PA may differ significantly from the relative volumes of PA. The
same absolute exercise intensity may be a warm-up for one person but requires
a maximal effort by another person. Previous studies have recognized this by
adjusting the intensity of PA relative to some maximal physiological response,
such as maximal HR or VOamax (Howley 2001, Hautala et al. 2012). For instance,
in PA counselling, it is recommended that the intensity of PA should be tailored
individually (Garber et al. 2011).
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Furthermore, it would be interesting to examine more precisely the effect
of the length of working hours on stress. For example, there is evidence that
working for over 60 hours per week is associated with obesity (Jang et al. 2013).
There is a demand by employers and some political leaders that there should be
a lengthening of working hours, for this reason it would be desirable to gather
reliable data about the possible adverse health effects of these kinds of changes.
Additionally, it would have been interesting to study the effect of
socioeconomic status on the observed associations. There is evidence for a clear
occupational class gradient in BMI among Finnish employees (Silventoinen et
al. 2013). Additionally, it has been suggested that high level of physical
demands in the workplace are positively associated with high BMI (Lallukka et
al. 2008).

To summarize, more research is needed to clarify the relationships
between increased PA, HRV profiles and subjective stress. Randomized
controlled trials investigating these associations are warranted. However, it has
proved challenging to increase people’s PA and worksite PA interventions have
been claimed to be associated with only relatively modest increases in PA
(Bravata et al. 2007). However, this study found evidence for the positive effects
of PA and favorable body composition on HRV-based stress. As confirmed
here, the beneficial effects of PA on health are evident and therefore these
results may help convince employers to invest greater resources to improve the
PA of their employees.



7 MAIN FINDINGS AND CONCLUSIONS

The main findings and conclusions of this dissertation are:

1. Subjective self-reported stress was associated with objective HRV-based
stress and recovery from stress among overweight and psychologically
distressed individuals. The findings indicate that this novel HRV-based
method for objective stress assessment provides an additional and
important aspect to stress assessment.

2. Among overweight and psychologically distressed individuals, the
initial levels of PA and HRV-based indicators of stress and recovery were
associated with an overall change in subjective stress during a 9-month
study period, suggesting that high PA and objectively-assessed low
stress and good recovery from stress have positive effects on changes in
subjectively experienced stress over the long term.

3. Higher PA and cardiorespiratory fitness, and favorable body
composition were associated with lower HRV- based stress on workdays
among men. Fitness, not only cardiorespiratory fitness but also body
composition, seems to be a more significant factor than PA for HRV-
based stress, especially for recovery from stress.

4. Among a large sample of Finnish employees, including both men and
women, objectively measured high PA was associated with a lower
amount of HRV-based stress on workdays. The results suggest that a PA
level exceeding the general PA recommendations has positive effects on
health since it is related to a lower amount of HRV-based stress.
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YHTEENVETO (FINNISH SUMMARY)

Vapaa-ajan liikunta-aktiivisuuden yhteys sykevilivaihtelun avulla mitattuun
tyopdivan stressiin

Liikkumattomuus ja ylipaino sekd tyoperdinen stressi ovat laajuudessaan
merkittdvid ongelmia ja haasteita nykypdivian yhteiskunnassa. Niihin
terveydelle haitallisiin tekijoihin vaikuttaminen ja niiden esiintyvyyden
vdhentdminen on laajalti terveydenhuollon alan ammattilaisten ja tutkijoiden
mielenkiinnon kohteena. Useimmat tyoikdiset ihmiset viettdvat noin puolet
valveillaoloajastaan tydssd. Taten tyollda on merkittava vaikutus tyoikdisten
eldmddn, paivittdiseen liikunta-aktiivisuuteen ja pdivittdisen stressin maaraan.

Liikunnalla on osoitettu olevan monia positiivisia vaikutuksia terveyteen.
Se on merkittdva tekiji useiden pitkdaikaissairauksien ennaltaehkdisyssd ja
hoidossa sekd ennenaikaisen kuolemanriskin vdhentdmisessd. Liikunnalla on
suotuisia vaikutuksia mielenterveyteen ja henkiseen hyvinvointiin, myos
stressinhallintaan. Liikunnan positiivisten terveysvaikutusten saavuttamiseksi
liikunnan tulisi olla sddnnoéllistd ja méadréllisesti riittdvad. Valitettavasti niin
maailmanlaajuisesti kuin Suomessakin huomattava osuus videstostd liikkuu
lilan védhan. Liikkumattomuus on merkittdvd ongelma erityisesti kehittyneissa
maissa, joissa teknologia on muuttanut tyon luonnetta niin, ettd tyo sisaltda
nykyisin useimmiten hyvin viahan fyysistd aktiivisuutta. Ndin ollen vapaa-ajan
litkunnan merkitys terveyden kannalta on lisddntynyt.

Tavallisimmin stressi ajatellaan subjektiivisena stressikokemuksena, jota
arvioidaan subjektiivisin menetelmin, kuten kyselylld. Stressi sisdltda
psykologisen subjektiivisen puolen lisdksi myos fysiologisen objektiivisen
puolen, jota voidaan arvioida objektiivisesti elimiston fysiologisia toimintoja
mittaamalla. Sykevilivaihtelun on todettu olevan kéyttokelpoinen objektiivinen
menetelmd. Sykevilivaihtelulla tarkoitetaan perdkkdisten syddmen lyontien
vdlisen ajan vaihtelua. Tyypillisesti terveen henkilon hyvédd autonomisen
hermoston sddtelykykyad kuvaa suuri sykevilivaihtelu. Pieni sykevélivaihtelu
on merkki epdnormaalista ja riittdiméattomastda autonomisen hermoston
sopeutumiskyvystd. Stressi aiheuttaa autonomisen hermoston sympaattisen
osan toiminnan voimistumisen suhteessa sen parasympaattisen osan
toimintaan ja on yhteydessd pieneen sykevilivaihteluun. Palautuminen on
yhteydessd autonomisen hermoston parasympaattisen osan toiminnan
voimistumiseen ja suureen sykevilivaihteluun. Palautumisen seurauksena
fysiologinen stressivaste hévidd, joten palautuminen on keskeinen osa
stressinhallintaa.

Suurin osa aiemmista sykevilivaihtelu-menetelmdd hyodyntaneistd
tutkimuksista on kayttanyt perinteisid aika- ja taajuusanalyyseistd saatavia
muuttujia. Sykevidlivaihtelu ja ndmd perinteiset muuttujat ovat hyvin
yksilollisia mikéd rajoittaa niiden kdyttod stressin arvioinnissa ja kliinisessa
tyossd. Kehittyneiden menetelmien ansiosta nyky&ddn on mahdollista luoda
yksilollisestd sykkeestd ja sykevilivaihtelusta johdettuja stressin ja
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palautumisen muuttujia, jotka ovat informatiivisia ja kayttokelpoisia
esimerkiksi yksilon elamantapamuutoksen tukemisessa.

Taman vditoskirjatutkimuksen tarkoituksena oli selvittaa
sykevilivaihteluun pohjautuvan menetelmdn kéytettavyyttd stressin seka
litkkunta-aktiivisuuden ja stressin vélisen yhteyden arvioinnissa. Tutkimus pyrki
selvittimddn subjektiivisen ja sykevdlivaihteluun pohjautuvan objektiivisesti
mitatun stressin yhteyttd. Tutkimuksen pé&dtarkoituksena oli selvittdad kuinka
lilkunta-aktiivisuus ja siihen kytkeytyvit fyysinen kunto ja kehonkoostumus
ovat yhteydessd tydpdivan aikaiseen stressiin ja seuraavan yon palautumiseen.
Tutkimuksessa hyddynnettiin sekd poikkileikkaus- ettd pitkittdisasetelmaa.

Tdssa tutkimuksessa kdytettiin useampaa eri aineistoa. Subjektiivisen ja
objektiivisesti mitatun stressin yhteyden selvittimisessd hyodynnettiin
satunnaistetun ja kontrolloidun Eliksiirit-interventiotutkimuksen ylipainoisista
ja psykologisesti stressaantuneista yksiloistd koostuvaa tutkittavien joukkoa.
Samaa aineistoa hyodynnettiin myo6s pitkittdisanalyyseissa. Liikunta-
aktiivisuuden, fyysisen kunnon ja kehonkoostumuksen yhteyttd objektiivisesti
mitattuun stressiin selvitettiin aineistossa, joka sisdlsi sekd liikkumattomia,
huonokuntoisia ettd paljon liikkuvia, hyvidkuntoisia miehid. Taméa aineisto
saatiin yhdistamalld kaksi eri tutkimusaineistoa. Lisdksi litkunta-aktiivisuuden
yhteyttd objektiivisesti mitattuun stressiin selvitettiin suuressa Firstbeat
Technologies Oy:n (Jyvdskyld) yritystyossddan kerddaméssd aineistossa, joka
koostui vuosina 2007-2015 yrityksen palvelua hyodyntineiden tyonantajien
tyontekijoilleen tarjoamista tydhyvinvoinnin arvioinneista. Subjektiivista
stressid arvioitiin PSS-kyselylld (Perceived Stress Scale). Objektiivisesti mitattu
stressi mddritettiin tyypillisesti 1-3 vuorokautta kestdneestd tavallisen eldmén
yhteydessd nauhoitetusta sykevalivaihtelusta. Tutkittavat ohjeistettiin ottamaan
nauhoitus kahdelta tyo- ja yhdeltd vapaapdivéltd. Liikunta-aktiivisuuden
mddrdd kuvattiin liilkunnan useuden, keston ja rasittavuuden perusteella
lasketulla MET-arvolla (MET tuntia/pdivd) lukuun ottamatta suurta Firstbeat
Technologies Oy:lta kdyttoon saatua aineistoa, jossa liikunta-aktiivisuuden
arvio perustui sykevilinauhoitukseen ja sen pohjalta arvioituun
hapenkulutukseen. ~ Fyysisen —kunnon arvio perustui laboratoriossa
juoksumatolla suoritettuun sub-maksimaaliseen kuntotestiin.
Kehonkoostumuksen arvioinnissa kaytettiin kehon painon ja pituuden
perusteella laskettavaa kehon painoindeksid (kg/m?) sekd kehon
rasvaprosenttia.

Tulokset osoittivat, ettd objektiivisesti mitattu sykevalivaihteluun
pohjautuva stressi oli yhteydessd subjektiiviseen stressiin. Seurannassa
havaittiin keskimdardinen sekd yksilotasolla tapahtuva lasku subjektiivisessa
stressitasossa. Objektiivisesti mitatun stressin/palautumisen tasoissa ei
tapahtunut muutosta. Matala objektiivisesti mitattu stressireaktioiden
voimakkuuden ja korkea palautumisreaktioiden voimakkuuden taso olivat
yhteydessd voimakkaampaan subjektiivisen stressin laskuun. Liikunta-
aktiivisuus, hyvd fyysinen kunto ja terveyden kannalta edullinen
kehonkoostumus olivat yhteydessd pienempéddn objektiivisesti mitatun stressin



73

médrddn tyopdivind. Hyvd fyysinen kunto ja terveydelle edullinen
kehonkoostumus olivat yhteydessd matalaan stressireaktioiden voimakkuuteen
tyopdivan aikana sekd parempaan tyopdivédn jdlkeisen yon palautumiseen.
Seurannassa havaittiin keskiméaédrdistd korkeamman liikunta-aktiivisuuden
tason olevan yhteydessd keskimddrdistd voimakkaampaan subjektiivisen
stressin laskuun.

Témén tutkimuksen tulosten perusteella voidaan péitelld, ettd liikunta-
aktiivisuudella on merkitystd stressinhallinnassa. Hyvéd fyysinen kunto ja
terveydelle edullinen kehonkoostumus vaikuttaisivat olevan tédrkeitd hyvalle
tyopdivan jdlkeiselle palautumiselle. Tulokset tukevat sykevélivaihteluun
pohjautuvan menetelmédn kaytettdvyyttd stressin arvioinnissa subjektiivisten
menetelmien rinnalla. Tuloksia voidaan hyodyntdd monin tavoin
terveyspolitiikassa, tyopaikoilla sekd terveysalan ammattilaisten pédivittdisessa
kliinisessa tyossa.
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APPENDIX 1

The calculation of the level of physical activity was based on the following
leisure-time physical activity questions. Questions are translated from Finnish.

How much of your daily journey to work is spent in walking, cycling, running?
[ ] not atall

[ ] less than 15 min

[ 115 min to less than half an hour

[ ] half an hour to less than one hour

[ ] one hour or more

[ ]Iam presently not at work

How often you engage in physical activity during your leisure-time?
[ ] less than once a month

[ ] 1-2 times a month

[ ] 3-5 times a month

[ ] 6-10 times a month

[ ]11-19 times a month

[ ] more than 20 times a month

Is your physical activity during leisure-time about as tiring on average as:
[ ] walking

[ ] alternatively walking and jogging

[ ]jogging (light run)

[ ] running

How long does one session of physical activity last on average?
[ ] less than 15 min

[ 115 min to less than half an hour

[ ] half an hour to less than one hour

[ ] one hour to less than two hours

[ ] two hours or more
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APPENDIX 2

Exercise/ leisure-time physical activity-interview is translated from Finnish.

Please, choose from the list below which types of sports your leisure-time physical activity
has included during the preceding 3 months?

