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Zusammenfassung

Hintergrund: Gestationsdiabetes mellitus (GDM) ist mit einem erhdhten Risiko assoziiert, spater einen
Typ-2-Diabetes mellitus (T2D) und damit verbundene kardiometabolische Stérungen zu entwickeln. Ein
gesunder Lebensstil mit ausreichend Bewegung, einer ausgewogenen Erndahrung und psychosozialem
Wohlbefinden senkt das Risiko fir das Auftreten dieser Beschwerden in den Jahren nach der
Entbindung. Aktuelle Praventionsprogramme fiir Frauen nach Schwangerschaftsdiabetes entsprechen
nicht den Anforderungen an ein flexibles und praktisches Hilfsmittel fir das tagliche Leben der
betroffenen Frauen. Ziel dieses Dissertationsprojektes war die Entwicklung einer theorie- und
evidenzbasierten Mobile Health (mHealth) App, die sowohl wissenschaftlichen als auch industriellen
Standards gerecht wird, skalierbar ist, Verhaltensanderungen unterstiitzt und auf die besonderen
Bedirfnisse von Frauen nach GDM eingeht.

Methodik: Der “Intervention Mapping”-Ansatz bot die Struktur fiir den Entwicklungsprozess. Die
“Intervention Mapping” Schritte 1 bis 4 dienten als Konzept und Analyseinstrument fiir die Planung, die
Entwicklung und den Pilottest der Smartphone-basierten TRIANGLE Intervention zur Vorbeugung von
kardiometabolischen Stérungen nach GDM. In den Schritten 1 bis 3 konzipierten wir ein theorie- und
evidenzbasiertes Interventionsmodell. In Schritt 4 kooperierten wir mit industriellen Partnern. So
konnte bei der Umwandlung des Modells in eine praktische Intervention ein hoher technologischer
Standard der Smartphone App gewahrleistet werden. Fiir die Nutzerstudie und die klinische Pilotstudie
wahlten wir ein ,Mixed Methods Design” basierend auf validierten Fragebogen zu Nutzerakzeptanz und
Verhaltensweisen in verschiedenen Lebensstilbereichen, App-Nutzungsprotokollen, , Think-Alouds” mit
teilstrukturierten Interviews, Erndhrungsprotokollen und klinischen Messwerten.

Ergebnisse: Das entstandene TRIANGLE-Programm ist eine der ersten mHealth Apps fir stufenweise
personalisierte Gewohnheitsanderungen in den Bereichen Bewegung, Erndhrung und psychosoziales
Wohlbefinden. Die interaktive App umfasst 11 Einflussfaktoren auf das Gesundheitsverhalten, bietet 39
Verhaltensdanderungsmethoden zur Unterstitzung individueller Lebensstilanderungen und erlaubt den
Teilnehmern, selbst Gber die Intensitdt des Programmes zu entscheiden. Eine an die App gekoppelte
online Coaching-Plattform erlaubt eine individuelle Beratung durch Gesundheitspersonal. Das
einzigartige ,Challenge“-System unterstiitzt Gewohnheitsdanderungen und vermittelt Informationen.
Sobald eine Beta-Version von App und Coaching-Plattform verfligbar war, wurden Frauen nach GDM im
Rahmen einer Nutzerstudie in den iterativen Entwicklungsprozess eingebunden. Die Ergebnisse flihrten
zu Anpassungen des TRIANGLE-Programms, bevor wir die restlichen Interventionsmaterialien erstellten.
Eine deutsche randomisiert-kontrollierte Multicenter-Pilotstudie deutete auf erste klinische Effekte des
TRIANGLE-Programms nach sechs Monaten Intervention hin. Frauen nach GDM zeigten eine hohe
Akzeptanz des TRIANGLE-Programms und nahmen einen hohen Einfluss dessen auf ihr Verhalten wahr.

Fazit: Mithilfe des “Intervention Mapping”-Ansatzes entwickelten wir eine innovative mHealth-L6sung
fir Frauen nach GDM. Das TRIANGLE-Programm bietet eine leicht verfiigbare technologische
Unterstltzung zur Verhaltensanderung um kardiometabolische Erkrankungen vorzubeugen. Das
Programm muss stetig weiterentwickelt und noch in einer grol8 angelegten Studie getestet werden. Die
“Intervention Mapping” Schritte 5 und 6 kdnnen diesen Implementierungs- und Evaluierungsprozess
unterstitzen.



Summary

Background: Gestational diabetes mellitus (GDM) is associated with an increased risk for type 2 diabetes
(T2D) and related cardiometabolic disturbances. A healthy lifestyle with sufficient physical activity, a
balanced nutrition, and psychosocial wellbeing decreases the risk of developing these conditions in the
years following delivery. Current prevention programs for women after GDM insufficiently address the
needs of a flexible, accessible, and practical tool for daily life in this target group. The aim of this
dissertation project was to create a theory- and evidence-based scalable mobile health (mHealth)
application that fulfils both academic and industrial standards, supports behavior change, and addresses
the specific needs of women post-GDM.

Methods: The Intervention Mapping approach was implemented to structure the development process.
In the scope of this thesis, Intervention Mapping Steps 1 to 4 were applied as blueprint and analytical
tool for planning, developing, and pilot testing the smartphone-based TRANGLE program to prevent T2D
and related cardiometabolic disturbances in women post-GDM. In the Steps 1 to 3, we designed a
theory- and evidence-based intervention model. In Step 4, we cooperated with industry to secure a high
technological standard when translating the model into a practical intervention based on a smartphone
app. For the associated user study and the clinical pilot trial, we used a mixed methods design based on
validated questionnaires on user acceptance and lifestyle behavior, user logs, think alouds with semi-
structured interviews, nutrition protocols, and clinical assessments.

Results: The resulting TRIANGLE program is among the first mHealth apps for personalized stepwise
habit change in the areas of physical activity, nutrition, and psychosocial wellbeing. The interactive app
allows for self-pacing, addresses 11 behavioral determinants, and offers 39 behavior change methods
to support individual lifestyle change. An associated online platform for healthcare practitioners allows
for human coaching while a unique challenge system fosters habit change and education. Once a beta-
version of the app and the coaching platform was available, the iterative development process
comprised a user study with women post-GDM, followed by adaptations before the full program
production. Lastly, a German multicenter randomized controlled pilot trial of the TRIANGLE program
indicated first clinical effects for behavior change after six months of intervention. Women post-GDM
showed a high acceptance and a high perceived impact of the program on their behavior.

Conclusions: Using the Intervention Mapping approach, we developed an innovative mHealth solution
for women post-GDM. The novel TRIANGLE program has the potential to prevent cardiometabolic
disease as an easy to deliver technological support for behavior change. The program needs to be
further refined and tested at a large scale. Intervention Mapping Steps 5 and 6 may support this
implementation and evaluation process.



1. Introduction

1.1 Clinical background

In 2017, the International Diabetes Federation estimated that about 18 million of live births were
complicated by gestational diabetes mellitus (GDM) worldwide [1]. GDM is the most common
complication during pregnancy [2] and implies an eightfold higher risk for type 2 diabetes (T2D) [3, 4]
and a high risk for related cardiometabolic disturbances, such as cardiovascular disease (CVD) [5-7], and
the metabolic syndrome (the MetS) [8, 9]. The relative risk to develop T2D is the highest during the
three to six years following GDM [4]. Longitudinal studies of at least 5 years follow-up demonstrate that
between 20% to 65% of women post-GDM develop T2D [10]. German data shows that the average 8-
year risk of developing T2D post-GDM is 53% and varies from 12 to 96%, dependent on the profile of
risk factors [11]. Diabetes ranks fourth as global cause of disabilities and lowers the quality of life of
affected individuals [12].

T2D is a polygenetic disease and depends on many risk factors — both modifiable and unmodifiable
factors. Unmodifiable risk factors include genetics, ethnicity, and aging demographics that are beyond
individual control. In contrast, modifiable risk factors allow for preventive measures in psychosocial
wellbeing, lifestyle behaviors, and living environment. Post-GDM, the unmodifiable genetic risk for T2D
remains hidden due to lacking symptoms and lacking awareness after delivery — often despite pre-
diabetic states [13]. Hence, some women post-GDM are unaware of their high risk for T2D [14-16] and
the required lifestyle changes that may lower their risk [17]. Others seemed aware of risk behaviors, yet
unable to change their lifestyle since they lacked the respective skills [17-19]. Therefore, few women
post-GDM adhered to preventive health behaviors [17]. They need effective strategies for psychological,
behavioral, and environmental change to reduce the number of modifiable risk factors for T2D and to
increase a healthy life expectancy post-GDM [20].

1.1.1 Modifiable risk factors for type 2 diabetes

Modern fast-paced lifestyles and living environments tend to cause high mental and emotional strain
and offer easy access and repeated cues for detrimental behaviors. The quality of the resulting thoughts,
emotions, and behaviors in physical activity, nutrition, and sleep is decisive for human health. In the
2017 analysis of the Global Burden of Disease Study, diabetes ranked third as a cause of diet-related
deaths and disability-adjusted life years lost [21]. Diet-related deaths and disability-adjusted life years
lost were attributable to high intake of sugar-sweetened beverages, high intake of red and processed
meat, low intake of fruits and whole grain, and low intake of nuts and seeds [21]. Nearly as much as
dietary patterns, sedentary behaviors and low physical activity contribute to the development of T2D
[22]. Further, sleep duration and poor sleep quality were related to metabolic risk markers for T2D [23].
Most risk behaviors interact or determine one another, such as unhealthy dietary behaviors, physical
inactivity, insufficient sleep, pessimistic thinking, and negative emotions [24-28]. In turn, a good sleep
hygiene, optimistic thinking, positive emotions, a healthy nutrition, and physical activity were also
associated with one another [29-34] — possibly due to self-regulatory spillover effects [35]. These
interactions show that many risk behaviors form clusters [36] and reinforce one another. Adverse
lifestyle behaviors further cause or reinforce physiological risks for the progression to T2D such as
obesity, dyslipidemia, or high blood pressure [37].

Randomized controlled trials (RCTs) with lifestyle interventions achieved T2D risk reductions of about
50% in women with a history of GDM, mostly later in life when they had already developed impaired
glucose tolerance [38, 39]. In such interventions, lifestyle changes were superior to medication for



preventing or delaying T2D post-GDM [40]. In particular weight loss in the overweight or obese prevents
or delays T2D [40, 41]. However, most lifestyle programs post-GDM neglect the needs of women in the
first years post-GDM [42], the opportunities of new technological healthcare solutions [43], the use of
a logical theory- and evidence-based intervention model, the socio-ecological behavioral contexts [44]
or the window of opportunity in the late postpartum period [45, 46].

1.1.2 Healthcare gaps for women post-gestational diabetes mellitus
Current healthcare systems fail to provide sufficient and specific support for women post-GDM to
change their lifestyle in order to reduce modifiable risk factors for cardiometabolic disease. The most
critical challenges to be addressed by healthcare systems are the following:

1) Translation of guidelines into practical tools for healthcare practitioners and women post-GDM
2) Specific programs for women post-GDM
3) Interdisciplinary behavior change support including psychology

First, guidelines for lifestyle-related postpartum care are impractical for both healthcare practitioners
and women post-GDM [47]. On the one hand, healthcare practitioners for women post-GDM lack a
practical tool for lifestyle advice. Few large-scale implementations of existing programs with a limited
scope have been tested in single countries [48-50]. In Germany, the healthcare practitioners treating
GDM are responsible for follow-up care [51, 52], yet have to rely on guidelines only. Gynecologists and
diabetologists have good knowledge of treatment guidelines post-GDM with a focus on subgroups with
two or more risk factors [53]. However, current lifestyle counselling depends on a healthcare
practitioner’s habits to give lifestyle advice due to the lack of an accessible program. This brings about
many cases lost to follow-up for preventive measures. On the other hand, women post-GDM miss a
practical tool [54] for individual [55], self-paced [56], and affordable [54] behavior change support for
concrete health actions in daily life. They struggle with recommendations and lack skills to apply health
behaviors in varying situations or with competing life goals [57]. Hence, the gap between healthcare
contacts and daily health decisions needs to be closed [58].

