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Abstract

Mental disorders pose a significant global health challenge. To effectively address this
challenge, mental health promotion must be included in various sectors, including
workplaces. Various strategies for promoting mental health in the workplace have been
suggested, including interventions aimed at improving movement behavior, i.e., sitting
less and moving more. Physical activity (PA) and sedentary behavior (SED) are estab-
lished determinants of mental health. However, there are aspects of the relationship be-
tween movement behavior and mental health that are not well understood, for example,
the combined effects of all movement behaviors occurring throughout the daily 24-hour
cycle, i.e., time in bed, SED, light-intensity physical activity, and moderate to vigorous
physical activity (MVPA), on mental health. In addition, only a few well-designed
workplace interventions for improving movement and mental health outcomes have
been tested. Office workers often spend extensive amounts of time being sedentary and
might particularly benefit from such interventions.

The aims of this thesis were (1) to investigate cross-sectional associations between 24-
hour movement behavior and mental health outcomes among office workers and (2) to
evaluate the efficacy, acceptability, feasibility, and fidelity of two cluster randomized
controlled trial (RCT) interventions for improving movement behavior and mental
health outcomes using quantitative and qualitative methods.

In Paper I, we investigated cross-sectional associations between 24-hour movement be-
havior and mental health outcomes (symptoms of depression and anxiety, burnout, men-
tal wellbeing, and stress) among office workers (N=345-370). Movement behavior was
measured using accelerometers and sleep diaries. Mental health outcomes were assessed
using validated questionnaires. Only the proportion of time spent in MVPA, relative to
all other behaviors, was positively associated with mental wellbeing.

Papers II-1V were based on a three-armed cluster RCT among office workers (N=263).
During the 6-month intervention period, the iSED intervention group focused on reduc-
ing SED, and the iPA intervention group focused on increasing MVVPA compared to a
wait-list control group. The multi-level interventions were designed based on ecological
models of health behavior, addressing the individual office workers as well as their
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physical, social, and organizational work environment. Paper Il investigated interven-
tion effects on accelerometer-measured 24-hour movement behavior and cardiorespira-
tory fitness. We considered overall 24-hour movement behavior and movement behav-
ior during work versus non-work time. No intervention effects were found.

Paper 111 was based on a qualitative study that was embedded in the RCT. It investi-
gated the acceptability, feasibility, and fidelity of intervention components that ad-
dressed the individual, environmental and organizational level. Interviews and focus
group discussions were performed with 38 key stakeholders after the 6-month interven-
tion period. The study included office workers who received the interventions, health
coaches who delivered counseling sessions, team leaders who were responsible for im-
plementing group activities, and human resource and higher management staff who pro-
vided support at the organizational level. In general, the interventions were well appre-
ciated, and components seemed to work as intended when delivered as intended. Many
office workers experienced improvements in movement behavior and wellbeing and as-
cribed those to the interventions. Acceptability, feasibility, and fidelity of individual-
level components were high but reduced for components depending on team leaders,
mainly due to challenges associated with recruiting managers as team leaders and form-
ing teams. Manager and team support were considered crucial for promoting more PA
and less SED, yet many participants reported a lack of such support. Thus, identified
challenges with these components might have reduced overall intervention efficacy.

Paper IV investigated intervention effects on mental health outcomes (symptoms of de-
pression or anxiety, mental wellbeing, and stress). In addition, we explored whether
changes in mean PA intensity mediated or moderated intervention effects. The interven-
tions improved mental wellbeing for the combined intervention groups and the iISED
group but not for the iPA group compared to the control group. The interventions im-
proved mean PA intensity, but mean PA intensity did not mediate intervention effects
on any outcome. Mean PA intensity moderated intervention effects on mental wellbe-
ing. Participants who reduced mean PA intensity reduced mental wellbeing compared to
participants who did not change mean PA intensity. This highlights the importance of
maintaining high levels of PA for mental wellbeing.

This thesis contributes to existing knowledge by applying a rigorous investigation of
cross-sectional associations between 24-h movement behavior and mental health among
office workers and by conducting a comprehensive analysis of intervention effects. It
offers valuable insights and considerations that may inform occupational health practi-
tioners, employers, policy makers, and researchers and may contribute to developing fu-
ture effective interventions.
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1 Introduction

“Mental health is critically important to everyone, everywhere.”
The World Health Organization (WHO), Mental Health Report, 2022

The WHO considers mental disorders to be one of the greatest public health challenges
due to their prevalence, burden of disease! and related disability?. Many affected people
die 20 years prematurely due to suicide and comorbidities, including cardiovascular dis-
eases, cancer and diabetes?. The number and proportion of persons with depression and
anxiety, the most common mental disorders, have increased globally during past dec-
ades®. The COVID-19 pandemic negatively affected lifestyle habits related to move-
ment behavior*® and substantially increased the global prevalence of depression and
anxiety5’, especially among women and younger people®. Mental ill health presents not
only a tremendous burden for individuals and their families but also for the productivity
and competitiveness of businesses with consequences for economies and societies as a
whole® 2,

Impaired mental health is very common among the working-age population. In Sweden,
mental illness has been the most common cause of long-term sick leave among persons
younger than 40 years since 20142, Mental health disorders account for approximately
50% of all sickness absence cases and granted social benefits'®4. Among mental health
disorders, depression and anxiety are most common. They account for approximately
95% of these mental health sickness absence cases*®4. Notably, sick leave due to men-
tal disorders is most common during the period of life where demands from work, fam-
ily and childcare responsibilities are at their peak, which is around the age of 35 to 50%2,
Compared to men, women have a 30% higher risk of being diagnosed with a mental
disorder®®. Thus, the public mental health challenge is also a gender equality issue. Not
only does absenteeism due to impaired mental health reduce productivity but also pres-
enteeism, the act of working with impaired health. The WHO suggests that the largest
financial cost for employers, and in turn society, lies within presenteeism?®,

Among many other factors, employment and working conditions are determinants of
mental health®. Employment itself and the workplace can provide meaning to life, so-

cial support and financial security’’. Unemployment as well as poor working conditions
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and leadership can cause or exacerbate existing mental health conditions. Working con-
ditions also impact peoples’ movement behavior, i.e., how much time they spend sit-
ting, physically active or sleeping. Movement behavior is an important lifestyle factor
that affects both mental and physical health. Extensive research has shown that physical
activity (PA) can have beneficial effects on mental health'®-3°, while excessive sed-
entary behavior (SED) can have detrimental effects®-%°, Office workers, a large propor-
tion of working adults in higher income countries, spend the majority of their time, both
during work and outside of work, sedentary®*-°. This might put them at an increased
risk of impaired mental health and wellbeing. Therefore, they might profit particularly
from interventions that aim at improving movement behavior.

However, many details of the relationship between movement behavior and mental
health are not yet well understood. In addition, few studies have investigated this rela-
tionship specifically among office workers. A key challenge is that different movement
behaviors, mostly SED and moderate to vigorous physical activity (MVPA), have been
studied in isolation from each other, although they occur and impact mental health sim-
ultaneously.

Furthermore, there is a lack of well-designed, theory-informed interventions targeting
movement behavior and mental health among office workers. The workplace is an im-
portant venue for health promotion interventions. The working-age population spends
substantial amounts of their time at work, and many people can be reached via the
workplace. In addition, international conventions call for the protection of workers’
physical and mental health through occupational safety and health policies®®. Govern-
ments and employers have a responsibility to ensure working conditions that protect
and promote workers’ mental health and wellbeing so that they can fully and effectively
participate in the workforce?®. In Sweden, for example, employers are required “to pro-
mote a good work environment and to prevent risks of ill health due to organizational
and social conditions in the work environment”**. To inform policy makers, employers
and occupational health professionals, more research is needed to understand the rela-
tionship between movement behavior and mental health in detail and to learn which in-
terventions can be effective, acceptable, and feasible among office workers.

Therefore, this thesis aimed

(1) To investigate cross-sectional associations between 24-hour (h) movement behavior
and mental health outcomes among office workers.

2) To evaluate the efficacy, acceptability, feasibility, and fidelity of two cluster random-
ized controlled trial (RCT) interventions for improving movement behavior and mental

health outcomes among office workers using quantitative and qualitative methods.
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2 Background

This chapter provides the context for this doctoral research project so that readers re-
ceive an overview of what research has been done prior to this thesis and which
knowledge gaps exist. | will describe mental health and wellbeing and the mental health
outcomes that were included in this thesis. Then, the concept of 24-h movement behav-
ior will be introduced. Previous research on the relationship between mental health and
movement behavior and workplace interventions among office workers will be pre-
sented. The chapter concludes with a short introduction to behavior change theory and
complex interventions.

2.1 Mental health and wellbeing

The World Health Organization (WHO) defines mental health as “a state of wellbeing
in which every individual realizes his or her own potential, can cope with the normal
stresses of life, can work productively and fruitfully, and is able to make a contribution
to her or his community.”*? Health is defined as “a state of complete physical, mental
and social wellbeing and not merely the absence of disease or infirmity."*

Mental health can vary from good to poor, as can physical health. As for physical
health, one’s state of mental health is not constant but varies with time. All humans ex-
perience symptoms of reduced mental health from time to time, such as low mood,
worry or stress. When such symptoms persist and impact people’s functioning in daily
life, this might indicate a mental disorder. Mental disorders include many different con-
ditions that range from mild to severe. They are often divided into common and severe
mental disorders*. Depression and anxiety are often referred to as common mental dis-
orders. Examples of severe mental disorders are major depression, schizophrenia, and
bipolar disorder. When interpreting the population prevalence of mental disorders, it is
important to consider that only a fraction of all people with mental health problems will
receive a mental health diagnosis and care, depending on, for example, access to mental
health care services or the level of stigmatization in society. A clinical assessment by a
clinician is needed to diagnose a mental disorder. This includes a diagnostic interview
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to assess symptoms in combination with physical examinations to rule out physical root
causes. A person must show a range of symptoms that fulfil the diagnostic criteria that
have been developed for different disorders. Symptoms are observable and detectable
signs of illness and may include significant changes in thinking, emotion and/or behav-
ior, distress or problems functioning in social, work or family activities*®. Such diagnos-
tic criteria are described in different systems. The most commonly used systems are the
WHO’s International Classification of Disease and the American Psychiatric Associa-
tion> Diagnostic and Statistical Manual of Mental Disorders*?. Psychological question-
naires can be used in addition to the diagnostic interview or for screening purposes, but
a clinical diagnosis is always based on a clinical assessment. Questionnaires are also
commonly used in research to assess the mental health state of a population.

In this thesis, we used such validated questionnaires to assess symptoms of depression
and anxiety, burnout, mental wellbeing, and stress as indicators of mental health.
Throughout the thesis, | was careful to use the term symptoms of depression, anxiety,
and burnout since none of these conditions was formally diagnosed by clinicians in this
research project. Symptoms of depression, anxiety, burnout, and stress are considered
indicators of poor mental health, while mental wellbeing is an indicator of good mental
health, comprising aspects such as emotional well-being, vitality, and satisfaction with
life. Figure 1 illustrates how symptoms of mental ill health and wellbeing can coexist. It
is important to keep in mind that persons with a diagnosed mental disorder can experi-
ence (periods of) good mental wellbeing, depending on, for example, the nature of the
disorder and how successfully the disorder is managed*6.

Good mental
wellbeing

Good mental wellbeing,
symptoms of mental ill health

Symptoms of
mental ill health

Poor mental wellbeing,
symptoms of mental ill health

Good mental wellbeing,
no symptoms of mental ill health

No symptoms
of mental ill
health

Poor mental wellbeing,
no symptoms of mental ill health

Poor mental

wellbeing

Figure 1. Schematic representation of mental health state
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Description of mental health outcomes included in this thesis

Depression is characterized by a low mood in combination with other symptoms that
persist for at least two weeks almost every day and most of those days*’. Other symp-
toms may include loss of interest or pleasure, difficulty concentrating, fatigue, feeling
worthless or excessive/inappropriate guilt, and thoughts of death/suicide*’. Different
types of depression disorders exist, such as major depressive disorder, bipolar disorder,
and postpartum depression.

Anxiety is characterized by persistent and excessive feelings of worry, fear and hyper-
arousal that are out of proportion to the actual danger posed and that occur on most days
for at least 6 months*’. These feelings interfere with normal daily functioning. Other
possible symptoms are feeling restless or on edge, being easily fatigued, difficulty con-
centrating, irritability, or sleep disturbances. As for depression, different types of anxi-
ety disorders exist, such as generalized anxiety disorder, panic disorder, social anxiety
disorder or phobia-related disorders, all with specific symptoms related to fear*’.
Burnout is not considered a mental health disorder or condition but rather a syndrome
resulting from a combination of extreme or prolonged stress and insufficient recovery.
The conceptualization and classification of burnout has been debated by organizational
and clinical psychologists*®. The International Classification of Disease describes burn-
out as a syndrome resulting from chronic workplace stress that has not been success-
fully managed®. It is characterized by persistent and distressing complaints of increased
fatigue after mental effort or persistent and distressing complaints of bodily weakness
or exhaustion after minimal effort. In addition, individuals may experience insomnia,
cognitive deficits, pain, sound, and light sensitivity. These symptoms are caused by psy-
chosocial stressors that have been present for at least six months and must be present
nearly every day for at least two weeks*. Some experts suggest that it should not be ap-
plied to describe experiences in areas of life other than work®. However, clinical psy-
chologists suggest that both private and occupational stress may lead to clinical burn-
out‘®,

Stress is a key factor in the pathoetiology of various mental health disorders, including
depression, anxiety, and burnout. In addition, many people experience stress in modern
and demanding industrialized societies®.. Stress is similar to anxiety regarding feelings
of arousal, tension, restlessness or nervosity®?. However, anxiety is different from stress
because contrary to stress, anxiety is characterized by persistent excessive worries that
occur without a distinguishable or tangible stressor®. Stress is conceptualized and
measured in many different ways across different research fields, which is confusing
and controversial®. For example, stress can be conceptualized as the presence of stress-
ors, i.e., factors that could cause a stress response, the physiological reaction to a
stressor or the subjective experience of stress frequency or intensity. Lu et al®*
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attempted to clarify the concepts and frameworks around stress that have been used
across different research fields. According to them, stress can be defined as “a state of
homeostasis being challenged.”. Different types of stressors can challenge homeosta-
sis, for example, stressful life events, job strain or work-family conflict.

If homeostasis is mildly challenged, the stress can be classified as eustress (good stress),
leading to a mild stress response that benefits health by inducing adaptation. For exam-
ple, during periods of increased workload, homeostasis is sustained if employees react
to the increased workload by rewarding themselves with relaxing activities during non-
work time. This is an example of a cognitive behavioral response.

If homeostasis is strongly challenged, stress can be classified as distress, leading to se-
vere stress responses and potential negative effects on health. For example, prolonged
periods of stress or stressful life events might lead to fatigue, sleep disruptions or men-
tal health disorders.

If homeostasis is not challenged in the presence of stressors, the stress response might
be inadequate, indicating a reduced capacity to react to stressors appropriately. For ex-
ample, a person suffering from depression might not be able to respond to external
stressors such as the risk of losing a job because of loss of interest or hope.

In this thesis, we examined the frequency of perceived stress, i.e., a quantification of
distress, and burnout as a health effect of prolonged stress. It is important to remember
that movement behaviors might be differently related to these outcomes compared to
stress conceptualized as a stressor (e.g., job strain) or stress response (e.g., increased
heart rate, difficulties concentrating).

Symptoms of depression and anxiety, burnout and stress are indicators of impaired
mental health. Since the office workers included in the studies of this thesis were gener-
ally healthy subjects, we included mental wellbeing as an indicator of good mental
health (see Figure 1), which might better capture variation in mental health states
among healthy subjects. Different conceptualizations and definitions of wellbeing exist,
such as emotional, psychological, and social wellbeing®®.
Emotional wellbeing — happiness, interest in life, satisfaction
Psychological wellbeing — liking most parts of one’s own personality, managing re-
sponsibilities of daily life, good relationships with others, satisfaction with one’s
own life
Social wellbeing — positive functioning, contributing to society, feeling part of a
community, feeling that the way society works makes sense
In essence, mental wellbeing refers to how we feel about our life, ourselves and the
ones that form our immediate and wider social network®. These factors impact how re-
silient we are toward uncertainties and challenges in life®.
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2.2 24-hour movement behavior and compositional
data analysis

Most previous research has focused on determining the health impact of time spent in
single movement behaviors with a strong focus on MVPA and SED. In contrast to stud-
ying PA or SED, this thesis took a 24-h movement behavior approach to gain insights
into the comprehensive patterns of movement and rest in individuals' daily lives and
their impact on health and wellbeing. The term 24-h movement behavior emphasizes
the inclusion of all movement behavior occurring throughout the daily 24-h cycle (see
Figure 2). Some researchers have suggested using the term movement and non-move-
ment behavior®, For simplicity and clarity, | will refer to it as 24-h movement behavior
or movement behavior because even sleep, although characterized by a very low energy
expenditure, is not completely free of movement.

[ Movement

k\ Non-Movement
Behaviors

Reclining

ds""”wlme/somsnmervup“"“‘mma“

Figure 2. Conceptual model of movement-based terminology arranged around the 24-
hour period. Note Reproduced from Sedentary Behavior Research Network (SBRN) —
Terminology Consensus Project process and outcome, Tremblay et al °°.
License: CC BY 4.0

Time-use epidemiology has developed as a research field, defined as “the study of de-
terminants, incidence, distributions, and effects of health-related time-use patterns in
populations and of methods for preventing unhealthy time-use patterns and achieving
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the optimal distribution of time for population health.”’. It focuses mainly on the distri-
bution of time spent in different movement behaviors, but time spent in other behaviors
can also be considered.

As mentioned above, researchers have traditionally investigated the health effects of
time spent in PA with a particular focus on MVPA. After the millennium shift, re-
searchers started to investigate the health effects of time spent in SED. The field of PA
research then moved toward studying the health effects of different combinations of PA
and SED%”. Numerous studies concluded that the health effects of SED are independent
of PA based on observations that SED deteriorates health irrespective of the parallel
amount of MVPASE, Other studies stated that if people engage in sufficient amounts of
PA, the detrimental effects of SED can be attenuated. For example, a well-known study
by Ekelund et al®® found that high levels of MVVPA eliminate the increased risk of death
associated with high sitting time. Moreover, isotemporal substitution analysis was used
to predict health outcomes by theoretically reallocating time between behaviors®,
While these studies took into account that different movement behaviors impact health
simultaneously, they failed to take the compositional nature and codependence of all
movement behaviors into account®. The time was ripe for a paradigm shift in the field
of PA and SED research, the 24-h movement behavior approach, which has gained
popularity during the past decade®"585162 With this approach, time spent in sleep, SED,
and PA at different intensities are conceptualized as mutually exclusive parts of the 24-
h continuum. They form a movement behavior composition. This conceptualization has
consequences for our understanding of the health effects of movement behavior, for
public health recommendations, and for the choice of statistical analysis. The following
arguments for endorsing a 24-h movement behavior approach have been sug-
gested586L62;

First, because time spent in different movement behaviors constitutes a composition,
they affect health simultaneously and carry relative, not absolute information. They af-
fect health not independently but in relation to each other. For example, the health ef-
fects of a person’s average daily time in SED are likely to depend on the simultaneous
time spent in sleep, LIPA, and MVPA. | suggest regarding the conceptualization of
movement behavior as a content validity issue. Content validity, also known as logical
validity, refers to the extent to which a measure represents all facets of a given con-
struct. Thus, if we want to study the health impacts of one movement behavior, we need
to measure it taking all its relevant parts into account. SED, for example, is part of the
24-h movement behavior continuum, to which other movement behaviors belong.
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Second, compositional data such as time-use data have specific mathematical prop-
erties. The time spent in different movement behaviors is not infinite but is con-
strained to a constant sum. This means that the proportions of different behaviors
must always sum to a fixed total (for example, 100%, 24 h, or wake time). This con-
straint creates a dependency between the proportions, and any change in one behavior
automatically affects the others. This is also referred to as subcompositional coher-
ence. As a result, the time spent in different movement behaviors is perfectly collinear
with each other. Thus, it is conceptually flawed to say that one behavior affects health
independently from others. Movement behaviors are multivariate in nature, meaning
that they exist as a set of mutually exclusive behaviors that collectively represent the
entire movement spectrum. Compositional data are governed by a specific geometry,
the Aitchison geometry, which does not exist in real Euclidian space but in a specific
mathematical space known as the Aitchison simplex®. This makes compositional data
unsuitable for standard multivariate statistical methods such as t tests and multiple lin-
ear regression because they have been developed for unconstrained data that exist in
real space54-¢6,

Compositional data analysis (CoDA) is one appropriate statistical technique that can
take the compositional nature of time-use data into account. Key steps of compositional
data analysis include the following:

1. Closure of data to a constant sum: In a first step, the researcher must decide
what time period constitutes the whole, e.g., the 24 h day, a week or the work-
ing part of the day.

2. Time spent in different movement behaviors (e.g., time in bed, SED, LIPA,
MVPA) are expressed as proportions of the whole.

3. Log-transformation: Different methods for transformation exist, but the iso-
metric log-ratio (ilr) transformation is most commonly used®’. This involves
taking the logarithm of the ratios of the different movement behaviors so that
they are expressed in relation to the geometric mean of the other behaviors.
For a four-part composition, a set of three ilrs would be created. These ilrs
contain relative information about all behaviors in the composition. The ex-
pression of compositional data as log-ratio coordinates transfers them from
the constrained simplex space to the unconstrained real space, where tradi-
tional multivariate statistics can be applied. This enables accurate interpreta-
tion of the behaviors as proportions of total time use.

Equation 1 exemplifies the creation of ilrs coordinates for MVPA. In this example, the

movement behavior composition consists of time in bed, SED, LIPA, and MVPA. llr;
contains all relevant information about MVPA in relation to all other behaviors. To
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analyze the relative time spent in the other behaviors of the same composition, a set of
three ilrs must be created for each behavior. For this, the position of behaviors in the
equation is rotated. Propose that the aim is to analyze the effects of relative time spent
in MVPA on a health outcome, all three ilr coordinates would be included as explana-
tory variables in a regression model to account for the entire variability of the time-use
composition. Estimates for ilr1 would be interpreted as the proportion of MVPA in rela-
tion to all other behaviors.

ilr coordinate 1
ilr coordinate 2
|
| ilr coordinate 3 |

MVPA LIPA SED Time in bed

o 3 MVPA
o= g (LIPA + SED = Time in bed)

b = 2l ( LIPA )
®2 =V 13" \SED « Time in bed

e = 11 ( SED
Hs = 2 n Time in bed>
(1)

The ilr values themselves do not have a direct interpretation in terms of minutes. There-
fore, compositional isotemporal substitution models are used in addition to CoDA re-
gression models to estimate the effects of theoretically reallocating time between behav-
iors®,

Including the raw number of minutes spent in a movement behavior or time spent in a
movement behavior as a proportion and including the others as confounding variables is
incorrect because this assumes that the behaviors are statistically independent of each
other. In addition, collinearity issues arise since parts of a whole are perfectly collinear
with each other. Studies that compared regular regression analyses with CoDA regres-
sion analyses showed that applying regular regression on compositional data can pro-
duce erroneous effect sizes®. Thus, taking all movement behaviors into account and ap-
plying more appropriate statistical methods produces more precise results. Moreover, it
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contributes to a more detailed understanding of the interplay between different behav-
iors.

There are also strong arguments for using a 24-h movement behavior approach in the
context of intervention studies. Suppose an intervention aims at increasing MVPA to
improve a certain health outcome. The intervention offers motivational counseling and
exercise classes. First, it might be helpful to support participants in identifying time pe-
riods that can be used for exercise instead of other activities, rather than creating a feel-
ing that exercise must be added on top of all other daily activities. Second, the effects of
increasing MVPA on the health outcome likely depend on which movement behavior it
replaces. For example, increasing MVPA at the expense of SED might lead to a larger
improvement compared to increasing MVPA at the expense of LIPA. Conversely, the
effects of reducing time spent in SED likely depend on whether it replaces LIPA,
MVPA or sleep.

In sum, CoDA can be used to study the health effects of distributing time into different
behaviors. In this type of research and for public health messaging, movement behavior
is often categorized based on its intensity in terms of energy expenditure, for example,
time spent in sleep, SED, LIPA, or MVPA. However, movement behavior can also be
conceptualized based on the type of underlying metabolic pathways (i.e., aerobic vs. an-
aerobic), the type of exercise (e.g., strength training, swimming, yoga, or karate), fre-
quency, bout duration, context, place (e.g., indoor vs. outdoor), timing of the activity
(e.g., morning versus evening, during weekdays versus weekends), or context of the ac-
tivity (intentional and planned PA, such as exercise or sports, occupation-related move-
ment, transportation or household work). Movement behavior is a complex phenome-
non, and all these aspects might determine its health impact.

The initial plan for this thesis was to investigate the health effects of time spent in
MVPA and SED in a traditional way, including aspects of frequency and bout length.
During early stages of this research project, | came across the concept of 24-h move-
ment behavior and CoDASL", For the reasons given above, we decided to adopt this ap-
proach to contribute to a more detailed understanding of the combined effects of differ-
ent movement behaviors on mental health.

Moving toward 24-h movement behavior recommendations

In line with the development of the 24-h movement behavior approach, countries started
to move away from recommendations for PA to 24-h movement guidelines. The WHO
has adopted 24-h movement guidelines for young children but not adults yet™. The
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current WHO and Swedish PA guidelines for adults 18-64 years recommend the follow-

ing:
1.

At least 150-300 minutes of moderate-intensity aerobic PA or at least 75-150
minutes of vigorous-intensity aerobic PA or an equivalent combination of MVPA
throughout the week

Muscle-strengthening activities at moderate or greater intensity that involve all
major muscle groups on two or more days a week, as these provide additional
health benefits

For additional health benefits, adults should

3.

Increase moderate-intensity aerobic PA to more than 300 minutes; or do more
than 150 minutes of vigorous-intensity aerobic PA; or an equivalent combination
of MVPA throughout the week

Limit the amount of time spent being sedentary. Replacing sedentary time with
PA of any intensity (including light intensity) provides health benefits, and

Aim to do more than the recommended levels of MVVPA to help reduce the detri-
mental effects of high levels of SED on health.

In addition, the Swedish recommendations state that adults should be physically active
during both weekdays and weekend days, and long periods of sitting should be inter-
rupted”.

Canada was the first country to introduce 24-h movement guidelines in 2016, and sev-
eral other countries have since followed™. The Canadian guidelines for adults recom-

mend:
1.

These

Performing a variety of types and intensities of PA, which includes moderate to
vigorous aerobic physical activities such that there is an accumulation of at least
150 minutes per week

Muscle strengthening activities using major muscle groups at least twice a week
Getting 7 to 9 hours of good-quality sleep on a regular basis, with consistent bed
and wake-up times.

Limiting sedentary time to 8 hours or less, which includes no more than 3 hours
of recreational screen time and breaking up long periods of sitting as often as
possible.

guidelines provide more specific information about how time should be distrib-

uted between different behaviors, and they emphasize that all movement behaviors mat-
ter for health.
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Measurement of movement behavior

Movement behavior can be measured using subjective measures, such as self-report
questionnaires or diaries, or objective measures using devices such as accelerometers or
inclinometers. | will present these different methods and discuss some of the advantages
and disadvantages.

Questionnaires ask people to recall how much time they spent engaged in different ac-
tivities at specific intensity levels, such as sleeping, SED, LIPA or MVPA, or how often
they engaged in structured exercise at a certain intensity. In contrast to device measures,
questionnaires provide relative and subjective measures since individuals will, for ex-
ample, subjectively judge whether they experience a certain PA as light, moderate, or
vigorously intense. A disadvantage of self-reports is the risk of recall and social desira-
bility bias. People often overestimate time spent physically active and underestimate
SED™. Thus, self-reports are considered less reliable and valid than device measures™
when the aim is to measure the true volume, intensity, or frequency of movement be-
haviors. An advantage of using questionnaires is that they are more feasible to use
among large populations. For example, most epidemiological studies that contributed to
the development of PA guidelines used self-reported measures of PA™, Another ad-
vantage of questionnaires is that they can provide information about the type or context
of movement behavior. For example, some studies have suggested that mentally active
SED (e.g., computer use) might be less harmful to mental health than mentally passive
SED (e.g., TV watching)’. Previous research has also established that PA as part of
physically demanding work can have negative health effects, whereas PA in the form of
leisure activities has positive effects’”. This phenomenon has been described as the PA
paradox’’.

When using diaries, people are asked to document time spent in movement behaviors
for one or more days. Compared to other methods, diaries impose a substantial burden
for participants, especially when investigating 24-h movement behavior. This reduces
its feasibility, reliability, and validity. Diaries can be used in combination with device-
based measures to collect information about the context or domain during which people
engage in different movement behaviors, for example, work versus non-work time.

