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Abstract

Society faces multiple challenges, including a growing incidence of non-communicable diseases with major public
health implications, especially as both the general population and the workforce get older. At the same time,
global climate change, driven by high greenhouse gas emissions, demands immediate action. A lifestyle that
promotes healthy lifestyle choices and environmentally conscious behavior is considered a ‘sustainable” lifestyle
and offers a promising approach to addressing both public and planetary health. This thesis investigates how the
office of the future can promote a healthy lifestyle and sustainable development from employee, organizational,
and public health perspectives. The thesis is part of the comprehensive research project Sustainable Office of the
Future (SOFCO), and investigates different dimensions of health and sustainable development. Study I explores
office companies’ current vision for workplace health promotion, how health promotion is organized and
provided, how wellness allowances are used, as well as potential facilitators and barriers for workplace health
promotion related to physical activity by interviewing managers and human resource personnel. Studies II and III
investigate whether an office-based intervention study where health education imbedded in the context of
sustainable development results in more extensive behavior change compared to only receiving health education.
Also, Study II explores participants’ personal behavior change goal-setting as well as factors that facilitate or
hinder their ability to achieve them, and Study III explores the barriers and facilitators of healthy and sustainable
behaviors in the built, social, and organizational environments at the office. Finally, Study IV investigates the
association between a healthy and sustainable lifestyle index and the metabolic syndrome among office workers in
the population-based LifeGene study.

Study I shows that workplace health promotion is implemented to maintain employee health, productivity, and is
part of employee branding. Considerable investments are made in terms of finances and organizational support.
Key facilitators include easily available information and convenient access to storage, locker rooms, and fitness
facilities. The study underscores the importance of involving employees in creating workplace health programs
and in overcoming work-life balance constraints that may hinder a healthy lifestyle.

Study II found that the intervention arm receiving education about sustainable lifestyle reduced their total diet-
related carbon footprint, expressed as COze, by 0.8kg per day, while the control arm, who only received education
about healthy lifestyles, reduced COze by 0.4kg. Statically significant interaction effects between time and lifestyle
were found when diet-related carbon footprints were expressed as kg COze per 1000kcal per day, indicating
different effects for respective arms over time. Moreover, the intake of vitamin C increased by 8.0mg and 12.5mg
per 1000kcal per day for the sustainable and healthy arms, respectively, indicating increased intake of fruits and
vegetables. In addition, total sedentary time decreased by 0.4 hours per day in the sustainable arm, but not in the
healthy arm. In total, participants formulated 22 diet-related personal goals for behavior change that were
categorized into 9 main categories, along with 8 barriers and 5 facilitators to achieve the desired behavior change.

Study III shows that office workers perceive stairwells, locker rooms, indoor bike storage, green areas, and
sidewalks as facilitators for active transportation within the office as well as to and from work. Spaces within the
built environment that are convenient and attractive for daily breaks, recovery, and social interaction were
perceived as places that promote employee well-being. Several conflicts of interest—i.e., profit margin vs.
supporting healthy behaviors—in health promotion were identified; for example, vending machines since they
contain both healthy and unhealthy food items. Furthermore, the citizen science method Our Voice was found to
be a useful intervention function for increasing employee engagement and empowerment regarding healthy
behavior at the office.

Study IV presents a Sustainable Lifestyle Index considering several healthy and sustainable behaviors
simultaneously, including food habits, physical activity, sitting time, alcohol intake, tobacco use, and diet-related
carbon footprint. High adherence to the Sustainable Lifestyle Index among 2641 office workers lowers the relative
risk of metabolic syndrome by 65%, compared to the group with poor adherence to the index; i.e., unhealthy
behavior. Metabolic syndrome was defined as having 3 out of 5 established metabolic risk factors. Although only
4% of the relatively young population exhibited 3 or more risk factors, a correlation between poor health
behaviors and an increasing number of risk factors was observed, known to increase the risk of both
cardiovascular disease and type 2 diabetes.

This thesis shows that promoting a healthy and sustainable lifestyle among office workers and providing
accessible opportunities in the built, organizational, and social environment of the office are important for
supporting and maintaining healthy employees. However, health promotion needs to be tailored and adjusted to
the needs, capability, and interest of employees as well as to the workplace.
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Den lilla svalan har ingen talan
vad gdller pratet om klimatet

och lejonhannen ddr pd savannen
drar ingen slutsats om han utsatts.

A dromedaren dr oerfaren

och hadller klaffen som giraffen.
A igelkottet och kaskelotten
och jdttepandan hdller andan.

Ty den férmdgan att lyfia fragan
har inte djuren i naturen

de dr i klorna pd mdnniskorna
vad gdller hotet det mot klotet.

Men inget hénder, vi vrider, vinder

och trampar vatten i debatten

sd ansvarsbiten for hela skiten

som Vi snott dt oss, - ja forldt oss

vill vi helst slippa, - vi kan vdl tippa den ansvarsdelen pa kamelen eller pa svalan eller
koalan eller termiten kan fa skiten?

Ja lat oss vara, vi vill ju bara
fa slippa svara och forklara.

Men hur vi vrider och byter sidor
dr det ostridigt sedan tidigt
att skulden vilar pd oss med bilar
och rymdraketer och poeter

Sad ldt oss hoppas att vi kan stoppas
och att behoven dndrar boven

Och att motad utrotningshotad
forbannad isbjorn frdn sitt ishorn
far oss att vila fran det fosila

och hittar nyckeln nu till cykeln

Och att en jagad men starkt forsvagad
besviken groda pda bermjuda

far oss att tveka sd vi blir veka

och slutar stovla runt och skovla

Och att en skédrrad men gammal drrad
begdvad gédda gor oss rddda
sd vi blir spaka och tar tillbaka
vart lilla mordhot mot vdrt jordklot.
—  Claes Eriksson, "Sista Versen"
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Introduction

Society is facing multiple global challenges that are, to a large degree, inter-
connected. There is an epidemic of Non-Communicable Diseases (NCDs) re-
lated to lifestyle factors, such as obesity, cardiovascular diseases (hyperten-
sion, atherosclerosis, and stroke), various types of cancer (colon, breast, and
prostate), and type 2 diabetes which together are the leading causes of death
globally, corresponding to 74% of all deaths (World Health Organization,
2022b). Moreover, in 2024, the target goal of limiting global warming to 1.5
degrees Celsius was officially exceeded (Copernicus, 2025). At the same time,
the cost of sick leave in Sweden reached 91.9 billion kronor for the year 2024,
according to Skandia's annual report (Skandia, 2024). Furthermore, unhealthy
food habits and low physical activity contribute to a substantial disease bur-
den, and an economic burden on the health and welfare system (Ding et al.,
2016; Hirani et al., 2025; Rachmah et al., 2022), as well as the employer in
the form of reduced productivity at work and increased employee absenteeism
(Burton et al., 1999; Grimani et al., 2019; Schultz et al., 2009). This makes
the workplace a strategic public health arena, reaching a large part of the work-
ing population. These urgent situations demand immediate and drastic
changes, beyond waiting for political decisions or technological advance-
ments to counteract NCDs, long-term sick leave, and greenhouse gas emis-
sions. Small individual changes, such as reducing meat consumption, eating
more plant-based foods, decreasing overall consumption, and increasing ac-
tive travel, can collectively make a substantial impact on population and plan-
etary health.

This thesis sees the office as an arena for public health promotion and climate
mitigation. A growing amount of literature indicates that a sustainable lifestyle
is a healthy lifestyle in which a climate-friendly diet has proven to be healthy
(Balter et al., 2017; Clark et al., 2022; Strid et al., 2021), and active transpor-
tation increases physical activity with low environmental impact (Bernard et
al., 2021; Bourne et al., 2018). Office-based workplace health promotion has
the potential to reach approximately 2.5 million Swedish employees who
spend a significant part of their day in an office environment (SCB Statistics
Sweden, 2021). Furthermore, employees frequently return to the same



location within the office environment; therefore, it is crucial that the work-
place offers opportunities for a sustainable lifestyle, to both promote health
and reduce the burden on society.

To inform employers, human resource managers, and occupational health pro-
fessionals, more research is necessary to understand the relationship between
physical activity, diet, and the environmental impact of various lifestyles
among office workers. The literature indicates that there is a lack of well-de-
signed, theory-informed, workplace-tailored interventions targeting physical
activity behavior, diet, and sustainability issues among office workers (Abdin
et al., 2018; Glympi et al., 2020; Lock et al., 2021; van Kasteren et al., 2020).
Few workplace interventions focus on promoting sustainable lifestyles, par-
ticularly in reducing carbon emissions from food choices to mitigating two of
our global challenges: the rise of NCDs and climate change. There is also a
limited understanding of what facilitates or hinders the implementation and
usage of workplace health promotion programs among office workers, high-
lighting the need for knowledge on facilitators and barriers (Proper & van
Oostrom, 2019). Moreover, the usage of citizen science methods in collabora-
tive interventions, which involve companies, employees, and researchers in
the scientific process, are underutilized in workplace health promotion, high-
lighting a potential for increased knowledge of barriers and facilitators based
on employee perspectives and intervention development (Buffey et al., 2024).

Therefore, collaborative projects such as Sustainable Office of the Future
(SOFCO), involving employees, companies, and researchers, are essential to
developing knowledge and addressing these challenges. By studying how the
workplace can support a sustainable lifestyle through currently implemented
workplace health promotion policies, employee perspectives about a sustain-
able lifestyle at work, facilitators and barriers within the workplace, the feasi-
bility of a workplace interventions, employee empowerment, and the meta-
bolic health of Swedish office workers, I hope to contribute to the field of
public health and workplace health promotion towards a sustainable future.



Background

This thesis explores how a sustainable lifestyle among office workers can be
promoted through a public health perspective. Public health science is an in-
terdisciplinary field that employs various methods to study how health can be
promoted within different population groups, ranging from small communities
to larger societal segments. The following sections outline the concepts rele-
vant to this thesis.

Definition of Public health

There are many similar definitions of the scientific field of public health and
public health science. This thesis adopts one of the most commonly used def-
initions in Sweden, from the government's 1989 Public Health Group
(Folkhilsogruppen s. 19), where public health is defined as the interdiscipli-
nary field that studies the impact of working life, lifestyle, environment, social
structures, and healthcare systems on the population's health, as well as the
efficiency of health and medical care systems. This also includes studies on
the effects of various health policy measures and encompasses knowledge ar-
eas such as environmental, social, and occupational medicine; epidemiology;
toxicology; preventive medicine; medical sociology; health and medical re-
search; health economics; and health policy and planning (Folkhélsogruppen,
1989).

Definition of health

To understand the extent of the office as a health promoting arena, it is neces-
sary to consider the definition of health itself, which is “a state of complete
physical, mental, and social well-being and not merely the absence of disease
or infirmity”, according to WHO (World Health Organization, 1948). To en-
able people to achieve this state of well-being, WHO defines health promotion
as “the process of enabling people to increase control over, and to improve
their health” (World Health Organization, 2021b). Moreover, the Ottawa
Charter for Health Promotion states that “health promotion is the process of
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enabling people to increase control over, and to improve, their health. To reach
a state of complete physical, mental and social well-being, an individual or
group must be able to identify and to realize aspirations, to satisfy needs, and
to change or cope with the environment. Health is, therefore, seen as a re-
source for everyday life, not the objective of living. Health is a positive con-
cept emphasizing social and personal resources, as well as physical capacities.
Therefore, health promotion is not just the responsibility of the health sector,
but goes beyond healthy life-styles to well-being” (World Health Organiza-
tion, 1986). On an individual level, this also includes promoting healthy be-
haviors, regardless of whether they are objectively effective in improving
health, and WHO notes that health behaviors refer to actions taken to protect,
maintain, promote, and regain health (World Health Organization, 2021b).
Moreover, from a workplace health promotion perspective and a fundamental
standpoint within public health science, the concept of empowerment
emerges. ‘Empowerment’ refers to individuals' ability to influence and control
their own lives, which is closely linked to creating and experiencing health.
Empowerment is a concept that is crucial for health promotion and illness pre-
vention in the workplace (Arneson & Ekberg, 2006).

Determinants of health

‘Determinants of health’ refer to factors that affect or provide opportunities
for an individual's health. These range from genetics and lifestyle habits to
physical environment and broader social, cultural, ecological, economic, and
political dimensions. Dahlgren’s and Whitehead’s 2006 Rainbow Model’s in-
nermost layers includes uncontrollable factors like age, gender, and genetics,
surrounded by individual lifestyle choices and social networks. The outer lay-
ers cover living, working, and societal conditions, emphasizing the interaction
between these levels (Dahlgren et al., 2006). Similar socioecological models,
such as the Ecological Model of Active Living by Sallis et al., (2006) have
been presented in relation to determinants for a physically active lifestyle.
Moreover, in an office workplace context, individual lifestyle habits are influ-
enced by workplace policies, organizational factors, sociocultural elements,
the natural and built environment, office design, and ergonomic factors (van
Kasteren et al., 2020). Additionally, family and living conditions, networks,
and health-promoting services play a role outside the workplace that are, in
turn, affected by socioeconomic conditions and politically driven decisions
that shape health and lifestyle choices.
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Non-Communicable Diseases

Non-communicable diseases (NCDs), such as obesity, cardiovascular diseases
(hypertension, atherosclerosis, and stroke), various types of cancer (colon,
breast, and prostate), and type 2 diabetes are the leading causes of death glob-
ally, corresponding to 74% of all deaths (World Health Organization, 2022b).
Cardiovascular diseases caused 17.9 million deaths in 2019, accounting for
32% of global deaths, and ischemic heart disease and stroke are the most com-
mon causes (World Health Organization, 2021a).

Obesity significantly affects well-being and quality of life and is a major risk
factor for the development of NCDs, associated with approximately 5 million
deaths in 2019 (Chong et al., 2023). In 2022, over 800 million people were
obese, and 2.5 billion adults were overweight. By 2030, the global number of
obese individuals is projected to reach 1 billion, with a body mass index (BMI)
of >30kg/m? (World Obesity Federation, 2022).

Currently, 1 in 10 adults (approximately 537 million people aged 20 to 79)
have diabetes, with the majority having type 2 diabetes. In 2021, diabetes was
responsible for 6.7 million deaths and acquired 966 billion dollars in health
expenditures, marking an increase over 300% in the past 15 years. The number
of diagnosed adults is expected to rise to 643 million by 2030, and around 541
million adults worldwide has impaired glucose tolerance, placing them at high
risk for developing type 2 diabetes if lifestyle changes are not implemented
(International Diabetes Federation, 2021).

According to data from Sweden spanning from 2006 to 2022, there has been
a significant increase in the percentage of adults aged 16—84 who are classified
as either overweight or obese from 46% to 51% (The Public Health Agency
of Sweden, 2023b), and the leading cause of death in Sweden is cardiovascular
diseases, followed by cancer, together accounting for approximately 55% of
all death (The Public Health Agency of Sweden, 2023a) caused by diseases
closely linked to unhealthy lifestyle habits. About one-third of the Swedish
middle-age population engaged in one or two unhealthy lifestyle behaviors,
with the highest co-occurrence observed between physical inactivity and non-
adherence to dietary recommendations (Klompstra et al., 2024). This is in line
with data from 2024 that show that 65% of the Swedish population aged 16—
84 reported sufficient physical activity, reaching at least 150 minutes in a typ-
ical week. However, only 31% of the population reported an intake of vegeta-
bles at least twice daily (The Public Health Agency of Sweden, 2025a). Ac-
cording to the Public Health Agency's simulation tool, NCDSim, if all adults
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followed the Nordic Nutrition Recommendations by decreasing salt intake,
and increasing their intake of fiber, there would be a reduction of approxi-
mately 107,000 ongoing NCD cases compared to current dietary habits. In
addition, healthcare costs could decrease by 2.9 billion SEK by 2060 (The
Public Health Agency of Sweden, 2025b). A Harvard School of Public Health
study on nurses and public health professionals shows that adopting 4-5
healthy lifestyle habits in mid-life can lead to an extra 10 years free of NCDs.
These healthy behaviors include regular physical activity, a healthy diet, a
healthy body weight, moderate alcohol consumption, and non-smoking (Li et
al., 2020).

The metabolic syndrome

The primary risk factors of metabolic syndrome are central obesity, hyperten-
sion, insulin resistance, and dyslipidemia (Alberti et al., 2009). In this thesis,
the metabolic syndrome risk score is defined according to Lin et al., 2015 as
fulfilling cut-off points for three of the following five risk factors: 1) waist
circumference for women >80cm and >94 for men; 2); elevated blood pressure
(systolic blood pressure >130mmHg or diastolic blood pressure >85mmHg);
3) low levels of Apolipoprotein Al (Apoal) the main protein component of
high-density lipoprotein, HDL-cholesterol, for women <1.1mmol/L, men
<1.0mmol/L; 4) elevated triglycerides, the main type of fat (lipids) found in
blood at >1.7mmol/L; and 5) high non-fasting Hemoglobin Alc (HbAlc)
(>42mmol/mol), a type of hemoglobin that is chemically linked to blood sugar
(Lin et al., 2015).

The pro-inflammatory effects of metabolic syndrome can lead to NCDs like
type 2 diabetes, cardiovascular disease, and cancer (GBD 2019 Diseases and
Injuries Collaborators, 2020; The Public Health Agency of Sweden, 2023a;
World Health Organization, 2018). Research from a public health perspective
indicates that approximately 18% of the Swedish workforce is affected by
metabolic syndrome (Lidén et al., 2020), which is closely linked to increased
premature employment exit and all-cause disability pension (Lidén et al.,
2020; Runge et al., 2023). Additionally, there is a clear dose-response rela-
tionship: having three or more metabolic syndrome risk factors significantly
raises the risk of inability to work and sickness absence (Runge et al., 2023).

13



Sickness absence in Sweden

Long-term sick leave was expected to cost 91.9 billion SEK in 2024, accord-
ing to Skandia's annual report (Skandia, 2024). The estimated societal costs
due to mental health issues were 42.6 billion SEK, while the costs for sick
leave caused by physical and somatic health issues amount to the remaining
49.3 billion SEK for all municipalities and counties. In the context of this the-
sis based on studies of companies in the Milaren region, the societal cost of
lost work due to extended periods of sick leave (longer than 14 days) caused
by physical health issues in Vastmanland was calculated at 2.3 billion in 2024.
Of these, cancer-related illnesses account for 126 million, and cardiovascular
diseases for 73 million. The report highlights that the significant cost of long-
term sick leave is an indicator of society's failure to provide preventive
healthcare, workplace health promotion, and targeted rehabilitative measures
for individuals unable to work due to illness. Moreover, Skandia emphasizes
the need for an increased focus on preventive and rehabilitative care to achieve
substantial improvements (Skandia, 2024) and a recent policy review pro-
poses that workplace wellness programs can be one solution to the growing
incidence of metabolic diseases within the working population (Hirani et al.,
2025).

Sustainable development

Sustainable development refers to the ability to meet our needs related to liv-
ing conditions and resource utilization while safeguarding future generations'
ability to meet their own needs (United Nations, 2015). The three dimensions
of sustainable development encompass ecological, economic, and social as-
pects. The ecological dimension of sustainable development focuses on main-
taining natural systems that provide essential resources for humans and other
living beings. This includes the planet's productive capacity, such as fertile
agricultural land, fish stocks, clean water, natural resources, and healthy hab-
itats like forests and wetlands. Additionally, it involves preserving the planet's
capacity and finite resources by avoiding disruptions to biodiversity through
chemical or physical impacts (Hedenus et al., 2018).

Economic sustainability focuses on creating a stable and thriving economy
that supports well-being and prosperity for all. The economic dimension of
sustainability encompasses the efficient and long-term management of the
planet's finite natural resources and human-created capital (Hedenus et al.,
2018). It involves promoting sustainable economic growth, ensuring the fair
distribution of wealth and opportunities, and maintaining economic resilience.
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Economic sustainability seeks to balance economic activities with social and
environmental considerations, fostering innovation and long-term develop-
ment.

Social sustainability involves creating conditions that ensure the maintenance
and improvement of a society, providing opportunities for personal develop-
ment, community participation, and decision-making for current and future
generations. Hedenus et al. (2018) argue that our focus should be on social
structures within society that create the conditions for meeting human needs,
which includes social capital and trust between people on an individual level
and effective systems such as social insurance (e.g., unemployment benefits),
the judiciary (e.g., fair legal processes), and healthcare (e.g., free healthcare).
Moreover, social sustainability encompasses social-ecological systems,
where ‘social’ refers to the human dimension, including economic, political,
technological, and cultural aspects; and the term ‘ecological’ relates to the
Earth's natural ecosystems. These systems are interconnected in a dynamic
interplay involving the atmosphere, water cycle, biogeochemical cycles, and
the overall dynamics of Earth’s system, which in turn influence the economic,
political, technological, and cultural aspects of social sustainability. This
shows that social sustainability cannot function in complete isolation from
ecological or economic sustainability (Folke et al., 2016; Hedenus et al.,
2018).

This thesis focuses on health and climate-friendly food habits and physical
activity in and out of work that benefits individuals, companies, societies, and
the planet. It encompasses various dimensions, including health, economic
growth, urban development, and climate action connected to the following
Sustainable Development Goals (SDGs): 3, 8, 11, and 13 (Figure 1).
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Figure 1. Illustration of the SDGs (United Nations, 2023).