Estimate the average level (1-4) of the intensity of each chosen sport according to the
following description:

Level Activity Breathlessness ((Sweating))
1 outdoor recreation no ((no))
2 light exercise yes ((no))
3 moderate exercise yes ((a little))
4 vigorous exercise yes ((alot))

How many times per month?

JIFIMA[MTJ|]J]|AlS|OlN Dg One session last on | Level
ale|alp|lalu|lulule|c]|o eg average (h, min) (1-4)
nibir|r|y|n|l|g|p|t]|V w

e

Commuting activity:
walking

Nordic walking

Other walking

Jogging/running

Cross-country skiing

Commuting activity:
cycling

Other cycling

Swimming

Golf

Gymnastics,
dancing

Aerobic

Gym

Ball games

Gardening etc.

Hunting,
berry picking etc.

Fishing

Repair
work, building

Rowing

Forest work

Other:




APPENDIX 3

Perceived Stress Scale (PSS)

In the last month, how often...

1. have you been upset because of something that
happened unexpectedly?

2. have you felt that you were unable to control the
important things in your life?

3. have you felt nervous and "stressed"?

4. have you dealt successfully with irritating life
hassles?

5. have you felt that you were effectively coping with
important changes that were occurring in your life?

6. have you felt confident about your ability to
handle your personal problems?

7. have you felt that things were going your way?

8. have you found that you could not cope with all
the things that you had to do?

9. have you been able to control irritations in your
life?

10. have you felt that you were on top of things?

11. have you been angered because of things that
happened that were outside of your control?

12. have you found yourself thinking about things
that you have to accomplish?

13. have you been able to control the way you spend
your time?

14. have you felt difficulties were piling up so high
that you could not overcome them?

never

almost
never

0

0
O
0

O

0
0
0

0
0

0
0

0

0

sometimes

97

fairly often very often
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APPENDIX 4

An example (1 of the 3 days) of the feedback from the wellbeing assessment of

the participants.
§ Person: Ellie Example
Age 50  Activity Class
Height (em) 170  Resting heart rate
Weight (kg) 62  Max. heart rate
Body Mass Index 215

Measurement:
6.0 (Good) @ Start time
35 @ Duration
189 & Heart rate (low/avg /high)

Mon 01.10.2015 06:00
24h Omin
39/62/126

bk Stress reactions & Recovery & Physical activity A Daily physical activity — Heart rate — Missing heart rate 4%

& 15 min with the best A& 15 min with the 4 The sleep period was

daytime recovery. strongest stress long encugh and

Recovery during the reactions. recovery was good.

workday boosts your

resilience.

1w E
H 150 g
140
-g 120 &
£ 00 @
2 a0 B
H 0§
@ w0 £
o70d 1. 0000 1" 13.00 15:00 T T R T 2300 01:00 03.00 0500
. () Thasmin i i i @ 7h 15min
'Driving 16min ' Making'a summary 60min Driving 15min’ ' Gardening/DIY 30min
phone ringing con... 45min Cooking 30min Shower/bath 15min
Errands 4Smir|| Phone meeting 60min Housework SOmiF Reading 15min
| Eating 30min Kids to bed 15min
4 4 STRESS AND RECOVERY
More than Less than

@ Stress reactions (13h 6min)
® Recovery (5h 31min)
® Physical activity (21min)

20
1

& % of Stress reactions (day & night):

Normal usual

usual
s

© Daily physical activity (11min) 3 Low Moderate Good
© Other state (4h 50min) & % of Recovery (day & night): 2% [2ox |IRJET oo |
O WORK € SLEEP
Le of work periods: 7h 45min Self-reported sleep quality: &
e per port P quelty. Poor Modearate Good
Amount of recovery during werk: 11min Length of sleep: 7h 15min m
Low Mederate Good _ :
o I e ] Ry dmoses v [ |NETY e ]
Quality of recove
Arabilty, RV s3ms [(o-tems || o-soms | DTN

44 PHYSICAL ACTIVITY

(HR variability, RMSSD):

¢ ENERGY EXPENDITURE

The total duration of physical activity 21min of which
fitness-improving physical activity Omin.
Physical activity index: 19/100

Low Moderate Good

30- 59 If

80-100 |

Total energy expenditure:

1604 keal [

[ Physical activity 80 keal

[J Other 1415 kcal

0O Daily physical activity 109 kcal

www firstbeat |

16.10.2015 14:34
fitwerk-well-being

AJ FIRSTBEAT
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Background

Stress at work can be considered a major public health
risk. In many theories and definitions, stress is deter-
mined as a psychological or physiological response of
the organism to an external load [1]. Stress is associated
with psychological disturbances, as well as physiological
changes, such as lowered heart rate variability (HRV)
[2]. It may even lead to cardiovascular diseases if pro-
longed [3, 4]. Recovery from stress is an important issue,
as incomplete recovery is also suggested to be a risk
factor for cardiovascular diseases [5]. Common to the
definitions of recovery is that recovery occurs when the
exposure to stress is over. Recovery repairs the negative
effects of stress and it is a process during which individ-
ual recovers to the specific baseline level and is recov-
ered from the possible previous loads [1]. Furthermore,
stress has detrimental economic consequences due to
decreased job satisfaction and increased sickness-related
absences from work [6].

Most stress assessment methods primarily focus on an
individual’s subjective perception of stress. However,
HRV has been proposed to be a good indicator for
investigating the physiological effects of stress and
recovery [2, 7]. HRV is the beat-to-beat (R-R interval)
variation in times between the consecutive heartbeats
expressed in normal sinus rhythm on an electrocardio-
gram (ECG) recording [8, 9]. HRV is very individual and
it is modulated by both parasympathetic and sympa-
thetic activity of the autonomic nervous system (ANS).
Stress is associated with increased activation level of the
body when sympathetic activity dominates the ANS
whereas recovery is associated with reduced activation
level of the body when parasympathetic activation domi-
nates the ANS over sympathetic activity [10-12]. Studies
investigating the association between self-reported,
psychological stress and HRV in real-life settings have
found controversial results (e.g. [7, 13-16]). Most of
these studies have used traditional time- or frequency-
domain measures of HRV. However, it is also possible to
describe the state of stress and recovery using HRV-
derived variables that include information that is difficult
to obtain from traditional measures of HRV [7]. These
novel variables take into account factors such as HRV-
derived respiratory variables and individual resting heart
rate (HR) and HRV values. Due to very high inter- and
intra-individuality of HRV, new approaches which take
into account individuality in HRV could provide add-
itional insight into quantification of stress and recovery.

Physical activity (PA) can help the individual to build
resources to buffer the negative effects of stress and pro-
mote his/her recovery from stress [17]. On the other hand,
stress is suggested to be associated with physical inactivity
(e.g. [7, 18, 19]) and being overweight [7, 20]. High stress
levels could attenuate an individual’s willingness or ability
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to engage in regular exercise and to be physically active
[21], resulting in failure to achieve the beneficial effects of
PA against stress.

The present study aimed to examine the associations
between subjective self-reported psychological stress and
objective physiological HRV-based measures of stress
and recovery on workdays. The second aim was to inves-
tigate how PA, body composition, and age are associated
with subjective stress, objective stress, and recovery.

Methods

Participants

The present cross-sectional study included individuals of
different occupations with symptoms of metabolic syn-
drome and psychological distress, who met the inclusion
criteria in an initial screening and underwent baseline
measurements for a controlled and randomized trial
called the Elixir study [22]. The initial purpose of the
Elixir study was to investigate the effect of different psy-
chological interventions on psychological and metabolic
health. Data collection was carried out in three Finnish
study centers at the universities of Helsinki, Jyvdskyld,
and Kuopio. The inclusion criteria were self-reported
body mass index (BMI) of between 27-34.9 kg/m? and
perceived psychological stress indicated by at least 3/12
points on the General Health Questionnaire [23]. The
participants did not have any severe chronic illnesses,
and any regularly taken medications were reported.
Details of the inclusion and exclusion criteria have been
reported previously [22].

Further inclusion criteria specifically for the present
secondary cross-sectional baseline analyses were available
data regarding objective stress and recovery (HRV record-
ing) and subjective stress (Perceived Stress Scale; PSS).
Individuals who used a- or PB-adrenergic blocking agents
affecting the heart were excluded from the present ana-
lysis. However, other regular medication was allowed. The
final study group of the present analyses comprised of 221
individuals who also met the additional inclusion and
exclusion criteria. Table 1 presents the characteristics of
the participants. All participants were informed about the
initial study, and they signed written informed consent
prior to any measurements. This study was conducted
according to the Declaration of Helsinki, and the study
protocol was approved by the ethics committee of the
Central Finland Health Care District.

Measurements

Objective stress and recovery were determined from
recordings of the beat-to-beat R-R interval in real-life
settings over 1-3 workdays. R—R interval data were col-
lected using a Firstbeat Bodyguard measurement device
(Firstbeat Technologies Ltd, Jyviskyld, Finland). The data
were then analyzed using the Firstbeat Analysis Server
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Table 1 Characteristics of the participants

All (N=221) Female (N =185) Male (N = 36)

Mean Range Mean Range Mean Range
Age (yrs) 48 26-60 48 26-60 45 31-60
Weight (kg) 87.7 64.0-120.1 854 64.0-1139 99.3 83.8-120.1
Height (cm) 167.8 149.0-195.6 1654 149.0-184.8 179.7 167.5-195.6
BMI (kg/[m]?) 311 25.3-40.1 312 25.3-40.1 308 26.3-37.0
Body fat% 386 12.8-50.8 40.7 284-50.8 280 12.8-35.1
Physical activity (MET index®) 32 0.0-18.0 30 00-153 43 0.1-18.0
Subjective stress (PSS?) 26.5 70-520 265 7.0-520 26.2 17.0-38.0
Objective stress (stress index) 163.0 88.5-455.8 163.2 88.5-455.8 162.2 89.1-308.3
Objective recovery (stress balance) 035 —1.00-1.00 0.34 —1.00-1.00 040 —0.98-1.00

2MET-h/day, based on retrospective physical activity questionnaire
PPerceived Stress Scale

software (version 5.3.04), which included a powerful
artifact correction feature for irregular ectopic beats,
and signal noise. The original R-R interval series were
resampled at the rate of 5 Hz by using linear interpolation
to obtain equidistantly sampled time series, and second-
by-second HRV indices were calculated with the short-
time Fourier transform method by using constant dur-
ation Hanning window [24, 25]. Thereafter, the software
categorizes the data into different physiological states such
as stress, recovery, and physical activity of different inten-
sities by taking into account individual characteristics (e.g.
the individual levels and scales of HR and HRV, and the
individual relationships between HRV and autonomic con-
trol e.g. [24]). Stress means sympathetic dominance of the
ANS without metabolic requirements caused by physical
activity whereas recovery means parasympathetic domin-
ance of the ANS. In this categorization, second-by-second
HRYV indices, HRV-derived respiration rate, oxygen con-
sumption calculated by HR, HRV-derived respiration rate,
and on-off kinetics, and parameter describing excess-post
exercise oxygen consumption are used with neural net-
work data modeling [25-27] (for more details, see the
white papers by Firstbeat Technologies Ltd [28]). The
intensity of stress reaction is calculated from the HR,
high frequency (0.15-0.4 Hz), and low frequency
(0.04-0.15 Hz) components of HRV and respiratory vari-
ables. The intensity of stress is high when HR is elevated,
HRYV is reduced, and the frequency distribution of HRV is
inconsistent because of changes in respiratory period. The
intensity of recovery is calculated from the HR and high
frequency component of HRV, and it is high when HR is
low and high frequency component of HRV is high and
regular. From the Firstbeat Analysis Server, the stress
index was used as an indicator of objective stress and the
stress balance value as an indicator of objective recovery.
The stress index characterizes the magnitude of stress
processes during the whole day. This index describes
the mean intensity of the recognized stress reactions

(theoretically ranging from 0 to oo, ranging in our material
88.5 - 455.8). The stress balance value (ranging from -1
to 1) indicates the proportion of time of stress and recov-
ery reactions during self-reported sleep periods during the
measurement period. Values from 0.5 to 1 indicate good
recovery, values from 0 to 0.5 indicate moderate recovery,
and values from 0 to -1 indicate weak recovery [7].

The HRV data consisted of successfully recorded
workdays, with an allowed maximum of 15 % regarding
the grade of detected and corrected artifacts in R-R
intervals. The values of the HRV-based variables of
stress and recovery were the mean values of the work-
days. Data from two workdays were included for 191
participants, from one workday for 20 participants, and
from three workdays for 10 participants. For each moni-
tored day, the participants reported their working hours,
sleeping hours, and alcohol consumption in measure-
ment diaries. Alcohol consumption was reported in
standard units of approximately 12 g of ethanol (one
unit: 33 centiliter [cl] beer, 12 cl red or white wine, 8 cl
fortified wine, or 4 cl liquor).

Subjective stress during the preceding month was
assessed using the 14-item PSS, which measures the degree
to which situations in one’s life are stressful on a 5-point
scale ranging from O (never) to 4 (very often) [29]. PSS total
scores are generally calculated by reversing the scores of
the seven positive items and then summarizing the scores
of all 14 items. Internal reliability (Cronbach’s «) for the
PSS was 0.86. To reduce the measurement error of the PSS
sum score, we used a factor that included all 14 questions
in the present analysis instead of the sum score.

