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ABSTRACT

A health promoting-care approach includes supporting the individual to increase control over and to improve his or her health to obtain the
best possible wellbeing and quality of life. In prediabetes and type 2 diabetes regular physical activity is of pronounced importance for
preventing complications and premature death as well as to enhance quality of life. Supporting the individual in self-management of physical
activity and establishing new routines in daily life is a major challenge for the health-care system. There is a need for feasible, low-cost
intervention programs to support physical activity in type 2 diabetes care.

The overall aim of this thesis was to design and evaluate the implementation of an intervention in primary care intended to support
individuals with prediabetes or type 2 diabetes to become physically active on a regular basis. A secondary aim was to explore the
theoretical associations of replacing prolonged sedentary time with time being sedentary but taking breaks, engaging in light intensity
physical activity or moderate and vigorous physical activity with health parameters.

Study | was a study protocol describing the assessment protocol and the theoretical framework underlying the randomized controlled trial
Sophia Step Study. Study Il was a process evaluation study describing the context of the Sophia Step Study and evaluating the
implementation during the first 6 months of intervention. Intervention delivery and dose received were obtained through the process of
continuous dialogue with the diabetes specialist nurses, attendance records and data on the number days for step registration and step
goal. Changes in physical activity behavior were measured objectively for 159 participants by accelerometers and health outcomes by blood
samples, anthropometry and blood pressure. Study Il was a qualitative interview study reporting the experiences of 18 adhering
participants” after attending 2 years of the Sophia Step Study. Study IV employed a cross-sectional design that included 124 individuals with
prediabetes or type 2 diabetes. The study investigated the associations of reallocating sedentary time in bouts (>60 min) to sedentary time
in non-bouts (<60 min), light intensity physical activity and to moderate and vigorous physical activity with cardiometabolic risk factors.

The participants in the Sophia Step Study were randomized into one of three parallel groups: a multicomponent intervention (A) entailing
individual consultations with a diabetes specialist nurse based on motivational interviewing and physical activity on prescription, group
meetings and self-monitoring of steps; a single component intervention (B) encompassing self-monitoring of steps; or a control group (C)
entailing usual care except for the assessments that were included in the study (study |). Between April 2013 and October 2016 159
persons were recruited. The interventions were feasible to implement in primary care with a low dropout rate (3%) at 6 months and high
fidelity to the study protocol, except for the physical activity on prescription component. There was a high grade of delivery and dose among
those enrolled in the study. Group A increased mean daily steps with 1097 steps (Cl: 232, 1962), group B increased mean daily steps with
1242 steps (Cl: 313, 2171) and the control group (C) decreased mean daily steps with 457 step (Cl:-1164, 250). Clinical improvements after 6
months were found in the two intervention groups, while the control group showed mixed results (study I1).

In total 18 participants with high adherence to the interventions and study assessments were interviewed in study Ill. The health check-ups
were described as personalized, giving feedback on health outcomes and positive reinforcement. Overall, the participants felt that they
received good care throughout the study. The self-monitoring of steps, the group sessions and the health check-ups were recalled as
resources that increased motivation for physical activity, led to the establishment of new daily routines and in empowering them to take
control over their own health. Study IV demonstrated that modeling reallocation of 30 min of objectively measured time from sedentary
time in 60 min bouts to moderate and vigorous physical activity was beneficially associated with BMI (b = -1.46 95% Cl: -2.60, -0.33 kg/m?),
waist circumference (b =-4.30 95% Cl: -7.23, -1.38 cm), and HDL cholesterol b =0.11 95% Cl: 0.02, 0.21 mmol/l). No associations of
reallocating sedentary time from long bouts to shorter bouts or to light intensity physical activity were seen. Accumulating time in moderate
and vigorous physical activity was beneficial, independent of the behavior it replaced.

In conclusion, this thesis shows that it is possible to implement self-monitoring of steps both with and without counseling support as a
strategy to support individuals with prediabetes or type 2 diabetes in the primary care setting. The two interventions were effective in
increasing physical activity after 6 months. Self-monitoring of steps, feedback on health outcomes and a personalized approach were highly
valued by the individuals and should be considered in primary care. The thesis also confirmed that modeling replacement of sedentary time
with time in moderate and vigorous physical activity showed beneficial associations with HDL cholesterol, waist circumference and BMI
levels in individuals with prediabetes or type 2 diabetes.



SAMMANFATTNING

Halsoframjande vard innebar att ge stod till individen att sjalv ta kontroll 6ver sin egen halsa och forbattra den for att uppna valbefinnande
och livskvalitet. Vid prediabetes och typ 2 diabetes ar regelbunden fysisk aktivitet sarskilt effektivt for att forebygga komplikationer, fortida
dod och 6kad livskvalitet. Att ge stod for etablering av nya rutiner och regelbunden fysisk aktivitet ar en utmaning fér varden.

Huvudsyftet med denna avhandling var att utforma och implementera en randomiserad kontrollerad studie med syfte att ge stod for fysisk
aktivitet till personer med prediabetes och typ 2 diabetes inom primarvarden. Ytterligare ett syfte var att teoretiskt undersoka
halsosamband med att byta ut tid i langvarigt stillasittande mot tid i stillasittande med pauser, tid i latt aktivitet och tid i aktivitet med
mattlig intensitet.

Studie | beskriver utformandet av interventionen och forskningsprojektet Sophia Step Study i ett studieprotokoll. Deltagarna i Sophia Step
Study randomiserades till en av tre grupper, A, B eller C. Deltagarna i grupp A fick stdd for beteendeférandring fran sin diabetessjukskoterska
i form av individuella samtal baserade pa motiverat samtal och fysisk aktivitet pa recept, grupptraffar och en stegraknare med tillhérande
hemsida for egenmatning av steg. Deltagare i grupp B fick samma stegraknare och tillhérande hemsida for egenmatning av steg. Deltagare i
grupp C var en kontrollgrupp som fick sedvanlig vard férutom héalsokontrollerna som ingick i studien.

Studie Il och Il var delar av en processutvardering av Sophia Step Study. Studie Il avsag att beskriva kontexten och utvardera
implementeringen av studien under de forsta 6 manaderna. Mellan april 2013 och oktober 2016 rekryterades 159 deltagare. Det var fa
bortfall (3%) och deltagarna visade hog féljsamhet till interventionerna. Alla komponenter utom fysisk aktivitet pa recept implementerades
enligt protokollet. Antalet dagliga steg 6kade i genomsnitt med 1097 steg/dag i interventionsgrupp A och med 1242 steps steg/dag i grupp B
och minskade i kontrollgruppen med i genomsnitt 457 steg/dag. Bada interventionsgrupperna visade pa forbattrade kliniska variabler
jamfort med kontrollgruppen efter 6 manader, dven om dessa inte var statistiskt signifikanta.

Studie Ill var en kvalitativ intervjustudie, med syfte att utvardera deltagarnas erfarenheter efter av tva ars deltagande i Sophia Step Study.
Totalt 18 deltagare som fullfoljt tva ar av Sophia Step Study med hog foljsamhet i alla tre grupperna intervjuades. Resultatet visade att de
regelbundna kontrollerna som ingick i studiedeltagandet ansags vara individuellt anpassade och gav aterkoppling pa halsostatus, positiv
forstarkning och en kansla av att vara omhandertagen. Grupptraffarna, egenmatning av steg och halsokontrollerna uppskattades for att de
lett till 6kad motivation for fysisk aktivitet, etablering av nya rutiner och kontroll 6ver den egna halsan.

Studie IV var en tvarsnittsstudie med 124 individer med prediabetes eller typ 2 diabetes. Studien visade statistiskt signifikanta positiva
samband mellan att byta ut langvarigt stillasittande mot fysisk aktivitet pa mattlig intensitet med BMI, midjematt och HDL-kolesterol. Inga
samband mellan att byta 30 minuter i langvarigt stillasittande mot stillasittande med pauser eller fysisk aktivitet pa ltt intensitet fanns.
Daremot var det fordelaktigt att samla tid i mattligt intensiv aktivitet oavsett vad man byter tiden fran.

Sammanfattningsvis visar avhandlingen att det ar mojligt att implementera egenmatning av steg med och utan individuella samtal och
grupptraffar som halsoframjande atgard for individer med prediabetes och typ 2 diabetes i primarvarden. | bada interventionerna dkade den
genomsnittliga fysiska aktiviteten efter 6 manader. Egenmatning av steg, aterkoppling pa halsoutfall och ett personligt bemétande
varderades hogt bland deltagarna och bér 6vervagas inom primarvarden. Avhandlingen starker ocksa evidensen for att ett teoretiskt byte av
stillasittande tid mot tid i mattlig fysisk aktivitetsniva ar positivt relaterat med HDL kolesterol, midjematt och BMI hos individer med
prediabetes och typ 2 diabetes.
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1 INTRODUCTION

Physical activity has well-recognized preventive effects on type 2 diabetes and its comorbidities cardiovascular diseases. Regular physical
activity is thus a central component of type 2 diabetes self-management and prevention (1, 2). Still, a majority of the populations with
prediabetes and type 2 diabetes do not reach the recommended levels of physical activity (3-5). A challenge for the health care professionals
lies in supporting the establishment of regular physical activity habits that are maintained over longer time (6).

A large number of studies in physical activity have shown that it is possible to increase physical activity and improve clinical parameters by
interventions in primary care in the short term (7-9). However, evidence for long-term (>12 months) effectiveness is still limited and few
interventions are both effective in improving physical activity and clinical parameters and pragmatic for clinical implementation (10, 11).
Available studies are heterogeneous and often limited details are reported on intervention components, delivery, fidelity, reach and context,
which make evidence synthesis problematic. Thus, evidence for specific features associated with greater effectiveness, maintenance and
transferability into the healthcare systems is needed (4, 8, 11-13). For interventions to be comparable, reproducible and credible for health
care policies and guidelines, it is necessary to make explicit the context, implementation factors and the mechanisms of effect of specific
intervention components (12, 14). It is also fundamental to evaluate the interventions from the perspectives of the individuals (15, 16).

Sedentary behavior (SB) has gained considerable attention in the past decade as being associated with detrimental health effects (17, 18). It
is however unclear whether these detrimental health effects are due to too much total sedentary time, mostly due to prolonged sedentary
time or because of lack of being physically active. While it is clear that moderate and vigorous physical activity (MVPA) is beneficial, less is
known about the effects of light intensity physical activity (LPA) and the whole-day pattern of sedentary and physically active behaviors (19,
20).

This thesis investigates whether it is feasible to implement self-monitoring of steps, group counselling, motivational interviewing (Ml) and
physical activity on prescription as means to support physical activity in the primary care setting. It describes the intervention design, the
context and implementation of two levels of interventions targeted for individuals with prediabetes and type 2 diabetes. Furthermore, the
thesis explores whether physical activity and clinical parameters are improved after 6-month intervention and how the individuals
experience the interventions. Additionally, the thesis investigates potential health associations of replacing prolonged sedentary time with
disrupted sedentary time, or with LPA or MVPA,

2 BACKGROUND

2.1 PREVALENCE OF PREDIABETES AND TYPE 2 DIABETES AND CRITERIA FOR DIAGNOSIS

Approximately 425 million people worldwide have diabetes, whereof more than 90% have type 2 diabetes. This number is estimated to
increase to 629 million by 2045. In addition, it is estimated that another 352 million individuals have impaired glucose tolerance
(prediabetes) and consequently, at high risk of developing type 2 diabetes (21).

Screening for individuals with high risk for developing type 2 diabetes to identify adult high-risk target populations is an important step
towards prevention and delaying disease progress. Suggested methods to detect individuals with or at risk for type 2 diabetes, are a single
blood test determining fasting blood glucose or fasting HbA1. (impaired glucose metabolism), or an oral glucose tolerance test (impaired
glucose tolerance) (21, 22). HbAic as diagnostic instrument for diabetes was implemented in Sweden in 2014. Although, there is a discussion
on whether HbA1. should be used for screening as it may fail to detect individuals with prediabetes, it is commonly used today (23, 24).
Table 1 presents diagnostic criteria for diabetes and prediabetes.



Table 1. Diagnostic criteria for diabetes and prediabetes.

ADA? WHO?
HbA1c Fasting plasma 2-hour plasma Fasting plasma 2-hour plasma
(mmol/mol) glucose glucose (IGT) glucose glucose
(mmol/1) (mmol/l) (mmol/l) (mmol/1)
Diabetes 248 >7.0 >211.1 >7.0 >211.1
Prediabetes 39-46 5.6-6.9 7.8-11.0 6.1-6.9 >7.8-11.0

! The American Diabetes Association, ADA (25)
2The World Health Organization, WHO (26)

Type 2 diabetes is a heterogeneous disease with a varied pathogenesis underlying the elevated blood glucose and risk for complications and
comorbidities. It has been known for some years that treatment effect can be enhanced if the treatment is tailored to the specific form of
diabetes. Recently a research group suggested that type 2 diabetes should be classified into five sub-groups of (27):

e Severe autoimmune diabetes (SAID): earlier age at onset, poor metabolic control, insulin deficiency, relatively low body mass
index (BMI) and presence of GADA (Glutamic acid decarboxylase antibodies);

e Severe insulin-deficient diabetes (SIDD): earlier age at onset, low insulin secretion, poor metabolic control, relatively low BMI and
GADA negative;

e Severe insulinresistant diabetes (SIRD): insulin resistance and high BMI;

e Mild obesity-related diabetes (MOD): no insulin resistance but high BMI;

e Mild age-related diabetes (MARD): older age at onset and only modest metabolic derangements.

The classification was based on a sample of 8980 Swedish individuals with newly diagnosed type 2 diabetes. MARD was the most common
type of type 2 diabetes in the sample whereas SAID was the least common type (27).

2.2 PREVENTION OF TYPE 2 DIABETES AND CARDIOVASCULAR DISEASE

Having either prediabetes or type 2 diabetes increases the risk of comorbidities such as cardiovascular disease and premature death (1, 28) .
Diabetes, together with its complications places a financial burden on the healthcare system not to mention all the suffering for the affected
individuals. Referral to behavior programs should take place both for individuals with type 2 diabetes and for those with prediabetes to
lower the risk of cardiovascular disease and diabetes complications in these two groups (29-33). Large prospective studies have been
undertaken to investigate the preventive effects of lifestyle change on both type 2 diabetes and cardiovascular incidence. The Da Qing study
in China, The Diabetes Prevention Program in the USA and the Finish Diabetes Prevention Study laid the groundwork for the argument that
diabetes is preventable with changes in diet and physical activity and/or weight reduction at a public health level (34-36).

Not only to prevent type 2 diabetes, but also in the treatment plan of type 2 diabetes, a healthy diet and regular physical activity play an
important role in reducing weight and other cardiovascular risk factors (2). The Look Ahead trial was a large (n=5145) randomized controlled



trial (RCT) evaluating cardiovascular events and mortality of a lifestyle intervention in individuals with type 2 diabetes and overweight. The
trial was successful in decreasing weight and improving cardiorespiratory fitness, blood glucose control, blood lipids and blood pressure.
Moreover, improvements and significant differences between intervention and control group remained over 9 years (37). The study was
discontinued after a median follow-up of 9.6 years because of failure to detect a difference between the intervention and control group for
cardiovascular morbidity and mortality. Several papers have been published since with post hoc analysis of the data in an attempt to explain
the failure of detecting significant differences in cardiovascular morbidity and mortality between the groups. There was an overall low rate
of cardiovascular events in both groups and it is possible that the participants in the control group were health conscious and had good
metabolic control. The Look Ahead trial was indeed successful and provided strong evidence for health benefits from lifestyle changes, such
as improved quality of life, less sleep apnea, less sexual dysfunction, less severe diabetic kidney disease and retinopathy and less depression.
All this occurred with a lower health care cost (38).

2.3 PHYSICAL ACTIVITY, SEDENTARY BEHAVIOR AND TYPE 2 DIABETES
2.3.1 Physical activity and the type 2 diabetes condition

It is evident that regular physical activity has a variety of benefits, including reduced risk of type 2 diabetes, cardiovascular disease and
premature death (3, 39). Physical activity is a central component of diabetes care (1, 40). The effect of physical activity in individuals with
type 2 diabetes has recently been quantified and is estimated to contribute to a 30 to 40% reduced risk for cardiovascular mortality (41). For
individuals with type 2 diabetes there is a dose-response relationship for physical activity and cardiovascular mortality with some reduced
risk when engaging in physical activity compared to no activity and larger risk reduction when engaged in higher levels of physical activity
(42, 43).

Physical activity, in comparison with drugs, has positive simultaneous effects on several cardiovascular risk factors (e.g. overweight and
obesity, blood pressure and blood lipids) and HbA1c (39, 41). Furthermore, physical activity has low risks and few side effects. When
performed on a regular basis, physical activity enhances metabolic control by improving insulin sensitivity and blood glucose control (39, 44).
Aerobic training is more effective than resistance training in improving HbAi. and blood glucose but combined training is even more
favorable (45, 46). The effects of a bout of aerobic physical activity on insulin action and glucose tolerance depend on the intensity of the
physical activity and duration of the bout. Health effects of a bout of physical activity (e.g. lower blood pressure and improved insulin
sensitivity) last between 24 and 72 hours. Continuous regular activity is thus an important component, in order to keep repeating the effects
(39, 47).

Walking is the form of aerobic activity that is most frequently performed and moderate intensity walking is often referred to as it is practical
and convenient for most individuals. Amount of daily steps reflects the total daily walking and running and is strongly associated with
cardiometabolic risk factors in cross-sectional studies (48-50).