SDG 3: Good Health and Well-Being aims to ensure healthy lives and promote
well-being for all ages. It encompasses a wide range of objectives, such as
combating infectious diseases, ensuring access to healthcare, and addressing
mental health through life. It also includes the promotion of preventive
measures and fosters a holistic approach to health and well-being. This goes
hand in hand with workplace health promotion focusing on maintaining and
preventing ill health and NCDs.

SDG 8: Decent Work and Economic Growth focuses on promoting sustained,
inclusive, and sustainable economic growth, full and productive employment,
and decent work for all. It emphasizes that economic growth should not come
at the expense of social and environmental well-being, highlighting health
promoting, safe, and secure working environments.

SDG 11: Sustainable Cities and Communities addresses issues like affordable
housing, sustainable urban planning, and improving access to public spaces
and services. It also aims to make cities and human settlements inclusive, safe,
resilient, and sustainable. One of its key aspects is promoting active transpor-
tation, such as walking and cycling, to reduce greenhouse gas emissions and
improve public health.

SDG 13: Climate Action calls for urgent action to combat climate change and

its impacts on society. It emphasizes the need to integrate climate measures
into national policies and to enhance education and awareness around climate
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issues. Mitigating climate change requires reducing greenhouse gas emis-
sions, transitioning to renewable energy sources, and promoting sustainable
practices across all sectors. The workplace plays a potential role in supporting
actions that benefit both individual and planetary health.

The consequences of climate change

Human activities such as burning fossil fuels and industrial processes are the
main drivers of climate change (IPCC, 2021). Emissions of the greenhouse
gases carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) are
causing global temperatures to rise, leading to changes in the earth's climate
system. Moreover, 70% of Sweden's population belongs to the world's wealth-
iest individuals, a group responsible for 50% of global emissions related to
consumption in 2019. A recent study from the Stockholm Environment Insti-
tute and OXFAM reveals that the richest 10% are responsible for 22% of Swe-
den’s total emissions in 2019, while the poorest 50% were responsible for
32%. Although emissions have decreased across all income groups between
1990 and 2019, the poorest 50% have reduced their emissions per capita the
most, by 35%, and the richest 1% had per capita emissions 15 times higher
than the level required to meet international climate goals of limiting global
warming to 1.5°C by 2030. To achieve the 1.5°C agreement, the richest pop-
ulation must reduce their emissions by over 82% compared to 2019 emissions
levels within the next seven years (OXFAM, 2023). Children and older indi-
viduals with pre-existing lung conditions such as asthma, chronic obstructive
pulmonary disease, or other NCDs, bear a disproportionate burden of climate-
related health issues. Pro-environmental behaviors, which either minimize
harm to the environment or actively benefit it (Steg & Vlek, 2009), are integral
to counteract this process. By aligning economic and social sustainability with
ecological sustainability, we can create a holistic approach that supports both
human well-being and pro-environmental behaviors.

Climate change contributes to higher levels of air pollution, such as ground-
level ozone, aeroallergens, pollen from plants, and tick-borne encephalitis and
malaria from insects that thrive in warmer conditions (Agache et al., 2024;
Paavola, 2017; The Public Health Agency of Sweden, 2024). Moreover, in-
creased frequency and intensity of extreme weather events due to climate
change—such as heat waves, wildfires, and floods—increases the burden on
healthcare systems and worsens existing health inequalities. Heatwaves result
in increased physical and mental stress and can cause dehydration, which

17



increase the load on the heart and circulatory system (The Public Health
Agency of Sweden, 2024); and wildfires release large amounts of smoke and
particulate matter into the air, which can severely impact respiratory health
(Finlay et al., 2012). Climate change can also affect indoor air quality through
increased humidity and temperature, which can lead to mold and bacteria
growth, which can trigger respiratory problems and foodborne illnesses. This
could lead to higher rates of infection, as these pathogens thrive in warmer
conditions, potentially increasing the incidence of foodborne illnesses
(Paavola, 2017). Moreover, growing evidence indicates that air pollution in
the form of airborne microparticles could be a contributing factor in the de-
velopment of metabolic syndrome (Rajagopalan et al., 2024). Molecular re-
search and epidemiological studies indicate that inflammation caused by air
pollution results in cellular damage and the development of insulin resistance
and cardiovascular disease in combination with other lifestyle factors and traf-
fic noise (Rajagopalan et al., 2024). These detrimental health effects call for
actions such as improved infrastructure for active transportation; governmen-
tal policies to reduce emissions; energy reformations; and sustainable lifestyle
modifications, including diet and physical activity (Rajagopalan et al., 2024).

Social sustainability at work

Adults spend much of their active lives within the workplace environment,
where conditions, policies, processes, and social structures directly impact the
achievement of a sustainable lifestyle. Social sustainability in the workplace
is a multifaceted concept including factors such as employee well-being, di-
versity and inclusion, ergonomic conditions, and sustainable organizational
practices. Moreover, employee well-being encompasses physical, mental, and
emotional health, including job satisfaction, stress levels, and work—life bal-
ance (Kumari & Singh, 2024; Lin et al., 2021). Health and safety metrics, such
as workplace injuries and access to health resources, also contribute to social
sustainability within the workplace context. Furthermore, employee diversity
and inclusion involve the representation of different demographic groups
within the organization and the presence of inclusive policies (Kumari &
Singh, 2024).

Ergonomic conditions relate to workplace design and environmental factors
impacting employee health, including workplace comfort, musculoskeletal
health, and safety concerns (Lin et al., 2021). Sustainable organizational prac-
tices include policies and strategies promoting long-term social sustainability
and health, such as human-centered leadership and sustainable organizational
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policies (Kobal Grum & Babnik, 2022). This highlights how closely work-
place health promotion is related to SDG-3, which focuses on employee health
and well-being as critical to individual health, the prevention of disease, busi-
ness growth, and overall economic development (Kobal Grum & Babnik,
2022). Additionally, it connects to SDG-8, which emphasizes decent work for
all as closely linked to social sustainability.

All individuals have physical and psychological needs that must be met to
ensure well-being. To fulfill these needs, it is crucial to provide opportunities
that safeguard the planet on a global level, promote a sustainable society on a
local level, and build trust between people on an individual level (Hedenus et
al., 2018).

Sustainable lifestyle

The impact of human activities on climate is operationalized in terms of the
carbon footprint; i.e., the total amount of greenhouse gas emissions caused
during the production of products expressed in units of carbon dioxide equiv-
alents (CO,e) (Jones & Kammen, 2011). For example, plant-based foods pro-
duce less emissions than animal-based foods (Wirsenius et al., 2010). The
food and agriculture sector are significant contributors through deforestation,
increased land use, livestock, and fertilizers, contributing to 22% of the total
greenhouse gas emissions (IPCC., 2022).

The Food and Agriculture Organization of the United Nations (FAO) and the
Nordic Nutrition Recommendations (NNR) highlight the importance of
healthy and sustainable food production and consumption (NNR, 2023). Ac-
cording to the FAO, a sustainable healthy diet is nutritionally adequate, cul-
turally accepted, economically affordable, and ecologically sustainable (FAO,
2019). The transition to a sustainable food system also includes reducing the
consumption of unhealthy foods high in added sugars, saturated fats, and salt.
Moreover, decreasing the consumption of red and processed meat and increas-
ing the consumption of fruits, vegetables, whole grains, legumes, and nuts is
encouraged (FAO, 2019; NNR, 2023). Epidemiological studies consistently
find that low intake of red and processed meat and high consumption of plant-
based foods such as vegetables, fruits, legumes, and whole-grain products re-
duces the incidence of NCDs and cancer (Satija & Hu, 2018; Waddell &
Orfila, 2023; Wall et al., 2018; World cancer Research Fund, 2018).
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FAO guidelines also emphasize the need to reduce the environmental impact
of food production, including reducing greenhouse gas emissions, reducing
synthetic inputs such as pesticides and fertilizers, conserving biodiversity, and
reducing food waste by promoting agroecological approaches, including or-
ganic farming (FAO, 2019). Furthermore, the report presents scientific evi-
dence indicating that a sustainable diet is, to a large extent, also a healthy diet.
However, there are a few caveats, like how organically produced foods usually
generate 20% lower harvests due to the lack of synthetic fertilizers and pesti-
cides, which increases the product's price (de Ponti et al., 2012; Ponisio et al.,
2015; Seufert et al., 2012). Moreover, from a CO,e perspective, products rich
in sugar with low nutritional value, such as sodas, have a low environmental
impact but are detrimental to our health (Clark et al., 2022), emphasizing the
need for consumer knowledge and awareness. As previously described, CO,e
emissions are influenced by various lifestyle habits. However, meat consump-
tion is the primary contributor to total diet-related CO,e emissions (Biesbroek
etal.,2014; Hallstrom et al., 2021; Hallstrom et al., 2014; Temme et al., 2015).
A Swedish study by Bilter et al. (2017) involving 5364 well-educated adults
aged 18-45 years found that the carbon footprint from their food consumption
averaged 4.7 kg CO.e per person per day, equivalent to 1.7 tons of COe per
person per year (Balter et al., 2017). This is comparable to other estimates of
Swedish diets of 1.5-2.2 tons of CO,e per person per year (Hallstrom et al.,
2021). In contrast, previous research from the United Kingdom has shown that
self-selected pescetarian or lacto-ovo-vegetarian diets result in CO,e emis-
sions of 3.9kg per person per day (Scarborough et al., 2014), corresponding to
1.4 tons of CO,e per person per year, closer to the target of 1 ton per person
per year set by the Swedish Environmental Protection Agency in 2015 (The
Swedish Environmental Protection Agency, 2015).

To reach ecological and social sustainability, we need to target the food sys-
tem that promotes highly processed and energy-dense foods, which are a ma-
jor factor in the rise of NCDs such as obesity, heart disease, and type 2 diabe-
tes worldwide (World Health Organization, 2020). Moreover, the present food
consumption in the Western world also drives climate change due to dietary
patterns high in animal products, extensive food waste, and the use of pesti-
cides and synthetic fertilizers (Fanzo et al., 2021; Tilman & Clark, 2014). By
promoting sustainable food habits, we may reduce the burden of NCDs, and,
at the same time, mitigate the impacts of climate change (Fanzo et al., 2021;
Tilman & Clark, 2014). In support of this shift, research has shown that a cli-
mate-friendly diet can also be healthy (Bilter et al., 2017; Clark et al., 2022;
Strid et al., 2021).
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The 6th edition, NNR 2023, responds to public health challenges and climate
change, moving from a focus of key nutrients to the focus on overall diet qual-
ity. The advancement made in the Nordic Nutritional Recommendations from
2012 to 2023 reflects the urgent response to climate change and public health
challenges and marks the largest update in the report’s 40-year history. One
of the most significant updates in NNR 2023 is the recognition of the impact
of food production and consumption on the environment and its connection to
health. The new recommendations now advocate for diets that are not only
health-promoting but also environmentally sustainable. This more holistic ap-
proach is described in the following recommendations:

e Increase the intake of legumes, nuts, seeds, fruits, vegetables, berries,
and potatoes.

e Increase the intake of sustainable sourced fish between 300 and 450
grams per week.

e Increases the amount of fiber-rich foods and whole grains to 90 grams
per day.

e Reduce the intake of red and white meat to less than 350 grams per
week, with minimal processed meat.

e Reduce food waste and choose locally produced foods when possible.

e Avoid or limit the intake of alcohol

Regular physical activity is another crucial factor in preventing the develop-
ment of NCDs (World Health Organization, 2022a), and research indicates
that engaging in 150 minutes of active commuting per week enhances exercise
capacity, improves blood lipid profiles, and supports glycemic control. This
makes active commuting a potential strategy for preventing cardiovascular
disease in the working population (Reich et al., 2020; Sareban et al., 2020).
Moreover, a recent systematic review demonstrates the importance of physical
activity in combating climate change, where physical activity may play a small
but important role in mitigating the effects of climate change by promoting
active transportation and a sustainable lifestyle (Bernard et al., 2021). In me-
dium to large-sized cities in Sweden, where 80% of car trips are short, there
is potential for bicycles and electronically power-assisted bicycles (E-bikes)
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to replace cars (Winslott Hiselius & Svensson, 2017). Assuming that 1% of
the Swedish population would choose an e-bike instead of a car on these
shorter car trips, it would lead to a reduction in CO, emissions of 37,000 tons
per year, or roughly 327kg per e-bike user (given that 1% of Sweden's popu-
lation owned an e-bike) (Winslott-Hiselius & Svensson, 2014; Winslott His-
elius & Svensson, 2017). In addition to the environmental benefits, e-bikes
also provide light to moderate physical activity, which is lower than traditional
cycling but similar to walking, contributing to meeting the recommendations
for physical activity of 150-300 minutes per week (Bourne et al., 2018).
Moreover, in the review by Bernad et al., (2021) they highlight that climate
change will have negative consequences for physical activity due to the ex-
pected increase in air pollution, frequency of extreme weather episodes, and
natural disasters that will negatively impact physical activity patterns, espe-
cially for individuals with respiratory diseases, NCDs, and the elderly popu-
lation (Bernard et al., 2021).

A report by Sweco from the region of Gothenburg reveals a 15% increase in
cycling trips between 2019 and 2020, corresponding to 115,000 trips, or 9%
of all travel to and from work within the population. This rise generated a
societal benefit exceeding 1 billion SEK in 2020, primarily due to the preven-
tion of 25 premature deaths through increased physical activity. The report
also presents a scenario where increasing the portion of bicycle trips from 9%
to 12% by 2035 in Gothenburg would yield an economic benefit of 1.5 billion
SEK annually and save 39 lives each year, totaling 579 fewer premature
deaths. Moreover, in a hypothetical scenario, where 45% of the population
living within a 30-minute bike ride from work switched from cars to bicycles,
the economic benefit would rise to 3.6 billion SEK per year, saving 91 lives
annually. These calculations exclude healthcare costs, sick leave, productivity
losses, and the potentially lost lives of the most vulnerable populations, such
as children and older adults, in terms of exposure to air pollution. Therefore,
the actual societal gain could be even greater than suggested by these estimates
(SWECO, 2021).

A sustainable lifestyle encompasses the efficient and long-term management
of the planet's finite natural resources and human-created capital (Hedenus et
al., 2018). High pressure on natural resources, greenhouse gas emissions,
physical inactivity, unhealthy food habits, and NCDs leads to suffering and a
substantial economic burden on individuals, companies, and society (Fanzo et
al., 2021; IPCC, 2021); the healthcare system (Ding et al., 2016); and lost
productivity through presenteeism and absentecism (Burton et al., 1999;
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Schultz et al., 2009). Since office workers spend most of their waking hours
at the workplace, the office is an ideal arena for implementing effective work-
place health promotion interventions that can reduce the burden of sick leave,
absenteeism, and negative effects on climate change. Therefore, there is a need
for new ways of impacting people's lifestyles to promote active transportation
and healthy plant-based food in an office context to slow down climate change
and meet the recommendations for diet and physical activity set by WHO,
FAO, and NNR (Bull et al., 2020; FAO, 2019; NNR, 2023)

Office workers and the office workplace

This section explores how best to define office work and what constitutes the
office workplace environment, based on literature. This thesis employs two
distinct definitions of office workers, also described as ‘white-collar workers’.
One definition is grounded in the contemporary approach of hybrid flexible
office environments— “New Ways of Working”—used in Studies I, III & IV,
while The Swedish Standard Classification of Occupations 2012 (SSYK
2012) was used in Study IV.

According to the Cambridge Dictionary, a white-collar worker is defined as
someone who works in offices, engaging in tasks that require mental rather
than physical effort. Similarly, an office worker is described as a person who
performs their job duties seated in an office setting rather than in a factory.
However, the traditional working landscape has shifted from an organized
space that comprises a built environment where office employees perform
their work in the daytime, to an activity-based digital and flexible office where
technological advancements have enabled office workers to work virtually an-
ywhere and at any time with the use of laptops and smartphones. Moreover,
the work is also mostly performed in more temporary and collaborative pro-
jects and networks. This is described as the ‘New Ways of Working” (Appel-
Meulenbroek, 2016; Toivanen, 2018), as highlighted in the report from Euro-
pean Survey of Enterprises on New and Emerging Risks (ESENER) where the
number of employees regularly working from home has nearly doubled since
2019, reaching 23% in 2024, and exceeding 40% in Nordic countries
(ESENER, 2024).

The SSYK is a system designed to categorize individuals' professions or tasks.
It is actively used within the labor market to organize information regarding
job vacancies, job seekers, and occupations. Moreover, it has been applied
within companies and organizations to standardize employee classifications
in the labor market. The foundation of SSYK 2012 lies in the International
Standard Classification of Occupation 2008 (ISCO-08), developed by the
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International Labor Organization. The structure and layout of SSYK 2012 and
ISCO-08 mirror each other, based on a hierarchical division into four levels
(areas), where jobs are primarily defined by tasks performed, with qualifica-
tions referring to required knowledge and skills. Qualification levels are based
on formal education, but practical experience can be substituted. The focus is
on job demands rather than worker qualifications. Moreover, qualification lev-
els aiding the categorization, with four levels established according to ISCED
1997: elementary education, secondary education, practical post-secondary
education, and theoretical post-secondary education. Additionally, socioeco-
nomic classifications group individuals by occupation, distinguishing blue-
collar, white-collar, and entrepreneurial roles.

However, this classification becomes overly broad when nurses, teachers, pi-
lots, ship and engine commanders, musicians, and actors, who do not align
with the definition of New Ways of Working in hybrid flexible office envi-
ronments, are grouped in the same occupational level (area) as human resource
managers, IT professionals, system developers, and economists—all of which
are jobs encompass or require advanced college competence but require the
performance of very different work tasks.

Thus, the reader of this thesis should acknowledge these differences concern-
ing the definition of office workers and the office workplace. This thesis pri-
marily refers to the definition aligning with the New Ways of Working in hy-
brid flexible office environments, unless otherwise specified.

Health promotion at the office

Workplace health promotion is the combined effort that involves society, em-
ployers, and employees to enhance the well-being of workers (European Net-
work for Workplace health Promotion, 2007). As defined by the European
Network for Workplace Health, it includes various policies, programs, and
practices targeting psychosocial factors, work organization, and the work en-
vironment that can promote healthy choices at work and make them easily
accessible for workers (European Network for Workplace health Promotion,
2007). Workplace health promotion in the form of physical activity is common
among Swedish companies (Colliander & Sundberg, 2022), and since the
1970s, there have been individual and group-based wellness offers to promote
a healthy lifestyle in Swedish workplaces (Hanson, 2004). In 1988, the gov-
ernment introduced a monetary allowance for physical activity at work, and
in 2003, the government opened up the possibility for employers to provide
physical activity and wellness benefits in the form of a fixed wellness
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allowance in Swedish known as “‘friskvdrdsbidraget”, where the employer
fully or partially reimburses the employee's expenses (The Swedish Tax
Agency, N.D-b). Other health-promoting strategies, besides a wellness allow-
ance, include in-house fitness facilities, and health and nutritional education
at work as described in Study I (Halling Ullberg et al., 2023) and (Persson
Osowski et al., n.d., unpublished data).

The Swedish Ministry of Employment emphasizes in its occupational health
and safety strategy for 2021-2025 that an important part of promoting health
and welfare is to create healthy workplaces, and that occupational healthcare
and workplace health promotion can contribute to this work (Ministry of
Employment, 2022b). However, there are uncertainties about where occupa-
tional healthcare and workplace health promotion belong—as a consultant in
the free market or as part of the Swedish public health policy. The current
governance of occupational healthcare can be seen as a mix between a free
market and societal responsibility and interests regulated by the Swedish
Work Environment Act (Ministry of Employment, 2022a). Moreover, there is
no public funding associated with occupational healthcare, except that the em-
ployer is entitled to deduct expenses for occupational healthcare and work-
place health promotion regulated by the Swedish tax agency; for example,
wellness allowance (The Swedish Tax Agency, N.D-b), occupational health
assessments, prevention of disability, and the rehabilitation and reintegration
of workers (The Swedish Tax Agency, N.D-a). However, in the end, the em-
ployer or employee orders and pays for the workplace health services based
on their needs (Ministry of Employment, 2022b).

The Swedish Work Environment Authority’s Regulations and General Guide-
lines on the Organizational and Social Work Environment AFS 2915:4 pro-
pose that the employer should “promote a good work environment and prevent
risks of ill health due to organizational and social conditions in the work en-
vironment” (Swedish work environment authority, 2015). Moreover, to pro-
mote public health, the government has developed a workplace strategy high-
lighting four key areas aimed at fostering a sustainable work life and environ-
ment that supports the development of both organizations and employees
(Ministry of Employment, 2021). This thesis adds knowledge to the first and
second key areas:

1. A Healthy Work Life: Emphasizing systematic occupational health

and safety efforts as the foundation for a healthy work environment,
which creates thriving workplaces that contribute to both health and
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profitability. Additionally, explore how to promote health in an era of
digital development within a flexible work life.

2. A Sustainable Work Life: Highlighting the importance of ensuring
that everyone has the opportunity, health, and desire to work through-
out their entire career in a good work environment. It also focuses on
increasing and strengthening analyses and research in the area of
workplace health.

3. A Safety and Security Workplace: That includes everyone at the
workplace, where all employees are aware of potential risks and pos-
sess the knowledge needed to minimize them.