Device-based measures of movement behavior are considered more reliable and
valid’. Accelerometers are currently the gold standard for assessing movement behav-
ior. These are small devices that can be placed on different body parts. When the body
part is moved, the acceleration squeezes the inbuilt piezoelectric material. This pro-
duces an electrical charge that is proportional to the force of the movement. Many ac-
celerometers measure acceleration in three dimensions: the X-axis (horizontal), Y-axis
(vertical), and Z-axis (forward backward). Some accelerometer brands, including the
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commonly used ActiGraph™ (ActiGraph LLC, Pensacola, FL, USA), convert this elec-
trical signal into so-called counts. Counts are then summed for each minute, creating
counts per minute (cpm). By simultaneously measuring energy expenditure with gold
standard techniques such as indirect calorimetry and with accelerometers, researchers
have developed cut-points that can be used to classify cpm to corresponding energy ex-
penditure bands, often SED, LIPA, and MVPA. Different cut-points have been devel-
oped for different age groups. One metabolic equivalent (MET) corresponds to the
body’s energy turnover at rest, i.e., during sleep. SED is defined as “any waking behav-
ior characterized by an energy expenditure of < 1.5 METSs, while in a sitting, reclining
or lying posture”®®. LIPA corresponds to 1.6-2.9 METs, moderate PA (MPA) corre-
sponds to 3-5.9 METS, vigorous PA (VPA) corresponds to 6-8.9 METS, and very vigor-
ous PA (VVPA) corresponds to > 9 METs". Researchers usually combine MPA, VPA
and VVPA into MVPA because most people perform very little VPA or VVPA.

The advantages of categorizing cpm to energy expenditure bands are that it is easier to
interpret and communicate than the raw accelerometer output. Therefore, public health
guidelines recommend specific amounts of time spent in different activity intensities. A
significant challenge associated with using cut-points is that the same movement or ac-
celeration can result in different energy expenditures for different individuals®. Various
factors, such as cardiorespiratory fitness level, body mass, or sex, affect how much en-
ergy certain activities truly consume. Because the cut-points are not relative for the in-
dividual, there is a risk for misclassification of cpm into these intensity categories.
However, when population-level data are used, the negative consequences of misclassi-
fication should be less pronounced. This is because overestimation and underestimation
tend to balance out, leading to a more accurate representation of the overall population.
Table 1 describes the commonly used intensity categories as well as energy expenditure
and some objective and subjective measures that they ideally should correspond to, as
well as some example activties®.

However, other metrics can be retrieved from accelerometers that do not rely on inten-
sity categorization. For example, average vector magnitude counts per minute can be
used as an accelerometer-measured indicator of mean PA intensity. It is expressed as
the total number of counts from all three axes divided by minutes of total wear time. In
contrast to the average number of minutes per day spent in various PA intensity catego-
ries, this metric incorporates the full continuum of intensities®! and overcomes some of
the drawbacks of using cut-points for intensity classification. In addition, it combines
the frequency, intensity and duration of PA into a single metric.,
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Table 1 Physical activity intensity classification

Objective
. Metabolic mea§ures
Intensity . (maximum
equivalent
category (MET) heart rate and
oxygen
uptake)
P . ME¥ < 20% VOsmax
Sedentary < 40% HRmax
behavior <15 0
(SED) < 20% VO2max
Light-
'”;eziséz Lopo | 4054% HRus
g P 20-39% VOomax
activity
(LIPA)
Moderate
physical 359 55-69% HRmax
activity ’ 40-59% VO2max
(MPA)
Vigorous
physical 6-8.9 70-89% HRmax
activity ' 60-84% VO2max
(VPA)
Very
vigorous > 90% HRmax
physical >9 > 85% VOzmax
activity
(VVPA)

tained for > 10

Subjec-
tive
measure
(Borg’s Description of Example
Rating of activities activities
Perceived
Exertion
Scale)
Typically, lying
down with few and
short movements
such as turning
around in bed.
Slt.tmg, feclln.m.g, Or | v/ watch-
lying with minimal . :
ing, reading
movement.
- H hol
Activities that do not ousehold
. chores,
cause noticeable
. . slow
changes in breathing L
biking,
rate. .
walking
Requires a moderate
amount of effort and Brisk
noticeably acceler- walking or
ates the heart rate. biking,
Person can continuea | swimming,
conversation during dancing
the activity.
Requires a large
amount of effort and
causes rapid breath- .
. . Running,
ing and a substantial
. . fast
increase in heart rate. L
swimming
Person can only say a
few words during the
activity.
Requires maximum
effort, completely out Fast
of breath, substantial .
. . running,
increase in heart rate. hea
Unable to talk. Can . vy
weightlift-
generally not be sus- ing

minutes.
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Accelerometers can also be used for detecting sleep periods using specific algorithms.
However, many 24-h movement behavior studies measure PA and SED with accel-
erometers and sleep or time in bed using diaries or questionnaires. This is because sleep
researchers argue that the time it takes to fall asleep and awakenings after sleep onset
are normal and often healthy parts of the sleep-wake cycle®2. Using accelerometer-iden-
tified periods of sleep bears the risk of underestimating sleep and overestimating SED.
This provides arguments for using self-reported time in bed instead of accelerometer-
identified periods of sleep.

A disadvantage of using accelerometers is that certain activities cannot be captured,
such as weight-bearing activities, static exercises, biking or swimming. However, this
depends on the body placement and whether waterproof accelerometers are used.

As mentioned previously, accelerometers are considered the gold standard for measur-
ing movement behaviors because of their higher validity and reliability. Accelerometer
measures are often referred to as objective measures. In the context of research and
measurement, the term objective refers to the quality of being unbiased and independent
from personal opinions or interpretations. Objective measures are based on concrete and
measurable criteria, relying on factual information rather than subjective judgments.
Objective data and measurements are typically obtained through standardized proce-
dures, instruments, or assessments that yield consistent and replicable results. However,
it is important to consider that researchers must make a range of (subjective) decisions
regarding data collection and processing criteria, for example, sampling frequency,
epoch length (i.e., interval over which the accelerometer collects and summarizes data),
filters, minimum wear time, and definition of non-wear time. These choices should be
made in consideration of the research question and can have a significant impact on the
collected data and subsequent results®.



2.3 Movement behavior and mental health

This chapter presents previous research on the relationships between movement behav-
ior and mental health outcomes. Many studies have focused on the effects of PA on
mental health. Later, researchers started to investigate the distinct effects of SED on
mental health. Therefore, this chapter is divided into PA versus SED and mental health.
Finally, the few studies that have investigated relationships between 24-h movement be-
havior and mental health outcomes will be presented.

Physical activity and mental health

Depression

Most previous studies investigating the link between PA and mental health focused on
depression®, A systematic review of prospective studies found that even small amounts
of PA reduce the risk of developing depression®®. However, it remains unknown how
much PA is needed for a risk reduction of a certain size because different measures of
PA and depression were used in the included studies. Most studies used self-report
measures of PA, which provide less accurate information on actual time spent in PA,
Above that, some studies used proxies for PA, such as time walking or frequency of en-
gaging in structured exercise. A more recent prospective cohort study followed 34,000
healthy adults over 11 years'®. Self-reported leisure-time exercise was associated with a
reduced incidence of future depression but not anxiety. Participants were asked to report
how many times per week they engage in exercise, at which intensity and for how long.
The authors further concluded that 12% of depression cases could have been prevented
if all participants had engaged in at least one hour of PA per week, with no additional
benefit found beyond one hour of exercise per week. A meta-analysis of prospective co-
hort studies confirmed that PA reduced the risk of developing depression regardless of
age and geographical region®. PA was measured using various self-report question-
naires. Furthermore, there is evidence showing that exercise interventions reduce symp-
toms of depression among patients diagnosed with depression®.

Anxiety

A meta-analysis of prospective studies showed that people with self-reported high PA
compared to low PA were at lower risk of developing anxiety®. Similar results were
found by another systematic review and meta-analysis®’. Regular participation in exer-
cise or PA was cross-sectionally associated with a reduced prevalence of anxiety in
many epidemiological studies, meta-analyses and one meta-meta-analysis?6:2":88:8% put
not in all studies®. Studies have also shown that exercise interventions reduce anxiety
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symptoms among patients diagnosed with anxiety®°!, with a stronger effect of higher
intensity exercises®®.

Several of the studies compared the effects of PA or exercise on anxiety versus depres-
sion and found moderate effect sizes for reducing depression symptoms and smaller ef-
fect sizes for anxiety symptoms®. There is also support for a dose-response relationship
between cardiorespiratory fitness and the incidence of common mental disorders®. Car-
diorespiratory fitness is primarily influenced by PA, but also by other factors, such as
genes.

Burnout

Three systematic reviews have been published on PA and burnout?3?43, One study
found positive effects of leisure PA on exhaustion, the main dimension of burnout?*.
This effect was stronger among intervention studies compared to longitudinal observa-
tional studies and for persons with sedentary jobs (sitting during the largest part of their
workday) compared to persons with non-sedentary jobs?. However, the quality of the
included studies was rated as low. A small meta-analysis consisting of four studies
among burnout patients found no effect of exercise interventions on burnout symp-
toms?®. However, drawing conclusions is difficult because different types of exercise
were included, such as Qigong and running. Based on the most recent systematic re-
view, participation in exercise programs was effective in reducing burnout symptoms in
adults®. The included observational studies also found beneficial effects of PA on burn-
out symptoms®,

Stress

Cross-sectional studies have shown that people who exercise regularly perceive fewer
stress symptoms?°2° and have a lower risk for developing stress-related mental health
disorders than more sedentary people?. A large, prospective epidemiological study re-
ported that at least 30 min of MVVPA per week had positive effects on psychological dis-
tress®. It has been suggested that PA can buffer the negative effects of stress on health.
This hypothesis has been supported by results from some but not all studies?®%+%, Self-
perceived but not objectively measured fitness was positively associated with resilience
to stress in a recent study among healthy adults®®.

A systematic review and meta-analysis investigated the effects of PA on cortisol, a key
biomarker of stress®. PA was an effective strategy for lowering cortisol levels®. How-
ever, only a few studies exist, and participants in the included trials were predominantly
female, middle-aged breast cancer patients®. A recent RCT among healthy adults
showed that more frequent exercise per week improved key biomarkers of stress re-
sponses, including indicators of autonomic nervous system activity and galvanic skin
response®’. A recent systematic review of RCTs found that light to moderate PA was
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effective for reducing perceived psychological stress among older adults®. Stress can
trigger more PA when it is used as a coping strategy, but it can also increase the likeli-
hood of becoming inactive, especially among those who do not engage in PA regularly
and thus might not use PA as a coping strategy for relieving perceived stress®-1%,

Mental wellbeing

Low levels of self-reported PA were associated with poorer mental wellbeing in a popu-
lation of university employees?. A larger population study found a positive dose-re-
sponse relationship between self-reported PA and emotional wellbeing%. Reducing ex-
ercise in people who exercise regularly increased depressive and anxiety symptoms and
reduced mental wellbeing?. A study among 557 office workers found a positive cross-
sectional association between self-reported volume of PA and mental wellbeing’.

Previous research also found a dose-response relationship between accelerometer-meas-
ured average daily minutes spent in MVPA and general mental health; this study
showed that the benefits of MVPA for mental health plateaued at approximately 50 min
per day'®. One meta-analysis revealed that leisure-time, transportation, and school PA
had positive effects on a range of mental health outcomes, but work-related PA had
negative effects!®, This is in line with the PA paradox”” and highlights the importance
of considering the context of movement behaviors.

Sedentary behavior and mental health

Depression

The first review of cross-sectional studies from 2010 demonstrated that high levels of
SED are deleteriously associated with depression®!. Later meta-analyses of prospective
studies among adults confirmed that more SED can lead to more depression32110, Sub-
group analyses further revealed that mentally passive SED, defined as watching TV,
was positively associated with future depression, but not mentally active SED, defined
as using a computer'® However, the results on associations between computer use
and depression are not consistent across studies®, potentially moderated by the content
of the computer use or the different environmental and social contexts in which it oc-
curs.

Anxiety

Systematic reviews® and meta-analyses*? including cross-sectional and longitudinal
studies provided evidence for a small positive relationship between SED and anxiety,
i.e., more SED being associated with more anxiety. Measures of sitting time showed
stronger associations with anxiety than measures of screen time33112, However, the re-
sults on the differential effects of screen time, TV watching and computer use on
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anxiety are inconsistent®, A prospective cohort study among adolescents found a posi-
tive association between accelerometer-measured SED and future anxiety!*3.

Burnout
Two observational studies'!4*1S that were included in one systematic review®® found
that SED was associated with an increased risk of developing burnout.

Stress

The first systematic review on associations between different types of SED and stress
was published in 201934, The authors found insufficient evidence for negative effects of
overall SED or sitting time on stress, particularly for self-reported SED and stress.
Stress was conceptualized as perceived psychological stress, presence of stressors, or
biomarkers of stress such as cortisol levels. Evidence was strong for no association be-
tween TV watching or computer use and stress®*. Most included studies were of low
quality and cross-sectional, calling for better and prospective studies. A study among 61
healthy adults that used inclinometers to measure SED and PA found that participants
with higher levels of SED showed larger psychobiological responses to psychological
stress (i.a., diastolic blood pressure and cortisol) than those with less SED, independent
of PA levels!,

Mental wellbeing

No systematic reviews or meta-analyses could be found for associations between SED
and mental wellbeing. One cross-sectional study among 557 office workers found a
negative relationship between self-reported sitting time during weekends and mental
wellbeing'®”. Among highly active office workers (based on self-reports), a negative re-
lationship between overall sitting on workdays (including sitting during work and non-
work time) and specifically occupational sitting (sitting during work time) and mental
wellbeing was found?*?’,

In sum, existing evidence suggests that PA has beneficial effects on depression and anx-
iety and potentially also on burnout, stress, and mental wellbeing. In contrast, too much
SED can have detrimental effects on these outcomes. This combined evidence from
prospective, cross-sectional and intervention studies supports a causal relationship.
However, evidence is less abundant and has lower quality for burnout, stress, and men-
tal wellbeing. Information on dose-response relationships is scarce. In addition, it is yet
unknown whether the effects on movement behavior differ for different types of anxiety
or depression disorders or different types of stress.
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24-h movement behavior and mental health

Few and mostly cross-sectional studies have investigated the relationship between 24-h
movement behavior and mental health among healthy adults. The International Network
of Time-use Epidemiologists maintains a publication list of 24-h movement behavior
studies!'’. This list was used to identify studies on this topic, in addition to a regular lit-
erature search. Ten studies were identified, most of which were cross-sectional and in-
cluded healthy, middle-aged, or older adults.

Some but not all studies confirm a positive association between the relative time
spent in MVPA and various mental health outcomes, i.e., depression!811°, self-rated
mental health'?°, emotional exhaustion?!, a main dimension of burnout, and stress*??,
However, a study among Japanese working adults with an average sleep duration of 7
hours found no association between relative time in MVPA and psychological distress
and work engagement?. Thus, it could be that MVPA can only have positive effects on
mental health if people sleep enough. Interestingly, one study showed that meeting all
three of the Canadian 24-h movement behavior guidelines, i.e., sleep, SED and MVPA,
only the sleep guideline or any combination of two guidelines was associated with ex-
periencing stress less frequently*?*. However, meeting only the MVPA or only the SED
guideline was not associated with lower odds of experiencing frequent stress compared
to those who did not meet any. This further highlights the importance of sleep.

Relative time in LIPA was negatively associated with psychological distress in one
study®?® but with a lower likelihood of depression in another study**°.

Several studies found a negative association between relative time in SED and de-
pressive symptoms?, likelihood of depression'*® and psychological distress?3,
Relative time in sleep was detrimentally associated with the likelihood of depression in
one study™*® but beneficially associated with psychological distress in another study*Z.
As mentioned above, this might be explained by different average sleep durations
across samples that are closer to or farther away from an optimum sleep duration.
Theoretically increasing MVPA at the expense of any movement behavior!811° was
associated with less depression, with small differences in effect sizes depending on
which behavior MVPA replaced!®. Increasing LIPA also improved depression, but only
when it replaced SED*'® and more time had to be reallocated to LIPA than to MVPA to
achieve the same effect™®. Increasing MVPA or sleep and reducing SED was associated
with less depressive symptoms whereas increasing LIPA was not sufficient in another
study'?®. Based on the compositional isotemporal substitution models, effect sizes were
usually small. This means that based on the theoretical models, large amounts of time
would have to be redistributed to achieve clinically meaningful improvements in mental
health outcomes on the individual level.

Prospective studies have shown that depressive symptoms decrease when people in-
crease PA at the expense of work time when transitioning from work to retirement*?2, In
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addition, relative MVPA at baseline was associated with favorable changes in global
mental health!®,

In sum, these studies confirm previous research by showing that more MVVPA and less
SED have positive effects on various mental health outcomes even when their interplay
with other behaviors is considered. No firm conclusions regarding, e.g., the optimal
time use for certain outcomes can be drawn yet due to the limited number of studies.
However, studies thus far provide starting points for a more detailed understanding of
the interplay and right balance between different movement behaviors for optimal men-
tal health.

Persisting knowledge gaps regarding the relationship between movement behavior
and mental health

There are notable challenges in the current evidence base that obscure a detailed under-
standing of how movement behavior relates to mental health.
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Lack of studies taking a 24-h approach to movement behavior. The combined
effects of different movement behaviors on mental health outcomes as well as the
optimal distribution of time into different movement behaviors for various mental
health outcomes remains unknown. Among existing CoDA studies, there is a lack
of longitudinal studies.

Most studies used self-reported measures of movement behavior. Thus, our cur-
rent understanding of the relationship between movement behaviors and mental
health is mostly based on less valid measures of the true amount of time spent in
certain behaviors.

Limited research on the mental health effects of LIPA and sleep or time in
bed. Evidence on the mental health effects of LIPA is inconclusive and scarce?,
Some research suggests that sleep durations that are too long or too short are asso-
ciated with worse mental health!?7:1%8,

Although existing evidence suggests that more SED is associated with poorer men-
tal health, it is unknown at which duration SED becomes deleterious for mental
health. It is not known whether the negative effects of SED can be curbed by
briefly interrupting longer periods of sitting or whether SED must be replaced with
longer and more intensive activities.

The optimal type or context of movement behavior for mental health remains
unknown. As mentioned previously, the domain during which PA is undertaken,
for example, work versus non-work time, may determine the health effect of PA.
This might be especially true for effects on mental health. Emerging evidence sug-
gests that PA that is enjoyable or personally important and chosen to be undertaken



(i.e., intrinsically motivated) is associated with positive affect, whereas PA under-
taken due to guilt, pressure, or feeling forced (i.e., controlled motivation) is associ-
ated with negative affect'?®. Similarly, mentally active SED or SED that includes
social interaction seems to be less harmful than passive and lonely SED7®. A better
understanding of these aspects is needed for refining recommendations and for
guiding the design of interventions.

6. Limited research on the relationship between movement behavior and mental
health outcomes among office workers. The cognitive stimulation in certain of-
fice jobs might be higher than in other sedentary jobs, such as manufacturing or
truck driving. This might play a role for mental health, considering that mentally
active SED might be less harmful than mentally passive SED®. Additionally, office
workers might experience more social contact during the day compared to other
jobs. On the other hand, office workers are often very sedentary during both work
and non-work time®-4, potentially increasing their risk of impaired mental health.
This warrants more research to investigate the relationship between movement be-
havior and mental health specifically among office workers.

7. Most research has focused on depression, much less on other outcomes.

Despite persisting knowledge gaps, | regard the research I have presented so far as a
general proof of concept, indicating that movement behavior affects mental health out-
comes. The purpose of the following section is to provide an overview of how move-
ment behavior may affect mental health.

Potential explanatory mechanisms for the relationship between

movement behavior and mental health

This thesis did not primarily focus on investigating explanatory mechanisms linking
movement behavior and mental health. However, they are important to consider when
designing interventions and interpreting results. This chapter therefore summarizes po-
tential explanatory mechanisms or mediators that have been suggested in the literature.
These can be broadly categorized into biochemical mechanisms and psychosocial
mechanisms'®. Examples of the biochemical mechanisms are PA-induced changes in
neuroplasticity or neuroendocrine responses as well as reductions in inflammatory pro-
cesses and oxidative stress. Examples of psychosocial mechanisms are increased self-
efficacy, self-esteem, or social support.

These same mechanisms are known to be involved in the pathoetiology of mental disor-
ders®. PA affects these mechanisms positively and is considered a buffer, counteracting
their negative effects on mental disorders®. Today, there is no consensus regarding
which intensity of PA is required to activate the different pathways to achieve
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protective or enhancing effects of PA on mental health. Some studies have suggested
that higher doses or intensities of PA are needed, other studies have shown that the ef-
fects of LIPA on depression can be as strong as those of MVPA, This is likely de-
pendent on the baseline movement behavior, cardiorespiratory fitness level, age, or
mental health status.

Much less research has investigated pathways between SED and mental health. The dis-
placement hypothesis suggests that SED simply displaces time that could be used for
PA®%2_ In other words, a forgone opportunity to yield the positive effects of PA. Other
studies suggest that the negative effects of SED on certain mental health outcomes
might be mediated by a reduction in social interactions and moderated by the type of ac-
tivity undertaken. As mentioned previously, Hallgren et al”® proposed that mentally ac-
tive SED has less negative effects compared to passive SED, although both have equiv-
alent low energy expenditures. Prolonged SED in the form of socially isolated activities
such as TV watching may increase the risk of depression because it removes people
from supportive or mood-enhancing social interactions’®.

To improve the effectiveness of interventions, there is a need to identify how (analysis
of mediators), for whom (analysis of personal moderators), and under what circum-
stances (analysis of situational moderators) movement behaviors relate to health out-
comes®,

Moderators are variables that interact with the independent variable and can affect the
strength or direction of a relationship under different conditions or subgroups. A moder-
ator variable helps explain when and for whom the relationship between the independ-
ent and dependent variables is stronger or weaker. Mediators are variables that explain
the causal pathway between two variables.

Confounders are variables that are related to both the independent variable and the de-
pendent variable but are not in the causal pathway between them. It is an extraneous
variable that can distort the relationship between the independent and dependent varia-
bles if not properly controlled for. Confounders can introduce spurious associations and
lead to incorrect interpretations of the relationship. Age, gender, type, duration, and
context of PA, severity of mental health symptoms, and cardiorespiratory fitness level,
for example, can confound or moderate the relationship between movement behavior
and mental health. Education or other socioeconomic factors, medication use, and phys-
ical health status can confound the relationship, i.e., make them seem related when they
are not.

Considering potential mediators, moderators or confounders is important for interpret-
ing findings from studies aiming at investigating the relationship between movement
behavior and health outcomes. Considering them is also important when designing in-
terventions or evaluating intervention effects. For example, when designing
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interventions that aim to support participants in establishing a physically active life-
style, researchers should ensure that physical activities are enjoyable, in line with a per-
son’s values and interests, and intrinsically motivated. Such activities are likely to have
a more positive effect on mental health compared to physical activities that are under-
taken due to guild, pressure or feeling forced®?.

2.4 Workplace mental health promotion via movement
behavior interventions

The previous chapter discussed whether and how movement behavior relates to mental
health. This chapter aims to introduce readers to workplace mental health promotion
and to the public health question: Are movement behavior interventions suitable strate-
gies for workplace mental health promotion among office workers?

I have previously outlined the reasons for focusing on office workers. In short, office
workers tend to be very sedentary. Excessive SED is associated with poorer mental
health outcomes, which may put office workers at an increased risk for developing
mental disorders. And impaired mental health is a very common reason for absenteeism
and presenteeism. Thus, office workers may profit from interventions aimed at improv-
ing movement behavior.

Given the large burden of mental disorders and the importance of making mental health
a priority in all areas of life, the WHO issued the WHO Guidelines on mental health at
work in 20226, Figure 3 is based on these guidelines and provides an overview of how
different types of workplace interventions can be used to promote mental health in the
workplace. The WHO’s Ottawa Charter for Health Promotion, a significant document
in the field of public health, defines health promotion as “the process of enabling peo-
ple to increase control over, and to improve, their health.”*3*. The charter empha-
sizes that the aim of health promotion is to improve public health and wellbeing by ad-
dressing social, economic, environmental, and cultural determinants of health. Key ac-
tion areas for health promotion are building healthy public policies, creating supportive
environments, strengthening community action, and empowering individuals to make
positive choices and adopt healthy behaviors to enhance health. This emphasizes that a
healthy lifestyle is not only the individual’s responsibility but also that of those
who create the environments in which we live, play and work. According to the phi-
losophy of the Ottawa Charter and a salutogenetic approach to public health, one of the
leading principles of health promotion is that health promotion efforts address people
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in their daily lives and are not exclusively targeted at specific risk groups. The RCT
interventions at the core of this thesis are examples of universal workplace health pro-
motion interventions since they targeted a non-clinical sample of generally healthy of-
fice workers and aimed at increasing mental wellbeing. We expected that some partici-
pants would be at risk or even suffering from impaired mental health, given the preva-
lence statistics for the general public. As Figure 3 shows, the prevention of mental
health conditions is an integral part of workplace health promotion and is more or less
pronounced, depending on whether measures target the entire workforce or specific
groups of workers at risk.

GAINING EMPLOYMENT:
can be delivered to persons with
(severe) mental health conditions
that want to enter the job market

RETURN-TO-WORK:
Can be delivered to workers who are on
absence due to mental health
conditions who want to return

Mental health INDICATED:
promotion at Can be delivered to workers who experience

work impaired mental health/ high stress levels but
who are working

SELECTIVE: Prevention of
Can be delivered to at-risk workers mental health
(indicated or universal) conditions

Figure 3. Types of workplace mental health interventions.
Note Adapted from WHO Guidelines on mental health at work. Geneva: World
Health Organization; 2022. License: CC BY-NC-SA 3.0 IGO?¢

The WHO conditionally recommends two types of universal interventions for im-
proving mental health at work that are directed toward individuals: (1) Psychosocial in-
terventions aimed at building stress management skills such as mindfulness, stress man-
agement or cognitive behavioral approaches. (2) Opportunities that facilitate partici-
pation in leisure-based PA, either in the workplace or beyond. The recommenda-
tions are only conditional because the certainty of evidence was considered low, with
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inconclusive results concerning effect sizes. However, the guidelines emphasize that
potential benefits outweigh harm. Moreover, universal interventions may be less likely
to cause stigmatization because such interventions/programs are directed to the entire
workforce and participation is not determined by mental health status?e.

Universal interventions targeting the entire workforce might generate small improve-
ments and larger samples are needed to detect them. Larger improvements in mental
health might be achieved among office workers who have impaired mental health, but
this would apply to a smaller number of people. From a public health perspective, uni-
versal interventions with small effect sizes can still yield substantial improvements in
mental health on a population level. This refers to the prevention paradox, first de-
scribed by Geoffrey Rose!®: “A large number of people exposed to a low risk is likely
to produce more cases than a small number of people exposed to a high risk.” This is
important to consider when choosing target groups for interventions and when interpret-
ing and communicating the results of universal workplace health promotion interven-
tions.

Universal interventions can also aim at the organization of work or training managers to
address other known work-related psychosocial risk factors for mental ill health. The
following examples can be found in the literature: job strain (demand, control, sup-
port)38, working overtime!®’, demands in the home environment®¥, job insecurity*3,
work-family conflict!®, work engagement??, health promoting leadership*#!, health cli-
mate'*?, organizational change'®, resilience'*®, effort-reward balance!*, role stress'®,
job satisfaction*¥’, job performance®®’, work-life crafting'*®, team level stress'#2 and job
conflict!®. The evidence for organizational or manager level intervention has been rated
as very low?®, warranting more research. However, evidence is strong for the effects of
training managers in supporting employee mental health®. These psychosocial, work-
related risk factors were not included in this doctoral research project. However, they
are important to bear in mind. If movement behavior interventions fail to improve men-
tal health outcomes, it might be because such factors exhibit a strong impact.

Workplace interventions aimed at improving movement behavior

For the context of this thesis, it is interesting to review the literature on workplace inter-
ventions that aimed at improving movement behavior and those that aimed at improving
movement behavior with the specific aim of improving mental health outcomes. Note
that workplace interventions are delivered at the workplace but can, to varying degrees,
aim at changing behavior not only during work but also during non-work time. Several
systematic reviews and meta-analyses provided evidence for positive effects of work-
place interventions for reducing SED¢1%, Pooled effect sizes varied substantially
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from -40 to -100 min/8 h workdays between meta-analyses and between included stud-
ies!*8149 Most interventions achieved these reductions by introducing activity-permis-
sive, usually sit-stand desks but also treadmill or pedaling desks, sometimes in combi-
nation with information about using these tools or in combination with counsel-
ing46:147.149 1t remains unclear whether these interventions are effective for reducing
overall SED or only during workhours#.

Researchers seem to agree that interventions targeting SED are not effective in increas-
ing PA among office workers¥’. Instead, separate strategies are needed to increase PA,
but fewer studies have evaluated interventions aimed at PA4"*51152_ |n sum, workplace
PA interventions seem to be effectivel#"151:152 hut the results are not consistent across
studies. Authors highlight substantial variation in the design of such interventions, in-
cluding personal counseling, promotion of stair use, exercise programs, health promo-
tion messaging etc.