2.3.2 Physically active and SBs

Physical activity is a complex multidimensional behavior that people undertake daily; such behavior occurs in combination with SB. Both
behaviors — physically active and SB - are influenced by physiological, psychological and environmental determinants (51), which are distinct
between the two behaviors (52). SB implies that no movements are made by large muscle groups and is performed in different posture
positions (lying down, sitting and standing).

When being physically active locomotor movements are involved. Any movement results in energy expenditure, regular locomotor
movement is health enhancing leading to physical fitness and health (51). Movement is performed under different types of activity such as



walking at various speeds, carrying loads, cleaning, bicycling, performing sports or playing with children at different levels of intensity.
Physical activity is a behavior resulting in movement while SB is defined no or very little movement. Movement performed in a continuum of
different intensities with a corresponding dose-response effect is illustrated in Figure 1. The figure also illustrates how the behaviors are
distinct and affected by physiological, psychosocial and environmental determinants.

Physiological, psychosocial and environmental

Determinants determinants
. Physical
Beh
ehaviors Sedentary ST
No movement Movement
J\
Posture
and { Sitting Standing Very light Light Moderate Vigorous Strenous Intensity
movement
Sedentary behavior Light intensity Moderate and vigorous
physical activity physical activity
Health Possible detrimental Some positive effects  More positive effects
effects effects

Figure 1. lllustration of how determinants, sedentary and physically active behaviors, postures and movement at different intensities lead to
various health effects.

A common definition for physical activity is Caspersen, Powell, and Christenson’s definition: “Physical activity- any bodily movement
produced by skeletal muscles that results in energy expenditure” (Caspersen 1985, p. 129). This wide definition is problematic and the
authors did suggest that energy expenditure should preferably be categorized. Categories could be based on activities performed during the
day such as during sleep, at work and at leisure time (e.g. sports, conditioning exercises and household tasks); on physical activity intensity
such as light, moderate, or heavy intensity; on whether the activity is willful or compulsory; or on whether it is weekday or weekend
activity. It was proposed that the different ways of subdividing physical activity are correct as long as the subdivisions are mutually
exclusive and that they correctly sum up the total caloric expenditure due to physical activity (53).

Today, physical activity is commonly divided into categories of intensities: light intensity physical activity (LPA), moderate intensity physical
activity (MPA) and vigorous physical activity (VPA). In most adult populations very little VPA is performed and moderate and vigorous
physical activity are often collapsed into one category referred to as moderate and vigorous physical activity (MVPA).



In research and in guidelines, intensity of physical activity is often expressed in terms of percentage VO, max, percentage of maximal heart
rate, or in metabolic equivalent (MET) values. MET is a way to express absolute intensity as the energy cost of a physical activity type (i.e.
brisk walking or vacuum cleaning) and is defined as the ratio of metabolic rate (the rate of energy consumption) during a specific activity to a
reference metabolic rate. The reference value (1 MET) most often used is the amount of energy spent when sitting quietly (54).

SB is commonly defined as “any waking behavior characterized by an energy expenditure < 1.5 METs while in a sitting or reclining posture”
(p.450), as proposed by The Sedentary Behavior Research Network in 2012 (55). In 2017, the Sedentary Behavior Research Network
published a conceptual model that included a movement-based terminology across the 24-hour movement and non-movement behaviors
Additional definitions were established for: physical inactivity, stationary behavior, standing, screen time, non-screen-based SB, sitting,
reclining, lying and SB pattern. It was also proposed that SB should be separated from sleep which includes lying, reclining and sitting
postures. Physical activity may also include lying, reclining and sitting behaviors if energy expenditure exceeds 1.5 METs (56). Thus, SB is
complex and when studying SB, defining what is measured and choosing the appropriate measurement method are crucial.

Studies in the field of physical activity and SB are methodologically heterogonous, and despite the enormous number of studies on the topic,
some issues (e.g. recommend intensity of physical activity and sedentary time) are still being debated. Inconsistencies in findings may often
be attributed to inconsistencies in, for example, definitions, type of activity measured, measurement method, cut-off levels for physical
activity intensity, health outcome, confounders and whether adjustment for time in other activities has been made.

2.3.3 Duration, dose, bouts, frequency and type of physical activity and breaks in sedentary behavior

The complexity of physical activity behavior makes it difficult to monitor and interpret. When establishing the relationship between physical
activity and health it is important to consider the total dose of activity. Individuals display various patterns of physical activity at different
intensities during the day, the week and over the year. A dose of physical activity is the sum of duration and intensity, which is often
summed over a day or a week. Because different intensities have different health effects, the spectrum of intensities needs to be considered
when summarizing a dose. While it is central to reflect on both the total time and intensity of activity, it has also been discussed whether
each bout of a performed activity should reach a certain duration (e.g. 10 min in MVPA) in order to count (57). Mode or type and frequency
of activity are additional dimensions of physical activity that should be regarded when quantifying physical activity (58).

Concerning SB, it is important to quantify not only total sedentary time, but also how often breaks in sedentary time are taken, duration of
the breaks, and the type of physical activity that is performed during the break (standing, light activity or moderate and vigorous physical
activity) given that the varying activities has different health effects (20).

2.3.4 Physical activity intensity

Most research in physical activity links health outcomes with time spent in MVPA (or exercise) (39, 59). Less is known about the effects of
LPA (also referred to as non-exercise physical activity), that does not necessarily reach moderate intensity level. Contemporary lifestyle has
resulted in a large proportion of waking time spent performing SBs. Many of the activities that used to be spent ambulatory (e.g. standing,
lifting light objects and walking slowly at work, in transportation, during household duties, gardening and grocery shopping) have been
substituted by sedentary activities (sitting or reclining).

Cross-sectional studies on general populations reveal that spending time in LPA instead of being sedentary is associated with reduced
mortality (60-62), and increased physical health and wellbeing (63). Thus, increasing time in LPA and reducing sedentary time may give
additional health benefits over the recommended dose of MVPA.



Globally, a majority of individuals with type 2 diabetes do not reach recommended levels of physical activity and display high levels of
sedentary time (4). It is therefore currently being discussed whether, in the case of preventing and treating type 2 diabetes, reducing
sedentary time by increasing time in LPA should be encouraged as a more realistic approach than the present recommended dose of MVPA
(19). Recommending reduced or interrupted sedentary time and increased time in LPA can be a start to become more active. A recent large
international cross-sectional study on a population with prediabetes revealed similar health benefits from total physical activity as for MVPA,
and that accumulating total physical activity during a day is as important as receiving the intensity of MVPA (5).

For the general population, there is a clear dose-response relationship for the intensity of physical activity and health outcomes. Thus, even
though LPA has health advantages, MVPA is more time efficient and stronger related to mortality (60, 61, 64).This finding also held when
total volume (instead of time in LPA or MVPA) of physical activity was investigated on a general population (62). This finding is important to
consider in that working hours, job strain and stress are inversely related to physical activity level (65).

2.3.5 Sedentary behavior

Sitting and SB have gained much attention over the years, especially during the past decade since it was highlighted as a health hazard and
risk factor for cardiometabolic disease, type 2 diabetes and premature mortality in the early 2010s (18, 66). SB has now been proposed to
be a distinct risk factor for type 2 diabetes, insulin resistance and cardiovascular and all-cause mortality independent of time spent in
physical activity (18, 64, 67-70).

The mechanisms underlying the deleterious effects of SB are not clear. However, spending a majority of waking time sedentary contributes
to less energy expenditure and increase risk for overweight and obesity, which are known risk factors for type 2 diabetes (71). Total
sedentary time has also been associated with poorer insulin sensitivity (69). A frequently cited study showed that lipoprotein lipase activity
in the quadriceps muscle is diminished when contractile activity is reduced, leading to lower absorption of fat from circulating lipoproteins
(712).

Breaking up sedentary time, on the other hand has shown some beneficial associations for example with cardiovascular disease risk and
metabolic risk in cross-over studies (72, 73), with triglycerides in a meta-analysis of cross-sectional studies (69) and with glucose metabolism
(unadjusted for total sedentary time) and obesity metrics in a meta-analysis that included observational and experimental studies (74).
During 2016 and 2017 a large number of epidemiological, cross-over, experimental and interventions studies looking at reducing or
interrupting sedentary time were conducted. A discussion is ongoing as to whether it is the break per se or the physical activity performed
during the break that has the positive effects (20).

Despite the large number of studies on sedentary research in the past years some argue still that it is too early to draw conclusions and
formulate guidelines for sedentary time. Previous studies are too heterogeneous with respect to study design, the definitions used for SB,
measurement methods, cut-off levels, adjustment for physical activity, study population and health outcome (20).

When studying and interpreting associations and effects of SB, it is important to separate the results from different study populations and
disease. For example for persons with impaired glucose tolerance taking breaks in sedentary time seems more beneficial than for the
general healthy population (72, 75). While most agree that little physical activity and too much sitting are harmful, there is conflicting
evidence as to whether very active individuals benefit from being less sedentary. Five large meta-analyses demonstrate that moderate to
vigorous physical activity may attenuate the hazardous risk of being sedentary (i. e. being sedentary may not be as harmful for those that are
very active) (64, 70, 76).



2.3.6 Adjusting for time in other activities over 24 hours or total waking time

A concern that has been underlined recently is that the health effects of being sedentary, or on the other hand being more active, also
depends on what activity is being replaced (60, 77-79). Because time is constant, spending less time in one behavior inevitably means
spending more time in another behavior and vice versa. An example is a person who decreases time in SB. This time usually spent in SB is
instead spent sleeping, in LPA or in MVPA. The behaviors are interdependent: it may be the activity that is replaced (more time spent in
sleep, LPA or MVPA) that brings the associated effects. Thus, it is imperative to clarify the activity that is replaced when investigating
associations, or effects, of physical activity (60).

An isotemporal substitution paradigm of sleep, SB and physical activity has been suggested to model associations with health of reallocating
time in one behavior for time in another (79). The model considers that time is limited (isotemporal) and that the activity intensities are
dependent. A limitation when using isotemporal substitution on cross-sectional data is that the model is data driven and merely model
reallocation of time. Therefore, intervention and mechanistic studies are needed to establish causal relationships between SB, physical
activity and sleep with health parameters.

2.3.7 Recommendations on physical activity and sedentary behaviors

Recommendations on physical activity for people with type 2 diabetes are similar to those for the general population. The recommendations
have changed just slightly during the past 10 years. In 2010 the American College of Sports Medicine jointly with the American Diabetes
Association (ADA) recommended individuals with type 2 diabetes to undertake at least 150 min per week of aerobic exercise at moderate
intensity or greater (47). There is a dose-response relationship and if the activity is performed at a vigorous intensity level the time can be
reduced to 75 min per week. To reach the total dose the two intensities can also be combined over the week. The aerobic activity should be
performed in bouts of at least 10 min and be spread throughout the week on at least three occasions, with no more than 2 days between
activity bouts. In addition to aerobic exercise resistance training should be undertaken at least 2-3 days per week. In the position statement
released by the ADA in 2016 the recommendations for MVPA did not change. However, encouragement of increased total daily non-exercise
activities were added and flexibility and balance training for older individuals with diabetes were underlined (47, 80, 81). Additional
recommendations for interrupting sitting with bouts of LPA every 30 min and decrease total amount of time spent sedentary were also
added in the updated position statement (39). These same recommendations were outlined also in the American Diabetes Association
Standards of Medical Care in Diabetes 2018 (40).

The Swedish recommendations provided in Physical Activity in the Prevention and Treatment of Disease Prevention (Swedish: Fysisk
aktivitet vid sjukdomsprevention, FYSS), updated in 2015, provides similar recommendations as those of the ADA, except for the exclusion of
bouts of at least 10 min (80). Of note, the former Swedish recommendations from 2008 included recommendations for 30 min of every day
non-exercise activities in addition to 20-60 min of activities at moderate intensity 3-5 days per week (80). These recommendations on non-
exercise activities were removed from the 2016 version, in contrast to the recent ADA guidelines, in which recommendation for non-
exercise activities additional to 150 min per week of MVPA was added (39).

The 2018 Physical Activity Guidelines Advisory Committee Scientific Report summarizes the scientific evidence with the purpose to guide
updated recommendations for physical activity. In the report it is noted that the evidence for beneficial health effects of physical activity for
individuals with type 2 diabetes has been strengthened since the 2008 report. There is now stronger evidence both for types of activity
(aerobic exercise and resistance training or, preferably, combined) and for diverse health outcomes (mortality, HbAi, BMI, blood pressure,
lipids). The report concludes that reaching bouts of 10 min of activity is not necessary but collecting at least 150 min per week ideally up to
300 min per week of MVPA and to substitute time in SB is the essential message (41).



Nowadays, step counters are widely used to self-monitor physical activity and increase motivation to be physically active. The optimal
number of steps for a population with type 2 diabetes is not known. A recommendation for the number of steps proposed by Tudor-Locke
and co-authors for healthy adults is 7100-11000 steps per day (82). The recommendation is similar for healthy older adults and individuals
with disability and/or chronic illness with a proposal of 7000-10000 steps per day (83). A cadence (walking speed) of 100 steps per min,
which is at a brisk pace, corresponds to MVPA. To reach the guidelines for physical activity at least 15000 steps per week (e.g., 3000 steps
per day for five days) should be accumulated at a cadence of 100 steps/min (83).

Less than 5000 steps per day have been proposed as a sedentary lifestyle and number of days with < 5000 steps should be avoided (84). For
an initially inactive population, it is appropriate to work with gradual increases based on the current number of steps (83). Many individuals
(especially with impaired glucose tolerance) are physically inactive and a more realistic approach (rather than to reach 150 min of MVPA per
week) is to use a stepped approach and start with substituting sedentary time to LPA time (85, 86).

2.4 SUPPORT FOR PHYSICAL ACTIVITY IN DIABETES CARE
2.4.1 Support for self-management of physical activity

Individuals with diabetes should be at the center of self-management care, and the role of the educator is to make that work in a more
manageable manner (87). Diabetes self-management education is defined as “the ongoing process of facilitating the knowledge, skill, and
ability necessary for prediabetes and diabetes self-care” (p.S145 Haas et al. Diabetes Care 2014) (88). Diabetes self-management support is
“Activities that assists the person with prediabetes or diabetes in implementing and sustaining the behaviors needed to manage his or her
condition on an ongoing basis beyond or outside of formal self-management training. The type of support provided can be behavioural,
educational, psychological or clinical” (p.5145 Haas, Diabetes Care 2014) (88). Various approaches to deliver of self-management education
and support can be equally effective and flexibility using various approaches has been recommended specifically for physical activity
interventions (14, 88).

If priority is given by the health care services to encourage individuals to be more physically active, the results are often promising (89).
However, reaching the majority of a population and maintaining long-term effects are challenging and dependent on several influencing
factors such as the motivation of and the circumstances around both the health care professionals and the person (9, 90). A recent
systematic review and meta-analysis established that both structured and lifestyle behavioral interventions are effective in increasing
physical activity in individuals with type 2 diabetes. Face-to-face support and more contacts were associated with greater improvements.
Long intervention duration and frequent contacts improved efficacy for HbA1. (10). Such interventions are costly and demanding and often
not pragmatic for clinical implementation (11).

In primary care, to minimize the usage of cost and time, brief interventions are recommended to support inactive individuals to become
more physically active (91-93). Brief interventions are time efficient, inexpensive and low demanding. Examples of brief interventions are:
giving advice only, advice with pedometer or written prescription/referral, or short counselling with or without pedometers and
prescription/referral. In a systematic review of reviews summarizing the evidence of brief interventions in promoting physical activity in
primary care it was concluded that brief interventions were efficient in increasing self-reported physical activity in the short term (4-12
weeks). However, the evidence was insufficient for long-term effectiveness, and mixed for contact time and follow-up, intervention
duration, inclusion of written materials or prescriptions, and for provider training (9).

A recent systematic review summarized the effectiveness of physical activity interventions on objectively measured physical activity in adult
populations with type 2 diabetes. Exercise consultation, behavioral/cognitive consultation, consultation on continuous glucose monitoring
and motivational phone calls were all effective interventions in increasing objectively measured physical activity (94). Despite variations
between the reviewed studies in terms of sample size, intervention dose, delivery methods, length of follow-up and country, there were



similar improvements in physical activity across the studies. Personalized health care (face-to-face consultations, and/or cognitive behavioral
sessions) was a predictor for effectiveness (94). Tailoring the needs of each individual has also been suggested as a strong predictor for
success within the health care services (89) and individualization is stressed in the National Standards for Diabetes Self-Management
Education and Support (88).

2.4.2 Counselling physical activity

2.4.2.1 Motivational interviewing

Ml is a person-centered counselling style developed to support people wishing to change their behavior (95). Ml explores ambivalence and
stimulates an intrinsic motivation for change. The counsellor uses open questions to engage the individual, to help focus and to evoke and
plan change. More information and advice are given but only if the person requests additional help. Change talk is applied and aims to
confirm and encourage what the person suggests. The counsellor uses open questions to engage the individual, to help focus and to evoke
and plan change. More information and advice are given but only if the persons request additional help. Change talk is applied and aims to
apply and encourage what the person suggests. The counsellor collaborates with the persons; it is up to the persons if they want to change
and to suggest what they would like to change. All individuals have their own life story with experiences and preferences. Only the
individuals themselves can change; as a health professional, one can assist based on where the individual is in the process of change (95). Ml
is suitable as a support method to modify unwanted behaviors. It has become a core element in the curricula of many health professional
educational programs in Sweden, and several educational organizations offer training in Ml (96).