4. A Labor Market Free from Criminal Activity: Emphasizes that the
Swedish labor market must remain free from labor market crimes and
regulatory gaps or workplace deficiencies, as a competitive strategy.

By focusing on creating a healthy and sustainable work life, office-based
workplace health promotion has the potential to reach approximately 2.5 mil-
lion Swedish employees who spend a significant part of their day in an office
environment (SCB Statistics Sweden, 2021). This approach not only promotes
health but also reduces the societal burden of disease, disability, and sick
leave, making the workplace an essential arena for fostering well-being, good
health, and productivity.

Physical activity and sedentary behaviors among office workers

Physical activity is a multidimensional behavior defined as “[a]ny bodily
movement produced by skeletal muscles resulting in energy expenditure”
(Caspersen et al., 1985), and it is well established that leisure time physical
activity has several health benefits (World Health Organization, 2022a).
Moreover, sedentary behavior is defined as “any waking behavior character-
ized by an energy expenditure <1.5 metabolic equivalents (METs) while in a
sitting or reclining posture” (Sedentary Behaviour Research Network, 2012),
and office workers are a group that is particularly vulnerable to developing a
sedentary lifestyle due to the nature of their work (Prince et al., 2019).

The accumulation of sedentary time among office workers is a growing con-
cern in the field of occupational health and workplace health promotion. Stud-
ies have consistently shown that this population accumulates high amounts of
sedentary time and lower levels of occupational physical activity compared to
other workers; i.e., manual labors (Prince et al., 2019). Prolonged sitting is a
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leading risk factor for musculoskeletal disorders among office workers, and is
ranked as the top workplace safety and health concern in Europe (ESENER,
2024). Moreover, office and call center workers are found to have among the
lowest number of steps per day, indicating a lack of light physical activity
during work and waking hours (Prince et al., 2019). Thus, it is crucial to coun-
teract the negative impacts of accumulated sedentary time, with a significant
amount of intermittent non-exercise daily activities, such as climbing stairs or
taking a 5-minute break during sedentary work (Ekblom-Bak et al., 2010;
Healy et al., 2008; Prince et al., 2019). However, the same research has indi-
cated that office workers tend to engage in more minutes of moderate to vig-
orous physical activity during their leisure time compared to blue collar work-
ers, which may partially compensate for office workers’ high levels of seden-
tary time at work (Prince et al., 2019). However, it is important to emphasize
that simply engaging in moderate to vigorous physical activity outside of work
may not be enough to mitigate the effects of prolonged sitting (Ekblom-Bak
et al., 2010; Healy et al., 2008; Prince et al., 2019). Thus, it is important to
examine the literature on the effects of incorporating active breaks, active
workstations, and physical activity during the workday to promote evidence-
based workplace health promotion programs.

Office workplace interventions targeting sedentary behavior and
physical activity

Interventions targeting sedentary behaviors can be categorized into three main
strategies: educational, environmental, and multi-component approaches.
Specific intervention methods include the use of sit-to-stand desks, treadmill
desks, prompting technology, and the promotion of active breaks, all of which
have demonstrated significant reductions in sitting time during the workday
(Chu et al., 2016; Commissaris et al., 2016; Hutcheson et al., 2018). Moreo-
ver, the literature emphasizes the importance of implementing interventions
that are compatible with productive work, allowing employees to engage in
physical activity or disrupt sedentary work without disrupting their workflow
or work task (Chu et al., 2016). The systematic review by Chu et al. (2016)
found that workplace interventions can reduce sedentary time by an average
of 39.6 minutes per 8-hour workday; and multi-component interventions have
shown the greatest effectiveness in reducing sedentary time, with reductions
of up to 89 minutes per workday, while educational interventions were the
least effective, reducing sedentary time by only 15.5 minutes per 8-hour work-
day (Chu et al., 2016). Another meta-analysis focusing on active workstations

27



found a similar reduction of 77 minutes per workday, demonstrating the ef-
fectiveness of these interventions (Neuhaus et al., 2014).

The evidence shows that workplace health programs to reduce sedentary be-
havior are effective. However, there is moderate evidence that such interven-
tions have increased physical activity during work hours due to limitations
imposed by the nature of the workstations or office work tasks (Commissaris
et al., 2016). Instead, workplace interventions designed to promote physical
activity such as exercise programs, walking, or stair climbing among employ-
ees are better able to reach the target population (Commissaris et al., 2016).
These interventions often include strategies such as health promotion initia-
tives, education, counselling, environmental modifications, and exercise pro-
grams aimed at increasing physical activity levels and improving overall
health (Commissaris et al., 2016; Malik et al., 2014; To et al., 2013).

The literature indicates that many workplace interventions have been shown
to be effective in increasing physical activity, reporting statistically significant
improvements compared to control groups (Malik et al., 2014; To et al., 2013).
In a meta-analysis by Lock et al. (2021), the pooled effect size for daily step
counts indicated an increase of approximately 898 steps per day, although this
result was not statistically significant due to high variability between studies
(Lock et al., 2021). Moreover, Commissaris (2016) found that multi-compo-
nent interventions were not more effective than those focusing solely on indi-
vidual support. Despite these outcomes, the overall effectiveness of workplace
physical activity interventions remains inconclusive (Commissaris et al.,
2016). This is due to the overall methodological quality of existing studies,
which have been rated as low due to small sample sizes, inadequate control
conditions, short intervention and follow-up periods, and a lack of theory-in-
formed intervention design, which limit the conclusions that can be drawn
(Commissaris et al., 2016; Hutcheson et al., 2018; Lock et al., 2021; Malik et
al., 2014). Additionally, few studies used objective devices for measuring
movement behavior such as accelerometers, and few tested whether changes
in one domain (e.g., work) were compensated for by changes in other domains
(e.g., leisure time physical activity). Demonstrating the importance of under-
standing the boundaries of a settings-based approach, as employees live their
lives within and outside various intertwined settings and physical activity do-
mains (Dooris, 2004).

When examining workplace physical activity, it is essential to consider its im-
pact on an employee's overall physical activity in both work and leisure
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settings. For example, bicycling to and from work might be a substitute for
other activities or enhance overall physical activity. However, existing litera-
ture indicates that walking and biking generally contribute to total physical
activity without displacing activity in other domains (Donaire-Gonzalez et al.,
2015; Sahlqvist et al., 2013). This highlights the need for more rigorous and
well-designed studies to better understand which types of interventions yield
the best results (Lock et al., 2021; Malik et al., 2014). In conclusion, more
rigorous studies with robust designs are needed to better assess the effective-
ness of various intervention strategies and their long-term sustainability in
promoting physical activity inside or outside workplace settings (Commissaris
et al., 2016; Lock et al., 2021; To et al., 2013).

Food habits among office workers

Eating outside of the home has been identified as a key public health area for
encouraging healthier eating habits (Mikkelsen, 2011). A full-time office em-
ployee, working 40 hours per week, spends up to 50%—60% of their waking
hours at work (Hallman et al., 2021), and typically consumes one-third of their
daily energy intake while at the workplace, and influenced by the food envi-
ronment within the workplace (Clohessy et al., 2019). Depending on the avail-
able food options within or near the workplace, employees may encounter dif-
ficulties in making healthy food choices when using vending machines, res-
taurants, and staff canteens if the food supply lacks nutritional quality and
variety (Gea Cabrera et al., 2021; Halling Ullberg et al., 2024). Generally,
Western diets and ready-to-eat meals offered at commercial restaurants, vend-
ing machines, and supermarkets are often energy-dense and high in fat, satu-
rated fat, processed meat, red meat, sugar, and salt, and low in whole grains,
fruits, and vegetables (Fanzo et al., 2021). This dietary pattern, combined with
a sedentary lifestyle and working conditions, may contribute to the prevalence
of NCDs (Fanzo et al., 2021). This highlights the potential of office-based
wellness programs as an ideal strategy to promote healthy eating behaviors to
combat the rise of NCDs at a population level (Glympi et al., 2020).

Office workplace interventions targeting diet

Workplace interventions aimed at improving employee diet have shown ef-
fectiveness across various studies. These interventions typically focus on en-
hancing nutrition knowledge, modifying food environments, and promoting
healthy eating habits. For the context of this thesis, it is interesting to review
the literature on workplace interventions aimed at improving food habits with
the specific aim of improving health outcomes such as cardiovascular disease
related to intake of vegetables, fruits, and fiber. Moreover, reducing COxe
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emissions from food is an important aspect of interventions aimed at improv-
ing dietary habits, and the following sections outline the key aspects of effec-
tive workplace interventions.

The food environment at work significantly influences food habits among in-
dividuals, encompassing factors such as convenience, affordability, nutri-
tional value, and advertising of specific food categories (Glanz et al., 2005).
Workplace dietary interventions often aim to improve employees' dietary in-
take and health outcomes through various strategies. The literature describes
five main types of interventions: web-based programs, food-based initiatives,
environment modifications, educational sessions, and multicomponent ap-
proaches that combine several strategies (Garcia Pérez de Sevilla & Pinto,
2022; Gea Cabrera et al., 2021; Ghobadi et al., 2022; Glympi et al., 2020;
Hyzy et al., 2023; Melian et al., 2021; Rachmah et al., 2022).

Interventions focusing on changing the workplace environment encourage
healthier eating choices during work hours by increasing the availability of
healthy food options, such as fruits and vegetables, and providing ready-made
meals or financial incentives (Glympi et al., 2020; Melian et al., 2021).

Educational and web-based intervention components often include sessions
that provide nutrition counselling and information on healthy eating practices.
These sessions aim to raise awareness and provide employees with the
knowledge to make healthier choices, both at work and at home (Glympi et
al., 2020; Melian et al., 2021; Rachmabh et al., 2022).

Multicomponent interventions which combine food availability with educa-
tional efforts, have been particularly effective in promoting healthier eating
habits and improving health-related outcomes, such as weight loss and better
metabolic markers. Evidence suggests that these interventions can lead to in-
creased fruit and vegetable consumption, reduced body weight, and improved
cardiovascular health indicators among employees (Gea Cabrera et al., 2021;
Glympi et al., 2020; Melian et al., 2021; Rachmah et al., 2022), which can
enhance overall well-being and productivity, benefiting both employees and
employers in the long run (Garcia Pérez de Sevilla & Pinto, 2022; Gea Cabrera
et al., 2021; Ghobadi et al., 2022; Glympi et al., 2020; Hyzy et al., 2023;
Melian et al., 2021; Rachmah et al., 2022).

However, many studies included in the reviews have methodological limita-
tions, such as small sample sizes, short intervention durations, and a lack of
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control groups, which hinder the generalizability of the findings. There is also
a notable absence of comprehensive reporting on cost-effectiveness, which is
crucial for developing a robust evidence base to support workplace dietary
interventions. Moreover, the majority of interventions are focused on individ-
ual behavior change rather than on addressing environmental factors, suggest-
ing a need for future research to explore more holistic approaches that incor-
porate both individual and environmental strategies (Garcia Pérez de Sevilla
& Pinto, 2022; Gea Cabrera et al., 2021; Ghobadi et al., 2022; Glympi et al.,
2020; Hyzy et al., 2023; Melian et al., 2021; Rachmah et al., 2022)

Future research should aim to develop a taxonomy of behavior change tech-
niques to better link intervention content with outcomes, enhancing the preci-
sion of future dietary interventions. This is highlighted in the review by Gea
Cabrera et al., (2021) which describes several interventions using different
behavior change techniques, theories, and components. Additional, future
studies should specifically target office workers, as there is a lack of research
focused on this demographic group, considering their unique sedentary work
characteristics stationed within the office environment (Glympi et al., 2020;
Hyzy et al., 2023). Moreover, an office environment that provides access to
fruits and healthy food options may be advantageous for behavioral change
because of the convenience and accessibility (Glympi et al., 2020). It also al-
lows employees to interact and support each other in improving food habits at
work (Abood et al., 2003; Glympi et al., 2020), possibly increasing the inter-
vention effect.

Interventions to reduce diet-related CO.e emissions from food

Few studies have tested the effects of sustainable lifestyle interventions, and
to the best of the author's knowledge, none have been conducted within a
workplace context. Therefore, little is known about the best intervention de-
sign and the potential effects of such interventions would have on meat intake
or the diet-related emissions of carbon dioxide equivalents (COye). A recent
systematic review intended to assess interventions promoting environmentally
sustainable diets in high-income countries included 13 studies (Wadi et al.,
2024). The review demonstrates that education-based interventions have the
strongest evidence base, while persuasion-based interventions are more effec-
tive in reducing meat consumption. Additionally, the review highlights the
importance of multicomponent interventions grounded in theory to address
health and environmental challenges related to diet. However, more robust
interventions are needed to develop guidelines and policies for future imple-
mentation (Wadi et al., 2024).
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Theoretical perspectives

This thesis views the office as a health-promoting environment from a socio-
ecological perspective (Stokols, 1992; van Kasteren et al., 2020). The social—
ecological model suggests that health behaviors at work are the result of the
interaction between the environment and the individual (Stokols, 1992; van
Kasteren et al., 2020). By studying the individual, physical, organizational and
sociocultural spaces, we can gain insights into how a health-promotive and
sustainable office environment can improve lifestyle behaviors (Booth et al.,
2001; Sallis et al., 2006; van Kasteren et al., 2020).

Health promotion is the process of enabling people to increase control over
and improve their health through emphasizing environmental, social, and per-
sonal resources, as well as physical capacities, where health is seen as a re-
source for daily life, not the objective of daily life, created within the settings
people live their lives (World Health Organization, 1986). Moreover, a
healthy lifestyle should be seen as an encouraging concept that includes phys-
ical and mental capabilities, social and physical opportunities, and individual
motivation to facilitate behaviors that promote a state of physical, mental, and
social well-being, with or without the presence of disease or disability.

Various socio-ecological models exist, and the origins of ecological frame-
works date back to the 1930s, having been used in health promotion research
since the 1980s, often in public health settings (Giles-Corti et al., 2005;
Humpel et al., 2002). One of the most used models is the ecological system
theory of human development proposed by Urie Bronfenbrenner (1977), and
different iterations of said model, which state that a person and their behaviors
are situated within a series of interconnected structures, each one encompass-
ing the next (Salmon, 2020). Bronfenbrenner describes microsystems (imme-
diate environments: home or workplace), mesosystems (which describe the
connections between microsystems), exosystems (the indirect interactions be-
tween different systems), and macrosystems (cultural, legal, and societal sys-
tems) and chronosystems (i.e., historical events that changes the environment
in which the person lives). When we study the office worker in her environ-
ment with the intention of influencing behavior, we must consider that she
moves between different settings. This results in joint effects, where behaviors
or events in one setting may influence those in other settings (Bronfenbrenner,
1977), demonstrating the need to investigate factors outside the office envi-
ronment, such as family support for behavior change.
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Building on Bronfenbrenner’s model, Stokols (1992) developed a social eco-
logical model for health promotion consisting of personal attributes, encom-
passing individual psychological dispositions, behavior patterns, and genetic
factors. The physical environment includes natural and artificial features
across geography, architecture, and technology. The social environment in-
cludes cultural, economic, and political constructs that also shape behaviors
and outcomes relevant to workplace interventions. Multidimensional environ-
ments incorporate both physical and social aspects that can be viewed both
objectively and subjectively and can also vary in terms of their proximity to
the person (Stokols, 1992). Moreover, physical and social environments can
be described by characteristic attributes like lighting, temperature, noise,
space arrangement, and social factors such as group size and relationships,
including behavior settings and social climate. Stokols emphasizes that hu-
man—environment interactions occur at multiple levels and that the interac-
tions among physical and social features of environments affect the emotional,
physical, and social well-being of individuals and groups, due to the shared
interplay between various environmental and personal determinants of health
(Stokols, 1992).

As described earlier in this chapter, there are several variations of social—eco-
logical models; however, they are often too general to be implemented in a
specific context. Therefore has the work presented in this thesis used a model
by Sallis (2006) to understand the physical activity behaviors of active living,
in addition to an even more context-specific model presented by van Kasteren
et al., (2020) that was used to analyze the data in Study III alongside the Our
Voice method (Sallis et al., 2006; van Kasteren et al., 2020). These are scaled-
down context-specific health-promoting models that allow for a better under-
standing of the interrelationship between the diverse links of environmental
factors and the potential differences in health behaviors in an office context
(van Kasteren et al., 2020).

According to Sallis et al. (2006), interventions targeting physical activity
should operate on multiple levels of the ecological model. They should imple-
ment and ensure safe, attractive, and convenient places for physical activity,
combined with motivational and educational programs meant to encourage
their use. Moreover, communication strategies and community organization
should be employed to change social norms and culture within society and the
targeted organization. However, the larger socio-ecological models have trou-
ble identifying the underpinning individual mechanisms of behavior change
(van Kasteren et al., 2020), which suggests that social-ecological models can’t
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stand on their own and therefore require specific individual-focused frame-
works for behavior change that target individual capabilities, opportunities,
and motivation to facilitate behavior change. This is not something new, as
ecological models are typically paired with behavioral theories such as self-
determination theory or social cognitive theory (Salmon, 2020). To solve this,
the model by van Kasteren combines a socio-ecological framework by Sallis
et al. (2006) with the behavior change wheel proposed by Michie et al., (2011).

COM-B and the Behavioral Change Wheel

Apart from the social-ecological model described above, the thesis, and Stud-
ies II and IIT used the Behavioral Change Wheel (BCW) (Michie et al., 2011),
which is rooted in the relatively new theoretical model COM-B (Capability,
Opportunity, Motivation, and Behavior) and divided into six components that
drive behavior change (Michie et al., 2014; Michie et al., 2011), namely: phys-
ical capability (e.g., having the skills, strength, and stamina); psychological
capability (e.g., knowledge and reasoning skills); physical opportunity (e.g.,
environmental factors, including time and resources); social opportunity (pre-
sented as interpersonal influences, social cues, and communication with oth-
ers); reflective motivation (e.g., conscious intentions, decision-making, plan-
ning, and evaluation); and automatic motivation (e.g., emotional responses,
impulses, and desires).

This model explains how the implementation of an intervention drives change,
in which motivation guides and energizes behaviors. Capability and oppor-
tunity allow voluntary behaviors to occur if information and motivation are
sufficient among participants (Michie et al., 2011; Nilsen, 2015). COM-B
aims to encompass all factors influencing behavior change (Michie et al.,
2014) and is derived from various health behavior and social cognition mod-
els, including the theory of planned behavior, the health belief model, social
cognitive theory, protection motivation theory, self-determination theory, the
transtheoretical model, and the health action process approach (Michie et al.,
2011). The model has been shown to have predictive validity for behavioral
change over time, supporting its status as a model for health behaviors
(Armitage & Munro, 2023).

Relying solely on the built environment and building design leads to only
modest changes in physical activity behaviors among office workers, as
demonstrated by (Creagh et al., 2017). Moreover, individual behavior changes
are influenced by the workplace socio-cultural dimension, which includes
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written contracts and unspoken expectations between managers and col-
leagues. These outline the rights, responsibilities, and duties of employees,
and encompass social networks, such as who we work with and with whom
we share our breaks (van Kasteren et al., 2020). Additionally, workplace cul-
ture within companies can also include unspoken norms of working late, lead-
ing to extended periods of sedentary behavior that negatively impacts employ-
ees' health (Ervasti et al., 2021). This underscores the effects of management
practices, colleague interactions, and workplace culture on individual behav-
ior.

The combination of social-ecological models and the COM-B framework
highlights the interaction between socio-cultural and individual factors in de-
veloping effective workplace health promotion interventions. This approach
promotes holistic thinking about health-promoting policies and context-spe-
cific factors, such as design, organization, socio-cultural elements, and the
built environment, to inform research questions. Moreover, to improve diet
and physical activity behaviors, interventions must target both individual and
broader social, ecological, and physical contexts to build capability, create op-
portunities, and motivate sustainable behavioral change (van Kasteren et al.,
2020).

In conclusion, the social-ecological model provides a broad and holistic
framework that can open up opportunities for a healthy lifestyle at work
through a better understanding of the dynamic interrelationships among em-
ployees and the environmental factors that affect behavior. The integration of
the COM-B model, which focuses on Capability, Opportunity, and Motiva-
tion, further enhances this understanding by detailing the mechanisms of be-
havior change on an individual level.

Ethical considerations

The studies included in this thesis were approved by the Ethical Review Board
of Uppsala dnr: 2021-02309 for Studies I, II, III; and dnr: 2021-02549 for
Study I'V. Before data collection began in Studies I, II, and 11, all participants
received written and oral information about the study and signed an informed
consent form. Concerning Study IV, a data transfer agreement was established
between the LifeGene study at Karolinska Institute, (‘LifeGene’), and Con-
cepts for the Sustainable Office of the Future (SOFCO) study at Milardalen
University. The identity of participants in LifeGene are anonymized, and the
responsible researcher at Karolinska Institute, (‘LifeGene’) can be contacted
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by any participant with a request for the extinction of personal data, according
to Law 2013:794 (Utbildningsdepartementet, 2013).