Second, most of the lifestyle programs for women post-GDM are traditional one-on-one or group-based
sessions bound to a specific location and to fix sequences [58-60]. However, mothers with infants are
difficult to recruit and enroll into traditional programs [59, 60]. Women post-GDM perceive traveling to
time-bound and time-consuming counseling sessions as barrier to participation [61]. For similar reasons,
women post-GDM dismiss intensive interventions with many sessions [62]. Next to the need for a
practical tool, a woman’s decision to participate in a program may depend on the timing of the
recruitment [62], continuity in care [63], access to the program [54, 56, 64, 65], postpartum topics [66],
and compatibility with family life [67]. While some programs with remote delivery [58, 68-70] address
some of the needs, most of the technologies used are already outdated once tested. Expert panels and
reviewers call for innovative, flexible, and individualized interventions specific to the requirements of
women post-GDM [44, 52].

Third, current programs for women post-GDM fail to support behavior change through proven methods
and beyond nutrition and physical activity. Most behavioral programs post-GDM contain different
behavioral goals for nutrition and/or physical activity [42], yet few add goals for psychosocial wellbeing
[71], stress management [72, 73] or sleep [59]. Further, few interventions include a limited amount of
behavior change methods [58, 60, 74, 75], focus on program engagement [76] or specify sub-behaviors
and preparatory actions. Overall, behavioral psychology and mental health are underserved areas in
current prevention programs [77-79]. Yet, two reasons call for psychological training for women post-



GDM!: a high risk for postnatal depression [80] and fewer contacts with mental healthcare practitioners
compared to controls [81]. Optimistic thinking and positive emotions support behavior change and can
be trained as a skill [78, 82-85]. Hence, health promoters may achieve better health outcomes post-
GDM when addressing the three intertwined lifestyle areas psychology, nutrition, and physical activity
and when targeting behavioral determinants with proven behavior change methods.

1.1.3 Unique opportunities for intervention post-gestational diabetes mellitus

Mobile health (mHealth) and habit-based behavior change provide new opportunities to address the
healthcare gaps for women post-GDM listed in the previous section to prevent T2D and related
cardiometabolic disturbances post-GDM.

mHealth technology offers the following six benefits for interventions post-GDM [86-92]:

1) Low delivery costs

2) National and international dissemination

3) Easy to use in daily life

4) Coaching by diverse experts, independent from the expert’s location
5) Multimedia appeal

6) Flexible systems based on behavioral psychology

Available features like tailoring and individualized health coaching improve user outcomes in
knowledge, attitudes, and behavioral skills [93]. Overall, the benefits of mHealth and respective apps
qualify as vehicle for interventions for women post-GDM [58]. However, mHealth apps for women post-
GDM need to live up to current industrial standards of health and fitness apps [43].

Interventions at the habit-goal interface suit the postpartum period filled with changing and challenging
circumstances due to a newborn at home. Women after delivery face new repeated behavioral contexts
in daily family life that provide both cues for new behaviors and may disrupt existing habits. New
repetitive context cues support habit change since habits are repeated actions in stable contexts [94].
Most behaviors occur in such stable contexts and are or become repeated actions, such as fruit and
vegetable intake [95-98], physical activity [99-101], or negative thinking [102-104]. Lifestyle
interventions depend on stable contexts in daily life and thus on habit formation for long-term success
[105]. Small changes in dietary, physical activity and psychological habits impact body weight, physical
fitness and psychological health on the long run. These changes depend on the awareness on how
psychological, behavioral and environmental cues influence behavior on a subconscious level and how
family life and being a homemaker may disrupt some cues [106]. Therefore, women post-GDM need to
gain awareness and learn how they can use cues to their benefit, especially when stressed or exhausted
[107-109]. Trials based on habit formation for weight loss achieved similar results to those with cognitive
behavioral therapy [110]. The combination of targeting both conscious and subconscious behavior at
the habit-goal interface via a multi-theories approach holds promise for effective behavior change post-
GDM.

1.2 The Intervention Mapping approach for health promotion programs

Theory- and evidence-based approaches facilitate the complex process of planning, developing and
evaluating health promotion programs. Health promoters need to translate multiple theories into
practice considering empirical evidence, environmental factors, and the requirements of the at-risk
population [111-113]. Further, they face changes and challenges in healthcare of the 21°* century. In
search of a proven, systematic, and iterative framework to plan a health promotion program, the



Intervention Mapping approach offered a good fit for this project. Intervention Mapping was developed
in 1998, yet has become increasingly popular among health promoters during the past few years [114].
It has been applied in similar health promotion projects worldwide with more than 1,000 publications
[115]. So far, no other intervention post-GDM has been guided by the Intervention Mapping approach.

The Intervention Mapping framework benefits health promoters and program participants in two ways.
First, Intervention Mapping supports the understanding of the context of the health problem and
models the planned intervention by including relevant stakeholders. Second, it integrates theory and
empirical evidence for effective decision making in six systematic steps with specific tasks that repeat a
loop of six core processes [116]. This secures a clear outcome orientation.

1.2.1 Understanding the intervention context

Intervention Mapping opens the focus of health promoters from a restrictive individual view to the
bigger context [117] via the social ecological model [118, 119] and systems thinking [120]. Both models
acknowledge the interaction between individual and environmental factors that determine an
individual’s health. Health promoters need to uncover these interactions for a particular health
problem. Therefore, they need to work across the disciplines, involve stakeholders, and apply ethical
principles [116].

In the social ecological model, an individual’s environment includes factors and agents on four levels:
interpersonal networks (e.g. family), organizations (e.g. managers of cafeterias), communities (e.g.
newspaper editors), and societies (e.g. legislators) (Figure 1.1). The environment involves physical,
social, and cultural components controlled by environmental agents at the different levels, such as the
family or legislators. Environmental agents influence an individual’s behavior, psychology, and
physiology directly or through environmental factors that either reinforce or attenuate the influence of
an intervention [121]. Changing an environmental factor at one level may impact factors in the same
level or in other levels. Therefore, an understanding of the socio-ecological context is important even if
an intervention targets change at the individual level [116].

Organizational

Interpersonal

Figure 1.1: Social ecological approach
(adapted from Kok et al., 2017)



Systems thinking supports health promoters to understand and manage complex problems (Figure 1.2).
Health problems usually occur in complex systems. Hence, systems thinking helps to select the most
effective intervention points for changes in system activity [120] and effective methods for change. The
resulting theory of the health promotion program is crucial for program effectiveness [122]. System-
based frameworks helped health promoters explore factors for nutrition and physical activity behaviors
for specific subgroups [123].

Figure 1.2: Systems thinking model

Intervention Mapping aims at involving stakeholders as much as possible in the development process
to guarantee that stakeholders accept the resulting intervention. Best practice requires that all
stakeholders join the project team to plan, develop, and disseminate an intervention [116]. The more
stakeholders attend a core process in an Intervention Mapping step, the more diverse the related
knowledge, skills, and expertise. This gets more important with conflicting stakeholder views, diverging
goals, values, and life experiences [124]. However, most crucial is that health promoters communicate
with the at-risk population [116].

Intervention Mapping applies ethical principles during program planning and program implementation
[125]. The goal is to provide interventions to the public considering human rights, social justice, and
possible burdens or undesirable consequences [116, 126]. Undesirable consequences may occur in
mHealth since many individuals are unaware of data issues and must be protected. Therefore, health
promoters need to discuss privacy, security, and data ownership [127-129].

1.2.2 Effective decision making in systematic steps, tasks and processes

Intervention Mapping links two methodologies. First, a systematic six-step planning process with
specific tasks to develop and implement health promotion programs [130]. Second, six core processes
that support decision making in the steps and tasks. This mix of steps, tasks, and processes allows health
promoters to take theory- and evidence-based decisions — a precondition for effective interventions.
Intervention Mapping starts by understanding the problem and delivers an implementable solution.
Success is measured as outcomes related to the health problem [116].

1.2.2.1 The six Intervention Mapping steps
The six Intervention Mapping steps are iterative and cumulative (Figure 1.3). The tasks in each step and
the products of each step build on one another. Yet, new information may require to go back to a



previous step and repeat or revise a task. The tasks of each Intervention Mapping step are described in
Table 1.1. Intervention Mapping Step 5 and Step 6 — the program implementation plan and the program
evaluation plan — will not be part of this thesis and will be discussed briefly as outlook in Chapter 5.5.
Intervention Mapping Steps 1 to 4 [116] will be described briefly in the following paragraphs.

Step 1
Logic Step. 2 Step 3 Step 4 Step 5 Step 6
model of m;?jgellcof Program Program i:lri’;?\m?anr; Evaluation
the change design production P plan
problem

Figure 1.3: The six Intervention Mapping steps
(adapted from Eldredge et al., 2016)

Intervention Mapping Step 1 depicts the full scope of the health problem as basis for the following steps.
Step 1 helps to form the project team, assesses the needs, and aims at understanding the program
context and goals. The needs assessment is based on the PRECEDE/PROCEED model by Green and
Kreuter [131]. The final product of Step 1 is the logic model of the problem. This model describes the
health problem in detail. The starting point is the priority population, their health problem, and related
quality of life issues. The model further uncovers risk factors at the individual and environmental level,
the respective determinants (barriers and facilitators) of these risk factors, and differentiates between
subgroups, if necessary (Figure 1.4).

Informed by the logic model of the problem, Intervention Mapping Step 2 determines what needs to
change by whom to prevent the health problem. Step 2 starts with expected program outcomes, the
respective performance objectives and change objectives for agents at the individual and environmental
level. The resulting logic model of change reveals critical targets for intervention (Figure 1.5).

Intervention Mapping Step 3 delivers a first draft of the health promotion program. Step 3 matches
theory- and evidence-based change methods with practical applications. It aims at clear deliverables,
coherent program themes, and a logical program sequence. Step 3 centers around the “how” to ensure
that both implementers and participants will accept the program. The outcome is a detailed, fully
designed, and logic program plan with proven strategies to put all components into practice.

Intervention Mapping Step 4 develops the program’s structure, organization, and material until ready-
to-use. The output are pretested protocols, messages, applications, and supporting material. The more
program components are included, the more complex is the program production. If producing all
components from scratch, the project team must prepare plans, draft, pretest, and refine all materials.
The end of Step 4 allows health promoters to run pilot studies to assess if program production was
successful or not, and if the program fits the targeted agents and the intervention context.
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Figure 1.4: Intervention Mapping Step 1
Questions for the logic model of the problem (adapted from Eldredge et al., 2016)
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Figure 1.5: Intervention Mapping Step 2
Questions for the logic model of change (adapted from Eldredge et al., 2016)
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1.2.2.2 The six Intervention Mapping core processes

The tasks in each of the six Intervention Mapping steps demand effective decision making. Six core
processes support health promoters to make effective decisions (Figure 1.6) [116]. The core processes
can be applied to all Intervention Mapping steps, especially the Steps 1, 2, 3, and 5 [116]. A topical
approach allows to integrate different data sources, such as theory, empirical evidence, and expert
knowledge [132]. The respective reporting grants transparency [133]. Further, the core processes are
iterative and thus flexible, which is required during the development of mHealth solutions. The six
Intervention Mapping core processes [116] will be described briefly in the following paragraphs.