PA was assessed using a questionnaire with items
regarding present activity and changes within the last
two months. The questionnaire included structured
questions covering leisure-time PA and commuting
activity [30, 31]. A multiple of the resting metabolic rate
(MET) was assigned for each activity to describe the
intensity of the form of PA. The MET indices for each
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form of PA were calculated by multiplying the intensity
(MET), duration (h), and frequency of the activity, and
the MET index was expressed as the sum score of differ-
ent activities (MET-h/d).

Body composition was evaluated using bioelectrical
impedance analysis (InBody720; Jyviskyld, Kuopio/Tanita
BC-418 MA; Helsinki) in the morning after 10-12 h of
fasting. This device provides information about the whole
body fat percentage. Body weight and height were also
measured during the same laboratory visit.

Statistical analysis

Statistical analyses were performed using Mplus version
5.21 [32]. Within this program, we used the MLR estima-
tor, which comprises maximum likelihood with robust
standard errors and with scale-corrected chi-square test
values correcting for the effect of non-normality. To
analyze the measurement structure of the PSS score, we
used confirmatory factor analysis (CFA). Based on the
results of the CFA the latent factor model was used in the
estimation of the correlations and in structural equation
modeling analysis to investigate the associations of object-
ive stress and recovery with subjective stress, as well as to
investigate the associations of PA, body composition, and
age with objective and subjective stress. The significance
level of the study was set at 0.05. The model fit was evalu-
ated using the x* test, comparative fit index (CFI), Tucker
Lewis index (TLI), root mean square error of approxima-
tion (RMSEA), and standardized root mean square
residual (SRMR). For a good-fitting model, the y* test is
non-significant, CFI and TLI are at least 0.95, RMSEA is
no more than 0.06, and SRMR no more than 0.08 [33].
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Results

The one-factor solution for the PSS did not sufficiently
fit the data (y* (77)=345.12, P<0.001; CFI=0.786;
TLI =0.747; RMSEA =0.126; SRMR = 0.084); therefore,
the factor structure was altered based on modification
indices. The factor subjective stress was merged to
contain two specific factors, as covariance existed between
the residuals of questions 2, 3, 8, 12, 13, and 14 (related to
perception of uncontrollable life) and the questions 1, 3, 6,
and 11 (related to perception of overload) (Fig. 1). This es-
timated model fit the data well (X2 (66) = 109.25, P < 0.001;
CFI =0.966; TLI = 0.952; RMSEA = 0.054; SRMR = 0.044).
All of the modification indices were lower than 4, indicat-
ing that there were no additional parameters that would
have increased the fit of the model for the analysis.

Table 2 presents the results of the associations of sub-
jective stress with objective stress and recovery. Subject-
ive stress correlated with objective stress (r=0.139, 95 %
CI 0.002 to 0.276, P = 0.047) and with objective recovery
(r=-0.140, 95 % CI -0.277 to —0.003, P = 0.046) without
any adjustments (Model 1). In Model 2, the associations
of subjective stress with objective stress and recovery
were adjusted for sex and age. Subjective stress was
associated with objective stress (residual r=0.209, 95 %
CI 0.075 to 0.343, P =0.002) and with objective recovery
(residual r=-0.137, 95 % CI -0.275 to 0.000, P = 0.050).
Age was positively associated with objective stress ( =
0.435, 95 % CI 0.327 to 0.543, P < 0.001). Sex was not
associated with subjective stress, objective stress, or
recovery. The associations of subjective stress with
objective stress and recovery were not influenced by
further adjustment for alcohol consumption or for regu-
lar medication.

=% p <0001
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Fig. 1 The structure of the factor constructed of the questions of the Perceived Stress Scale (PSS). Factor loadings (standardized estimates) for the
14 questions, and loadings of the two specific factors for residual variances
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Table 2 Correlations of subjective stress with objective stress and recovery

Subjective stress

Model 1 Model 2

r SE. 95 9% Cl P le SE 95 % Cl P
Objective stress (Stress index) 0.139 0.070 0.002 to 0.276 0.047 0.209 0.068 0.075 to 0.343 0.002
Objective recovery (Stress balance) —-0.140 0.070 —0.277 to —0.003 0.046 -0.137 0.070 —0.275 to 0.000 0.050

Standardized model results: correlation (r), residual correlation (re), standard error (S.E.), 95 % confidence interval (95 % Cl), and P value

Model 1: no adjustments Model 2: age- and sex adjusted

Figure 2 presents the association of subjective stress
with objective stress and recovery after adjustment for
sex, age, PA, and body fat percentage. Subjective stress
was associated with objective stress (residual r=0.217,
95 % CI 0.084 to 0.351, P=0.001) and recovery (residual
r=-0.146, 95 % CI -0.283 to -0.009, P =0.037). PA was
negatively associated with subjective stress ([ =-0.149,
95 % CI -0.289 to —-0.009, P =0.037). The negative asso-
ciation of subjective stress with body fat percentage was
non-significant (f =-0.187, 95 % CI -0.384 to 0.011,
P=0.064). Objective stress and recovery were not
associated with PA or body fat percentage. Sex was
not associated with subjective stress, objective stress,
or recovery. Age was positively associated with objective
stress ([ =0.439, 95 % CI 0.330 to 0.547, P < 0.001). The re-
sults were not influenced by further adjustment for alcohol
consumption or regular medication, except that age was
negatively associated with subjective stress (f=-0.143,
95 % CI —0.282 to —0.004, P = 0.043).

Discussion

The present findings suggest that the higher the subjective
self-reported stress the higher the objective HRV-based
stress and the lower the objective HRV-based recovery on

workdays. We also found that within our psychologically
distressed and overweight study group, higher level of PA
was associated with lower subjective stress.

Our results showed that higher subjective stress was
associated with higher objective stress when adjusted for
the effects of age and sex. This rather weak but statisti-
cally significant association strengthened after account-
ing for PA and body fat percentage. This finding is in
line with those of previous studies. Uusitalo et al. [34]
found that daily emotions at work and chronic work-
related stress were associated with cardiac autonomic
function. They used the same HRV-based measurement
method as we did, and reported that the associations of
HRV-based measures and the traditional HRV measures
with subjective stress were alike. Other previous studies
have reported similar findings using traditional time or
frequency domain measures of HRV (e.g. [14, 16]).
Collins et al. [14] observed that job strain and low
decision latitude were associated with reduced cardiac
vagal control, and that job strain was associated with
elevated sympathetic control during working hours.
These results of Collins et al. [14] were obtained from
24-h ECG recordings. Additionally, other study results
obtained from both short-time [35, 36] and 24-h ECG

*¥*¥ P <0.001 **P <0.01 *P <0.05
> small effect, but non-significant

0.439
.43 Objective stress
. , —
- (0035) (stressindex) (‘I
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(MET index) 0.072)* = stress €~| (0.059) *+*
-
-0.146
0.234%*+ -0.187
1 (@101 (0.070)
- - - .
Body composition - Objective recovery : eJ
(fat%) (stress balance)

Fig. 2 Sex-adjusted associations of age, physical activity, and body composition with subjective stress, with objective stress, and with recovery.
The presented values are standardized model results (estimate and standard error). Residual correlation and standard error between subjective stress
and objective stress and recovery, and correlations between age, physical activity, and body composition are also presented
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recordings (e.g. [37]) have observed the association be-
tween subjective stress and HRV with larger populations.

We also found that higher subjective stress was associ-
ated with lower objective recovery during sleep. This rather
weak but statistically significant association strengthened
after taken into account sex, age, PA and body fat percent-
age. This finding supports the previous study, which found
that daily emotions at work were associated with night time
traditional HRV measures [34]. In contrast, Hynynen et al.
[13] found that low- and high-stress groups exhibited no
differences in nocturnal traditional measures of HRV.
Further studies are needed to investigate the association
between subjective stress and HRV-based recovery during
sleep. Recovery is an important factor in preventing the det-
rimental effects of stress, as good recovery during sleep has
been suggested to confer protection from cardiovascular
disease risk factors [2, 38]. An effort-recovery model shows
that in cases of incomplete recovery, an employee must
expend extra effort to perform properly at work [1].

The present results showed that higher level of PA was
weakly but statistically significantly associated with lower
levels of subjective stress among our overweight partici-
pants with low inter-individual variability in PA. Within
our study group, PA was not associated with objective
stress or objective recovery. The present study design does
not enable us to draw any broader conclusions about the
association between PA and subjective stress, and it
remains unclear whether stress or inactivity is a cause or a
consequence in this relationship. However, our finding of
a negative association between PA and subjective stress
supports the conclusions of previous studies. Hamer [39]
suggests that regular exercise may have stress-buffering
benefits largely because exercisers are more often in the
post-exercise window when they encounter daily stressors.
In line with our present cross-sectional finding, Kouvonen
et al. [18] found that increased work-related stress was
weakly associated with decreased PA during 6-8 year
follow-up. In contrast to our present results, we found in
our previous study [7] that a higher level of PA was associ-
ated with lower objective stress and higher objective re-
covery among participants with great inter-individual
variability in their PA levels.

Within our study group, body fat percentage was not
associated with objective stress or recovery. According
to magnitude-based inference with confidence intervals
[40, 41] our results showed a small negative effect of
body fat percentage on subjective stress. In line with this,
previous findings in large study groups suggest that a
higher obesity level may confer protection from burnout
(e.g. [42]). Whereas, our previous study found that a more
favorable body composition was associated with lower
objective stress and higher objective recovery [7] and
obesity is known to cause stress to the body, as visceral
obesity is a key factor in metabolic syndrome [43].
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Here we also found that older age was associated with
higher objective stress, but not with objective recovery.
Additionally, the results showed an unclear negative
non-significant association between age and subjective
stress. Our inference is that any effect of age on subject-
ive stress is at most small. HRV is individual, and is
known to decrease with age [11]. The objective method
presently used recognizes stress and recovery reactions
and determines different physiological states of the body
based on individual scaling of HR and HRV data. The
presently used stress index as an indicator of magnitude
of the objective stress reactions is, however, calculated
from HR, HRV and respiratory variables during the
recognized stress states on the whole day. Therefore, the
aging-related decrease in HRYV likely explains this find-
ing to some extent and inhibits us to conclude that older
employees were more sensitive to physiological stress.
Whereas, the presently used stress balance value as an
indicator of objective recovery was calculated from the
recognized stress and recovery states during sleep, and
this value takes into account all individuality in HRV. In
the present study, age did not affect objective recovery
during sleep. However, older persons seemed to perceive
less stress than their younger counterparts. Further
research on the association between age and objective
stress, including the effect of PA, would be interesting
and warranted.

In the present study, subjective stress was assessed by
PSS. This scale has been found to be a reliable and valid
measure of perceived stress. To analyze the measure-
ment structure of the PSS score, we further used CFA to
test whether the 14 questions of the PSS were consistent
with the factor consisting of these 14 questions. We
found that the fit factor solution included two specific
factors. Based on the results of the CFA and to get more
reliable results we used this factor solution as a variable
of subjective stress in the present analysis. PSS assesses
subjective stress during the preceding month. So, it is
important to take into account that the present results
provide information about the association of perceived
stress over one month with the objective stress and
recovery at the end of this month.

Subjective methods were used to assess both the level of
stress and the level of PA. Even though, it is known that
subjective assessment may include some reporting bias, it
is a commonly used method for measuring stress. The
most frequently utilized instrument is a questionnaire that
has been widely criticized because it relies on individual
self-reporting. In contrast, physiological measures repre-
sent objective data, which are considered to be more
reliable as they are not affected by an individual’s cogni-
tion, social context, or emotions [44]. Therefore, it is
reasonable and important to develop objective measures
of stress that acknowledge the physiological burden of
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stress. The assessment of PA was based on a question-
naire. However, this questionnaire took into account a
long-term level of PA and may give more trustful informa-
tion about individual’s PA than an objective measurement
from a short period.

HRYV assessment is a promising clinical tool for assessing
health and identifying health impairments [10, 24, 45].
However, due to a limited applicability of the traditional
measures of HRV into changing and uncontrollable real-life
setting, it is important to develop methods that apply HRV
data and are able to provide valuable information on stress
and recovery in individuals’ everyday life. By utilizing both
HRYV and additional HRV-derived information it is possible
to produce knowledge of physiological states, such as stress
and recovery that is not available from the basic HRV mea-
sures which represent the average level of the autonomic
activity over a period of the time. This kind of information
can also be utilized in supporting lifestyle change. Previous
findings also support the validity and reliability of the
HRV-based method used in the present study [7, 34].
In addition to subjective assessment of stress, the method
has been validated against neuroendocrine responses to
stress. The indicators of stress and recovery during sleep
have been found to be associated with free salivary cortisol
after awakening [46]. As HRV measurement is dependent
on the duration of the R - R interval recording [47], it is a
strength of the present study that HR and HRV data were
recorded in real-life settings over a rather long time period,
usually two workdays. Secondly, the method produced
stress- and recovery-related variables based on the HR,
HRYV, and respiratory variables. These variables are more in-
formative for both health-care professionals and patients/
clients than traditional measures of HRV and they are suit-
able for application in general health care.