Despite the vast number of courses offered in MI, evidence in the efficacy of Ml specifically for self-managing physical activity in type 2
diabetes is scarce. A systematic review and meta-analysis published in 2014 showed that there is a small effect of MI with improvements in
physical activity for individuals with chronic health conditions. The effects became stronger when treatment fidelity was considered. The
optimal dose (frequency and duration of a Ml session) could not be determined because of lack of reported details and variations between
the studies. Of the 10 studies included in this systematic review, none included persons with diabetes (97). A review article also published in
2014, including nine studies with adult type 1 diabetes and type 2 diabetes populations, concluded that Ml in diabetes type 1 and 2 self-
management has potential to improve metabolic control (HbA1c). Ml was most effective if tailored to the individual’s unique character and
circumstances and based on values and perceived relevance for the individual (98). In a systematic review published in 2016, evidence and
gaps of Ml on behavior change outcomes in type 2 diabetes populations were explored. Six RCTs targeting and measuring physical activity
were identified. None of these studies showed significant positive results for Ml on self-reported physical activity. The authors discussed
possible bias because of heterogeneous designs, methods and measures used in the studies as well as variations in recruitments and lack of
fidelity measures (99). A recent review article consisted of nine studies with focus on type 2 diabetes self-management and measuring
physical activity as an outcome. Of the nine studies, four reported significant outcomes on physical activity. In contrast with the studies
showing no positive results, the studies showing efficacy targeted not more than two type 2 diabetes self-management behaviors,
considered delivered dose (two or more sessions, at least once monthly and/or > 30 min counselling duration), and in two of the four studies
that reported significant outcomes, counsellors were Ml proficient (100). In total, only three studies provided details on fidelity and
therefore comparisons and interpretation regarding the lack of significant results should be done with caution.

2.4.2.2 Group support

Using groups to support individual behavior change is a cost-effective and widely used method. Well-planned group counselling sessions led
by health professionals have been shown to be effective and useful in diabetes care (101-103). In the group setting there is a unique
opportunity for the participants to share information, to encourage and elicit change talk and to teach and follow-up goal-setting, barrier
identification and problem solving. Social support, a component that is easily implemented in group consulting, has been shown to be
important for successful lifestyle change (101). In a systematic review made by the Swedish Council of Health Technology Assessment one of



the main conclusions was that group education, led by a committed team of professionals with expert competence and acquainted with the
methods used, can substantially reduce HbA1. after 1-2 years (104). Two recent systematic reviews support this evidence for group-based
self-management as more effective in reducing HbA1. than individual counselling sessions (105, 106).

2.4.3 Self-monitoring of physical activity

Pedometers are simple low-cost devices that assist in the self-monitoring of steps. Pedometers are efficient in increasing people’s
motivation to be more active by behavior goal setting, feedback on performance and prompt review of behavioral goals (107). Pedometers
have the potential to increase the number of steps with approximately 2000 daily steps per person (108, 109), physical activity (110), and
modest weight loss (111). The evidence for pedometers in improving metabolic parameters in individuals with type 2 diabetes is mixed (110,
112, 113). Yet, in a meta-analysis pedometers and other forms of activity trackers in combination with counselling were effective in
improving HbA1. (109). Most studies have a duration of <6 months, but there is evidence from single studies for 12- month’s effects on steps
per day, physical activity and SB by pedometer-based behavioral modification programs in individuals with type 2 diabetes (102, 114).

2.4.4 Physical activity on prescription

Physical activity (or exercise) on prescription was introduced in the early 2000s as a method to strengthen the message that physical activity
is important and to bring physical activity on an equal status with medication. In Sweden the method Physical Activity on Prescription (FaR")
was developed and has partly been implemented in the Swedish primary care system (115). FaR® is applied to introduce the
recommendations for physical activity as treatment outlined in FYSS (80) and for individual behavioral goal-setting. Individualized
consultation forms the basis of FaR® in which individual preconditions and preferences are discussed. A prescription is outlined in
collaboration between the health professional and the person. A referral to a sport club or a gym with an educated staff can be included if
the person wishes such arrangements (115). Follow-up is an important feature of FaR®. Few studies are available evaluating FaR® and they
are heterogenous in terms of study population, duration, outcome measured and measurements method and study quality. A Health
Technology Assessment report summarizing the current evidence for FaR® and similar methods, was recently published. The authors
considered FaR® promising for use in Swedish primary care setting with some evidence for improvements in physical activity, body weight,
waist circumference, and glucose metabolism (116).

There is limited evidence for the effectiveness and cost-effectiveness for physical activity on prescription and in populations with type 2
diabetes. It is not clear, however, whether it depends on the method itself, the way that the method is implemented or the heterogeneity of
the available studies (117). In the UK and Australia exercise referral schemes (referral to an exercise professional) are recommended to be
used, and extensive research is in the process of evaluating efficacy, effectiveness and implementation.

2.4.5 Theories on behavior change

Effective interventions are often grounded in a theoretical framework (118). Theories and models for behavior change can assist in
structuring a program and make it explicit. There are numerous behavior change theories and models that have been shown to be effective
in changing behavior. The Health Belief Model was introduced already in the 1950s and has been widely used since for several health issues
and behaviors (119). The model assists in raising awareness of a risk behavior and increases intention and motivation to change. Constructs
included are perceived severity of the disease and its complications, perceived susceptibility for a disease, perceived benefits of changing
behavior, perceived barriers for behavior change, cues for action and self-efficacy. Stages-of-change model, also known as the
transtheoretical model, is one of the most applied theories in physical activity interventions. The model assists in moving individuals forward
in their readiness for change and targets the needs of individuals depending on their readiness to act. It helps in preparing and planning a
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change in behavior and provides tools for action, maintenance and relapse prevention. The model focuses on constructs such as: provide
personal information, raise awareness, encourage and assist in goal-setting, action planning, set graded tasks, give feedback, identify
barriers, problem solving, plan social support, prompt rewards on progress and success, teach to use cues and relapse prevention (120).
Social cognitive theory is another commonly applied theory. Social cognitive theory adds the dimension that behaviors are dynamic and
reciprocal. This dimension refers to behaviors being changeable and interactive: personal factors and the environment can change behaviors
and behaviors may change personal factors and the environment. The social cognitive theory includes the components reciprocal
determinism, self-efficacy, behavioral capability, expectations, observational learning (role modeling) and reinforcements (121) .

It is probable that the theoretical constructs that are helpful for short-term behavior change differ from those assisting inthe maintenance of
new behaviors. In a systematic review Kwashnika et al. synthesized the evidence for theoretical explanations in behavior change
maintenance across health behaviors. A thematic analysis resulted in five themes explaining behavior change maintenance. The themes
were: maintenance motives, self-regulation, habits, resources and environmental and social influence. As in most cases, the theoretical
models and thus the constructs applied for maintenance were the same as those for behavior change. However, the direction and value of
the constructs were changed for the maintenance phase. For example, for behavior change, motivation focuses on the behavior change per
se and may be driven by the risks of the old behavior and expected benefits of changing. For maintenance, motivation may be enhanced
when focus is on endorsing the new behavior: on behavior enjoyment, satisfaction with behavioral outcomes and congruence of the new
behavior with the individual’s own identity, beliefs and values (122).

2.4.6 Behavior change techniques

The constructs applied by the use of behavior change theories in interventions are the factors believed to lead to change. These are also
referred to as mechanisms, mediators, active ingredients or behavior change techniques (BCTs). Because of heterogeneous vocabulary and
use of concepts, it has been difficult to summarize the evidence. Accordingly, Susan Michie and her colleagues developed and published a
taxonomy, the CALO-RE taxonomy (123, 124). This taxonomy has now been revised into a hierarchically clustered version: The BCT
Taxonomy version 1 (BCTTv1), including 96 BCTs (125). These taxonomies have contributed to a common terminology and improved means
of evaluation and replicability of interventions and compilation of evidence (124-126). A BCT is defined as “an observable, replicable, and
irreducible component of an intervention designed to alter or redirect causal processes that regulate behavior; that is, a technique is
proposed to be an ‘active ingredient’ (124). Within the promotion of physical activity, there is growing evidence for the use of certain BCTs in
interventions.

Several systematic reviews and meta-analyses have identified BCTs to be efficient in increasing self-efficacy, physical activity behavior and
HbA1. (127-129). Table 2 summarizes the most effective BCTs found in reviews on populations with type 2 diabetes, obesity and healthy
adults. Considerations should be taken to the results of the reviews, as the findings depend on whether they have applied the CALO-RE
taxonomy or the BCTTv1 taxonomy.
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Table 2. Overview over systematic reviews reporting most effective BCTs for behavior change on self-efficacy for physical activity, physical activity, weight
and HbA..

Author, year of Outcome BCTs found to be most effective

publication and

population

Williams et al., 2011 Physical activity and self- Action planning, provide instruction and reinforcing effort towards

Healthy adults efficacy for physical activity behavior

Greaves et al., 2011 Physical activity and weight Self-monitoring, specific goal-setting, relapse prevention, social support
loss and support maintenance of the behavior change

Type 2 diabetes

Provide information on the consequences specific to the individual,
prompt the target behavior; prompt focus on past success; behavioral
Type 2 diabetes goal setting, provide information on where and when to perform physical
activity, apply follow-up prompts; prompt review of behavioral goals;
plan social support/social change; time management and barrier
identification/problem-solving

Avery et al., 2012 HbA1c

Olander et al., 2013 Physical activity Teach to use prompts/cues, prompt practice, and prompt rewards

Obese adults contingent on effort or progress towards behavior

Avery et al., 2015 Physical activity and HbA1c Prompt focus on past success, barrier identification/problem solving, use
Type 2 diabetes of follow-up p.rompts., gnd provide information on where and when to
perform physical activity
Cradock et al., 2017 HbAc and weight (through Act/on'plannmg, mstrqct/on on how to.perform a
. . . behavior, demonstration of the behavior,
T . diet and physical activity) ) )
ype 2 diabetes behavioral practice or rehearsal

2.5 DESIGNING AND EVALUATING PHYSICAL ACTIVITY BEHAVIOR CHANGE INTERVENTIONS
2.5.1 Developing interventions

The development of a behavior change intervention should be based on the identification of a problem and its determinants preferably both
as perceived by individuals and health professionals and by statistical and scientific means. Existing research should be scrutinized to clarify
what is already known about similar interventions; what has had effects and what has not. Next, is the development of a theory: a
rationale for the expected change and how/why the change is likely to be achieved. Several decisions need to be made regarding the
intervention, the evaluation and the reporting thereof. Examples of decisions include type of study design, delivery method (e.g. by health
professionals, through leaflets, e-based), intervention components/strategies (e.g. consultation, pedometers, supervised exercise), dose
(how much and how often) and duration. Evaluation features to be decided upon are: primary and secondary outcomes; measurement
methods, number of assessments and duration between assessments. A study protocol describing the intervention should be developed and
be as detailed as possible to ease the fidelity to the intended protocol, enhance transparency, and reduce bias in the reporting of results (16,
130, 131).
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The RCT design is considered the gold standard in medical and intervention research (131). Randomization refers to the random
allocation of the subjects into parallel groups of treatment or control/placebo groups. The groups differ only with respect to the
treatment received and are thus comparative (controlled). Randomization and blinding are the most important features to reduce bias of
a trial (132). Blinding refers to not knowing what group a study participant is allocated to and a trial can be blinded to the participant, the
health professional, the research staff and the person performing the statistical analyses. Other problems of interventions that will
interfere with the results are missing data and drop-outs. The CONSORT (CONsolidated Standards of Reporting Trials) 2010 guideline
provides guidance and a checklist for the full reporting of RCTs with the ultimate aim to increase transparency and to allow for the
readers to assess the validity of a trial. The CONSORT also includes a flow chart showing the flow of participants throughout the
recruitment and intervention process (133).

Several health outcomes are often of interest when evaluating an intervention, which may cause a problem as multiple testing will likely
provide statistically significant results by random chance. To choose an outcome variable to report when knowing which one is showing
statistically significant result is considered as research fraud (132). Such deceit is now being avoided by the registration of a trial and
specification of the primary outcome of interest and expected change on beforehand.

The application of the RCT design in behavior change interventions raises some difficult challenges. It is problematic to blind behavior
change interventions and to control human behaviors. In behavior change interventions it becomes crucial to be aware of the degree of
implementation of a trial: Was the intervention delivered in the intended way? Are the participants doing as they were educated or
supported to do? The CONSORT was therefore extended to include a checklist for information to include when reporting a randomized trial
assessing non-pharmacologic treatments.

The extended checklist includes, for example, how bias due to not being able to use a blinding procedure are limited, detailed information
about the providers of the intervention and assessment of adherence to the intervention. The extended CONSORT builds on the template
for intervention description and replication (TiDieR) checklist that was developed to encourage and improve the reporting of interventions
(not only RCTs). Key features of interventions (such as duration, dose or intensity, means of delivery, processes and monitoring) were all too
often poorly reported and thus interventions were not replicable. The TiDieR checklist includes 12 items to be reported (134).

2.5.2 Process evaluation

Process evaluation assesses whether an intervention was implemented as planned and is ideally completed before outcome evaluation
(16). In complex behavioral interventions of long duration, it is paramount to explore intermediate results and factors that may interfere
with the results (12, 16, 130). Process evaluation assists in deciding whether to change or adjust intervention components; to stop
allocation to any of the arms or even to discontinue the intervention if it is not being implemented or having adverse effects or causing
negative results. (132). In addition, it provides details on factors that should be made explicit to enhance best practice and guide policy
and guidelines, including feasibility, degree of reach, implementation and adherence to study protocol (fidelity) (12, 14, 16). Furthermore,
by providing implementation quality, fidelity and dose received, an understanding and interpretation of variations of the final outcomes
are made possible. For instance, whether specific components contributed significantly to the overall or specific outcomes or whether the
intervention was better suited to or did not work for subgroups of the population (16).

Process evaluation preferably applies both quantitative methods and qualitative research methods. Quantitative methods are used to
measure such factors as reach, delivery and exposure to an intervention, whereas qualitative methods are more appropriate when
exploring participant and deliverer satisfaction, barriers and facilitators to fidelity to the study protocol, and formal and contextual
features of intervention fidelity (16).
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Frameworks for process evaluation have been developed and are recommended to be used to conceptualize the fidelity of interventions.
A frequently applied framework in physical activity interventions is the reach, effectiveness, adoption, implementation and maintenance
(RE-AIM) framework (135). The RE-AIM approach is suitable for planning and evaluating large scale implementation programs, in which
the researchers have little involvement. Another framework suitable also for smaller scale RCTs is provided by the Medical Research
Council guidance. This framework focuses on three themes: implementation, mechanisms and context. Implementation incorporates the
implementation process (how delivery is achieved) including fidelity, dose, adaptation, and reach (who received what). Mechanisms
incorporate mediators for change, participants responses to and interaction with intervention components, and unexpected pathways
and concerns. Context refers to any external factors that may act as barriers or facilitators of the intervention implementation and of the
intervention effects (12).

Process evaluation features reported to a limited degree for type 2 diabetes self-management and physical activity interventions for
adults (136, 137). A feature that is commonly reported is intervention dose, often reported as adherence, but there is a large variation in
the reporting of intervention implementation.

2.5.3 The Hawthorne effect

The Hawthorne effect refers to the fact that people will modify their behavior simply because they take part in a research study (138, 139).
Such assessment reactivities can be explained by several factors: increased reflections on the behavior, reminders of the behavior by
frequent study measurements and enhanced efforts for change when randomized to a control group (as hopes and allocation preferences
may have been present) (138). When studying cognitions, emotions and behaviors, it is difficult to distinguish the effects of the program
from the added Hawthorne effects of being monitored and studied (138, 139). Differences in follow-up procedures and adherence between
the interventions arms can affect the result and must be taken into account when interpreting the results of an intervention (138, 140). This
process can be better understood when assessment extent and procedures are transparent and reasons for participation and participation
effects are explored (138, 140).

2.5.4 Qualitative research

Mediating factors for behavior change are often cognitive in nature (e.g. changed attitudes and increased awareness and motivation).
Cognitions, thoughts and experiences are difficult to evaluate using quantitative methods and qualitative inquiry is considered more
appropriate to explore mechanisms for behavior change (12, 15, 130). By using interviews with open questions, in contrast to pre-set
guestions used in questionnaires, the individual’s reflections and perceptions can be explored (15). Qualitative inquiries can also underscore
implementation factors, informal patterns and unexpected interactions (15). In addition, they may be helpful in separating the effects of the
intervention from the subtle effects that taking part in a research study may have on participant behavior (139).

Content analysis is a suitable method to sort and abstract data in the form of text material, and to describe a phenomenon without a
large extent of interpretation (141). Content analysis with a qualitative approach is commonly applied in health care and public health
research. Qualitative analysis is made by either an inductive or a deductive approach. An inductive approach is well suitable to describe
lived experiences and to give detailed and unanticipated descriptions. By using a non-theory-driven inductive approach, going from the
specific to the general, it is possible to recognize patterns, interrelationships and themes emerging from the data and thereby the synthesis
of larger statements. A deductive approach is appropriate when studying a phenomenon from a theoretical standpoint, and thus perform
the analysis based on a pre-decided framework (15,132, 142).
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2.5.5 Measuring physical activity

2.5.5.1 Self-reported measurement

Historically, self-report instruments (e.g. questionnaires and activity logs) have been the most frequently applied tools to assess physical
activity behavior. Many of the health associations of physical activity are based on self-reported data. Examples of typically used
questionnaires are the International Physical Activity Questionnaire (IPAQ) (143) and the Stanford Brief Activity Survey (144). MET values
are often summed over a short period (e.g. 1 week), and represents the energy expended from time spent in physical activity. Both
questionnaires (but also activity logs) have limitations, including recall bias, over reporting and interpretation difficulties. Moreover, they
are not well suited to measure energy expenditure or total physical activity (145).