Address
the need
for new
Pose Review the research
questions literature (optional)
Brainstorm Access and Formulate
answers use theory the
working
list of
answers

Figure 1.6: The six Intervention Mapping core processes
(adapted from Eldredge et al., 2016)

During the first three core processes, health promoters answer a problem-driven question with
expertise and empirical evidence, for example “Why would the priority population perform the risk
behaviors?” (see above, Figure 1.4). With a clear question in mind, health promoters “brainstorm” or
“freely associate” for first answers in the second core process. They orient on practice wisdom, local
knowledge, and personal beliefs. This is a creative process that prevents the project team from
narrowing their focus or favoring explanations too early. The brainstorming supports health promoters
to find as many explanations as possible. The resulting provisional list of answers guides the third core
process — a review of the empirical literature. The literature review does not equal a formal systematic
study, but links to a specific question with pre-defined parameters for the required evidence. If the
evidence is insufficient, the health promoter may open up the search for comparable populations with
shared demographic and cultural characteristics, and for comparable behaviors. The results of the
empirical literature review either approve or contradict brainstormed answers.

During the core processes four to six, health promoters add theoretical approaches and, if necessary,
new research to solve the question at hand, before formulating the working list of answers. Theories
are accessed and used by topic, general theory, or theoretical construct. This approach supports multi-
theory use to detect the less obvious parts of a health problem [134]. The review of the empirical
literature often guides health promoters towards theories by topical search. Those theories can now be
screened and followed up as a whole to further investigate specific theoretical constructs, such as
behavioral intention. All theories and theoretical constructs might contribute to the best solution of a
problem. The challenge is to find the best mix of theories or theoretical constructs. The fifth core process
is optional, depending on the need for new data. The need for new data often arises from new
information or questions during the previous core processes. For example, theoretical constructs may
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have to be tested in the priority population. If additional research is needed, health promoters are
advised to use both qualitative and quantitative research methods. The sixth core process results into a
working list of answers. Health promoters include answers with sufficient evidence for causation and
plausibility. They further assess answers for relevance and changeability. Only causal determinants that
are important and changeable will be part of the final list. Similarly, only those methods proven effective
in comparable situations will be kept. Once finished with the entire core processes, the project team
can proceed with the next question.

1.3 Relevant behavioral theories

Planning, developing, and evaluating a health promotion program demands an understanding of human
behavior. Behavioral theories explain why most people behave in a certain way. They uncover which
internal and external factors influence behavior by addressing the questions “Who?”, “What?”,
“When?”, “Where?”, “Why?”, and “How?”. Internal factors such as skills and external factors such as
social pressure form theoretical constructs. Many theories share several of these constructs. Constructs
and their relationship to one another were tested in empirical studies. Hence, health promoters can link
theory and evidence to understand behavioral contexts and influences in their priority population and
to select proven methods for behavior change [135].

Health promotion projects lead to more success when health promoters use several theories and
theoretical constructs compared to a single or no theory [136, 137]. No theory or theoretical construct
is superior to another [138]. Instead, theories and theoretical constructs complement one another
[139]. Evidence on the relative importance of theoretical constructs is pending [135]. Therefore, health
promoters are on the safe side using several theories to link aspects of a health problem to suitable
theoretical constructs. A multi-theory approach further helps to account for differences between early
and late stages of behavior change.

Six types of behavioral theories informed the current project:

1) Theories of automatic behavior and habits

2) Goal-setting theories

3) Learning theories

4) Theories of information processing and persuasive communication
5) Process models of (health) behavior change

6) Social cognitive models

This project primarily focused on habitual behavior and the habit-goal interface since most health or
risk behaviors are automated in recurring contexts [140-142]. Still, habit formation requires self-control
until automaticity reaches a plateau [105]. Thereby, a previously goal-driven and conscious behavior
gets more and more activated by subconscious behavioral or environmental cues [143]. This is why this
project integrated the two types of behavioral control — subconscious and conscious control. Theories
of habitual and goal-driven behaviors can be seen as detailing higher-order behavioral theories such as
social cognitive models or process models of behavior change. Habit and goal theories, in turn, require
further detailing of some aspects by theories of learning and information processing. Relevant theories
are visualized and discussed in terms of core constructs, implications for health behavior change, and
relevant behavior change methods for this project.
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1.3.1 Theories of automatic behavior and habits

The science of automatic behavior and habits studies subconsciously repeated behaviors in stable
contexts [144-146]. About 47% of daily behaviors are automated to preserve energy and cognitive
capacity for other important decisions and tasks [144]. This enables survival and efficiency in everyday
life [147, 148] and links to an individual’s identity [149].

1.3.1.1 Characteristics of automatic behavior and habits

Automatic behavior is characterized by the lack of awareness or conscious intent, the lack of control,
and mental efficiency [141, 150]. Habits are automatic responses/response sequences to specific cues
with short-term rewards and long-term consequences — one form of automatic behavior [141]. Most
health behaviors are habitual [140]. Most people sleep, think, feel, drink, eat, and move the same way,
every day, in the same contexts and form strong habits [141, 150, 151]. These habits lead to long-term
health outcomes [151]. However, the habit system is insensitive to health consequences and cannot
differentiate between “good” or “bad” habits for health. Therefore, unhealthy, nervous or even

III

“pathological” habits may persist despite negative consequences when never questioned or challenged

[152, 153] — for example, in the scope of a health promotion program.

1.3.1.2 The rules of habit formation and habit change
Habit formation and habit change follow five rules:

[E

A stable and rigid context with specific cues [142, 154, 155]

N

Consistency in the response sequence that forms a routine [105, 141]

H W

)
)
) Sufficient repetition of the routine, especially for more complex tasks [105, 156, 157]
) Rewarding outcomes or reinforcement following the routine [141]

)

Ul

Mental accessibility of past behavior due to changed neural networks in prior experiences [158,
159]

On average, individuals need approximately 66 days to reach behavioral automaticity, with great
interpersonal variation between 18 and 254 days [105].

1.3.1.3 Facilitators of habit formation

All variables in the model of habit formation may act as facilitators (Figure 1.7). Research established
some specific relationships for the following four facilitators: stimulus/cue, response frequency,
response complexity, and implementation intentions. First, new stable contexts in an individual’s life
such as a new job, apartment, or friend provide repeated stimuli and support habit formation [155,
160]. Yet, the changes in context and stimuli can be more subtle, such as a new performance location,
preceding routine, companion [142], or motivation [161]. Second, habit formation slows down when
one lapse equals a missed week [162], but is not harmed by a single lapse for a daily behavior [105].
Third, most people are more consistent for simple behaviors such as drinking a glass of water when
compared to more complex behaviors such as sports [105]. Fourth, implementation intentions eliminate
residual effects of past or current habits on future behavior [146, 155, 163]. Yet, implementation
intentions are insufficient for strong habits [97, 158, 164].



12

Stable context

Moderators:

Number of repetitions
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Mental accessibility of past behavior
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Reward

Figure 1.7: Model of habit formation

Undesirable habits change better with competing response practice when compared to trying to stop
them [153] or to using negating implementation intentions [165]. Lastly, so-called “keystone habits”
such as physical exercise facilitate other self-regulatory behaviors and habits [166]. New research
suggests to establish time-independent health habits in the morning [167]. Effective behavior change
methods for habits relevant to this project include cue altering, coping planning, self-monitoring,
stimulus control, public commitment, early commitment, counterconditioning, and implementation
intentions.

1.3.1.4 The habit-goal-interface

Habits and goals interact in three main ways at the habit-goal interface: goals direct habits by promoting
repetition or exposure to cues, habits inform goals, and habits and goals work together to maintain
learned habit associations [142]. Depending on the situation, the very same action can be controlled by
either the goal (conscious) or the habit (subconscious) system [168]. Habits rely on stable contexts while
goal-driven behavior also applies to unstable contexts. However, individuals differ between the habitual
or goal-directed action control in different situations [169]. The balance between habitual and goal-
directed behavior control decides over health outcomes [152], underlies impulsivity regulations [169],
and is disrupted in obesity-related behaviors [170]. Further, complex behaviors such as physical exercise
require the habit-goal interface: they take longer to become automatic [105] and become less automatic
compared to simple behaviors [171]. Changes in dopamine trigger the shift from goal-directed to
habitual actions [172]. The “goal-oriented automaticity” remains flexible with a clear goal orientation
when compared to a traditional habit [142].

1.3.2 Goal-setting theory
Goal-setting theory describes which mechanisms and moderators affect the relationship between goal-
related criteria, performance, and achievement [173] (Figure 1.8). Goal-directed behavior relies on
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action-outcome representations [141, 143, 174]. Value-expectancies drive goal-directed behavior,
which is innate for survival [175] and links to internal concepts such as self-control, self-efficacy, and
self-regulation [176]. In contrast, goal-setting theory also accounts for interactions between individuals
and their environment via assigned, self-set, and shared decision goals. These interactions call for a
close and consistent cooperation between an individual and all involved parties [177]. Goal achievement
is mediated by choice, effort, persistence, and strategies [175].

Moderators:

——>» Goal commitment

Goal importance Willingness to

commit to new

Self-efficacy challenges
Feedback
Task complexity
Conflicting or rival goals
Goal criteria: l
Specificity Satisfaction with
(Perceived) difficulty » Performance n ——>»  performance and
Duration rewards
External or internal origin
Hierarchical level
Mechanisms:
Choice
Effort
Persistence
Strategies

Figure 1.8: Goal-setting theory
(adapted from Locke and Latham, 2002)

1.3.2.1 The goal hierarchy

Newer models from the last decade build on a goal hierarchy with one to two high-level life goals, a few
mid-level goals (outcome-oriented), and many low-level goals (action-oriented) [178] (Figure 1.9). Low-
level goals occur on a daily or weekly basis while mid-level or high-level goals operate on a monthly,
annual or lifetime basis. The different levels are important for successful behavior change [177]. If a
lower-level rival goal interferes with a higher-level goal, an individual needs self-control to act in line
with the higher-level goal [178]. Low-level goals often conflict with higher-level goals in dieters [179].
To achieve a high-level goal, an individual further needs to generate alternative low-level goals in case
of setbacks and suppress rival goals at higher levels [178].
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Mid-level goal

Self-control

Low-level goal

Action

Figure 1.9: Goal hierarchy
(adapted from Duckworth and Gross, 2014)

1.3.2.2 Facilitators for goal achievement

All 18 variables in the adapted goal-setting theory (see p.13, Figure 1.8) may act as facilitators. Optimal
goal criteria are the foundation for performance and goal achievement. The relationship between goal
difficulty and performance is positive and linear as long as the individual is committed, physically and
mentally able to attain the goal, and not challenged by conflicting goals at higher levels in the goal
hierarchy [180]. Optimal short-term goal criteria translate into the acronym SMART(S): specific,
measurable, attainable/action-oriented, realistic, timely, (and self-determined). Related behavior
change methods for this project — besides goal setting — comprise feedback, cue altering, coping
planning, self-monitoring, public commitment, early commitment, and implementation intentions. The
overlap of most of the methods with those for habit change is caused by the habit-goal-interface.

1.3.3 Learning theories

Humans learn most behavior as response to (repeated) social and environmental stimuli. Hence,
learning theories form the basis for most other behavior theories and offer effective methods for
behavior change. The three most common types of behavioral learning are classical conditioning [181],
operant orinstrumental conditioning [182], and observational or vicarious learning [183]. All three types
of behavioral learning contributed to the understanding of health behavior in this project.