The ethical justification for workplace health promotion in Sweden lies in the
principle of beneficence, emphasizing voluntary participation. While work-
place health promotion can improve employee health and reduce employer
costs, some employees may perceive it as an invasion of privacy (Rothstein &
Harrell, 2009); therefore, respectfully encouraging workplace health promo-
tion with an emphasis on voluntary participation is necessary. Although pro-
ponents of workplace health promotion describe it as a ‘win-win’ proposition,
concerns arise about employer dominance overriding employee autonomy and
a potential invasion of privacy. Moreover, within a workplace organization,
the moral atmosphere can negatively impact employees if strong norms exist
defining which bodies are recognized as healthy, fit, or viable, and which are
not. Consequently, this can result in discrimination and the exclusion of indi-
viduals during employee recruitment and at work (Flint et al., 2016). There-
fore, to ensure ethical workplace health promotion, it is necessary that man-
agers provide adequate and sufficient information to employees, emphasize
voluntary participation, and encourage employee involvement and autonomy
while ensuring that commercial and economic interests do not overshadow
these values (Halling Ullberg et al., 2023).

Determining who bears the responsibility for health-promoting activities dur-
ing work hours is complex. The boundary between employee privacy and po-
tential discrimination due to poor health behaviors, such as smoking or condi-
tions like obesity and high blood pressure, is delicate (Kuhn et al., 2020). Gen-
erally, employees welcome health-promoting efforts as opportunities to im-
prove their health during and after work hours (Robroek et al., 2012).
However, employees may feel compelled to participate to demonstrate respon-
sibility for their health, aiming for promotion and hoping for appreciation from
managers. This can be highly unethical if managers base their decisions or
promotions on employees' health status and the degree of participation in
workplace health promotion (Kuhn et al., 2020). Moreover, nudging employ-
ees to promote healthy behavior at work is common but often occurs without
employees' awareness, consent, or alignment with organizational or employee
needs. Thus, employees may not always be fully autonomous in choosing to
participate in health promotion programs (Kuhn et al., 2020). Another ethical
concern is whether all employees have equal opportunities to participate in
workplace health promotion during work hours. In Study I, one informant
noted that call center workers do not have the same conditions as middle
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managers, who control their work hours, to leave and use the company's gym,
participate in digital wellness programs, or receive massages during working
hours (Halling Ullberg et al., 2023). Given that call center workers are the
most sedentary, spending more time in prolonged sitting than office and cus-
tomer service workers (Thorp et al., 2012), they represent the group most in
need of workplace health promotion, yet they face the greatest barriers to ac-
cess during working hours.

Ethical and moral issues concerning citizen science

In Study III, participants in the sustainable office intervention were invited to
participate in the Our Voice Citizen Science community (Pedersen et al.,
2022; Stanford medicine, 2022) to document their surroundings through the
Our Voice Discovery Tool mobile app and advocate for change. Conducting
photo-based community-engaged research in a workplace setting presents
several challenges. One major ethical consideration is maintaining employee
and co-worker integrity during workplace assessments. Participants were in-
structed not to take identifiable pictures of themselves or other employees who
had not consented to participate in the study. To ensure privacy, the Discovery
Tool app includes a built-in ‘blur’ function for de-identifying human subjects
before storing data. Nonetheless, as researchers, we are responsible for mak-
ing sure that employees and managers feel safe and comfortable throughout
the study, from documentation to facilitating organizational change. Addition-
ally, we must be aware that conducting a citizen science project that advocates
for change can make employees notice problems in their working environment
and hope for changes that might not be fulfilled. Moreover, implemented
changes affect all employees, some of whom may disagree with the changes
or prefer different ones. This may lead to dissatisfaction, conflict, or even em-
ployees choosing to leave the workplace.

Ethical and moral issues concerning behavior change interventions

When designing intervention studies that target behavior changes, several as-
pects must be considered to minimize the risk of demotivating individuals or
companies from investing in workplace health promotion, especially if the in-
tervention fails or does not yield promising results. Moreover, overlooking the
program theory poses a risk that the intervention may not operate as intended;
may fail to measure important impacts; and may introduce potential harm, side
effects, or broader long-term effects that were not assessed during the evalua-
tion. For example, feelings of hopelessness and beliefs of failure among par-
ticipants who attempted to implement behavior change but did not achieve
sustainable results will remain unknown within the SOFIA pilot study. This
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could potentially lead to a worsening of unhealthy lifestyle habits. Although
it is unlikely that diet and physical activity interventions, especially those fo-
cusing on health-promoting behaviors beyond weight loss and intensive exer-
cise cause harm, it is still important to mitigate this risk. The full-scale SOFIA
study should therefore update its program theory to include ‘potential harm’
and ‘unmeasured effects’ (see program theory in Appendix 2).
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Aim of this thesis

Overall aim

The overall aim of this thesis is to study how the office of the future can pro-
mote a healthy lifestyle and sustainable development at work from an em-
ployee, organizational, and public health perspectives.

Specific aims:

IL.

I1I.

V.

To explore office companies’ current vision for workplace health pro-
motion, how health promotion is organized and provided, and how
wellness allowances are used, as well as potential facilitators of and
barriers to workplace health promotion related to physical activity.

To investigate if an office-based intervention study where health ed-
ucation imbedded in the context of sustainable development results in
more extensive behavior change compared to only receiving health
education. Additionally, to explore participants’ personal goal setting
for behavior change as well as factors that facilitate or hinder their
ability to achieve them.

To engage office workers to recognize elements of the built, social,
and organizational environments in their workplace and surrounding
neighborhoods that they perceive as barriers to or facilitators of
healthy and sustainable behaviors at work.

To explore the associations between a sustainable lifestyle index and

metabolic syndrome among Swedish office workers in the LifeGene
study.

39



Methods

Various scientific methods and study designs are employed in public health
science. The following section presents the methods relevant to this thesis,
their strengths and weaknesses, and the rationale for their use within the larger
research project, Sustainable Office of the Future (SOFCO).

Complex interventions

The term intervention can be defined as a “come-between” or “agent of
change” on one or multiple levels in a community where public health inter-
ventions or programs which aim to bring about identifiable outcomes deliv-
ered to many, most, or all members in a community (Rychetnik et al., 2004).
The complexity of an intervention arises from several factors: the number of
interacting components within the experimental and control groups, the diffi-
culty and variety of behaviors required from participants and researchers, the
number of target groups and levels (e.g. individual, organizational, environ-
mental), the range of outcomes, variability within those outcomes, and the de-
gree of flexibility allowed (Craig et al., 2008). Moreover, the contextual fac-
tors which an intervention is conceived, developed, implemented, and evalu-
ated affects the identification of mechanisms of change between intervention
components and outcomes and determine how outcomes are generated
(Skivington et al., 2021).

The Medical Research Council (MRC) INDEX guidelines provide a compre-
hensive framework for enhancing the development and evaluation of complex
interventions in health research; this systematic approach ensures robustness
and relevance. The MRC INDEX includes a development framework and
guidelines that offer a structured approach to developing and evaluating inter-
ventions, recognizing the multifaceted nature of real-world interventions that
consider context and the need for tailored methodologies based on program
theory (Craig et al., 2008). The guidelines emphasize the necessity of
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involving stakeholders throughout the research process to ensure relevance
and applicability (Moore et al., 2023).

When developing a intervention it is important to consider the characteristics
of the intervention and how it will interact within its context (Skivington et
al., 2021). A systematic plan is essential in incorporating key milestones and
resources identified through a literature review. This plan should include the
development and refinement of program theory, stakeholder involvement the-
ories, economic considerations, and the identification of uncertainties. Addi-
tionally, primary data collection should be conducted using both qualitative
and quantitative methods to assess feasibility, acceptability, and the use of
appropriate methods in relation to the research question (Skivington et al.,
2021). Misapplication or selective adherence to principles, such as choosing
behavior theories without considering the context, misinterpretation of guide-
lines, or resistance to changes based on stakeholder feedback, can reduce pro-
gram effectiveness, increase costs, and hinder implementation and innovation
in the field (Moore et al., 2023).

The process evaluation of an intervention development describes the im-
portance of understanding implementation, mechanisms of change, and con-
textual factors that influence effectiveness to maximize outcomes (Moore et
al., 2015). The MRC guidelines promote an iterative approach, allowing for
continuous refinement of interventions based on feedback and emerging evi-
dence (Skivington et al., 2021). By following MRC guidelines, we can de-
velop more effective and sustainable interventions that either work well in a
specific context or have sufficient flexibility to work across various contexts.
Failure to consider context is one reason why interventions effective in one
setting may not achieve similar impacts elsewhere, and why their effects can
vary between participants and places. Findings from development processes
increase their usefulness to decision-makers interested in implementing, trans-
ferring, adapting, and scaling-up interventions, as well as to researchers de-
veloping theoretical models (Skivington et al., 2021).

Applied qualitative policy research

Semi-structured interviews are a common method within applied qualitative
policy research providing insights, explanations, and theories of social behav-
ior grounded in the experiences of those developing and affected by policy
decisions. It involves organizing and making sense of unstructured, text-based
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data from interviews, defining concepts, mapping phenomena, creating typol-
ogies, finding associations, seeking explanations, and developing new ideas
or theories regarding policies (Huberman et al., 2002).

The Framework Method is commonly used for the analysis of semi-structured
interview data, and provides clear steps and produces structured summaries of
data. It is useful for projects with multiple researchers, especially in multi-
disciplinary teams with varying experience in qualitative analysis, and for
managing large datasets to gain a holistic, descriptive overview (Gale et al.,
2013). The Framework Method is commonly used for the thematic analysis of
semi-structured interview but works well for other types of text-based data
that covers similar topics or key issues, making categorization feasible
(Huberman et al., 2002).

The process involves the following stages, where researchers move back and
forth in an iterative process (Gale et al., 2013):

e Transcription is based on audio recording and verbatim transcription
of the interview.

e Familiarization involves becoming familiar with the transcription or
text-based data using the audio recording and any contextual or re-
flective notes.

e (Coding involves carefully reading the transcript line-by-line and ap-
plying a paraphrase or label (a ‘code’) that describes what is important
based on previous literature, previous theories, and the research ques-
tion.

e Developing a working analytical framework by comparing labels ap-
plied by researchers and agreeing on a set of codes to apply to all

subsequent transcripts or texts.

e Applying the analytical framework by indexing subsequent tran-
scripts using the categories and codes.

e Charting data into the framework matrix by summarizing the data, by
category, from each transcript.

e Interpreting the data by noting down impressions, ideas, and early in-
terpretations of the data.
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The Framework Method should be considered early on in the research process
to align with the study aim and involve multiple researchers in the coding pro-
cess to incorporate diverse perspectives, as the method relies on the research-
ers creativity and ability to interpret and connect the data (Gale et al., 2013).
The use of semi-structured interviews within applied policy research and the
Framework Method contributes to knowledge by providing a structured ap-
proach to analyzing qualitative data, which helps in understanding social be-
havior and policy impacts (Huberman et al., 2002). It allows researchers to
explain and predict organizational responses and identify areas that are not
functioning well within an organization or system. This method ensures that
the findings are grounded in the experiences of those affected by policy deci-
sions, making the research more relevant and impactful (Gale et al., 2013;
Huberman et al., 2002).

Qualitative research is essential for intervention development, ensuring accu-
rate outcome measurement and providing context-specific insights for tailored
adaptations by identifying potential challenges (O'Cathain et al., 2013). This
approach is particularly valuable during the pilot phase preceding a full-scale
randomized trial, as it helps refine and adapt the intervention to meet the needs
of the target population. These strategies enhance efficiency, strengthen the
study's external validity, and conserve resources for future intervention stud-
ies. Additionally, a person-based approach that explores participants’ beliefs,
attitudes, and barriers within a specific context can significantly improve the
acceptability and feasibility of an intervention (O'Cathain et al., 2013; Yardley
et al., 2015).

Epidemiological studies

Epidemiological research aims to identify causal associations between expo-
sures and outcomes in populations by studying the distribution and causes of
health and disease (Rothman, 2012). For several years, Sweden has distin-
guished itself as unique in epidemiological research, thanks to personal iden-
tity numbers, the universally available national healthcare system, continu-
ously updated population and health registries, and a scientifically motivated
population, all of which allow researchers to design studies and model data to
reflect real-world conditions.

LifeGene is a prospective Swedish cohort study with the aim of combining

advances in modern biotechnology and information on individuals’ health and
lifestyle. However, this thesis only uses the comprehensive baseline
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questionnaire including cutting-edge research questions and state of the art
bio-sampling within the LifeGene pilot launched in Stockholm in October
2009, followed by Umed in late November and Alingsas in January 2010, all
of which ended in March 2010 (Almgqvist et al., 2011). The LifeGene pilot
study, included persons aged 18—45 years who were randomly selected from
the general population. Participants were invited to include their household
members (partner and children) as well as spontaneous sign-ups. The baseline
survey was designed to focus on collecting data related to the most common
diseases and disorders in Sweden, assessing physical, mental, and social well-
being, all collected via a secure web portal. At the test centers, study partici-
pants underwent measurements of height, weight, and waist circumference,
along with bioimpedance and blood pressure. Moreover, blood and urine sam-
ples were collected for analysis and biobanking at Karolinska Institute Stock-
holm, Sweden.

Descriptive epidemiology helps us identify the characteristics and distribution
of factors, such as the occurrence of outcomes in the population (Rychetnik et
al., 2004). The distribution of a disease relates to the frequency within the
population, and is measured as the prevalence, incidence, or mortality rate of
the disease. The ‘prevalence’ of a disease refers to the number of people in a
population that have that disease at a given timepoint. Moreover, disease pat-
terns within a specific population are useful to develop hypotheses about risk
factors for a disease, and refer to participants’ characteristics such as genetics,
age, sex, and socioeconomic status, as well as characteristics that define place,
occupation and time (Ainsworth & Matthews, 2015). In addition to descriptive
methods, analytic epidemiology can examine the associations between varia-
bles based on hypothesized causal relationships between exposures and out-
comes (Rychetnik et al., 2004). Combining insights from both descriptive and
analytic studies guides public health decisions by identifying determinants of
health and disease. Physical activity and nutritional epidemiology seek to test
the hypothesis that diet and physical activity behaviors are or are not a deter-
minant of health or, in other words, a risk factor for diseases. Epidemiological
studies are therefore fundamental to identifying risk factors for metabolic dis-
eases as well as to surveilling risk factors within the population (Ainsworth &
Matthews, 2015). However, strong associations between risk factors and out-
comes may not always have significant public health implications if exposures
or outcomes are rare. This relates to the translation and dissemination of epi-
demiological findings based on the understanding of causal factors’ relation-
ships to the given disease and its public health implications.
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Causality in epidemiology refers to the relationship in which an event, condi-
tion, or exposure contributes to the occurrence of an outcome. However, the
relationship often involves a multitude of factors from environmental expo-
sures to genetic predispositions. To conceptualize these complex interactions,
Rothman’s causal pie model (also known as the sufficient-component cause
model) provides a valuable framework. In this model, each ‘pie’ represents a
sufficient cause of the disease, composed of multiple ‘slices’ or components,
and a disease occurs when at least one sufficient cause is present, but also how
they may interact if one is eliminated (Figure 2).

Figure 2. Rothman’s causal pie model depicts an unhealthy food environment (A),
insulin resistance (B), reduced physical activity (C), and genetic predispositions that
elevate blood pressure (D) as a sufficient cause for metabolic syndrome

Consider the example of metabolic syndrome in Figure 2 as the outcome of
interest (here defined as having abdominal obesity in combination with two or
more of the following; high blood pressure, insulin resistance, high triglycer-
ide levels, or low HDL-cholesterol levels). In this example, one pathway
might begin with weight gain driven by: an unhealthy food environment (A),
insulin resistance (B), reduced physical activity (C), and genetic predisposi-
tions that elevate blood pressure (D). Together, these components constitute a
sufficient cause of metabolic syndrome, illustrating that causal mechanisms
are multifactorial and different for everyone. Therefore, the contribution of
each ‘slice’ is weighted differently based on its relative individual importance.
However, to assess the impact of these components, we must shift from ana-
lyzing individual cases to the total burden of cases in a population. For in-
stance, while body weight is a key factor in the development of metabolic
syndrome, its causal strength in relation to metabolic syndrome depends on
the presence and magnitude of other contributing components, such as
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hypertension or insulin resistance. For example, if insulin resistance was elim-
inated through medication, the relative contribution of other factors, such as
hypertension or excess dietary calories from the food environment, would in-
crease. These dynamics highlight the importance of fractions attributable to
the population, which measure preventable cases by removing a specific risk
factor and underscores the interdependence of causal factors in designing stud-
ies and implementing public health policies (Rothman, 2012).

In epidemiological comparisons, a third factor, known as a confounding fac-
tor, can affect the association between an exposure and an outcome. This third
factor, e.g., age, is associated with and can cause both the exposure and the
outcome (Rothman, 2012). If not controlled, it can introduce bias, masking
true associations. Confounding can be addressed directly in the study design
through methods such as randomization or matching to ensure that confound-
ing factors are evenly distributed across study groups, while matching in-
volves pairing participants with similar characteristics to control for con-
founders. At the analysis stage, statistical techniques can be used to adjust for
known and measured confounding factors. It is also crucial to differentiate
confounders from mediators and colliders. Mediators can be found on the
causal pathway between exposure and outcome, while colliders are influenced
by both, potentially introducing bias.

The LifeGene pilot baseline survey examines data from a population at a sin-
gle point in time to understand the prevalence of a disease and exposure in a
cross-sectional design. Specifically, Study IV focused on the prevalence of
metabolic syndrome and its association with a sustainable lifestyle among of-
fice workers. Cross-sectional studies are relatively simple and allow for the
examination of multiple outcomes and exposures to generate hypotheses. The
primary advantage of cross-sectional studies is their cost-effectiveness in ex-
amining prevalence and associations between exposures and outcomes. Since
participants are not followed over time nor deliberately exposed or treated,
ethical concerns are minimized. Therefore, cross-sectional studies can quickly
inform public health implications and generate in-depth research studies.
However, they cannot measure incidence, establish causal relationships, and
are susceptible to biases such as nonresponse or recall bias (Wang & Cheng,
2020). These limitations arise because cross-sectional studies measure expo-
sure and outcome at the same point in time, making it impossible to determine
whether factors such as diet or physical activity actually cause the observed
effects; i.e., reverse causation. In the context of Study IV, participants classi-
fied with metabolic syndrome may have already modified their lifestyle, either
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prior to or in response to their clinical examination. This complicates the abil-
ity to determine whether lifestyle factors preceded or followed the onset of
metabolic syndrome. However, we should not disregard the absence of causal
inference in these studies, as they may still reveal associations that point to
potential longitudinal relationships worth exploring (Ainsworth & Matthews,
2015).

In epidemiological research, the accuracy of a study depends on its validity;
that is, the extent to which it measures what it intends to measure. Internal
validity reflects the correctness of the assessed exposure or disease, while ex-
ternal validity refers to the study’s generalizability. Precision is influenced by
the degree of random errors and depends on the study size. In nutritional epi-
demiology, random errors such as day-to-day variation in dietary intake are
typically reduced by increasing the sample size. However, systematic errors
can persist regardless of sample size, introducing bias, and may compromise
validity. For example, systematic under-reporting of protein intake due to so-
cial desirability or limitations within the dietary assessment method can result
in data representing inaccurate protein intake among participants. Neverthe-
less, if the underreporting is consistent across all study participants, the rank-
ing of participants by protein intake may still be valid. This type of non-dif-
ferential systematic error is less problematic than differential error, which oc-
curs when misreporting varies between subgroups within the sample (e.g., by
BMI or gender), potentially misleading associations between diet and health
outcomes. Moreover, adjusting nutrient intake for total energy consumption
can reduce measurement error and improve the reliability of associations be-
tween dietary factors and health outcomes. Additionally, Meal-Q, used in this
thesis to collect information on diet and CO,e from food, has previously been
validated and is based on a large number of life cycle assessment studies that
matches food items in a dietary questionnaire (Bailter et al., 2017; Christensen
et al., 2014; Christensen et al., 2013; Sjors et al., 2016). Additionally, the rel-
atively large sample of 2641 Swedish office workers reduces random errors.

Citizen science

Participatory research projects have been successfully implemented in various
contexts, including workplace development, ergonomics, and workplace
health promotion (Bohgard, 2009; Buffey et al., 2024). Wilson (1991) de-
scribes participation within the workplace as “providing the opportunity for
real, early and full involvement of the people involved (operators, supervisors,
etc.) in the making of decisions about their jobs, systems, workplace and or-
ganization”. This includes the involvement of employees in planning a signif-
icant amount of their own work activities, with sufficient knowledge, control,
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and empowerment to influence both processes and outcomes to achieve desir-
able goals concerning the workplace (Wilson, 1991).

Citizen science methods have emerged as powerful participatory action re-
search tools for engaging the public in scientific research, fostering
knowledge-sharing, and driving positive changes within communities. At its
core, citizen science involves collaboration between professional researchers
and the general public, who contribute their time, skills, and local expertise to
data collection, analysis, and shaping research agendas (Haklay, 2018).
Haklay (2018) describes four levels of citizen science: at the lowest level,
“crowdsourcing” involves researchers obtaining information from a large
group of people, typically via the internet. The second level, “distributed in-
telligence”, describes citizens performing basic interpretations and volun-
teered thinking within projects. The third level, “participatory science”, in-
volves participants in problem definition and data collection. At the highest
level, “extreme citizen science” emphasizes a collaborative science process,
including problem definition, data collection, and data analysis that is per-
formed in close collaboration with the researcher. The European Citizen Sci-
ence Association has defined citizen science as “a flexible concept which can
be adapted and applied within diverse situations and disciplines”, grounded in
ten key principles for good practice in citizen science, stated as follows:

1. “Citizen science projects actively involve citizens in scientific en-
deavors that generate new knowledge or understanding. Citizens may
act as contributors, collaborators, or as project leaders and have a
meaningful role in the project.”