2.5.5.2 Objective measurements

Pedometers, or step counters are low-cost valid instruments to assess total ambulatory movement in simple outputs (steps). They cause
little burden on the participant and are easily interpreted. Limitations are that simple pedometers cannot measure intensity, duration or
type of activity and fail to capture various activities such as swimming and cycling (58, 146). Another limitation is that if the individuals are
registering the steps by themselves the measurements are not fully objective. Nowadays a large number of wearables counting steps are
available and steps, in addition, can be collected from smartphones and similar devices.

In the past 15 years, ambulatory assessment tools (e.g. accelerometers and various forms of activity trackers) have become abundant (58).
These tools are objective and reduce the human error in reporting bias and recall. From accelerometers energy expenditure, activity
intensity, duration and total volume of physical activity can be obtained. A large quantity of data can be stored, which makes it possible to
follow individuals over long periods at a rather low participant burden. Limitations with accelerometers are that they are based on
algorithms to quantify physical activity, they fail to capture non-ambulatory movements (e.g. cycling, load carrying and resistance training)
and are not sensitive for SB and running (58, 146). To differentiate between sitting and standing the accelerometer can be put on the thigh
or inclinometers can be used (147, 148).

Outputs from accelerometers can be given as energy expenditure, types of activity or counts per min (cpm). Table 3 lists examples of
conventionally used categories for MET values and accelerometer counts based on healthy individuals. Cut-offs in Table 3 are given as
absolute intensities: they do not consider the individual’s relative intensity or perceived intensity that is dependent on the individual’s
fitness level. When applying cut-off values it is important to use values that are valid for the study population in question.

In many adult populations physical activity of vigorous intensity is performed to a limited extent by few individuals and the two categories
moderate and vigorous intensity are often combined into one category (moderate and vigorous intensity physical activity). Using the cut-off
values for moderate intensity proposed by Freedson et al., 1998 (149), and MET values of 3 can be compared to a walking speed of 4.0 km/h
or 100 steps/min on flat ground (150, 151).

To acquire the entire picture of physical activity patterns of a population it is necessary to use complementary assessment methods.
Questionnaires, diaries and interviews serve as good complements to accelerometers or pedometers to obtain information on context,
dimensions and domains, as well as to determine factors related to physical activity (e.g. physical and social environment, intention and
motivation) (58)

Heart rate is a direct physiological measure with a strong relationship to energy expenditure for MVPA. However, limitations with heart rate
monitors are that for light intensity physical activity other factors (e.g. caffeine consumption, emotional state and temperature) may
influence the heart rate and heart rate is affected by medications (e.g. betablockers). Multi-sensor systems combining physiological and
mechanical sensors are becoming available and are look encouraging for the future (58, 146).
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Table 3. Frequenly used cut-off values for categories of absolute physical activity intensity.

Sedentary Light intensity Moderate intensity  Vigorous intensity
physical activity physical activity physical activity
MET range? <1.5 1.6-2.9 3-5.9 >6
Activity counts? <993 100-1951 1952-57244 >5725*%
(cpm) 100-759° >2020°

tAinsworth, Haskell et al., 1993(54), % Strath, Kaminsky et al., 2013 (58), 3Matthews et al., 2008 (152), *Freedson et al., 1998 (149), *Troiano et al., 2008

3 RATIONALE FOR THE THESIS AND RESEARCH QUESTIONS

Scalable methods to support self-management of physical activity are needed in primary care to prevent type 2 diabetes, the progression of
the disease and cardiovascular disease. Major concerns today are how to support individuals to make the lifestyle changes needed to
manage the condition at a low cost, as well as how to implement such interventions into clinical practice (6). Self-monitoring of steps is a
low-cost method, with low effort needed from health care professionals in terms of time and training. However, few studies exist on the
effects of self-monitoring of steps on objectively measured physical activity and cardiometabolic risk factors and for long-term effects (9, 94).
Self-monitoring of steps combined with MI, group counselling and FAR® may increase compliance and motivation to be more effective in the
long term. To better inform guidelines and training curricula for health professionals, more evidence is needed on the effectiveness of
combining the methods, on long-term effects and on implementation factors such as fidelity and mediators for behavior change (9).

SB has proposed detrimental health effects whereas physical activity is health enhancing (39, 69). While MVPA has clear health benefits the
effects of LPA and interrupted SB is not as well-studied. Besides, the behaviors are interrelated and thus if one behavior is reduced the
effects may be because of the behavior that it is replaced with, not by the reduction per se. In previous research time in the other behaviors
has often been adjusted for in the past 10 years, but it is rare that health associations of the replacement of behaviors have been
considered.

Research questions:

Study II: Is it feasible to implement self-monitoring of steps and individual and group counselling as support for physical activity in the
primary care setting? To what degree is self-monitoring of steps and individual and group counselling implemented after 6 months? How
effective is the self-monitoring of steps with or without individual and group counselling on physical activity behavior and health outcomes
after 6 months intervention? Do the effects differ contingent on age, gender and diagnose?

Study Ill: How do the participants experience the support for physical activity based on the self-monitoring of steps and individual and group
counselling?

Study IV: What are the health associations of modeling replacing bouted (prolonged) sedentary time with interrupted sedentary time, LPA or
MVPA?
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4 AIMS

4.1 OVERALL AIM

The overall aim of this thesis was to design and evaluate the implementation of a RCT in primary care, with the purpose to support
individuals with prediabetes and type 2 diabetes to become regularly physically active (Study, Il and IlI).

A secondary aim was to explore the theoretical associations of replacing prolonged sedentary time with interrupted sedentary time, LPA and
MVPA with health parameters (study IV).

4.2 SPECIFIC AIMS OF THE STUDIES

The specific aims were:

Study I: To describe the design and recruitment procedure, methods and the theoretical framework for the physical activity promotion
program Sophia Step Study.

Study II: To undertake a process evaluation to describe the implementation, context and physical activity behavior and health outcomes in
the first 6 months of the Sophia Step Study.

Study lll: To report a qualitative exploration of adhering participants’ experiences after attending two years of the Sophia Step Study.

Study IV: To investigate the associations of reallocating sedentary time in bouts (>60 min) to sedentary time in non-bouts, LPA and MVPA
with cardiometabolic risk factors in a population diagnosed with prediabetes or type 2 diabetes.

17






5 METHODS

5.1 STUDY DESIGN

The studies included in this thesis all apply different study designs: study | was a study protocol, describing the background, theoretical
framework, design, intervention and evaluation protocol of the Sophia Step Study; study Il was a process evaluation of a three-armed
randomized controlled trial; study Ill was a qualitative interview study and study IV was a cross-sectional study exploring the associations
of SB and physical activity with cardiometabolic risk factors.

5.2 RECRUITMENT PROCESS, INCLUSION AND EXCLUSION CRITERIA

5.2.1. Study II, lll and IV

Recruitment of participants took place in seven waves at the primary care centers Huslakarmottagningen (study Il, lll and IV) and
Forsakringsmottagningen (study Il and VI) at Sophiahemmet and at Smedby halsocentral (study VI). Patients diagnosed with prediabetes
and type 2 diabetes meeting eligibility criteria were informed about the study, given a leaflet and were invited to participate. This was
made by applying consecutive and convenience sampling techniques; asking all eligible patients at a planned visit at the health care
center, or by telephone. Patients showing interest received a letter with further information and were subsequently phoned by the
diabetes specialist nurse and asked a set of inclusion/exclusion questions. If they fulfil the inclusion criteria they were booked for a
baseline study visit. Inclusion and exclusion criteria are displayed in Table 4. These were the same for study Il, lll and IV.

Table 4. Inclusion and exclusion criteria applied in study Il, [ll and IV.
Inclusion criteria Exclusion criteria
- Prediabetes (HbA1c > 39-<47 mmol/mol and/or fasting - On insulin since the last 6 months

glucose >5.6 mmol/l) or diagnosed with type 2 diabetes - Additional disease prohibiting physical activity
with a duration of >1 year. - Myocardial infarction in the past 6 months
- 40-80 years - Repeated hypoglycemia or severe hypoglycemia in the
- Ability to communicate in Swedish past 12 months
- Serum creatinine >140 mmol/I

- Diabetic foot ulcer or risk of ulcer (severe peripheral
neuropathy)

- Being classified as very physically active according to the
Stanford Brief Activity Survey (144)

- Having no access to internet.
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5.2.2 Study IlI

For study Il additional criteria were applied based on purposeful sampling with criterion-based selection (including only participants with
> 60% attendance at group counseling sessions, > 80% of days with registered steps and 275% study assessments). The selection was also
time-based as only participants from the third and fourth waves were included. In all, 22, of 36 participants were contacted list wise for
interview by telephone or email until maximum variation was reached in terms of intervention group, sex and diagnosis (pre-diabetes and
type 2 diabetes).

5.3 PROCEDURES AND DATA COLLECTION

Data used for respective study in this thesis are described in table 5.

5.3.1 Procedure study |

The principles of the public health nutrition practice bi-cycle was used as a planning method when designing the project (16). After the
problem (low physical activity levels in individuals with type 2 diabetes) had been identified and discussed with health professionals the
following steps followed in an intertwined manner: a search for evidence on the magnitude of the problem in Sweden and possible
determinants; a thorough literature search on evidence based methods for physical activity promotion in type 2 diabetes care; and
several design meetings were held within the research group and with a company providing a website for step-monitoring. The meetings
led to a detailed project plan, approval from the board for medical ethics was obtained and funding was allocated. A pilot group including
14 participants started in April 2013, the trial was registered at ClinicalTrials.gov (NCT02374788) and the full study protocol was published
in 2015. The CONSORT 2010 statement and the Declaration of Helsinki were followed when conducting the study protocol.

5.3.2 Procedure and data collection study Il and IV

5.3.2. Baseline assessment and randomization

For study Il and IV baseline data from the RCT Sophia Step Study was used. The study assessments took place at Huslakarmottagningen
and Forsakringsmottagningen at Sophiahemmet (study Il and IV) and Smedby halsocentral (study Il). All baseline assessments were
performed by the diabetes specialist nurse, sometimes assisted by the project manager. At the baseline study visit the participants also
meet a physician, who were responsible for excluding study participation. After the visit to the physician the participant was randomized
to an intervention group by the use of sealed envelopes. A schedule for the two-year study assessments was handed out and times for
the following appointments were booked.

5.3.2.2 Objective physical activity measures

At the study visit, an ActiGraph GT1M accelerometer, instructions for placement on the lower back and a paper-based diary to log wear
time, was handed out whilst also instructed. At the following visits some participants were either asked to pick up the accelerometer at
the reception when coming to leave blood sample or it was handed out during the visit. Participants were asked to hand in the
accelerometer at the next visit, at the group session, to drop by to leave it at the reception, or they were given a prepaid envelope to
send it back.
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5.3.2.3 Blood samples

Fasting blood samples were collected at the laboratory at the respective health center. Participants were asked to leave blood samples a
week prior to the appointment for each study assessment, to allow for the physician to have the results and appraise on possible
exclusion before randomization. This also allowed for the diabetes specialist nurse to give feedback on the results at the following visits.

5.3.2.4 Anthropometrics, blood pressure, medication, comorbidity

The assessments that were made at the appointment with the diabetes specialist nurse included anthropometrics, resting blood pressure
and questions about medications and health condition. Anthropometrics included sagittal abdominal diameter measured by Holstein
Kahn (153), waist circumference measured by SECA 2 cm above the umbilicus (154), weight measured by Tanita (Model TBF 300A,
Arlington Heights, IL), and height (at baseline assessment only). Blood pressure was measured with Omron M6 Comfort after 10 min rest
in a seated position (155). Verification for comorbidity and medication in the medical record was made at baseline and changes thereof
were asked for at the following visits. At each assessment it was also asked about regular strength training.

5.3.2.5 Questionnaire

An emailed questionnaire was sent by the project manager prior to each appointment and a reminder was sent automatically to
participants who had not completed the questionnaire after two weeks. At the study visit the diabetes specialist nurse checked if the
participant could access the questionnaire. If not, it was either emailed once more, or a paper-based version was handed out together
with a prepaid envelop for return. Questions on dietary patterns were based on a food frequency questionnaire validated for Swedish
populations (156). Sleep was assessed by a question on sleep quality.

5.3.2.6 Implementation and context

Study Il was a process evaluation designed according to the Medical Research Council Guidance of process evaluation of complex
interventions (12). Fidelity to the intervention protocol (study Il) was checked continuously by meetings and emails between project staff
and the diabetes specialist nurses. Issues with pedometers and the website were discussed and solved if possible. Implementation was
also measured as dose received: attendance at individual consultations, attendance at group consultations, registration of steps and
having an individual step goal. Numbers of study assessment visits were also tracked. The quality of the Ml sessions and follow-up of FaR®
were assessed by 1-10 point scales and short log with reflections on the consultations.

5.3.3 Procedure and data collection study Il

Eligible participants that consented to be interviewed were booked by e-mail or telephone for a time and place for an individual face-to-
face interview. An interview guide was developed in collaboration with the principal investigator, the author and an external researcher
based on the study purpose, similar studies and experience from colleague researchers. Three pilot interviews with participants from
respective intervention group were conducted and briefly analyzed, to allow for changes to the interview guide. No changes were
deemed necessary and the pilot interviews were included in the later analysis. The interviews were conducted in a private room near the
health care center by an experienced interviewer who was external to the study. All interviews were audio-recorded and transcribed
verbatim.
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Table 5. Methodological descriptions of the studies.

Study |

Study Il

Study Il

Study IV

Aim

Design

Participants

Data-sampling

Data

Analysis

To describe the design,
recruitment procedure,
methodology and the
theoretical framework for
the physical activity
promotion program
Sophia Step Study.

Study protocol

Not applicable

Not applicable

Not applicable

Not applicable

To undertake a process
evaluation to describe the
implementation, context
and physical activity
behavior and health
outcomes of the first 6
months in the Sophia Step
Study.

Process evaluation of a
randomized controlled
trial

159 individuals with
prediabetes and type
diabetes from health care
centers at Sophiahemmet
and Smedby health care
center

Field notes, attendance
records, step registration,
accelerometry, blood
samples, anthropometry,
guestionnaire

Age, gender, diagnose,
intervention dose, steps,
MVPA, LPA, SB, HbA1c,
fasting plasma glucose,
triglycerides, HDL
cholesterol, C-peptide,
resting blood pressure,
weight and sagittal
abdominal diameter
Descriptive statistics,
paired sample t-tests,
linear mixed models

To explore adhering
participants’ experiences
after two years’ study
participation in the Sophia
Step Study.

Qualitative interview
study

18 individuals with
prediabetes and type 2
diabetes from a health
care center at
Sophiahemmet

Face-to face semi-
structured individual
interviews

Transcribed audio-
recorded interviews

Manifest qualitative
content analysis with an
inductive approach

To investigate the
potential associations of
reallocating 30 min
sedentary time in long
bouts (>60 min) to
sedentary time in non-
bouts, LPA and MVPA
with cardiometabolic risk
factors in a population
diagnosed with
prediabetes or type 2
diabetes.

Cross-sectional

124 individuals with
prediabetes and type 2
diabetes from health care
centers at Sophiahemmet

Accelerometry, blood
samples, anthropometry,
questionnaire

MVPA, LPA, sedentary
time, breaks in SB, HbAlc,
fasting plasma glucose,
triglycerides, HDL
cholesterol, C-peptide,
resting blood pressure,
weight and waist
circumference

Descriptive statistics,
multiple regression
models
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5.4 DATA PROCESSING

5.4.1 Quantitative data

5.4.1.1 Objectively measured physical activity

Data on physical activity and SB was collected using ActiGraph GT1M accelerometer (ActiGraph, Pensacola, FL) (58, 157). It was sampled
at 10 hz and summarized over 1 minute. The data was downloaded using Actilife v.6.13.1 software and underwent the following stages of
data cleaning and extraction in both studies:

1. Wear time was validated towards participants’ wear time log to decide on a cut-off for valid time the accelerometers were worn. For
both studies >90 min with consecutive zero accelerometer counts was counted as non-wear time and was not used. During the 90
min, peaks of two minutes with nonzero counts were included, to allow for moving the accelerometer. This was in line with the
validation study by Choi et al. on a population of older adults of similar age (158).

2. Next step was to decide on number of days and amount of time per day to include in the analysis. This is a critical step; we wanted
to include as many participants as possible not to lose power, whilst capturing a valid picture of daily activities. The number of
participants providing at least 9, 10 or 11 hours per day and 3, 4 or 5 valid days was summarized to check the amount with valid data.
Based on this, only participants with 210 hours per day for at least 3 days were included in the analyses. This is a commonly applied
cut-off point and validated to provide a decent picture of average daily activities (159).

3. Valid wear time was then divided into sedentary and physical activity intensity categories. Frequently used thresholds for SB, low
LPA, high LPA, and MVPA were applied and correlation analyses were run. These samples showed that, to best separate physical
activity intensities and categorize the data, the thresholds: <100 (cpm) for SB (152); LPA (100-1,951 cpm) and MVPA (21,952 cpm)
(149) were applicable.

4. Sedentary time was further split into bouted (prolonged/uninterrupted) periods of sedentary time and non-bouted (interrupted)
sedentary time. For study Il three sets of data was prepared with sedentary time divided in bouted periods of sedentary time and non-
bouted sedentary time (Figure 2). Bouted sedentary time was defined as > 60, > 40 and > 20 min bouts of < 100 cpm with allowance for
breaks 2100 cpm <1 min and non-bouted sedentary time as all other time <99 cpm.