First, classical conditioning allows to uncouple detrimental associations between (impulsive) risk
behavior and their stimuli [184]. Second, in operant or instrumental conditioning a response is increased
via positive or negative reinforcement or decreased via positive or negative punishment. The
reinforcement process can be leveraged by four measures: continuous reinforcement, positive feelings,
a short time interval between the behavior and the reinforcement, and individual reinforcers in terms
of size, value, and quality [116]. Third, observational learning explains imitated responses through the
observation of others’ behaviors [183, 185]. The subtype of vicarious learning adds a (role) model that
is reinforced for a specific behavior [182]. Relevant behavior change methods for this project originating
in learning theories include feedback, reinforcement, early commitment, direct experience, and
contingent rewards.



15

1.3.4 Theories of information processing and persuasive communication

Theories of information processing and persuasive communication investigate how people respond to
information and how health promoters can design messages that transform attitudes and perceptions.
Responses to information depend on how people perceive, comprehend, encode, and retrieve
information in both the working memory and the long-term memory [116]. The two theories selected
for this project are the Elaboration Likelihood Model and the Protection Motivation Theory.

1.3.4.1 The Elaboration Likelihood Model

The Elaboration Likelihood Model distinguishes between central and peripheral information processing
and shows that elaboration is a skill that can be learned (Figure 1.10). Hence, it assumes some people
are more skilled in elaborating than others. Central processing leads to elaboration and long-term
attitude change, protects of counter persuasion, and aligns attitude with behavior — preconditions for
long-term health behavior change [116]. Central processing is associated with learning by integrating
new information with prior or contrasting knowledge and beliefs. In contrast, peripheral processing is
superficial, skips logical analysis and leads to no attitude change or temporary attitude change only.
Peripheral processing switches to central processing via motivation to process [186]. Other facilitators
include [187-189]:

e Positive emotion

e Credible information source

e Message coherence

e Few high-quality arguments in a logical order

e Repeated exposure

e Otherness or novelty

e Personal relevance and importance

e Self-paced processing

e Simple messages with old information before new
e  Skill training for information processing

Hence, health promoters need to consider these factors when they present health information.
Methods to increase knowledge, change attitudes or behavior in this project comprise chunking,
advance organizers, imagery, discussion, strong arguments, persuasive communication, and
elaboration.

1.3.4.2 The Protection Motivation Theory

Health promoters use Roger’s Protection Motivation Theory to shape educational health messages. The
Protection Motivation Theory shows that evoking fear in risk communication only leads to protective
behaviors if an individual beliefs in an effective coping response [190, 191] (Figure 1.11). It
acknowledges different sources of information at the environmental (verbal persuasion, observational
learning) and intrapersonal (personality variables, prior experience) level. An incoming message triggers
cognitive mediating processes that contribute either to response inhibiting factors (threat appraisal) or
to response facilitating factors (coping appraisal). Maladaptive coping behaviors occur if the threat
appraisal outweighs the coping appraisal [192]. They comprise anger, avoidance, denial, hopelessness,
and wishful thinking. In contrast, health behavior for protection motivation occurs if the coping
appraisal outweighs the threat appraisal [190, 193, 194]. Therefore, coping information outperforms
threat information in health messages [195]. Behavior change methods based on the Protection
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Motivation Theory that are relevant to this project comprise tailoring, message framing, and verbal

persuasion.
Central route Peripheral route
Persuasive communication
Y
Motivated to process? D Peripheral attitude shift
Yes v No A Yes
No
Able to process? EEEE— Peripheral cue?
Ye No
il 4
Neutral i i
Nature of processing? > R?r:ia;ilgl (;zt:(teug da;n
Favorable Unfavorable
Y Y
Change in cognitive No
structure?
Yes (favorable) Yes (unfavorable)
Y Y

|

attitude change

Positive central Negative central
attitude change

Figure 1.10: The Elaboration Likelihood Model
(adapted from Petty et al., 1987)
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Figure 1.11: Simplified Protection Motivation Theory
(adapted from Cismaru et al., 2011)

1.3.5 Process models of health behavior change

Process models of behavior change support health promoters to understand behavioral changes over
time, as an individual moves from inaction to consistent action. They uncover and weigh the importance
of different factors at different points in time throughout the behavioral transformation. In the
following, the three behavioral process models applied in this project will be explained briefly.

1.3.5.1 Precaution Adoption Process Model and Transtheoretical Model of Behavior Change
Behavioral stage-adjusted health program materials increase the likelihood that an individual accepts
and identifies with the material. Hence, interventions based on stage models outperform those without
such models [196]. Stage theories delineate the process of behavior adoption into a sequence of distinct
stages. Specific tasks need to be performed to move from one stage to the next. Therefore, each stage
has a specific set of determinants [197]. The process of moving through the stages is not linear, but
rather cyclical or spiral, with relapses to previous stages [198] (Figure 1.12). Stage models are best suited
for deliberate behaviors or weak habits such as exercise due to the limited focus on behavioral context
[138]. Still, automatism can be reached for such deliberate behaviors.
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Automatism

Maintenance

Precontemplation <> Contemplation €< Preparation <>

Unawareness - Precontemplation €= Contemplation €= Preparation €<=

Figure 1.12: Cyclical process in stage theories
(adapted from Prochaska et al., 1994)

The most prominent stage theory is the Transtheoretical Model of Behavior Change (TTM) by Prochaska
[198], followed by the Precaution Adoption Process Model (PAPM) by Weinstein [197]. Both are relevant
for this project. The main difference is that the PAPM adds the stage “unaware of the issue” previous
to the five shared stages [198, 199]:

1) ”Precontemplation”(TTM) or “unengaged by the issue” (PAPM)

2) ”Contemplation” (TTM) or “deciding about acting or non-acting” (PAPM)
3) “Preparation” (TTM, added later) or “decided to act” (PAPM)

4) “Action” (TTM and PAPM)

5) “Maintenance” (TTM and PAPM)

Automatism was added as the stage following a longer behavioral maintenance to describe the link to
habitual behavior in this project. Each stage links to several behavior change methods to move to the
next stage. The following behavior change methods were relevant for this project: individualization,
tailoring, consciousness raising, environmental reevaluation, mobilizing social support, resistance to
social pressure, self-reevaluation, stimulus control, reinforcement, and counterconditioning.
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1.3.5.2 Self-Determination Theory

The Self-Determination Theory by Ryan and Deci explains motivation, self-regulation, and behavior on
a continuum between nonself-determined (externally controlled) and self-determined (autonomous)
[200, 201] (Figure 1.13). Behaviors on this continuum differ in the following factors [200, 202-204]:

1) How related information is being processed

2) How actions are motivated

3) How actions are regulated

4) Where the perceived cause is located

5) To what degree the three needs of autonomy, competence, and relatedness are satisfied

Type and quality of motivation and health actions matter more compared to the total number of actions.
Most behavioral learning occurs autonomously motivated [205]. Several studies showed that the more
autonomous the motivation, the better the outcomes in terms of persistence, performance,
engagement, problem solving, positive emotions, quality of the behavior, and physical and psychological
wellbeing [206-208]. These better outcomes are reflected in automatic behavior [209]. The opposite
was shown for controlled motivation [210].

People can internalize external motivations up to a point where they identify with them so that their
motivation becomes autonomous. Health promoters can support this process with the following eight
actions [211-213]:

1) Explain from the perspective of an affected individual
2) Share decision-making and strengthen self-initiative in finding new solutions and strategies with
optimal challenge

3) Provide structure

4) Give positive feedback and empathy

5) Promote mindfulness and congruence of conscious and non-conscious motives and values
6) Acknowledge emotions

7) Minimize external pressure

8) Give a meaningful rationale
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Figure 1.13: Self-determination continuum

(adapted from Ryan & Deci, 2000)
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1.3.6 Social cognitive models

Social cognitive models consider environmental, psychological and behavioral factors that contribute to
behavior. They assume that humans are thoughtful learners and that a great proportion of behavior is
regulated by cognitive activity such as goals and expectancies. Cognitive behavior accounts for about
25% to 35% of behavior [214, 215]. Most social cognitive models include the two core constructs “self-
efficacy” and “outcome expectancy” (Figure 1.14). Self-efficacy describes an individual’s belief to be
capable of performing an action. Outcome expectancy stands for an individual’s belief to reach a specific
outcome after having engaged in a specific behavior.

Physical, social, and
self-evaluative
outcome expectations

Y
Perceived ; Health
self-efficacy > Goals Behavior

Perceived sociostructural
facilitators and
impediments

Figure 1.14: Health promotion by socio cognitive means
Structural pathways of influence (adapted from Bandura, 2004)

1.3.6.1 Social Cognitive Theory

Bandura’s Social Cognitive Theory of human behavior explains how an individual motivates and
regulates behavior in light of internal and external factors [216, 217]. Self-regulation may occur on three
levels — covert (self), behavior, and environment [218] — leading to a triadic model of reciprocal
determinism (Figure 1.15). The dynamic between these three levels is different over time. With regard
to health behavior, the Social Cognitive Theory adds goals and sociostructural factors in the health
system as facilitators or impediments to the original model (see above, Figure 1.14) [219]. The current
project implements the following behavior change methods derived from the Social Cognitive Theory:
feedback, graded tasks, guided practice, reinforcement, verbal persuasion, enactive mastery
experiences, and improving physical and emotional states.
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Prior knowledge
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Goals or intentions
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Behavioral
self-regulation

Covert
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Self-observation
Self-judgment
Self-reaction

Physical context
social sources

Behavior
Environmental
self-regulation

—— Strategy use
-—-- Enactive feedback

Figure 1.15: Social cognitive view of the triadic determinants of self-regulated learning
(adapted from Clark and Zimmermann, 2014)

1.3.6.2 Theories of Reasoned Action

The Theories of Reasoned Action originate in the Theory of Reasoned Action by Fishbein & Ajzen, were
extended to the widely used Theory of Planned Behavior, followed by the Integrated Behavioral Model,
and the Reasoned Action Approach [220-222]. The three common constructs include attitudes,
subjective norms and perceived behavioral control (Figure 1.16). These three factors influence behavior
via behavioral intention and are determined by behavioral beliefs and evaluation of behavioral
outcomes, normative beliefs and motivation to comply, and control beliefs and perceived power,
respectively [221]. More constructs were added and some of them further specified over time, such as
personal agency split into perceived behavioral control and self-efficacy [222]. Background factors
acknowledge individual differences such as past behavior, demographics, and culture. More recent
models dampen the influence of intention on behavior by adding knowledge and skills to perform the
behavior, environmental factors, salience of behavior, and habits [222]. Hence, current Theories of
Reasoned Actions seem to bridge the gap between conscious and subconscious influences on health
behavior. Relevant behavior change methods for this project include belief selection, resistance to social
pressure, and information about others’ approval.
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Figure 1.16: Theories of Reasoned Action
(adapted from Head and Noar, 2014)
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1.4 Aims and outline of the thesis

This thesis project aimed at planning, developing, and pilot testing one of the first mHealth programs
for women post-GDM. The intervention focuses on the prevention of T2D and related cardiometabolic
disturbances via long-term health behavior change.

First, the systematic and iterative intervention planning followed the Intervention Mapping protocol as
much as feasible with given time, staff, and budget. The planning was based on behavioral theories,
empirical evidence, and interdisciplinary expertise to grant an understanding of the health problem,
intervention context, and intended changes. The resulting intervention model includes the three
lifestyle areas physical activity, nutrition, and psychosocial wellbeing/sleep. Further, several behavior
change methods target the determinants of health behaviors in these lifestyle areas.