2. “Citizen science projects have a genuine science outcome. For exam-
ple, answering a research question or informing conservation action,
management decisions, or environmental policy.”

3. “Both the professional scientists and the citizen scientists benefit from
taking part. Benefits may include the publication of research outputs,
learning opportunities, personal enjoyment, social benefits, and satis-
faction through contributing to scientific evidence, e.g., to address lo-
cal, national, and international issues, and through that, the potential
to influence policy.”

4. “Citizen scientists may, if they wish, participate in multiple stages of
the scientific process. This may include developing the research ques-
tion, designing the method, gathering and analyzing data, and com-
municating the results.”

48



5. “Citizen scientists receive feedback from the project. For example,
how their data are being used and what the research, policy, or societal
outcomes are.”

6. “Citizen science is considered a research approach like any other, with
limitations and biases that should be considered and controlled for.
However, unlike traditional research approaches, citizen science pro-
vides opportunity for greater public engagement and the democratiza-
tion of science.”

7. “Citizen science project data and meta-data are made publicly availa-
ble, and where possible, results are published in an open access for-
mat. Data sharing may occur during or after the project, unless there
are security or privacy concerns that prevent this.”

8. “Citizen scientists are acknowledged in project results and publica-
tions.”

9. “Citizen science programmes are evaluated for their scientific output,
data quality, participant experience, and wider societal or policy im-
pacts.”

10. “The leaders of citizen science projects take into consideration legal
and ethical issues surrounding copyright, intellectual property, data-
sharing agreements, confidentiality, attribution, and the environmen-
tal impact of any activities.”

The "Our Voice" method and The Discovery Tool app, developed by Profes-
sor Abby C. King, PhD, at the Stanford Prevention Research Center, enhances
empowerment by facilitating participatory action and citizen science. The
methos expands upon the traditional Photovoice method used to capture lived
experiences through photographic narratives. However, this mobile applica-
tion tracks walking routes, records photographs, and captures text and audio
narratives (Buman et al., 2013). The essential components of this system in-
clude facilitator protocols and training; a mobile phone application, along with
a research-based data platform; and data discussion and advocacy sessions
conducted by both researchers and community members (Zha et al., 2022). By
involving community members as citizen scientists, the tool empowers indi-
viduals to identify and address local challenges, fostering collective action and
decision-making. This approach strengthens community structures and social

49



networks, leading to practical solutions for health equity challenges (King et
al., 2019; Pedersen et al., 2022), placing The “Our Voice” method in the ex-
treme citizen science level, according to (Haklay, 2018).
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Specific study designs

Study I

Study design and participants

The informants were nine individuals from eight companies, five women and
four men, who listed their positions as country manager, human resources
manager, health and well-being specialist, or benefit and compensation man-
ager.

Data collection

Data were collected through individual semi-structured interviews. The inter-
views focused on the type and access to workplace health promotion that each
company provided for its employees and covered the following topics: access
and usage of wellness allowance, availability of other workplace health pro-
motion services, management of workplace health promotion, visions of and
possible barriers to workplace health promotion, and promotion of active
transportation. In addition, quantitative data from each company were col-
lected regarding the total number of employees and the number of office work-
ers. Also collected from the previous calendar year were: the proportion of
employees taking advantage of the wellness allowance, the maximum amount
of money that an employee could spend on their wellness allowance, the po-
tential total cost for wellness allowance, the actual cost of the wellness allow-
ance, and the cost for other workplace health promotion services.

Analyses

The Framework Method was used to analyze the qualitative data in a flexible
and systematic way (Ritchie & Spencer, 1994), and followed the procedure
described by Gale et al.,(2013), with a primarily deductive approach. Quanti-
tative data were organized in Excel spreadsheets coded by company informant
ID letters, described in Figure 3.
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Mapping and interpretation by
thematic analysis

Data summary and analytic
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Figure 3. Illustration of the hierarchy and flexible workflow between the iterative
stages of the framework analysis procedure.

Studies II and II1

Study design and participants

This pilot study was a two-arm, cluster randomized, participant-blinded trial
that compared a healthy + sustainable lifestyle intervention arm (from here on,
SL-arm) with a healthy lifestyle control intervention arm (from here on, HL-
arm). The interventions were conducted at office sites in the Malardalen re-
gion of Sweden and spanned eight weeks. Each intervention was comprised
of six workshops held weekly for the first four weeks and bi-weekly for the
subsequent four weeks. Questionnaire data were collected at baseline, at four
weeks, and at eight weeks, and the app The Discovery Tool was used between
workshops 5 and 6 (see Figure 4).

Through local advertisements at two offices, office workers were invited to
sign up via a short web-based screening questionnaire to confirm their eligi-
bility to participate in the study, number of hours worked in their office, office
location, and active commuting and food habits, along with their contact in-
formation. Eligible study participants were aged 18—65 years, and performed
office work for at least 20 hours per week. Exclusion criteria included not
having access to a smartphone compatible with the Discovery Tool (i.e., iPh-
one 5 or Android 2.3 or later versions), blue-collar workers who performed
physical work for at least 20 hours per week, individuals with mental
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disabilities, and individuals who did not speak Swedish. Invitations to pro-
spective participants working at the targeted companies were sent via email.
Upon confirming their interest, individuals attended a baseline meeting, where
they received comprehensive details about the study, signed the approved hu-
man subjects consent form, completed the baseline questionnaire (Meal-Q and
Active-Q), and underwent anthropometrical assessments (see Figure 4).

Randomization

I Week: 1 Week: 4 Week: 8
Baseline .E . . . . E > 3-month post-intervention
¥ y ' " " T
WSl Wws:2  WS:3  ws4 WS:5 WS:6 ws:7

S 8§ € = pre
o
i

0e0
o=
E Urine sample \E Goals and behavior questionnaire
f Height @ Our Voice Discovery Tool
Questionaries (Meal-Q and Active-Q) g Our Voice group discussions
) :
hﬂ Weight

Figure 4. Timeline for the SOFIA pilot-intervention, which included 6 workshops
(WS) plus a follow-up meeting occurring 2—3 months after week 8. Urine samples
were also collected; however, that data is not included in this thesis.

Randomization and sample size

Participants were cluster-randomized based on their offices’ geographic loca-
tion by using a computer-generated random number generator in the statistical
software R, assigned to either the SL- or HL-arm after the baseline assessment
was performed. Participants were not aware of their allocation, as the different
intervention arms were delivered to two different companies that were geo-
graphically separated. However, the research team were not blinded and had
access to files identifying participant study arm allocation status, as they had
to coordinate the intervention and data collection. In total, 37 participants were
recruited, of which 21 were allocated to the SL-arm and 16 to the HL-arm.
The uneven distribution of participants between the two arms was due to the
cluster randomization process, as varying numbers of people enrolled at dif-
ferent offices.
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Intervention design

The intervention began the following week following the baseline assessment
and randomization, and featured interactive educational sessions and discus-
sions aimed at changing individual behaviors to achieve a more sustainable
and healthier lifestyle. All workshops occurred in-person at the participants'
workplaces. Trained staff from Mailardalen University, with backgrounds in
nutrition and physiotherapy, led each workshop. The same staff attended all
workshops, except for the initial baseline assessment, where additional staff
assisted with the logistics of data collection.

Sustainable lifestyle arm

The participants in the SL-arm were instructed to follow the dietary and phys-
ical activity recommendations of the Food and Agriculture Organization of
the United Nations (FAO), WHO, and NNR (Bull et al., 2020; FAO, 2019;
NNR, 2014), as well as to adopt pro-environmental behaviors, defined as ac-
tions that minimize harm to the environment and combat climate change (Steg
& Viek, 2009). They were encouraged to increase their use of active transpor-
tation to and from work, such as walking or biking, to use active transportation
(walking) in and around the office, and to break up periods of prolonged sit-
ting. Participants were instructed to consume organically produced food to the
highest possible degree and select food items that generated low amounts of
greenhouse gas emissions by reducing their intake of red and processed meats.
For specific educational content, see Appendix 2.

Healthy lifestyle arm

The participants in the HL-arm were instructed to follow the dietary recom-
mendations by NNR (NNR, 2014). In brief, they were asked to increase the
intake of fruit and vegetables to at least 500 grams per day, follow the recom-
mended distribution of energy coming from macronutrients—energy coming
from fat, protein, and carbohydrates—as well as to follow general recommen-
dations about the ‘plate model’, or the combination of food on their plate to
adhere to the recommended intake. Additionally, participants were instructed
to engage in physical activity corresponding to at least 150 to 300 minutes per
week of moderate—vigorous intensity, according to WHO and NNR (Bull et
al., 2020; NNR, 2014). Moderate-intensity activities include brisk walking,
raking the yard, or biking, whereas vigorous activities include climbing stairs,
jogging, or running (Bull et al., 2020; Maclntosh et al., 2021). For specific
educational content, see Appendix 3.
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A framework for behavior changes

The Behavioral Change Wheel (Michie et al., 2011) served as a framework
for this multi-level intervention, which was based on the framework of the
COM-B model. Capability (C) in the context of Studies II and III referred to
the resources and skills necessary for the individual to adopt a healthy and
sustainable lifestyle; e.g., knowledge and culinary skills. Opportunity (O) re-
ferred to the organizational factors, policies, availability, and accessibility of
resources supporting a healthy and sustainable lifestyle; e.g., areas for physi-
cal activity and food options at work. Motivation (M) referred to internal/per-
sonal factors that influenced decision-making for adopting a healthy and sus-
tainable lifestyle, such as a desire to improve one’s health, contribute to re-
ducing local food waste, improving the workplace environment, reducing
one’s global footprint from food and transportation, and increasing work
productivity.

Supportive structures

Behavior change among participants was facilitated using the behavior change
technique taxonomy (v1) (Michie et al., 2013), and participants were encour-
aged to discuss and solve problems related to the workshop topics, in order to
foster action planning. Moreover, the study personnel offered constructive
feedback on behaviors and outcomes aligned with the individual goals set by
participants. The goals were handwritten by the participants on printed ques-
tionnaires during workshops 2, 4, and 6 to assess individual dietary goals;
monitor behavioral changes; evaluate goal fulfilment, self-efficacy, and out-
come expectations; assess social support types and levels; and identify poten-
tial barriers and facilitators related to their dietary goals (Appendix 4).
Throughout the study, participants completed these questionnaires for the pur-
pose of self-monitoring and reviewing their progress towards achieving their
behavioral goals and process evaluation (Moore et al., 2015).

A digital behavioral support package (guidelines, recipes, and tips on culinary
skills and food choices) was provided to support adherence to the recom-
mended advice about sustainable and healthy lifestyles. Recipes were pro-
vided based on guidelines set by the Swedish Food Agency for the HL-arm
and recipes contributing to a maximum of 0.5—1.5kg of CO,e per portion de-
veloped by the Swedish Consumer Agency and the Swedish World Wildlife
Fund were provided to the SL-arm. During the workshops, participants were
served lunch in line with the nutritional recommendations of the NNR.
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Dietary intake:

Dietary intake was assessed using the validated food frequency questionnaire
Meal-Q, which covers several domains of food consumption (Christensen et
al., 2014; Christensen et al., 2013). Data from Meal-Q were converted to a
daily intake of approximately 50 nutrients through linkage to the National
Food Composition Table (Swedish Food Agency, 2023) to generate the aver-
age intake of nutrients per person and day. Additionally, life cycle assessment
was used to assess the carbon footprint of food consumption, covering the
entire ‘cradle-to-grave’ impact of products, expressed as kilogram CO,-equiv-
alents per kilogram of food products (kg CO,e/kg) (Baumann & Tillman,
2004; Sjors et al., 2016).

Physical activity

Physical activity was assessed using the validated instrument Active-Q (Bonn
et al., 2015; Bonn et al., 2012). Active-Q covers several domains of physical
activity, plus questions about sleep. Participants reported type, duration, and
frequency of various activities in each domain; transportation, work, leisure
time, and exercise. Data from Active-Q were used to calculate time spent at
different activity levels, Metabolic Equivalent Task (MET), and energy ex-
penditure (Ainsworth et al., 2011; Bonn et al., 2012).

Anthropometrical assessments

For participant characteristics and calculation of Body Mass Index (BMI),
standardized procedures and equipment were used to measure participant
height (cm) by stadiometer Seca 213 (seca, Hamburg, Germany) and body
weight (kg) by a bioelectrical impedance (BIA) Tanita BC-418 MA Multi-
Frequency segmental body composition analyzer (Tanita, Amsterdam, Neth-
erlands).

Photo and narrative documentation

The Stanford Healthy Neighborhood Discovery Tool mobile app (Discovery
Tool), based on the Our Voice Citizen Science framework (Buman et al.,
2013), was used during the 5th Workshop, where participants in the SL-arm
were instructed to take photos of barriers and facilitators for a sustainable life-
style at or near the office, whereas the HL-arm documented barriers and facil-
itators for a healthy lifestyle, for one week. The app prompted the participants
to add a text narrative explaining each photo. This made it possible to highlight
positive and negative aspects of the work environment, as well as suggesting
improvements and things that were missing. The participants could also leave
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a reaction to the photo in the form of positive or negative smiley faces to in-
dicate whether it was a facilitating or hindering factor, see Figure 5.
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Figure 5. Describes the user interface of the Our Voice Discovery Tool app used by
participants in the Healthy Lifestyle arm. The prompt used in the Sustainable Lifestyle
was, in Swedish; “Ta bilder pa saker eller miljoer som underléttar eller hindrar dig att
ha en héllbar livsstil pa din arbetsplats eller i anslutning till arbetsplatsen”.

Analyses of quantitative data

Descriptive statistics were used to assess baseline characteristics, workshop
attendance rate, scales for goal fulfillment, and social support. Differences in
baseline characteristics, goal fulfillment, and social support between the two
arms were tested with Student's T-test for numerical variables and the chi-
square test for categorical variables. Linear mixed-effects models (LMMs)
were used to generate mean values and between-arm difference with 95% con-
fidence intervals [95% CI], and the interaction effect was tested using a type
IT Wald chi-square test between the timepoints and arms, with the degree of
freedom set to 1. Student's t-test was used to analyze the within arm mean
values, and 95% CI between baseline and week 8 separately for each arm. All
participants who were randomized and had answered baseline questionnaires
were included in the analysis and analyzed according to intent-to-treat princi-
ples, regardless of drop-out, loss to follow-up, or adherence rate. All analysis
assumed that numerical variables were normally distributed at the population
level (Jiang, 2007). All quantitative data were analyzed using R statistics ver-
sion 4.3.2 (2023-10-31).

57



Analysis of quantitative data

Open answers from the printed questionnaires of dietary goals, goal fulfil-
ment, barriers, and facilitators were transferred to electronic format and ana-
lyzed deductively using the Framework Method (Gale et al., 2013; Hackett &
Strickland, 2019). Each goal was coded into categories and analyzed sepa-
rately for each arm by O.HU. If a goal included two dietary aspects, for ex-
ample “eat more fruits and vegetables and increase the proportion of organi-
cally produced fruits and vegetables”, it was categorized into two different
themes. Note that only goals related to dietary behaviors were included and
goals set after workshop 2 were not included. Barriers to and facilitators of
behavior change were initially analyzed within each arm, but were later com-
bined due to considerable overlap between the two arms. Within these broad
categories, COM-B mechanisms were identified inductively by interpreting
the texts. The organization of the data into COM-B mechanisms and the iden-
tification of categories was discussed, refined, and agreed upon by O.HU and
K.B. Final categories were discussed and agreed upon by all researchers, and
tables were created to illustrate the categories, codes, and COM-B mecha-
nisms.

Analysis of Our Voice data

The analysis followed the “By the People” Our Voice citizen science method,
see Figure 6 (King et al., 2021; King et al., 2020; King et al., 2016), which
enabled participants from each arm to categorize and synthesize the pictures
and narratives and to use their findings to advocate for change, facilitated by
the research team.

The Discovery Tool app data—i.e., photos, narratives, geo-positioning, and
smiley face ratings of facilitators and barriers of local features in and around
the workplace—were downloaded from the server at Stanford University to a
local server at Malardalen University. Additional comments and sub-catego-
ries from the group discussions for each intervention arm were manually trans-
ferred to an electronic format. Afterwards, a content analysis of qualitative
data (Hsieh & Shannon, 2005), was performed to sort and code the data into
one or more categories separately for each group, taking into consideration the
initial analysis by the participants. Finally, all co-authors discussed the cate-
gories, resulting in adding further categories or merging two or more catego-
ries that shared commonalities guided by the socio-ecological model by van
Kasteren et al. (2020), later presented as themes and workplace elements.
Then, the frequency of elements per theme and intervention arm was summed
up. Additionally, photos describing or depicting pro-environmental behaviors,
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encompassing elements that either minimize harm to the environment or ac-
tively benefit it, were coded as photos linked to pro-environmental behavior
(Steg & Vlek, 2009).
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Figure 6. Adapted workflow of the Our Voice Citizen Science “By the People”

Method (Zha et al., 2022), used in the SOFIA study.

Study IV

Study population

The pilot phase data from the LifeGene study was utilized in Study IV, con-
sisting of randomly selected adults aged 18—45 from the national population
registry. Additionally, individuals could sign up voluntarily on the LifeGene
webpage. Participants provided consent on the webpage and completed a com-
prehensive interactive web questionnaire including Meal-Q and Active-Q,
covering lifestyle factors, living habits, health history, socio-demographic
data, and work—life factors. After completing the questionnaire, participants
were invited for in-person testing at one of the test centers, donating blood for
analysis for clinical markers of the metabolic syndrome and measurements of
anthropometric data (Almqvist et al., 2011). Based on self-reported open-
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ended answers on occupation, participants were matched to a modified version
of the Swedish Standard Classification of Occupation 2012 to categorize man-
agers, white-collar workers, blue-collar workers, and nondistinctive roles
(Tillander et al., Unpublished data). The process resulted in 2641 managers
and white-collar workers i.e office workers, aged 18—65, who had all varia-
bles—i.e., questionnaire data and clinical data required to calculate metabolic
syndrome.

Assessment of diet, diet-related CO:e, and physical activity

Diet was assessed using the validated, interactive web-based food frequency
questionnaire Meal-Q which covers five domains: 1) habitual intake of food
items, dishes, and beverages (including alcohol); 2) portion sizes; 3) eating
behaviors; 4) meal patterns; and 5) food supplements (Christensen et al., 2014;
Christensen et al., 2013). Predefined food items and intake frequencies were
linked to the national food composition table from the Swedish National Food
Agency (Swedish Food Agency, 2023) and Life cycle assessment data for 65
food items to calculate daily nutrient intake and COze per person (Bilter et
al., 2017; Sjors et al., 2016). Physical activity was assessed using the vali-
dated, interactive web-based questionnaire Active-Q, which covers five do-
mains: 1) occupational physical activity; 2) transportation to and from work
or studies; 3) leisure-time activities; 4) exercise; and 5) sleep (Bonn et al.,
2015; Bonn et al., 2012). Participants reported the type, duration, and fre-
quency of activities in each domain. Data from Active-Q were used to calcu-
late time spent at different activity domains.

Sustainable Lifestyle Index

The development of the Sustainable Lifestyle Index was carried out in three
distinct steps: 1) Based on subject-specific knowledge of lifestyle factors re-
lated to metabolic syndrome risk factors, such as engaging in physical activity,
eating plant-based foods, as well as smoking and a high intake of sugar-sweet-
ened beverages, alcoholic drinks, and meat products (Alberti et al., 2009;
Pérez-Martinez et al., 2017), 27 variables were initially selected from the
LifeGene pilot dataset. 2) In the next step, potential associations between each
lifestyle variable and risk factors of the metabolic syndrome were evaluated
in the same dataset using the statistical software R, by calculating Spearman
and Pearson’s correlation coefficients between each lifestyle variable and in-
creasing number of risk factors of metabolic syndrome (0-5); and by applying
logistic regression to estimate Odds Ratios, where each lifestyle variable was
categorized into tertiles to explore potential dose-response relationships with
having metabolic syndrome. In total, 13 lifestyle factors were identified
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through these analyses, with those showing the strongest associations with
metabolic syndrome being selected and reviewed. In cases where there were
considerable overlap between lifestyle factors, variables were deleted, result-
ing in a final list of 9 variables (Singh et al., 2023) (Manuscript in preparation).
3) To ensure no important variables were overlooked and verify the selection
of variables, a decision tree ensemble analysis was conducted using MATLAB
R2024a. The “fitcensemble” function with the “AdaBoostM1” method was
applied resulting in the inclusion of a few additional variables in the final in-
dex, comprised of 12 lifestyle factors, presented in Table 1.
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Table 1: Variables included in the Sustainable Lifestyle Index

Variable

Description

Portion size of vegetables

Portion size of vegetables, categorized as
small (1-2), medium (3), or large (4-5)

Meat ratio

Ratio between the intake frequency of red
and with meat dishes: mainly red meat,
balanced intake of red and white meat, or
mainly white meat.

Intake of meat

Intake frequency of red and processed
meat, reported as servings per day.

Intake of produce

Intake frequency of fruits, nuts, vegeta-
bles, and legumes, reported as servings per
day.