In study IV the split of sedentary time was based on >30 min bouted periods of sedentary time and non-bouted sedentary time (<30
min sedentary), hence bouted sedentary time was defined as >30 min bouts of <100 cpm with allowance for breaks 2100 cpm <1 min
and non-bouted sedentary time as all other time <99 cpm.
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SB60 analysis Total sedentary time
SB60 Non-bouted 60
SB40 analysis Total sedentary time
SB40 Non-bouted 40
SB20 analysis Total sedentary time
SB20 Non-bouted 20

Figure 2. Description of how accelerometer measured sedentary time was divided in bouted
time of length > 60 (SB60), > 40 (SB40) and > 20 (SB20) min and non-bouted sedentary time.

5.4.1.2 Blood samples

Blood samples were determined by following methods: HbA1. with immunologic MonoS method, Unimate (Roche Diagnostics, Basel,
Schweiz). Plasma glucose with a glucose oxidase method, triglycerides by enzymatic method, LDL and HDL by using a homogeneous
method, Apolipoprotein-Al and Apolipoprotein B by turbimetric method and C-peptide by immunometric method using two monoclonal
antibodies and detection with electrochemiluminiscense using a Modular E system (Beckman Coulter, Inc.).

5.4.2 Qualitative data (study Ill)

The recorded interviews were transcribed verbatim by a separate researcher (not performing the interviews). Content analysis with an
inductive approach was applied to analyze the transcribed interviews (142, 160). This was made by the interviewer who had not been
involved in the intervention and was objective to the theoretical framework underpinning the intervention. In the first step the text
material was sorted in units of analyses, separated by group allocation and interview question. The answers of each interview question
were reduced to meaning units and summarized to condensed units and coded as illustrated by the examples in table 6. The codes were
compared for their similarities and differences and abstracted into categories (160).
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Table 6. Examples of how the answers were condensed from meaning-bearing units and coded.

Interviewer, question

Meaning-bearing unit

Condensed unit

Code

”Could you tell us about
your experiences from
participating in the Sophia
Step Study?”

" Yes, first of all, I'm excited
that | took part in this study,
and my experience is that we
were weighed and that you
have checked everything
possible. Blood pressure and
everything else. No, | feel as
though | was in very good
hands.”

A positive description that a
professional care provider
was available. There has
been confidence in the
professionals who have
closely monitored the study
participants’ physiological
measurements.

Confidence in the study’s
recurrent (individual) health
checks at the diabetes clinic.

"In what way do you think
the pedometer has been
supportive of your physical
activity?"

”I love my little measuring
device (pedometer)! | would
like to do at least 10,000
(steps) every day. Then, |
actually have it (the
pedometer) with me all the
time; well, wait now, today |
have only gone 7000 (steps). |
have to go another round. So,
it’s clear there is a little
competition with myself”

A strong positive attitude to
the step counter is
recorded. The step counter
has acted as a daily checker,
a motivator, and is depicted
as an aid to achieve the
established physical goals.

A significant external
resource towards a healthy
physical activity level.

"Now that you have
completed the study, what
are your thoughts about
participating in the Sophia
Step Study?"

”“It has kept me on track,
which | feel is natural, and I'm
not going to break this
pattern. | can break my legs,
as one might say. No, but it
has become a part of my daily
routine. No, | do not intend to
depart from this path."

It describes an altered mind
structure through
participating in the study,
and it establishes an
attitude towards
maintaining this new daily
healthy living routine.

An attitude to maintain a
healthy level of physical
activity.

5.5 STATISTICAL ANALYSES

All statistical analyses were run using IBM SPSS version 23 or 24 (SPSS Inc., Chicago, IL).

5.5.1 Descriptive statistics and t-tests

In study Il, 11l and IV descriptive statistics were applied to display the studied population groups. Independent sample t-tests and Chi

square tests were applied to test between group differences and paired sample t-test to test within group differences (study II).

5.5.2 Covariate and correlation analysis

To rule out confounders to adjust for in the main analysis of study IV covariate analysis were run to test the correlations between the

possible confounder and the studied health parameters. To avoid multicollinearity, correlation analyses were performed to study the

correlations between physical activity intensities.
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5.5.3 Multiple linear regressions

In study IV multiple regression analyses were applied to determine the associations between time in different activity behaviors and
health parameters. The linear regression analyses were applied in steps. In all steps the analysis were controlled for wear time and age
and for covariates if the covariate analysis showed a p-value < 0.2. In the first step, the single model, health associations of different
behaviors were explored without controlling for time in other activity behavior. In the second analysis, partition model, health
associations of different intensities were explored while controlling for time in the other activity behavior. In the third step, isotemporal
substitution was applied. The health associations of different behavior were explored while controlling for substituting the time in one
activity behavior with total time (Figure 3). This is modeling the “real life” situation as time is isotemporal (finite) (79).

l Total wear time |

Bouted sed Non-bouted sed LPA

30 min
MVPA

Figure 3. The isotemporal modeling of substituting 30 minutes in one activity behavior to another activity behavior.

5.5.4 Mixed linear regressions
In study Il mixed linear regression models were applied to test the effects of belonging to respective intervention group on health
outcomes and to estimate the effect of the predictors age, gender and diagnose (161).

5.6 ETHICAL CONSIDERATIONS

The Sophia Step Study was approved by the Regional Ethical Review Board in Stockholm, Sweden, 2012/1570-31/3 (study Il, lll and 1V)
and 2015/2075-32 (study IIl) and registered at Clinical Trials (NCT02374788). Participation was made on a voluntary basis, participants
were informed written and orally about the projects and that they could resign participation without giving any reason. Informed consent
was collected from all participants at baseline measurements (study Il and IV) and at the interviews (study Ill). The ethical principles of the
World Medical Association Declaration of Helsinki for medical research involving human subjects (2013) and Personuppgiftslagen (PUL)
were followed assuring anonymity and confidentiality of the participants, and handling of data. After May 25th 2018 the General Data
Protection Regulation was applied as a replacement for of PUL.
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6 RESULTS

6.1 SUMMARY OF THE MAIN RESULTS

Study | was a study protocol that was not meant to provide experimental results. The outcome was an agreed protocol for an RCT. The
planning process culminated in deciding: 1) a theoretical basis for the intervention, 2) intervention components, 3) primary and secondary
outcomes, 4) evaluation methods and 5) number and time points for the study assessments. The logic underlying the Sophia Step Study, i.e.
how the inputs and intended components should result in increased physical activity and cardiometabolic risk reduction is summarized in
Figure 4. The figure also depicts the assumed mediators for effects and how mediators, physical activity outcome and cardiometabolic risk
outcome should be evaluated.

Group A Group B
(r Intervention \\ Inputs
components group B Funding
Self-monitoring of steps Staff

—

Training of nurses
Pedometers
Webpage
Time

(U )

A g

[ edioors )

Increased awareness
Increased motivation for PA
Increased self-efficacy for
PA

Evaluation methods
Qualitative semi-
structured interviews
Questionnaires

k 4

= )

Moderators

Sleep

Health status

Intervention dose/adherence
Social support
Environment,/Facilities

Diet

Evaluation
methods
Accelerometry
Questionnaire

::::::;:n Predictors
Blood samples ¢ Education
Anthropometry Health status
Blood pressure Age
Questionnaire Gender
BMI
Diabetes duration
Medication
Baseline IGF1BP

Figure 4. The logic underlying the Sophia Steps Study.
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Study Il showed that the interventions could be feasibly implemented in three primary care settings with high fidelity to the study protocol, a
high grade of delivery and readily reaching those individuals that enrolled in the interventions. Between April 2013 and October 2016 159
participants were deemed eligible and consented to participate. The response rate was approximately 48%. The enrolled participants (mean
age 64 years +7.4 years, 24% prediabetes, 44% female, 55% university education and 71% living with a partner) were well-controlled in
terms of their diabetes at baseline and baseline daily steps were 6757 + 2955. Six months after the intervention, 68% of the participants in
intervention group A reached the highest possible scores (9 and 10) for dose received. In intervention group B 84% reached the highest
possible scores (3 and 4). The two intervention groups increased mean daily steps and the control group decreased mean daily steps. The
study also demonstrated clinical feasibility of the intervention with the two intervention groups improving clinical variables while the
controls showed mixed results.

Study Il was a qualitative study, based on interviews with participants who adhered to their respective intervention protocols: 7 participants
from group A, 6 from group B and 5 from group C. The study resulted in two main categories and five subcategories illustrating the
participants’ experiences of taking part in the Sophia Step Study (Figure 5). The two main categories were “Professional management” and
“An internal journey”. The participants were grateful to take part in a research study that seemed to be exclusively designed for them. The
health check-ups were described as personalized, with positive reinforcement that resulted in a sense of being watched over. The
participants described the pedometers, the group sessions and the health check-ups as resources that motivated them to become physically
active. The individual and group consultations were in a personal and friendly style that provided emotional support through an open and
honest sharing of experiences and struggles. Being part of the study was described as a personal cognitive process. Study participation led to
a heightened awareness of physical activity and increased motivation to be physically active. Strategies to implement new daily routines for
physical activity and to overcome barriers to be physical active were established during the course of the study. The participants reported
some problems and concerns, including pedometers lacking reliability, other participants talking too much during group consultations, not
performing as expected or desired, and concerns over other participants not reporting steps as expected.

Adhering participants’ experiences from two-years of participation in the Sophia Step Study

Professional management An internal journey
> ’///// — \\\

Health check-ups ‘ / y \
| — — and feedback '.// A new approach 7\\7”, :
‘ / | [ to physical '
‘ /' External resources ‘ “ \'\ activity
\ [ supporting Emotional / b | To overcome

ol motivation to support through / T N barriers to
.u‘\\ engage in physical friendly / ‘ - physical activity
\

activity relationships

Figure 5. Content analysis resulted in two main categories and five sub-categories.
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Study IV demonstrated that modeling substitution of 30 min in the form of objectively measured time from SB in bouts >60 min to MVPA
was beneficially associated with BMI (b = -1.46 95% confidence interval (Cl): -2.60, -0.33 kg/m?), waist circumference (b = -4.30 95% Cl: -
7.23,-1.38 cm), and HDL cholesterol (b = 0.11 95% Cl: 0.02, 0.21 mmol/l) in individuals with prediabetes and type 2 diabetes. The
associations were of similar size for the 60 min sedentary bout and sedentary non-bout time (interrupted sitting). There were no statistically
significant health benefits observed in reallocating time from long-bout sedentary time to non-bout sedentary time. The same associations
were observed when sedentary time was in bouts of >40, and >20 min, with the addition that reallocating time from LPA to MVPA was
associated with lower waist circumference, lower BMI and higher HDL cholesterol.

Intervention group A participants walking during a group session.

29



6.2 STUDY POPULATION AND CONTEXT

Three samples of the population with prediabetes and type 2 diabetes were used in this thesis. Table 7 lists demographics of the three

samples and, for comparison, from the Swedish National Diabetes Register. For most variables the three samples show similar patterns in

the three samples. Study Il included participants from Smedby, whereas study lll and IV only included participants that were recruited at

Sophiahemmet. The sample in study Il had a somewhat lower number of persons with university education.

Table 7. Demographics of the three study samples and from the Swedish National Diabetes Register.

Baseline variable Study 11 Study 111 Study 1V National Diabetes
Process evaluation  Qualitative Cross-sectional Register!

n 159 18 124 371148

Age, years 64.4 (7.4) 66.6 (4.5) 63.8 (7.5) 68.5

Female, % 44% 38.9% 50%

Prediabetes, % 25% 27.8% 27%

Diabetes duration?, years 8.4 (6.0) 9.5(7.4) 7.8(5.2)

Daily smoker 6% 6% 5%

University education 49 % 50% 60%

Living with partner 71% 66.7% 70%

HbA1c, IFCC mmol/L, all 49 (11) 51 (14) 48 (11)

HbA:c, type 2 diabetes participants 52 (11) 56 (13) 52 (11) 54 (53.4-53.8)

Fasting glucose, mmol/I 7.8 (1.9 7.4(1.8) 7.4 (1.6)

C-Peptide, nmol/L 1.1(0.4) 0.9 (0.4) 1.1(0.8)

HDL cholesterol, mmol/L 1.4 (0.4) 1.4 (0.4) 1.4 (0.4)

LDL cholesterol, mmol/L 2.9 (1.0) 3.1(0.9) 3.0(1.0) 2.6 (2.6-2.6)

Triglycerides, mmol/L 1.7 (0.8) 1.9(1.1) 1.7 (0.9)

Body mass index, kg/m? 29.9 (4.4) 29.2 (4.6) 29.7 (4.6) 29.9 (29.8-30.0)

Waist circumference, men, cm 107.0 (10.3) 110.2 (14.0) 108.0 (11.3)

Waist circumference, women, cm 99.3 (12.5) 91.3(14.5) 99.3(12.8)

Sagittal abdominal diameter, cm 24.2 (3.4) 23.5(4.2) 23.7 (3.3)

Systolic blood pressure, mmHg 132.6 (15.2) 131.4 (15.6) 130.6 (15.1) 134.2 (133.8-134.6)

Diastolic blood pressure, mmHg 83.5(9.3) 80.4 (9.0) 83.1(9.3) 76.6 (76.3-76.9)
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Table 8 shows physical activity and dietary patterns for baseline values of the three samples and table 9 lists medical treatment and

comorbidities if the three samples.

Table 8. Physical activity and dietary patterns of the three samples.

Baseline variable Study 11 Study 111 Study 1V
Process evaluation Qualitative Cross-sectional

Accelerometer wear time, min/day 833 (79) 847 (54) 834 (80)
Steps/day 6757 (2955) 7099 (2225) 7169 (2948)

> 5000 steps/day 68% 76.5% 74%

> 7100 steps/day 42% 52.9% 48.2%
Moderate to vigorous intensity physical activity®  31.1 (23.7) 32.8 (17.3) 34.1(24.1)
Time in MVPA bouts, min/day? 14.9 (17.2) 13.3(12.0) 16.2 (17.3)
Light physical activity, min/day* 222.5 (63.1) 229.8 (47.4) 224.4 (63.1)
Total sedentary time, min/day* 579.0 (84.4) 684.7 (86.6) 576.1 (82.0)
Time in sedentary bouts min/day® 273.3 (103.1) 277.8 (101.1) 263.6 (96.6)

> 22 min MVPA/day 56% 64.3% 66.4%
Vegetables, daily servings 1.5(1.0) 1.7 (1.3) 1.6 (1.0)
Percentage whole wheat bread of consumed bread 80 (31) 80 (30) 80 (30)
Cooking fat quality, mostly butter 28% 33.3% 29%

The table presents mean (standard deviation), or proportion (%).
Total accumulated min/day (> 1 min), thresholds for physical activity intensity are <100 counts/min for sedentary (SB), 100 to 1951 counts/min for light
intensity physical activity (LPA) and >1952 counts/min for moderate to vigorous physical activity (MVPA).
2Bouts of >10 min duration of moderate to vigorous physical activity.

3 Sedentary time was divided into 30 min sedentary bouts and other sedentary time.
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Table 9. Medical treatment and comorbidities of the three samples.

Baseline variable Study 11 Study 11 Study 1V
Process evaluation Qualitative Cross-sectional

Insulin 13% 11% 8%
Sulfonylurea 15% 28% 13%
Metformin 56% 50% 57%
Other anti-diabetic drugs 9% 0% 12%
Statins 55% 56% 66%
Beta-blocker 23% 18% 23%
ARB or ACE medication 51% 66.7% 46%
Hypertension 75% 94% 73%
Hyperlipidemia 76% 89% 76%
Other CVD 28% 22% 24%
COPD 10% 6% 18%
Inflammatory diseases 5% 6% 4%
Cancer in past 5 years 6% 11% 7%
Other disease 22% 6% 21%
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6.3 INTERVENTION DESIGN (study I)

6.3.1 Theoretical framework

Sophia Step Study was set-up as a three-armed RCT, randomizing the participants into either a multi-component intervention group (A), a

single component intervention group (B) or a control group (C) (Figure 6). The multicomponent intervention (A) consisted of individual
consultations, group meetings and self-monitoring of steps. The single component intervention (B) consisted of self-monitoring of steps,

and group C served as a control group. Interventions A and B were theory-based and applied several BCTs intended to facilitate behavior

change (124). The intervention was grounded on three theoretical models for behavior change: stage of change theory (120), health belief
model (119) and social cognitive theory (121). From each of the respective theory several BCTs were assumed to be applied by the
intervention components. Figure 6 illustrates how the initial ideas, backed with scientific evidence, previous experience and discussions

resulted in three intervention components and the BCTs from respective theory.

=S ~evidence

Intervention components

Scientific Discussions

Self-monitoring

of steps

[

Individual
counselling

p

Group
meetings

Health belief model

Awarenessraising
Consciousness raising
Self-monitoring
Behaviorawareness raising
Behavior goal setting
Self-rewarding

Instant feedback
Barrieridentification
Feedback on performance
Feedback on health
outcome

Self-efficacy

-

Stages of change
model

Individualgoal setting
Promptreview of goals
Positive reinforcement
Decisional balance
Problem solving
Relapse prevention
Social support
Encouragement

Social Cognitive
Theory

Role-modelling
Positive reinforcement
Self-re-evaluation
Behavioral capability
Social support
Re-evaluation of
environment
Seif-efficacy

Figure 6. The theoretical foundation of the Sophia Step Study illustrating the

intervention components and how they relate to the theoretical models and BCTs.
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6.3.2 Intervention components, study assessments and outcomes

6.3.2.1 Self-monitoring of steps

Participants in group A and B were offered a pedometer (model Yamax Digiwalker SW 200) (Figure 7). The participants were given the
pedometer together with a diary and instructions on how to log in to the webpage (www.steg.se) to register steps. The webpage
contained features such as a voluntary individual goal setting, feedback on performance compared with the individual goal and to a
“healthy goal” of 7000 steps/day, graphical summaries of the own steps, distance walked and calories burned over a week, average steps
over the calendar year, total distance walked on a simulated map and social comparison (anonymously participants saw a total summary
of the performance of other participants in the same group and their position in a ranking of total steps). Figure 7 describes a diagram
over a participant’s steps during 1-year period.

oktober - november

Figure 7. The pedometer model Yamax 200 and an example of graphical
feedback from the webpage were offered to all participants in group A and B.