The potential superiority of multi-level interventions that address several levels of
influence, i.e., the individual and their social, environmental, or organizational environ-
ment, is frequently mentioned across the literature but remains unclear'4”1%3, According
to one study, multi-component interventions achieved the greatest reductions in sitting
time (-89 min/8 h workday), followed by interventions that only addressed the environ-
ment (-77 min/8 h workday) and those with educational or behavioral components (-16
minutes/8 h workday)*¢, However, the certainty of these estimates was low due to large
confidence intervals. A review on PA interventions during productive work found that
included multi-component interventions were not more effective than interventions that
only focused on providing support at the individual level'#’. Differences in the defini-
tion of multi-component versus multi-level intervention or differences in intervention
designs might explain these discrepancies in findings.

The overall methodological quality of existing studies has been rated as low due to
small sample sizes, inadequate control conditions, short intervention and follow-up pe-
riods, and lack of theory-informed intervention design, limiting the conclusions that can
be drawn46-14915L.154 | addition, few studies used devices for measuring movement
behavior, and few tested whether changes in one domain, e.g., work, were compen-
sated by changes in other domains, e.g., leisure. Such compensation effects can explain
null findings. Few workplace movement behavior interventions provide data on fidelity,
the degree to which an intervention was delivered as planned®. This has been criticized
since only studies with high fidelity can claim that observed changes are a result of in-
tervention effects'®*. Conversely, interventions showing no effects might be effective
with higher intervention fidelity.

In sum, many workplace interventions aimed at reducing SED or increasing PA are ef-
fective, but the optimal content and duration of interventions and long-term effects
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remain unknown. This evidence is based on generally low-quality studies. It is further
unknown whether multi-level interventions addressing several determinants of move-
ment behavior are more effective than those addressing only single determinants.

Workplace interventions aimed at improving movement behavior to enhance
mental health

According to four systematic reviews or meta-analyses, most interventions aimed at in-
creasing PA for improving mental health outcomes, but some studies have tested SED
interventions'>>158, Most commonly, interventions offer exercise programs with endur-
ance or strength training, yoga, or walking, sometimes in combination with behavior
modification or stress management approaches. Single studies included in these litera-
ture syntheses provide evidence of small effects on depression®®® and anxiety* but not
on stress of wellbeing®®®. Interventions specifically among office workers improved
wellbeing®*® and mental health-related quality of life'>®. However, authors pointed to
methodological weaknesses such as small sample sizes, lack of RCTs and lack of theory
to inform intervention design, leading to low certainty of evidence. Other challenges are
the lack of device-measured movement behavior and the lack of controlling for differ-
ences in baseline movement behavior and mental health outcomes.

In sum, very limited high-quality evidence indicates that PA interventions can lead to
small improvements in some mental health outcomes among office workers.

Persisting research gaps in the literature on workplace health promotion interven-

tions addressing movement behavior and mental health

1. Lack of high-quality RCTs with adequate sample sizes, control conditions, and
follow-up periods, leading to limited confidence in the results of previous studies.
Little is known about the long-term effects of interventions.

2. Lack of device-measured movement behavior outcomes. Variability in results
may be due to differences in exposure and outcome measures, impeding compari-
son of results across studies.

3. Uncertainty regarding the intensity or volume of PA needed for improving
mental health with respect to baseline values. Can mental health be improved by
increasing LIPA or does it have to be MVVPA? At the expense of which other be-
haviors?

4. Uncertainty regarding differences in effects on different mental health out-
comes. Across studies, effects were found for some outcomes but not others. Does
optimal time use differ for different mental health outcomes?

5. Uncertainty regarding domain-specific intervention effects. Can workplace
movement behavior interventions improve overall time-use — or only behavior dur-
ing working hours? Do participants compensate for changes in one domain, e.g.,
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reducing sitting time at work, by increasing it during leisure? Should we focus on
changing behavior during working time or non-working time?

Lack of intervention studies taking a 24-h approach to movement behavior. To
our knowledge, only one study has used this approach to evaluate the effects of a
multi-level workplace intervention on movement behavior among office work-
ers'™, As mentioned, the effects of, for example, reducing time spent in SED might
depend on whether that time replaces sleep, LIPA or MVPA.

Predominating one-size-fits-all exercise interventions. Most interventions pro-
vided access to exercise programs. It is indeed interesting to study which types of
physical activities yield the largest mental health effects. This might help individu-
als choose between different types of physical activities. However, when the goal is
to support office workers in making sustainable changes to their lifestyle, it might
be more effective to focus on supporting them in finding and sustaining activities
that they are intrinsically motivated to do and that are in line with individual prefer-
ences and values.

Lack of multi-level interventions, sometimes also referred to as comprehensive or
ecological interventions. Multi-level interventions are based on ecological models
of health behavior'®®. They recognize that health behaviors have complex etiologies
and multiple levels of influence, including the individual, their social and physical
environment, organizational culture and policies!®. Multi-level interventions, i.e.,
interventions that address more than one of those levels of influence, have been de-
scribed as the “logical next step in the evolution of health promotion practice and
research”'%3, Previous research in the field has advocated for the use of multi-level
interventions. However, most previous movement behavior interventions among
office workers targeted only one level of influence, for example, by providing sit-
stand desks or offering exercise classes. Some interventions combined exercise pro-
grams with goal-setting and self-monitoring, and those interventions had stronger
effects than interventions without such components®®2. However, such interventions
are in fact multi-component: they include multiple components that all address the
individual; thus, they are not multi-level. Initially, we also confused the terms
multi-level and multi-component (see title of paper I). The interventions of our
RCT were initially labeled as multi-component. With time, a more detailed under-
standing of the differences grew, which is why we switched toward using the term
multi-level instead. Interventions that address only the individual indicate that
workers are solely responsible — or to blame — for their own mental health status'®.
Multi-level interventions might contribute to overcoming this oversimplified view
of mental health and behavior change and raise awareness of the importance of sup-
port on various levels for healthy movement behavior and mental health among
employees. Around the start of this doctoral thesis project, we could not identify



well-designed RCTs with multi-level interventions among office workers aiming at
improving movement behavior and mental health.

9. Lack of studies applying a cognitive behavioral therapy (CBT) and motiva-
tional interviewing (MI) approach. Counseling, Ml, and other behavior change
techniques, such as goal setting, have been tested for the purpose of increasing PA
among office workers. However, around the start of my doctoral research project,
no multi-level intervention aimed at movement behavior and mental health among
office workers could be identified that was committed to a comprehensive CBT and
M1 approach. What this entails and why this might be an effective strategy will be
described in the next chapter.

10. Lack of investigation of acceptability, feasibility, and fidelity as important
moderators of intervention effects. Workplace interventions, especially multi-
level interventions, are fundamentally complex. Their efficacy is being influenced
by countless factors, including acceptability, feasibility, and fidelity or context in
which the intervention has been delivered'®. Qualitative evaluations of these as-
pects and of the lived experience of participants are necessary for an in-depth un-
derstanding of, for example, the circumstances under which interventions can be
effective or not, for whom and why. However, only a few studies have investigated
the acceptability, feasibility, and fidelity of interventions. The importance of using
qualitative research as part of complex RCTs will be described in the last chapter of
the introduction.

2.5 Behavior change theory

At the heart of this thesis is a cluster RCT among office workers aiming at changing
movement behavior to improve mental health. Therefore, this chapter provides a short
introduction to behavior change theory. There is a general consensus that many societal
challenges can only be solved by people, organizations and governments changing
their behavior', This is probably one of the reasons why the study of behavior change
is such a vibrant research field. The aim of behavior change and maintenance theo-
ries and models is to understand the determinants and pathways underlying hu-
man behavior®2, These theories can then be used to develop interventions that target
specific mechanisms of health behavior change. Various theories and models have been
used to develop workplace interventions aimed at movement behavior change, but far
from all interventions are based on theory®2, According to a systematic review of work-
place PA interventions from 20132, the Transtheoretical Model, Social Cognitive The-
ory, Theory of Planned Behavior, or combinations of these have been applied most
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commonly. Ecological models of health behavior and self-determination theory have
also been used in the context of movement behavior change®3. The following briefly
describes the core principles of these theories:

e Transtheoretical Model: Health behavior change involves a progression through
six stages of change: precontemplation, contemplation, preparation, action, mainte-
nance, and termination6,

e Social Cognitive Theory: Learning occurs in a social context where the person,
environment and behavior interact in dynamic and reciprocal interactions?®,

e The Theory of Planned Behavior: Attitude, subjective norms and perceived be-
havioral control determine a person’s intention and, by extension, behavior®,

e Ecological Models of Health Behavior: Behavior is determined by factors on
multiple levels, including the individual and her or his social, organizational and
policy environment!®. Factors on different levels interact with each other. The
basic premise of the model is that providing individuals with motivation or skills to
change behavior cannot be effective if environmental or political conditions inhibit
healthy choices. Multi-level interventions are based on ecological models of health
behavior and address behavior at multiple levels.

e Self-determination Theory: Health behavior is driven by various types of motiva-
tion that can be placed along a continuum of autonomy?%’. The most autonomous
form of motivation is intrinsic motivation, which motivates people to engage in a
behavior for the inherent enjoyment of the activity. However, a person might also
be intrinsically motivated without enjoying the activity but because a behavior is in
line with a person’s goals and values. The least autonomous form of motivation is
introjected motivation, where external forces, such as avoiding guilt, shame or pun-
ishment or receiving rewards, motivate a person’s actions.

Theory-informed interventions are widely considered to be more effective for support-
ing long-term behavior change!®. However, the evidence supporting this claim has not
yet reached consensus!®>1%, For example, Lock et al*>? conducted a systematic review
and meta-analysis of theory-informed workplace PA interventions. Their study did not
confirm that theory-informed interventions were more effective than interventions that
were not theory-informed. However, the methodological quality of the trials was poor.
In addition, it is not clearly defined what constitutes a theory-informed intervention and
a sufficient translation from theory to intervention design. According to Lock et al*>?,
many theory-based workplace PA intervention studies poorly reported or applied the-
ory. Some studies included behavior change techniques associated with theories other
than the ones stated. Differences in the application of theories might explain the
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variation in results from theory-informed interventions'®2, Thus, we do not know which
theories are most effective and how best to translate them into intervention components.

The active components of behavior change interventions, such as the provision of sit-
stand desks, feedback or self-monitoring, are called behavior change techniques
(BCT)*, A BCT is defined as “an observable, replicable, and irreducible component of
an intervention designed to alter or redirect causal processes that regulate behavior.”1%,
Michie et al*®® developed a Behavior Change Technique Taxonomy to more systemati-
cally describe, develop and test the active elements of behavior change interventions.
BCTs are not linked to specific theories. Using standardized descriptions of BCTs could
facilitate replication of interventions and more meaningful comparisons of interventions
with respect to those active elements. Ultimately, it could contribute to understanding
which techniques are most promising®. In sum, there is a notable gap in workplace
movement behavior interventions that provide information about theoretical bases or
that specify the applied BCTs 152154162.168,170

According to our knowledge, the RCT at the center of this thesis was the first to include
a combined cognitive behavioral therapy (CBT)'"* and motivational interviewing
(MI) approach. A complete list of included BCTs can be found in additional file 1 of
the study protocol*™.

CBT is based on learning theory and cognitive psychology.

Learning theory suggests two mechanisms for explaining how behavior is developed
and sustained: (1) consequences of a behavior: a person does or does not engage in a
behavior due to the known consequences (reinforcement or punishment), also called op-
erant conditioning; (2) associations: a behavior as a reflex response to a stimulus.
Cognitive psychology proposes that thoughts are the starting point for any behavior.
The core philosophy of CBT is that behavior can be modified by understanding and
changing unhelpful thinking patterns and, by extension, emotional and behavioral pat-
ternst’. The aim of CBT is to help individuals understand the connection between their
thoughts, emotions, and behaviors. Various techniques aim at increasing self-awareness
and understanding of one’s own distortion in thinking, problem-solving skills and de-
veloping greater self-efficacy. Self-efficacy is defined as an individual’s belief in their
ability to complete a task or achieve a goal.

Acceptance and commitment therapy (ACT), sometimes referred to as third-wave
CBT, can be seen as an extension of CBT. The aim is to become more accepting of
thoughts and emotions and to change attitudes toward them instead of changing the
thoughts themselves. This includes developing psychological flexibility. A technique
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that is central to ACT is exposure to new behaviors that are in line with an individual’s
values. Through committed actions, individuals learn to expose themselves to new be-
haviors that are in line with their values rather than avoiding them. For example, an in-
dividual might value partaking in exercise classes at the gym but avoids doing so be-
cause she/he is not comfortable with sweating and becoming red in the face in front of
other people and therefore decides to not engage in exercise. As part of the therapy, the
person would practice going to the gym (committed action) and accepting negative feel-
ings caused by sweating and becoming red because the overall behavior is in line with
her/his values. The aim is to replace the short-term positive emotions caused by avoid-
ing the unpleasant situation with long-term positive emotions caused by accepting the
unpleasant aspects and acting in line with one’s values.

CBT is an effective strategy for improving physical and mental health outcomes across
various populations'”>7, In theory, CBT could help individuals understand how
thoughts and emotions guide their movement behavior and support them in finding and
sustaining new helpful movement behaviors that are in line with their personal prefer-
ences and values. To our knowledge, only a few studies with small sample sizes have
used CBT to support movement behavior change. Existing studies among healthy older
adults showed that CBT is effective in improving exercise behavior and in increasing
adherence to predefined exercise programs!’7:178,

Ml is a method used to create collaborative, goal-oriented and respectful conversations
about behavior change. The aim is to strengthen a person’s motivation for and commit-
ment to a specific goal'*é. The interviewer places a particular focus on listening with an
accepting, compassionate, and non-moralizing interest and tries to understand the cli-
ent’s perspective and problems. The interviewer helps the client to contemplate per-
sonal values and to empower the client in finding and applying own solutions or an-
swers rather than suggesting universal ones. Among people with chronic health condi-
tions, there is moderate evidence that MI can lead to small increases in PA,

2.6 Complex interventions and the importance of
gualitative research

RCTs with multi-level interventions including many components that are implemented
in the ongoing operations of workplaces are inherently complex undertakings. They in-
volve many different persons who organize, deliver, or receive different intervention

components. This requires good leadership to manage their conduct. Such interventions
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may seem unpredictable, infeasible, too expensive, and too difficult to organize®®,
However, when conducted well, they may be more useful to practitioners and policy
makers because they are conducted under more realistic conditions than less com-
plex and more controlled studies. Above all, they may be necessary for addressing
important public health problems because we need interventions that work under real-
life and not only experimental conditions®®3. In addition, they provide great opportuni-
ties for “practitioners and researchers to collaborate in generating practice-based evi-

dence”153

Complex interventions differ from non-complex interventions, and these differences
should be considered when designing, evaluating, interpreting, and drawing conclusions
from them?®, Non-complex interventions usually include single components, for exam-
ple the delivery of a drug, with one or few main outcomes. Trials of complex interven-
tions evaluate the impact of interventions that include several components designed to
affect several outcomes through one or more mechanisms*®. Above that, complex inter-
ventions are characterized by having multiple interacting components and targeting dif-
ferent levels of change within complex systems?®8!. Thus, whether a complex interven-
tion was efficacious cannot be judged based on effects on one outcome. Usually, some
outcomes improve while others do not, requiring a more nuanced description and in-
terpretation of effects*®. Complex interventions, especially when implemented in the
ongoing operations of a workplace, are also more sensitive to unexpected and uncon-
trollable events that may interfere with the study protocol.

The aim of conducting RCTs is to evaluate the efficacy of interventions while reducing
bias and confounding as much as possible. The results from RCTs are considered gold
standard evidence. We can learn more from them when quantitative and qualitative
evaluations are combined. Quantitative evaluations show whether interventions
achieve desired effects, while qualitative evaluations can be used to answer how,
why, or why not and under which circumstances interventions achieve effects. The
use of qualitative research with RCTs has increased during the past decade, and some
funders require their inclusion. However, far from all RCTs conduct them.

An excellent and detailed description of rationales for conducting qualitative research
with RCTs can be found in Alicia O’Cathain’s book A practical guide to using qualita-
tive research with randomized controlled trials!®2. O’Cathain et al'®® argue that qualita-
tive research can make important contributions to the overall aim of generating evi-
dence of the effectiveness of health interventions. In short, depending on whether quali-
tative research is conducted prior to, during or after an RCT, it can help to

o Develop or refine interventions
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e Adapt interventions to the needs of the target population

e Make the RCT conduct more efficient

e Facilitate interpretation of the quantitative trial findings

e Help to translate RCT results to other contexts

e Improving the external validity of trials

o Help trialists to be sensitive to the human beings who participate in trials

e  Contribute to saving money by steering researchers toward interventions more
likely to be effective in future trials'®?

Intervention acceptability, feasibility and fidelity are considered key moderators of in-
tervention efficacy'®.

Acceptability refers to determining how well an intervention was received by the
target population and the extent to which an intervention or its components meet
the needs of the target population and their organizational setting%.

Feasibility refers to practicability of the interventions, appropriateness of extent
and duration and adequacy of the logistics required for delivering interventions?e,
Feasibility studies can also include exploring perceived benefits or harms of partici-
pating in an intervention or mechanisms of actions, i.e., how intervention compo-
nents produce certain outcomes*®’.

Fidelity is defined as the extent to which an intervention was delivered and re-
ceived as intended'®.

Assessing these aspects can help to explain quantitative results and to distinguish be-
tween interventions that do not show desired effects due to faulty intervention concepts
or theories or due to poor acceptability, feasibility or fidelity*®2. Such analyses also pro-
vide important information for future effective movement behavior change interven-
tions'®. They can be evaluated both quantitatively and qualitatively.

To conclude, qualitative research can make invaluable contributions to understanding
the efficacy of complex interventions that can help practitioners, researchers, and policy
makers interpret overall RCT results, transfer results to other contexts and ultimately
design better interventions in the future. Therefore, we applied both quantitative and
qualitative methods for evaluating the complex RCT intervention.
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3 Rationale and aims for this doctoral research
project

This chapter summarizes the rationale and aims for this doctoral research project and
the included studies.

This thesis focused on movement behavior and mental health among office workers.
The overall aims were as follows:

(1) To investigate cross-sectional associations between 24-h movement behavior
and mental health outcomes, i.e., symptoms of depression and anxiety, burn-
out, mental wellbeing, and stress.

(2) To evaluate the efficacy, acceptability, feasibility, and fidelity of two cluster
RCT interventions for improving movement behavior and mental health out-
comes using quantitative and qualitative methods.

Previous research has shown that PA can be beneficial for certain mental health out-
comes, whereas extensive SED can have detrimental effects. However, little is known
about the combined effects of all movement behaviors, i.e., 24-h movement behav-
ior, on mental health. In particular, we do not know about these associations in office
workers who tend to accumulate extensive time spent in SED. Therefore, the aim of pa-
per | was to investigate associations between 24-h movement behavior and mental
health outcomes in office workers using a CoDA approach. In addition, the aim was to
investigate the effects of theoretically reallocating time spent in different movement be-
haviors using compositional isotemporal substitution models.

Employers have a moral and legal obligation to take reasonable steps to ensure em-
ployee health and wellbeing in the workplace. Supporting healthy movement behavior
is a key goal of workplace health promotion. Numerous interventions among office
workers have focused on improving movement behavior to improve physical health.
However, it remains unknown whether such interventions can also improve mental
health. Therefore, our research team designed a large cluster RCT to investigate
whether two multi-level interventions can be effective in improving movement behavior
and thereby mental health. Interventions were designed based on ecological models of
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health behavior and addressed the individual office worker as well as the social and
physical work environment and organization. They included CBT- and MI-based coun-
seling sessions.

The aim of paper 11 was to investigate intervention effects on 24-h movement behav-
ior immediately after the 6-month intervention period. We investigated the relative ef-
fects of time spent in bed, SED, LIPA, and MVPA, as well as domain-specific move-
ment behavior during work versus non-work time. In addition, intervention effects on
cardiorespiratory fitness were examined.

The aim of paper 111 was to understand how acceptable and feasible the intervention
components were and to what extent they were delivered as intended (fidelity). We
chose a qualitative approach for this study because we were interested in the lived and
detailed experiences of participants. We expected that the results from this study would
help to understand how the interventions worked and how acceptability, feasibility and
fidelity impacted the efficacy of the interventions. Above that, we expected that this
study would generate important insights that can help to improve this and similar inter-
ventions.

The aim of paper IV was to investigate intervention effects on mental health out-
comes, i.e., symptoms of depression and anxiety, mental wellbeing, and stress, immedi-
ately after the 6-month intervention period. An additional aim was to explore whether
changes in mean PA intensity mediated or moderated intervention effects on mental
health outcomes.
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4 Methods and results

This doctoral research project was part of the Physical Activity and Healthy Brain
Functions research project, a Swedish industry academia collaboration project, funded
by the Knowledge Foundation. Companies working in the fitness sector as well as com-
panies that employ office workers in collaboration with our research group aimed to co-
create actionable knowledge about the relationship between PA and brain health. Brain
health was conceptualized as mental health and cognitive functions. The project con-
sisted of three subprojects that were conducted between 2016 and 2020. Office workers
from two of the collaborating companies were invited to participate in the different sub-
projects. This thesis includes data from the cross-sectional study (subproject 1) and the
RCT (subproject 3) and focuses on mental health only (see Figure 4).

Physical Activity and Healthy Brain Functions Research Project

Subprojects
Subproject 1:
Cross-sectional study
N=570
2016-2017
Office workers from
two Swedish
companies
(¥ K]
C
- Subproject 3:
Multi-level cluster RCT
N=263

Improving mental health and
cognitive function by reducing
sedentary behavior or increasing
physical activity
2018-2020

TS

PUR—.

PhD project

Paper | — Published

What are the associations between 24-hour
movement behavior and mental health
outcomes?

W

Paper Il — Published

What are the intervention effects on 24-hour
movement behavior and cardiorespiratory
fitness?

/Qualitative Study
Paper lll - In press

What are the acceptability, feasibility, and
fidelity of the multi-level interventions?

Paper IV — Submitted

What are the intervention effects on mental
health outcomes? Does mean physical activity
intensity mediate or moderate intervention effects?

Figure 4. Papers included in this thesis in relation to studies within the Physical Activ-
ity and Healthy Brain Functions Research Project.

As depicted in Figure 4, paper | incorporated data from the cross-sectional study and
baseline data of RCT participants who had not previously taken part in the cross-sec-
tional study because data were collected in the exact same manner. Papers Il and IV
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utilized data from the baseline and 6-month post-intervention assessments of the RCT.
Throughout this thesis and the papers, the post-intervention assessment that was per-
formed immediately after the 6-month intervention period is referred to as 6-month fol-
low-up. Paper Il is based on the qualitative study that was embedded in the RCT.

The following section presents the specific aims, methods, and results for each of the
four papers that are included in this thesis. Papers I-1V were conducted in their numeri-
cal order. For this thesis, we conducted additional analyses for papers I, 11, and IV.
These additional analyses were not included in the published or submitted versions of
the papers.
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Paper |

Associations between 24-h movement behavior and mental health in office workers

Study aims

The aim of this cross-sectional study was to analyze associations between 24-h move-
ment behavior and mental health outcomes among office workers. We specified three
aims:

1) To investigate whether the entire 24-h movement behavior composition, con-
sisting of time in bed, SED, LIPA and MVPA, is associated with mental health
outcomes, i.e., symptoms of depression or anxiety, burnout, mental wellbeing,
and stress among office workers (Aim 1).

2) To investigate associations between time spent in any of these movement-re-
lated behaviors, relative to the others, and mental health outcomes (Aim 2).

3) To investigate the effects of theoretically reallocating time between behaviors
on mental health outcomes (Aim 3).

Study design and participants

This study used data from the cross-sectional study (subproject 1) and baseline data
from the RCT (subproject 3). Data were collected in the exact same way in the two sub-
projects among the same target group. We saw an opportunity to increase the sample
size by including baseline measurements of RCT participants who had not participated
in the cross-sectional study (N=92). Please note that the published version of the
flowchart in paper I includes a mistake: the number of invited persons for the RCT was
N=2033 instead of N=1971. Figure 5 presents a corrected version of the flowchart. In
total, 662 participants (subproject 1 N = 570, subproject 3 N = 92) were considered for
paper |, but only participants with complete data were included in the analytical sam-
ples. Complete data were defined as having no missing data points for movement be-
havior and respective mental health outcomes. A total of 345 participants had complete
data for the analysis of burnout, 348 for anxiety symptoms, 349 for depression symp-
toms, 368 for mental wellbeing, and 370 for stress.
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Sub-project 2
Randomized controlled trial
(Baseline data)

Sub-project 1
Cross-sectional study

Totalinvited Total invited
n=1971 n=2033
Provided any Assessed for
data point eligibility Excluded n=35
n=570 n=298 Due to high PA levels
| (n=10)
Did notshow up for
Included in RCT baseline tests (n=25)
n=263

t Excluded because did also

participatein sub-project 1

Did not
- . n=171
Pparticipatein
sub-project 1
n=92
Total considered for this study
n=662
Complete data Complete data Complete data Complete data for Complete data
for analysis of for analysis of for analysis of analysis of mental for analysis of
depression anxiety bumout wellbeing stress
n=349 n=348 n=345 n=368 n=370

Figure 5. Corrected flowchart of enrollment, participation, and analysis for paper |

Both studies had the inclusion criteria of age between 18 and 70 and capability of stand-
ing and exercising.

However, there were slight differences in the exclusion criteria. For the RCT, persons
with very high PA levels, defined as more than 30 min/day spent in MVPA in bouts of
at least 10 min, assessed at the baseline accelerometer measurement, were excluded
from participation (N=10). This was done because the aim was to include persons who
“do not exercise much” (translated from Swedish to English from the written infor-
mation for study participants). In addition, not working for the full duration of the first
study year (i.e., retirement, parental leave) was an exclusion criterion. However, no one
was excluded based on this criterion. Please note that paper | erroneously mentions
pregnancy as an exclusion criterion.

The RCT is described in more detail under Paper I1, and full details can be found in the
study protocol*”®. The cross-sectional study will be described in the following.
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Data for the cross-sectional study were collected between 2016 and 2017. Ethical ap-
proval was granted by the Stockholm regional ethical review board (2016/796-31). All
employees (N=1971) of the two participating companies were invited to a presentation
about the research project, followed by an email including written information about the
study and the invitation to participate. Participants did not receive any compensation for
their participation in any subproject, but they were allowed to participate in data collec-
tion and the intervention activities during working hours, and they received individual
written feedback on their PA, SED, and cardiorespiratory fitness.

Data collection and measurements

Data were collected in the same manner for the cross-sectional study and the RCT and
consisted of a web-based questionnaire and physical measurements. Participants re-
ceived a link to the web-based questionnaire via email. The questionnaire included
questions on sociodemographic characteristics, physical and mental health, lifestyle
habits, self-reported time spent in PA and SED, stressors related to personal and work
life, and work characteristics. It took 15-20 minutes to complete and included the fol-
lowing validated self-report questionnaires on mental health outcomes.

Measurement of mental health outcomes

Depression and anxiety. The Hospital Anxiety and Depression Scale (HADS) is a 14-
item self-report scale. It is designed to measure anxiety and depression symptoms (7
items each) on a 4-point Likert scale (range 0-3)'%. Respondents are asked to recall
how they have felt during the previous week. A sum score is calculated for each condi-
tion. Summed scores of 0-7 signify no presence of clinical symptoms, 8-10 borderline
abnormal symptoms, and 11-21 abnormal symptoms*®, The HADS has high internal
consistency and concurrent validity, performs well in screening for cases of depression
and anxiety, and has been validated not only among psychiatric patients but also among
the general public®. The HADS is shorter than other measures but has similar specific-
ity and sensitivity®.

Burnout. We used the 14-item Shirom-Melamed Burnout Measure (SMBM)*%, a varia-
tion of the original 22-item Shirom-Melamed Burnout Questionnaire (SMBQ)*%, to
measure burnout. The SMBQ and SMBM are the most commonly used instruments for
measuring burnout in Sweden?®2, Their validity for measuring burnout has been estab-
lished in working populations and in clinical populations suffering from stress-related
exhaustion!®®, The SMBM includes three subscales asking about the respondent’s emo-
tional exhaustion (e.g., “I feel like my batteries are dead”), physical fatigue (e.g., “I am
physically exhausted”), and cognitive weariness (“My thinking process is slow”) during
the previous month. In the 14-item version, answers are given on a Likert scale from 1
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(strongly disagree) to 7 (strongly agree). However, in our studies, a Likert scale from 1
(very seldom) to 5 (very often) was used. This was done to align the answer options of
the SMBM with the answer options of other scales that were included in the web-based
questionnaire. Most of them had answer options on 5-point Likert scales. A mean score
is calculated, and various cutoffs have been suggested for categorizing mean scores
have been suggested!®*. In clinical settings in Sweden, mean scores of < 2.75 are re-
garded as low burnout and > 4.47 as high burnout'®®. These cutoffs were used in paper
I. However, since we used a different Likert scale, this was a mistake. However, catego-
rized burnout scores were only provided for descriptive purposes and were not used in
the inferential statistical analyses. We have informed the journal about this mistake and
provided a new table where we categorized burnout according to the populations’ me-
dian burnout score (see the revised Table 2). We also used this revision as an oppor-
tunity to change the mean values for mental health outcomes to medians for those out-
comes that were not normally distributed as a more correct indicator of central ten-
dency. These changes were only relevant for the descriptive statistics, not for results
from inferential statistics.