Although, HRV assessment is a promising clinical tool
for assessing health and identifying health impairments,
several points must be considered regarding the HR- and
HRV-based measurement of stress. HR and HRV are very
individual, and are dependent on age and sex [10, 11, 24].
HRV decreases with age, and the variation is greater
among female population. Therefore, it is important to
account for age and gender, as well as PA, when investi-
gating the associations of objective stress and recovery
with subjective stress. The present study excluded subjects
who used a- or p-blockers, as these drugs have substantial
effects on HR and HRV. However, our participants
included individuals using regular medication such as
other cardiac medications or psychopharmacological,
metabolic or analgesic medication. This could also poten-
tially affect HR and HRV since many medications directly
or indirectly act on the ANS [11]. Therefore, we also
accounted for regular medication and alcohol consump-
tion in our present analysis. These adjustments did not
affect the associations of objective stress and recovery with
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subjective stress. However, it is important to acknowledge
that the measurement was accomplished in real-life set-
tings and it takes participant’s word for confounding
factors, such as medication and alcohol consumption.

The present study participants were psychologically
distressed and overweight composing an ideal study group
for investigating the association of subjective stress with
objective stress and recovery. Furthermore, they represent
a group of Finnish workers of different occupations,
mainly trade and office workers. However, there were
limited variations in the levels of psychological stress, fat
percentage and PA within our participants. Therefore,
these presently found associations should be studied
further among more heterogeneous study group and
the present results can thus be generalized to over-
weight individuals with psychological distress. It would
have been interesting to further study the possible
gender differences; however, such analyses were not
reasonable within the present group due to the low
number of men. Data collection was carried out in
three study centers. However, adjustment for study cen-
ter did not affect the results.

There is a recognized need for further research about
the reliability of HRV measurement. The results of
Cipryan & Litschmannova [48] suggest that researchers
should be very cautious when drawing conclusions
based only on short-term HRV analysis. Such methods
as presently described and evaluated HRV-based me-
thod for assessing objective stress and recovery in real-
life settings mainly over two workdays, are necessary to
improve the reliability of HRV analysis and to provide
informative and suitable variables for application in
general health care and lifestyle counselling. This kind
of individual counselling would be the optimal way to
utilize HRV-based method in stress assessment. Real-
life setting includes several uncontrollable confounding
factors complicating the group-level analyzing of the
data. This fact together with the participants’ low inter-
individual variation in the main variables of the present
study result to the fact that the found associations are
rather weak. From the perspective of magnitude-based
inference with confidence intervals [40] there is a pos-
sibility that some of our findings are somewhat trivial.
On the whole, there is a limited number of studies that
have utilized long-term HRV monitoring and it is diffi-
cult to compare the present findings with the previous
findings obtained from short-term ECG recordings and
with studies that have used different measures than we
did. Nevertheless, based on previous evidence, we as-
sume that similar findings to our present findings and
overall conclusion would have been reached by using
traditional measures of HRV. More research with larger
study populations and further follow-up studies are
needed.
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Conclusions

The present results suggest that subjective self-reported
stress is associated with objective HRV-based stress and
recovery. Subjective psychological and objective physio-
logical stress are apparently affected by different factors,
such as PA. However, some of the found associations
among the overweight and psychologically distressed
participants with low inter-individual variation in PA are
rather weak and the clinical value of the present findings
should be studied further among participants with greater
heterogeneity of stress, PA and body composition. How-
ever, these findings suggest that the presently described
method for objective stress assessment provides an add-
itional and important aspect to stress assessment. Further-
more, the results provide valuable information for the
development of stress assessment methods.
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Abstract

associated (P=0.003) with subjective burnout symptoms.

Working hours, Work stress

Background: The purpose of this study was to investigate how physical activity (PA), cardiorespiratory fitness
(CRF), and body composition are associated with heart rate variability (HRV)-based indicators of stress and recovery on
workdays. Additionally, we evaluated the association of objectively measured stress with self-reported burnout symptoms.

Methods: Participants of this cross-sectional study were 81 healthy males (age range 26-40 y). Stress and recovery on
workdays were measured objectively based on HRV recordings. CRF and anthropometry were assessed in laboratory
conditions. The level of PA was based on a detailed PA interview (MET index [MET-h/d]) and self-reported activity class.

Results: PA, CRF, and body composition were significantly associated with levels of stress and recovery on workdays.
MET index (P < 0.001), activity class (P=0.001), and CRF (P=0.019) were negatively associated with stress during working
hours whereas body fat percentage (P =0.005) was positively associated. Overall, 27.5% of the variance of total stress on
workdays (P=0.001) was accounted for by PA, CRF, and body composition. Body fat percentage and body mass index
were negatively associated with night-time recovery whereas CRF was positively associated. Objective work stress was

Conclusions: PA, CRF, and body composition are associated with HRV-based stress and recovery levels, which needs to
be taken into account in the measurement, prevention, and treatment of work-related stress. The HRV-based method
used to determine work-related stress and recovery was associated with self-reported burnout symptoms, but more
research on the clinical importance of the methodology is needed.

Keywords: Body composition, Body fat percentage, BMI, Cardiorespiratory fitness, HRV, Physical activity, Recovery,

Background

Physical activity (PA) is one of the factors that protects
against stress [1]. Exercise and psychological stress have
similar acute physiological effects because both result in
potent increases in cardiovascular, sympathetic, and hypo-
thalamic pituitary adrenocortical responses and decreases
in parasympathetic responses [2]. Repeated bouts of exer-
cise lead to physiological adaptations, including decreased
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Jyvéskyla FIN-40014, Finland
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resting heart rate (HR) and blood pressure and increased
parasympathetic activity [3]. The theory of “cross-stressor
adaptation” suggests that regular PA and good fitness lead
to adaptations in response to both exercise and psycho-
logical stressors [2,4].

The assessment of heart rate variability (HRV) has gained
importance as a technique to explore the function of the
autonomic nervous system (ANS) and has been widely
used to diagnose both psychological and physiological
disorders [5]. HRV is the beat-to-beat variation in time of
consecutive heartbeats expressed in normal sinus rhythm
on an electrocardiogram [6,7]. The separate rhythmic

© 2014 Teisala et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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contributions from sympathetic and parasympathetic auto-
nomic activity modulate the heart’s R wave to R wave
intervals (RR intervals) of the QRS complex at distinct
frequencies [8]. Both sympathetic and parasympathetic
activity have been suggested to be associated with the low
frequency (LF) range (0.04—0.15 Hz) because parasympa-
thetic activity is a major contributor to the high frequency
(HF) range (0.15-0.4 Hz) component in modulation of
frequencies of the HR [9,10]. Higher HRV characterizes a
healthy person with efficient autonomic mechanisms and
good adaptation ability while lower HRV is an indicator of
abnormal and insufficient adaptation of the ANS [7,11].
Reduced HRV is suggested to be associated with harmful
events in health [12].

A greater amount of reported stress is suggested to be
associated with lower HRV [13]. Also, the effects of PA,
cardiorespiratory fitness (CRF), and adiposity on HRV
profile have been of interest. Chronic exercise increases
HRV [14-16], and favorable HRV profiles are associated
with higher levels of PA [17] and better CRF [18]. Add-
itionally, obesity has been associated with altered ANS
activity [19]. Some studies have found HRV profiles to
be relatively poor among obese subjects [20,21] and to
improve with weight loss [22].

Work-related stress and physical inactivity are major
concerns in society today. The current interest is in
reducing both work-related stress and inactivity, and
objective methods, such as the HRV-based approach, are
needed to diagnose stress symptoms. To make recording
of HRV a practical tool for field measurements, new
approaches for HRV analysis are needed. For instance,
age is an important determinant of HRV, which also
has a large inter-individual variability [9,23]. Firstbeat
Technologies Ltd. has been developing this kind of
diagnostic tool to measure and define stress and recovery
based on individual values for HR and HRV (for more
information, see the company’s web page [24]). Some
stress and recovery variables, calculated with this tool,
are suggested to be related to chronic work stress and
emotions at work [25]. Using this tool, we investigated
how different indicators of PA, CRE, and body composition,
which are related to each other, are associated with HRV-
based indicators of stress and recovery on workdays among
healthy young men. The secondary aim was to evaluate
the association between objectively measured stress and
self-reported burnout symptoms.

Methods

Subjects

The population of this cross-sectional study consisted of
groups from two separate studies, the FitFatTwin study
(FFT study) and the Body & Future Health study (BFH
study). The identical measurements of the cross-sectional
FFT study and the baseline measurements of the BHF
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were pooled for this analysis. In total, 46 men (23 monozy-
gotic twin pairs) participated in the FFT study. The BFH
study included 37 men, two of whom were excluded from
this study because their HRV recordings included only
days off from work. Altogether, 81 healthy males (age
range 26-40 y) who were not on regular medication
were included in the present study. The twin study was
enriched with pairs having within-pair differences in
their PA habits. Because the BFH study was originally
planned to investigate overweight and physically inactive
individuals, it involved the following inclusion criteria:
BMI 25.0-35.0 kg/m2, waist circumference >94 cm, no
vigorous exercise (>20 min/session) more than twice a
week, and no smoking; for more information, see the
registered controlled trial protocol [26]. Levels of HRV-
based stress and recovery did not differ between the
participants of these two studies. However, the participants
from the FFT study had more favorable body composition,
better CRF, and a higher self-rated activity class. The
characteristics of the participants of the present study
are presented in Table 1.

Both studies were conducted according to the ethical
rules stated in the Declaration of Helsinki. All participants
were informed about the study, and they signed written
informed consent prior to any measurements. The study

Table 1 Characteristics of the study population

Mean Range
Age (y) 34 26-40
Weight (kg) 835 513-1232
Height (cm) 179.1 156.5-198.0
BMI (kg/[m1?) 260 19.8-350
Body fat% 245 76-41.8
VOsma (Ml/kg/min) 396 233-726
MET index” 35 01-27.7
Activity class (0-10) 44 0.0-95
Working time (h) 84 2.8-16.0
Sleeping time (h) 7.7 47-103
Bergen burnout inventory total scores® 36 16-74
Firstbeat variables
Work stress (%) 728 14.5-99.2
Total stress (%) 499 12.6-79.1
Stress index 1223 80.5-1933
RMSSD (sleep) 56.78 22.6-1506
Stress balance (-1 to 1) 0.69 —043-1.00
Total recovery (%) 293 46-67.0
Recovery index (24 h) 922 74.0-112.2
Recovery index (sleep) 114 45.8-2469

(n=81).
°n =78 "MET-h/day, based on retrospective PA interview “n = 80.
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protocols were approved by the ethics committee of the
Central Finland Health Care District.

Measurements

The stress and recovery variables were calculated ob-
jectively from the HR and HRV recordings, which were
executed over three days using Bodyguard, a measure-
ment device developed by Firstbeat Technologies Ltd.
(Jyvaskyld, Finland). The HRV recordings from these three
days were downloaded with Firstbeat Health Software
(version 3.1.1.0.). The Firstbeat Health Software first scans
the recorded ambulatory RR interval data through an
artifact detection filter to perform an initial correction of
falsely detected, missed, and premature heart beats [27].
The data were transferred to the Matlab environment
(R2007B), where the analyses of physiological variables
describing stress and recovery were performed with the
Firstbeat Analysis Server program (version 5.3.0.4). This
program calculates HRV indices second-by-second using
the short-time Fourier transform method and HR- and
HRV-derived variables of respiration rate and oxygen
consumption using neural network modeling of data
[27-29] (for more details, see the white paper by Firstbeat
Technologies Ltd. [30]). The program also calculates
second-by-second indices of recovery and stress, reflecting
activities of the sympathetic (absolute stress vector, ASV)
and parasympathetic (absolute recovery vector, ARV)
nervous systems. The ASV is calculated from the HR,
HE, and LF components and respiratory variables. The
ASV is high when HR is elevated, HRV is reduced, and
the frequency distribution of HRV is inconsistent because
of changes in respiratory period. The ARV, which is calcu-
lated from the HR and HF components, is high when
HR is close to the basic resting level and HRV is high
and regular. The program takes into account individual
basic resting HR and HRV values in the determination of
the physiological states of the body, including PA, stress
state, recovery state, or unrecognized state, and detected
based on the above-mentioned variables. The stress and
recovery variables used in the present study are based on
Firstbeat Analysis Server analyses and are described in
Table 2. These variables included the traditional HRV vari-
able RMSSD (root mean square of successive differences),
which is a time domain measure of HRV, and plots HRV
as the change in normal RR intervals over time [31].

The HRV data consisted of successfully recorded (RR
intervals corrected max 25 percentages) workdays. The
stress and recovery values were the mean values of the
workdays with the number of days being one (n =10),
two (n=70), or three (n=1). The stress and recovery
variables were determined from the whole recording day
(24 h) or only from working hours or sleeping hours.
Working hours, sleeping time, and alcohol consumption
were determined from the participants’ measurement
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diaries, which they were advised to keep over the measure-
ment period. Alcohol consumption was reported daily in
standard units of approximately 12 g of ethanol (one unit:
33 centiliter [cl] beer or 12 cl red or white wine or 8 cl
fortified wine or 4 cl liquor).

The Bergen Burnout Inventory (BBI) was used in the
assessment of occupational burnout. This inventory is
employed in some Finnish occupational health services
to monitor and screen stress levels [32] and includes 15
questions concerning three subcategories of burnout:
exhaustive fatigue, cynicism, and impaired occupational
self-respect. Answers to the 15 questions were given using
a Likert-type response scale, which was scored from 1
(totally disagree) to 6 (totally agree), and the total scores
were between 15 and 90 [33].

Body weight and height were measured in the morning.
The body mass index (BMI) is computed as weight/
height® (kg/m?). The whole body fat percentage was
evaluated after fasting 10-12 h using dual-energy X-ray
absorptiometry (GE Lunar Prodigy Advance, GE Health-
care). The software used for picture handling and analysis
was enCORE™ 2009, version 13.20 (GE Healthcare).