Second, initial program plans were translated into practical tools: a smartphone app for women post-
GDM with an associated online coaching platform for healthcare practitioners. The software
programming occurred in close cooperation with a software company. App features and app content
deliver theory- and evidence-based behavior change methods. As soon as a beta-version of the
smartphone app and drafts of additional program materials were available, a small user study pretested
the program material. The user study allowed for user-approved adaptations before full program
production.

Third, the adapted mHealth intervention was pilot-tested in a randomized, controlled clinical
multicenter pilot trial. The pilot trial provided first insights on intervention acceptance and efficacy after
six months. Primary outcomes included behavior change goals while secondary outcomes explored
clinical parameters, app usage, and the perceived impact of the app on behavior. These outcomes
allowed for further refinements of the program and will guide the choice of endpoints, duration,
measurement instruments, and sample size for a larger trial.

Overall, this project prepared the next steps of program implementation and further evaluation.
Table 1.1 outlines the structure of this thesis in relation to the six Intervention Mapping steps
(Chapter 1.2.2) and the respective tasks.
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Table 1.1: Intervention Mapping steps and tasks in the respective thesis chapters

Thesis chapter Intervention Mapping step Intervention Mapping task (thesis subchapter)

Chapter 2 Step 1 Establish and work with a planning group (2.1.1)

Planning a mobile Needs assessment - logic Conduct a needs assessment to create a logic model of the problem (2.1.2)

health promotion model of the problem Describe the context for the intervention including the population, setting, and community (2.1.3)
program to prevent State program goals (2.1.4)

type 2 diabetes after Step 2

State expected outcomes for behavior and environment (2.2.1)
gestational diabetes

© Program outcomes and Specify performance objectives for behavioral and environmental outcomes (2.2.2)
mellitus objectives - logic model of  Select determinants for behavioral and environmental outcomes (2.2.3)
change Construct matrices of change objectives (2.2.4)
Create a logic model of change (2.2.5)
Chapter 3 Step 3 Generate program themes, components, scope, and sequence (3.1.1)
Developing the mobile  Program design Choose theory- and evidence-based change methods (3.1.2)
health promotion Select or design practical applications to deliver change methods (3.1.2)
program Step 4 Refine program structure and organization (3.2.1)
Program production Prepare plans for program materials (3.2.2)
Draft messages, materials, and protocols (3.2.3)
Pretest, refine, and produce materials (3.2.4)
Chapter 4 Addition: Pilot-testing in a randomized, controlled clinical trial (4.1.1 to 4.5)

Clinical pilot trial with
the mHealth program

Chapter 5 Step 5 Identify potential program users (adopters, implementers, and maintainers)
Discussion Program implementation State outcomes and performance objectives for program use
plan Construct matrices of change objectives for program use
Design implementation interventions (5.5.1)
Step 6 Write effect and process evaluation questions
Evaluation plan Develop indicators and measures for assessment

Specify the evaluation design
Complete the evaluation plan (5.5.2)

In grey: Intervention Mapping Step 5 and Step 6 are not part of this thesis but discussed as outlook.
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2. Planning a mobile health promotion program post-gestational
diabetes mellitus (Intervention Mapping Steps 1 and 2)

2.1 Intervention Mapping Step 1 — Needs assessment and logic model of the

problem
During Intervention Mapping Step 1, the project team formed and conducted a needs assessment to
uncover T2D-related cardiometabolic risk behaviors and why women post-GDM engage in these
behaviors. The final product of the needs assessment was a logic model of the health problem. The
logic model of the health problem delineated the epidemiologic, behavioral, and psychosocial context
for the intended program — a precondition to state program goals (Figure 2.1).

4 Y4 Y4 Y4 N

Task 1.2 Task 1.3
Describe the context
Task L1 Conduct a needs for the intervention Task 1.4
Establish and work assessment to create a including the State program goals
with a planning group logic model of the ding the prog g
roblem population, setting,
P and community

- AN AN AN )

Figure 2.1: Tasks of Intervention Mapping Step 1
(adapted from Eldredge et al., 2016)

2.1.1 Establish and work with a planning group (Task 1.1)

The two-headed core team of this project is part of the Diabetes Research Group, a clinical
cooperation group of the Helmholtz Center located in the Medical Center of the University of Munich.
The core team comprises the head of the research group (doctoral supervisor) and the author
(doctoral student), further referred to as “we”. During the first year of planning, the core team also
included an epidemiologist.

Since 2012, the Diabetes Research Group (n=11) runs the 10-year follow-up study PPSDiab (Prediction,
Prevention, and Subclassification of T2D) with 304 participants, in a 2:1 ratio of women post-GDM and
controls after a normoglycemic pregnancy. During the PPSDiab study, the team gained numerous
insights on the priority population’s lifestyle based on cardiometabolic exercise testing and validated
lifestyle questionnaires such as the Pittsburgh Sleep Quality Index [223-226]. Further, the team
received information on daily life challenges and noticed certain behaviors of women post-GDM
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during their annual three-hour clinic visits. Internal expertise for the current project spans the fields
of epidemiology, health sciences including nutrition, and diabetology.

We consulted external experts in sports science, personal training, psychology, user experience
design, software engineering, graphic design, and filming. External experts contributed to the project
in varying degrees, depending on the respective Intervention Mapping step. Three sports scientists
and sports cardiologists from the Medical Center for Preventive and Rehabilitative Sports Medicine of
the Technical University of Munich consulted us for physical activity and exercise. The personal trainer
Katrin Boning runs the Studio Bodyconcept in Munich and provided practical expertise and facilities
for the videos on physical activity. For psychological content, we contracted the psychological
therapists Dr. Sabine Waadt-Heim, Dr. Gabriele Duran-Atzinger, and Amelie Mdller from different
psychological centers. Our industry partners in software engineering included Linova Software GmbH
and QuickBird Studios GmbH, with the technical project manager Dr. Lukas Alperowitz from the Chair
of Applied Software Engineering, Technical University of Munich. Elisabeth Wagner created the logo
as graphic designer. The cameraman Kersten Hittner filmed all videos for physical activity and
provided the respective equipment. We further interviewed a large diabetology practice team to
gather healthcare practitioner’s opinions outside the clinical setting.

For most parts of the project, smaller work groups of about three persons tackled specific tasks by
expertise. This granted a parallel workflow for lifestyle content and software engineering during the
planning and development phases. The three psychological therapists formed the psychological work
group. Two nutritional scientists (including the author) with phasic input by a dietician from the own
team formed the nutritional work group. Three sports scientists started the physical activity work
group to be continued by the core team and the personal trainer. The software engineering work
group comprised a project manager, three software engineers, and one user interface designer. We
scheduled regular meetings with every work group to ensure coherence. Iterative project
management helped us maintain group processes such as brainstorming for idea generation and
consensus-based decision making. Further, joint meeting agendas, short debriefings at the beginning
of each meeting, and timelines for project sub-goals supported our workflow.

2.1.2 Conduct a needs assessment to create a logic model of the problem (Task 1.2)

The systematic needs assessment discloses determinants of risk behavior, risk behaviors associated
with the health problem, characteristics of the priority population and relevant subgroups, and the
health problem with related quality of life implications [116]. The resulting logic model of the problem
describes the discrepancy between what is and what should be in the priority population in as much
detail as possible in the scope of this project (Figure 2.2).

Priority
Persongl determ.mants for Risk behaviors population, health (.luall.ty of life
risk behaviors problem, implications
subgroups

Figure 2.2 Components of the logic model of the problem in this project
(adapted from Eldredge et al., 2016)

2.1.2.1 Describe the priority population, their health problem, and relevant subgroups
The needs assessment started with the population at risk for a specific health problem. Hence, the
first cycle of the six Intervention Mapping core processes tackled the question “What demographic
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(non-behavioral) factors characterize women post-GDM (priority population) at risk for T2D (health
problem), and what are relevant subgroups (such as different body weight categories)?”.

2.1.2.1.1 Characteristics of the priority population
We applied the Intervention Mapping core processes to define the priority population with the
following six criteria:

e Female gender in reproductive age

e Predominant age range between 18 and 45 years

e At least one child in the household

e At least one recent pregnancy complicated by GDM

e Extended postpartum period (until maximum five years after delivery)

e At high risk for or with present cardiometabolic disturbances following GDM

Despite this rather narrow definition of women post-GDM as priority population, we raised our
awareness for the overrepresentation of women with a higher risk for developing GDM in the first
place [227-241]:

1) Pre-pregnancy metabolism with characteristics of the MetS, including (abdominal)
overweight/obesity [231]
Advanced maternal age [227]

w N

)

) Low socioeconomic status [227]

) High-risk ethnicity [236] such as Asian [235], Hispanic [234], or Turkish [229]
) Family history of diabetes [227]
)
)
)

a U bn

GDM in a previous pregnancy [238]

~

Excess weight gain during pregnancy [233]

The polycystic ovary syndrome [242], fertility problems [230] or in-vitro fertilization [232]
9) Multiparity [236]

10) Pre-existent depression [228]

00

Moreover, women post-GDM share demographic characteristics with the wider population of young
mothers — such as being married, living with a partner and infant(s), or being a working mother. We
considered the overrepresented traits in our wider characterization of the priority population, yet not
in the main definition (Supplementary Table 1, Part 1).

2.1.2.1.2 Characteristics of the health problem

The related second set of questions addressed the health problem: “What characterizes T2D (health
problem) following GDM, including cardiometabolic precursor stages, complications, and co-
morbidities?” and “How many people have this health problem or will get it?”

Following the Intervention Mapping core processes helped us to define the health problem
(Supplementary Table 1, Part 2). Our main focus remained T2D, yet we saw the need to add related
cardiometabolic disturbances to the definition. Cardiometabolic disturbances contribute to the
development of a pre-diabetic state, the MetS, CVD, T2D, and T2D-related complications or
comorbidities. Hence, we re-defined the health problem as T2D and related cardiometabolic
disturbances post-GDM. In the scope of this project, cardiometabolic disturbances include the
following four clusters of risk factors:
* (Abdominal/visceral) overweight/obesity:

o Increased body mass index (BMI) [243, 244]

o Increased waist circumference [245, 246]
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o Increased percent body fat/(visceral) fat mass [245]
* High blood pressure/hypertension:
o Increased systolic blood pressure [247]
o Increased diastolic blood pressure [248]
* Dysglycemia:
o Increased fasting glucose [249]
o Increased two-hour glucose in oGTT [250]
o Increased glycated hemoglobin (HbA1lc) [251]
o Increased Insulin Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) [252]
* Dyslipidemia:
o Increased low-density lipoprotein cholesterol (LDL-C) [253, 254]
o Decreased high-density lipoprotein cholesterol (HDL-C) [243]
o Increased triglycerides [255, 256]
» Combinations of the above [257-261]

We excluded further cardiometabolic risk factors comprising pro-inflammatory factors (cytokines and
adipokines, such as tumor necrosis factor-a or interleukin-6) and pro-thrombotic factors (such as
fibrinogen or C-reactive protein) for the following three reasons: Pro-inflammatory factors are not
part of the routine care assessments, non-specific for cardiometabolic disturbances only, and we had
to limit our model for the following steps.