Mental wellbeing. The World Health Organization-Five Well-Being Index (WHO-5)
was used to assess subjective psychological wellbeing, reflecting aspects other than just
the absence of depressive symptoms®®. However, it can also be used as a screening tool
for depression'®’. Five questions investigate whether the respondent has felt happy,
calm, and peaceful, was interested in things, had lots of energy, and felt rested and fresh
upon awakening during the past two weeks. Respondents rate their mental wellbeing on
a scale from 0 (never) to 5 (always). Index sum scores of > 50 indicate good mood, and
scores < 50 indicate low mood, although not necessarily depression. Scores of < 28 in-
dicate likely depression, warranting diagnostic interview for further assessment. The
WHO-5 has strong psychometric properties among healthy and clinical populations, and
its advantages are that it allows the detection of change in subjective wellbeing on a
continuum and that it is brief, easily administered and not disease-specific'®®. One ques-
tion was modified for our studies. Instead of asking one question about life in general,
two questions were asked: “Has your work life been filled with things that interest
you?” and “Has your everyday life been filled with things that interest you?”. This was
done to distinguish aspects of work life from aspects of private life. In paper I, the first
question focusing on work life was included in the index sum score. However, for paper
IV, we calculated an average of the two answer options to include both domains.

Stress. The Swedish version of the single-item measure of stress symptoms, also called

the single-item stress question (SISQ), was used to measure the experience of stress by
asking: ‘Stress means a state in which a person feels tense, restless, nervous or anxious
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or is unable to sleep at night because his/her mind is troubled all the time. Have you ex-
perienced such stress in the past few weeks?°%2. Respondents answer on a 5-point Likert
scale from 5 (every day) to 1 (less than a few times per month or never). Due to its as-
sociation with established work-related stressors and constructs, the SISQ is a valid
measure of the experience of stress at work. It has high convergent validity compared to
subscales of the job demand control support model and effort reward imbalance model
as well as scales measuring depression, exhaustion, and sleep*®. The SISQ also showed
high predictive validity for sick leave, depression, and exhaustion®®,

Measurement of 24-h movement behavior

Participants met members of our research team for a series of physical measurements.
These included measurements of height, weight, waist circumference and a submaximal
cycle ergometer test that estimates cardiorespiratory fitness?®. At this occasion they
were equipped with an ActiGraphTM GT3X accelerometer (Actigraph LLC, Pensacola,
FL, USA). We instructed participants to wear the device for seven consecutive days on
the right anterior superior iliac spine (the right hip) during all waking time using an
elastic belt and to move it to the left wrist when going to bed. We asked them to remove
the device only for water activities. Data were collected at a sampling frequency of 30
Hz, using a low-frequency extension filter. The ActiLife software (version 6.13.3)
(ActiGraph LLC, Pensacola, FL, USA) was used for data processing. First, we manu-
ally entered self-reported wake time based on participants’ diaries. Self-reported wake
time was not available for N=25 participants who received a standard wake time from
6:00-23:00. Then, we used validated cutoff points for adults for categorizing vector
magnitude activity cpm into three different intensity levels: 1-200 cpm SED?%, 200-
2689 cpm LIPA, and > 2690 cpm MVPAZ2%2, For the analysis where we distinguished
between MPA and VPA, MPA was defined as 2690-6166 cpm and VPA as > 6167
cpm?%2, Non-wear time during wake time was defined as continuous zero output for at
least 60 min with an allowance of up to two min of output above zero’. In line with
previous research, participants needed to have at least 10 h of valid wake wear time per
day on at least four days in order for their data to be included in the analysis™. Based on
these criteria, we derived average daily min spent in different intensity categories dur-
ing self-reported wake time. We assumed that the distribution of time into different be-
haviors would be equal across wear time and non-wear time on the valid days with at
least 10 h of wear time. Thus, time in the different behaviors was scaled to participants’
total wake time.

For measuring time in bed, participants were asked to document the time when they
started to try to fall asleep and when they left the bed in the mornings. We used self-re-
ported time in bed instead of accelerometer-identified periods of sleep because sleep re-
searchers argue that the time it takes to fall asleep and awakenings after sleep onset are
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normal and often healthy parts of the sleep-wake cycle®?. However, we adjusted for ac-
celerometer-identified sleep efficiency (proportion of total time in bed actually spent
asleep) as an indicator of sleep quality. Sleep quality can affect health independently of
sleep duration®®@. Sleep was derived through the ActiLife software (version 6.13.3)
(ActiGraph LLC, Pensacola, FL, USA) using an established algorithm?%, Participants
needed to have at least five valid nights of accelerometer data to calculate sleep effi-
ciency?®. A total of 57 participants were excluded due to having < 5 valid nights. Par-
ticipants in all analytical samples had valid accelerometer data for 7.9 days (SD 0.86)
and 16 h of valid wear time per day on average.

Measurement of cardiorespiratory fitness

The estimated maximum oxygen uptake (VO, max) as an indicator of cardiorespiratory
fitness was assessed via the revised Ekblom-Bak test, a submaximal cycle ergometer
test?®, and was expressed as relative values (mL per minute per kg body mass).

Analyses

We performed five analyses, one for each mental health outcome. For each analysis, we
created an analytic subsample, including participants with complete data for 24-h move-
ment behavior, the respective mental health outcome, and covariates. Complete case
analysis was considered more robust because only approximately 50% of all partici-
pants from both subprojects had complete data (see flowchart in Figure 5). No statisti-
cally significant differences existed between those with complete and those with miss-
ing data regarding mental health outcomes and covariates. To address the compositional
nature of time-use data, we applied a CoDA approach®®3, For each of the four behav-
iors, we created a set of three isometric ilr coordinates, which map the compositions in
real space and preserve all relative information about the four compositional parts (see
Equation 1, page 24). To describe the movement behaviors, we calculated the composi-
tional mean by calculating the geometric means and rescaling those to sum to 1440 min
(24 h).

We examined:

e Whether there was an association between the entire composition and each men-
tal health outcome using the analysis of variance (ANOVA) type Il test of devi-
ance of the regressions (Aim 1).

e  Whether each movement behavior, relative to the other behaviors, was associ-
ated with each outcome (Aim 2). For this analysis, ilr; from each of the four sets
of ilrs was used as an explanatory variable in the linear regression models. We
performed a crude model, one that adjusted for age, gender, and education (ad-
justed model) and one that additionally adjusted for cardiorespiratory fitness and
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sleep efficiency (fully adjusted model). The results from the model adjusted for
age, sex, and education were considered as the main results.

e When a significant relationship between a movement behavior and an outcome
was observed, we used linear models to predict how theoretical reallocations of
time between two movement behaviors would affect the outcome using composi-
tional isotemporal substitution® (Aim 3). We expected that the effects of theo-
retically increasing one behavior would differ depending on which other behaviors
it replaced.

All analyses were conducted in R?%, and CoDA analyses were performed using the
Compositions package®”’.

Results

Participants were predominantly female (68%) and 41 years old (SD 9) on average.
Sixty-eight percent had a university or higher academic degree, and their estimated av-
erage VO, max was 39.5 mL per kg body weight, which is similar to average reference
values for adults aged 4049 years (47.2 mL per kg body weight for men, 38.4 mL per
kg body weight for women)2%, Figure 6 illustrates participants’ average daily 24-h
movement behavior composition.

MVPA 62 min (1h) - 4%

Time in bed
475 min

(7.9h)
33%

Figure 6. Participants’ 24-h movement behavior composition in paper I. SED = Seden-
tary behavior, LIPA = Light Intensity Physical Activity, MVPA = Moderate to vigorous
physical activity
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The entire movement behavior composition was not statistically significantly associ-
ated with any of the mental health outcomes (Aim 1).

Only time spent in MVPA, relative to all other behaviors, was significantly and posi-
tively associated with mental wellbeing. However, this association was not significant
after additionally adjusting for fitness and sleep efficiency. An additional exploratory
analysis in which MVPA was split into MPA and VPA revealed that VPA relative to
other behaviors was associated with mental wellbeing but not MPA (Aim 2).

Since only MVPA was associated with mental wellbeing, we performed isotemporal
substitution only for this particular association. Theoretically replacing the sample’s av-
erage 62 min per day in MVVPA with LIPA, SED, or time in bed in steps of 10 min re-
vealed a non-linear reduction in mental wellbeing scores. There were no differences in
associations with mental wellbeing depending on whether LIPA, SED or time in bed re-
placed MVPA. Theoretically increasing relative time spent in MVPA was associated
with improved mental wellbeing scores, regardless of whether time LIPA, SED, or time
in bed was reduced to increase MVPA. The associations were asymmetrical: the nega-
tive effects of reducing MVVPA were greater than the benefits of increasing MVPA.
When the average relative time in MVVPA per day dropped below 12 min, the mental
wellbeing score dropped below 50, the validated cutoff between good and low mood
(Aim 3).
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Additional analyses

Stratification by mental health status

We performed a stratified analysis to investigate whether the association between relative
time spent in movement behaviors (i.e., time in bed, SED, LIPA, or MVVPA) and the men-
tal health outcomes (i.e., depression or anxiety symptoms, burnout, mental wellbeing, or
stress) differed across levels of mental health. The mental health outcomes were catego-
rized using validated cutoffs for depression and anxiety symptoms and mental wellbeing,
as described on pages 57-58. Burnout scores were dichotomized based on the median
value since the validated cutoffs could not be used because of the altered Likert scale.
Stress was dichotomized as high versus low because the statistical power was too low for
using the five answer options as categories; answer options "Less common or never”, "A
few times per month" and "Once a week" were coded as low, and "Several times per
week" and "Every day” were coded as high. To investigate relative differences in associa-
tion between categories of mental health, we added an interaction term between the re-
spective movement behavior and the respective categorized mental health variable to the
above-described regression analyses. The category associated with best mental health was
set as the reference category.

Results: We found a difference in the association between anxiety symptoms and rela-
tive time spent in SED across categories of anxiety (normal, borderline, abnormal).
The difference in association between borderline and normal was $=3.43 (95% CI 0.23
to 6.64, p=0.036), which means that more SED was associated with 3.43 points more
anxiety symptoms for those with borderline anxiety symptoms compared to those
within the normal range. However, there was no difference in the association between
those with abnormal anxiety symptoms and those within the normal range (f=0.69, 95%
Cl -3.47 to 4.84, p=0.746). The within-group association coefficient for the normal
group was -1.14, for the borderline group 2.29, and for the abnormal group -0.45.

In addition, there was a difference in the association between mental wellbeing and
MVPA across categories of mental wellbeing (low mood, good mood, likely depres-
sion). The difference in the associations between low and good mood was $=-9.65 (95%
Cl -18.85 to -0.46, p=0.040), indicating that more MVVPA was associated with lower
mental wellbeing for those with low mood compared to good mood. However, there
was no difference in association when comparing those with likely depression to those
with good mood (B=-7.04, 95% CI -17.40 to 3.33, p=0.183). The within-group associa-
tion coefficient for the good mood group was 5.48, for the low mood group -4.23, and
for the likely depression group -1.56.

We found no other differences across categories of mental health for associations be-
tween other movement behaviors and mental health outcomes.
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Paper 11

Effects of two randomized and controlled multi-component interventions focusing
on 24-hour movement behavior among office workers:
A compositional data analysis

Study aims
The aims of this study were as follows:
1) To determine intervention effects on the 24-h composition of movement behav-
ior, i.e., time in bed, SED, LIPA, MPA, and VVPA, among office workers.
2) To investigate the extent to which domain-specific effects occurred, i.e.,
whether changes occurred during work versus non-work time.
3) To determine intervention effects on cardiorespiratory fitness.

Study design and participants

This study was a multi-level cluster RCT among office workers with two different inter-
vention groups and a wait-list control group aiming at improving movement behavior
and mental health during a 6-month period. Primary outcomes were MVPA and SED,
and mental health outcomes were considered secondary outcomes. Ethical approval was
granted by the Stockholm regional ethical review board (2017/2409-31/1). The trial was
prospectively registered (27 February 2018, ISRCTN92968402)2%°, and recruitment
started 15 March 2018. To mitigate the influence of seasons, intervention periods were
spread across the year. The study was conducted in accordance with the CONSORT
guidelines for cluster RCTs?%. A detailed description of the RCT can be found in the
published study protocol*”®. The initial plan was to perform follow-up measurements 6,
12, 18 and 24 months after the start of the intervention. However, due to large dropout
rates, data collection stopped after the 12-month follow-up. Thus, the trial was com-
pleted in January 2020. Because only 40% of participants participated in the accelerom-
eter measurements at the 12-month follow-up, these data were not included in this
study.

As for the cross-sectional study, all employees of the two participating companies
(N=2033) were invited to a presentation about the research project. At this time point,
the total number of employees from both companies had increased from N=1971 to
N=2033. Afterwards, they received written information about the study and an invita-
tion to participate via email. To support recruitment, researchers in our team organized
breakfast meetings, information events in the lunchroom, and meetings with human re-
source (HR) staff, managers, and subgroups of employees to spread information about
the intervention. Information was also spread via the companies’ intranets. It was
clearly communicated that this intervention was intended for persons who “do not
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exercise much” (translated from Swedish to English from the written information for
study participants) to ensure the inclusion of office workers who would profit most
from the interventions.

The inclusion criteria were ages 18-70 and the ability to stand and exercise. Exclusion
criteria were not working for the full duration of the first study year (i.e., retirement, pa-
rental leave) and very high levels of PA, defined as spending more than 30 min/day in
MVPA in bouts of at least 10 min on each of the days of the 7-day baseline accelerome-
ter measurement. This exclusion criterion was chosen to balance the inclusion of those
most in need while at the same time achieving a sufficiently large sample size. From a
preceding study on perceived barriers and facilitators for reducing SED among the same
target population, we knew that the target population had very high SED levels?*,
Therefore, SED levels were not used as an inclusion criterion. We also knew that peo-
ple had very high MVPA levels. Therefore, a high cutoff was used to avoid excluding
too many employees who were interested in participating. The aim was to include
N=330 persons and to build 24 clusters with approximately 14 persons in each cluster,
based on the sample size calculation below.

Sample size calculation

This sample size calculation was performed by the principal investigator of the RCT
and submitted as part of the application to the ethical review board. It included three
steps:

Step 1: The sample size calculation was based on an individualized RCT and one fol-
low-up measurement to detect changes with a power of 80% at a significance level of
0.05. To reduce the risk of false positive results (Type I error) caused by conducting
multiple comparisons between groups, the significance level was corrected to
0.05/3=0.017.

Step 2: Adjustments were made to account for the cluster structure of the RCT. In clus-
tered studies, individuals within the same cluster tend to be more similar than individu-
als from different clusters. It was assumed that 5% of the total variance in the outcome
would be accounted for by between-cluster variations, based on a previous, similar
workplace study?'?. Based on this assumed variance, the so-called design effect was cal-
culated to be 1.77. Furthermore, a correction was made for unequal clusters, assuming
an average cluster size of 14 with a standard deviation of 5.83.

Step 3: Correction was made for anticipated unavailable data. Unavailable data were as-
sumed by correcting for the drop-out of three clusters, with an average cluster size of 14
per group and for unavailability of data for 20% of participants.

These corrections and the following variables were used to calculate the sample size:
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Meeting the recommendations for MVPA:

Proportion of participants meeting guidelines in the control group: 30%

Estimated proportion of participants meeting guidelines in intervention groups: 60%
i. Sample size based on individualized randomization: 52 per group

ii. Corrected for design effect: 92 per group

iii. Corrected for unavailable data: 125 per group

Hours per day in SED

Difference in mean value between groups: 1 h/day

Standard deviation: 1.4 h/day

i. Sample size based on individualized randomization: 41 per group
ii. Corrected for design effect: 72 per group

iii. Corrected for unavailable data: 101 per group

Stress as indicator of mental health, assessed using the SISQ

Proportion of participants with stress complaints in the control group: 26%

Estimated proportion of participants with stress complaints in intervention groups: 5%
i. Sample size based on individualized randomization: 57 per group

ii. Corrected for design effect: 100 per group

iii. Corrected for unavailable data: 134 per group

Cognition, assessed with the Stroop test (in seconds)

Difference in mean value between groups: 7 seconds

Standard deviation: 9.85 seconds

i. Sample size based on individualized randomization: 41 per group
ii. Corrected for design effect: 73 per group

iii. Corrected for unavailable data: 102 per group

Finally, the required sample size was calculated to be N=330. However, 263 office
workers were enrolled in the RCT. The companies” HR personnel in collaboration with
our research team grouped the included participants (N=263) into clusters (N=22) based
on (1) having the same manager, (2) regular group meetings, and (3) limited regular
meetings with other teams to limit spill-over effects. These clusters were randomized
into one of the three intervention arms, i.e., one intervention group focused on increas-
ing MVPA (iPA), one intervention group focused on reducing SED (iSED) and a wait-
list control group. The wait-list control group clusters were left unattended during the
first six months but were then randomized into one of the two interventions.
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Intervention design

Both interventions lasted for 6 months and included multiple components that addressed
the individual office worker and the physical and organizational work environment
based on ecological models of health behavior'é®. Both interventions were similar in de-
sign, but the focus of the iPA group was on promoting MVPA, while the iSED group
focused on reducing SED by breaking up prolonged sitting periods and replacing SED
with LIPA. Figure 7 provides an overview of the interventions, including some of the
behavior change techniques that were used. These techniques were considered active
components and described according to the taxonomy of behavior change?®®, see addit-
ional file 1 of the study protocol™3,

The design was also informed by a preceding study on perceived barriers and facilita-
tors for reducing SED among these office workers?'%, The three most reported barriers
were sitting is a habit (67%), standing is uncomfortable (29%) and standing is tiring
(24%). Standing (33%) or walking meetings (29%) and more possibilities or reminders
for breaks (31%) were the most frequent suggestions for facilitators.

Increasing moderate
to vigorous physical activity (iPA)
N=84 N=87
Support for and promotion of the
interventions within the organisation

Focus of the Reducing

intervention group

sedentary behavior (iSED)

Organizational
level

Environmental
level

Individual
level

...be physically active during
work and non-work time,
including commuting

One joint exercise session
2 brisk lunch walks

Free access to commercial

Bgyms
Access to company bikes

Individual feedback on
movement behavior, goal
setting, situational analysis,
acceptance techniques and
long-term planning etc.

by Human Resources and higher
management

Managers as team leaders acted as

role models and regularly
encouraged team members to...

Team activities organized
by team leaders

3 individual and 2 group
counselling sessions
based on

Cognitive behavioral therapy and

Motivational interviewing

..reduce sedentary time and
increase standing time during
work and non-work time,
including commuting

* Standing meetings or
meetings with breaking up
sedentary time every 20
min (23 X/ month)

* At least 1 walking meeting

Individual feedback on
movement behavior, goal
setting, situational analysis,
acceptance techniques and
long-term planning etc.

Figure 7. Overview of the 6-month multi-level interventions (Paper I11, in press)

Organizational level: HR and higher management staff promoted participation in the
interventions within their companies and allowed employees to partake in data collec-
tion and activities during working time. As part of organizational support, managers

were asked to act as team leaders for a cluster. Team leaders were also asked to act as
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role models and to encourage respective behaviors throughout the intervention period,
as well as continued participation in the interventions.

Environmental level: Team leaders were asked to implement team activities. These ac-
tivities included standing or walking meetings for iSED teams and free gym access and
a joint exercise session to help participants become familiar with the gym environment
for iPA teams. These components were regarded as changes to participants’ environ-
ment as opportunities for interrupting sitting and for being more active. Team leaders
were invited to one individual and one group meeting prior to the start of the interven-
tion where they received information about the health effects of PA or SED and their
role as team leaders. Throughout the intervention period, team leaders could contact the
responsible researcher for questions or support.

Individual level: Both groups received three individual and two group counseling ses-
sions based on CBT and MI. Health coaches received additional training in applying the
CBT and M1 tools and followed a detailed manual that standardized each session (Ap-
pendix 1). The following CBT techniques were used:

(1) Goal setting tied to internal rewards and values

(2) Identification of the individual’s resources and barriers to changing behavior

(3) Functional analysis including antecedents and consequences of undesired and de-

sired behavior

(4) Acceptance techniques for handling negative emotions

(5) Plan for long-term behavior change
Between sessions, participants were asked to manually track their PA or SED in a pa-
per-based logbook and to work with specific CBT assignments. Each participant de-
cided together with the coach which activities would best suit their preferences and
needs.
Note that the team level was not considered as a distinct level in the theoretical model
of the interventions even though there were components that specifically addressed the
team level, such as team activities.

Data collection and measurements

Data on mental health outcomes, cardiorespiratory fitness and 24-h movement behavior
were collected in the same manner as for the cross-sectional study described above.
However, for the analyses in paper 11, we decided to process accelerometer data in a
novel way that overcomes some of the drawbacks of more conventional data processing
that was used for paper I. This was done in collaboration with researchers from Gothen-
burg University. Instead of using ActiLife’s cpm, the raw accelerometer data were pro-
cessed. In addition, instead of applying ActiGraph’s proprietary 1.6 Hz low-pass filter,
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a 10 Hz filter was used?'®. A drawback of the conventional method is that the counts
reach a plateau at higher PA frequencies due to the narrow filter, which can cause mis-
classification. The novel 10 Hz method has shown higher validity in discriminating be-
tween PA intensities?*3214, In addition, associations with energy expenditure measured
with direct calorimetry are stronger when using unfiltered acceleration metrics than ac-
celeration metrics that have been captured with ActiGraph’s proprietary 1.6 Hz low-
pass filter s?13214, Additionally, 10 Hz filtered data were more strongly related to mark-
ers of cardiometabolic health than data filtered at 1.6 Hz?%°. Three second epochs were
included instead of the commonly used 60 sec epochs which increases the total amount
of MVPA captured?S,

Non-wear time was defined as continuous zero output for at least 60 min with an allow-
ance of up to two minutes of output above zero but below the sedentary cut-point of 1.5
METs?Y". Wear time was classified into different intensity levels in terms of energy ex-
penditure, i.e., SED (< 1.5 METS), LIPA (1.5-3 METSs), MPA (3-6 METS) and VPA (>
6 METSs)?%. As for paper I, participants’ accelerometer data were considered valid if
they had at least four days with at least 10 h of wear time during waking hours. Seven
participants were excluded due to having < 4 valid days. We assumed that the distribu-
tion of time into different behaviors would be equal across wear time and non-wear
time on the valid days with at least 10 h of wear time. Thus, time in the different behav-
iors was scaled to the participants’ total wake time. On average, participants had valid
accelerometer data for 5.9 days (standard deviation (SD) 0.3) at baseline and 6.7 days
(SD 0.8) at follow-up; they wore the device on average 96% (SD 4) of their wake time
at baseline and 95% (SD 6) at follow-up, with no differences across groups. For the do-
main-specific analyses (aim 2), participants’ accelerometer data were considered valid
if they had at least two workdays during the measurement period with at least 300 min
of wear time at work. Accelerometer data were processed using MATLAB R2020a
(MathWorks, Natick, MA, USA).

Analyses

The study used baseline and 6-month follow-up data from the cluster RCT. We decided
to perform complete case analysis because the previously published efficacy analysis
found no differences between results based on complete case and intention-to-treat anal-
yses?'®, and this approach was considered more robust given the high amount of missing
data. Cases were considered complete if they had complete baseline and follow-up data
for the respective outcome variables. Since we investigated three different outcomes,
three analytical samples with complete cases were created for the analyses of interven-
tion effects on:
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e  24-h movement behavior, i.e., time in bed, SED, LIPA, MPA and VPA
(N=158) (Aim 1)

e Domain-specific movement behavior (work versus non-work time) (N=150)
(Aim 2)

e Cardiorespiratory fitness (N=151) (Aim 3)

As for paper |, we applied a CoDA approach. Compositional means of time spent in
each behavior were calculated by calculating the geometric mean and rescaling them
linearly so that total daily time spent in all behaviors added up to an entire day, i.e.,
1440 min. Five sets of four ilrs were created, one for each of the five behaviors. The
first ilr of each set contains information about a specific behavior in relation to all oth-
ers and was included as outcome variable. To answer aim 2, participants’ daily time use
was expressed as a composition consisting of nine behaviors: SED, LIPA, MPA and
VPA during work time — and time in bed, SED, LIPA, MPA and VPA during non-work
time. Nine sets of eight ilrs were then created for each of the nine behaviors. For this
study, we distinguished between MPA and VVPA instead of using MVPA to investigate
whether the previously observed null effect on MVPAZ?'® was driven by an increase in
one behavior and a decrease in the other.

We chose to conduct hierarchical linear mixed model analysis to account for the nested
structure of the data, i.e., individual participants were grouped into clusters. Data from
participants belonging to the same cluster are not independent of each other??. Thus, a
certain amount of variance in the outcome can be introduced by clustering. Since inde-
pendency of observations is a key assumption in regular statistical analysis, this must be
accounted for, for example, by using linear mixed models??. In the hierarchical struc-
ture of the statistical models, clusters represented the higher level 1 and individuals the
lower level 2. The models included a random intercept for individuals and clusters and
estimated the fixed effects of intervention group (3 levels), time (2 levels), and the in-
teraction between intervention group and time (3 x 2 levels). Baseline age, sex and edu-
cation were included as covariates. We also conducted the analyses with both interven-
tion groups combined (2 x 2 levels). To examine possible intervention effects, one hier-
archical linear mixed effects model was fitted for each outcome, i.e., each of the move-
ment behaviors (aims 1 and 2) and for cardiorespiratory fitness (aim 3). In these
models, ilr; for each movement behavior and cardiorespiratory fitness were used as out-
come variables. All analyses were performed in R, CoDA analyses were performed
using the Compositions package?®” and linear mixed models were performed using the
Ime4 package??*. The researchers performing the analyses were blinded to the partici-
pants’ group affiliation until the analyses were completed.

71



Results

Participants were predominantly female (67%) with an average education of 15 years
(SD 2), which corresponds to having a university degree. They were on average 43
years old (SD 8) and had a body mass index (BMI) of 25.2 (SD 4.2), which is consid-
ered borderline overweight. Baseline VO,max values were on average 36.9 mL per kg
body weight (SD 7.4). Figure 8 illustrates participants’ average movement behavior
composition at baseline.

8""‘.‘ MPA
min 95 min (1,6h) LIPA

n 106 min
\, (1.8h)
\-\_; 7%
.//;y
767 min

(12.8h)
53%

Figure 8. Participants' baseline 24-h movement behavior composition in paper II.
SED=Sedentary behavior, LIPA=Light intensity physical activity, MPA=Moderate
physical activity, VPA=Vigorous physical activity

In all analytical samples, participants with missing data had a one-year shorter duration
of education and were two years younger. In addition, in the analytical sample for the
movement behavior analysis (aim 1), participants with missing data spent 14 more
minutes daily on average in SED. The proportion of participants with missing data was
highest among iSED participants (approximately 55%) compared to 25% of iPA partici-
pants and 38% of control group participants.

No intervention effects were found, neither for 24-h movement behavior in general
nor for work and non-work movement behaviors separately or cardiorespiratory
fitness. Cardiorespiratory fitness increased significantly within the iPA group
(mL-kg—1- min—1: p=1.44, 95% CI 0.57 to 2.32, p < 0.001).
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Additional analyses

1) Descriptive comparison of baseline accelerometer data that were pro-
cessed using the traditional versus the novel method
Figure 9 illustrates the compositions of average daily minutes spent in different move-
ment behaviors based on the novel processing compared to the traditionally processed
data as described in paper I. For this analysis, we included all 263 participants with
baseline accelerometer data. Data were rescaled to add up to 24 h (1440 min) daily.

Novel data processesing method Traditional data processesing method
SED
e fybed Time in bed 588 min (9.8h)
464 min (7.7h) 470 min (7.8h) 20%
32% 32%

SED
766 min (12.8h)
53%

MVPA
63 min (1h)
4%

MVPA
107 min

PA
(18h) 107 min (1.8h)
7% o

Figure 9. Comparison of baseline compositions of average daily time spent in sedentary
behavior (SED), light-intensity physical activity (LIPA) and moderate to vigorous physi-
cal activity (MVPA) based on the novel versus the traditional data processing method

This descriptive analysis confirms that differences between time spent in different
movement behaviors exist depending on the accelerometer data processing. Ac-
cording to the novel processing method, participants spent 3 h more per day in SED but
also almost 1 h more in MVPA and 3.4 h less in LIPA.