The volume of PA (MET index) was retrospectively
inferred using a modified version [34] of the Kuopio
Ischemic Heart Disease Risk Factor Study Questionnaire
[35], which included questions on leisure-time PA and
PA during journeys to and from work, as well as daily
activities such as gardening and berry picking. Monthly
frequency, mean duration, and mean intensity of each
form of activity were evaluated. A multiple of the resting
metabolic rate (MET) was assigned for each activity to
describe the intensity of the form of PA. The 3-month
(BFH study) and 12-month (FFT study) MET indexes
for each form of PA were calculated by multiplying the
intensity (MET), duration (h), and monthly frequency
of the activity, and the MET index was expressed as the
sum score of different activities (MET-h/d).

The other method used to estimate PA level was self-
reported activity class using a 0-10 scale to represent
the activity level of the previous 2—-3 months. The values
from 0 to 7 were modified from Ross and Jackson’s [36]
scale. The values from 7.5 to 10 were added by Firstbeat
to include more seriously training individuals and athletes
in the scale (for more details, see the white paper by First-
beat Technologies Ltd. [37]).

CRF was assessed using the cycle ergometer test and a
slightly modified World Health Organization protocol
[38] with 2-min stages and 25 W/stage increases in work-
load. The test was submaximal in the BHF study and
maximal with breath-by-breath respiratory gas-exchange
analysis in the FFT study. The submaximal cycle ergom-
eter test was ended after the workload during which the
tested person achieved the submaximal HR level (85-88%
from the maximal HR), which was defined from maximal
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Table 2 The description of variables of stress and recovery based on firstbeat analysis server

Stress variables For non-exercise data segments, continuous indices of stress are used to identify the time when the body is in a stress state.
Stress state is defined as an increased activation in the body when sympathetic nervous system activity is dominating and parasympathetic
activation is decreased. Stress can be induced by external and internal stress factors, and the definition of the stress state does not take into
account the nature of the stress response, i.e., whether it is positive or negative.

Work stress The percentage of stress time during working hours
Total stress

Stress index

The percentage of stress time in a workday (including leisure time and night)

Absolute value characterizing the magnitude of stress processes on a workday (including leisure time and night)

Recovery variables, 24 hours Continuous indices of recovery are used to identify the time when the body is in a recovery state. Recovery state
is defined as a decreased activation in the body during recovery, rest, and/or peaceful working. This state is related to the lack of external and

internal stress factors, and parasympathetic activation is dominating.

Total recovery

Recovery index

The percentage of recovery time in a workday (including leisure time and night)

Absolute value characterizing the magnitude of recovery processes in a workday (including leisure time and night)

Recovery variables, sleep time

RMSSD

Average of the RMSSD (root mean square of successive differences) vector values during sleep periods. High RMSSD values

are associated with increased parasympathetic activity and good recovery while low values during rest indicate poor recovery.
The RMSSD value should be over 20 during sleep in a normal situation.

Stress balance

Indicates proportion of time of stress and recovery reactions during sleep periods in the measurement period; the used values

are from —1 to 1. Values from 0.5 to 1 indicate good recovery; values from 0 to 0.5 indicate moderate recovery; and values from

0 to —1 indicate weak recovery.

Recovery index

The recovery index gives an estimate of a person'’s recovery during sleep time. The 4-h window for determining the recovery index

is set to start 30 min after going to bed. The index summarizes several factors, including RMSSD and other HRV variables, and takes
into account the other functions of ANS while determining the value for the index.

HR based on the participant’s age (210 — (0.65 x age)).
In the FFT study, three people did not participate in the
maximal cycle ergometer test, and in the case of seven
participants, a submaximal test was performed instead
of the maximal test for health or motivational reasons.
In the analyses, the values used for the maximal oxygen
consumption (VOyn,x) are the results of submaximal
workload-based calculations for all participants. VOoax
was calculated from the submaximal test values of the
maximal cycle ergometer test (n=36). The correlation
between this calculation from submaximal workloads
and the value from the maximal oxygen consumption
test was significant (P < 0.001).

Statistical analysis

Statistical analyses were performed using Mplus version
7 [39]. The statistical significance was set at P <0.05.
The estimator used was maximum likelihood with robust
standard errors that are robust against non-normality. The
effect of clustered data (twins) was controlled using the
type complex definition in Mplus. A few missing values
(VOamax n =3 and BBI n = 1) were inferred to be missing
at random. Because the variables under interest are known
to be related to each other, structural equation modeling
was used to investigate how PA, fitness, and body compos-
ition are associated with HRV-based indicators of stress
and recovery. In the first stage, estimates of each inde-
pendent variable (body fat percentage, BMIL, VOy,; MET
index, and activity class) were determined to explain the
dependent stress and recovery variables. In the second
stage, to investigate how much of the variance of the stress

and recovery variables is explained by PA, fitness, and
body composition together, a latent factor variable was
formed from the MET index, activity class, VOymay,
body fat percentage, and BMI. In addition, structural
equation modeling was used to investigate the association
of the HRV-based stress and recovery variables with the
BBI total scores.

The model fit was evaluated using the * test, compara-
tive fit index (CFI), Tucker Lewis Index (TLI), root mean
square error of approximation (RMSEA), and standardized
root mean square residual (SRMR). For a good-fitting
model, the x* test is non-significant; CFI and TLI are at
least 0.95; RMSEA is no more than 0.06; and SRMR no
more than 0.08 [40].

Results

Body fat percentage was positively associated (3 =0.306,
P =0.005) whereas VOy,ax (p=-0.311, P=0.019), MET
index (B = -0.304, P < 0.001), and activity class ( = -0.326,
P =0.001) were negatively associated with HRV-based
work stress. Similarly to works stress, the other HRV-based
stress variables were associated with body composition,
CRE, and PA. However, BMI was positively associated with
total stress (p = 0.272, P = 0.003) and stress index (p = 0.478,
P <0.001). MET index was not associated with stress index
(P =0.440).

The indicators of recovery during night-time sleep
(RMSSD, stress balance, recovery index) were negatively
associated with body fat percentage and BMI and positively
associated with VO, Activity class was positively associ-
ated with stress balance value ( = 0.237, P = 0.025).
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Body fat percentage (B=-0.445, P<0.001) and BMI
(B =-0.355, P<0.001) were negatively associated whereas
VOsmax (B =0.465 P<0.001), MET index (f =0.356,
P <0.001), and activity class ( = 0.418, P <0.001) were
positively associated with total recovery. Body fat percent-
age (B = ~0.343, P = 0.002) and BMI (B = -0.309, P = 0.001)
were negatively associated whereas VO, was positively
associated with 24-h recovery index (B = 0.331, P = 0.010).
MET index (P =0.414) and activity class (P =0.151) were
not associated with 24-h recovery index.

Because the age range of the participants was relatively
small and adjustment for age changed the results very
minimally, the age-adjusted results are not shown. Adjust-
ments for alcohol consumption, working time, or sleeping
time influenced the results only minimally or modestly
(Table 3). Adjustments for alcohol most influenced the as-
sociations of VOqy,, With the stress and recovery variables.
The results are presented in greater detail in Table 3.

A latent factor variable (Figure 1) was formed from body
fat percentage, BMI, VO, MET index, and activity
class because these variables correlated significantly. The
latent variable was a significant explanatory variable for all
of the stress and recovery variables except RMSSD. It
explained total recovery best at 30.1% of its variance.
Among stress variables, the variance of total stress was
best explained (27.5%) by the latent factor, which also
explained 14.1% of the variance of work stress. The esti-
mated model fit to the data well (XZ (35) =41.09, P=0.22,
CFI=0.99, TLI = 0.98, RMSEA = 0.046, SRMR = 0.06), and
all the modification indices were lower than 4, which indi-
cated that were no additional parameters that would have
increased the fit of the model for the analysis.

In addition, objectively and subjectively measured stress
levels were significantly associated (Table 4). HRV-based
work stress (f = 0.272, P =0.003) and total stress ( = 0.304,
P=0.001) explained the variation in total score of the BBI
questionnaire. Adjustment for age changed the results only
minimally, but after adjustment for body fat percentage,
associations between work stress and the BBI total score
did not persist.

Discussion

The results of this study showed that there were signifi-
cant associations among PA, CRE, body composition, and
novel HRV-based levels of stress and recovery in real life
on workdays. Greater PA level, better CRF, and more
favorable body composition were associated with lower
stress levels during working hours as well as with lower
stress levels and higher recovery levels throughout the
whole day. Better recovery at night was associated with
better CRF and a more favorable body composition.
Additionally, the relationship between objectively measured
stress and self-reported burnout symptoms was significant,
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and further analysis showed that body composition
explained it in part.

The results of the present study are mainly in line
with those of earlier studies that used traditional HRV
measures. Favorable HRV profiles may be related to PA
and CRF [15,16] while stress appears to be linked with
reduced leisure-time PA [41] and lower physical fitness
[2,42]. Earlier studies have proposed that fit individuals
would show attenuated physiological reactivity to psy-
chological stressors compared with sedentary individuals
[43,44]. A more recent meta-analytic review by Forcier
et al. [2] also provided support for the cross-adaptation
hypothesis and suggested that fitness training may increase
the ability of cardiovascular systems to control responses
to acute stressors and also speed cardiovascular recovery
from stress.

The present study found that among men, unfavorable
body composition was associated with higher objective
stress and lower recovery. According to previous studies
that have examined stress as a subjective experience, the
association between mental stress and body composition
has been inconsistent because evidence both supports
[45-49] and refutes [50-53] it. Additionally, the results
suggested that body fat percentage explained part of the
association between objectively and subjectively measured
levels of stress, indicating that body fat percentage affects
both physiological stress and subjective experience of
stress among men. However, a previous study by Nyberg
et al. [46] found that the relationship between stress and
unfavorable body composition may not be linear. In an
analysis of pooled European data (n = 161,746), both weight
gain and weight loss were associated with the onset of job
strain so that the cross-sectional association between job
strain and BMI formed a ‘U’-shaped curve [46].

The results showed that PA level was not associated with
night-time recovery, although regular PA has consistently
been associated with better sleep [54]. However, previous
findings indicate that PA in the evening may delay the
beginning of recovery. Physical fitness may have a role
in recovery of HR and HRYV after exercise, as could be
seen even between trained and highly trained subjects,
so that the recovery takes 60—90 min longer in trained
subjects [55]. Recovery of HRV also depends on type,
intensity, and duration of exercise [56]. In the study of
Myllymiki et al. [57], a late-night exercise caused higher
HR during the first three sleeping hours of an exercise day
compared to a control day. Mischler et al. [58] reported
that prolonged exercise had similar effects on HR during
sleep. In addition to these effects of exercise on HR, HRV
might decrease during the activity and, for instance, high-
intensity exercises reduce HRV for 30-60 min afterward
in trained and highly trained subjects [55,56]. Hynynen
et al. [59] found that both moderate and heavy endurance
exercise even in the daytime has an increasing effect
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Table 3 The association of body composition, cardiorespiratory fitness, and physical activity with stress and recovery