Intake of whole grains

Intake frequency of whole grain products
including whole meal bread, brown rice,
and porridge, reported as servings per day.

Intake of snacks

Intake frequency of cakes, candy, choco-
late, ice cream, chips, and sugar-sweet-
ened beverages, reported as servings per
day.

Intake of alcohol

Intake frequency of alcohol, expressed in
standard drinks per day (12 g ethanol per
drink).

Smoking status

Smoking status: current smoker, former
smoker, or never smoked.

Snuff status

Use of oral tobacco (snus): current user,
former user, or never used.

Total physical activity

Total time spent in physical activity per
day, reported in minutes.

Total sitting time

Total time spent sitting per day, reported
in minutes.

Estimated CO,e from food

Kilograms of diet-related CO.e per day.
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Clinical testing and risk factors of metabolic syndrome

Clinical testing included measurements of heart rate; systolic and diastolic
blood pressure; waist, hip, and chest circumference; weight; and height. Non-
fasting venous blood samples were collected for analysis and biobanking
(Almgqvist et al., 2011; LifeGene, 2023). Data on waist circumference, blood
pressure, Apolipoprotein Al (Apoal) as a marker for HDL-cholesterol, tri-
glycerides, and Hemoglobin Alc (HbAlc) were combined into a risk score
for metabolic syndrome. In the absence of fasting HbAlc measurements, we
utilized non-fasting HbAlc as a proxy for assessing metabolic syndrome, fol-
lowing the approach proposed by Lin et al., 2015, defined as the presence of
>3 of the following five risk factors: waist circumference (women >80cm,
men >94 cm), hypertension (systolic blood pressure >130mmHg or diastolic
blood pressure >85mmHg), triglycerides (=1.7mmol/L), Apoal (women <1.3,
men <1.0mmol/L), and non-fasting HbA 1¢ (>42mmol/mol) (Lin et al., 2015).

Statistical analysis

Each variable in the Sustainable Lifestyle Index was divided into three groups,
corresponding to low, medium and high, and when possible, aiming for one-
third of the observations in each of the three groups. For continuous variables,
for example food items reported as increasing intake frequencies or physical
(in)activities reported as increasing time performing various activities, were
divided into tertiles. Meat ratio was calculated as the ratio between intake fre-
quencies of red meat dishes and white meat dishes, with a maximum value of
100 for only eating white meat and then categorized into tertiles. Moreover,
alcohol was calculated using intake frequencies for standard glasses (equiva-
lent of 12 grams of ethanol) from each alcohol beverage. Data on tobacco use
were categorized as current, former, or never users of tobacco or snuff, respec-
tively. For categorical variables with more than three levels (e.g., portion size),
categories were merged to form three approximately equal groups.

Each variable was scored as 0, 1 or 2, with scores inverted when necessary, so
that a score of 2 consistently represented "healthy" and 0 "unhealthy" behav-
ior. Thereafter, scores were summed across all variables to create an overall
total Sustainable Lifestyle Index Score, with missing values excluded from
the calculation, for each person, ranging from 0 to 24, where high scores rep-
resented high adherence to a sustainable lifestyle. Next, the total score was
categorized into three groups: 0-7, 8-10, and > 11. The association between
the Sustainable Lifestyle Index Score and metabolic syndrome risk factors was
analyzed using logistic regression in MATLAB R2024a, and presented as
Odds Ratios and 95% Confidence Intervals (CI). The dependent variable was
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the number of metabolic syndrome risk factors, categorized as 0, 1, 2, or > 3.
The independent variable was the Sustainable Lifestyle Index Score group.
The crude Odds Ratio model was adjusted for age, gender, and education
level. To further assess potential confounding and reverse causation, a second
model included additional adjustments for perceived stress and extended sick
leave was performed, given that both factors may influence lifestyle behaviors
and metabolic risk profiles.

Stress was assessed using the Perceived Stress Scale 10 (PSS-10), previously
showing good reliability and validity in a Swedish context (Nordin & Nordin,
2013), and has previously been used to explore the association between stress
and development of metabolic syndrome (Bergmann et al., 2014). The PSS-
10 asks participants to reflect on the past month and indicate how frequently
they experienced situations that felt unpredictable, uncontrollable, or over-
whelming. Responses are given on a 5-point scale: "never," "rarely," "some-
times," "fairly often," and "very often." The total PSS-10 score is calculated
by summing all the item responses, after reversing the scores for positively
phrased questions. A higher total score indicates greater levels of perceived
stress. Finaly, based on multi-choice questions, the total number of sick leave
days over the past year was calculated for each participant. In accordance with
Swedish regulations and the structure of the social security system, sick leave
was in this study categorized as follows: No sick leave (0 days), few sick leave
days (<15 days), moderate sick leave (15-30 days), extended sick leave (31—
90 days) and long-term sick leave (>90 days). All statistical analyses were
done in MATLAB R2024a.

"nan
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Results

The overall aim of this thesis is to study how the office of the future can pro-
mote a healthy lifestyle and sustainable development at work from organiza-
tional, employee, and public health perspectives. This section will present a
summary of results from each sub-study.

Study I

In this interview study, the number of employees per company ranged from 6
to 8540, and the companies had a total of 18,387 employees, of which 9291
were office workers. Study [ was among the first to present descriptive statis-
tics on the use and cost of the Swedish wellness allowance (Friskvdrdsbidra-
get) in academic literature. Only one company did not provide a wellness al-
lowance to its employees. Among the rest, the lowest wellness allowance was
270 euro per employee/year, and two companies allowed the maximal amount
of 450 euro. If all employees used their maximum amount of wellness allow-
ance, the potential cost would range between 4300 euros for the smallest com-
pany and 2.6 million for the largest company. However, the actual cost of
wellness allowances ranged between 3500 and 1.4 million euros. The propor-
tion of employees who took advantage of the wellness allowance ranged from
29% to 84%. Five companies provided data on the total cost for other health
promotion activities per year in addition to wellness allowance, ranging from
1600 euro for the smallest company to 4.7 million euros for the largest com-
pany. Two of the eight companies used an external benefit and reward plat-
form to provide wellness allowance and other services (Table 2).
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Table 2: Descriptive data for the year of 2020, of the total number of employ-
ees and the number of office workers at each company, respectively, as well
as usage and costs for wellness allowance and other workplace health promo-
tion for the whole company, regardless of type of work description, expressed

in Euro.
Company ID letter A B C D E F G H
Total employees (n) 8,540 4,816 4,500 389 72 50 14 6
Office workers (n) 4,560 400 3,800 389 72 50 14 6
Usage of wellness allow- 55 29 55 84 59 - 80 -
ance (%)
Maximum amount of 310 270 270 450 450 270 310 -
money that an employee
may spend on wellness
allowance
Total potential cost if all 2,6m! 1,2m? 1,2m! 175,000 31,000 13,000 4,300 -
employees used 100% of
their wellness allowance
Actual cost for wellness 1,4m' 175,000 650,000 120,000 8,700 - 3,500 -
allowance
Other workplace health - 850,000 4,7m! 17,500 87,000 - -
promotion efforts and re-
courses
Benefit and reward plat- Yes No Yes No No No No

form

' m = million Euro

The eight companies described several strategies to promote physical activity
to maintain employee health and attract and retain top talents. The study
demonstrates that dissemination of information, convenience, and easy access
inside the office are key facilitators for promoting physical activity. Moreover,
the need for wellness allowances that reflect current market prices to ensure
attractiveness was highlighted. To effectively promote physical activity and
healthy habits among office workers, these behaviors must be integrated into
everyday work routines, and managers need to be aware of company culture
and increase flexibility regarding working hours and the built environment.
They should also implement life-friendly solutions that address work—life bal-
ance challenges, which often hinder healthy lifestyle choices. Finally, this
study highlights the importance of employees’ engagement in developing and
improving workplace health promotion.
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Studies II and 111

The SOFIA pilot study included 37 participants, of which 2 participants from
each arm dropped out between workshops 1 and 4, resulting in; n =19 in the
sustainable lifestyle (SL-arm) and n =14 in the healthy lifestyle (HL-arm). The
participants consisted of 76% women, with an average age of 43 years (SD,
10) and an average body mass index (BMI) of 24 (SD, 3). The majority (89%)
had a university degree, and all participants were non-smokers. There were no
statistically significant differences in baseline characteristics between the two
arms. The participant attendance rate at the educational workshops was 80%
for the SL-arm and 78% for the HL-arm.

Carbon footprint and intake of nutrients

The interaction effect of each intervention arm on lifestyle showed a statisti-
cally significant interaction between time and lifestyle for daily kg
CO,e/1000kcal (p =.046), suggesting different impacts of the intervention
arms on carbon footprint over time. Total carbon footprint statically signifi-
cantly decreased over time in the sustainable lifestyle arm, by 0.8kg of CO,e
per day (p =.001), and by 0.4kg per day for the healthy lifestyle arm. In the
energy-adjusted model, only the sustainable lifestyle arm decreased in
CO,e/1000kcal per day; however, this change was not statically significant
(Table 3).
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Table 3: Within arm change between baseline assessment and week 8 for
daily carbon footprint per 1000 kcal and total Kg CO,e per day at baseline, 4
weeks and 8 weeks.

Sustainable lifestyle arm Healthy lifestyle arm
n Mean (SD) Within-arm P-value n Mean (SD) Within-arm P-value
change [95%CI] change [95%CI]
Kg CO,e/1000
keal
Baseline 21 2.3 (0.8) 16 22(0.6)
4 weeks 20 2.1(0.7) 13 24(0.5)
8 weeks 19 2.1(0.8) 14 23(0.5)
Baseline vs. 8 18 -0.16 [-4.3,0.1] 23 13 0.15[-6.8,3.7] 15
weeks
Kg COze/day
Baseline 21 3.9(1.3) 16 44(1.9)
4 weeks 20 3.4(1.3) 13 43(2.0)
8 weeks 19 3.0(1.2) 14 3.6(.6)
Baseline vs. 8 18 -0.8 [-1.2,-0.3] .001 13 -0.4[-0.8,0.1] 15
weeks

When analyzing within arm changes over 8 weeks, total energy intake de-
creased statically significantly over time, with 346kcal per day for the HL-arm
(p =.01). This decrease in energy intake was attributed to significant absolute
reductions in the HL-arm for total carbohydrate intake by 40.5g per day (p
=.03) and total fat by 13g per day (p =.002).

Total protein intake decreased statically significantly over time in both arms,
by 17g per day for the SL-arm (p =.05) and by 13.7g per day for the HL-arm
(p =0.02). Likewise, total fiber intake decreased by 5g for the SL-arm (p =.05)
and by 6g per day for the HL-arm (p =.04). Additionally, the daily intake of
vitamin C increased statically significantly over time in the HL-arm, at
12.5mg per 1000 kcal (p =.003).
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Physical activity and sedentary behavior

In regard to physical activity and sedentary time, the study found that seden-
tary time decreased statically significantly in the SL-arm, with 0.4 hours per
day between baseline and 8 weeks (p =.03). Additionally, the two arms
showed different frequencies of active transportation at baseline, week 4, and
week 8. However, there was no between arm differences at baseline in regard
to MET hours, total sedentary time (h/day), and active transportation to and
from work expressed as total minutes per week, and no between-arm interac-
tions were found for the mentioned variables, indicating that the educational
workshops in the SL- and HL-arm, respectively, had no impact on physical
activity.

Goals, goal fulfilment, and support for behavior change

Diet-related goals were set at workshop 2 and followed up at workshops 4 and
6. Generally, the participants reported high goal fulfillment at the last work-
shop. Moreover, the perceived support for behavioral change towards a more
sustainable or healthy diet was rated highest for the facilitating researchers
and colleagues, closely followed by family members and managers. There
were no statically significant differences in ratings between the SL- and HL-
arm

A total of 22 goals were divided into 5 categories for the SL-arm. These goals
focused on prioritizing nutritionally dense foods over those with low nutri-
tional value, such as avoiding candy and reducing sugar consumption. Em-
phasis was also placed on increasing the consumption of fruits and vegetables.
The SL-arm aimed to decrease the intake of red meat, increase the number of
vegetarian meals in participants’ weekly diets, and encourage them to buy or-
ganic foods, particularly those labeled KRAV, and focus on locally produced
items.

For the HL-arm, 18 goals were divided into 4 categories. These goals focused
on eating according to the plate model, the intake of nutritionally dense foods
and consuming 500g of fruits and vegetables per day. Other goals included
limiting refined carbs and prioritizing fruits and vegetables over snacks high
in sugar and empty calories. Some goals aimed to reduce red meat intake to
less than 500g per week by removing meat from lunch and opting for fish and
vegetarian options.
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Barriers and facilitators for behavior change

Barriers and facilitators described by the SL- and HL-arms were merged due
to a large overlap. The participants described that the high prices of fruits,
vegetables, worsened by inflation, were a barrier, particularly for the SL-arm
which highlighted the price of organic products. Restaurant visits and takea-
way food presented challenges due to the lack of transparency in ingredient
sourcing and the presence of unhealthy options. Moreover, a lack of time and
planning, influenced by family dynamics and social events, further compli-
cated efforts to maintain a healthy and or a sustainable diet. Holidays and as-
sociated gatherings added to these challenges, due to an abundance of food
and treats as well as cooking for more than oneself. Personal barriers such as
difficulty breaking old habits, lack of motivation, and insufficient culinary
skills also made it challenging for participants to adopt and maintain a sus-
tainable or healthy lifestyle.

Participants from both arms highlighted several facilitators that supported
their dietary goals. Access to healthy options at work, such as fruit baskets and
the salad bar in the lunch restaurant, made it easier to maintain a healthy diet.
Moreover, where planning and preparations described as critical, with partic-
ipants describing routines like meal planning, grocery shopping for the week,
and prepping food in advance. Additionally, increased knowledge about
healthy food and its environmental impact from the educational workshops
was another important facilitator. The increased understanding of components
of a healthy and sustainable diet empowered individuals to make informed
food choices, as well as create healthy lifestyle habits that supported progress
towards personal goals, such as exercising more and managing weight and
blood pressure.
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Discovery Tool

Across both intervention arms, 114 photos were registered in the app, of which
35 were taken by participants in the HL-arm and 79 by participants in the SL-
arm. Of the photos, 82% were taken indoors, and the remaining captured out-
door environments with a maximum walking distance of 1km from the work-
places. In total, 57% of the elements were perceived as facilitators in and
around the workplace, 30% as barriers, 10% as both, and 3% were missing an
indication of either facilitator and/or barrier. The analysis of photos and nar-
ratives resulted in four themes: 1) built environment; 2) building design; 3)
office ergonomics; and 4) food and beverages. See Figure 7 for examples of
photos and narratives of each theme. Photos from both the SL- and HL-arms
highlighted urban greenery, pedestrian-friendly features, and off-site destina-
tions for physical activity, such as nearby parks and exercise facilities. Partic-
ipants noted that the design of the building should prioritize user-centered fea-
tures, offering spaces for rest and breaks, social interaction and recovery, eas-
ily accessible stairwells, and locker rooms. Moreover, office ergonomics, such
as height-adjustable desks, and healthy food choices in the vending machines
were listed by participants.

Figure 7. Photos and narratives describing 1) the theme of built environment 2) build-
ing design 3) office ergonomics; and 4) food and beverages. B indicates a barrier and
F a facilitator.

1) The crossing previously had a push button to stop cars, but it’s now gone, which
means cars rarely stop. If one car does stop, it’s unclear whether the car coming from
the opposite direction will also stop. It’s an unsafe crossing (B).

2) Elevator — the first thing I see when arriving at or leaving the office. It would have
been better if there were an inviting, pleasant staircase instead (B).

3) Height-adjustable desks, which support my workplace ergonomics. I get the chance
to both stand and sit (F).

4) Fruit in the office (F).
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In addition to these health-related themes, the SL-arm, which received infor-
mation about sustainable lifestyles in the educational workshops, took 20 pho-
tos (18 percent of all) depicting pro-environmental behaviors, like active com-
muting, bike storage, fruit baskets, notably organic fruits, and advocated more
extensively for sustainability issues compared to the HL-arm, which did not
capture pro-environmental behaviors in any photos.

Twelve office-based barriers were identified and prioritized for change. At the
final follow-up workshop, two to three months after the intervention study
ended, five barriers had been resolved, four were in progress, and three re-
mained unresolved. The advocates in each group worked together to improve
the work environment but described their struggles overcoming difficulties.
They encountered situations such as lack of time, lack of interest from the
property owner, and conflicts of interest between promotion of healthier alter-
natives for employees and profit margins for services provided by external
companies. Additionally, Study III highlights the potential of citizen science
as a valuable method in workplace health promotion.
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Study IV

This study identified 1,547 female (59%) and 1,094 male (41%) office work-
ers with complete data on lifestyle factors and risk factors for metabolic syn-
drome in the LifeGene pilot. The majority were under 40 years (72%), had a
BMI below 25 (55%), were never-smokers (57%), and held university degrees
(64%). 880 (33%) had greenhouse gas emissions above 5.62 Kg COze per day,
of these were 382 (14%) participants within the group with lowest adherence
to the Sustainable Lifestyle Index, compared to 195 (7%) participants with
highest Sustainable Lifestyle Index scores, above 11. The most frequently ob-
served risk factor for metabolic syndrome was waist circumference for women
above 80, men above 94 cm (32%), hypertension (19%), and elevated triglyc-
eride levels (17%).

One-third of the participants, 863 (33%) presented with at least one metabolic
risk factor, 328 (12%) had two and 109 (4%) had three or four risk factors and
were classified as having metabolic syndrome in this relatively young popu-
lation. Figure 8 illustrates a trend toward fewer metabolic syndrome risk fac-
tors among office workers with higher Sustainable Lifestyle Index scores.
Note that no participants in this cohort exhibited all five risk factors combined.
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Figure 8. Boxplot of office workers in the LifeGene study, showing Sustainable
Lifestyle Index Scores by number of metabolic syndrome risk factors.
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Table 4 presents the Odds Ratios for metabolic syndrome for increasing Sus-
tainable Lifestyle Index scores, adjusted for age, gender, and education level.
The relative risk reduction for metabolic syndrome among those with highest
Sustainable Lifestyle Index scores, as compared to those with the lowest score,
was 65%. Suggesting that office workers adhering to more sustainable life-
style have a substantially lower risk of having metabolic syndrome. To assess
potential confounding or reverse causation from stress or sick leave, a second
model was adjusted for age, gender, education, PSS-10 scores and extended
sick leave (defined as >15 days during the study period), however, this did not
alter the results OR 0.36 (95%CI 0.19-0.68).

Table 4: Odds ratios (OR) and 95% CI for metabolic syndrome by increasing
Sustainable Lifestyle Index scores adjusted for age, gender, and education
level.

Metabolic risk factors 0 1 2 >3
OR [95% CI] OR [95% CI] OR [95% CI]
Sustainable lifestyle score
0-7 Reference 1.00 1.00 1.00
8-10 1.00 0,67 [0.55-0.81] 0,59 [0.45-0.77] 0,47 [0.29-0.77]
>11 1.00 0,58 [0.47-0.72] 0,38 [0.27-0.53] 0,35 [0.19-0.66]
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Discussion

This thesis explores how a sustainable lifestyle among office workers can be
promoted through a public health perspective. Public Health Science is an in-
terdisciplinary field that employs various methods to study how health can be
promoted within different population groups, ranging from small communities
to larger societal segments. The discussion will focus on methodological con-
siderations, the findings, and interpretations.

Study I

Methodological considerations

Qualitative research that explores complex phenomena demands careful inter-
pretation and critical assessment of methodological rigor. The COREQ check-
list offers a structured framework for evaluating the trustworthiness across
three domains: research team and reflexivity, study design, and data analysis
and reporting (Tong et al., 2007). This chapter provides key reflections on
reflexivity, trustworthiness, and generalizability in relation to Study 1.

Given the close engagement of researchers in qualitative inquiry, disclosing
personal characteristics and relationships to the research topic is essential.
Study I does not include a description of the authors’ personal characteristics,
limiting readers’ ability to assess potential influences on data collection and
interpretation. To address this, the following reflexivity statement is provided:
The primary investigator of Study I and the author of this thesis is male, mid-
dle-class, and holds a bachelor’s degree in physical therapy and a master’s
degree in exercise physiology and nutrition. He was at the time of the study, a
Ph.D. student within the SOFCO project and had no prior affiliations with the
participating companies or informants and only a limited preunderstanding of
workplace health promotion and wellness allowance at the time of data col-
lection. However, his professional background as a registered physical thera-
pist and interest in physical activity and public health may have shaped his
interpretation of the health benefits of physical activity in a workplace context.
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Study I served dual purposes within the SOFCO project: exploring workplace
health promotion and wellness allowance among partner companies, and in-
forming the development of the SOFIA study (Bilter et al., 2024), Appendix
1. Informants in Study I were recruited through companies that were bound
by in-kind contributions, which may, to some degree, have influenced their
responses. Although informants were specifically asked about company poli-
cies, their perspectives may reflect personal views rather than official com-
pany policies. Additionally, as the study was framed by the SOFCO project
and informants voluntarily participated, this may have favored companies and
individuals with a strong interest in workplace health promotion.

A key limitation of Study I is the absence of policy document analysis, receipt
accounting, and internal documents guiding workplace health promotion. This
restricts insight into how wellness allowances were used, the actual costs, and
the specific implementation policies of health promotion for office workers.
Additionally, due to the COVID-19 pandemic, interviews were conducted dig-
itally, limiting the researcher’s ability to observe non-verbal cues and the
physical context of office environments and fitness facilities.