2) Analysis of intervention effects on movement behavior using traditionally
processed accelerometer data

We repeated the analysis in paper 11 using traditionally processed data. According to
this analysis, the interventions significantly reduced relative time spent in SED for
the iSED group compared to the control group (p=-0.06, 95% CI -0.12 to -0.01,
p=0.023) but not for the iPA group or the combined intervention groups. In addition,
relative time spent in bed increased within the combined intervention groups ($=0.03,
95% CI1 0.001 to 0.05, p=0.0366) and relative time spent in LIPA was reduced within
the iPA group (B=-0.05, 95% CI -0.10 to -0.004, p=0.028) but not in comparison to the
control group. Detailed results, including baseline and follow-up data for traditionally
processed data, can be found in Appendix 2.
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Paper 111

“It depends on the boss” — A qualitative study of multi-level interventions aiming
at office workers’ movement behavior and mental health

Study aim

The aim of this qualitative study was to investigate the acceptability, feasibility, and fi-
delity of two multi-level RCT interventions among office workers that aimed to im-
prove movement behavior to enhance mental health.

Study design and participants

This qualitative study was embedded in the RCT and evaluated participants’ perspec-
tives directly after the 6-month intervention period. Ethical approval (2018/587-32) was
granted by the Stockholm regional ethical review board, and all participants provided
written informed consent. Data were collected between November 2018 and January
2020.

We intended to gather a wide range of perspectives for a comprehensive understanding
of the acceptability, feasibility, and fidelity of the intervention components. Therefore,
the study targeted persons who delivered (health coaches, team leaders, HR and higher
management staff) or received (office workers) the interventions and those who were
involved in logistics around the RCT (HR staff). Finally, 38 stakeholders participated in
this study. Table 3 provides an overview of the different target groups for this study, in-
cluding the modes of data collection and the number of planned and finally included
participants.

Table 3 Target groups and modes of data collection for the qualitative study and paper
v

Intervention Mode of data Planned Included
Target group . number of number of
level collection .. ..
participants participants
Human resource .
Organizational and higher _Inlel_duaI 2-3 per 5
interviews company
management staff
Environmental Team leaders I nd|V|_d ual All team leaders 8
interviews (N=22)
. Office workers Focus group 8-12 per 22
Individual discussions company
Individual All health
Health h . . 3
ealih coaches interviews coaches (N=6)
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We aimed to interview a convenience sample of 2-3 HR or higher management staff per
company who were involved in delivering organizational support and the logistics
around the intervention. Three persons from the larger company participated, and two
from the smaller one. Initially, we planned to include managers of office workers who
did not participate themselves but whose subordinates did. However, none of the invited
managers volunteered to be interviewed.

We planned to conduct individual interviews with all 22 team leaders, of whom eight
participated.

All 263 office workers received the invitation to participate directly after the 6-month
intervention period via a question in the web-based questionnaire. Those who were in-
terested in participating received written information about the study via email and an
invitation to the focus group discussion. Finally, 22 office workers participated. The ini-
tial plan was to select office workers who would be representative of all RCT partici-
pants regarding age, gender, education, company, and intervention group allocation in
case more office workers would show interest in participating than we aimed to include.
However, we were not able to select based on these criteria since the number of inter-
ested office workers was not sufficient.

We aimed to conduct individual interviews with all six health coaches, of whom three
participated. HR and higher management staff, team leaders, and health coaches re-
ceived information about and invitations to participate via email.

Data collection

We conducted semi-structured focus group discussions with office workers who re-
ceived the interventions, and semi-structured interviews with team leaders, HR and
higher management staff, and health coaches. To ensure that participants would be able
to reflect on the entire intervention period and for logistical reasons, data were collected
after completion of the interventions. To reduce recall bias, data were collected within
eight weeks after completion of the intervention.

All interviews and discussions were conducted by me, except one focus group discus-
sion. | had prior experience with conducting interviews from conducting my master’s
thesis. We designed a semi-structured interview guide (see paper 111, Appendix 2) with
open and prompting questions that invited participants to share their views on a range of
a priori themes of interest that relate to acceptability, feasibility, and fidelity, including
motivation, barriers, and facilitators for behavior change. Our aim was to formulate
questions that would provide insight into whether and why intervention components
were delivered as intended or not, how they worked and how they were perceived by
participants. The structure of the interview guides was the same for the different groups
of participants, but the wording was slightly adapted. The interview guide for team
leaders included additional questions about the delivery of specific intervention
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components for which they were responsible. The first interview and focus group dis-
cussion were regarded as a pilot to identify a potential need for adapting the guide. No
changes to the initial guide were made.

Fourteen office workers took part in the physical focus group discussions at their work-
place during working hours, and one health coach was interviewed in person. All other
participants could not be interviewed in person and were asked to choose between video
or regular phone calls. All chose regular phone calls. Focus group discussions and inter-
views were audio-recorded and transcribed verbatim by a professional company for fur-
ther analysis. Background information on age, gender, and sociodemographic character-
istics was not collected to ensure anonymity and since it was not the aim of this study to
investigate differences based on these characteristics.

To increase the amount and range of perspectives from office workers and team leaders,
we also invited participants from the wait-list control group to participate in the study.

Analyses

This study took a qualitative approach in line with the ontological and epistemological
viewpoints of so-called Big Q qualitative research. Big Q is described as research that is
qualitative in techniques and values??2. For example, truth and meaning are relative, sit-
uated, and contextual instead of absolute, and the researcher’s subjectivity is considered
as a resource and not as a source of bias??2. Small q qualitative research is more in line
with (post) positivistic research values that usually underpin quantitative research, such
as objectivity, generalizability, reliability, and replicability??.

We conducted reflexive thematic analysis as suggested by Braun & Clarke??®, an
analysis method in line with Big Q values. We considered it most appropriate for the
aim of this study since we were interested in detailed and nuanced experiences??? of
RCT participants in relation to acceptability, feasibility, and fidelity. We wanted the
analysis to be data-driven, i.e., inductive, rather than driven by themes that were prede-
fined and thereby limited by the researcher??. Qualitative research methods that are
more aligned with a small g paradigm, such as content analysis, are more concerned
about the frequency or patterns within the data, where frequent occurrence is seen as an
indicator of greater importance??. However, higher frequency might also reflect greater
willingness or ability to talk about a topic at length??*. Reflexive thematic analysis al-
lows researchers to go beyond describing and summarizing semantic content to identify
underlying, latent ideas, assumptions and conceptualizations?®. It seeks to uncover in-
teresting and meaningful insights, encouraging researchers to critically reflect on the
data and consider multiple perspectives.

The analysis process involves six phases: familiarization; coding; generating initial
themes; reviewing and developing themes; refining, defining and naming themes; and
writing up, as described by Braun & Clarke???. The analysis does not have to follow
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these phases in a consecutive order. Rather it allows for constant reflection, reevalua-
tion and refining of codes??2. Throughout the process of reading all transcripts, codes
were renamed, combined, or deleted and attributed to themes. The final themes combine
codes around one central organizing concept??? in relation to the different intervention
levels, i.e., the individual, team, environmental and organizational level. The ecological
model of health behavior'° as the theoretical base shaped the analytic or interpretative
lens through which the data were analyzed and interpreted since we wanted to investi-
gate how the interventions worked on these different levels. Themes were developed
and discussed with all authors several times throughout the process, which contributed
to reflecting about and refining them. The team level was considered as part of the or-
ganizational level in the design of the study. However, since certain themes clearly re-

lated to the team level, we decided to report team-level themes separately.

The NVivo (QSR International) software was used to code, structure, organize and reor-
ganize the data. The findings of this study were reported in accordance with the
COREQ (Consolidated criteria for REporting Qualitative research) Checklist??®.

Results

We identified one or two themes per intervention level, as shown in Table 4.

Table 4 Overview of identified themes for each level of intervention (in press)

Intervention

Organizational

Team

Environmental

Individual

Impact of peer sup-
port

level
. Preconditions for “ »
Health promoting o Life puzzle
team leaders Ambiguity of
. company culture .
Identified . environmental
and leadership
themes support

Counseling as fa-
cilitator for a
“mental journey”

Organizational level: Participants saw it as an expression of organizational support
that they were allowed to partake in the interventions during working time. In particu-
lar, those who misunderstood and believed they were allowed to use work time for PA
perceived this as support from their organization. But overall, the workplace culture
was widely experienced as a barrier for interrupting sitting and to varying degrees for
pursuing PA in the context of work (during breaks, for example). This was mainly be-
cause the companies did not have an official policy that allowed the use of work time
for health promotion activities (so-called ‘friskvdrdstimme’ in Swedish, which translates
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to ‘health promotion hour’ in English), as is common in many Swedish workplaces.
Participants emphasized the significant influence of the company leadership on the pre-
vailing workplace culture in relation to movement behavior. More commitment from
the companies’ leadership as well as support and role modeling from the closest manag-
ers were perceived as crucial for enabling healthy movement behavior in the workplace.

Team level: According to participants, important preconditions for team leaders to suc-
cessfully complete their tasks were not given. This negatively affected the delivery of
components that were dependent on the team leaders. A main challenge was the recruit-
ment of managers as team leaders. Instead, regular employees were approached and
asked to act as team leaders. In addition, the clustering criteria for the creation of the
teams could not be satisfied in many cases since only a few office workers from each
working unit registered for the intervention. Furthermore, the larger company moved to
a new building during the intervention period, which resolved the initial structure of
working units and clusters. As a result, some teams were very large, team members
were unfamiliar with each other, they did not work in physical proximity in the office
building, and they did not have regular work meetings. Team leaders also perceived a
lack of knowledge, skills, and experience in leading teams necessary to support move-
ment behavior change among colleagues. As a result, most participants experienced a
lack of team and manager support but considered it crucial for facilitating less SED and
more PA in the workplace. However, in those teams where team and manager support
were delivered as planned, it was perceived as very helpful and worked as intended.

Environmental level: The fact that few team leaders were managers and that the clus-
tering criteria could not be fulfilled made it very difficult for team leaders to deliver the
environmental components (standing and walking meetings, lunch walks) and team ac-
tivities and to create a sense of social support. This especially affected iSED partici-
pants, since standing and walking meetings were the only planned changes to the physi-
cal work environment for iSED teams whereas iPA participants also had free gym ac-
cess in addition to lunch walks. The free gym access was perceived as very supportive
and motivating for engaging in exercise. Participants of the larger company experienced
the physical environment, i.e., the new activity-based office landscape and the in-house
gym, as conducive to being active. They interpreted this as an attempt by the leadership
to create a health-promoting culture. However, the activity-promoting environment in
contrast to the lack of a health promotion hour, manager support and supporting social
norms, created a sense of ambiguity for participants.

Individual level: Participants highly valued the counseling sessions that sparked a
“mental journey” and helped to integrate more PA into their “life puzzles”. Participants
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described in detail how the identification of values and goals guided their thoughts and
actions throughout the entire intervention period. They were able to identify barriers
and new opportunities and solutions for being more active and less sedentary. They at-
tributed improvements in movement behavior as well as in mental and physical wellbe-
ing to the interventions. According to them, they had also increased their belief in their
own ability to modify their movement behavior.

The findings of this qualitative study suggest that the interventions were generally well
accepted and led to improvements in perceived movement behavior and wellbeing. The
results especially support the use of CBT-based counseling sessions and free gym ac-
cess among this population. Intervention components seemed to work as intended when
they were delivered as intended, supporting the theory-based design of the interven-
tions. However, several aspects reduced the acceptability, feasibility and fidelity of
components depending on the team leaders. This might have reduced the intervention
efficacy since team and manager support were considered of utmost importance for sup-
porting healthy movement behavior in the workplace.
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Paper IV

Improving movement behavior in office workers: Effects of two multi-level cluster
RCT interventions on mental health

Study aim
1) The aim of this study was to investigate the effects of the multi-level RCT inter-
ventions on depression or anxiety symptoms, mental wellbeing, and stress imme-
diately after the 6-month intervention period.
2) An additional aim was to explore whether changes in device-measured mean PA
intensity mediated or moderated intervention effects.

Study design and participants
This study was based on baseline and 6-month follow-up data from the cluster RCT that
has been described under Paper II.

Analyses

As in paper I, we chose to conduct hierarchical linear mixed model analysis to account
for the nested structure of the data, i.e., individual participants were grouped into clus-
ters.

Participants with complete data for baseline and follow-up mental health outcomes were
included in this study. Linear mixed models can handle missing data by performing
maximum likelihood estimation or by using imputation methods. However, these
should only be performed under the assumption that data are missing at random. This
was not the case in this study since randomization into the three groups, iPA, iSED or
control group, was related to missing mental health data at baseline or follow-up.

One linear mixed model was fitted for each mental health outcome, including fixed ef-
fects of time, intervention group and the interaction between time and intervention
group. Cluster and individual intercepts were included as random effects. Data points
were insufficient for modeling random slopes for clusters and individuals. Gender, age,
and education were included as covariates.

For the main analyses, intervention groups were combined to explore a general inter-
vention effect in comparison to the control group. However, we also investigated inter-
vention-specific effects for the iPA and iSED groups in comparison to the control
group.

Note that we did not investigate intervention effects on burnout. The 7-point Likert
scale of the SMBQ was reduced to a 5-point Likert scale for the SMBQ to align the
length of Likert scales with those of other questionnaires that were included in the web-
based questionnaire. However, we suspected that this reduction might have impacted
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the psychometric criteria of the scale and its capacity to detect change. Therefore, we
decided to exclude it from paper IV.

Since data from the same population were used in paper |1, the researcher performing
the analysis (LML) was not blinded to the participants’ group affiliation.

Mediation and moderation analysis

The interventions were designed based on the assumption that they would improve
movement behavior and thereby cause improvements in mental health outcomes. We
performed mediation and moderation analyses to understand the role of mean PA inten-
sity in creating potential changes in mental health outcomes. We used average vector
magnitude counts per minute as an indicator of mean PA intensity because it combines
the frequency, intensity, and duration of PA into a single metric®. We performed medi-
ation analysis to identify whether potential changes in mental health outcomes were
caused by changes in mean PA intensity. In addition, we performed moderation analysis
to explore whether the size of potential intervention effects depended on the magnitude
of change in mean PA intensity. Considering that these analyses were not prespecified
in the study protocol and that a priori sample size calculations did not consider these
analyses, they should be regarded as exploratory rather than confirmatory. For the me-
diation and moderation analysis, participants with complete data for the respective men-
tal health outcome and mean PA intensity at baseline and follow-up were included.
Since only N=63 participants had complete data for anxiety symptoms and mean PA in-
tensity, this analysis was not performed.

An important assumption for mediation analysis is the assumption of a temporal order,
i.e., the mediator must be assessed before the outcome, to allow for conclusions about
causality. In this study, however, mental health outcomes and mean PA intensity were
measured simultaneously immediately after the interventions. Therefore, we also tested
reversed causation, i.e., whether changes in mental health outcomes mediated changes
in mean PA intensity. It is recommended to not make the conduct of mediation analysis
dependent on whether a statistically significant total treatment effect is found??’. Even
in the absence of a total treatment effect, mediation and moderation analysis can offer
valuable insights and contribute to a deeper understanding of the intervention’s impact
and underlying mechanisms. Therefore, mediation and moderation analyses were con-
ducted for all outcomes, regardless of the total intervention effect. Figure 10 depicts the
mediation pathway diagram.
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Figure 10. Mediation pathway diagram (submitted)

For the mediation analysis, paths A, B and C* were explored by fitting hierarchical lin-
ear mixed models as described above, one for each mental health outcome. For path A,
change in mean PA intensity was used as the outcome variable, and the intervention (in-
teraction of time and group) was used as an explanatory variable to investigate the ef-
fect of the intervention on the mediator. Path C* and B are explored by including the re-
spective mental health outcomes as the outcome variable and the intervention as explan-
atory variable while controlling for the mediator, i.e., change in mean PA intensity. The
coefficient for the mediator from this model indicates Path B, the effect of changes in
the mediator on changes in outcome. The coefficient for the interaction of time and in-
tervention group from this model represents the direct intervention effect, Path C’. For
the reversed analysis, change in mental health outcomes was used as mediator, and
mean PA intensity was used as the outcome.

R’s mediate function from the mediation package??® was used to calculate the indirect
effect based on the product-coefficient approach. In addition, the function estimates the
95% Cl and p values for the indirect effect by using bias-corrected bootstrapping on
1000 samples.

For the moderation analysis, change in mean PA intensity was categorized into increase
(> 1 SD of the median change), decrease (< 1 SD of the median change), or no change
(between -1 to 1 SD of the median change). Change in mean PA intensity was then
added to the interaction term of time and group in the above-described hierarchical lin-
ear mixed model. With this three-way interaction term, relative differences in interven-
tion effect between categories of change in mean PA intensity were analyzed.
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Results

Participants were on average 42 years old and highly educated, and 75% were female.
According to the HADS, 2% had abnormal depression symptoms and 11% had border-
line abnormal depression symptoms. According to the WHO-5, 6% had likely depres-
sion, and 28% had low mood. Seventeen percent had abnormal anxiety symptoms and
15% had borderline abnormal anxiety symptoms. Thirty percent of participants experi-
enced stress at least several times per week, with 6% experiencing stress every day.

There were no differences regarding age, gender, education, and baseline mental health
outcomes between those with complete data and those with missing data for any of the
analytic samples. However, the proportion of those with missing data was larger in the
iSED group than in the iPA and control groups in all analytical samples.

The interventions improved mental wellbeing for the combined intervention groups
(B=6.6, 95% CI 1 to 12.3, p=0.021) and for the iSED group (p=7.8, 95% CI 0.7 to
14.9, p=0.030) but not for the iPA group (B=5.8, 95% CI -0.5 to 12.2, p=0.072) com-
pared to the control group. No intervention effects on the other outcomes were found.

Depression (p=-0.8, 95% CI -1.5 to 0.2, p=0.012) and anxiety (p=-0.8, 95% CI -1.4 to -
0.2, p=0.007) symptoms improved within the combined intervention groups and anx-
iety symptoms improved within the iPA group (p=-0.9, 95% CI -1.8 to -0.2, p=0.012)
but not in comparison to the control group.

Changes in mean PA intensity did not mediate intervention effects on any of the
mental health outcomes. Neither did changes in any of the mental health outcomes
mediate intervention effects on mean PA intensity. The analysis revealed significant in-
tervention-mediator effects for all samples, suggesting that the interventions improved
mean PA intensity. The effect sizes varied between 38.49 and 50.11 since different
samples with complete cases were used for the different mental health outcomes. De-
tailed results of the mediation analysis can be found in additional file 3 for paper IV.
Changes in mean PA intensity moderated intervention effects on mental wellbeing.
The difference in intervention effects on mental wellbeing was -16.2 (95% CI -31 to -1,
p=0.032) when comparing participants who decreased mean PA intensity to those who
did not change mean PA intensity. However, there was no difference in intervention ef-
fect when comparing participants who increased mean PA intensity compared to those
who did not change (p=6.5, 95% CI -11.6 to 24.6, p=0.482). This moderation effect was
significant only for the iPA group (B=-16, 95% CI -31.8 to -0.1, p=0.049) but not for the
iSED group (p=-16.62, 95% CI -39.7 to 6.5, p=0.158). Detailed results of the moderation
analysis can be found in additional file 4 for paper IV.
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Additional analyses

Mediation (self-efficacy) and moderation effects (self-reported movement behav-
ior) on intervention effects on mental wellbeing

By the time we conducted this study, another evaluation of the intervention had shown
that the interventions increased self-efficacy regarding changing movement behavior??®,
This effect was stronger for participants who had joined at least three of the five coun-
seling sessions. Since increases in self-efficacy are considered one of the explanatory
pathways through which PA affects mental health, we were interested in exploring
whether changes in self-efficacy mediated changes in mental wellbeing.

In addition, a yet unpublished study showed that the interventions increased self-re-
ported MVPA in the iPA group and reduced self-reported SED in the iSED group com-
pared to the control group (manuscript, Kallings et al). Therefore, we performed addi-
tional exploratory moderation analyses with change in self-reported PA or SED as
potential moderators. To reduce the number of analyses, they were performed only
with mental wellbeing as the outcome variable.

Measurement of self-efficacy and self-reported PA and SED

Exercise self-efficacy was assessed using the Swedish version of the Exercise Self-Ef-
ficacy scale?®, measuring an individual’s belief in the own capacity to initiate and
maintain PA or participation in exercise. Sum scores range from 10 to 40, with higher
values indicating higher self-efficacy. To assess self-efficacy related to reducing SED,
we utilized the same scale but modified the wording. The reliability and validity of the
Sedentary Behavior Self-Efficacy Scale has not been examined. Improvement in self-
efficacy was defined as > 1 SD of the median change in self-efficacy, deterioration as <
1 SD of the median change, and no change as between -1 and 1 SD of the median
change.

Self-reported PAZ! was assessed using two questions, one regarding exercise (corre-
sponding to VPA) and the other concerning everyday PA (corresponding to MPA). The
exercise question offered six answer options (0 min, < 30 min, 30-59 min, 60-89 min,
90-120 min, > 120 min, corresponding to the values 1-6), while the everyday PA ques-
tion offered seven answer options (< 30 min, 30-59 min, 60-89 min, 90-149 min, 150-
300 min, > 300 min, corresponding to values 1-7). To derive an index reflecting total
self-reported PA, the values for exercise were multiplied by two to assign a higher
weight to its higher intensity. Subsequently, the values for everyday PA were added.
This yielded an index ranging from 3-19 points?.. Index values of at least 9 were classi-
fied as favorable self-reported PA, and values below 9 were considered unfavorable. In-
dex values of 9 correspond to various combinations of MPA and VPA, which
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approximately align with meeting recommendations for PA (see detailed explanation in
Appendix 3)%%2, Self-reported time spent in SED was assessed using one question with
seven answer options (Virtually all day, 13-15 h, 10-12 h, 7-9 h, 4-6 h, 1-3 h,
Never)?332% The cutoff of < 7-9 h was used to classify favorable versus unfavorable
self-reported SED. This cutoff corresponds to approximately 10 h of accelerometer-as-
sessed stationary time?®®, above which SED is associated with higher all-cause mortality
and risk for cardiometabolic disease?®>2¥7,

Change in self-reported movement behavior was categorized into improvement when
participants changed from unfavorable to favorable PA or SED, deterioration when they
changed from favorable to unfavorable and no change.

Results

Changes in PA or SED self-efficacy did not mediate intervention effects on mental
wellbeing. Changes in self-reported PA or SED did not moderate intervention ef-
fects on mental wellbeing. Detailed results can be found in Appendix 3.
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5 Discussion

The aims of this doctoral thesis were as follows:

(1) To investigate cross-sectional associations between 24-h movement behavior
and mental health outcomes, i.e., symptoms of depression and anxiety, burn-
out, mental wellbeing, and stress, among office workers.

(2) To evaluate the efficacy, acceptability, feasibility, and fidelity of two cluster
RCT interventions for improving movement behavior and mental health out-
comes among office workers using qualitative and quantitative methods.

Table 5 provides an overview of the included papers and analyses. In sum, we found:

Paper I

e On average physically active, female and highly educated participants

e  Only the proportion of MVPA relative to LIPA, SED and time in bed was
cross-sectionally associated with mental wellbeing among office workers.

e The proportion of VPA but not MPA was associated with mental wellbeing.

e Reducing MVPA at the expense of LIPA, SED or time in bed was associated
with reduced mental wellbeing. Increasing MVPA at the expense of any other
behavior improved mental wellbeing. The negative effects of reducing MVPA
were greater than the benefits of increasing MVPA.

Additional analyses:

e More SED was associated with more anxiety symptoms when comparing those
with borderline anxiety symptoms to those within the normal range. There was
no difference in the association between those with abnormal anxiety symp-
toms compared to those within the normal range.

e More MVPA was associated with lower mental wellbeing when comparing
those with low mood to those with good mood. There was no difference in as-
sociation when comparing those with likely depression to those with good
mood.
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Paper 11

Add

Paper 11

On average female and highly educated participants with high levels of SED,
but also MVPA at baseline

No intervention effects on overall 24-h movement behavior or movement be-
havior during work time and non-work time

No intervention effect on cardiorespiratory fitness

itional analyses:

Large differences between the time spent in different movement behaviors de-
pending on the data processing method. Based on the novel processing
method, participants spent 3 h more per day in SED but also almost 1 h more
in MVPA and 3.4 h less in LIPA compared to the traditionally processed data
Using traditionally processed data, we found that the interventions reduced the
relative time spent in SED for the iSED group compared to the control group.
No effects were found for the iPA group or the combined intervention groups.

|

The interventions were generally well accepted, and participants attributed im-
provements in movement behavior and wellbeing to the interventions.

The acceptability, feasibility and fidelity of the team and manager support
components were low compared to other components, mainly due to difficul-
ties recruiting managers as team leaders and creating clusters. This might have
limited intervention efficacy.

Paper IV

The interventions improved mental wellbeing in the combined intervention
groups and the iSED group.

Changes in mean PA intensity did not mediate but moderate intervention ef-
fects for the combined intervention groups. Participants who decreased mean
PA intensity reduced mental wellbeing substantially compared to those who
did not change mean PA intensity. There was no difference in intervention ef-
fect comparing participants who increased mean PA intensity compared to
those who did not change.

As part of the mediation analysis, we found intervention effects on mean PA
intensity.
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Additional analyses:

e Changes in self-efficacy did not mediate intervention effects on mental wellbe-
ing.

e Changes in self-reported SED and PA did not moderate intervention effects on
mental wellbeing.
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5.1 Interpretation of findings and comparison with
previous research

This chapter is structured around central questions about the main findings. It will dis-
cuss what might have contributed to the findings, what they mean and how they could
be interpreted. For a detailed discussion of each paper, please turn to the publications
and manuscripts at the end of this thesis.

We found a cross-sectional association only between relative time spent in MVPA and
VPA and mental wellbeing but not the other behaviors and outcomes. What can ex-
plain these findings and what does that mean?

The characteristics of this study population might explain these findings. Previous re-
search suggests positive associations between MVPA and certain mental health out-
comes and negative associations with SED. From previous studies, we also know that
the relationship between MVPA and depression is curvilinear, i.e., the health effects are
strongest for those with low levels of MVPA, high levels of SED and poor mental
health. The relationship plateaus at approximately 50 min of daily MVPA1%, The shape
of the relationship for the other mental health outcomes is less studied but might follow
similar patterns. Participants in this study were on average very active (62 min
MVPA per day). The results from population studies with representative Swedish popu-
lations show that adults spend on average approximately 30 min per day in MVPAZ®,
This might explain why no associations were found with most outcomes.

The results from the isotemporal substitution analysis further support the presence of a
curvilinear relationship. Theoretically increasing MVPA at the expense of any other
behavior was associated with increased mental wellbeing. However, the negative effects
of reducing MVPA were greater than the benefits of increasing MVPA. This suggests
that maintaining high MVPA levels is important for maintaining good mental well-
being among this population of active office workers.

While spending a considerable amount of time in MVPA, participants also spent ap-
proximately 10 h per day in SED, which is more than the average of 9 h found in an-
other study among Swedish adults?®®. This is also higher than the maximum of 8 h rec-
ommended by Canadian and other 24-h movement guidelines’. However, no
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associations between SED and any of the mental health outcomes were found. It is pos-
sible that the negative effects of SED on mental wellbeing were attenuated by the
positive effects of MVPA. As mentioned previously, few studies have taken the inter-
play between different behaviors into account. It is also possible that the participants
primarily engaged in mentally active SED that is potentially less detrimental to the con-
sidered mental health outcomes than mentally passive SED®.

A previous meta-analysis suggested that the effects of PA on depressive symptoms
may be stronger for clinical populations than for non-clinical populationss®. Further
research is needed to understand the extent to which this applies to other outcomes. The
prevalence of depression symptoms among this population was lower than in the gen-
eral Swedish population®¥. However, the prevalence of anxiety symptoms was compa-
rable to the prevalence among the general population?¥. Burnout levels are difficult to
compare due to the reduction in Likert scale answer options. Approximately 38% of
participants experienced stress at least several times per week, which is higher than the
general Swedish population (15% of women, 10% of men)?*.. The HADS and SMBQ
are used as screening tools for detecting caseness of depression, anxiety, and burnout,
respectively. Thus, they measure mental ill health in contrast to the WHO-5 which
measures variations in good mental health. Among this non-clinical population, the var-
iance in mental wellbeing might have been larger than for the other indicators of mental
ill health, potentially impacting the likelihood of detecting associations. A potential ex-
planation for the lack of association between stress or burnout, which is stress-related,
and MVPA could be that some of these, on average, very active office workers used PA
to counteract stress®*2. Thus, MVPA might increase with stress for certain people and
decrease for others. In sum, how much time already active office workers spend in
MVPA seems important for their mental wellbeing, regardless of how the remaining
time is distributed among the other behaviors.