No adjustments Alcohol adjusted Working time adjusted Sleeping time adjusted

B S.E. P B S.E. P B S.E. P B S.E. P
Body fat%
WS 0306 0.108 0.005 0.288 0.114 0.012 0315 0.114 0.006 0313 0.115 0.006
TS 0442 0.101 <0.001 0405 0.107 <0.001 0.242 0.070 0.001 0429 0.111 <0.001
Sl 0422 0.115 <0.001 0395 0.108 <0.001 0426 0.107 <0.001 0425 0.107 <0.001
TR —0445 0.088 <0.001 —0.409 0.087 <0.001 —0443 0.090 <0.001 -0419 0.086 <0.001
RI —-0.343 0.113 0.002 —0.325 0111 0.003 —0.338 0.103 0.001 —0.330 0.111 0.003
RMSSD —-0.293 0123 0017 —0.267 0.115 0.020 —0.285 0.109 0.009 -0.283 0.116 0015
SB —0.400 0.083 <0.001 -0.377 0.084 <0.001 —0.408 0.076 <0.001 —0.403 0.077 <0.001
RIS —-0.359 0.130 0.006 —0.328 0.127 0.010 —0.348 0.114 0.002 —0.351 0.125 <0.001
BMI
WS 0.162 0.086 0.060 0.139 0.085 0.101 0.176 0.083 0.033 0171 0.086 0.047
TS 0272 0.093 0.003 0210 0.090 0.020 0.268 0.086 0.002 0251 0.095 0.009
N 0478 0.102 <0.001 0447 0.105 <0.001 0458 0.091 <0.001 0482 0.097 <0.001
TR —-0.355 0.084 <0.001 —0.297 0.078 <0.001 —0.351 0.084 <0.001 -0.309 0.084 <0.001
RI —-0.309 0.093 0.001 —-0.287 0.094 0.002 —0.298 0.087 0.001 —0.289 0.092 0.002
RMSSD —-0.304 0.106 0.004 -0274  0.106 0.009 —0.290 0.097 0.003 -0.289 0.107 0.007
SB -0.379 0.095 <0.001 -0.325 0.101 0.001 —0.395 0.087 <0.001 -0.384 0.092 <0.001
RIS —-0.395 0.102 <0.001 —0.358 0.105 0.001 -0373 0.095 <0.001 —0.382 0.104 <0.001
VO2max
WS -0311 0.132 0.019 —0.282 0.147 0.055 -0316 0.147 0.031 -0317 0.145 0.029
TS -0416 0.126 0.001 —0.349 0.155 0.025 —0411 0.145 0.004 -0.396 0.150 0.008
S| —-0.379 0.09 <0.001 -0334 0098 0.001 -0.377 0.094 <0.001 -0.375 0.095 <0.001
TR 0.465 0111 <0.001 0405 0.122 0.001 0469 0.110 <0.001 0429 0.107 <0.001
RI 0331 0.128 001 0302 0.139 0.030 0319 0.133 0016 0307 0.143 0.032
RMSSD 0.262 0.125 0.037 0222 0.125 0.076 0.247 0.123 0.045 0.242 0.130 0.062
SB 0270 0073 <0.001 0.145 0.091 0.113 0.283 0.073 <0.001 0274 0.072 <0.001
RIS 0.294 0.125 0019 0243 0.131 0.063 0275 0.121 0.023 0276 0.136 0.042
MET index
S —0.304 0113 <0.001 —-0.287 0.087 0.001 —-0.308 0.087 <0.001 -0311 0.086 <0.001
TS -0.385 0.145 0.008 —0.349 0.084 <0.001 —0.384 0.083 <0.001 —0.368 0.086 <0.001
S| —0.096 0.124 0440 —0.065 0.105 0535 —0.098 0.107 0360 -0.099 0.105 0343
TR 0356 0.131 <0.001 0316 0.102 0.002 0355 0.095 <0.001 0321 0.097 0.001
RI 0.138 0173 0414 0.120 0.140 0390 0.135 0.136 0319 0.122 0.141 0389
RMSSD 0.058 0.165 0723 0032 0.152 0.834 0.054 0.147 0713 0.046 0.151 0761
SB 0.097 0.089 0255 -0017 0.081 0.835 0.102 0.074 0.172 0.101 0.069 0.141
RIS 0.074 0173 0670 0.038 0.159 0.810 0.067 0.150 0654 0.063 0.158 0690
Activity class
WS -0.326 0.102 0.001 —0.298 0.104 0.004 —0.330 0.107 0.002 -0.331 0.109 0.002
TS —0434 0.09 <0.001 —0.362 0.102 <0.001 —0433 0.105 <0.001 —0424 0.108 <0.001
N -0.222 0.113 0.048 -0.175 0.115 0.128 —0.224 0.115 0.051 —0.225 0.114 0.049
TR 0418 0.097 <0.001 0336 0.090 <0.001 0417 0.098 <0.001 0400 0.101 <0.001

RI 0.175 0.122 0.151 0.146 0.119 0.221 0.172 0.121 0.154 0.164 0.126 0.191
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Table 3 The association of body composition, cardiorespiratory fitness, and physical activity with stress and recovery

(Continued)

RMSSD 0.090 0.120 0453 0.047 0.116 0684 0.086 0.116 0459 0.082 0.112 0.505
SB 0237 0.106 0.025 0.082 0.095 0390 0.241 0.107 0.024 0.239 0.106 0.024
RIS 0132 0.129 0.305 0076 0.125 0.544 0.127 0.125 031 0.125 0132 0343

Standardized estimate (B), standard error (S.E), and P value for body fat%, BMI, VO,,., MET index, and activity class in relation to Firstbeat stress and recovery variables
(work stress [WS], total stress [TS], stress index [SI], total recovery [TR], recovery index 24 h [RI], RMSSD, stress balance [SB], and recovery index sleep [RIS]).

on HR and decreasing effect on HRV during sleep in a
dose-response manner.

Subjective methods were used to assess the level of
PA. The MET index was based on a detailed retrospective
interview. This index correlated significantly with measured
VO,max values, supporting its validity to assess the level
of PA. Subjective assessment may include some reporting
bias; however, although the method undertaken was not
objective, it had the advantage of taking several months
of subjective data into account. The other method was
self-reported activity class, which is regularly reported
before the HRV measurement by Bodyguard.

One limitation of the present study is that the effect of
different intensities of PA was not investigated; however,
both light and moderate to vigorous leisure-time activity
are related to lower likelihood of burnout [41]. Another
limitation is that fat distribution was not taken into
account, even though, according to earlier studies, it
may have a role in relation to the HRV profile [19,60].

The nature of work in today’s society is rather complex,
including inexact and variable working hours and a lack
of precise division between work time and leisure time,
which causes difficulties in determining the level of HRV-
based stress during exact working hours.

The current results cannot be generalized to women
because the study population consisted of both physically
inactive and active young male employees, who were not
heavy drinkers or on regular medication. This population
was ideal for this study because alcohol intake, diseases,
and medications influence ANS [8]. The effect of possible
alcohol intake on HRV was taken into account in the
analyses. The fact that our study population consisted of
young employees who are still establishing their careers
highlights the importance of the findings.

Stress can be explained through several biological
processes, such as the inflammatory, dopaminergic, and
neuroendocrine systems [61]. However, in the present
study, the measurement method for stress and recovery

fat%

-0.889
0538 0.045p%+ | | -0.637
0.795 (0.068)%** (0.068+* -0.666
(OO (0.087)4++
0376 0,524 0.402 0549 0352 0267 0346 -0315
©uanpe || @1zonee || losper || osmpee | | (0142 (0.137) o073y | | o146
R=0.141 R?=0.275 Ri=0.162 R*=0.301 R=0.124 Ri=0.071 R3=0.120 Ri=0.099

*#*4P < (0.001**P <0.01 *P<0.05

recovery index sleep (RIS).

COC IO GDCDCD

Figure 1 The variance of stress and recovery accounted for by physical activity, cardiorespiratory fitness, and body composition.
The factor loadings (standardized estimate and S.E) of body fat%, BMI, VO, MET index, activity class, and the factor loadings (including R?) for
Firstbeat variables: work stress (WS), total stress (TS), stress index (SI), total recovery (TR), recovery index 24 h (RI), RMSSD, stress balance (SB), and
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Table 4 Stress and recovery in relation to the Bergen
Burnout Inventory total scores

B S.E. P
Work stress 0.272 0.091 0.003
Total stress 0.304 0.095 0.001
Stress index —-0.080 0.118 0.500
Total recovery -0.170 0.092 0.065
Recovery index (24 h) —-0.036 0.109 0.741
RMSSD -0.009 0.101 0.925
Stress balance —0.006 0.092 0.947
Recovery index (sleep) -0014 0.112 0.898

Standardized estimate (), standard error (S.E.) and P-value.

was based on HR and HRYV, which are affected by the
ANS. Stressful situations result in accentuated sympatho-
vagal antagonism, which may be explained by the inter-
action of acetylcholine and norepinephrine; consequently,
HR may become remarkably unstable [62]. The findings of
Tulppo et al. [62] suggest that traditional measures of HRV
are not specific for measurement of accentuated sympatho-
vagal interaction. The Firstbeat Analysis Server program
connects information from these traditional measures of
HRYV, HR, and respiratory variables in the determination of
stress and recovery states from individual HR and HRV
values, but it does not separate eustress from distress.

Conclusions

This study used special HR- and HRV-based indicators
of stress and recovery and found that PA, CRF, and body
composition were associated with these indicators on
workdays. On one hand, detailed interview-based MET
index and self-reported activity class, and on the other
hand, body fat percentage and BMI, associated rather
similarly with the indicators of stress and recovery. This
suggests that easily collected self-reported activity class and
BMI can be used as indicators of PA and body composition
in clinical work. The current findings support the usability
of the objective indicators of stress (work stress and total
stress) as they were associated with self-reported occupa-
tional burnout symptoms. Overall, the results support the
usability of this HRV-based method in the evaluation of
stress and recovery in line with some previous findings
supporting its validity and reliability [25,63].
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Abstract

Background: Physical inactivity, overweight, and work-related stress are major concerns today. Psychological stress
causes physiological responses such as reduced heart rate variability (HRV), owing to attenuated parasympathetic
and/or increased sympathetic activity in cardiac autonomic control. This study’s purpose was to investigate the
relationships between physical activity (PA), body mass index (BMI), and HRV-based stress and recovery on workdays,
among Finnish employees.

Methods: The participants in this cross-sectional study were 16 275 individuals (6863 men and 9412 women; age
18-65 years; BMI 18.5-40.0 kg/mz). Assessments of stress, recovery and PA were based on HRV data from beat-to-beat
R-R interval recording (mainly over 3 days). The validated HRV-derived variables took into account the dynamics and
individuality of HRV. Stress percentage (the proportion of stress reactions, workday and working hours), and stress
balance (ratio between recovery and stress reactions, sleep) describe the amount of physiological stress and recovery,
respectively. Variables describing the intensity (i.e. magnitude of recognized reactions) of physiological stress and
recovery were stress index (workday) and recovery index (sleep), respectively. Moderate to vigorous PA was measured
and participants divided into the following groups, based on calculated weekly PA: inactive (0 min), low (0 < 150 min),
medium (150-300 min), and high (>300 min). BMI was calculated from self-reported weight and height. Linear models
were employed in the main analyses.

Results: High PA was associated with lower stress percentages (during workdays and working hours) and stress
balance. Higher BMI was associated with higher stress index, and lower stress balance and recovery index. These
results were similar for men and women (P < 0.001 for all).

Conclusion: Independent of age and sex, high PA was associated with a lower amount of stress on workdays.
Additionally, lower BMI was associated with better recovery during sleep, expressed by a greater amount and

magnitude of recovery reactions, which suggests that PA in the long term resulting in improved fitness has a

positive effect on recovery, even though high PA may disturb recovery during the following night. Obviously,

several factors outside of the study could also affect HRV-based stress.
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Background

Physical activity (PA) is known to have positive effects
on health [1, 2]. Routine PA reduces stress and enhances
psychological wellbeing, which is particularly important
for the prevention and management of cardiovascular
disease, among other chronic diseases [3]. Regular PA is
known to reduce the risk of many adverse health out-
comes. Some PA is better than none; however, for most
health outcomes, additional benefits are achieved if the
amount of PA increases through higher intensity, greater
frequency, and/or longer duration. According to the
2008 Physical Activity Guidelines for Americans, most
health benefits occur with at least 150 total minutes of
moderate intensity or at least 75 min of vigorous inten-
sity aerobic PA per week. However, additional benefits
occur with more PA [4, 5]. In addition to the beneficial
effects of PA on physical health, these guidelines are also
relevant for mental health [6]. Although leisure-time PA
has increased among Finnish adults [7], physical inactiv-
ity is a major problem and risk for health, in all coun-
tries. Furthermore, physical inactivity is associated with
being overweight [8] and the current rate of overweight
adults worldwide has been described as an epidemic or
even a pandemic. This situation is a major public health
risk because being overweight is associated with diseases
including coronary heart disease, stroke, diabetes and
cancer [9].

Together with physical inactivity and overweight, stress
at work is a major public health risk. It may even lead to
cardiovascular disease [10] without complete recovery
[11]. Stress has been shown to reduce participation in
leisure-time PA [12, 13]. Furthermore, workplace stress
may predict a future increased risk of insufficient PA [14].
Normal weight is associated with good self-reported sub-
jective health [15], including low stress levels [16, 17]. Evi-
dence suggests that psychosocial stress is associated with
the development of adiposity [18]. However, according to
previous studies, the association between subjective stress
and body composition is inconsistent, with evidence both
supporting [16, 19] and refuting [20, 21] the idea that
stress is associated with adiposity. A recent systematic re-
view reported that the associations of psychosocial factors
at work with weight-related outcomes were weak and
somewhat inconsistent [22].

Psychological stress causes sympathetic responses in
the autonomic nervous system (ANS), such as reduced
heart rate variability (HRV) [23]. HRV refers to the vari-
ation in intervals between heartbeats and reflects cardiac
autonomic modulation. Physiological stress can be de-
fined as an increased body activation level, when sympa-
thetic activity dominates the ANS and parasympathetic
activation is low. Stress is associated with reduced HRYV,
owing to attenuated parasympathetic and/or increased
sympathetic activity in cardiac autonomic control. Recovery
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refers to a reduced body activation level, when parasympa-
thetic activation dominates the ANS over sympathetic
activity [24—26]. HRV analysis can be used as a comple-
mentary tool to assess general health [27]. HRV analysis
during sleep has the potential to explore the sleeping brain,
with possible implications for mental health [28]. Previous
HRV-studies have mainly used traditional time-domain
and frequency-domain measures of HRV, such as root
mean square of successive R-R intervals (RMSSD) and the
ratio of low frequency power to high frequency power (LE/
HF ratio). The traditional measures of HRV represent the
average level of the autonomic activity over a period of the
time. Cardiac autonomic activity is very dynamic and varies
during the day depending on stress, recovery and PA.
Therefore, the usability of the traditional measures of HRV
is limited in real-life conditions. Additionally, these mea-
sures are very individual which further limits their usability
in stress assessment and clinical work. However, it is also
possible to provide applied heart rate (HR) and HRV-
derived stress and recovery variables that take into account
the dynamic changes in autonomic activity and individual-
ity of HRV including information that is difficult to obtain
from traditional measures of HRV.