The study employed the Framework Method (Gale et al., 2013), chosen for its
suitability in multidisciplinary teams and its capacity to manage large datasets.
This method enabled systematic coding, thematic development, and transpar-
ent collaboration via digital tools and Excel matrices. The flexible workflow
supported iterative analysis and facilitated the identification of themes and
sub-themes grounded in participants’ experiences. The method also allowed
for descriptive and explanatory insights into organizational behavior and pol-
icy implementation.

Finally, Study I included a small sample of informants from highly homoge-
neous companies operating at the forefront of office design, activity-based
workspaces, coworking spaces, and sustainability. While this limits generali-
zability, the study offers valuable insights into how private companies imple-
ment workplace health promotion. Also, it is one of few published studies
presenting descriptive statistics on wellness allowance usage and associated
costs and represented approximately 18,000 Swedish employees.
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Findings and interpretations

The results from Study I provide a brief insight into economic investments
and how Swedish companies integrate physical activity into their workplace
health promotion programs. The main findings provide an increased under-
standing of barriers and facilitators from an employer perspective in terms of
allocation of resources, information dissemination, and how the companies
target barriers blocking workplace health promotion on organizational as well
as individual levels. The informants, consisting of primarily managers and HR
personnel, emphasized the importance of company culture, flexibility, and
identifying life-friendly solutions that address work-life balance and time
constraints among employees. These findings are supported in the qualitative
study by Campmans et al., (2022), concluding that access to resources and
knowledge, leadership involvement, and continuity of communication were
facilitators within the companies (Campmans et al., 2022). The results from
Study I also share several conclusions with the reviews by Passey et al.,
(2018), Garne-Dalgaard et al. (2019) and Dabkowski et al., (2023), demon-
strating that key facilitators for promoting physical activity in the workplace
include supportive environmental and organizational conditions, such as ac-
cess to ergonomic and active workstations, on-site fitness facilities, and struc-
tured exercise programs.

A health-oriented workplace culture is strengthened through motivational ma-
terials, health education, expert consultation, and by ensuring that managers
remain informed about health promotion initiatives and actively disseminate
information through internal communication channels. Moreover, it is im-
portant that managers recognize the benefits of workplace health promotion
programs in the form of reduced stress, increased productivity, and lower ab-
senteeism among employees, and consider health promotion to be part of their
professional responsibilities, serving as role models familiar with company
policies. Finally, the employer and managers need to support flexible sched-
uling to facilitate participation in workplace health promotion (Dabkowski et
al., 2023; Garne-Dalgaard et al., 2019; Passey, Hammerback, et al., 2018).

Previous research on barriers and facilitators to workplace health promotion
from an employer perspective in Sweden highlights the importance of provid-
ing managers with adequate communication training and education to effec-
tively promote workplace health initiatives. It also emphasizes that organiza-
tions must be able to disseminate information from well-developed programs
to improve participation and usage (Larsson et al., 2015; Sigblad et al., 2020).
Additionally, the study by Sigblad et al. (2020) is one of only a few that
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explore managers’ perceptions of factors that affect the use of wellness allow-
ances and describes that out-of-pocket pre-payments may be ineffective in en-
couraging employee participation. The previous literature has also described
several barriers perceived by managers to promoting physical activity in office
environments. Common barriers include time constraints, scheduling con-
flicts, and broader organizational and social factors, such as an unsupportive
workplace culture and limited managerial support (Dabkowski et al., 2023;
Garne-Dalgaard et al., 2019; Passey, Brown, et al., 2018), findings which are
in agreement with Study 1.

Previous research has identified factors such as heavy workloads that reduce
managers’ capacity to support staff and participate in health programs them-
selves, difficulties navigating digital health platforms, and ineffective com-
munication due to generic messaging (Passey, Hammerback, et al., 2018).
Moreover, managers may perceive that workplace health promotion initiatives
interfere with employees' work and private lives. They may also perceive low
employee engagement and lack formal responsibility for program delivery and
knowledge, which can leave them feeling unprepared to lead health promotion
efforts (Passey, Hammerback, et al., 2018). In addition, insufficient backing
from senior leadership, implementation complexities, high costs, and limited
awareness of relevant policies have been described as key barriers.
(Campmans et al., 2022; Dabkowski et al., 2023; Garne-Dalgaard et al., 2019;
Passey, Hammerback, et al., 2018). Compared to the findings in Study I, few
of these barriers were described by the informants. This could be largely be-
cause we did not specifically ask about barriers perceived by managers.

Even if the number of informants in Study I is small, it is one of few scientific
investigations that examine wellness allowances and workplace health promo-
tion in Swedish private companies. The practical interpretation based on Study
I and the collected literature conclude that employers, and more specifically,
managers, play a crucial role in enabling workplace health promotion and that
workplace health promotion needs to be prioritized at the same level as other
matters within the company. Key facilitators include strong managerial sup-
port, clear communication, flexible scheduling, and a supportive organiza-
tional culture.

Successful workplace health promotion programs allocate sufficient resources
to manager education, and information dissemination to integrate health pro-
motion into daily work-life. Organizations should use various communication
channels to inform employees about the programs and their benefits. This
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includes the intranet, social media, personal approaches, emails, and poster
prompts. Managers must be assigned clear roles and serve as role models,
while also understanding the individual and organizational benefits of work-
place health promotion, such as improved employee health, increased produc-
tivity, and reduced presenteeism and sickness absence. Managers also need to
be aware that employees may perceive physical activity as a private matter.
Therefore it is recommended that an engagement process with employees
takes place before the implementation of workplace health promotion pro-
grams (Justesen et al., 2017).

Although the companies in Study I describe fewer barriers and focus more on
facilitators for physical activity in connection to or outside the office work-
place, such as fitness centers, running/yoga classes, and different types of
events or step challenges. Nevertheless, barriers still existed, such as employ-
ees not knowing how to use the wellness/benefit and rewards platforms, diffi-
culty reaching those who need the information most, and the lack of a wide-
spread supportive culture among all managers and leaders in the organization.
Additionally, it also becomes clear that workplace health promotion is not al-
ways the top priority within companies when unhealthy habits, lack of time,
high workload, and being a listed company hinder workplace health promo-
tion programs.

The results from Study I emphasize the importance of tailoring workplace
health promotion based on employee needs and increasing access to fitness
facilities and social activities that can facilitate greater participation. Further-
more, engaging employees in a workplace health promotion program may en-
hance empowerment and increase participation. Finally, providing a wellness
allowance aligned with market prices and minimizing out-of-pocket payments
can encourage greater employee usage of such programs.

Studies II and 111

Methodological considerations

Conducting a randomized controlled trial is time-consuming for both the re-
searchers and the participants. Thus, finding motivated participants is im-
portant to ensure low drop out and high adherence. However, the optimal sam-
ple should reflect a random sample of eligible participants to ensure external
validity. To support this goal, the SOFIA pilot study tested a screening ques-
tionnaire prior to inclusion, developed for the SOFIA study (Balter et al.,
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2024). The questionnaire assessed hours spent doing office work per week,
frequency of active transportation, and dietary habits. However, unlike the
planned full-scale SOFIA study, the pilot phase did not exclude participants
who already engaged in frequent active transportation or followed a predom-
inantly vegetarian diet. The pilot was only restricted to being at least 18 years
of age, having access to a smartphone, and performing office work in modern
offices according to new ways of working for >20 hours per week. This deci-
sion was driven by recruitment challenges and the purpose of evaluating the
feasibility and functionality of the intervention.

Despite a comprehensive recruitment strategy, including digital and physical
information leaflets, intranet announcements, and on-site recruitment, we
were unable to attract a large and diverse sample of eligible participants. The
enrolled group likely consisted of individuals already motivated to engage in
workplace health promotion, as reflected in the low dropout rate of n =4 and
attendance rate of 80% at the workshops. Moreover, the descriptive statistics
in Studies II and III shows that the sample is skewed toward highly educated
women, suggesting the intervention may be more appealing to this demo-
graphic. These insights are valuable for refining recruitment strategies for the
future full-scale SOFIA study.

Thus, we focused on evaluating the feasibility and functionality of the inter-
vention, as the small sample size in the pilot study resulted in underpowered
statistical analyses. Previous power calculations based on Meal-Q and esti-
mates of CO,e¢ indicated a need for 90 participants (Appendix 1). Nonetheless,
statistically significant effects were observed in Study II despite only having
37 participants. However, the findings should be interpreted with caution, par-
ticularly regarding effect sizes and generalizability.

The use of cluster randomization offered several strengths and limitations in
relation to the SOFIA study design. One significant advantage is the decreased
likelihood of participants from the two arms influencing each other within the
same workplace. By focusing on geographically distinct groups, the interven-
tion limits interaction between groups, and thereby limits contamination. Nev-
ertheless, this approach also presents challenges, as participants within a clus-
ter tend to share more similarities than those in other groups. As a result, a
larger sample size is needed to manage the reduced diversity and potential
imbalances between clusters. Despite these challenges, the SOFIA study de-
sign takes advantage of social influence within groups, as colleagues can sup-
port each other, potentially enhancing the intervention's effects. However, this
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is a risk of post-randomization selection bias at the cluster level when ensuring
groups are fully comparable at baseline, especially with a small number of
clusters, where we cannot ensure the degree of social and managerial support.
Note that we did not include intracluster correlation coefficients in our data
analysis, due to the sample size. However, the upscaled version of SOFIA
should incorporate intracluster correlation coefficients to allow for appropri-
ate adjustments to statistical models.

Randomized controlled trials are considered the gold standard for evaluating
intervention effects. However, when dealing with complex interventions, re-
searchers must balance methodological control with the flexibility needed to
reflect real-world conditions. The context in which an intervention is de-
signed, implemented, and evaluated influences both the identification of
mechanisms of change and the practical delivery of the intervention. To en-
hance external validity and ensure relevance, pilot studies and qualitative re-
search are essential for assessing feasibility, acceptability, and methodological
appropriateness (Skivington et al., 2021).

The SOFIA study, while rigorous, relied heavily on research personnel. Its
external validity and potential for scale-up could be significantly improved by
piggybacking on existing health promotion programs and involving trained
health coaches, managers, and HR staff. Such integration would likely en-
hance the transferability of results beyond the intervention period and support
broader implementation within organizations. However, existing practices and
mindsets could also be root causes of the intervention target—e.g., an organi-
zation that does not allow employees to leave their desk for movement
beaks—which emphasizes the need to challenge these mindsets and practices
identified within company organizations (von Thiele Schwarz et al., 2021).

Findings and interpretation

This pilot cluster-randomized intervention demonstrated that educating office
workers on both healthy and sustainable lifestyles reduced food-related CO,e
emissions. The decrease in CO.e per 1000kcal was more pronounced in the
group that received education focused specifically on sustainability and pro-
environmental behaviors. Additionally, this group showed a slight decrease in
sedentary time.

It is widely acknowledged that total CO,e emissions are influenced by various
lifestyle habits (Vieux et al., 2018). However, meat consumption has been
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identified as the primary contributor to total diet-related CO,e (Biesbroek et
al., 2014; Hallstrom et al., 2021; Hallstrom et al., 2015; Hallstrom et al., 2014;
Temme et al., 2015). The observed decrease in CO,e emissions from food are
largely attributable to statistically significant decreases in both protein and to-
tal energy intake in both intervention arms, which are the two key drivers of
diet-related emissions (Pradhan et al., 2013; Wirsenius et al., 2010). Although
the sustainable lifestyle group had lower baseline food-related CO:ze emissions
from the start, they achieved the greatest reductions. This suggests that fram-
ing dietary recommendations within a sustainability context may enhance
their effectiveness, but larger studies are needed to determine the interaction
effect between time and lifestyle.

The LifeGene pilot study using Meal-Q conducted between 2009 and 2010
with 5364 well-educated adults aged 18—45 years showed that the carbon foot-
print from their food consumption was, on average, 4.7kg CO,e/person per
day, which corresponds to 1.7 tons of CO:e/person per year (Bélter et al.,
2017). At the end of the SOFIA intervention, the SL-arm had a mean
CO.e/person per day of 3.0kg corresponding to 1 ton, while the HL-arm had
mean COe/person per day of 3.6kg, corresponding to 1.3 tons CO,e/person
per year; values similar to those associated with lacto-ovo-vegetarian and pes-
cetarian diets (Scarborough et al., 2014). This demonstrates that relative minor
dietary changes can result in mean CO,e emissions from food closer to 1
ton/person per year, a target number set by The Swedish Environmental Pro-
tection Agency back in 2015 (The Swedish Environmental Protection Agency,
2015).

To date there are few randomized control trials that have tested the effect of
different intervention functions with the aim of reducing CO,e from food. One
example is a two-armed randomized controlled trial using a multicomponent
behavioral intervention among 35-year-old volunteers in the United Kingdom.
The intervention included four components: free meat substitutes, information
leaflets on the health and the environmental benefits of reducing meat con-
sumption, recipes, and success stories from individuals who had reduced their
meat intake, and resulted in statistically significant reductions in estimated
COge at 8 weeks. The intervention group had emissions of 31.7kg CO,e /week
(4.52 kg CO,e/day), compared to 40.2kg CO,e/week (5.75 kg CO,e/day) in
the control group (Bianchi et al., 2022).

In a pilot study from the USA, seminars in an academic campus course were
used to explore the connections between food systems and environmental
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sustainability. The course included academic reading, written reflections,
group discussions, and skills-based active learning exercises. University stu-
dents in the intervention group significantly reduced their meat intake by 0.7
servings per week (30%) and decreased their daily dietary carbon footprint by
an estimated 0.5kg COye per 2000 kcal/day (Malan et al., 2020). Another
study from the USA compared students in a sustainable education cluster with
those in a control cluster. The sustainable education cluster analyzed the en-
vironmental footprint of various meats and included classroom exercises to
calculate the environmental footprint of typical foods. At the 6-month follow-
up, the overall dietary footprints for students in the sustainable education clus-
ter were 4.15kg CO,e/day for female students and 5.72kg CO,e/day for male
students, compared to 4.94kg CO,e/day for females and 6.95kg CO,e/day for
males in the control cluster (Jay et al., 2019).

Comparisons with previous work demonstrate multiple similarities with the
SOFIA study in terms of intervention functions, such as focusing on reducing
meat intake through substitutes or increased use of plant-based foods. The
studies also use behavioral support strategies, such as social support, prompts
and cues, recipes, culinary skill tips, and education focused on the environ-
mental impact of food production. The study by Bianchi et al. (2022) utilized
the Behavior Change Wheel as its theoretical framework for behavioral
change. The study by Malan et al. (2020) used the theory of planned behavior
and social cognitive theory. However, in the study by Jay et al., (2019) it is
unclear whether the theoretical framework was part of the intervention devel-
opment, although the authors discuss how the Health Belief Model and the
education and guidance that were provided altered participants’ behaviors by
changing their perception of perceived costs and benefits, resulting in the de-
sired actions. This is similar to the SOFIA study, which utilized the Behavior
Change Wheel, the COM-B model, and the socio-ecological model by van
Kasteren et al. (2020). However, there is still a lack of well-designed and the-
ory-informed interventions specifically targeting behaviors related to the en-
vironmental impact on food consumption.

Compared to Study II, participants in previous literature generally had higher
levels of food-related CO,e/day at the end of each intervention, values closer
to our participants' baseline levels. This could be due to the use of a different
life cycle assessment calculation and allocation, making it challenging to
quantify and compare reductions in CO,e. Furthermore, it may also reflect
that our study population has higher health literacy due to their education
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level, lower BMI, being non-smokers, and being physically active, potentially
resulting in lower meat consumption at baseline.

The additional analysis of barriers and facilitators in relation to dietary goals
in Study II showed that barriers such as high prices on fruits and vegetables,
restaurant visits, lack of time, personal barriers, holidays, and family dynam-
ics complicated efforts to maintain a healthy and/or sustainable diet. To coun-
ter these barriers, employers should consider implementing facilitators such
as access to healthy food options at work, education, and a better understand-
ing of healthy and sustainable diet components within the workplace environ-
ment that can empower individuals to make informed food choices. Employ-
ers also need to consider the broader context of the employee’s lifestyle, as
previous research has shown that the degree of an employee’s family support
affects the acceptance and delivery of workplace health promotion programs
(Dabkowski et al., 2023). By addressing environmental, organizational, and
individual factors, participation in workplace health promotion programs can
be increased (Smit et al., 2023)

Study III is among the few investigations that examine the office environment
from the employee’s perspective using citizen science methods, identifying
factors that facilitate or hinder physical activity, as well as sustainable and
healthy dietary habits. The findings from Study III add to the literature on
socio-ecological factors and workplace design by Zimring et al. (2005),
McGann et al. (2014), and Creagh et al. (2024) by emphasizing key environ-
mental features that promote healthy behaviors. These include providing bike
storage and locker rooms, ensuring stairwells are easily accessible and visible,
and creating social spaces that encourage employee interaction and, in turn,
movement within the building. Creagh et al. (2024) also highlights that stair
and elevator use depends not only on individual preferences or prompts but
also on the specific design elements of the building (Creagh et al., 2024).
However, there are also differences between Study III and the study conducted
by (McGann et al., 2014). For instance, none of participants in Study III re-
ported activities related to administrative tasks (e.g., printing) or privacy-re-
lated behaviors (e.g., private phone calls). Instead, our results underscore the
value of nearby parks for walk-and-talk meetings and the integration of break-
time activities within the office (such as knitting or table tennis). These differ-
ences are likely to be due to the educational workshops provided to partici-
pants in Study III prior to data collection. These workshops focused on healthy
and sustainable living, potentially shaping participants’ awareness and behav-
iors prior to the Discovery Tool data collection.
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In the qualitative studies by Campmans et al. (2022) and Smit et al. (2023),
examining the employer and employee perspectives respectively, both con-
cluded that employers should actively involve employees in designing and
implementing workplace health promotion programs. Additionally, they iden-
tified social support from managers and colleagues as a key facilitator for par-
ticipation in workplace health promotion (Campmans et al., 2022; Smit et al.,
2023). By considering the needs and preferences of employees, organizations
can create more effective programs that resonate with their workforce. This is
further supported by Sigblad et al. (2020), who highlighted that a “one-size-
fits-all” kind of approach should be avoided, and that we need to consider the
diverse life situations of employees (Sigblad et al., 2020).

The comparisons with previous work conclude that interventions should spe-
cifically target sustainable lifestyle aspects, such as reducing meat intake
through substitutes or increased intake of plant-based foods compared to gen-
eral health recommendations to reduce CO-e emissions from food. The inter-
vention should also consider the context outside the workplace, such as family
dynamics and holidays. Moreover, include the following intervention func-
tions: social support, goal-setting, self-monitoring, action planning, prompts
and cues, recipes, culinary skill tips, and education focused on the environ-
mental impact of food production to support behavior change. The SOFIA
pilot study, despite its small sample size, provides insights into how sustaina-
ble lifestyle intervention can be designed and tested in a workplace context.
Finlay, one of the key findings from Study III is that the Our Voice method-
ology effectively enhances employee engagement and empowerment in shap-
ing the workplace environment. The results demonstrate that citizen science
can foster social interaction, collaboration, and the identification of shared fa-
cilitators and barriers. Future research should therefore consider leveraging
citizen science approaches to strengthen workplace health promotion initia-
tives on their own or as an intervention function.
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Study IV

Methodological considerations

Studies I-11I have been based on small and specific population of office work-
ers in hybrid flexible office environments related to the “New Ways of Work-
ing”. Study IV offers a larger and more robust dataset based in the LifeGene
study. However, the cross-sectional nature of the LifeGene study limits the
ability to draw conclusions about causal relationships. There is a possibility
of reverse causation, as participants classified with metabolic syndrome might
have altered their lifestyle behavior before or in response to their clinical ex-
amination. This makes it difficult to establish whether lifestyle factors pre-
ceded or followed the development of metabolic syndrome. To overcome this,
we stratified the data in regard to perceived stress and number of sick-leave
days and adjusted for confounding factors, although we cannot rule out mis-
classification of exposure, and residual confounding may still be present, de-
spite the use of validated questionnaires.

The categorization of occupations using self-reported open-ended responses
matched to a modified version of SSYK 2012, may have introduced system-
atic misclassifications. This has to some degree affected the accuracy of label-
ling participants as managers, white-collar, or blue-collar, and may therefore
not fully capture the heterogeneity in occupational physical activity or socio-
economic status often associated with office workers, both of which are po-
tential confounders in the association between lifestyle behaviors and meta-
bolic health.

Findings and interpretation

The Odds Ratio for having metabolic syndrome for the group with high ad-
herence to a sustainable lifestyle was 0.35 (95%CI 0.19-0.66), compared to
the group with the lowest adherence. This 65% relative risk reduction supports
the role of sustainable lifestyle choices in preventing metabolic syndrome
among office workers. Promoting regular physical activity, minimizing sed-
entary behavior, maintaining a balanced diet rich in vegetables and fruits, and
avoiding harmful habits such as smoking and excessive alcohol consumption
are all well-established strategies for reducing risk (Chomiuk et al., 2024;
Pérez-Martinez et al., 2017; Rus et al., 2023). These lifestyle factors are espe-
cially important in a working context, because having metabolic syndrome
increases the risk of disability, sickness absence, and premature exit from the
workforce (Lidén et al., 2020; Runge et al., 2023). Early medical recognition
is critical for raising individual awareness, initiating lifestyle changes, and
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enabling workplace interventions, even when only one single metabolic risk
factor is present. These early interventions may support workforce productiv-
ity, sustained work ability throughout the working life, reduced hospitaliza-
tions, and reduced individual and societal costs of medication and care (Hirani
et al., 2025).