6.3.2.2. Individual consultations

In total 10 individual consultations during two years were offered. These consultations were planned to take from 45 to 60 min. They
were based on MI (95) in the sense that the diabetes specialist nurses were trained in using the method. Step performance and the
outcomes from the health assessments served as a basis for the consultations. The diabetes specialist nurses were familiar with the FaR’
method (physical activity on prescription) and were asked to apply this method and to follow-up whenever a prescription was outlined.

6.3.2.3 Group meetings

The group session program in Sophia Step Study was inspired by the IMAGE Toolkit, which was based on evidence-based guidelines and
curriculum developed by a large EU funded collaborating project (the IMAGE project) (162). A program for the group session was planned
and tested in a pilot sample. At the first group session the individuals were given a handbook for an individual action plan and information
about the risk of hypoglycemia that could occur during physical activity. The group sessions started with a walk for 20-30 min and were
then continued in a small room with a round table. The first sessions started with information about the benefits of physical activity and
behavior change and the group leader asking open questions. Subsequently the group sessions progressed with the participants
describing the status of their behavior change. Throughout the session, the participants were given time to discuss and ask questions
while at the same time the group leader was structuring and managing the core content. The second session consisted of instructions for
Nordic walking, correct technique for walking was instructed and practiced. The fourth session took place at a gym, where instructions
were given and the participants practiced a home-based program for strength training. The strength training program was developed in
collaboration with a personal trainer and a physiotherapist. In total 12 group meetings were offered over 2 years.
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6.3.2.4 Control setting

The participants in the control group were given standard care, except for taking part in a research study. The controls came regularly for
study assessments, received feedback on health outcomes and were asked to fill out a questionnaire on five separate occasions. At the

last assessments, they were asked if they had used a pedometer or any other activity tracker in the past 2 years.

6.3.2.4 Study duration, assessment frequency and outcome

Intervention duration was 2 years, with more intense support during the first 6 months of the intervention and focus on maintenance

thereafter. Primary outcome was HbA1. and secondary outcomes included steps, MVPA and a number of cardiometabolic biomarkers and

anthropometric parameters. Study assessments were performed at week 8, 12, 16 and month 6, 12, 18 and 24.

6.4 IMPLEMENTATION OF SOPHIA STEP STUDY (study Il and Ill)

6.4.1 Fidelity, delivery and reach

The process evaluation followed a framework to structure the procedure in which the reporting included context, fidelity, delivery,

adaptations and reach. The results from the process evaluation of the first 6 months of implementation of the Sophia Step Study are
outlined in Table 10. The context of the Sophia Steps Study is described in terms of a description of the study population in section 6.2.

Table 10. Process evaluation features and results for each intervention component.

Implementation

feature

Intervention component

Pedometer + website

Individual Ml
consultations

FaR’®

Group consultations

What was delivered Delivered as planned

Delivered as planned

Applied occasionally

Delivered as planned

Some issues with the
pedometers and
usernames to the
website occurred. If a
pedometer did not work
correctly a new device
was given or mailed.
Some participants chose
to use other activity
trackers.

Notes

The nurses reported
some difficulty focusing
on physical activity.

The diabetes specialist
nurses felt that applying
FaR® was not necessary,
because the method was
overlapping with Ml and
an application of a step
goal

Who delivered Diabetes specialist nurses
distributed out the
pedometers, instructions
and usernames for the

website.

Diabetes specialist nurses
introduced in the
theoretical models and
trained in M.

Diabetes specialist nurses
trained in the FaR’
method.

The group meetings were
led by a project staff at
Sophiahemmet and a
diabetes specialist nurse
at the rural primary care
center.
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Pedometer + website

Individual Ml
consultations

FaR®

Group consultations

Dose delivered

6 months step-
registration

4 consultations

Data missing

5-6 group sessions

Notes

Reminders were sent
every 6 weeks by text
messages to participants
who had not registered
their steps onto the
webpage for the past 6
weeks. Pedometers that
did not seem to work
properly were replaced.
Some participants chose
to use another activity

tracker for step counting.

Problems with lost
passwords and browsers
were solved.

Individual consultations
were offered to all group
A participants within + 2
weeks from the
scheduled week. The
nurses were generous by
offering to reschedule
the appointments to suit
the participant.

The quality of the Ml talks

was not possible to
evaluate.

Prescriptions were not
logged to the extent that
made it possible to
evaluate.

One group session was
cancelled for the group
from the insurance clinic,
because of too few
participants. Fewer
participants than
expected came to the
group sessions,
otherwise the sessions
followed the intended
program. The discussions
were structured by
content but shaped by
the individuals in the
respective groups.

Dose received

89 % registered steps on
>67% of the possible

89 % came to all four
individual consultations;

Data missing

72 % came to at least
four (or three in the case

Group A . .
days; 9 % came to three of the insurance clinic)
84 % had a step goal. individual consultations. group sessions.

Group B 96 % registered stepson 84 % came to all four Not applicable Not applicable
>67% of the possible study assessments;
days; 13 % came to three study
71 % had a step goal. assessments.

Group C 80 % came to all four Not applicable Not applicable

Study assessments;

13 % came to three study

assessments.
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6.4.2 Mechanisms of impact

The possible mechanisms of impact were studied indirectly in study Il by exploring the experiences of participating in a research study.

Participants adhering to the 2-year interventions and the control group protocol repeatedly described many of the intended BCTs during the
interviews. This is illustrated by some examples of the participants’ remarks about the study participation in figure 8.
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Figure 8. Participants’ quotations and examples of the BCTs mentioned by the participants’.

The qualitative analysis was performed using an inductive approach. In a process evaluation it is of interest to explore whether the

intervention components and mechanisms were applied. In an ad hoc application of a deductive approach (not included in the manuscript),
the results from study Ill were compared with the intended BCTs. Figure 9 displays the BCTs that were intended to be applied in the Sophia

Step Study, the experiences that were reported by the interviewed participants in study Il and the BCTs evaluated as implemented in an ad
hoc analysis.
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Intended behavior Experiences expressed Implemented behavior

change techniques by participants change techniques
ﬁedometerand \ Health check-ups \ ﬁealth check-ups
webpage Feedback on health outcomes Feedback on health
Self-monitoring A personalized approach outcome
Behaviorawareness Being listened to Positive reinforcement
raising Assistance in understanding results Encouragement
Goal-setting Encouragement
Self-rewarding Pedometerand
Instant feedback Pedometer webpage
Barrieridentification Awareness of the own physical Self-monitoring
BEt siox poalsELUng activity pattern Behaviorawareness
Feedbackon Goal_setting raising
performance Feedback on performance Goal-setting
Kprompt review of goals Taking control of daily activities {pcrant feed bk
/ Monitoring steps Feedback on
Social comparison performance
Gdividualcounselling\ Review of goal accomplishment Prompt review of goals
Awareness raising Reinforcement Behavior goal setting
Consciousness raising Individualgoal setting
Individualgoal setting Group meetings
Eeedback on Inspired to become physically active Group meetings
performance Provision of information Social support
Feedback on health Sharing of experiences and advice Role modeling
outcome Peersupport
Self-efficacy Role modeling (to be and to have) overall
Positive reinforcement Self-re-evaluation
Barrier identification Emotional support Awareness raising
Goal-setting Open and honest interactions Consciousnessraising
Decisional balance A feeling of control Re-evaluation of
Relapse prevention A feeling of being cared for environment
Self-re-evaluation Positive social pressure Barrier identification
Positive reinforcement Problem solving
New approach to physical activity &elapse prevention
\ / Awareness of the importance of
physical activity and daily routines /
K \ Turning point (self-re-evaluation) Unexpected
Group meetings Own responsibility (shared decision Beinglistenedto
Awarenessraising making) Assistancein
Decisional balance Development of strategies to understanding
Social support implement physical activity in daily Open interacations
Encouragement life Feeling of control
Barrier identification Establishment of new routines Being cared for
Problem solving Have taken control over their own Personal development
Behavioral capability health w\strinsic motivation
S:Iaf!:fiit::;s Intrinsic motivation Not e?(pli iy e
Role modeling To overcome barriers Dezlsu‘)nallbalanc-er
Relapse prevention Dealing with frustration, performance Beheviorsl capebilky

Bk ) Self-effica
Positive reinforcement stressand lack of motivation cy
Self-rewarding
A personal development

Figure 9. The intended BCTs (first column), participants’ expressed experiences (middle column)

and implemented BCTs (last column).




6.5 PHYSICAL ACTIVITY BEHAVIOR AND HEALTH OUTCOMES (study I1)

6.5.1 Changes in physical activity behavior

After 6 months of intervention, the trends favor the two intervention groups (A and B) regarding physical activity measures. Mean (Cl)
change in number of daily steps was 1097 (232, 1962) in group A, 1242 (313, 2171) in group B and -457 (-1164, 250) in group C. Mean (Cl)
change in MVPA was 6.1 (-0.0, 12.2), 7.4 (-0.9, 15.6) and -6.3 (-11.2, -1.5) min per day in group A, B and C respectively. Time spent
sedentary changed with mean (Cl) -0.3 (-27.0, 26.5), -7.8 (-21.8, 6.1), and 14.4 (-17.0, 45.8) min per day respectively. Figure 10 shows the
percentage in each group reaching the recommended levels of steps and MVPA at baseline and after 6 months post intervention.
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Figure 10. The percentage in each of the three groups reaching recommended daily levels of steps and MVPA at baseline and after 6 months
of intervention.
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6.5.2 Changes in clinical biomarkers

Mean (Cl) change in HbAicwas -2.32 (-4.65, 0.01) in group A, -0.93 (-2.60, 0.75) in group B and -1.44 (-3.47, 0.58) in group C. Figure 11

displays the trends for several cardiometabolic risk factors up to 6 months intervention.
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Figure 11. Clinical variables at baseline, 3 months and 6 months for respective group.
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6.5.3 Between group differences

In study Il between group differences at 6 months of intervention were analyzed using linear mixed models. To obtain the effects of gender,
diagnosis and age stratified linear mixed models were run for these predictors. Forest plots for the total sample and the stratified analyses

are presented for selected outcome variables in Figure 12 and 13.
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Figure 12. Confidence intervals for mean effect size for between-group differences in the total sample and when stratified by gender, diagnosis and age.
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Figure 13. Confidence intervals for relative rate for between-group differences in the total sample and when stratified by gender, diagnosis and age.
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6.6 HEALTH ASSOCIATIONS OF SEDENTARY TIME IN VARIOUS BOUT LENGHTS AND PHYSICAL ACTIVITY OF LIGHT AND MODERATE TO
VIGOROUS INTENSITY (study IV)

Study IV investigated the health associations of substituting prolonged sedentary time by modeling reallocation of sedentary time with time
in other activity intensities, including interrupted sedentary time.

In study IV the results of sedentary time in 60 min bouts were displayed and discussed. It is unknown when breaks in sedentary time should
be taken and secondary analyses with sedentary time in bouts of 20 and 40 min were therefore performed. The purpose was to investigate
the health associations of taking breaks after sitting in 60-, 40- and 20 min intervals. The results from these analyses were provided as
supplements in the manuscript. Here, the results from the partition and isotemporal analyses for all three subsets of sedentary time are
presented for the three health outcomes (HDL, BMI and waist circumference).

6.6.1 Health associations of sedentary time and physical activity

In the single model, in which no adjustments were made for time in other activities, statistically significant (p<0.05) detrimental associations
were found for total sedentary time and HDL, waist circumference and BMI. MVPA was beneficially associated with HDL, waist
circumference and BMI. For LPA and sedentary time split in bouts and non-bouts the results were mixed and for the other outcome variables
the effects were small or non-significant.

In the partition model adjustments were made for time in other activities. The negative health effects of sedentary time remained, but the
effects were no longer statistically significant (p<0.05). In contrast, the beneficial associations of 30 min of MVPA with higher HDL, lower
waist circumference and lower BMI were strengthened, with statistically significant results remaining for all three variables. Figure 14, 15
and 16 displays the regression coefficients from the partition model for HDL, waist circumference and BMI, respectively. Although small,
there was a tendency with negative associations for sedentary time in bouts with HbA1. (relative rate 1.02), and positive associations of
sedentary time in non-bouts with fasting plasma glucose (relative rate 0.98) (not shown).
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Figure 14. Associations of sedentary and physical activity time with HDLcholesterol, adjusted for time in other activities.
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Figure 15. Associations of sedentary and physical activity time with waist circumference, adjusted for time in other activities.
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Figure 16. Associations of sedentary and physical activity time with BMI, adjusted for time in other activities.



6.6.2 Health associations of sedentary time and physical activity adjusted for substituted activity

By modeling reallocation of 30 min sedentary time to MVPA (isotemporal model) the beneficial associations from the partition model with

higher HDL, lower waist circumference and lower BMI were even stronger. The same associations were observed when sedentary bout time
was > 60 -, > 40- and > 20 min (Figure 17, 18 and 19). No associations were seen for HbAi. and fasting glucose.
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Figure 17. Effects on HDL cholesterol of reallocating 30 min from one sedentary or physically active behavior to another.
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Waist circumference
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Figure 18. Effects on waist circumference of reallocating 30 min from one sedentary or physically active behavior to another.
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7 DISCUSSION

By October 2016 159 participants had been recruited to the Sophia Step Study and randomized into one of three parallel groups: a
multicomponent intervention (A); a single component intervention (B); or a control group (C). The interventions were feasible to
implement in the primary care setting with low drop-out rate, high fidelity to the study protocol and a high grade of delivery and dose
among those that enrolled. Both intervention groups increased mean daily steps while the control group decreased mean daily steps after 6
months intervention. The health check-ups were described as personalized, providing feedback on health outcomes, positive reinforcement,
and resulting in a sense of being taken care of. The participants recalled self-monitoring of steps, the group sessions and the health check-
ups as resources that increased motivation for physical activity and lead to establishment of new daily routines and in taking control over the
own health.

Modeling reallocation of objectively measured time from sedentary time in bouts to moderate and vigorous physical activity was beneficially
associated with HDL cholesterol, waist circumference and BMI.

7.1 INTERVENTION DESIGN OF THE SOPHIA STEP STUDY

7.1.1 Intervention components

In 2011 the Swedish National Board for Health and Welfare recommended health services to support self-management of physical activity
by offering an advisory dialogue (Swedish: radgivande samtal) to physically inactive persons (92). Further advice included recommending the
use of a pedometer and/or to prescribe FaR®’. A few years earlier, the Swedish Agency for Health Technology Assessment and Assessment of
Social Services recommended applying group education in diabetes care (104). Sophia Step Study evaluated a structured use of these
recommended methods in type 2 diabetes care. It will not be possible to elucidate the separate effects of MI, FaR® and group consultations
in the Sophia Step Study, but it is possible to evaluate the effects of a multicomponent approach. Evidence suggests efficacy of these
methods in improving physical activity and that perhaps applying a personalized approach and tailoring the needs of the individual, together
with a minimum dose, are the core components of effective support (89, 94). The Swedish Board of Social Health and Welfare has concluded
that Ml is not recommended as means to improve metabolic control and weight reduction in diabetes care because of its limited effects
(163). Yet, evidence on the efficacy and pragmatic application of physical activity support methods is still scarce (11).

The purpose of intervention B was to evaluate whether self-monitoring of steps alone is effective to support self-management of physical
activity. Whereas intervention A is staff demanding, intervention B is a brief intervention and a more pragmatic approach for scaling up. The
evidence behind the intervention B was largely drawn from the study of Bravata et al. which was one of the first systematic reviews
demonstrating efficacy of pedometers on increased physical activity levels (164). At the time of planning the Sophia Step Study few
pedometer interventions had been undertaken in a diabetes care setting. Today, both systematic reviews and meta-analyses have shown
the efficacy of pedometers and other forms of activity trackers in increasing daily steps and reducing weight even in the population with
type 2 diabetes (108,110,111).

In many pedometer studies it varies how, and if, steps were actually self-monitored over time, or if pedometer feedback was only displayed
from a day-to-day basis. In the Sophia Step Study the feature of self-registration of steps onto a webpage added the possibility for the
participant to view their own step pattern graphically illustrated over the week, month and year, as well as to compare their performance
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with that of others. The webpage (steg.se) was previously used in a workplace intervention (ASUKI step) with promising results for blood
pressure benefit in healthy adults (165). Combining a pedometer with a webpage as in the Sophia Step Study, corresponds to the new
generation of step counters that are integrated with software in smartphones, smart watches, bracelets and other handheld devices. During
the past years, the use of activity trackers has exploded, where self-monitoring of steps has proven to be a promising tool for the self-
management of physical activity (166). Currently, a vast number of trials internationally, and at least one trial in Sweden, the DiaCert-study,
is evaluating the use of a mobile phone application in diabetes care (167). It is probable that activity trackers become a part of diabetes self-
management in the near future and therefore it becomes crucial to explore, not only the efficacy, but also the mediating factors,
participants’ experiences and potential side effects of self-monitoring of physical activity.