The global prevalence of hyperglycemia in pregnancy (DM and manifest T2D in pregnancy) has been
estimated around 15% to 18% [262-264]. GDM was diagnosed in seven percent of pregnancies after
the introduction of a two-step screening process in Germany [265]. Women post-GDM show a higher
risk for cardiometabolic disturbances compared to controls with a normoglycemic pregnancy. The
cumulative incidence for T2D ranges from three to 70% in a period between six weeks to 28 years
postpartum [3]. The cumulative incidence increases in the first five years post-GDM (between 20 and
65% develop T2D) and plateaus at about 10 years post-GDM [10]. The relative risk is the highest
between three to six years post-GDM compared to the risk of women with a normoglycemic
pregnancy [4]. German data indicates that the average eight-year-risk of developing T2D following
GDM is 53% and varies from 12% to 96%, dependent on the combination of risk factors [11]. In
addition, the cardiovascular risk post-GDM is increased [6, 7, 266-270], with an odds ratio of 1.85 [7].
Metabolic disturbances measured five years post-GDM include hyperglycemia and insulin resistance,
despite normal glucose tolerance [271]. Further, a meta-analysis found an approximately fourfold
higher risk of the MetS post-GDM when compared to controls [8]. In a more recent Finnish study, the
seven-year prevalence for the MetS in a post-GDM group with a GDM diagnosis early in pregnancy
was 50% [9]. Predictors for the development of the MetS can already be found during the oGTT of the
index pregnancy [272].

In addition, we considered diabetic complications and comorbidities as part of the health problem
post-GDM for three reasons:
1) With overt T2D pre or around mid-life, several acute and chronic complications and
comorbidities are likely to develop due to longer disease duration [273-275].
2) Some of the complications are more prevalent in women compared to men — such as the
increased risk for stroke [276], depression [277], and vascular dementia [278].
3) Pre-diabetic patients show prevalences in comorbidities that are comparable to diabetics
[279].
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The prevalence of acute and chronic T2D complications varies, even on a national basis [280]. The
most common chronic complications are a wide range of micro- and marcovascular diseases that
affect major organs such as the heart, kidneys, and eyes and cause damage to the nerves [281].
Microvascular damages such as diabetic nephropathy [275, 282], diabetic retinopathy [283, 284], and
diabetic neuropathy [285, 286] are the leading causes for end-stage kidney disease/failure [287],
visual impairment [288], and lower-limb amputations [289], respectively. Macrovascular damages
such as coronary artery disease [5, 273, 290], peripheral artery disease [274], and the diabetic foot
[291, 292] cause angina or sudden cardiac death [293], stroke [294], and lower-limb amputations
[295], respectively. The main cause of death in T2D are of renal or cardiovascular nature [296], yet
most complications contribute to a higher mortality [297]. Acute events associated with T2D include
hypoglycaemia, acute prancreatitis [298], diabetic ketoacidosis, hyperglycaemic diabetic coma or
hyperosmolar state, and specific types of infections [299]. Many of the complications and
comorbidities have a reinforcing effect on one another, such as severe hypoglycaemia on CVD [300],
or depression on neuropathy [301].

2.1.2.1.3 Characteristics of relevant subgroups

The intertwined third set of questions addresses subgroups of the priority population: “Does the
prevalence or severity for T2D and related cardiometabolic disturbances (health problem) vary
between demographic subgroups of women post-GDM (priority population)?” “What segments of
women post-GDM have an excess burden from T2D-related cardiometabolic disturbances?”, and “Are
there other relevant subgroups in the priority population for program participation?”

The Intervention Mapping core processes guided us in characterizing relevant subgroups among
women post-GDM (Supplementary Table 1, Part 3). The most pronounced high-risk subgroup post-
GDM are overweight or obese women [11, 272, 302]. The mean BMI in most studies with women post-
GDM was above 25 kg/m? to be classified as “overweight” or above 30 kg/m? to be classified as
“obese” [303, 304]. A US and two Australian studies showed that between half to almost two thirds
of women post-GDM were overweight or obese [55, 305, 306]. A higher BMI post-GDM was associated
with deteriorated cardiometabolic risk factors including percent body fat, blood pressure, blood lipids,
and insulin sensitivity [307].

In a comparison between different weight and GDM/no GDM subgroups, the cumulative incidence of
diabetes, hypertension, and CVD was highest among women with GDM and overweight (36%, 27%,
and 3%, respectively) while women with no GDM and no overweight had the lowest incidence (1%,
6% and 1%, respectively) [6]. Similarly, a meta-analysis identified overweight/obesity as the most
consistent risk factor for vascular dysfunction post-GDM [308]. Hence, we distinguished the following
two subgroups with a lower versus a higher risk and burden of T2D and related cardiometabolic
disturbances post-GDM:

*  BMIlof<23kg/m?
e BMIlof > 23 kg/m?

The International Diabetes Federation recommends weight maintenance for those within a healthy
weight range and 5- 10% of weight reduction for adults with a BMI > 25 kg/m? in Caucasians, and > 23
kg/m?2in Asians [309]. This includes those with metabolically healthy obesity [310]. We chose a BMI of
> 23 kg/m?instead of the traditional cutoff at a BMI of 25 kg/m? to define overweight due to the
relatively young age of the priority population.
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Despite our main focus on the overweight/obese for program tailoring, we considered additional
subgroups for individualization purposes. Next to the BMI, three other clusters of risk factors show an
increased risk or burden of T2D and related cardiometabolic disturbances.

First, some risk factors for developing GDM in the first place also form subgroups at higher risk for
cardiometabolic disturbances post-GDM:

1) Ethnicity or ethnic identity

2) Low socioeconomic status

3) Family history of diabetes

4) Metabolic status with characteristics of the MetS

5) Pregnancy-related factors such as excess weight gain during pregnancy

6) Depressive symptoms

7) The polycystic ovary syndrome

Second, GDM-related factors form vulnerable subgroups with a higher prevalence of cardiometabolic
disturbances post-GDM [13, 51, 311-314]:

1) Insulin treatment during pregnancy
2) Early GDM diagnosis before the 20" week of gestation
3) Antenatal glucose value in the oGTT of > 200 mg/d|

Third, the following vulnerable postpartum subgroups need to be considered [315-321] among
women post-GDM:
1) No or short breastfeeding

2) Weight retention for a longer period after pregnancy

3) Postpartum fatigue or sleeping problems

4) Physical disturbances such as urinary incontinence

5) Psychological disturbances such as postpartum depression, postpartum posttraumatic stress

disorder, obsessive-compulsive disorders, anxiety disorders, or negative postpartum body
image

In line with these findings, data from the PPSDiab study describes a subgroup of women post-GDM
with subclinical mild to moderate depressive symptoms with an unfavorable metabolic profile in terms
of higher BMI, systolic blood pressure, and abdominal visceral fat [224]. Especially women post-GDM
with a low socioeconomic status and immigrant women may be affected by postpartum depression
[51, 322], or experience negative emotion [323]. Overall, the subgroups mentioned above have a
higher cardiometabolic risk compared to the general population of women post-GDM and are thus
considered for further individualization.

2.1.2.1.4 Describe quality of life implications

The quality of life questions addressed in this project included: “What are a) short-term quality of life
implications in the postpartum period and in the years following GDM (priority population), and b)
long-term quality of life implications of T2D and related cardiometabolic disturbances (health problem)
in individuals living with these conditions?”, and “To what extent are dimensions such as activities of
daily living in family life, work or leisure time affected?”.

Following the Intervention Mapping core processes and a theoretical framework on quality of life, we
identified the most important quality of life implications (Supplementary Table 1, Part 4). We
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differentiated between short-term and long-term effects of the health problem on quality of life. The
short-term effects relate to the post-GDM phase with no or little cardiometabolic disturbances —
including the postpartum phase in general. In contrast, we attributed the long-term effects on quality
of life to T2D, related cardiometabolic disturbances, complications, and comorbidities. In this project,
we focused on short-term quality of life improvements, with the long-term quality of life impacts and
goals in mind.

Women post-GDM rate their quality of life postpartum similar to controls with a normoglycemic
pregnancy [324]. The two groups share an impaired quality of life postpartum [325]. Both groups rated
their health-related quality of life weakest for “discomfort”, “sleeping”, and “discomfort and
symptoms” [324]. Compared to the third trimester, women post-GDM tended to rate their quality of
life better [326]. This can be explained by their normalization of blood sugar values. However, five
subgroups of women post-GDM perceive a lower quality of life:

1) Depression postpartum [327]

2) Single mothers [324]

3) Lower socioeconomic status [328]

4) Obese [329]

5) Perceived fair or poor health, with more days of sick leave and more use of medication
[330]

We compared these subgroups with the subgroups of the previous section (Chapter 2.1.2.1.3) and
added the second (single mothers) and the fifth (perceived fair or poor health) retrospectively to the
subgroups of women post-GDM (Supplementary Table 1, Part 3).

Regarding the long-term effects, the starting point for a reduced quality of life is moving from low to
high risk — including a pre-diabetic state [331]. Metabolic disturbances and diseases impact all quality
of life domains and most of their facets in varying degrees [332-335]. Overall, different quality of life
measurement instruments with different domains and facets and dissimilar publications complicate
meta-analytic conclusions across studies [336]. Disease-related quality of life factors interact with
demographic [337, 338], psychosocial [335], and lifestyle factors [339, 340] that are often not
controlled for [335].

We structured the empirical studies of long-term impacts of T2D and related cardiometabolic
disturbances on quality of life with the four domain and 24 facet model by the World Health
Organization (WHO) [341]. We highlighted the four domains by underlining and excluded those facets
without evidence for T2D and related cardiometabolic disturbances (Supplementary Table 1, Part 4):

1. Physical functioning [342-344]

Pain and discomfort [332, 345-348]

Energy and fatigue [332, 342, 347, 349]

Sleep and rest [332, 350-354]

Mobility [334, 348, 355]

Activities of daily living [334, 347, 348, 356, 357]

Dependence on medication [334, 346, 358]
o Working capacity [334, 340, 346, 359]

2. Psychological functioning [347]
o Negative feelings/emotions [332, 334, 344, 346-348, 356, 360]
o Cognitions (thinking, learning, memory, and concentration) [332, 347]

O O O O O
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Self-esteem [334]

Body image [334]

Spirituality/religion [361]
o Personal beliefs [334]

3. Social functioning [332, 334, 362]
o Personal relations [363]

o O O

o Practical social support [364-366]
o Sex|[334,367]
4. Environmental wellbeing [368]

o Home environment [334]

o Financial resources [334, 359, 369]

o Recreation and leisure, with the most severe effect on the facet “Freedom to eat as |
wish” [334]

Several studies point to diabetic subgroups with lower quality of life perceptions:
*  Demographic
o Female gender, especially for physical and psychosocial functioning [344]
o Obese [343, 370, 371]
o Immigrant status [372]
* Disease-specific
o Higher disease severity [346, 373]
o Longer disease duration [374, 375]
o Higher number and severity of disease-related complications [336, 370, 371, 376] —
especially the presence of two or more complications [335] or comorbidities [340];
lowest ratings if both micro- and macrovascular complications [370]
o Low glycemic control [348, 377]

The demographic diabetic subgroups stress the high vulnerability of women — the present priority
population. Further, the obese subgroup shows a recurring pattern for a lower perceived quality of
life and confirms our primary choice of BMI categories as subgroups in the logic model of the health
problem.

2.1.2.2 Describe cardiometabolic risk behaviors

The term “risk behavior” in this project describes all behavior influencing cardiometabolic risk,
including risk lowering behavior. The questions guiding our search on risk behaviors comprised: “What
are important risk behaviors linked to the development of T2D and related cardiometabolic
disturbances (health problem) in terms of increased risk, incidence, prevalence, or burden?”, “How do
cardiometabolic risk behaviors vary for different subgroups (post-GDM)?”, and “What are relevant
behaviors for intervention?”