Studying the combined risk factors for disease and metabolic syndrome is a
well-established research track, and several dietary indexes and scoring sys-
tems have been developed to assess these risks. However, only recently have
components of a sustainable lifestyle—such as CO:e emissions and meat con-
sumption—been examined in relation to mortality and disease development
(Hidayat et al., 2022; Oussalah et al., 2020; Strid et al., 2021), highlighting the
dual importance of promoting health and mitigating climate change through
dietary choices.

The key contribution to prior research from Study IV lies in its integration of
dietary COze emissions into the combined analysis of other lifestyle risk fac-
tors. A substantial share of dietary COe emissions stems from meat consump-
tion; particularly beef, which has a significantly higher carbon footprint than
plant-based alternatives such as legumes, poultry, or fish (Wirsenius et al.,
2010). Moreover, total caloric intake also influences an individual's dietary
carbon footprint: the more food consumed, the greater the demand on agricul-
tural land, energy, and resources, and the higher the emissions from produc-
tion, processing, transport, and waste (Pradhan et al., 2013; Wirsenius et al.,
2010). These insights highlight that the observed risk of metabolic syndrome
may stem not from CO,e emissions themselves, but from the underlying die-
tary patterns, such as high meat consumption and excess calories. By incorpo-
rating environmental impact (COe emissions) into the lifestyle index, we of-
fer a more holistic perspective that considers not only what and how much we
eat, but also the broader consequences of our dietary choices, and since a sub-
stantial proportion of food is consumed at work, it is essential to design work-
place food environments that help prevent metabolic risk factors among office
workers (Clohessy et al., 2019).

In comparison with previous literature on dietary patterns, the Mediterranean
diet has consistently been associated with a reduced risk of metabolic syn-
drome (Godos et al., 2017). In contrast, a meta-analysis of the Dietary Inflam-
matory Index found no significant association between the most pro-inflam-
matory versus the most anti-inflammatory diets and markers of metabolic syn-
drome (Namazi et al., 2018). Moreover, a meta-analysis investigating a
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posteriori dietary pattern in adults reported that Western diets with a high in-
take of red and processed meats significantly increased the risk of metabolic
syndrome (Fabiani et al., 2019). These findings align with the results of Study
IV, which demonstrated that dietary patterns rich in sugar, processed meat,
and red meat are associated with an increased risk of having metabolic syn-
drome. Furthermore, a diet rich in white meat, healthy fats, and plant-based
foods is associated with a decreased risk of metabolic syndrome. Additionally,
collective research demonstrates that physical activity contributes to improv-
ing blood pressure, insulin sensitivity, lipid profile, and body composition in
individuals with metabolic syndrome (Chomiuk et al., 2024).

However, it is essential to consider additional lifestyle factors such as seden-
tary behavior, and harmful habits like smoking and alcohol consumption, all
of which are known to increase the risk of metabolic syndrome (Rus et al.,
2023). Given previous research results and the complexity of a multitude of
lifestyle factors, a more simplistic and pragmatic approach is needed, such as
the Sustainable Lifestyle Index, which may offer a valuable and simple frame-
work. The findings from Study IV suggest that adopting a sustainable lifestyle
can significantly lower the relative risk of developing metabolic syndrome,
even in a relatively young population of Swedish office workers. By providing
a sustainable food environment and pedagogical tools for the general public
based on the collected research ‘translated’ into foods and recommendations
such as eat >5 serving of vegetables and fruits per day, limit the intake of red
and processed meat to <1 serving per day, framed by the conclusion that diets
with lower CO.e emissions are not only more sustainable but also largely
align with nutritional guidelines, could supporting both planetary and human
health. Additionally, it could promote physical activity recommendation in
line with WHO guidelines (Bull et al., 2020).

Strengths and limitations of this thesis

This thesis leans towards perspectives from private companies at the forefront
of workplace health promotion. As a result, it lacks the perspectives and ex-
periences of other organizations and groups of employees regarding healthy
and sustainable workplaces. Most participants in Studies II, III, and IV fit the
profile of white-collar workers, with the majority holding university degrees,
and likely of a higher socioeconomic status than the general population. More-
over, the majority have a healthy BMI, and are physically active and non-
tobacco users. These lifestyle factors are strongly related to high health liter-
acy, which potentially mediates the link between socioeconomic status and
health behaviors (Friis et al., 2016; Serensen et al., 2012).
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The homogeneity of participants and the small sample size in Studies I, I, and
III within this thesis limits its generalizability but showcases how companies
at the forefront implement workplace health promotion and how individual
health can be promoted before illness occurs. To increase generalizability, fu-
ture studies using the same methods should include more diverse groups of
organizations and employees, such as office workers in the public sector,
larger sample sizes, and long-term follow-up.

A critical methodological consideration in this thesis is the use of the food and
physical activity frequency questionnaires Meal-Q and Active-Q in Studies II,
111, and IV. Digital food and activity questionnaires present multiple practical
benefits, including cost-effectiveness, scalability, and ease of administration
in large population studies. However, their design introduces several limita-
tions that may compromise data accuracy and reliability that need to be con-
sidered in relation to Studies II and IV; primarily, reliance on self-reported
data, which can introduce recall bias and social desirability bias. Participants
may unintentionally over- or under-report their physical activity or intake of
specific food items, particularly those perceived as healthy or as having a low
environmental impact. Moreover, the retrospective nature of exposure assess-
ment by questionnaires, often requiring recall over several weeks or months,
further complicates this issue by increasing the likelihood of memory-related
inaccuracies. Additionally, the fixed food and activity lists used in question-
naires may not fully capture the diversity of dietary and physical activity pat-
terns, which risk overlooking cultural differences or minority groups, thereby
reducing the instrument’s sensitivity to actual intake. However, Meal-Q has
been based on a population-based study of 700 randomly selected Swedish
participants who reported 24-hour recalls on the food products they consumed
for breakfast, lunch, dinner, and snacks through interviews. Additionally,
Meal-Q has been compared to 7-day weighed food records for energy and
macronutrient intake, and validated by using the doubly labeled ‘water
method’ (Christensen et al., 2014; Christensen et al., 2013). Active-Q has been
validated against accelerometer data and the doubly labeled water method and
has proven to be a reliable and reproducible tool for assessing total energy
expenditure. Although comparisons with accelerometer data indicate that Ac-
tive-Q tends to overreport moderate and vigorous physical activity while un-
derreporting light-intensity activities, it remains a valid, user-friendly tool that
is well-suited for large-scale, web-based data collection in various research
settings (Bonn et al., 2015; Bonn et al., 2012). Also, Meal-Q and Active-Q
work well for ranking individuals according to their exposure.
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When assessing the environmental impact of diet, it is important to
acknowledge that CO.e is only one indicator. Other factors, such as land use,
water use, pesticide use, and eutrophication, are also crucial. For the purposes
of the SOFIA pilot, only CO,e data were presented, which limits the compre-
hensive assessment of the diet's overall environmental impact. Furthermore,
different life cycle assessment studies may allocate carbon dioxide emissions
differently among food groups, potentially leading to varying results between
studies, and may limit comparability with studies conducted outside of Swe-
den. However, CO.e values were obtained from one primary source, enabling
accurate comparisons between different items and categories based on Swe-
dish literature (Sjors et al., 2016).

Main findings of this thesis

This thesis is framed within the large Sustainable Office of the Future
(SOFCO) project. The thesis explores how office companies currently organ-
ize and provide access to workplace health promotion services related to phys-
ical activity and wellness allowance, including their vision and intention for
providing workplace health promotion and the barriers they encounter. It cen-
ters around the development of the cluster-randomized sustainable office in-
tervention SOFIA, which examines individual behavioral changes using a so-
cioecological model, the behavior change wheel, and the COM-B model as
well as changes on an environmental and organizational level using citizen
science. Finally, it takes a population perspective and investigates the associ-
ations between a sustainable lifestyle index and metabolic syndrome among
Swedish office workers in the LifeGene study.

Study I: an interview study designed to explore office companies’ current
vision for workplace health promotion, how health promotion is orga-
nized and provided, how wellness allowance is used, as well as potential
facilitators and barriers for workplace health promotion related to phys-
ical activity, showed that:

e Workplace health promotion is implemented to maintain employee
health and productivity, as well as to attract and retain top talent.

e Workplace health promotion is organized through health-related
events, in-house fitness initiatives and facilities, as well as through
collaboration with external companies such as personal trainers and

gyms.
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e Considerable investments are made in terms of finances and organi-
zational resources, and of the companies offering wellness allowance,
about 29%—-84% of employees take advantage of the benefit.

e Key facilitators include easily available information and convenient
access to locker rooms, secure bike storage, fitness facilities, and er-
gonomic workstations.

e Barriers to workplace health promotion are company culture related
to distrust between managers and employees; a sense that economic
growth overshadows employee health; and traditions related to un-
healthy behavior, such as sedentary meetings, cakes and sweets dur-
ing celebrations, a lack of in-house facilities, and constraints regard-
ing work—life balance.

Study II: an office-based intervention study to investigate whether health
education imbedded in the context of sustainable development results in
more extensive behavior change compared to only receiving health edu-
cation. Additionally, exploring participants’ own goals and identifying
factors that either facilitate or hinder their ability to achieve said goals,
showed that:

e The group in the intervention arm receiving education about sustain-
able lifestyle reduced their total diet-related carbon footprint, ex-
pressed as CO.e, by 0.8kg per day whereas the healthy arm receiving
education about healthy behavior only, reduced CO.e by 0.4kg.

e A statically significant interaction effect between time and lifestyle
(sustainable vs. healthy) was found when diet-related carbon footprint
was expressed as kg COe per 1000 kcal per day, suggesting that the
various educational workshops in the sustainable and healthy arm, re-
spectively, had a different impact for diet-related CO,e emissions
over the 8 weeks of the intervention.

e Total protein intake decreased statistically significantly over time in
both arms, by 13.7g per day for the healthy lifestyle and by 17.0g per
day for the sustainable lifestyle arm, and may explain part of the re-
duction in total COe.
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The intake of vitamin C increased with 8.0 and 12.5mg per 1000 kcal
per day for the sustainable and healthy arm, respectively, indicating
increased intake of fruits and vegetables.

Total sedentary time decreased by 0.4 hours per day in the sustainable
arm, whereas the healthy arm had no change in total sedentary time.
No other impact on physical activity and active transportation was
found.

Participants formulated 22 diet-related goals for behavior change that
were categorized into 9 main categories, and they reported 5 facilita-
tors and 8 barriers to achieving the desired behavior change.

Facilitators like access to healthy food options at work, planning and
preparation, increased knowledge, and a better understanding of
healthy and sustainable diet empowered individuals to make informed
food choices that supported healthy lifestyle habits and dietary goals.

Barriers such as high prices, restaurant visits, lack of time, personal
barriers, holidays, and family dynamics complicated efforts to main-
tain a healthy and/or sustainable diet.

Study III: a citizen science study within the office-based intervention
study to explore barriers and facilitators of healthy and sustainable be-
haviors in the built, social, and organizational environments at the office
and surrounding neighborhoods, found that:
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Office workers perceive stairwells, locker rooms, indoor bike storage,
green areas, and sidewalks as facilitators for active transportation
within the office as well as to and from work.

Spaces within the built environment that are convenient and attractive
for daily breaks, recovery, and social interaction were perceived as
places that promote employee well-being.

Access to adjustable desks that allow employees to stand while work-
ing was seen as a facilitator of employee well-being.

Access to fruit and vegetables was seen as a positive facilitator for a
healthy lifestyle within the office that supported employees in meet-
ing their recommended intake. However, the presence of sweets and



cakes in the office associated with celebrations was seen as a barrier
to a healthy lifestyle at work.

o The placement of offices high up in the building are seen as a barrier
for movement, making climbing the stairs for 10+ floors too strenu-
ous.

e Several conflicts of interest, like profit margin vs. supporting healthy
behavior, for health promotion were identified; for example, vending
machines since they contain both healthy and unhealthy food items.

e The citizen science method Our Voice is a useful intervention func-
tion for increasing employee engagement and empowerment regard-
ing healthy behavior at the office.

Study IV: an epidemiological study of a sustainable lifestyle index and its
association with metabolic syndrome among Swedish office workers,
showed that:

e In this relatively young population of 2641 office workers, one third
already had at least one risk factor for metabolic syndrome and the
most common risk factor was high waist circumference.

e  Metabolic syndrome was defined as meeting the cut points for > 3 of
the following 5 risk factors: high waist circumference, hypertension,
as well as high blood triglycerides, low Apoal (a marker for HDL),
high blood glucose (HbAlc), and 109 individuals (4%) were classi-
fied as having metabolic syndrome but non had all five risk factors.

e The Sustainable Lifestyle Index took into account several behaviors
at the same time, including food habits, physical activity, sitting time,
alcohol intake, tobacco use and diet-related carbon footprint; to form
an overall score and high scores were associated with healthy behav-
iors.

e The group with the highest scores according to the Sustainable Life-
style Index had a 65% lower relative risk of having metabolic syn-

drome, as compared to the group with the lowest scores.

e Decreasing scores according to the Sustainable Lifestyle Index was
associated with an increasing number of metabolic risk factors.
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These findings highlight the dual benefits of sustainable living for
both human and planetary health and the need to support a sustainable
lifestyle at work.



Conclusions

This thesis shows that promoting a healthy and sustainable lifestyle among
office workers and providing accessible opportunities in the built, organiza-
tional, and social environment of the office are important for supporting and
maintaining healthy employees.

Considerable investments made by private companies in workplace health
promotion and key facilitators include easily available information and con-
venient access to storage, locker rooms, and fitness facilities. The combined
findings from Studies I, 11, and III underscore the importance of involving
employees in the development of workplace health promotion programs.
Moreover, this thesis shows that healthy lifestyle recommendations embedded
in a sustainable development framework improve healthy behaviors, for ex-
ample, reducing food-related carbon footprint, increase vitamin C intake and
reduced overall sitting time, in a workplace context. To support employees,
the workplace should provide access to attractive settings for daily work
breaks, fruit baskets, and vending machines that offer healthier options, low
in sugar, fat, and salt. The findings also acknowledge barriers beyond the
workplace context, such as high food prices and family dynamics that compli-
cate efforts to maintain a healthy and sustainable diet. Finally, high adherence
to a Sustainable Lifestyle Index among 2641 office workers lowers the relative
risk of having metabolic syndrome by 65%, compared to the group with poor
adherence to the index; i.e., those engaging in unhealthy behavior.

Collectively, this thesis suggests that the office workplace has the potential to
be an arena for promoting healthy and sustainable lifestyle choices, supporting
a plant-based diet with limited red and processed meat, and increased plant-
based food, physical activity and active transportation. The results of this the-
sis should be considered when developing interventions for office workers
with similar work conditions and contexts, when building new or renovating
old office buildings, and during the urban planning process.
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Future research

This thesis, although based on relatively small studies, marks the beginning of
a new approach to investigating and implementing workplace health promo-
tion through the lens of social, economic, and environmental sustainability.
Private office companies in Sweden are uniquely positioned to lead this trans-
formation by implementing pro-environmental policies, enhancing manage-
rial support, and by improving access to active transportation and sustainable
foods within existing workplace health promotion programs. However, to ad-
vance this field, larger studies as well as longitudinal studies are needed to
explore how workplace health promotion supports a sustainable lifestyle
across the broader office sector, including the public sector. Future studies
need to explore employees’ perspectives on facilitators and barriers, as well
as employers’ viewpoints on ethical considerations related to health promo-
tion and sustainable practices across various occupations. Furthermore, de-
spite more than 30 years having passed since the introduction of a wellness
allowance (Friskvdardsbidraget), the public health impact of this monetary
policy remains largely unevaluated. There is an urgent need for rigorous as-
sessment to determine its effectiveness through large-scale epidemiological
surveys and randomized controlled trials to assess the effects of the wellness
allowance, digital wellness platforms, and the influence of subsidy amounts
provided by companies in relation to employee usage and health outcomes.

Despite the extensive research literature on diet and physical activity interven-
tions in workplace settings, few studies address pro-environmental behaviors
and aspects of sustainability such as reduced meat intake. Future research
should examine how the workplace food environment can support employees
in adopting pro-environmental behaviors and test components of the built and
social environment that facilitate behavior change, guided by behavior change
models.

Study III highlights the potential of citizen science as a valuable method in
workplace health promotion, supported by a recent scoping review of partici-
patory science in workplace health promotion (Buffey, 2024). However, there
is a need for larger studies beyond the pilot, development, and feasibility
stages. There is also great interest in studying the home office, as little is
known about how employers can provide remote workplace health promotion.
Future studies should explore the feasibility, acceptance, and health benefits
of digital workplace health promotion within the remote working population.
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Popularvetenskaplig sammanfattning pa
svenska

Sverige, liksom resten av vérlden, stér infor stora utmaningar: fler drabbas av
livsstilsrelaterade sjukdomar samtidigt som klimatférdndringarna och milj6-
forstoringen 6kar. Denna avhandling undersdker hur kontorsmiljon, dér cirka
2,5 miljoner svenskar arbetar, kan anvindas som en strategisk arena for att
frimja bade ménniskors hilsa och planetens vilmaende.

En hallbar livsstil innebér att gora hdlsosamma val som ocksa ar bra for pla-
neten till exempel att dta klimatsmart och vélja aktiv transport till och frin
jobbet. Avhandlingen visar hur fysisk aktivitet, matvanor och klimatpaverkan
hanger ihop, och hur insatser pa arbetsplatsen kan minska risken for sjukdom
och samtidigt bidra till att minska utslapp av vixthusgaser.

Avhandlingen bygger pa fyra delstudier inom projektet Framtidens héllbara
kontor (SOFCO). Metoderna inkluderar intervjuer, medborgarforskning, en
pilotintervention samt en stor befolkningsstudie. Delstudie I till III &r utforda
i moderna och flexibla kontorsmiljoer. Men i delstudie IV, anvinds en bredare
approach for att kunna kategorisera kontorsarbetare i en befolkningsstudie.

Resultaten visar att svenska kontorsforetag organiserar hilsofrimjande insat-
ser, sdsom friskvardsbidrag och traningsmdgjligheter. Halsofrimjande insatser
syftar till att forbéttra personalens hélsa, produktivitet och arbetsgivarens at-
traktivitet. Nyckelfaktorer for lyckade hilsofrdmjande insatser ar tillgédng till
omkladningsrum, traningsfaciliteter, tydlig information och en stodjande f6-
retagskultur.

I SOFIA-studien, delstudie II, blev kontorsanstéllda lottade till tva grupper.
Ena gruppen fick utbildning om héilsofrimjande livsstil och den andra gruppen
fick samma information, men inbdddat 1 en hallbarhetskontext, sa kallad hall-
bar livsstil, under atta veckor. De som fick utbildning om béde hélsa och hall-
barhet minskade sina koldioxidutsldapp fran maten med 0,8 kg per dag, vilket
var dubbelt s& mycket som jamforelsegruppen. Gruppen med en héllbar
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livsstil minskade &ven sin stillasittande tid i storre utstrackning &n jamforelse-
gruppen. Deltagarna satte &ven egna mal och identifierade hinder som tidsbrist
och matkostnader, men ocksa faktorer som underldttade hallbara matvanor,
som tillgang till frukt pa kontoret och 6kad kunskap om matens klimatpaver-
kan. Med hjélp av medborgarforskning identifierades &ven miljomaissiga fak-
torer i och omkring kontorsbyggnaden som péaverkar beteenden, till exempel
placering av trappor, cykelparkeringar och lunchutbud. Aven sociala samman-
hang som fikarum och andra gemensamma utrymmen lyftes fram, vilka bidrog
till att bryta stillasittande och 6ka vdlmaende.

En befolkningsstudie frén LifeGene med 2 641 kontorsarbetare visade resul-
taten att de med en mer hallbar livsstil hade 65 % lagre risk att drabbas av
metabolt syndrom, jamfort med de med mindre hallbar livsstil. Metabolt
syndrom é&r ett samlingsnamn for flera riskfaktorer som okar risken for att
drabbas av hjart-kérlsjukdom och typ 2 diabetes, och resultaten lyfter betydel-
sen av att mojliggdra en hallbar livsstil 4ven pa arbetsplatsen.

Sammanfattningsvis visar avhandlingen att kontoret 4r en viktig arena for att
frdmja hélsa och héllbara levnadsvanor. Efter som vi spenderar en stor del av
var tid pa arbetet kan arbetsplatsen spela en nyckelroll genom att erbjuda stod-
jande strukturer och tillgéng till vardagsrorelse som att cykla och ga samt hall-
bara matval. Genom att prioritera hallbar livsstil skapar vi arbetsplatser dar
klimatsmarta vanor blir enkla val, som resulterar i béttre hélsa for bade med-
arbetaren och planeten. Framtida forskning bor inkludera fler deltagare under
langre tid, fler yrkesgrupper, undersoka arbetsgivares drivkrafter och inklu-
dera etiska aspekter.
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