Sophia Step Study was designed to examine the effects of long-term use of self-monitoring of steps and to explicate the role of counseling
on increased physical activity and maintenance. Two studies have had similar set-ups. Walking for wellbeing was an RCT with two
intervention groups: one group received pedometers and brief advice on physical activity and the other group received pedometers with
more intense counseling. The study was undertaken in a general population in primary care in Scotland. Both interventions were effective in
increasing steps over time (at 12, 24 and 48 weeks) and there was no significant difference between the two intervention groups (114). The
PACE-UP trial is another study that provided a pedometer with or without counselling. The study took place in a general population in
primary care practices in London. After 12 months both intervention groups increased mean daily steps with a similar amount compared to
the control group (642 steps/day without counseling and 677 step/day with counselling more than the controls). Yates el al evaluated a
three-hour physical activity education session with or without pedometers, compared with a control group in individuals with impaired
glucose tolerance. The group receiving the education and pedometers increased physical activity levels compared with the control group
after 3, 6 and 12 months while the group without pedometers increased physical activity compared with the control group only after 12
months. Intervention effects on fasting glucose and 2-hour glucose were evident at 3, 6 and 12 months but only in the pedometer group
(168). Bjgrgas et al. evaluated the effects of using a physical activity diary with or without a pedometer. Physical activity was not measured,
but both groups significantly improved weight, HbA:, fasting glucose, triglycerides, HDL and glucose 24 weeks after the intervention with no
effect between the groups (169). The authors conclude that pedometers did not enhance the effect above the intervention with advice and
a physical activity diary. It may well be that the physical activity diary, together with the four study assessments resulted in a ceiling effect.

7.1.2. Intervention duration and dose

Study duration was decided to last 2 years, to allow for behavior change to occur and to be maintained. For many individuals, finding
motivation to change is a difficult and slow process. Many circumstances around the individual can affect readiness for change, or the
possibility to be active: for example, work conditions, their health and that of relatives, or that the weather or the winter season may reduce
motivation for physical activity. Support therefore needs to be a continued process of establishing conditions for change. For the first 6
months of the intervention individual consultations and group meetings were planned on a more frequent basis. The second focused on
maintenance strategies. The Sophia Step Study allowed for long-term treatment and tracking of physical activity behavior and
cardiometabolic outcomes over a 2-year period, which is rather unique (14).

7.1.3 Intervention outcomes

HbA1. is the most commonly used outcome measure for diabetes treatment and was chosen as a primary outcome to allow for direct
comparisons with other treatments. Fasting glucose, insulin, C-peptide, IGF BP1 and ApoA1l and ApoB were selected as secondary outcomes.
These biomarkers will help explore the effects of volume and intensity of physical activity on the complex pattern of glucose metabolism.
The risk for cardiovascular disease is elevated in individuals with type 2 diabetes and known cardiovascular risk factors HDL cholesterol, LDL
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cholesterol, triglycerides and blood pressure were also measured. Several obesity measures were chosen (weight, BMI, waist circumference,
sagittal abdominal diameter and percentage body fat) to evaluate the effects of the intervention on overweight and obesity, as these are
closely linked to glucose metabolism. All these cardiometabolic biomarkers play separate roles in diabetes progression and cardiovascular
risk. Thus it is important to understand the effects of physical activity on each of these markers separately as well in combination (170, 171).
Health related quality of life was also included as an intervention outcome of Sophia Step Study. The choice of HbA1 as primary outcome for
prediabetes can be discussed. For participants included based on elevated fasting glucose an effect on HbA1. cannot be expected.

Evidence of the effect of pedometers on cardiometabolic risk factors (e.g. HbA1c,) is mixed (108, 110). Several factors may explain this
miscellany of results. For instance, the level of physical intensity or volume needed to impact on cardiometabolic risk factors may not be
achieved by the use of pedometers. This will be possible to explore in the Sophia Step Study by using accelerometers to evaluate change in
physical activity. Furthermore, obtained intervention dose, sleep, other health conditions and changes in diet and medications may function
to mask the effects of the intervention and hence subgroups may not be susceptible to response. In the planned 12- and 24- month
evaluations of the Sophia Step Study such moderators and predictors will be explored.

7.1.4. Logic model

The theoretical models stages of change model, health belief model and the social cognitive theory were chosen as a basis for the
interventions. The three models complement each other well and serve to structure the interventions and in understanding behavior
change. The health belief model was intended to be applied to increase determination and motivation for physical activity, mainly during the
early phase (first 6 months) of the intervention (119). The stages of change model was applied, for instance, with decisional balance, goal-
setting, action planning, barrier identification and relapse prevention, but as a whole to understand the individual’s readiness for change and
tailor the support to the specific needs of the individual (120). Social cognitive theory was primarily employed during the group sessions and
added BCTs, such as role modeling and skills training, as well as the approach that physical activity behavior is dynamic, changeable and that
there exists an interaction between the individual, the behavior and the environment (121).

The BCTs that were anticipated to be used in the interventions in Sophia Step Study were drawn from Tudor Locke’s explanation of why
pedometers work (107) and from the constructs of the theoretical models, interpreted to be consistent with the CALO-RE taxonomy (124).
Several of the chosen BCTs had been identified as efficient in increasing physical activity and improve HbA1. in systematic reviews (101, 118,
127). Commonly applied BCTs are goal-setting, action planning, self-monitoring of behavior, barrier identification, instructions on how to
perform a behavior, use of follow-up prompts and social support (105, 118). However, the most common BCTs are not necessarily the most
effective (105). Improvements in HbA1c have been associated with the use of a larger number of BCTs (>10) (105, 118). Though, the
quality of reporting BCTs and fidelity in the use of BCTs are often poor and conclusions cannot yet be drawn for either specific BCTs or
efficacy of a larger number of BCTs. Fidelity in relation to each of the BCTs was not planned to be measured in the Sophia Step Study and
thus it may not be possible to contribute to the evidence of the most effective BCTs. However, questions on self-efficacy and support for
physical activity are included in the questionnaire and planned to be evaluated in future studies.

7.2 THE CONTEXT OF THE SOPHIA STEP STUDY

7.2.1 Recruitment

Enrollment of participants to the Sophia Step Study took a longer time than expected. The planned recruitment method was consecutive,
but changed to convenience sampling over the course of the study. The response rate was 48%, i.e. 52% were excluded or denied
participation. Most frequent grounds for exclusion were: already highly active or the patient’s health condition did not allow. Most common
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reasons for denying participation were time constraints, health condition and already active/don’t need, which is in congruence with reasons
reported in previous studies (172-174). The participants from the insurance clinic showed a lower enrollment rate and lower adherence
than the two primary care centers. Patients are listed at the insurance clinic by their employer and it can be speculated that this group of
patients in general is younger and busier. Response rates in similar interventions studies ranged from 19-54% (112, 168, 172, 174-176).
Concerns that should be investigated are how to include individuals with health conditions that requires supervision for physical activity and
how to reach and motivate those that feel they don’t have time.

7.2.2 Study population

In the Sophia Step Study it was decided to recruit not only individuals being diagnosed with type 2 diabetes but also those diagnosed with
prediabetes. The reason for including both groups of diagnosis was to implement the guidelines to offer a treatment plan also for individuals
with prediabetes (177). The findings of study Il showed that applying the same intervention for individuals with prediabetes and type 2
diabetes is appropriate. Combining the two diagnosis groups is a pragmatic approach to enhance both primary and secondary prevention of
type 2 diabetes. Yet, this strategy of mixing the two groups of diagnosis makes comparisons with other studies somewhat more complicated
and the two groups may differ in motivation and response. The group with prediabetes had more females, was more physically active,
consumed more fiber-rich bread and displayed a better cardiovascular risk profile at baseline. There were no differences between the
diagnosis groups with respect to age, smoking, other diseases, educational level or living with partner.

The three samples displayed baseline values similar to the Swedish National Diabetes Register with the mean HbA1c marginally lower in
study Il and IV and marginally higher in study Ill. Mean age of all three samples were slightly lower which can be explained by the inclusion
criteria of 40-80 years of age.

A large proportion of the individuals in study Il (56%) reached >22 min of MVPA per day at baseline, which can be considered equal with the
recommended levels of MVPA, if the recommended level of 150 min of weekly MVPA is averaged over 7 days. The mean baseline steps in
study Il was 6757 steps per day. In similar intervention trials in populations with type 2 diabetes, mean daily steps range from 4775-7160
steps per day (168, 174, 175, 178, 179). Hence, a large number of participants enrolling in intervention trials are likely not sedentary (<5000
steps/day) and many are probably already reaching 7100 steps/day.

This fact raises a number of concerns: the Stanford Brief Activity Questionnaire applied to exclude already active individuals may not be
sensitive enough to exclude high active individuals, inactive persons were not reached, the participants may have raised their level of
physical activity during the week wearing an accelerometer, and the intervention should perhaps be better tailored to the individual levels of
physical activity. For those already reaching 150 min/week MVPA per week focus should be on increased volume or intensity, as it is
underlined in the recommendations that 150 min MVPA per week is a minimum and higher intensity of physical activity probably provides
superior effects on metabolic control (180, 181). Besides, resistance training is also included in the recommendations and could be the next
step to include as a regular habit (39, 80). Depending on the individual focus of the support could also be on maintenance of the current
physical activity level.

7.2.3 Control setting

A factor that influences the efficacy of an RCT is what the controls receive during the study. The number of study assessments and
attendance by the controls was therefore described in study Il. The questionnaires that the participants were asked to complete at baseline
and after 12 weeks included questions on e.g. physical activity and dietary habits, social support for physical activity and self-efficacy for
physical activity. Being asked these questions may have influenced the participants” awareness and motivation to comply and physical
activity, including those in the control group. Another factor that can have biased the control group is the contamination effect of receiving
feedback on health outcomes and meeting the same diabetes specialist nurse, who was educated in MI. The results from the qualitative
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analysis in study Il revealed that simply participating in the study and receiving feedback on their results were greatly appreciated the
participants. It became clear that the control group did not receive usual care with “only” study assessments, as formulated in the study
protocol (study I). In fact, the controls received an intervention with regular contact and check-ups by a diabetes specialist nurse. The fact
that being part of a research study affects the motivation to comply and may induce behavior change per se is well-known (138, 139). Thus,
the participants in the control group may have gained motivation and improved their lifestyle habits during the course of the study. In the
case of Sophia Step Study, the treatment that being part of the research study brings, follows the same protocol for the three groups and the
effects of being part of a research study can be ruled out.

7.2.4 Concurrent trends

Factors that may influence the outcomes of a study can be from the social and physical environment that occurred during the course of the
study (12). This possibility was not discussed in the manuscript because of limited space. Nevertheless, a general increased use of activity
trackers in the society, changes in infrastructure with more bike paths and dietary trends (e.g. 5-2 diet) occurred during the study period. To
control for the use of activity trackers by the controls they were asked at the last study assessment (24-months assessment) whether they
had used any activity monitoring device during the past two years. Another development that has occurred during the study period of
Sophia Step Study is the prescription of new diabetic drugs and technical devices to monitor blood glucose and blood pressure levels (182).

7.3 THE IMPLEMENTATION OF THE SOPHIA STEP STUDY
7.3.1 Delivery

Overall, the intervention components were delivered as expected and fidelity to the study protocol was high. An exception was
prescribing physical activity according to FaR®. Grading the delivery of FaR® and Ml after the individual consultations was not done
frequently and therefore it was not possible to evaluate the delivery as planned. From the frequent dialogues with the diabetes specialist
nurses during the study, it became apparent that the reason for not applying FaR® was that asking about steps and applying Ml were
concurring with FaR®. Thus, FaR® seemed to be doing the same thing. Applying M| was also reported as challenging. It was especially
challenging with respect to goal setting and in keeping the focus on physical activity. Important constructs of Ml are to let the person
decide on what to focus on and to encourage the choices that the individuals make, even if they decide not to change (95). The counsellor
may feel like not performing well because progress is always not so obvious. There are methods to qualitatively evaluate Ml sessions,
such as the Motivational Interviewing Treatment Integrity Code (MITI 4) (183). This option was considered, but not made during the
Sophia Step Study.

The results from study Ill indicate that self-monitoring of steps, and group and individual consultations were aptly delivered. The
participants’ expressed experiences also indicated that many of the essential components of Ml were delivered. For example, a friendly
atmosphere, encouragement and a personal turning point with increased awareness, motivation for physical activity and the
establishment of new routines can be regarded as being results of delivered MI. A limitation of using study Il as a measure of fidelity is
that participants from the different intervention groups were not separated in the analysis and only seven participants from intervention
group A were interviewed. In addition, only participants from the first two blocks of recruited participants were interviewed, these
participants all met the same diabetes specialist nurse.

An important part of intervention delivery is to report on the training of the intervention providers (136). The three nurses involved in the
Sophia Step Study were all acquainted with Ml and FaR® through courses provided or paid for by their employers. They were only briefly
introduced (1-2 hours) to the theoretical background of the interventions. The prior knowledge and skills of the three nurses probably
varied owing to educational background, experiences and interests, which would reflect the actual in primary care context. The

51



knowledge and skills of the intervention providers of the Sophia Step Study were not evaluated, which is a limitation in the evaluation of
delivery. In a process evaluation of a similar physical activity intervention in routine diabetes care fidelity to was evaluated through email
contacts, intervention session summaries and interviews with participants and the health professionals. The intervention was feasible to
implement with high delivery and appreciated by the participants. Reasons for succeeding in delivering the intervention were reported to
be the positive relationship between the participants and the health professionals delivering the consultations, the individual approach of
meeting the individuals” needs and the flexibility in follow-up support offered (telephone, email or face-to face) (184).

7.3.2 Dose received and reach

The intervention dose received reached high percentages in both intervention groups from all three centers and compliance to the
treatment scheme offered was high. Few studies reporting dose received for interventions that promote physical activity in primary care
are available. However, studies that do report treatment compliance show similar results with a high dose in enrolled participants. The
PACE-UP up trial was a pedometer-based walking intervention in primary care centers in South London. A process evaluation following the
Medical Research Council (MRC) guidance framework was undertaken to evaluate the implementation of the 12-week intervention. The
dose was regarded as high with 86 % attending two of three sessions with the nurse, 80 % returning the diary as planned and 85% reporting
steps to a satisfying degree (185). Higher dose and fidelity to the study components were associated with taking more steps and higher
levels of MVPA after 3- and 12-months follow-ups. The SLIMMER study was a 10-month intervention targeting individuals with prediabetes
taking place in the Dutch public health and primary care setting. The intervention comprised both physical activity and diet components. In
the SLIMMER study the physical activity component was gym-based and included an aerobic and resistance exercise program and advice to
increase physical activity in daily life. Acceptability of the study was high (score of 80 on a 1-100 scale) and high adherence to the physical
activity component was related to greater weight loss; however dose received and acceptability were not associated with increased self-
reported physical activity (172). A further study evaluating dose received showed high attendance to the offered consultations and high
overall protocol fidelity after 12 months intervention (184).

The drop-out rate after 6 months in the Sophia Step Study was 3%. In similar interventions in routine diabetes care drop-out rates after 6
months were 1% (179) 4%, (176), 7% (186), 8% (184) and 30% (175). These data reflect the fact that persons who enroll are generally
highly motivated and engaged in behavior change interventions in physical activity.

Although intervention fidelity and dose received are central features of an intervention and may explain lack of significant effects, it has
rarely been investigated in relation to intervention outcomes (97, 137). The rigorous assessment of dose received in the Sophia Step
Study will make associations of intervention dose with behavior and health outcomes possible.

7.4 THE BEHAVIORAL MECHANISMS OF THE SOPHIA STEP STUDY

The results of study Ill indicates that many of the intended BCTs were attained and recognized by the participants and can be considered as
delivered through the intervention. The PACE-UP trial was a similar study evaluating the use of pedometers with and without nurse support
in primary care. In a qualitative study it was elaborated by telephone interviews upon which of the many BCTs that were implemented
through the PACE-UP trial. Similar to the findings in study Il the nurse support group revealed greater use of several BCTs and that self-
monitoring was particularly embraced by group B receiving self-monitoring of steps only. The BCTs that were most often mentioned by
participants in the PACE-UP trial were: prompting self-monitoring, review of goals and outcomes, providing feedback, providing
information about the link between behavior and health, providing specific information about how, where and when to, increase walking,
planning social support/change and relapse prevention (187). Comparisons between the studies are difficult because of different
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methods of analysis. By applying an inductive approach in the content analysis, other aspects, rather than the intended BCTs, were also
explored in study lll, including a feeling of control, being listened to, the friendly style of the support being open and interactive and a
personal development. These would probably not have been explored with a deductive approach or by the use of a questionnaire. The
practice nurses providing the PACE-UP intervention were, similar to the nurses in the Sophia Step Study, briefly trained in the use of BCTs,
which implies that many BCTs can be embraced by participants through primary care routine with just little additional training.

A few other studies have explored the experiences from participating in physical activity interventions in type 2 diabetes care. In the
SLIMMER study participants with prediabetes reported in a questionnaire that they appreciated the guidance from the physiotherapists and
especially that the program was tailored to their individual needs (172). Linmans et al. interviewed type 2 diabetes participants to explore
the experiences of an intensified lifestyle intervention. The participants reported being enthusiastic and highly motivated to improve their
lifestyle thanks to the intervention and the extra consultations delivered by the diabetes specialist nurse (173). Similarly, Matthews et al.,
reported high satisfaction with the intervention in type 1 and 2 diabetes individuals: the participants named that the approach and the
helpfulness of the providers. They also reported that the provision of pedometers and diaries was especially motivational, informative and
useful (184). From the PACE-UP trial (on general primary care patients) participants’ barriers and facilitators to engage in the physical activity
intervention were evaluated through interviews. The main findings were that almost all participants, irrespective of change in activity
levels, felt that they had benefitted both physically and psychologically from the intervention and had succeeded in their goals (187). The
results of study lll added to this body of evidence that personalized support is appreciated by participants motivated to change physical
activity behaviors and should therefore be a key of the self-management of process.