The results from the additional, stratified analysis do not fully confirm the hypothe-
sis of a stronger association between movement behaviors and mental health out-
comes for participants with poorer mental health. More SED was associated with
more anxiety symptoms for the borderline group compared to the normal group but not
for the abnormal group. One possible explanation could be that the relationship between
anxiety symptoms and SED is not linear and therefore not well captured by linear mod-
els. We also found that more MVPA was associated with lower mental wellbeing for
those with low mood compared to those with good mood. This is opposite to what
might be expected. Considering that the average time in MVVPA was high among these
office workers, it is possible that more MVPA among this very active group is not bene-
ficial. This would be in line with research showing a curvilinear relationship between
MVPA and certain mental health outcomes, suggesting that there is an optimal amount
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of MVPA beyond which effects are not positive. Note that the isotemporal substitution
results suggested that increases in MVPA are associated with improved mental wellbe-
ing. However, these were modeled associations based on theoretical reallocations of
time. In sum, individuals with poor mental health in combination with low levels of
MVPA and high levels of SED might have been underrepresented in our sample, and
associations might be strongest among those individuals. For example, the HADS
scores of only eight participants out of 349 participants were categorized as abnormal
(2.3%, see Table 1, paper I).

Comparison with previous research

To date, nine studies could be identified that applied a CoDA approach for investigating
associations between movement behavior and mental health outcomes!!8-125243, Most
studies were conducted among healthy adults and confirmed the relative importance of
MVPA. This is in line with the results of our study. The proportion of time spent in
MVPA was cross-sectionally and beneficially associated with self-rated mental health
in older but not middle-aged adults'?, emotional exhaustion in students*?, depression
symptoms, loneliness, happiness, global mental health'!8, and the likelihood of depress-
ion''®. However, one study among Japanese white-collar workers did not find any asso-
ciation between MVPA and psychological distress or work engagement*, This dis-
crepancy might be explained by the fact that the average sleep duration was lower in the
Japanese study (7 h)*?. They also found that theoretical increases in sleep, but not other
behaviors, improved psychological distress. This suggests that the relative importance
of MVPA might only appear in populations with average sufficient sleep proportions, or
with other words, a sufficient sleep duration might be more important than MVPA for
psychological distress. It is, however, also possible that the proportion of time spent in
MVPA is important for some mental health outcomes but not others.

In contrast to our study, several others found cross-sectional associations between the
relative time spent in other movement behaviors and mental health outcomes. The Japa-
nese study found that relative time in SED was detrimental to psychological distress and
work engagement!?®, Others confirmed that SED was detrimental to depression!%12,
This discrepancy to our study might be explained by differences in depression symptom
prevalence, differences in the populations’ average movement behavior composition, or
differences in the type and context of SED, for example, mentally active versus passive
SED. It is possible that the negative effects of SED were not counterbalanced by high
levels of MVPA.

More relative LIPA was detrimental to psychological distress in one study*? but benefi-
cial for depression in another study®°. It is possible that the mental health effects of
LIPA depend on the type of LIPA. LIPA can, for example, comprise household chores,
gardening, or slow walking, which might impact mental health differently.
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The proportion of sleep was beneficially associated with psychological distress among
Japanese adults with 7 h sleep on average'? but detrimental to the likelihood of depres-
sion among British adults who slept approximately 8 h on average!'®. The optimal sleep
duration is 7-9 h. Thus, increasing sleep in populations at the lower end of this interval
might be beneficial, while it might not be beneficial in populations with longer average
sleep durations.

Two studies performed compositional isotemporal substitution models with MVPA and
found results similar to ours'!®%° Increasing MVPA at the expense of any other behav-
ior improved depression symptoms, loneliness, and happiness among older adults*® and
reduced the likelihood of depression among adults'®. Increasing LIPA at the expense of
sleep or SED also reduced the likelihood of depression, but much more time had to be
reallocated to achieve the same effect as increasing MVPA®. To reduce the risk of de-
pression by 20%, 18, 21 or 24 minutes of sleep, SED, or LIPA, respectively, had to be
reallocated to MVVPA; however, 4 h of sleep or 1.5 h of SED had to be reallocated to
LIPA®, Thus, increasing MVPA was more effective than increasing LIPA. Reallocat-
ing time from SED to MVPA or sleep, but not LIPA, reduced depression symptoms?*?,
These results contrasted another study that found that reallocating time from SED to
MVPA or LIPA, but not sleep, reduced the likelihood of depression®'®. Again, such dif-
ferences might be explained by differences in average movement behavior composi-
tions.

In sum, CoDA studies generally confirm the relative importance of MVPA and
SED for mental health outcomes, but they also highlight the complex interplay of
time spent in different behaviors.

How can we interpret the discrepancies in intervention effects on different indicators
of movement behavior?

The quantitative evaluations in papers Il and 1V, complemented by the additional anal-
yses, showed that the interventions improved some indicators of movement behavior
(mean PA intensity for the combined intervention groups, relative time spent in SED for
the iSED group) but not others (overall or work versus non-work 24-hour movement
behavior, cardiorespiratory fitness). In addition, participants in paper I11 described how
the interventions helped them to become more physically active.

There are several possible explanations for the null effects on 24-h movement behavior.
One is that RCT participants already spent large amounts of time in MVPA (103 min
daily on average) at baseline?*. Thus, a ceiling effect, i.e., no room for improvement,
might explain the lack of intervention effect on relative time spent in MVVPA.
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From the qualitative study, we learned that workplace norms presented a strong barrier
to interrupting sitting and that these norms were difficult to overcome without the sup-
port and role modeling of managers. In addition, especially the environmental and team
components for the iSED group were not implemented as planned. Thus, the lack of ef-
fect on SED and LIPA might be explained by the reduced acceptability, feasibility,
and fidelity of these components. The absence of effects on time spent in bed is less
unexpected, as the average duration of time in bed fell within the recommended range,
and the interventions did not specifically address sleep or time in bed.

It is also possible that the interventions had effects on movement behavior, which were
not detected due to the following aspects. The statistical power for detecting a change
might have been too low. According to sample size calculations, 330 participants would
have been needed while the RCT enrolled 263. In addition, we conducted complete case
analysis, which further reduced the sample size. Thus, the trustworthiness of the results
in statistical terms should be regarded as low, and readers should avoid interpreting
these results as the interventions not having an effect'®. This will be discussed in more
detail in section 5.2 Methodological considerations.

It is also possible that a Hawthorne effect in the control group influenced the ability
to detect changes in movement behavior. The Hawthorne effect refers to the possibility
that participants alter their behavior simply because they are aware of being part of a
study?¥. This can occur even in the control group that is not receiving any intervention
or treatment. Indeed, during interviews for paper Ill, several participants who were ini-
tially in the control group revealed that they had initiated efforts to become more active.
This proactive behavior stemmed from their desire not to wait until it was their turn to
receive the interventions. In addition, we found increases in cardiorespiratory fitness
within all groups, including the control group (see paper I1). These changes, however,
were small, not statistically significantly different between the intervention and control
condition and only significant within the iPA group. This might explain why no differ-
ence in the change in movement behaviors over time between the intervention and con-
trol group was found.

Further potential explanations for the discrepancies in intervention effects on different
indicators of movement behavior relate to differences in the methods for measuring
movement behaviors and for processing accelerometer data.

One potential explanation for the lack of effects on the distribution of time into different
movement behaviors is the categorization of behavior into intensity categories. This
will be discussed in more detail in section 5.2 Methodological considerations. In short,
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it is possible that participants decreased their average time spent at the lower end of an
energy expenditure band and increased time spent at the higher end or vice versa.

This hypothesis is strengthened by the findings from the mediation analysis in paper 1V.
This analysis included average vector magnitude cpm as an accelerometer-measured in-
dicator of mean PA intensity. The mediator outcome analysis showed that the interven-
tions increased mean PA intensity for the combined intervention groups (unstandard-
ized beta coefficient f=38.49, 95% CI1 0.77 to 76.22, p=0.046). Cohen’s D as a stand-
ardized effect size was d=1.23, which is regarded as a large effect. This suggests that
the intervention had an impact on the mean PA intensity but did not specifically
affect the distribution of time spent at different intensities. An intervention effect of
39 cpm may be considered relatively small in magnitude but might still be meaningful
and contribute to positive changes in PA on a population level. The WHO guidelines fo-
cus on the importance of achieving 150 min/week of MVPA, but they also state that all
movement counts for health, regardless of intensity?®2. Note that data on mean PA in-
tensity were processed in a traditional way as described in paper I.

It is possible that MVPA was underestimated at follow-up because the non-water-
proof and hip-worn ActiGraph accelerometers cannot capture certain activities, e.g.,
swimming, biking, weight-bearing or isometric exercises such as certain types of yoga.
It is possible that participants increased time spent in these common activities. How-
ever, increases in some of these activities should have increased cardiorespiratory fit-
ness. Statistically significant elevations in fitness were exclusively noted within the iPA
group, and these gains were of a modest nature.

The question then is why intervention effects on SED were found when using tradition-
ally processed data (see additional analyses paper I1) but not when using the novel pro-
cessing method. The novel processing method used in paper Il included a 10 Hz filter
that does not remove some of the signals at the higher intensity spectrum. The 10 Hz fil-
ter in combination with collecting accelerometer data using 3 sec epochs instead of the
conventional 60 sec epochs can both lead to larger estimates of MVPAZ, In fact,
MVPA in paper Il was even larger than in paper I, which suggests that MVPA might
have been overestimated, i.e., that time spent in MVPA was lower than indicated by
the data and that there in fact was room for improvement. Additionally, the populations’
average BMI (borderline overweight) and the average cardiorespiratory fitness con-
trasted the unusually high MVPA levels among participants. However, both BMI and
cardiorespiratory fitness are influenced by factors other than movement behavior.

To investigate this further, we compared participants’ average movement behavior com-
position based on the traditional versus novel data processing method (see additional
analyses paper Il). The results confirmed large differences in compositions:
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participants spent 3 h more per day in SED but also almost 1 h more in MVPA and 3.4
h less in LIPA when using the novel method.

The novel processing method might have impacted the variance of the data and thereby
the statistical power to detect a change. Therefore, we explored potential intervention
effects on movement behavior using traditionally processed accelerometer data (see ad-
ditional analyses paper I1). Using the traditionally processed accelerometer data,
iSED participants reduced relative time spent in SED compared to the control group.
Thus, differences in data processing explain some of the discrepancies in intervention
effects.

Effects for iSED but not iPA might contradict the abovementioned potential explana-
tions for no effects on SED due to reduced acceptability, feasibility, and fidelity of
some intervention components. However, it might be that highly motivated participants
with a stronger belief in the benefits of reduced SED were overrepresented among SED
participants with complete data.

Participants in paper 111 described how the interventions helped them to become more
physically active and to reduce SED. This is in line with the findings on effects on SED
for the iISED group using the traditionally processed data as well as effects on mean PA
intensity. In addition, unpublished results suggest positive intervention effects on self-
reported time spent in MVVPA and sitting (manuscript, Kallings et al). Another study
found effects on motivation and self-efficacy??°, which have been suggested to mediate
the effects of PA on mental health. The discrepancy between effects on self-reported
versus accelerometer-measured movement behavior might be explained by the fact that
they are designed to measure different dimensions of this complex behavior. We know
from previous research that subjective perceptions and reports of behavior differ from
objective measurements of time spent at varying intensity levels™. However, it could
also be that self-reports captured a wider range of activities that accelerometers cannot
capture.

It is possible that participants with positive experiences of improved behavior were
overrepresented in paper II1. In addition, a social desirability bias might have oc-
curred. Participants were aware that the aim of the interventions was to improve move-
ment behavior, and in combination with their hope or anticipation to improve it, they
might have perceived and reported positive changes that in fact did not occur.

Taken together, the interventions affected some but not other indicators of movement
behavior. Differences between self-reported and accelerometer-measured movement be-
havior, differences between different types of accelerometer-based indicators, and dif-
ferences between data processing might explain some of these discrepancies in
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intervention effects on movement behavior. This highlights the methodological chal-
lenges associated with measuring movement behavior and the potential consequences
for interpreting results and drawing conclusions. Researchers’ subjective choices con-
cerning data collection and processing, as well as beliefs in what represents truth, can
significantly affect outcomes. This underscores the importance of making careful meth-
odological decisions that align with a study’s objectives.

Comparison with previous research

Other well-designed multi-level RCT interventions among office workers have been
published in recent years. In contrast to our RCT, many were effective in reducing SED.
Among them was one study that used CoDA to evaluate the effects of a workplace RCT
intervention targeting SED*°. The study aimed to reduce workplace sitting time by ini-
tiatives directed toward the individual (e.g., health coaching and Ml by trained health
coaches), the work environment (e.qg., sit-stand workstations), and the organization
(e.g., management consultation and emails from worksite managers)*®°. Sitting time was
significantly reduced after three months (-117 min per 8 h workday), mainly during
work time where it was replaced by standing time, with no compensation effects occur-
ring during non-work hours. In contrast to our study, participants received sit-stand
workstations at the beginning of the trial whereas participants in our study had already
sit-stand workstations for a long period, which is common in Sweden. Most of these
previous multi-level interventions among office workers focused on reducing sitting
time and reported improvements in daily sitting time (-22 min per day without the intro-
duction of sit-stand desks, -64 minutes per day with the introduction of desks)?*¢, over-
all SED (-66 min per day), occupational sitting (-83 min per day) and standing time (ap-
proximately +60 min)2¥’, and some indicators of PA (e.g., increase in leisure activi-
ties)?*8, Many of these previous studies introduced sit-stand desks?#6-248, It is likely that
their effect is largest when just introduced. In fact, the long-term effects of these im-
provements are unknown, and not all multi-level studies among office workers have re-
ported improvements in movement behavior?*°.

Why did the interventions improve mental wellbeing but not the other outcomes? Is
the increase in mental wellbeing score meaningful?

In paper IV, we showed that the interventions improved mental wellbeing among office
workers but not depression or anxiety symptoms or stress. We found statistically signif-
icant improvement in mental wellbeing among the combined intervention groups and
iSED participants compared to the control group. Significant within-group
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improvements were found for depression and anxiety symptoms among the combined
intervention groups and for anxiety symptoms among iPA participants.

There are several possible explanations for the lack of intervention effects on symp-
toms of depression or anxiety and stress. The HADS is designed as a screening tool for
detecting clinically significant states of depression and anxiety. The WHO-5, on the
other hand, is designed to assess positive aspects of mental health, such as emotional
well-being, vitality, and satisfaction with life. Considering that participants were gener-
ally healthy and able to participate in work life, it is likely that data based on the WHO-
5 had a larger variability and were more sensitive to changes than the HADS. Achieving
improvements on the HADS might simply be more difficult for a generally healthy pop-
ulation. It is also plausible that other types of workplace interventions are required
to effectively address symptoms of depression, anxiety, and stress, particularly when
work is perceived as exceptionally demanding and stressful. Many participants from the
qualitative study mentioned that workload was high, and the work culture was charac-
terized by high ambition and stress. Movement behavior is “an important slice of the
cake” (Personal communication, Ingibjérg Jonsdottir, February 2018) that impacts men-
tal health, but it is impacted by many other work-related factors such as poor balance
between demand, control, and support, working overtime, or poor leadership. It is well
established that such factors negatively impact mental health, and they may also affect
the feasibility of engaging in PA during working hours. In fact, another study based on
the RCT found that among participants with high executive function and who perceived
high demands but also control in relation to work, iPA participants substantially in-
creased LIPA and iSED participants showed a tendency of reduced SED compared to
the control group??. Executive function refers to the higher-level cognitive skills used
to control and coordinate other cognitive abilities and behavior.

Finally, various determinants that extend beyond work or lifestyle influence mental
health, encompassing factors such as genetics, childhood experiences, and past traumas.
Many of these determinants are beyond the potential impact of workplace movement
behavior interventions. This underlines the importance of studying whether workplace
movement behavior interventions are really effective for improving mental health.

It is also possible that improvements in the other mental health outcomes had not yet
manifested at the 6-month follow-up measurement. Distal outcomes, in this case men-
tal health outcomes, take longer to appear than changes in proximal outcomes?>*.
Measurements 3 months after intervention start (mid-term), as well as 12 and 18 months
after intervention completion, were planned. However, participation in the mid-term
and 12-month measurements was very low, and the 18-month follow-up was therefore
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not performed. Thus, the long-term intervention effects on the different mental health
outcomes remain unknown.

Mental wellbeing increased by 7 points for the combined intervention groups. Accord-
ing to the literature, an improvement of at least 10 points is considered clinically rele-
vant'®72%2, This 10-point improvement is based on the experience of an expert but not
on statistical analyses (Personal communication, Sgren Dinesen @stergaard, 4 March
2023). Thus, this cut point is arbitrary and depends on the study population and context.
An increase of 7 points could be regarded as relevant, considering that this was a uni-
versal intervention among a non-clinical population with relatively few high-risk indi-
viduals. Universal interventions tend to yield smaller effect sizes compared to those tar-
geting high-risk individuals because larger effects on a few high-risk individuals are av-
eraged with smaller effects on most lower-risk individuals?®. However, the smaller ef-
fect sizes apply to a larger proportion of the population. Thus, interventions with small
effect sizes can theoretically lead to larger increases in population health compared to
interventions with large effect sizes among relatively few individuals®.

It is important to consider whether similar results can be expected if the interventions
were implemented at scale. On the one hand, the interventions were delivered in the on-
going operations of the workplaces and resembled real-life conditions. In addition, in-
tervention delivery was not dependent on the research team. Instead, trained health
coaches, managers and HR staff delivered intervention components at the workplaces.
Thus, intervention delivery resembled conditions that would exist if the interventions
were implemented at scale and similar effect sizes might be found if the interventions
were scaled up??. On the other hand, however, the generalizability of results to all RCT
participants and the wider target group is questionable. We conducted complete case
analysis, and the missing data analysis revealed that participants with complete data
were less likely to be part of the iISED group. From paper 111 we know that the iSED in-
tervention was less attractive. We cannot exclude the possibility that participants who
completed the interventions and provided full data were more motivated or had a
stronger belief in the effects of reduced SED than those with missing data. Thus, we
might have overestimated intervention effects, limiting their generalizability to the en-
tire study population and the wider target group. External validity will be discussed in
more detail in section 5.2 Methodological considerations.

Comparison with previous research

Our RCT can be compared to a few other multi-level RCT interventions among office
workers that were based on ecological models of health behavior. In contrast to our
study, most others focused on and improved sitting time and had intervention periods of
12 months?*¢-24%, Among those that reduced sitting, one study found small but
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significant improvements in mental wellbeing (2 points, assessed with the WHO-5),
stress and social norms around sitting and standing at work but no effects on depression
and anxiety symptoms (assessed with the HADS)?%6, Another study reduced SED and
increased stair climbing and found effects on exhaustion, a main dimension of burnout,
but not stress?*8. One multi-level study did not find effects on total sitting, standing or
stepping time or work-related stress®*°.

In line with the discussion of findings on movement behavior, differences in study de-
sign might explain differences in efficacy. These previous studies also had a multi-level
design but differed by the type of included intervention components, number and type
of levels addressed, the degree of involvement of managers or higher leadership, reach
within the company, and intervention duration. It is possible that the intensity of inter-
ventions in terms of the number of included components and frequency of contact with
intervention components determine efficacy. This is an aspect that has also been raised
by other authors?*®, In contrast to other interventions, ours adopted a dedicated CBT and
M1 approach. This might have been especially effective for addressing mental wellbe-
ing since it, for example, helps people to align values, goals, and behavior. This might
explain why we found larger effects on mental wellbeing compared to others?*©,

Changes in mean PA intensity did not mediate intervention effects on mental health
outcomes, but they moderated intervention effects on mental wellbeing. How could
this be interpreted? What might have led to increases in mental wellbeing if not
changes in mean PA intensity?

As a reminder, mediation analysis is used to explore pathways through which one varia-
ble affects another. Moderation analysis explores whether the relationship between vari-
ables changes based on a third variable (continuous moderator variable) or whether the
relationship differs across subgroups (categorical moderator variable). Performing both
analyses can provide a detailed understanding of the interplay between variables.

The mediation analyses showed that changes in mean PA intensity did not mediate
changes in mental wellbeing. The trustworthiness of the results should be considered
low, and they should not be seen as confirmatory because the analyses were not pre-
specified and not sufficiently powered. In addition, we cannot draw any conclusions
about causality since an important assumption for establishing a causal relationship was
not fulfilled: mean PA intensity was not assessed before mental wellbeing at follow-up.
Thus, we cannot ensure the logical, temporal order underlying mediation. Note also that
the number of participants in some of the categories of change was very small, espe-
cially for the separate intervention groups (see additional file 1 for paper V).
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Apart from these aspects, different mediation or moderation results might be found
if other indicators of movement behavior had been used, see discussion on interven-
tion effects on movement behavior.

We found that mean PA intensity moderated intervention effects: the difference in
intervention effects on mental wellbeing comparing participants who decreased mean
PA intensity to those who did not change was -16.2, measured with the WHO-5 (range
0-100). There was no difference in effect when comparing those who increased mean
PA intensity compared to those who did not change. This highlights the need to sus-
tain high PA levels for maintaining good mental wellbeing among these active of-
fice workers, in line with results from the isotemporal substitution analysis in paper I.
This also suggests that the relationship between mean PA intensity and mental well-
being may not be linear. Increasing mean PA intensity among this comparably active
population might not yield additional benefits for mental wellbeing.

The additional analyses revealed that changes in self-efficacy did not mediate inter-
vention effects on mental wellbeing and that changes in self-reported PA and SED
did not moderate intervention effects. This is somewhat surprising, considering that
self-efficacy is an established mediator in the relationship between PA and mental
health. However, the results should not be overinterpreted considering the low statistical
power and the exploratory nature of the analysis.

Interestingly, none of the other multi-level interventions among office workers to which
we have compared ours have performed mediation or moderation analyses. Such anal-
yses would be helpful for understanding whether interventions targeting movement be-
havior improve mental health via improvements in movement behavior or via other
mechanisms.

Other mechanisms may explain the observed enhancements in mental wellbeing.
For example, the counseling sessions might have increased self-awareness or emo-
tional regulation with potential positive effects on mental wellbeing.

Furthermore, the RCT was not placebo-controlled. Therefore, we cannot exclude a pla-
cebo effect. The placebo effect refers to desirable outcomes resulting from the expecta-
tion of and/or learned response to a treatment or situation?S. It might be that partici-
pants experienced positive changes in mental wellbeing (or movement behavior) be-
cause they believed that they received a beneficial treatment. This effect can occur even
if the treatment itself does not have an effect, or it can augment the effects of an effec-
tive treatment?42%, In contrast to drug trials, participants in movement behavior
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interventions are usually not placebo-controlled, but suggestions for how to do that can
be found in the literature. For example, a meta-analysis demonstrated the power of a
placebo effect of exercise interventions?®. The authors compared a placebo group that
received inert interventions (such as passive exercises, imagery of exercise and relaxa-
tion), an exercise group, and a control group without any intervention. Comparing the
placebo group to the control group, they found a placebo effect of d=0.20, and compar-
ing the exercise group to the control group, the effect of exercise was d=0.372%.

The qualitative study found reduced acceptability, feasibility and fidelity of interven-
tion components depending on the team leaders. How should this affect our interpre-
tation of the overall design and working mechanisms of the interventions? How can

the findings of the qualitative study help explain the quantitative efficacy outcomes?

As mentioned in the introduction, assessing acceptability, feasibility, and fidelity can
help to distinguish between interventions that do not show desired effects due to faulty
intervention concepts or theories or due to poor acceptability, feasibility or fidelity'®2.

We concluded that the intervention components per se worked as intended when de-
livered as intended. The general impression was that a lack of manager and team
support was common and that team activities were difficult to deliver as planned.
However, there were examples of teams for which this worked better. In those cases,
manager and team support were considered very valuable and seemed to have worked
as intended. We did not investigate whether manager and team support and the delivery
of team activities indeed had higher acceptability, feasibility, and fidelity in teams that
had managers and not regular employees as team leaders. By extension, we do not
know whether higher acceptability, feasibility and fidelity of intervention components
was associated with larger intervention effects on movement behavior or mental health
outcomes. However, it is plausible.

Importantly, the underlying reason behind the perceived lack of manager support (of-
ten interpreted as an indicator of organizational support) and team support appeared to
arise from the inability to meet the criteria for cluster formation, combined with
the difficulty in recruiting managers to serve as team leaders. Thus, preconditions
for the components depending on the team leaders were not ideal, and the participants
of study Il reflected extensively upon this. In addition, team leaders mentioned a lack
of skills and time as a barrier to fulfilling their role. Thus, the acceptability of being a
team leader, i.e., the extent to which an intervention or its components meet the needs
of the target population and their organizational setting'®, was reduced. Future studies
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might want to consider adapting recruitment strategies and criteria for creating clusters
and strengthening team leaders in their role.

Components addressing the individual level reached high acceptability, feasibility,
and fidelity. Participants described how especially the counseling sessions facilitated
behavior change toward more PA and less SED. Participants referred in detail to spe-
cific CBT tools and described how they impacted their thinking and behavior, suggest-
ing that the counseling worked as intended. The organizational support was also appre-
ciated but insufficient, as described above.

The qualitative study also confirmed the underlying theory of ecological models of
health behavior, i.e., the importance of addressing not only the individual but also
their social, physical, and organizational work environment'®. Factors at different
levels of influence affect individuals’ behavior in a dynamic interplay. For example, de-
spite the usefulness of the counseling, participants perceived that the support from man-
agers strongly impacted their flexibility in taking time to be physically active in the
workplace. It also impacted how comfortable they were with interrupting sitting. Activ-
ity-promoting elements in the environment were appreciated but difficult to use in the
absence of a workplace culture that promoted their use.

Comparison with previous research

Many qualitative studies have investigated which aspects office workers perceive as
barriers and facilitators for reducing SED or increasing PA. For example, the im-
portance of manager support for reducing sitting and more activity has been
demonstrated by others?7-26, In line with our study, a recent qualitative study on
workplace barriers to and facilitators of PA found that 75% of participants reported a
lack of management support and 58% perceived workplace culture as a barrier to en-
gaging in PA at work?%,

However, many of these investigations of barriers and facilitators to being more physi-
cally active in the workplace were not conducted as part of intervention studies, and
what office workers perceive to be barriers or facilitators might be different when they
actually try to change behavior. For example, our research team also conducted a pre-
ceding study on perceived barriers and facilitators for reducing SED among the same
population that was used to inform the intervention design®. Only 2% of participants
perceived that Standing makes me shy or Does not fit in work culture as barriers to
standing up?t. However, overcoming workplace norms around sitting was described as
a major barrier in paper Il1. It is likely that such norms are perceived as a barrier only
when the attempt is made to diverge from them. Another multi-level RCT intervention
among office workers, aimed at increasing PA, quantified the degree to which
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participants experienced manager support and found that support was rated as low (2.8
on a scale from 1 to 5)?*8. The authors considered lack of manager support as a potential
explanation for the lack of intervention effect. They suggest that employers might not
be convinced of the importance or efficacy of workplace health promotion, thinking that
such programs distract employers from their work tasks.

In addition, participants in our qualitative study named how powerful social support
was for changing movement behavior in those cases where team support worked as in-
tended. This is in line with results from a multi-level pilot RCT intervention among
male office workers?!. Many of their participants acknowledged that social group sup-
port and a ‘buddy vibe’ were crucial for promoting PA and reducing SED and also for
overcoming norms around movement behavior in the workplace.

Similar to our findings, free access to a gym was identified as the main facilitator for
more PA in previous research, alongside flexibility for taking time during working
days?®8. Other studies have shown that integrating more activity into the “life puzzle” is
especially challenging for women?%8262_ As paper 111 showed, allowing employees to
use work time for being physically active or to ensure flexibility in taking breaks might
be a key component for promoting healthy movement behavior in the workplace, espe-
cially for employees with childcare responsibilities?®®. Many Swedish employers pro-
vide employees the opportunity to use one hour of paid work time per week for health
promotion activities of their choice. We could not identify evaluations of such benefits
in Swedish workplaces. However, a pilot study from Wales showed that the introduc-
tion of such a benefit led to large increases in weekly MPA, especially among least ac-
tive individuals (> 2.5 h), with positive effects on mental wellbeing?53264,

In sum, considering the results of paper Il as well as previous studies, it is likely that
the lack of manager and team support reduced the intervention efficacy.

5.2 Methodological considerations

This section offers a reflection on the methodological choices that were employed.
These choices should be taken into account when interpreting and drawing conclusions
from the findings.

A strength of this thesis is that paper | was based on a large cross-sectional study and

papers 11-1V were based on a well-designed, multi-level RCT with theory-informed
interventions'®®. RCTs are recognized as the gold standard for evaluating intervention
effects???. The delivery of the interventions resembled conditions that would exist if the
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interventions were implemented at scale. The interventions were delivered as part of the
ongoing operations at the participating companies and did not depend on the research
team but were delivered by trained health coaches, managers, and HR staff. This might
increase the external validity of the interventions and transferability of results from
the intervention period to a potential subsequent upscaling within the companies.