The majority of previous studies on the association of
PA with stress have used subjective assessment methods
or traditional measures of HRV in the assessment of
stress. The previous studies support the association of
PA with increased HRV [29, 30]. However, accurate and
objective methods are needed to reliably assess PA, as
well as to assess HRV-based stress and recovery in real-
life. By utilizing a method that acknowledges the dynam-
ics and individuality in HRV in real-life, the aim of this
study was to investigate the extent to which PA and
BMI are associated with HRV-based indicators of stress
and recovery on workdays. The study was conducted
among 16 275 Finnish employees who had participated
in beat-to-beat R-R interval recording as a part of lifestyle
counseling between 2007 and 2015. More specifically, ac-
counting for age and sex, we investigated the prevalence
of stress and recovery according to the participants’ ob-
jectively measured PA level and self-reported body mass
index (BMI). Uniqueness of the present study is in the in-
dividual and dynamic method used in the assessment of
physiological stress and recovery.

Methods

Study design and participants

This cross-sectional study investigated the amount and in-
tensity of objective HRV-based stress and recovery on
workdays in a real-life sample of 16 275 Finnish em-
ployees (6863 men and 9412 women; age 18-65 years;
BMI 185-40.0 kg/m?). The participants nonselectively
represent a cross-section of typical Finnish employees in-
cluding both manual and non-manual labour employees.
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The majority of the participants were apparently healthy
without chronic diseases. The exclusion criteria for
participation in the R-R interval recordings included se-
vere cardiac disease, very high blood pressure (>180/
100 mmHg), type 1 or 2 diabetes with autonomic neur-
opathy, severe neurological disease, fever or other acute
disease, and BMI >40 kg/m> These exclusion criteria rep-
resented by the analysis software manufacturer are pre-
sented in detail previously [31]. The characteristics of the
participants are presented in Table 1.

Data collection

The novel methodology used to determine the partici-
pants’ stress, recovery and level of weekly PA, was based
on HRV data from beat-to-beat R-R interval recordings.
These recordings were voluntarily performed on em-
ployees as a part of the preventive occupational health
care programs provided by their employers between
2007 and 2015. The clinical purpose of these measure-
ments is presented comprehensively in a previous paper
by Mutikainen et al. [31]. The data recordings used in
the previous study were gathered between 2007 and
2013, with a study population size of 9554. These data
were used in the present study, supplemented with re-
cordings from 2014 to 2015. The study had a further in-
clusion criterion of a minimum of 4.5 h beat-to-beat R-R
interval recording during sleep after a workday. Another
inclusion criterion was the availability of R-R interval
data, including at least one workday (>4 h of work) and
one day off, with a measurement period of 16—30 h/day
(from wake-up to wake-up). Participants who had con-
sumed alcohol on the monitoring days were excluded.
Information about workdays, working hours, days off
and sleep periods was obtained from diaries that the par-
ticipants were requested to keep during the measure-
ment period. The analyzed data consisted of successfully
recorded (measurement error <15 % and <30-min re-
cording break) days. The flow of the participants in-
cluded in the analysis is presented in Fig. 1.

HRV-based assessment of PA, stress and recovery

Ambulatory beat-to-beat R-R interval data were used to
determine the amount and intensity of PA, stress and re-
covery. Using the Firstbeat Bodyguard device (Firstbeat
Technologies Ltd., Jyvéskyld, Finland), real-life R-R

Table 1 Characteristics of the participants
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interval data were recorded, usually over 3 days (typic-
ally two workdays and one day off) and analyzed using
Firstbeat Analysis Server software (version 6.3, Firstbeat
Technologies Ltd.), which included a powerful artifact
detection and correction feature for irregular ectopic
beats and signal noise. The software calculates HRV in-
dices second-by-second using the short-time Fourier
transform method, and calculates HR- and HRV-derived
variables of respiration rate, oxygen consumption, on-off
kinetics (increasing or decreasing HR), and parameters
describing excess post-exercise oxygen consumption
using neural networks. Thereafter, the software divides
the measurement data into coherent data segments and
categorizes these segments into different physiological
states, such as PA of different intensities, stress and re-
covery [32—34], by taking into account individual char-
acteristics (e.g. individual levels and scales of HR and
HRYV, and the individual relationships between HRV and
autonomic control) [35]. The categorization of the data
is described in Additional file 1: Table S1. More informa-
tion about this analysis method is available in a paper by
Firstbeat Technologies Ltd. [36].

Detection of stress and recovery variables

After data categorization, the HRV-based variables de-
scribing the amount and intensity of stress and recovery
on workdays were detected. Stress percentages (i.e. pro-
portions of stress reactions, during the day and during
working hours) and stress balance (ratios between recov-
ery and stress reactions during sleep) describe the amount
of stress and recovery, respectively. The variables describ-
ing the intensity (i.e. magnitude of recognized reactions)
of stress and recovery were stress index (during the day)
and recovery index (during sleep), respectively. These vari-
ables and their calculations are presented in Additional file
1: Table S1. The correlation coefficient between two con-
secutive workdays varied from 0.74 to 0.88 for the trad-
itional HRV variables, from 0.64 to 0.93 for HRV-derived
variables of stress, and from 0.42 to 0.49 for HRV-derived
variables of recovery during sleep.

Calculation of weekly PA

Background information about age, sex, self-reported
height and weight, and self-reported PA class [37] modi-
fied from Ross and Jackson [38], was collected in

Variable All (n=16275) Men (n = 6863) Women (n =9412)

Mean + SD Min Max Mean +SD Min Max Mean + SD Min Max
Age 448 +99 180 65.0 445+99 18.0 65.0 450+99 18.0 65.0
Body mass index (kg/m?) 260+4.1 185 40.0 266+35 186 400 255+44 18.5 400
Self- reported activity class 0-10 48+18 00 100 49+19 0.0 10.0 48+18 00 100
Physical activity (mins/week) 186 + 227 0 2629 246 + 258 0 2629 142 +189 0 1865
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Criteria for targeted data mining:

* Agerange 18-65 years
+  BMIrange 18.5-40 kg/m?

* Participated in monitoring during 2007-2015
* Monitoring includes at least one workday (24h of work) and one day off (Oh of work)

n =35 467 participants (143 334 monitoring days)

n=32924

Insufficient coverage of the monitoring days;

Length of monitoring <16 h/day or >30 h/day and/or
length of sleep <4.5 h and/or a monitoring break >30 min,
n =2 543 (62 574 days)

{80 760 days)

Measurement error 215% of monitoring time,
l: n=1329 (6 170 days)

n=31595
(74 590 days)

Alcohol consumption on the monitoring days, monitoring does not
include at least one workday and at least one day off,
n= 15317 (27 354 days)

n=16278

(47 236 days)

n =3 (8 days)

Monitoring does not include detected stress or recovery at least 1
minute during sleep (i.e. stress balance determined),

n=16 275 (47 228 days;
28 314 workdays, 18 914 days off)

Fig. 1 Flow of the participants and measurement days included in the analysis (BMI, body mass index)

conjunction with R-R interval recordings using question-
naires. Background information was used to estimate
maximal HR [39] and maximal VO, [40] which were
then used in the estimation of VO,. The maximal HR
used for further calculations was corrected accordingly if
a period with HR higher than the estimated maximal
was found from the recording. From the second-by-
second VO, estimations, each participant’s mean VO,
for each minute of the measurement day was calculated.
The minute-by-minute VO, estimations were then con-
verted to multiples of the resting metabolic rate (MET)
by dividing the VO, values by 3.5. The total number of
1-min segments within the following thresholds: moder-
ate PA 3 to <6 METs and vigorous PA >6 METs, during
each measurement day (including days off), were calcu-
lated. Continuous bouts of PA lasting for 210 min were
included in the estimation of weekly PA. These continu-
ous bouts of PA were calculated separately for workdays
and days off, and, if the measurement period included
two or more workdays or days off, an average was cal-
culated. The activity minutes score for each day (mod-
erate PA minutes + vigorous PA minutes x2) was
calculated. Thereafter, the amount of PA was extrapo-
lated using the following formula: PA minutes per
week = (5 x mean workday activity score) + (2 x mean
day-off activity score). These calculations have been
previously described in more detail [31]. Based on the
weekly PA minutes, the participants were divided into
the following PA groups: inactive (0 min), low (0<
150 min), medium (150-300 min) and high (>300 min).

Assessment of body composition

BMI was calculated from the self-reported weight and
height (kg/m?). The participants were then divided
into the following groups: normal weight (18.5 to
<25 kg/m?), overweight (25 to <30 kg/m?) and obese
(30-40 kg/m?).

Analysis

Data processing and statistical analysis were performed
using R 3.2.2 version (R Foundation for Statistical Com-
puting). P-values were two-sided and a p-value of <0.05
was considered statistically significant. Because of the
size of the data, 99 % confidence intervals (Cls) were de-
termined (Fig. 2) instead of conventional 95 % CIs.

The main outcome variables of the study were stress
percentage and stress index, calculated for the whole
day, stress percentage calculated for working hours, and
stress balance and recovery index calculated for sleep.
These variables were derived from the beat-to-beat R-R
interval recordings on workdays. For a more detailed de-
scription of the variables see Additional file 1: Table S1.
In addition, HR and traditional HRV parameters, includ-
ing RMSSD and the LF/HF ratio, were calculated from
the beat-to-beat R-R interval recordings on workdays.
These variables were calculated separately for waking
hours and sleep, and RMSSD was calculated using a 5-
min window. If the measurement period of a subject in-
cluded two or more workdays, an average was calculated
and the mean values of the outcome variables were used
in the analysis.
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For the descriptive statistics, the means and standard
deviations of the outcome variables were calculated sep-
arately for men and women, and stratified based on PA,
BMI and age. Differences in the outcome variables be-
tween PA, BMI and age groups were tested using the
Kruskal-Wallis test. The results are shown in Additional
file 2: Tables S2-S4. To show the effects of BMI and PA
group on the HRV-based stress and recovery variables,
the age-controlled mean values and 99 % ClIs for the
HRV-based stress and recovery variables, by BMI and
PA group, are presented in Fig. 2.

Linear models were employed to study the effects of
PA group, BMI and age on HRV-based stress and recov-
ery variables. In the models, age and BMI were incorpo-
rated as continuous predictor variables and objectively
measured PA group was incorporated as a categorical
predictor variable. The models were generated separately
for men and women. The reference value for age was set
to 18 years and for BMI to 18.5 kg/m% A simple linear
least squares regression model (procedure /m in R) was
applied to predict the stress percentage during the day.
As confirmed by visual inspection, the assumption of
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linear regression considering the normal distribution of
the residuals was not fulfilled for stress percentage dur-
ing working hours, stress index and recovery index.
Thus, a Box-Cox transformation was applied on these
dependent variables [41]. The Box-Cox coefficient was
determined by maximizing the log-likelihood function
and was rounded to two decimal places before transform-
ation. Tobit regression model (procedure vglm using itera-
tively reweighted least squares in R) was applied for
modeling stress balance with a fixed lower and upper limit
of -1 and 1, respectively. The interactions of the predic-
tors were not included in the final regression models be-
cause the coefficient of determination for the interaction
models was only a few percentage points greater than for
the simple models.

Results

The total number of workdays included in the analysis
was 28 314, with measurements obtained from 16 275
participants (men 6863; women 9412). The participants’
characteristics are shown in Table 1. The participants’
mean age was 44.8 years (44.5 years for men; 45.0 years
for women) and the mean BMI was 26.0 kg/m? (26.6 kg/
m? for men; 25.5 kg/m? for women). The participants’
mean self-reported activity class was 4.8 (4.9 for men;
4.8 for women) indicating that, on average, the partici-
pants were involved in PA 2-3 times per week and their
total weekly PA was about 2 h. The mean weekly mi-
nutes of objective monitoring-based PA was 186 (246 for
men; 142 for women). The mean weekly minutes of PA
in the group of low PA was 78 for men and 74 for
women, in the group of medium PA 222 for men and
215 for women, and in the group of high PA 545 for
men and 496 for women. The number of participants in
the PA, BMI, and age groups is presented in Additional
file 3: Table S5.

Differences in outcome variables between PA groups
(Additional file 2: Table S2) were statistically significant
except for LF/HF ratio during waking hours and sleep,
stress balance in men, and HR and stress balance in
women. For both men and women, the high PA group
had the highest RMSSD (during waking hours and dur-
ing sleep) and recovery index, and the lowest stress per-
centage (during the day and during working hours) and
stress index.

Differences in outcome variables between BMI groups
were statistically significant for both men and women
(Additional file 2: Table S2). Normal-weight individuals
had the highest RMSSD (both during waking hours and
during sleep), stress balance and recovery index, the
lowest stress percentage during the day and the lowest
stress index. Stress percentage during working hours
was lowest in obese individuals.
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In both sexes, differences in outcome variables were
statistically significant between age groups, except for
HR during sleep in women (Additional file 2: Table S3).
The youngest age group (18—30 years) had the highest
RMSSD (both during waking hours and during sleep),
stress balance and recovery index, and the lowest stress
index. Stress percentages during the day were lowest in
the youngest age group in women, and in the oldest age
group (51-65 years) in men. Stress percentages during
working hours were lowest in the oldest age group in
both sexes.

Figure 2 shows the effect of PA and BMI group on the
stress and recovery variables with the effect of age con-
trolled. The high PA group had the lowest mean stress
percentage during the day and during working hours in
all three BMI groups, after adjustment for age (Fig. 2).
Mean stress index values increased as the BMI group
changed from normal weight to overweight and over-
weight to obese, regardless of the PA group. In addition,
regardless of the PA group, obese individuals had the
lowest stress balance and recovery index.