A few studies have performed mediator analyses for increased physical activity in interventions in type 2 diabetes. Van Dyck et al., for
instance, revealed that change in physical activity after 12 months was mediated by coping with relapse, changes in social norms and social
modeling from family members (188). In the SLIMMER study change in physical activity after 18 months was mediated by change in action
control and motivation and psychological profile (189). Finally, in the HEALD study no single theoretical construct significantly mediated the
increase in steps (190).

In study Ill the participants’ experiences were not analyzed separated by group allocation. Comparisons between the three groups should
therefore be made consciously. Yet, when similarities and differences between the groups were studied, it became evident that the
participants in group A mostly talked about the group consultations and the interactions and emotional support gained from these activities.
Group B participants primarily talked about the pedometer and the self-monitoring of steps. The inclusion of participants from the control
group in study lll and the aim to explore the experiences from participation in a research study rather than to explore the experiences from
participation in an intervention/treatment can be discussed. The reason behind the chosen aim was to have an open mindset in relation to
the interventions, and to allow for the experiences of taking part in a research study to be explored.

7.5 EFFECTS OF THE SOPHIA STEP STUDY ON PHYSICAL ACTIVITY BEHAVIOR AND HEALTH OUTCOMES

After 6 months, the two intervention groups showed improvements in physical activity behavior and clinical outcomes. The mean value after
6 months had improved for all variables in the two intervention groups while the control group showed a mixed pattern of results. Some
variables indicated statistically significant changes at p<0.05 (increased steps in group A and B, decreased MVPA in group C, increased LPA in
group B and C, decreased triglycerides in group A and B and decreased weight in group B). These results were drawn from paired sample t-
tests and were not adjusted for potential confounders. Also, multiplicity was not considered and the significant results may be purely by
chance (random error). Previous comparable pedometer interventions showed somewhat larger increases in mean daily steps after 6
months: 1220 (178), 1281 (179), 1481 (175), 2093 (168) and 2744 (102) steps/day.
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The intervention effect, comparing the variation in variables over time between the intervention groups and the control group, showed
statistically significant effects (p<0.05) after 6 months only for group B and only for MVPA and C-peptide. The linear mixed model adjusts for
baseline values and the accelerometer derived values were adjusted for changes in wear time. Many of the participants (56%) included in
the Sophia Step Study were already physically active at baseline (>22 min MVPA) and the mean clinical values meet the national target. It
may be challenging to increase the physical activity levels in the participants that were already active and it may be questioned what results
should then be expected from the intervention. It has previously been concluded that physical activity interventions are more effective in
inactive target groups (8). In study Il the proportion of the participants reaching 7100 steps increased from baseline to 6 months in all three
groups. In contrast, the percentage of the participants reaching 22 min MVPA per day decreased slightly in all groups after 6 months. A
possible explanation is that self-monitoring of steps leads to collecting steps rather than time in MVPA. Lower intensity exercise is not as
effective as higher intensity exercise, or combined aerobic and resistance training, on HbAicand thus self-monitoring of steps may not be an
optimal method to improve glucose metabolism (180, 181). Van Dyck and colleagues found that enhanced glucose control was realized in
those who achieved an increase of > 4000 steps/day over baseline values, which is a rather high increase (191).

Applying stratified analyses provides the estimated effect for particular groups and the results can be compared with other studies using, for
example, adults >65 years of age or only individuals diagnosed with diabetes. Such analyses also assist in predicting and understanding the
outcomes based on the population mix. In the sample used in the Sophia Step Study the outcomes after 6 months varied slightly between
participants older and younger than 65 years and between those diagnosed with prediabetes and those diagnosed with type 2 diabetes.
Although older participants (>65 years) appear to respond marginally better on physical activity outcomes (steps and MVPA), younger
participants seem to respond better on the clinical variables. This finding indicates that expectations of results and magnitude of
intervention effect should be interpreted in relation to the study population groups, especially older vs. younger age groups. The
implications are that when evaluating effects of an intervention, or summarizing evidence in a meta-analysis, it is crucial to be clear about
the specific population group and understand that the response in question may differ for subgroups. Explanations for larger behavioral
effects on older participants may be that being retired and at an older age brings a higher disease engagement and prioritizing of their
health. To reach more motivated individuals newly retired individuals could be a potential target group. At the same time, for better
response on clinical parameters and preventive effects lower age groups should be targeted. In the results of study Il there seem to be no
major effect differences between participants with prediabetes and those with type 2 diabetes. Likewise, there was no gender difference
after 6 months intervention.

7.6 HEALTH ASSOCIATIONS OF REALLOCATING SEDENTARY AND PHYSICALLY ACTVIVE BEHAVIORS

Study IV employed a cross-sectional design aimed to explore the relationship of changing time from being sedentary in longer periods to
break up sedentary time, or to be physically active, with cardiometabolic parameters. In the single model sedentary time was significantly
(p<0.05) negatively associated and MVPA was positively associated with many health parameters. In the partition model, when adjustments
were made for time in other activity behaviors, the negative health effects of sedentary time, though no longer significant, still remained.
This finding contrasts with several other (larger) studies, which provided negative health effects of sedentary time independent of time
spent in moderate to vigorous physical activity (69). The conflicting findings may be explained by the small sample size in our study, different
measurement methods and protocol, that our participants were rather active at moderate intensity levels and had few sedentary bouts. In
addition, both diabetes and prediabetes participants were included and that they were well-controlled in terms of their cardiometabolic
condition. Whether SB is associated with cardiometabolic risk factors independent of the time spent in physical activity has been questioned
and needs to be supported by objective measures, causality and plausible mechanisms (20).

The results of the partition model in study IV suggest that MVPA is associated with HDL, waist circumference and weight, independent of the
total time spent in SBs and LPA. HbA1. and fasting glucose showed mixed associations (Supplementary Table 3 in the article), which are
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difficult to explain. The mixed associations may be due to the participants being well-controlled by medications and the rather crude
adjustment method for medications that was applied. Another explanation is that type 2 diabetes has several pathophysiological causes and
individuals respond differently to physical activity depending on their actual type of diagnose (27).

In the isotemporal models, substituting time in one activity behavior while adjusting for total time was simulated. This method better
corresponds better to reality, given that time is constant. The health effects of substituting sedentary time with MVPA were strong and
clinically relevant for HDL, waist circumference and BMI. Replacing bouted sedentary time with interrupted sedentary time or with LPA
showed beneficial associations, although not at a statistically significant level. A noteworthy tendency was that shortening time in sedentary
bouts from 60 to 40 to 20 min seemed beneficial for waist circumference and BMI, but not for HDL. Hence, the results of study IV for the
obesity measures show a possible gradient with positive effects of breaking up sedentary time in shorter bouts.

Studies that have controlled for substituted (reallocated) time in populations with type 2 diabetes or prediabetes all provide similar benefits
of MVPA (78, 192-195). Associations of the health effects of reallocating sedentary time to light intensity physical activity and to sedentary
time in shorter bouts are inconsistent (78, 192-195). The results from the isotemporal model in study IV illustrate beneficial effects of
spending time in MVPA, regardless of what type of activity that is replaced. Important to consider is that time in MVPA was accumulated and
every minute counted. This observation supports the recommendations to collect min in MVPA over the day and bouts of 10 min are not
needed for effects on obesity measures and HDL. The level of the effect is also important to consider from a time management perspective.
For example, it is three times more beneficial on waist circumference to spend time in MVPA rather than in LPA. The implication is that all
physical activity is beneficial, but for the obesity parameters and HDL cholesterol, it is more time effective to spend time in MVPA
corresponding to a walking speed of 4 km/h. However, study IV applied a cross-sectional design and causal relationships for the obesity
parameters can therefore not be determined.

7.7 METHODOLOGICAL CONSIDERATIONS

7.7.1 External validity

The samples used in this thesis were all based on the inclusion and exclusion criteria for the Sophia Step Study. Yet, individuals with
conditions contraindicative to physical activity, not able to communicate in Swedish or not having access to the internet were excluded. For
study lll and IV the participants were all recruited from Sophiahemmet, which is located in central Stockholm. The serving area of the two
health care centers Huslakarmottagningen and Foérsakringsmottagningen at Sophiahemmet is not restricted and patients are from the entire
Stockholm area. In study Il participants were also recruited from a rural part of Sweden. Nevertheless, it is likely that population groups such
as low income groups, unemployed and immigrants were underrepresented in the Sophia Step Study. Thus the findings of this thesis should
not be generalized to groups of different socioeconomic status or to other population areas.

It is probable that there was a selection bias in that half of the individuals initially asked denied enrollment. The fact that many of the
included participants already were physically active reflects that highly motivated individuals were reached. This may affect the results as the
intervention was tailored to inactive individuals, focusing on increasing daily steps. However, the multiple component intervention (A)
included several BCTs that intended to enhance individualization and maintenance of physical activity. The hypothesis that the multi-
component intervention should be superior to the single-component intervention after two years intervention still needs to be confirmed or
rejected. In all three study samples the distribution between men and women were satisfying and the samples with type 2 diabetes
displayed mean health values close to the mean values in the National Diabetes Register. Among individuals with prediabetes women were
slightly overrepresented. In addition, the individuals with prediabetes were more active and had a higher intake of fiber rich bread, which
may reflect that they were more health concerned.
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7.7.2 Internal validity

The Sophia Step Study was an RCT designed to be implemented in primary care, where the diabetes specialist nurses would apply the
intervention without much additional education and support. Feasibility was tested at three primary care settings and, as such, it can be
considered as an effectiveness trial. However, with frequent study assessments during the first 6 months (week 0, 8, 12, 16 and 24) that
followed a strict measurement protocol, it was a rather controlled setting and it may be questioned if it is practically and cost-effective to
implement at a large scale format. An important finding of study Il was that the frequent study assessments and feedback on health
outcomes were highly appreciated by the participants, including the control group participants. A more pragmatic approach to deliver the
follow-ups of health assessments could for example be by the use of telephone or digital forms for communication.

There was a contamination bias in the Sophia Steps Study as the control group met the same diabetes specialist nurse during the study. The
health check-ups were possible mediators for behavior change in all three groups and may influence the efficacy of the intervention. This
could have been avoided by choosing a different study design, such as cluster randomization or step wedged design (130). The participants
from study lll are essential given that the qualitative evaluation of the Sophia Step Study was based on this sample. Study Il participants
were more males, slightly older and fewer had a university education compared to the sample of study Il. Additionally, these participants
only represent one primary care center and the findings of study lll cannot be generalized to the full Sophia Step Study

A limitation of the interview design as a mean to explore mechanisms is that it is not possible to quantify the mediating effects that the
different BCTs had on physical activity behavior. A more frequently applied method to evaluate the implementation of intervention
components and BCTs is the use of questionnaires. With a quantitative measure of the degree of implementation of BCTs the direct
mediating effects of BCTs on behavior change could have been investigated.

The choice of objective measures to measure physical activity and SB is a strength of study Il and IV. Nevertheless, the GT1M accelerometers
that were used measure ambulatory movements (vertical accelerations) and some forms of activities such as cycling, swimming and
resistance training were not captured. This may have underestimated physical activity levels in study Il and IV. In addition, accelerometers
placed on the hip are not sensitive enough to separate sitting from standing and standing was probably classified as SB. It is possible that
breaks in SB and standing have beneficial metabolic effects which may explain the mixed pattern on these variables that was seen in study Il
and IV (196, 197). Adjusting for breaks (< 1 minute) in sedentary time should be made to rule out the influence of breaks in sitting on
metabolic parameters.

Study measurements are snap shots, generating values that are assumed to reflect the typical values of the individual. In study Il and IV
physical activity was measured over a week and for some participants valid data was provided for only 4 days. Likewise, blood samples
were drawn at one single occasion. Fasting glucose, triglycerides, HDL cholesterol and blood pressure are influenced by physical activities
and dietary intake that occurred on the day before the measurement is taken. It is possible that the participants changed their behaviors
while wearing the accelerometer and prior to the study measurement appointment. Individuals with type 2 diabetes are often educated
to be aware of how their lifestyle patterns influence blood glucose. In addition, the fact of being studied may generate motivation to
perform well. By excluding participants with accelerometer data on less than three days the bias of performing more physical activity than
usual is reduced. HbAis reflecting long term blood glucose levels and is thus a more reliable measure of blood glucose metabolism. In
the planned two-year efficacy analyses of Sophia Step study, after total 9 study assessments, these effects of performing well may have
levelled off.

Missing data is a potential bias to RCTs and should be considered carefully. The bias of values missing at random is reduced by the
application of linear mixed model as statistical mean to evaluate the intervention effect. The drop-out rate after 6 months intervention in
study Il was low and did not allow for statistical analyses to explore differences between drop-outs and adherers. In behavioral
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intervention it is possible that those who don’t improve drop-minout. In the case of drop-outs in study I, 4 out of 6 dropped out before
the first assessment after baseline and reasons for dropout were lack of time and worsened health condition.

7.7.3 Trustworthiness

Credibility and conformability of the findings in study Il was assured by close collaboration between three researchers, all being familiar with
the whole by both listening to the interviews and reading the entire text material. The researchers individually reflected upon the categories
and triangulation was made by going back and forth between categories, the condensed material and the units of analyses and discussed
them. By this procedure the risk of missing or too rapidly interpreting aspects decreased (160). In qualitative research the pre-
understanding of the researcher is a critical factor that can bias the result. The pre-understanding differed between the three authors, a fact
that reduced bias and enriched and deepened the discussions, the triangulations and subsequently the analysis and the results. The choice
of recruiting an external researcher for all interviews and for performing the content analysis was to assure objectively towards the
participants and the theoretical background
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7.8 PRACTICAL AND FUTURE IMPLICATIONS

This thesis suggests that self-monitoring of steps combined with regular feedback on health outcomes has potential for self-managing of
physical activity in prediabetes and type 2 diabetes. Next step is to evaluate the 2-year outcomes of Sophia Step Study: to investigate the
long-term implementation and maintenance effects of self-monitoring of steps with and without counselling support. The Sophia Step Study
intervention model should also be evaluated in other population groups and contexts, including exploration of the perceptions of individuals
and health care professionals. It is possible that with interventions, such as those provided in Sophia Step Study, individuals with high
motivation and ability to self-manage physical activity are reached. Therefore, experiences and perceptions of drop-outs and low-adhering
participants in Sophia Step Study and similar interventions should be explored. Based on knowledge about drop-outs’ and low-adherers’
motivation, capabilities and opportunities strategies for how to engage less motivated persons can be developed and evaluated.

The efficacy of Ml as support for self-monitoring of physical activity in prediabetes and type 2 diabetes needs further investigation. Ml
should be evaluated through a rigor evaluation protocol and appropriate evaluating methods together with objectively measured physical
activity. In previous research Ml has frequently been complemented with other intervention components or combined with dietary
interventions. Thus, it still needs to be evaluated to what extent Ml is effective without other intervention components, or whether a
combination is most effective.

The method FaR® is recognized in the Swedish primary care context and is based on the same theoretical models as Sophia Step Study. Self-
monitoring of steps and/or individual and group consultations can be provided as an alternative to FaR’. Similar to medical treatment, the
treatment that is most effective may vary between individuals. Whether it is FaR®, self-monitoring of steps or individual and group
consultations, the most effective support is perhaps the one the individual choses themselves, the support that suits them for the moment.
The intervention components included in Sophia Step Study are recommended for use in the Swedish primary care at present and the extent
to which they are implemented should be evaluated based on a framework for process evaluations.

Activity monitors and health apps have become popular in the past years and self-monitoring of physical activity is easily available and
frequently applied today. Another ongoing development is the release of “my pages” by the National Diabetes Register through which
clinical data is becoming readily available for the patients. There is potential to collect data on steps and other physical activity parameters
to serve as a basis for a personalized consultation with the health professional. Indeed, digital technology (e.g. including e-health in
combination with for example activity trackers and feedback on behaviors and health outcome) is promising for the support of self-
monitoring of physical activity. This development should be carefully evaluated in terms of implementation factors and reach, short and long
term health outcomes, individuals” experiences and side effects (e.g. performance stress, inability to understand the results, digital overload
and enhanced inequality in health and provision of health care). In addition, there is a need to investigate what BCTs and interface designs
that are most effective for increased motivation and maintenance of physical activity when self-monitoring of steps is delivered digitally.

To further increase the understanding of the effects that diverse physical activity and sedentary patterns have on different health outcomes
considerations should be made for bout length and interrupted time of the different behaviors. Moreover, the effects of changes in physical
activity and sedentary patterns on biomarkers such as insulin, IGF BP1, and adiponectin should be investigated.
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8 CONCLUSION

Sophia Step Study was developed to evaluate support for physical activity in the primary care setting. The intervention model, including self-
monitoring of steps with and without individual counselling and group meetings, was shown feasible to implement in the primary care
context. Adherence to the intervention components was high in both intervention groups and was well appreciated by the participants. The
two interventions were effective in increasing physical activity after 6 months.

Self-monitoring of steps, feedback on health outcomes and a personalized approach is highly valued for self-management of physical activity
by the individuals and should be considered in primary care. Self-monitoring of steps, feedback on health outcomes and group counselling
increased awareness of physical activity, stimulated self-reevaluation and problem solving and promoted establishment of new routines for
physical activity in daily life.

In addition, the thesis also confirmed that modeling replacement of sedentary time with time in moderate and vigorous physical activity
showed beneficial associations with HDL cholesterol, waist circumference and BMI levels in individuals with prediabetes and type 2 diabetes.
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