Numerous methodological choices must be made regarding data collection and pro-
cessing as well as regarding statistical analyses. All methods have advantages and dis-
advantages that need to be considered when interpreting findings and drawing conclu-
sions. The qualitative study will be discussed separately in this section because the
methodology and quality criteria for qualitative research differ from those used in quan-
titative research.

There are several considerations regarding the applied data collection and processing
methods.

Overall, the use of accelerometer-measured movement behavior is a strength. Accel-
erometer-measured movement behavior has higher validity and reliability compared to
self-reported data when the aim is to measure amounts of time spent in different move-
ment behavior intensity categories around the 24-h cycle™. However, the use of accel-
erometers also has limitations, and choices regarding data collection and processing
methods impact the representation of “true” PA. As mentioned previously, both over-
and underestimation are possible. For example, hip-worn accelerometers cannot capture
certain types of PA, such as cycling, swimming, or strength training, leading to a poten-
tial underestimation of energy expenditure. In paper Il, we used a novel method for
processing raw accelerometer data that overcomes some of the drawbacks of more
conventional data processing, as described in the introduction??. However, as the addi-
tional analyses for paper 11 showed, there were large differences in average movement
behavior compositions for the different data processing methods. In addition, the results
on intervention effects on SED differed depending on which processing method was
used. This highlights the importance of carefully choosing data processing methods that
best fit the research question and to be transparent about the potential consequences for
results and conclusions.

We used validated cut-points for classifying participants’ time spent in accelerometer-
measured movement behavior into different intensity categories that reflect energy ex-
penditure. Although this is a feasible and commonly used approach, there is some un-
certainty involved in intensity classification. Cardiorespiratory fitness, body weight,
age and other personal characteristics can have a large impact on whether certain cpm
should be classified as SED, LIPA, MPA or VPA?%, Furthermore, the choice of cut-
points for classifying data into different movement behaviors can heavily influence the
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amount of time spent in different behaviors?%267, This in turn can affect obtained re-
sults, considering that this likely affects the variance within the data. The classification
into time in bed, SED, LIPA and MVPA is commonly used in research and for public
health messaging since it is easy to understand for most people. However, it can imply a
loss of information. For example, in paper I, we showed that the proportion of VPA
was associated with mental wellbeing and not MPA. This might have implications for
what behaviors to focus on in intervention studies and, by extension, in movement be-
havior recommendations. The use of these movement behavior categories can also be
problematic when analyzing changes in the time spent in movement behavior catego-
ries. For example, individuals might change their movement behavior by spending less
time at the lower end of the MVPA range to spending more time on the higher end of
the MVPA range, with potential health consequences. Such changes are not detected
when using these categories. To overcome this challenge, we used average vector mag-
nitude cpm as an indicator of mean PA intensity as a mediator and moderator in paper
\VA

In this thesis, we investigated the distribution of time into intensity categories and mean
PA intensity. As mentioned in the introduction, there are more aspects related to move-
ment behavior, such as the frequency of movement behaviors, movement behavior
during weekdays versus weekend days, type of activity or bout duration. We did
not take these into account. Exploring these aspects might further help explain the rela-
tionship between movement behavior and mental health. For example, some studies
suggest that mentally active SED is less detrimental to mental health than mentally pas-
sive SED'S. It is possible that the time that most participating office workers spent in
SED was mentally active and intellectually stimulating and therefore less harmful for
their mental health. This might explain the lack of associations for symptoms of depres-
sion, anxiety, burnout, and stress found in paper I. However, some of these office work-
ers worked as call center agents, while others dealt with debt collection customers for
whom SED during work time might be emotionally demanding and detrimental for
mental health.

Previous research suggesting that MVVPA must be performed in bouts of at least 10
minutes has been overridden by more recent research showing that any duration of time
spent at higher intensity PA is beneficial for health?%®. However, there is a general con-
sensus that longer SED bouts are more detrimental than frequently interrupted bouts.
However, the evidence thus far is insufficient for making recommendations on the fre-
quency or duration of bouts or interruptions of SED?%. Finally, we did not take the con-
text of movement behavior into account, except in paper 11, where we investigated the
effects of movement behaviors during work versus non-work time.

In sum, movement behavior is a very complex phenomenon and today, no perfect meas-
urement tool exists that captures all its dimensions. Researchers must make choices that
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limit this complexity to some important aspects that are relevant for the posed research
question. With the development of artificial intelligence and technological advances,
more sophisticated ways of measuring will be developed, allowing researchers to ask
and answer more sophisticated research questions. A more detailed discussion of how
data collection and processing methods might explain the obtained results will be dis-
cussed under Interpretation of findings and comparison with previous literature.

Five relevant mental health outcomes were included in this thesis, i.e., symptoms of
depression and anxiety, burnout, mental wellbeing, and stress. The inclusion of several
outcomes, including symptoms of depression and anxiety, the most common mental
health disorders, should be considered a strength. In addition, the HADS, SMBQ,
WHO-5, and SSQI are commonly used in research, which facilitates comparison across
studies. However, the sensitivity to change of the HADS has only been established
among clinical populations and not among healthy adults?”®. Additionally, reducing the
7-point Likert scale to a 5-point Likert scale for the SMBQ likely reduced its meas-
urement precision. It also limited the comparison of results across studies. This was
done to align the length of Likert scales with those of other questionnaires that were in-
cluded in the web-based questionnaire. The responsible researcher in our team sug-
gested that switching between Likert scales of different lengths might impact the preci-
sion of the included measurement tools. According to the literature, reducing the answer
options for scales with 6 or more answer options impacts the results less than scales
with fewer answer options?’* but it might nonetheless have impacted psychometric
properties and its capacity to detect change. Therefore, we decided to exclude it from
paper IV.

The measurement of mental health via self-reporting screening tools always bears the
risk of misclassification and cannot be considered equivalent to a clinical diagnosis.
However, we only used the cutoffs for presenting the data descriptively. In addition,
many participants commented that the questionnaires took a long time to answer and in-
cluded many similar questions about mental health. This might explain part of the miss-
ing data on mental health outcomes. The advantage of including many mental health
outcomes should be weighed against the potential risk of losing data points because par-
ticipants experience it as too burdensome to answer lengthy questionnaires.

Moreover, there are considerations regarding the choice of analyses.
In papers I, 11 and 1V, different types of linear regression analyses were performed. An
assumption for linear regression is a linear relationship between an explanatory and

response variable. The relationship between different movement behaviors and mental
health outcomes, however, is not linear®®. Also, it is unlikely that interventions change
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movement behavior in a linear fashion. In the behavior change research field, the use of
linear regression has been criticized as oversimplistic and suboptimal for studying the
complex, non-linear processes of behavior change?’2. Other methods, e.g., agent-based
modeling or recurrence-based approaches, have been suggested?’?. Linear models might
be sufficient for capturing general trends within the data, they are the standard approach
in the field, are easy to implement and interpret and require less data than more ad-
vanced statistical methods. Nonetheless, more advanced methods might contribute to a
more detailed understanding of the complex relationships between movement behavior
and health outcomes.

The use of CoDA as a statistically sound method for studying the health effects of
time-use data is a strength of papers | and Il. The advantages of CoDA have been out-
lined in the background. However, CoDA also has drawbacks. CoDA has gained popu-
larity during the past decade, and the number of PA studies using it is increasing*’.
Some challenges are related to the above-described classification of movement behavior
into intensity categories. Challenges can arise when zeros are present in the time-use
data. However, this was not the case in our studies. Several approaches for dealing with
zeros have been discussed in the literature. Most papers do not explicitly state whether
only the first ilr, containing all relevant information about one movement behavior in
relation to all others, has been included in the regression models or whether the remain-
ing ilr coordinates were also included to account for the entire variance in the composi-
tion. However, according to experts, all ilrs should be included as predictors in the anal-
ysis to adjust for the variance of the whole composition (Personal communication, Zel-
jko Pedisi¢, 24 January 2022). Therefore, we included all ilrs in the analyses.

The statistical analyses in papers Il and IV were underpowered. The RCT included
263 office workers, while 330 would have been necessary according to the a priori sam-
ple size calculation described on pages 66-67. The trial was powered to detect a change
in the proportion of participants meeting the MVPA guidelines, hours of SED per day
and stress'’® with a statistical power of 80%. This means that the required sample size
for detecting changes in the outcomes that were used in papers Il and 1V, i.e., relative
time spent in movement behaviors, cardiorespiratory fitness, or the other mental health
outcomes, was in fact unknown. A total of 330 participants would have been necessary
to detect changes in the above-named outcomes with a power of 80%. Since the RCT
only included 263 participants, the risk of not detecting an actual effect, i.e., a false neg-
ative result (Type Il error), was larger than 20% and further reduced since we only in-
cluded complete cases. Therefore, the null results on movement behavior outcomes and
some mental health outcomes in papers Il and IV need to be interpreted with caution
since the interpretation of the absence of an effect depends on statistical power. Leroy et
al*® stated:
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“When no meaningful and feasible effect is observed and the trial was adequately
powered, we can conclude (with a quantifiable level of confidence) that the trial
did not have an effect of the magnitude for which the trial was powered for that
outcome. When a trial was not powered to detect a feasible and meaningful ef-
fect, however, a finding of no effect could be because either the effect is truly ab-
sent, or the effect was too small to be detected. In this case, researchers should
avoid interpreting these results as the programme not having an effect.”

In addition, the mediation and moderation analyses were not prespecified in the study
protocol. In confirmatory research, a hypothesis is formulated a priori and tested. Since
this was not the case with these analyses, they should be regarded as exploratory or hy-
pothesis generating but not as confirmatory with the potential to inform practice!®®273,
However, these findings may inspire the direction of future research.

The aim of RCTs is to enroll a random sample of eligible participants from the target
population to ensure external validity, i.e., the extent to which the results of a study can
be generalized to the general population®™. Several aspects should be considered when
judging the external validity of the included studies. We need to consider whether in-
cluded participants were representative of the target population and whether participants
that were included in the analytical samples were representative of all included partici-
pants.

First, we did not investigate whether the included participants were representative
of eligible participants regarding, for example, demographic characteristics, mental
health status, and movement behavior but also other factors, such as type of office
work, job role, and degree of control over one’s tasks and time. These factors might im-
pact associations between movement behavior and mental health or the efficacy of the
interventions. Thus, associations or intervention efficacy, as well as how participants
experienced the interventions, might differ between included and eligible office work-
ers. This limits the generalizability of the results. If possible, minimal data on individu-
als who decline to participate, such as age, gender, or sickness absence, should be col-
lected and compared to included participants to investigate the representativeness of in-
cluded participants regarding these key characteristics'®. However, this would require
the collection of personal data that was not planned for and not included in the ethical
approval application.

However, the recruitment strategies for the cross-sectional study and the RCT were
comprehensive and included physical information events as well as information via the
companies’ intranets. This might have increased the likelihood of attracting a broad
range of eligible participants. It could also be argued that those employees who chose to
participate in the studies might be similar to those who would choose to participate if
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such behavior change programs were offered as part of regular workplace health promo-
tion efforts. From the descriptive analyses and missing data analyses, we learned that
the interventions seemed more attractive to highly educated women and that the iISED
intervention was less attractive than the iPA intervention. This provides useful infor-
mation that can be considered when adapting these or designing future similar interven-
tions.

The second question is whether participants included in the complete case analyses
were representative of all included participants. We performed complete case anal-
yses in papers I, Il and 1V as the main analyses. We considered this as more robust,
given the large proportion of participants with missing data and the fact that data were
not missing at random. However, this further reduced the statistical power and in-
creased the risk for false negative results. In papers I, Il and IV, participants with com-
plete data were compared to those with missing data to investigate whether those with
complete data were representative of all included participants. In paper | and 1V, there
were no statistically significant differences in demographic characteristics between par-
ticipants with complete and missing data. In paper Il, participants with missing data
were one year younger, had a one-year shorter duration of education and were more
likely to be in the iISED group. They also spent more time in SED. In paper 1V, missing-
ness of data was related to randomization, with missingness being higher among iSED
participants.

There is a risk that those with complete data might have differed from those with miss-
ing data regarding unmeasured and therefore unknown factors. For example, it is possi-
ble that only those iSED participants who believed in the health effects of reducing
SED or who were highly motivated provided complete data. This might also limit the
generalizability of the results to all iISED participants.

Although the assumption of data being missing at random was not fulfilled in paper II,
we performed intention-to-treat analyses that confirmed the results from the complete
case analyses. In general, intention-to-treat analyses can provide important information
for judging the generalizability of results to all included participants since they over-
come the bias that can arise from non-random attrition or non-compliance with assigned
treatment!®, Intention-to-treat analysis can help identify the average impact of the offer
of the interventions on the outcome rather than the impact of participating®°. Ulti-
mately, they might better reflect what can be expected if interventions were imple-
mented at scale’®, However, intention-to-treat analysis should not be performed if data
are not missing at random. Therefore, no intention-to-treat analysis was performed in
paper 1V.

Ultimately, complete case analysis with participants that are not representative of the
entire sample — or intention-to-treat analysis including participants with missing data
based on maximum likelihood estimation when a large proportion of participants has
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missing data — can both introduce bias, limit generalizability, or impact the obtained ef-
fect sizes. These need to be considered when interpreting results.

Another type of sensitivity analysis often performed with RCTs is per-protocol analy-
sis. A per-protocol analysis restricts the analytical sample in the intervention arm to
those who fully adhered to the intervention protocol*®. We did not perform per-proto-
col analyses because attendance of counseling sessions was the only available indicator.
Considering that the intervention consisted of many more components beyond the coun-
seling sessions, attendance of counseling sessions can be seen as a poor indicator for ad-
herence to the protocol. In addition, no difference in results was found for the previ-
ously published per protocol analysis?*®. Therefore, we did not perform per-protocol
analyses.

To improve the effectiveness of movement behavior interventions, there is the need to
identify how (analysis of mediators), for whom (analysis of personal moderators), and
under what circumstances (analysis of situational moderators) they can lead to health
improvements®®3, Therefore, we performed mediation and moderation analyses in pa-
per 1V. These analyses require larger sample sizes than regular analysis of intervention
effects because it increases the complexity of the statistical models, because effect sizes
might be smaller and more difficult to detect and because more variables reduce the de-
grees of freedom in the analysis. In addition, subgroup analyses in moderation analyses
require larger sample sizes to ensure that each subgroup has an adequate number of par-
ticipants for meaningful comparisons. However, the number of participants in some of
the subgroups was very small. In addition, we performed moderation analysis to investi-
gate differences in intervention effects across subgroups in the absence of overall inter-
vention effects on depression or anxiety symptoms and stress, a practice that is debated
among researchers?”,

Mediation analysis aims at understanding underlying causal pathways that can explain
why intervention effects are achieved. However, no conclusions about causality can be
drawn from our mediation analyses because the mediator was not assessed prior to the
outcome, an important assumption. Reversed causation cannot be excluded. According
to a recent systematic review, 53% of recently published RCTs performed mediation
analysis with simultaneously measured mediators and outcomes??’.

The qualitative study was conducted in line with the ontological and epistemological

assumptions of qualitative research??. Quantitative and qualitative research differ based
on views on what constitutes reality (ontology) and how to measure it (epistemology).
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In short, quantitative research generally assumes that there is one reality, which
should be measured objectively with minimal bias. According to this epistemology, the
investigator should be objective, detached and value-free from the subject of investiga-
tion. Historically, sport science and public health research is based on quantitative re-
search rooted in medical science?” and papers I, I and 1V fall within this paradigm.
Obijectivity, validity, reliability, generalizability, and reproducibility are commonly ap-
plied quality criteria for quantitative research.

Qualitative research, on the other hand, assumes that reality is subjective and situa-
tional, personally constructed and socially colored. A core assumption of reflexive the-
matic analysis is that the researcher’s subjectivity is a fundamental resource for the
analysis??. The analyzing researcher is the research tool and is inevitably influenced by
experience, skill, values, and training?’®. Therefore, to judge the quality of this research,
other quality criteria must be applied compared to those used for quantitative research.
No consensus on quality criteria for qualitative research exists, but worthy topic, rich
rigor, sincerity, credibility, and meaningful coherence have been suggested?’”. Anal-
ysis and interpretation of data that are compelling, insightful, thoughtful, rich, complex,
deep and nuanced can be considered strong, whereas unconvincing, underdeveloped,
shallow or superficial analysis and interpretation are considered weak?’. In the follow-
ing, 1 will reflect upon some of the suggested criteria in relation to the qualitative study
of this thesis.

Worthy topic: The study significantly contributed to our understanding of how accepta-
ble and feasible the interventions were for participants and the degree to which they
were delivered and worked as planned. Qualitative investigations of such multi-level in-
terventions are rare but essential for understanding their context-specific efficacy. The
RCT was conducted at two Swedish workplaces, and the context differed from other
Swedish workplaces or those in other countries or industries. The qualitative study pro-
vided valuable information about the specific context, which helps to transfer results to
other contexts.

Rich rigor: The study included different stakeholder groups who contributed diverse
perspectives and an in-depth understanding of how the intervention components were
delivered, how they worked or not and how they were perceived by different persons
that were important for the conduct of the trial. The available data allowed us to identify
issues that are critical for the successful conduct of such multi-level interventions. We
used two different modes of data collection, i.e., focus group discussions and individual
interviews. An advantage of well-performed focus group discussions is that a plurality
of opinions can be negotiated and discussed. However, certain participants may feel
more willing to speak openly about topics in the more private setting of interviews.
Thus, the diversity of data collection modes could be considered a strength. During the
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data collections, | was especially careful to create a setting in which interviewees felt
comfortable sharing their experiences with me and with other participants. I also as-
sured them that no personal information from the conversations would be shared with
third parties and that data would be anonymized for reporting. Actions | took to ensure
this involved the following: in the beginning of focus group discussion or interview, |
introduced myself and my role in the research project. | also informed about the nature
of the collaboration with the companies and explained that they did not influence the re-
search design or reporting in any way. | asked discussion participants to not share the
content of the sessions with third parties. | was careful to make sure that all participants
had the opportunity to contribute to the discussions. Also, | was careful to ensure that
participants felt safe to share their own viewpoints autonomously, not having to follow
potential group pressure. | offered all participants to contact me afterwards in case they
wanted to change, add, or delete anything of what they had said. In addition, I informed
them that | would contact them in case | needed to clarify things they had said. We
judged that the risk for feeling discomfort was low.

Sincerity: Self-reflexivity, i.e., being aware of and honest about how my actions and
thoughts impact on data collection, analysis and reporting, and transparency about it are
important means for achieving sincerity. “Big Q qualitative research” embraces the fact
that the analyzing researcher is the research tool and is inevitably influenced by experi-
ence, skill, values, and training. The researcher’s subjectivity is considered a fundamen-
tal resource for the analysis??? and not a source of bias. Thus, readers are invited to con-
sider that | collected and analyzed the data. | am a white, non-disabled, middle-aged fe-
male, socialized in Western culture with a background in public health. | have always
enjoyed being physically active and have never stopped engaging in exercise through-
out different phases in life. By the time | conducted the qualitative study, | had become
a mother of two children and as a researcher | had a sedentary job. This shaped my un-
derstanding of the challenges that many of the interviewees experienced regarding com-
bining work and family responsibilities and being physically active. | had some but not
extensive experience in collecting and analyzing qualitative data but none in conducting
focus group discussions or in applying reflective thematic analysis. An advantage might
be that | was not constrained to specific viewpoints, expectations or prejudices that
might build up with more experience. | prepared for this analysis by attending a course
in qualitative research and reading relevant literature to increase my skill level. Some of
the coauthors and | were directly involved in the RCT and might have been biased by a
vested interest in demonstrating high quality of delivery and efficacy of the interven-
tions. However, | presented myself as a doctoral student to participants, and it might
have been easier for participants to share negative experiences or criticism with me
compared to a more senior researcher. We collected and presented both positive and
negative experiences of participants and demonstrated our ability to critically interpret
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the data and to draw conclusions. Not having been involved in the intervention design
might also have given me more freedom to be critical of the interventions.

Credibility: This refers to the trustworthiness or plausibility of research findings. We
aimed to provide sufficient detail to support our findings. In addition, we practiced tri-
angulation, i.e., we used different sources of data by including different stakeholder
groups and different modes of data collection. In addition, all authors together reflected
upon the data and findings throughout the process. One of the coauthors had not been
involved in the RCT, which further contributed new perspectives for the interpretation
and presentation of collected data.

Meaningful coherence: Meaningfully coherent studies use appropriate methods to
achieve their stated purpose. The aim of our study was to investigate the acceptability,
feasibility, and fidelity of two multi-level RCT interventions based on the experiences
of various stakeholders. Thus, it was a broad aim and did not restrict the study to a nar-
rower focus. In line with this aim, we applied inductive coding to avoid limiting the
analysis to preconceived viewpoints. We collected the data after completion of the in-
terventions to ensure that participants were able to reflect on the entire intervention. The
collected data provided insights into how the interventions worked and how this im-
pacted their efficacy. The results helped to highlight commonalities and differences in
participants’ experiences, which are important to consider when designing, conducting,
and interpreting such RCTSs.

5.3 Ethical considerations

For all research that was part of this work, we carefully considered ethical issues that
may arise in planning, conducting, or reporting it, in accordance with the Declaration of
Helsinki?™® “to protect the life, health, dignity, integrity, right to self-determination, pri-
vacy and confidentiality of personal information of research subjects”. Ethical approv-
als for all studies were granted by the Stockholm regional ethical review board
(2016/796-31 for the cross-sectional study, 2017/2409-31/1 for the RCT and 2018/587-
32 for the qualitative study).

Beyond formal ethical approval, researchers must take ethical accountability for all
parts of the research process. | would like to reflect upon some relevant aspects.

To ensure scientific merit, previous literature was scrutinized to identify research gaps
worth addressing. The interventions were aimed at those office workers of the collabo-
rating companies that we considered to be most at risk of mental ill health, i.e., less ac-
tive office workers. This selection of subjects was in line with the ethical principle of
allocating resources to those most in need. However, even though the RCT aimed to
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include those at highest risk, the office workers belonged to the middle- to high-income
socioeconomic group. This might also explain why participants were comparably very
physically active and why they had average to good mental health based on some of the
included outcomes. Impaired mental health occurs across all socioeconomic groups, but
those with more resources might have more means to seek help than more vulnerable
groups. In general, low-income office workers are underrepresented in workplace
movement behavior or mental health research, and they should be given appropriate ac-
cess to participate in research, in line with the principles of the Declaration of Helsinki.
The selection of companies was a convenience sample since these companies had a
particular interest in co-creating knowledge about workplace health promotion and
available resources that could be invested in this project. Such companies might be eas-
ier to collaborate with, increasing the potential for successful trial conduct and the gen-
eration of valuable knowledge. Nonetheless, it is important to target diverse work-
places in future studies to strive for fairness and equity and reduce existing health dis-
parities between income groups.

The Swedish Knowledge Foundation and the collaborating companies funded this re-
search. The companies were interested in co-creating knowledge on how to best design
health-promoting workplaces. This increased the chances for research to practice trans-
lation. Throughout the process, there was a close collaboration between the research
group and HR staff at the companies that helped to organize the project within the com-
panies and to deal with practicalities. However, it is crucial to emphasize that the com-
panies had no influence over the direction, outcomes, or reporting of results in this re-
search project. Thus, no conflict of interest existed.

Another aspect should be given appropriate consideration: the risk of demotivating indi-
viduals or companies to invest in health promotion or behavior change in case the inter-
ventions do not show desired effects. For example, the potential harm that might
have been caused for individuals who tried but failed to achieve a behavior change
remains unmeasured and therefore unknown. Those might be the most vulnerable indi-
viduals who suffer from receiving the message that they should change but do not man-
age to do so. This might induce feelings of hopelessness, potentially aggravating un-
healthy lifestyle habits or impaired mental health. | reflected upon this challenge when
interviewing some participants who described that they had tried many different things
in the past to reduce weight and to become more active but failed. They had high expec-
tations and were happy to receive another chance with this intervention but were very
disappointed when they realized that this intervention was not what they needed to
change their behavior. To address this potential harm, it could be mentioned in the
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information to study participants. In addition, information about where to seek addi-
tional help could be provided after the completion of the intervention.

In addition, researchers should carefully consider how to deal with participants who —
according to the validated psychological screening tools — fall into the category of
abnormal depression and anxiety symptoms. On the one hand, this indicates that
these individuals might have impaired mental health to a degree that requires profes-
sional support. Researchers could make them aware of the test results and suggest op-
tions for seeking mental health care. This was, for example, done with participants who
had high blood sugar levels based on the blood testing that was performed. On the other
hand, the results from screening tools are not equivalent to clinical assessments for di-
agnosing mental disorders. Additionally, since the interventions aimed at improving
mental health, it could be argued that they were given some support. However, this is
not equivalent to professional mental health care. At least participants with low levels
of mental health at follow-up should be made aware of further support options. Ap-
proaching individual participants might be sensitive since it was communicated to them
that data would only be analyzed anonymously and on a group level. A potential solu-
tion could be to communicate in the information to study participants that they receive
prior to giving informed consent that participants have the option to 1) inquire about
their own mental health scores from the questionnaires and 2) be made aware of their
mental health scores in case they fall into the abnormal category. In those cases, infor-
mation about how to seek further professional help could be provided.

Regarding participating workplaces, particular emphasis should be placed on providing
a nuanced, not black and white, report of results. The results of such interventions are
likely to on future willingness to invest in research or workplace health promotion. As
mentioned previously, complex interventions might improve some but not all outcomes.
The primary findings that the interventions had no effects on PA and SED were com-
municated with the participating companies. To provide a more comprehensive report
of intervention effects, we could contact the companies again since all planned analyses
have been performed now.

A general question that researchers, occupational health practitioners, employers, and
policy makers should thoroughly consider is whether interventions that aim at improv-
ing movement behaviors are the right choice when the aim is to improve mental health.
Such interventions might not only be inefficacious but close to unethical if it is likely
that unhealthy organizational working conditions might explain poor mental health
among employees. Several participants of the qualitative study discussed this aspect, as
this quote pinpoints:
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“I think the burden of work has been so high during recent years that people
don’t have the energy to change their lifestyle, to change their behavior because
they are so busy with coping with everyday life. I think that is the biggest threat.”
(Participant 16).

It is unlikely that movement behavior interventions cause harm and evidence of im-
proved physical health outcomes is established, which in turn might positively impact
mental health. Movement behavior is an important determinant of mental health,
but other aspects of work, e.g., high workload, poor leadership, and imbalance be-
tween demand and control, can exacerbate or cause impaired mental health. This
emphasizes the importance of individualizing interventions to a given workplace,
and approaches such as stress-management interventions?’® or manager training could
be considered?.

Finally, I would like to emphasize the importance of being mindful of the risk for stig-
matization in the context of mental health or behavior change interventions. Interven-
tions may target behaviors or outcomes that are stigmatized in society. Persons with
impaired mental health can experience stigmatization, and researchers should be mind-
ful of the potential for further stigmatization and should work to mitigate this risk. For
example, inclusion based on mental health status may increase effect sizes, but it might
also increase stigmatization and might make participation in interventions less attrac-
tive. Although it was communicated that the aims of this RCT were to improve move-
ment behavior and thereby cognition and mental health, the risk of stigmatization was
low since inclusion was not based on mental health status.
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5.4 Implications

Based on the findings of this thesis, a range of implications can be suggested for re-
searchers, occupational health practitioners, employers, and policy makers who
want to understand the relationship between movement behavior and mental health in
more detail and who want to identify effective strategies for promoting healthy move-
ment behavior and mental health in the workplace. The findings might also be interest-
ing for individual office workers who wish to understand and improve their own move-
ment behavior and mental wellbeing.

Taking a shared responsibility for mitigating the burden of impaired mental health
The point of venture for this thesis is the urgent need to mitigate the burden of impaired
mental health, as described in the introduction. The responsibility for addressing this
burden is shared across societal sectors, including workplaces'®. The WHO?® states:
“Effective policies and action to improve mental health at work are critical to uphold
the human right to good health, including mental health, and to advance progress to-
ward the Sustainable Development Goals”. Several international conventions aim to
protect both the physical and mental health of workers worldwide and translate into
laws, policies, and guidance at the national and subnational level?®. Ultimately, the
combined efforts of employers, occupational health practitioners, policy makers, work-
ers, and researchers — the addressees of this implications section — are needed for in-
forming and creating health-promoting workplaces. The research presented in this thesis
affirms that employers and especially managers can have a pivotal role in creating
working conditions that promote more PA and less SED at the workplace as well as
mental wellbeing. This research intends to motivate them to embrace this responsibility
and seize the chance to contribute to public mental health. Our research confirmed that
it is important that support for creating and maintaining healthy movement behavior and
mental wellbeing should be provided at the organizational, team, environmental and in-
dividual level. This is not only important for the success of single interventions but also
necessary for creating a workplace culture of health that benefits not only study par-
ticipants but also the wider employee population?®. | conducted this research while liv-
ing in Sweden and California, USA, characterized by very different workplace cultures
and attitudes toward mental health in the workplace. This shaped my conviction that the
wider workplace culture in a society is ultimately shaped by individual decisions of pol-
icy makers, employers, occupational health professionals, researchers, and employees.
It is my hope that this research encourages researchers, occupational health practition-
ers, employers, policy makers and individual office workers to take this shared respon-
sibility for employee mental health.
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More multi-level interventions among office workers are needed to investigate
whether mental health can be improved by changing movement behavior.