The Intervention Mapping core processes helped us to select the most relevant risk behaviors
(Supplementary Table 1, Part 5). We specified the following four criteria for our literature search:

1) A first search with women post-GDM (limited number of studies), followed by an extended
search of studies with other adult populations that link risk behaviors to T2D and related
cardiometabolic disturbances/diseases — including the MetS, CVD, coronary heart disease
(CHD), stroke, and related mortalities
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2) Screening of both observational studies and RCTs since relevant risk behaviors not only
influence cardiometabolic disease risk directly, but also the four clusters of cardiometabolic
risk factors specified above (Chapter 2.1.2.1.2):

e (Abdominal/visceral) overweight or obesity (increased BMlI, increased waist
circumference, increased percent body fat/(visceral) fat mass)

e Increased blood pressure (systolic or diastolic)

e Dysglycemia (increased fasting glucose, increased two-hour glucose in oGTT,
increased HbA1lc, increased HOMA-IR)

e Dyslipidemia (increased LDL-C, decreased HDL-C, increased triglycerides)

3) Focus on systematic reviews or meta-analyses since we aimed at a high level of evidence to
account for possible biases of single studies, such as those in favor of industry sponsorship
[378, 379]

4) Search risk behaviors in the following five behavioral domains: nutrition, physical activity,
psychology, sleep, and other risk behavior

2.1.2.2.1 Nutritional risk behaviors

We found the highest number of cardiometabolic risk behaviors in the area of nutrition. Diet is
composed of many single nutritional behaviors often influencing one another. The most important
questions for nutrition behaviors in this chapter are: “What?”, “How much?”, and “How often?”. We
clustered our answers into:

1) Healthy vs. unhealthy nutrition patterns
2) Macronutrient compositions and quality
3) Predominant choice of food groups
4) Positive vs. negative energy balance

2.1.2.2.1.1 Dietary patterns
An individual’s diet can be categorized as “predominantly healthy” or “predominantly unhealthy”
dependent on recurrent dietary patterns.

Unhealthy dietary patterns are based on “Western dietary choices”, including high intakes of animal-
derived and energy-dense highly processed food and low intakes of plant-derived non- to minimally
processed food. “Western dietary choices” are based on convenience food, refined grains, canned
fruits, red and processed meat, sugar sweetened beverages, high-fat dairy, spreads and sauces,
alcoholic drinks, sweets, confectionary, and fried food [380-382]. Predominant unhealthy dietary
choices were related to a higher risk for central obesity [383], the MetS [380], CVD/CHD/stroke [381,
384], and T2D [382, 385-387]. Unhealthy dietary patterns are further linked to a high sodium intake
above the recommended 5 g per day due to large quantities of sodium in processed food. A high
sodium intake was positively associated with obesity [388], hypertension [389], CVD [390], CVD deaths
[391, 392]. Women post-GDM showed a lower nutrition quality compared to controls after a
normoglycemic pregnancy [393].

In contrast, healthy or prudent dietary patterns are characterized by high intakes of nutrient-dense
non-to minimally processed plant-based food. Healthy dietary patterns are based on fresh fruits and
vegetables, whole grains, legumes, nuts, and seeds —and may be extended to limited amounts of oily
fish, poultry, and low-fat dairy [380-382, 386]. Healthy dietary patterns were associated with a
reduced risk for central obesity [383], the MetS [380], CVD/CHD/stroke [381, 384], and T2D [382, 385-
387] and improved related biomarkers such as systolic or diastolic blood pressure [394].
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Several predefined healthy dietary patterns have been studied in diverse at-risk populations. Public
health authorities recommend these dietary patterns to reduce cardiometabolic risk globally. The
patterns vary by geographical region or prevention purpose, but most share a focus on non-to
minimally processed plant food. The variable factors include limited amounts of some animal-derived
food groups such as low-fat dairy and limitations such as in total cholesterol, saturated fat, red and
processed meat, added sugar, sweets, sugar-sweetened beverages, and salt. Most prominent are the
following four predefined healthy dietary patterns:

1) Mediterranean diet [395]

2) “The Dietary Approaches to Stop Hypertension” [396]

3) The Healthy Eating Index or the Alternate Healthy Eating Index [386, 396]
4) Vegetarian or vegan diets [397, 398]

First, the Mediterranean diet was associated with a decreased risk for the MetS [399, 400], CVD/CHD
[401, 402], T2D [386, 403-406], and improved related biomarkers such as HbAlc [404], HDL-C [404],
triglycerides [398], and systolic and diastolic blood pressure [407]. These improvements make the
Mediterranean diet the most effective dietary approach for reducing diabetic dyslipidemia [398] and
fasting glucose [408]. Second, the Dietary Approaches to Stop Hypertension was associated with a
reduced risk for CVD [396, 409], stroke [410], T2D [386, 396], and improved related biomarkers such
as systolic and diastolic blood pressure [411], LDL-C [412], BMI [413], and waist circumference [413].
According to recent meta-analyses, the Dietary Approaches to Stop Hypertension was the most
effective dietary approach for the reduction of blood pressure in pre-hypertensive and hypertensive
individuals [414, 415]. Third, the Healthy Eating Index and the Alternate Healthy Eating Index were
associated with a decreased risk for CVD [396], CVD mortality [416], and T2D [386]. Fourth, vegetarian
or vegan diets were associated with a reduced risk for prediabetes [417], T2D [397, 418], CVD [419],
and improved related biomarkers such as triglycerides [420], HbAlc [421], HOMA-IR [417], LDL-C
[422], and HDL-C [422]. Vegan diets achieved greater weight loss in comparison to lacto-ovo-
vegetarian diets [423], and lower BMI, waist circumference, LDL-C, triglycerides, fasting glucose, and
systolic and diastolic blood pressure compared to omnivores [424]. The effects on blood pressure by
normo-caloric vegan diets were comparable to those of energy-restricted diets and to diets
recommended by medical societies [425].

Women post-GDM adhering to the alternate Mediterranean diet, the Dietary Approaches to Stop
Hypertension, and the Alternate Healthy Eating Index showed a decreased risk for T2D [304] and less
long-term weight gain [426].

2.1.2.2.1.2 Macronutrient composition and macronutrient quality

Healthy dietary patterns vary in their macronutrient composition. This reflects the contradicting
conclusions of meta-analyses on recommended dietary proportions of fat, carbohydrates and proteins
related to cardiometabolic risk. The discussion of superior cardiometabolic health benefits of specific
macronutrient compositions for everybody remains controversial, including low carbohydrate diets
[427-429], low fat diets [430-432], and high protein diets [404, 433-437]. Next to the diverse study
designs, individual metabolic responsiveness to different nutritional measures might be responsible
for inconclusive study outcomes. Nevertheless, the low-fat approach is most established in
recommendations by public health authorities such as the American Diabetes Association [438] —
albeit recently questioned [430]. The American Diabetes Association recommends a reduced total
dietary fat intake of 30% of total energy intake or less, while keeping protein intake at approximately
15 to 20% and carbohydrate intake at approximately 50 to 60% of total daily energy intake for weight
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management [438]. Still, total energy intake (Chapter 2.1.2.3.1.4) and macronutrient quality are, in
sum, more important for cardiometabolic health than quantities of the three macronutrients [439-
442]. The importance of macronutrient quality is mirrored in the recommendations by public health
authorities, as described in the following paragraphs.

First, complex carbohydrate intake high in dietary fiber lowered the risk for the MetS [443], CVD [444-
446], and T2D [428, 447-451], and improved systolic blood pressure [440]. Thereby, cereal fiber
appeared superior to fruit fiber [450] and to vegetable fiber [449, 452]. The greatest risk reductions
occurred between 25 g and 29 g of daily fiber intake while dose-response curves suggested greater
benefits for CVD and T2D for higher doses of dietary fiber [440]. Women post-GDM showed a higher
daily fiber intake about three years after pregnancy compared to pre-pregnancy, yet below the
recommended level [67].

Second, plant protein was favorable for human metabolism in comparison to animal protein, with
protective effects for T2D [453-456] and improved cardiovascular biomarkers such as LDL-C [457].
Further, the HbAlc improved when replacing animal protein with plant protein in diabetic patients
[458]. In contrast, high animal protein intake was associated with an increased risk for T2D [453-456].

Third, the quality of dietary fat depends on the proportion of the following five components
(highlighted by underlining). Plant fat high in mono- and polyunsaturated fatty acids showed beneficial

cardiometabolic effects overall [459, 460]. An increased polyunsaturated fatty acid intake was related
to a decreased risk for T2D [442], CVD/CVD deaths [461, 462], stroke [462], and improved related
biomarkers such as waist circumference [463], HbAlc [460], HOMA-IR [460, 464], and triglycerides
[462]. The American Diabetes Association recommends a polyunsaturated fatty acid intake of

approximately 10% of total daily energy intake [438]. An increased monounsaturated fatty acid intake
was associated with improved cardiometabolic biomarkers such as HbA1lc [460, 465], HOMA-IR [460],
systolic and diastolic blood pressure [466], fasting glucose [467], triglycerides [467], and HDL-C [467].
Diets high in monounsaturated fatty acids were superior to diets high in polyunsaturated fatty acids

in reducing fasting glucose [467] while diets high in polyunsaturated fatty acids were superior in
improving insulin secretion capacity [460].

Further, most animal fat and related processed food contain high levels of saturated fatty acids, trans

fatty acids, and cholesterol that harm cardiometabolic health. An increase in saturated fatty acid

intake was associated with weight gain [468], CVD [469], and deteriorated related biomarkers such as
LDL-C. Whether the negative cardiometabolic effects include plant sources of saturated fatty acids
such as palm oil is still under debate [470-472]. The American Diabetes Association recommends to
reduce daily intake of saturated fatty acids to less than 10% of total energy intake [438]. However, a
recent review concluded that the effects of lowering dietary saturated fatty acids largely depend on
the replacement [473]. Replacing saturated fatty acids with simple carbohydrates did not decrease
CHD events or CVD mortality while replacing them with mono- or polyunsaturated fatty acids or
complex carbohydrates lowered CVD events [473]. Further, convincing evidence demonstrated a
positive association between trans fatty acid intake and an increased CVD risk [432, 473] and weight

gain [468]. Especially industrial trans fatty acids were related to increased CHD and CHD mortality
[474]. This is reflected in the guidelines of the American Diabetes Association to minimize trans fatty
acid intake to less than 1% of daily total energy intake [438]. Lastly, a higher dietary cholesterol intake

was associated with an increased T2D risk [475]. Women post-GDM with early postpartum
prediabetes and diabetes consumed more animal fat when compared to the normal glucose tolerance
group [476].
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2.1.2.2.1.3 Predominant choice of food groups

Nutrition patterns and macronutrient compositions depend on the intake frequency and amount of
the following eleven food groups (highlighted as underlined words) that will be discussed in more
detail. For practical reasons, we screened the evidence on each food group related to cardiometabolic
risk starting with plant-based food, followed by animal-based food, processed food, and beverages:

1) Whole grains vs. refined grains 7) Eggs

2) Fruits and vegetables 8) Meat

3) Legumes 9) (Ultra-) processed food
4) Nuts and seeds 10) Beverages

5) Fish and seafood 11) Alcohol

6) Dairy

A high whole grain intake was associated with a lower risk for weight gain [477], CVD [440, 478, 479],
and T2D [440, 452, 480-482], and improved related biomarkers such as fasting glucose [477], and LDL-
C [483]. Similarly, regular breakfast cereal consumption was associated with a decreased risk of

overweight/obesity, CVD, T2D, and related biomarkers such as BMI [484]. Further, a meta-regression
model showed a significant linear inverse association between each 10 g of whole grain ingredient
consumed daily and an absolute reduction of 0.3% in T2D occurrence [485]. In contrast, refined grains
were associated with an increased risk for overweight/obesity [486] and T2D [481, 487], and
deteriorated related biomarkers such as LDL-C [483]. According to a systematic analysis on health
effects of dietary risks for the Global Burden of Disease Study in 2017, low whole grain intake ranks
second in both attributable global deaths and the number of attributable disability-adjusted life years,
mainly due to CVD and T2D [21]. An Australian study showed insufficient intakes of whole grain
products by women post-GDM [488].