The linear model results are shown in Table 2. Medium
(P <0.05) and high (P <0.001) PA groups, lower BMI (P <
0.001), and older age (P<0.001) were associated with
lower stress percentages during the day. Medium (P<
0.05) and high (P<0.001) PA level, higher BMI (P<
0.001), and older age (P<0.001) were associated with
lower stress percentages during working hours. Stress per-
centage results during the day and during working hours
were similar for men and women. Higher BMI (P < 0.001)
and older age (P<0.001) were associated with higher
stress index, both in men and in women. In addition,
medium (P < 0.01) and high (P <0.01) PA were associated
with lower stress index in women.

Medium (P <0.01) and high (P <0.001) PA, and higher
BMI (P <0.001) were associated with lower stress bal-
ance, both in men and in women. Moreover, older age
was associated with lower stress balance in men (P <
0.001). Higher BMI and older age were associated with
lower recovery index, in men and in women (P < 0.001).
BMI explained the highest proportion of variance in
stress balance (2.2 % for men and 3.1 % for women)
compared with PA and age.

Discussion

The purpose of this study was to investigate the amount
and intensity of objective HRV-based stress and recovery
on workdays. The sample group comprised 16 275
Finnish employees, who had participated in beat-to-beat
R-R interval recording as a part of lifestyle counseling in
the course of their everyday lives between 2007 and
2015. More specifically, the relationships between PA,
BMI, and HRV-based stress and recovery were investi-
gated. For both sexes, a high level of PA and lower BMI
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were associated with lower amounts of stress on work-
days. Additionally, the results showed that both high PA
and higher BMI were associated with a lower amount of
recovery during sleep. Additional PA (above the gener-
ally recommended aerobic PA level of over 150 min of
moderate PA per week), was associated with the add-
itional health benefits of a low amount of HRV-based
stress on workdays and during working hours. Lower
BMI was associated with better recovery during sleep,
expressed by a greater amount and magnitude of recov-
ery reactions (i.e. quality of recovery). This suggests that
PA in the long term resulting in improved physical fit-
ness has a positive effect on recovery, even though high
PA may disturb recovery during the following night. The
results of the present study showing an association of
BMI and objectively measured PA with HRV-based
stress during the workday are in line with previous
studies.

The finding of the present study on the association of
high PA with low HRV-based stress on workdays is in
line with previous studies. Both moderate and vigorous
PA are found to be associated with higher HRV [29].
Additionally, PA has been found to have positive effects
on subjective stress. For instance, Birdee et al. [42] found
that, among a large group of employees, physically active
employees reported less difficulty coping with stress,
more happiness and a higher rate of competency than
inactive employees. Our previous study used the same
measurement method to assess stress as in the present
study, and found higher PA and physical fitness were as-
sociated with lower stress among men [43]. However, to
our knowledge, this study is unique in its focus on the
additional health benefits from PA exceeding the recom-
mended level, in the context of stress. The results
showed that PA level affects stress percentage more than
BMI, especially in women, and the decrease in the
amount of stress following a change from inactivity to
high PA appears to be impossible to achieve by weight
loss alone. When stress percentage was calculated with-
out the time spent on PA, the association between
higher PA with lower stress percentage remained (data
not shown).

The present findings of an association between lower
BMI and lower amount of stress on workdays, and an
association of higher BMI with lower amount of stress
during working hours, are also in line with previous
studies. Furthermore, an additional analysis (data not
shown) showed that having a higher BMI was associated
with a higher amount of PA during working hours. Pre-
viously, HRV profiles were found to be relatively poor
among obese individuals [44] and improved after weight
loss [45]. Previous studies also suggest that individuals
with lower socioeconomic status are more likely to be
obese and more likely to be in physically active
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employment than their counterparts with higher socio-
economic status [46, 47]. So, time spent in PA leads to
less time for other physiological body states, such as
stress, during working hours. Another possible explan-
ation for these findings is that among obese individuals,
the physiological state of the body is detected as PA in-
stead of stress, as HR increases and HRV decreases eas-
ily. Therefore, caution is required when interpreting the
results. Previously, the association of BMI with stress
has been studied using mainly subjective methods. For
instance, Nyberg et al. [16] found both obesity and being
underweight to be associated with high levels of work-
related stress [16], independent of sex. Additionally, em-
ployees of normal weight report the lowest prevalence of
emotional exhaustion and chronic psychological com-
plaints compared with underweight, overweight and
obese individuals [17]. In general, the evidence is weak
and inconsistent for associations of psychosocial factors
at work with weight-related outcomes [22]. However,
based on previous [43—45] and present results, the asso-
ciation of obesity with HRV and HRV-based stress seems
to be consistent.

The group of high active, consisting largely of young
and normal-weight individuals, had the best quality of
recovery during sleep when age and weight were not
taken into account. The linear models revealed that BMI
and age explained greater proportion of variance in the
quality of recovery than the level of PA. Further, the lin-
ear models showed that the non-significant association
of high PA with lower quality of recovery during sleep
was negative. Additionally, high PA was significantly as-
sociated with lower amount of recovery during sleep.
This finding may be explained by the estimation of PA
level occurring on the same days that stress and recovery
during sleep were determined. We did not take into ac-
count the timing of PA in the analysis of the present
study. The findings of Myllyméki et al. [48] suggest that
vigorous late-night exercise may have effects on cardiac
autonomic control of heart during the first sleeping
hours. They found higher nocturnal HR after the exer-
cise day compared to the control day but no differences
between the days in nocturnal HRV. Additionally, previ-
ous literature suggests that PA during working hours
and leisure-time may show different effects on cardiac
autonomic regulation. High PA during working hours
has been found to be associated with poor cardiovascu-
lar health, including reduced HRV [49]. Recovery of
HRV is also dependent on training background, and
type, intensity and duration of exercise [50]. The lower
the physical fitness and the higher the intensity of exer-
cise, the slower the recovery of HRV after exercise [51].
Hynynen et al. [52] reported that even an exercise that
was perceived as light and easy may have prolonged ef-
fects on nocturnal HRV during the following night. Our
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previous study with a smaller study population used a
subjective method to assess PA; using laboratory condi-
tions to assess physical fitness, our previous results
showed that physical fitness was associated with better
recovery during sleep, even though PA was not [43]. In
line with this Pietild et al. [53] found good physical fit-
ness to be associated with good recovery, even though
PA was found to disturb the recovery of the following
night. It appears that PA on the same day may disturb
nighttime recovery, but in the long term, PA and good
fitness enhance recovery during sleep. This is supported
by our additional analysis (data not shown), which showed
higher recovery in a day without PA compared with a day
with PA, among high-PA individuals. Further, the present
finding of an association of lower BMI with a higher
amount and better quality of recovery supports the idea
that good fitness enhances recovery during sleep. How-
ever, the effect of the timing of PA on HRV-based recovery
during following night should be studied further.

The present findings suggest that, although older indi-
viduals are not stressed as often, their stress reactions
are stronger and recovery is weaker than their younger
counterparts. Weaker recovery among older individuals
was expected, as it is known that aging reduces HRV
[24]. Compared with PA and BMI, age was most strongly
associated with the amount of stress during working
hours, and intensity of stress and recovery reactions.
These results suggest that recovery of older individuals
is weakened. However, the findings of Soares-Miranda et
al. [30] showing both cross-sectional and longitudinal
association of PA with more favorable HRV among older
adults emphasizes the importance of PA among older in-
dividuals. These findings should be considered for
instance in policymaking when planning to lengthen
working careers.

The results were similar between men and women.
The variances explained by the linear models were
mostly slightly higher for men. The men in this study
had a slightly higher amount of stress than women dur-
ing the whole workday and during working hours. Men
also had a higher intensity of stress reactions and a
lower amount and quality of recovery during sleep com-
pared with women. This finding is in line with previous
evidence that men have stronger physiological responses
to psychological stress than women, including greater
cardiovascular activation [18].

This study has strengths and weaknesses. While the
measurement method may have had a significant impact
on the measured PA levels, a strength of this study is
that the weekly PA amount was calculated based on the
objective measurement of PA periods lasting over
10 min. The validated ambulatory beat-to-beat R-R
interval-based method [31, 54] used to assess the
amount and intensity of PA has been shown to provide
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more accurate estimates of the intensity of PA than HR
information [54, 55]. Even though the participants were
informed to continue with normal daily living under the
wellness assessment, individuals may have a tendency to
be more active than usual during this type of short-time
assessment. At least 5 consecutive days of pedometer
monitoring has been suggested to achieve reliable and
valid 1-year PA estimates [56]. However, another study
suggests that three days would be sufficient to achieve
valid results [57]. The existing literature indicates a need
for valid, accurate and reliable measures of PA for asses-
sing current and changing PA levels and the relation-
ships between PA and health outcomes [58].

We used a novel HRV-based method to assess the
amount and intensity of stress and recovery. HRV has
been suggested as a feasible stress assessment method
[59-61], and the stability of 24-h recording is high [24].
In our study, the sustainability of the HRV and HRV-
based measures of stress and recovery between 2 con-
secutive days was quantified, and all the correlations
were found to be statistically significant. The method
used in the present study has been validated against neu-
roendocrine responses to stress, and the indicators of
stress and recovery during sleep have been found to be
associated with free salivary cortisol response after awak-
ening [62]. Additionally, the method has been utilized in
previous studies [43, 63—65] and the findings of these
studies further support the validity and reliability of this
HRV-based method. For instance, previous studies have
found an association of higher HRV-based stress and
lower recovery with higher perceived stress [63, 64]. Al-
though traditional HRV measures are required to assess
quality and clinical correlates of the recordings, these
new ways of presenting findings improve the usability of
HRYV recordings in health promotion. Traditional HRV
measures are not included in the main study analyses.
However, the descriptive statistics show the similarity
between the traditional HRV measures and the HRV-
based stress and recovery variables. HRV-based methods
that take individual characteristics and dynamic changes
in cardiac autonomic activity into account and provide
easily understandable variables of stress and recovery
can be informative and suitable measures for field and
clinical conditions. Individual written feedback together
with verbal feedback and discussion of the HRV record-
ing results would be optimal (an example of the feed-
back the participants received is shown in Additional file
4: Figure S1). It should be noted here that the method
we used did not distinguish eustress from distress. How-
ever, division into these two types of stress may be im-
practical because of similar physiological responses to
both stress forms.

The major strength of the present study is the very
large sample, which included both non-manual and
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manual labor employees. The study sample was not a
random sample from the Finnish population, but a real-
life sample of Finnish employees who voluntary per-
formed beat-to-beat R-R interval recording as a part of
the preventive occupational health care programs pro-
vided by their employers. Even though the participants
of the present study may represent a group of employees
who are more interested about their health than the
average person, their BMI profiles were similar to ordin-
ary working-aged Finnish people [66], except for the in-
dividuals with BMI over 40 were excluded from the
present study. Thus, the findings of this study are
generalizable to ordinary Finnish employees. Nonethe-
less, it is a weakness of the present study that as it was a
real-life/data-mining type study, we did not have detailed
individual information about the participants, including
the information about the profession or socioeconomic
status of the participants. Additionally, the fact that the
information about weight and height (needed for BMI
calculation) was based on self-reports may have yielded
an underestimation of BMI in the study sample [67].
Most of the participants were apparently healthy; how-
ever, the inclusion of individuals with chronic diseases
and/or on medications may have had an effect on HRV.
However, our large sample size should have compen-
sated for these inclusions, leading to statistically signifi-
cant results. The use of real-life data was a strength of
the study; however, daytime stress is affected by many
confounding factors [24], very few of which were con-
trolled for in our analysis. Participants who had con-
sumed alcohol on the monitoring days were excluded
from the analyses of the present study. Unfortunately,
we did not have information for example about partici-
pants’ smoking or caffeine consumption. Clearly, outside
factors appear to have affected HRV-based stress be-
cause the explanation ratios of the linear models were
rather small. In summary, the large real-life study sample
of the present study can be considered as either a
strength or a weakness depending on the perspective.
For instance, in future it would be interesting to study
the association of socioeconomic status with HRV-based
stress and recovery by taking into account the effect of
the level of PA.

This study used novel, validated [43, 62-64] HRV-
based technology to assess stress, recovery and PA in
real-life. The results suggest that high PA and lower
BMI are associated with a lower amount of stress on
workdays independently of age and sex. Additionally, the
results suggest that having a lower BMI is associated
with lower intensity of stress reactions on workdays, and
a higher amount and better quality of recovery during
sleep. This, together with existing evidence, suggests that
long-term PA, resulting in improved physical fitness, has
a positive effect on recovery, even though high PA was
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associated with a lower amount of recovery on the fol-
lowing night. In summary, the present results support
the beneficial effects of PA on health. However, owing to
the cross-sectional study design, it is not possible to
draw conclusions about the direction of the associations.
Previous literature suggests that the association may be
reciprocal; that is, inactivity may cause stress or stress
may be a factor that leads to inactivity. Overall, most of
the literature finds that the experience of stress impairs
efforts to be physically active [68], even though PA is
beneficial in stress management [65]. More research on
the causal relations between PA and HRV-based stress
and recovery is needed. Randomized controlled trials in-
vestigating the effect of increasing different types of PA
and timing of PA are warranted.

Conclusions

The results provide important information about the as-
sociations of objectively measured PA and body weight
with objectively measured physiological stress in Finnish
employees. This information could be used in future
policymaking and focused upon by employers. Although
the beneficial effects of PA on health are well docu-
mented, these results may be beneficial by, for example,
increasing employer willingness to invest greater re-
sources in increasing the PA of employees.
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