As mentioned in the introduction, the evidence for universal movement behavior inter-
ventions for improving employee mental health has been scarce, leading the WHO to
recommend them only conditionally*6. Only a few studies have employed a multi-level
design based on ecological models of health behavior to test whether movement behav-
ior interventions are effective for workplace mental health promotion. As previously
mentioned, there are many other work-related factors — and non-work-related factors —
that impact mental health. Further research is warranted to understand when employers
should prioritize movement behavior interventions over addressing alternative dimen-
sions of work, particularly when the explicit objective is to enhance mental health out-
comes.

Attention should be given to the distinction between multi-component and multi-
level interventions. Both terms have been used by previous studies to describe multi-
level interventions. However, multi-component interventions could consist of multiple
components that all address the same level of influence, for example the environment.
Furthermore, it is not defined how many levels a multi-level intervention should address
to count as such. In line with ecological models of health behaviors, the results of our
studies highlight the importance of addressing various levels. Guidelines for designing
multi-level interventions could be used, such as the Ecological Assessment Tool for a
Workplace Physical Activity Program Standard?®. It presents a checklist with aspects to
consider when designing multi-level interventions.

Several practical lessons can be learned from conducting this research that may inform
occupational health efforts and future multi-level interventions targeting movement be-
havior and mental health among office workers:

e Ensure manager involvement. The research presented in this thesis confirmed that
employers and especially managers can have a pivotal role in creating working
conditions that encourage healthy movement behavior at the workplace as well as
mental wellbeing. To support managers in taking an active role in promoting
healthy movement behavior among colleagues, several measures could be taken.
For example, granting protected time for managers, as was done in another success-
ful multi-level study?*. A more intensive preparation for their role might be neces-
sary prior to and during interventions to ensure sufficient skills and knowledge.
This could be marketed as continuous professional education. For example, one
study involved senior leaders as workplace champions, and they received a several-
hour-long training session on behavioral change and protected work time for
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pursuing their role as champion?*¢. Another RCT provided a 2-day training for
team leaders?*. Involving managers as team leaders and strengthening their compe-
tence in promoting healthy movement behavior among colleagues might also in-
crease perceived team support, see next point.

Facilitate team support. Previous research and paper Il highlighted the importance
of team support for making behavior changes. Certain measures could be taken that
are both ethically acceptable and feasible for ensuring team support as well as ex-
posure to certain intervention components. For example, entire working units could
be randomized to intervention versus control conditions, including employees who
do not formally participate in an intervention. Components such as lunch walks or
standing and walking meetings and encouragement for healthy movement behavior
by managers could then be offered to entire working units which might increase the
fidelity of such components and foster team support. Obviously, such aspects might
be less challenging when conducting interventions at smaller workplaces with
fewer employees.

(Evaluate the effects of) Granting work time for health promotion activities. Alt-
hough this was a misunderstanding and not an official part of the interventions, par-
ticipants experienced the possibility of using work time for PA as very supportive.
It provided them flexibility and legitimation to exert control over their time. Given
that it is commonly offered as a benefit in Swedish workplaces, more research
should be conducted to evaluate its effects and the conditions under which it can ef-
fectively contribute to improved movement behavior and mental health.

More research is needed to understand which intervention components and com-
binations of components are crucial for the effectiveness of multi-level movement
behavior interventions among office workers. It is important to consider that the
feasibility, acceptability and fidelity of intervention components will differ across
office workplaces?. For example, workers might experience more barriers to using
sit-stand desks in open office landscapes than in smaller office rooms.

Thus, tailoring the interventions to the needs, preferences and given context of
the target group, both the work organization and the individual office worker, is
likely to increase intervention efficacy. The process of adapting interventions to in-
dividual characteristics, needs, preferences or situations is referred to as tailoring in
the scientific literature?®. It aligns with principles of precision public health to

provide “the right intervention to the right population at the right time”28,
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Involving the target group and other important stakeholder groups, such as organi-
zations’ leadership and senior management, in the intervention development could
be an integral part of tailoring interventions to the organization. This has been done
in our RCT to a certain extent, for example, by conducting the preceding study on
facilitators and barriers for reducing SED and through ongoing communication
with the companies. However, there are various tools that can guide such design
processes in a more comprehensive manner, for example, the behavior change
wheel?®, Involving important stakeholder groups in the intervention development
might also increase employee and manager buy-in, prominent barriers to workplace
health promotion?®”. Building employee-ownership to health promotion actions by
involving them in the planning process or surveying their preferences might in-
crease the attractiveness of interventions, attrition rates and potentially the sustaina-
bility of behavior changes beyond the intervention period828°,

The results from the qualitative paper 111 suggest that CBT and MI presented use-
ful strategies for tailoring the interventions to individual office workers. As
mentioned in the introduction, we criticized previous intervention studies for apply-
ing a one size-fits-all approach by, for example, offering the same exercise scheme
to all participants. The CBT and MI techniques were perceived as very useful and
supported office workers in finding individually viable solutions for integrating
more PA in daily life, a common challenge for working middle-aged adults. It sup-
ported them to better understand their own movement behavior, to align it with
their values and goals, to identify barriers and overcome them by focusing on alter-
native behaviors, to practice acceptance regarding challenging situations and to
strengthen their capacity to modify their own movement behavior in the future.
More research is warranted to evaluate CBT and Ml in the context of workplace in-
terventions for promoting movement behavior and mental health.

Combine quantitative and qualitative methods for evaluating complex multi-level
interventions. The combination of quantitative and qualitative investigations of
RCTs increases the understanding of efficacy but also transferability to other
contexts, which is crucial for practitioners who seek to implement scientific evi-
dence into practice and for researchers who want to develop future interventions®s2,
Often, researchers feel more comfortable with the epistemological and ontological
perspectives of either quantitative or qualitative research. This was also the
case for me but changed substantially by conducting this research. RCTs are prime
examples of quantitative research, characterized by precise analyses, standardiza-
tion, minimization of bias, reproducibility, finding causal explanations, and ena-
bling predictions. As a complement to quantitative studies, qualitative studies can
help to grasp aspects that cannot easily be measured, controlled, or standardized but



that inevitably influence the conduct and results of RCTs. As paper 111 showed,
complex interventions that are implemented in ongoing operations at workplaces
will face more challenges that can be controlled or standardized*>®. Combining both
research paradigms may foster interparadigmatic understanding, which can ben-
efit a more holistic understanding of the efficacy of complex interventions and how
they work under real-world conditions?®,

The timing of the qualitative investigation should be considered carefully. Most
qualitative research with RCTs has been conducted parallel to or after main trials
instead of feasibility or pre-trials'®, Our study was also conducted after completion
of the main trial for logistic reasons. It is likely that some of the identified accepta-
bility, feasibility, and fidelity issues could have been uncovered during a feasibility
study and adapted for the main trial. The study nonetheless produced valuable
knowledge to understand the interventions post hoc, but it could not be used for im-
proving the interventions prior to their role out or while they were ongoing. Con-
ducting qualitative investigations prior to the main trials provides an opportunity
for making important adaptations that can increase the overall quality of complex
multi-level interventions. The price of conducting a feasibility study should be
weighed against the risk of conducting an unsuccessful intervention study. The risk
not only includes unwanted intervention outcomes. Negative trials could also dis-
courage workplaces from investing in health promotion in the future.

Prespecify mediation and moderation analyses. To evaluate whether improve-
ments in mental health outcomes are indeed caused by improvements in movement
behavior, mediation analysis should be performed. Mediation analyses should be
specified in the study protocol and preplanned to include them in sample size calcu-
lation to ensure that mediators can be measured before the outcomes and so that hy-
potheses can be formally tested. Moderation analyses are needed to understand for
whom such interventions can be effective.

Consider including placebo control groups. To control for a potential placebo ef-
fect, inert interventions such as passive exercises, imagery of exercise and relaxa-
tion could be offered to control groups®®.

Target diverse workplaces and office workers to increase equity and justice in
movement behavior change research. Workplace interventions bear a risk of selec-
tivity bias regarding participating companies and employees since participation is
voluntary and employees cannot be forced to participate. Several recent multi-level
studies among office workers noted that such interventions mainly attract highly
educated, female office workers. Researchers should consider targeting workplaces

123



that might be less inclined to invest in workplace mental health promotion to en-
sure that diverse groups of office workers are represented in scientific investiga-
tions and benefit from them.

There are also implications and suggestions for future studies on 24-h movement be-
havior and mental health. This thesis provides examples of applying a 24-h movement
behavior approach and CoDA as a rigorous method for evaluating time-use data. The
conclusions that can be drawn are more comprehensive since the interplay between dif-
ferent behaviors is considered. To expand our understanding of how 24-h movement be-
havior is associated with future mental health outcomes and how changes in movement
behavior affect mental health, more longitudinal and experimental studies are
needed?2%2, Interesting future research questions could be as follows: What move-
ment behavior compositions are optimal for which mental health outcomes? Exam-
ples of CoDA studies exist that identified the optimal 24-h time-use for various health
outcomes?®®, However, no such studies could be identified aiming at pinpointing such
‘Goldilocks Days’ for optimal mental health. Dumuid et al®®*, CoDA pioneers, devel-
oped “Your best day”, an application that can be used to predict health outcomes based
on individual reallocations of time spent in different movement behaviors. Such tools
can provide personalized recommendations that are potentially more relevant com-
pared to general ones. Such applications could be integrated in future interventions to
guide behavior change processes and to increase office workers’ understanding of the
interrelatedness of movement behaviors and their combined health effects.

To take more aspects of movement behavior into account, future researchers could
consider including frequency, bout duration or context by creating compositions such as
time in mentally active SED, mentally passive SED, MVPA, LIPA and time in bed. Or
time in SED with many interruptions per hour, SED with few interruptions per hour,
SED with no interruptions per hour, LIPA, MVPA and time in bed. Such studies could
make important contributions to the further development and refinement of 24-h move-
ment guidelines.

Implications for individual office workers

This thesis, especially paper 111, offers some insights that might be valuable for individ-
ual office workers. First, MVVPA is important for mental wellbeing. For many office
workers, it can be very challenging to integrate PA or breaks to SED into their daily
routines, especially if work and family responsibilities coincide and if working condi-
tions are not supportive of being active during the time spent at work. Becoming aware
of and focusing on personal values and goals can guide behavioral choices that increase
mental wellbeing. A focus on barriers might obscure a clear view of possibilities. For
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many participants in this trial, it was helpful to learn to accept instead of avoiding nega-
tive feelings associated with engaging in PA. Many also attributed a higher value to
shorter sessions of exercise or PA as part of commuting in a better-little-than-nothing
approach. For many, this was the solution to finding time for being physically active.
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6 Contributions of this research to existing
knowledge

Paper | was among the first studies that applied CoDA to study cross-sectional as-
sociations between 24-h movement behavior and mental health outcomes among of-
fice workers. The results add to previous knowledge by showing that mental wellbeing
is sensitive to how much time office workers spend in MVPA, even if the simultaneous
impact of all other movement behaviors is considered. The results confirmed that
MVPA and especially VPA are important for mental wellbeing even among, on aver-
age, very active office workers. Paper Il was among the first multi-level movement be-
havior studies that used a CoDA approach for evaluating intervention effects. Studies
such as ours provide a starting point for a more detailed understanding of how 24-h
movement behavior relates to various mental health outcomes compared to tradi-
tional studies that investigated single behaviors. They can also be regarded as more ro-
bust since the use of device-measured movement behavior is more common among
these studies and since CoDA is a more appropriate statistical approach for analyzing
time-use data.

Workplaces are considered as an important setting for promoting mental health. How-
ever, only a few multi-level movement behavior change interventions aimed at improv-
ing mental health among office workers exist. To our knowledge, the RCT was the first
to include CBT- and MI-based counseling sessions as part of multi-level interventions.
The interventions are prime examples of complex RCT interventions that were deliv-
ered under real-world conditions, requiring a huanced description and interpretation of
effects!®. This thesis provides a comprehensive evaluation of intervention effects on
various outcomes, including different indicators of movement behavior and mental
health. We found that the interventions improved mental wellbeing and some but not all
indicators of movement behavior.

In addition, we evaluated the acceptability, feasibility, and fidelity of the interventions,
which helps to identify aspects that are crucial for successful implementation of such in-
terventions in similar settings. We found that participants highly appreciated the coun-
seling sessions and free gym access. We confirmed the importance of manager and
team support for the success of the multi-level interventions, but we also identified
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challenges associated with the team leader components, which need to be considered
when implementing this or similar interventions.

Employing quantitative and qualitative research with RCTs has been recommended
but is not standard in the field of movement behavior research. By including both ap-
proaches, we gained a detailed understanding of intervention effects as well as aspects
that influenced the acceptability, feasibility, and fidelity of intervention components.
This research contributes to the evidence base that employers, occupational health
practitioners and policymakers need to make decisions about workplace health promo-
tion programs. In addition, our findings suggest implications for researchers in the field
of workplace health promotion.

In sum, this thesis provides insights that contribute to a better understanding of the rela-

tionship between movement behavior and mental health in office workers and how to
influence it.
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7 Conclusions

Among physically active, middle-aged, highly educated and mostly female office work-
ers, time spent in MVPA was positively associated with mental wellbeing, even if the
interplay with other movement behaviors was considered.

The multi-level interventions improved mental wellbeing and some indicators of move-
ment behavior but not others. We could not confirm that improvements in mental well-
being were explained by changes in mean PA intensity. Participants who reduced mean
PA intensity reduced mental wellbeing compared to participants who did not change
mean PA intensity. This highlights the importance of maintaining high levels of PA.

The acceptability, feasibility, and fidelity of individual-level components were high but
reduced for components that were dependent on team leaders. This was mainly due to
challenges with forming clusters and recruiting managers as team leaders, as well as a
lack of time and skills for promoting behavior change among colleagues. Consequently,
many participants perceived a lack of manager and team support, and several environ-
mental level components were not delivered as planned. This might have reduced the
overall intervention efficacy. However, these components worked as intended when de-
livered as intended, suggesting that they are not inherently flawed.

Overall, this thesis confirmed that workplace interventions can positively impact em-
ployee mental wellbeing. More research is needed to investigate whether and how similar
multi-level workplace interventions among office workers can achieve meaningful
changes in movement behavior and mental health.

This research contributed to existing knowledge by applying a rigorous investigation of
cross-sectional associations between movement behavior and mental health among office
workers and by conducting a comprehensive evaluation of intervention effects. The thesis
offers valuable insights and considerations that may inform occupational health practi-
tioners, employers, and policy makers and that may contribute to developing future ef-
fective interventions.
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Popular science summary

Many people worldwide suffer from impaired mental health. For those affected and
their loved ones, this is associated with immense suffering. Impaired mental health also
burdens the economy. In Sweden, approximately half of all sick leaves are due to men-
tal illnesses, and many affected individuals cannot work for long periods of time.
Health-promoting workplaces can contribute to good mental health and can reach many
individuals. However, more research is needed to learn which strategies are best for
promoting mental health in the workplace.

Previous research has shown that physical activity and appropriate amounts of seden-
tary time and sleep are important for mental health. Office workers spend many hours
sitting daily, not only during work but also during non-work time. Therefore, they
might have an increased risk of developing mental health problems. To better under-
stand this, one aim of this thesis was to investigate the relationship between 24-hour
movement behavior and depression or anxiety symptoms, burnout, mental wellbeing,
and stress. Investigating 24-hour movement behavior means investigating the combined
effects of how office workers distribute their daily 24 hours into sleep, sedentary behav-
ior, and physical activity of different intensities. We found that the included office
workers were unusually physically active but also spent lots of time sedentary. We
found that time spent in moderate to vigorous physical activity was good for mental
wellbeing even though participants also spent many hours daily sedentary.

Another aim was to evaluate two interventions among office workers that aimed at sup-
porting participants in becoming more physically active or less sedentary to improve
their mental health. To achieve this, office workers received different kinds of support
during a 6-month period. They received individual counseling based on cognitive be-
havioral therapy and motivational interviewing, which taught strategies for changing
their own movement behavior. In addition, opportunities for more physical activity and
less sitting at or near the workplace were offered (e.g., free gym access, standing and
walking meetings at work), and different team activities (e.g., walks during lunch
breaks, joint group training) and support from managers were planned. After the inter-
ventions, we interviewed participants to understand how the interventions worked and
whether they were perceived as acceptable, feasible and delivered as intended.
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The interventions improved mental wellbeing but not depression or anxiety symptoms
or stress. They also improved some but not all indicators of movement behavior. Ac-
cording to our analyses, the improvements in mental wellbeing were not explained by
improvements in movement behavior. It is possible that participants’ mental wellbeing
improved due to emotional support or a placebo effect. In the interviews, many partici-
pants described how the interventions helped them to become more physically active
and that it improved their wellbeing. We also learned that the team activities were diffi-
cult to implement as planned, and participants experienced that they did not receive
support from their closest manager or team. Manager and team support were considered
very important for creating a workplace culture that supports more physical activity and
less sitting. Potentially, the interventions were less effective due to these issues.

In sum, our studies showed that workplace-based interventions can improve office
workers’ mental wellbeing. However, more research is needed to establish whether and
which workplace movement behavior interventions are suitable for promoting office
workers’ mental health. This thesis offers valuable insights and considerations that may
inform employers, occupational health practitioners and researchers as well as office
workers who are interested in workplace mental health promotion.
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Popularvetenskaplig sammanfattning

Manga manniskor varlden Gver lider av psykisk ohalsa. For de drabbade och deras néar-
staende ar detta forknippat med enormt lidande. Psykisk ohalsa belastar ocksa ekono-
min. | Sverige beror cirka halften av all sjukfranvaro pa psykisk ohalsa, och manga
drabbade personer kan inte delta i arbetslivet under en lang tid. For att minska fore-
komsten av psykisk ohilsa maste atgarder vidtas inom manga omraden i samhallet. Ar-
betsplatser kan bidra pa ett viktigt satt, och manga manniskor kan komma i kontakt med
forebyggande atgarder dar.

Tidigare forskning har visat att en halsosam livsstil med regelbunden fysisk aktivitet ar
viktig inte bara for fysisk utan ocksa for psykisk halsa. Mycket stillasittande kan dére-
mot ha en negativ inverkan pa psykisk halsa. Kontorsarbetare tillbringar manga timmar
sittande varje dag, bade under arbetstid och utanfér arbetstid. Detta kan oka risken for
att utveckla psykiska halsoproblem. Syftet med denna doktorsavhandling var att under-
sbka om det finns ett samband mellan kontorsarbetares rorelsemonster under dygnet och
symtom pa depression, angest, utbrandhet, mentalt valbefinnande och stress. Rorelse-
monstret avser hur ménniskor fordelar sina 24 timmar mellan sémn, stillasittande och
aktivitet av olika intensitetsnivaer. Vi sag att méattlig till hogintensiv fysisk aktivitet pa-
verkar mentalt vélbefinnande, &ven om individer samtidigt tillbringar mycket tid stilla-
sittandes.

Ett annat mal var att utvérdera en interventionsstudie bland kontorsarbetare. Under sex
manader fick en grupp stod for att 6ka sin mattliga till hoga fysiska aktivitet, medan den
andra gruppen fick stod for att minska sitt stillasittande. Interventionsprogrammet inklu-
derade flera element. Kontorsarbetarna fick individuell radgivning baserade pa kognitiv
beteendeterapi och motiverande samtal for att stodja beteendeférandringen. Dessutom
erbjods mojligheter till mer fysisk aktivitet och mindre sittande pa eller néra arbetsplat-
sen (till exempel gratis gymatkomst, stdende och géende maéten pé jobbet), teamaktivi-
teter (till exempel promenader under lunchrasten, gemensam grupptraning), och chefer
som team ledare skulle stétta och motivera anstéllda att delta i interventionerna under
arbetstid. Efter interventionens slut intervjuade vi deltagarna for att underséka hur ac-
ceptabla och genomforbara interventionerna var.
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Deltagarna visade sig vara valdigt fysiskt aktiva vid starten av interventionen jamfort
med genomsnittsbefolkningen, men de tillbringade ocksé mycket till sittandes. Inter-
ventionerna forbattrade vissa, men inte alla indikatorer for rorelsebeteende hos delta-
garna. Vi sag ocksa att interventionerna ledde till en forbattring av det mentala valbefin-
nandet. Dock forbattrades inte symtomen pa depression, angest, och stress. Enligt vara
analyser var forbattringarna av mentalt valbefinnande inte relaterade till forbattringar i
rorelsebeteende. Det ar mojligt att deltagarnas mentala valbefinnande forbattrades pa
grund av emotionellt stéd eller en placeboeffekt. Enligt intervjustudien upplevde dock
manga deltagare att interventionerna hjalpte dem att inkludera mer fysisk aktivitet och
mindre sittande i sin stressiga vardag och att det forbattrade deras valbefinnande. Det
blev dock tydligt att flera delar av interventionerna inte kunde genomféras enligt pla-
nen. Bland annat upplevde manga deltagare att de inte fick stod fran sin narmaste chef
och manga av de planerade teamaktiviteterna genomférdes inte. Narmaste chefens stod
ansags som valdigt viktigt for att kunna forandra sitt beteende och for att vara mer fy-
sisk aktiv och mindre stillasittande under arbetstiden. Potentiellt var interventionerna
mindre effektiva pa grund av dessa problem.

Resultaten av denna forskning indikerar att arbetsplatshaserade atgarder som framjar
mer fysisk aktivitet och mindre sittande bland kontorsarbetare kan bidra till att framja
mentalt valbefinnande. Den kvalitativa studien lyfte fram svarigheterna som kan uppsté
vid genomforandet av komplexa interventioner med manga komponenter. Dessa bor be-
aktas vid planering och genomforande av framtida interventioner med sarskilt fokus pa
stod fran chefer for att 6ka effektiviteten av sadana interventioner.

Denna avhandling erbjuder vardefulla insikter och évervaganden som kan bidra till att
forbattra framtida, liknande interventioner.
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Popularwissenschaftliche Zusammenfassung

Viele Menschen weltweit leiden unter psychischen Gesundheitsproblemen. Fir Be-
troffene und Angehdrige ist dies mit massivem Leid verbunden. Psychische Gesund-
heitsprobleme belasten auch die Wirtschaft. In Schweden sind etwa die Hélfte aller
Krankschreibungen aufgrund psychischer Erkrankungen und viele Betroffenen kdnnen
lange nicht am Berufsleben teilnehmen. Um das Vorkommen von psychischen Erkran-
kungen zu reduzieren, missen MalRnahmen in vielen Bereichen der Gesellschaft ergrif-
fen werden. Arbeitsplatze kdnnen einen wichtigen Beitrag dazu leisten und dort kénnen
viele Menschen mit vorbeugenden MalRnahmen in Kontakt kommen.

Von friiherer Forschung weils man, dass ein gesunder Lebensstil mit regelméaBiger Be-
wegung wichtig ist nicht nur fur kdrperliche, sondern auch psychische Gesundheit. Zu
viel Sitzen dahingegen kann sich negativ auf die psychische Gesundheit auswirken. Bii-
roangestellte verbringen viele Stunden téglich sitzend, nicht nur wéhrend sondern auch
auBerhalb der Arbeitszeit. Es kdnnte sein, dass sie deshalb ein erhohtes Risiko fir die
Entstehung von psychischen Gesundheitsproblemen haben.

Das Ziel dieser Doktorarbeit war es deshalb zu untersuchen, ob es einen Zusammen-
hang gibt zwischen dem Bewegungsverhalten von Biiroangestellten mit Depressions-
und Angstsymptomen, Burnout, Stress und mentalem Wohlbefinden. Mit Bewegungs-
verhalten ist gemeint, wie Menschen ihre 24 h in Schlaf, Sitzen und Aktivitat von unter-
schiedlicher Intensitét einteilen. Unsere Studie zeigte, dass Bewegung von moderater
bis hoher Intensitat Auswirkungen auf das mentale Wohlbefinden der Blroangestellten
hatte, auch wenn diese gleichzeitig viel Zeit sitzend verbrachten.

Ein weiteres Ziel war es, eine Interventionsstudie unter Buroangestellten auszuwerten.
Uber einen Zeitraum von sechs Monaten erhielt eine Gruppe Unterstiitzung, um Bewe-
gung in moderater bis hohe Intensitat zu erhdhen, die andere Gruppe, um Sitzen zu re-
duzieren. Das Interventionsprogramm umfasste mehrere Elemente. Die Bliroangestell-
ten erhielten individuelle Beratungsgespréache basierend auf kognitiver Verhaltensthera-
pie und motivierender Gespréachsfiihrung, um Verhaltensdnderung zu unterstitzen. Dar-
Uber hinaus wurden Mdglichkeiten fiir mehr Bewegung und weniger Sitzen beim oder
in der N&he des Arbeitsplatzes angeboten (z. Bsp. kostenloser Zugang zu

133



Fitnessstudios, stehende und gehende Meetings bei der Arbeit), Teamaktivitaten wurden
angeboten (z. Bsp. Spaziergange in der Mittagspause, ein gemeinsames Gruppentrai-
ning) und Vorgesetzte sollten Teilnehmerlnnen motivieren und unterstitzen. Nach Ab-
schluss der Interventionen filhrten wir eine Interventionsstudie durch, um zu untersu-
chen, wie akzeptabel und durchfiihrbar die Interventionen waren.

Die Teilnehmerlnnen zeigten zu Beginn der Intervention eine sehr hohe korperliche Ak-
tivitdt im Vergleich zur Durchschnittsbevdlkerung, verbrachten jedoch auch viel Zeit im
Sitzen. Die Interventionen verbesserten einige, aber nicht alle Indikatoren fiir Bewe-
gungsverhalten bei den Teilnehmerninnen. Wir stellten auch fest, dass die Interventio-
nen zu einer Verbesserung des mentalen Wohlbefindens flihrten. Die Symptome von
Depression, Angst und Stress verbesserten sich jedoch nicht. Unsere Analysen ergaben,
dass die Verbesserungen im mentalen Wohlbefinden nicht mit VVerbesserungen im Be-
wegungsverhalten zusammenhingen. Es ist mdglich, dass die Verbesserung des menta-
len Wohlbefindens auf emotionale Unterstlitzung oder einen Placeboeffekt zuriickzu-
flihren ist. Unsere Interviewstudie zeigte jedoch, dass viele Teilnehmerinnen empfan-
den, dass die Interventionen ihnen halfen, mehr korperliche Aktivitat in ihren stressigen
Alltag zu integrieren und weniger zu sitzen, was ihr Wohlbefinden verbesserte. Es
wurde jedoch deutlich, dass mehrere Interventionselemente nicht wie geplant umgesetzt
werden konnten. Viele TeilnehmerlInnen berichteten beispielsweise, dass sie keine Un-
terstitzung von ihren unmittelbaren VVorgesetzten erhielten und viele der geplanten Tea-
maktivitaten nicht stattfanden. Die Unterstiitzung der unmittelbaren VVorgesetzten wurde
als sehr wichtig erachtet, um Verhaltensanderungen zu férdern und wahrend der Ar-
beitszeit aktiver zu sein und weniger zu sitzen. Moglicherweise waren die Interventio-
nen aufgrund dieser Probleme weniger effektiv.

Zusammengenommen weisen die Ergebnisse dieser Forschung darauf hin, dass Arbeits-
platz-basierte Malnahmen, die mehr Bewegung und weniger Sitzen unter Biiroange-
stellten fordern, mentales Wohlbefinden steigern kénnen. Die qualitativen Untersuchun-
gen zeigten auf, welche Schwierigkeiten bei der Umsetzung von komplexen Interven-
tionen auftreten konnen. Diese, und besonders Unterstiitzung von Vorgesetzten, sollten
bei der Planung und Durchfuihrung von zukinftigen Interventionen bericksichtigt wer-
den, um die Wirksamkeit solcher Interventionen zu erhdhen. Diese Dissertation bietet
wertvolle Erkenntnisse und Uberlegungen, die dazu beitragen kénnen, zukiinftige, d4hn-
liche Interventionen zu verbessern.
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Appendix 3
Categorization of self-reported physical activity values

The global guidelines for PA recommend at least 150-300 minutes of moderate-intensity
aerobic physical activity (MPA) or at least 75-150 minutes of vigorous-intensity aerobic
physical (VPA); or an equivalent combination of moderate to vigorous physical activity
(MVPA) throughout the week (World Health Organization. Physical Activity.
https://www.who.int/news-room/fact-sheets/detail/physical-activity. Published 2022.
Accessed February 9, 2023. Everyday activity was assumed to correspond to MPA and
exercise to VPA.

The tables below illustrate how we calculated the sum of total minutes (Table 1) as well

as index values (Table 2). A cutoff of 9 was chosen since it approximately corresponds
to 150 of MPA or combinations of MPA and VPA, i.e. meeting the PA guidelines.
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