A high fruit, vegetable, or combined fruit and vegetable intake was associated with a lower risk for
adiposity and weight gain [486, 489-491], the MetS [492], CVD [493], T2D [494-496], and improved
related biomarkers such as triglycerides [497]. Two servings of fruit per day and two to three servings

of vegetable per day lowered T2D risk the most compared to other levels of fruit and vegetable intake
[494]. Further, green leafy vegetables were associated with lower risks for CVD [493] and T2D [498].
Women post-GDM showed suboptimal fruit and vegetable intakes, with proportions between five to
33% reaching the recommendations [56, 330, 499-501]. In an Australian study with women post-GDM,
38% consumed less than one serving of vegetables per day [56]. In addition, a US study found lower
intakes of green leafy vegetables in women post-GDM compared to those without a history of GDM
[393].

A high legume intake was associated with protective effects for overweight/obesity [486], CVD/related
mortality [502-504], and improved related biomarkers such as LDL-C [505, 506], HDL-C [505],
triglycerides [505], blood pressure [507], fasting glucose [508], and HbA1c [508]. A recent network
meta-analysis investigating the association between food groups and intermediate cardiometabolic
disease markers identified legumes as second best food group for reducing triglycerides [483].
Regarding women post-GDM, a US study showed insufficient intakes of beans in women post-GDM
when compared to those without a history of GDM [393].

A high nuts and/or seeds intake was associated with a lower risk for overweight/obesity [509],
abdominal obesity [486], hypertension [510], the MetS [509, 511], CVD [479, 504, 512-514], T2D [504],
related mortalities [515-517], and improved associated biomarkers such as BMI [509], waist
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circumference [509], blood pressure [392], LDL-C [518], triglycerides [518], fasting glucose [519],
HbA1c [520], HOMA-IR [521], and fasting insulin [521]. In a recent network meta-analysis investigating
the association between food groups and intermediate cardiometabolic disease markers, nuts were
identified as best food group for reducing LDL-C and second best for reducing triglycerides [483].

A higher total fish and/or seafood intake was associated with a decreased risk for abdominal obesity
[486], CHD [479], and stroke [479] and improved related biomarkers such as waist circumference

[463]. In a recent network meta-analysis investigating the association between food groups and
intermediate disease markers, fish was identified as best food group for reducing triglycerides [483].
Further, a higher intake of oily fish and seafood omega-3 fatty acids was associated with a decreased
risk for T2D [522, 523], CVD [517], and improved related biomarkers such as triglycerides [524] and
HDL-C [524].

Meta-analyses on dairy intake and cardiometabolic risk remain controversial, including the subgroups
of low-fat dairy products and high-fat dairy products. In some meta-analyses, a higher dairy intake
was associated with a lower cardiometabolic risk [454, 525-527], in others with a higher
cardiometabolic risk [528, 529], and yet in others with no cardiometabolic effects [479, 486, 530].
Some meta-analyses showed the subgroup of low-fat dairy products was inversely associated with
T2D risk [525-527], and improved related biomarkers such as blood pressure [531]. The evidence was
considered sufficient to include low-fat dairy e.g. in the Dietary Approaches to Stop Hypertension in
CVD prevention [409].

Meta-analyses on egg intake and cardiometabolic risk remain controversial: A recent umbrella review
of meta-analyses found no association between a higher egg intake and cardiometabolic disorders
[532]. Yet, other recent meta-analyses not included in this review associated increased egg
consumption with an increased risk for heart failure [479] and deteriorated biomarkers such as LDL-C
[533] while egg substitutes were associated with lower LDL-C [534].

A higher total meat intake was associated with a higher risk for hypertension [535] and T2D [536, 537].
However, the associated risks varied per type of meat and processing, with the highest risks for
processed and red meat [535, 537]. An increased red meat intake was associated with weight gain
[486], abdominal obesity [486], hypertension [528], CHD/stroke/heart failure [479], CVD mortality
[538], T2D [536, 537, 539], and deteriorated related biomarkers such as BMI [401], and fasting glucose
[540]. In line with these findings, heme iron intake was associated with T2D [541].

Regarding (ultra-) processed food intake, the three subgroups of processed meat, fried food and food

with added sugar are most decisive for cardiometabolic health. First, a higher processed meat intake

was associated with a higher risk for obesity [542], hypertension [528, 535], CHD/stroke/heart failure
[479], CVD mortality [538], T2D [385, 452, 454, 536, 537, 543], and deteriorated related biomarkers
such as fasting glucose [540]. Second, a higher fried food intake was associated with a higher risk for

T2D [382, 544] and coronary artery disease [544]. Regarding women post-GDM, an Australian study
found that about one quarter of the women consumed fried food at least twice per week [56]. Further,
a higher fried food intake was related to an increased risk for substantial postpartum weight retention
in women post-GDM [545]. Third, a higher added sugar intake was associated with a higher risk for
obesity [546], the MetS [547], CVD mortality [548], T2D [549], and deteriorated related biomarkers
such as ectopic fat [550], blood pressure [551], triglycerides [551], and LDL-C [551]. Public health
authorities such as the World Health Organization and the American Heart Association recommend a

daily limit of added sugar of less than 10% — preferably less than 5% — of total energy intake [552, 553].
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A study among women with GDM found that 77% consumed processed food and 97% ultra-processed
food on a daily basis in the second and third trimester of their pregnancy [554]. Ultra-processed food
was associated with excess energy intake leading to weight gain [555], and processed food addiction
[556] in adult populations. The more severe the processed food addiction, the higher the BMI [557]
and depression, anxiety, and stress [556] in people with T2D. In addition, processed food addiction
was related to eating disorders such as binge eating disorder, also associated with an increased risk
for T2D [558].

Regarding beverage intake, the seven categories of sugar sweetened beverages, artificially sweetened

beverages, fruit juice, coffee, tea, water, and alcohol are most decisive for cardiometabolic health.
First, a higher intake of sugar sweetened beverages was associated with a higher risk for
overweight/obesity [486, 559-561], hypertension [528, 562, 563], the MetS [564], CVD/CHD/stroke
[479, 483, 565], T2D [385, 392, 452, 566, 567], and deteriorated related biomarkers such as fasting
glucose [568], and HbAlc [569]. Similarly, nutritively sweetened beverages were associated with
weight gain [570]. Regarding women post-GDM, a higher soda intake was associated with substantial
postpartum weight retention [545]. Second, a higher intake of artificially sweetened beverages was
associated with an increased risk for obesity [560], hypertension [562], the MetS [564], CVD [565], and
possibly also T2D [566]. Third, a higher intake of fruit juice was associated with a higher risk for weight
gain [561] and T2D [495, 566, 571]. The data on 100% fruit juice and T2D risk was less conclusive than
the data on fruit juice with added sugar [572]. Fourth, a higher intake of coffee was associated with a
lower risk for weight gain [561, 573], obesity [574], hypertension [575, 576], the MetS [574, 577], and
T2D [574, 578, 579]. The association with CVD risk was a U-shaped curve [580]. Fifth, tea intake was
inversely related to hypertension [581], the MetS [577], CVD [582], T2D [583], and improved related
biomarkers such as LDL-C [584-587]. Most meta-analyses on tea and cardiometabolic risk investigated

green tea only. Sixth, a higher water intake was associated with a lower risk for weight gain [561, 588],
and possibly for T2D [589].

Further, meta-analyses on alcohol intake and cardiometabolic risk remain controversial. Some meta-
analyses show a risk lowering effect of light to moderate alcohol intake for T2D in comparison to no
or very low intakes [452, 590-592]. Thereby, the best associated risk reduction for T2D occurred for
10-14 g per day [591]. The protective effects were higher for females compared to males, including
CVD risk [593]. Evidence related to blood pressure remained inconclusive due to different short- and
long-term effects of alcohol on blood pressure [594]. Regarding women post-GDM, an Australian study
indicated a high alcohol consumption [488]. Alcohol intake ranked seventh among leading risk factors
for both disability-adjusted life years and deaths in a systematic review of the Global Burden of Disease
Study in 2016 [595]. The authors concluded that consuming zero alcohol minimized overall health loss
[595]. This is in line with the findings that alcohol consumption triggers other risk behaviors such as
anincreased energy intake [596]. Hence, no to minimum alcohol consumption seems the best strategy
to promote health, including the health of women post-GDM.

Overall, the high number of possible confounders complicates studying the effects of a single food
group on cardiometabolic risk. This led to a predominant very low to low quality of studies and to
reviews or meta-analyses with contradicting results. A recent umbrella review and meta-analysis on
dietary factors and incident T2D classified the risk lowering evidence as convincing for an increased
intake of whole grains, cereal fiber and a moderate intake of alcohol — while the risk enhancing
evidence was graded as convincing for a higher intake of red meat, processed meat, bacon, and sugar
sweetened beverages [452]. Further, a recent network meta-analysis pointed to an increased nut,
legume, and whole grain intake as most effective for improving intermediate cardiometabolic disease
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markers compared to other food groups [483]. The bottom line is that smaller effects by single food
groups add up to dietary patterns that change individual cardiometabolic risk, with some food groups
having a higher impact than others. This is in line with an umbrella review on risk factors for T2D
stressing that a change in multiple food groups was essential [385]. The strongest evidence on
cardiometabolic risk seems in favor of non- to minimally processed plant food and calls for a reduction
of animal-derived and processed food products or beverages.

2.1.2.2.1.4 Caloric energy imbalances

Energy imbalances result from either a higher caloric intake compared to caloric expenditure (positive
energy balance) or a lower caloric intake compared to caloric expenditure (negative energy balance).
Energy imbalances for longer periods result into either weight gain or weight loss. If alternated
frequently, the resulting unstable body weight may contribute to a higher risk for T2D [597].

A positive energy balance was associated with weight gain and a higher risk for obesity [598, 599],
CVD [310], and T2D [597, 598]. Weight gain was classified as the strongest predictor for T2D [243]. A
higher energy intake was partly attributed to a greater intake of energy-dense food and a higher food
cue reactivity [600]. Both were, in turn, associated with obesity [600-602]. Two studies found that
women post-GDM increased their caloric intake, weight, and BMI [67, 476], which contributed to a
higher pre-diabetes and diabetes risk [476]. Each 5 kg increment in body weight post-GDM was
associated with a 27% higher risk of T2D [603]. The T2D risk related to weight gain further increased
for women with a baseline BMI of more than 30 kg/m?[603]. BMI change post-GDM was found to be
an independent predictor for the development of T2D [307].

In contrast, longer periods of energy restriction were associated with weight loss [604] and
improvements in biomarkers such as fasting glucose [605], triglycerides [605], and blood pressure
[605, 606]. The sub-form of intermittent energy restriction was associated with weight loss [607-612],
a lower risk for CVD [613], T2D [613], and improved related biomarkers such as BMI [608], body fat
mass [608, 609], waist circumference [608, 609], HOMA-IR [608], LDL-C [611], and triglycerides [611].
The cardiometabolic effects of intermittent energy restriction regimens were comparable to
continuous energy restriction [607-612, 614]. Further, weight loss was associated with a decreased
risk for T2D [605, 615] and CVD [605]. The larger the weight loss, the larger the improvements in
relevant biomarkers [605, 606]. Women post-GDM with a modest weight loss of about 2 kg between
six weeks and 12 months postpartum showed improved biomarkers such as fasting glucose, and both
glucose and insulin at two hours in oGTT [616]. Further, weight loss post-GDM was associated with a
decreased risk for T2D [40].

2.1.2.2.2 Physical activity risk behaviors

The three most relevant physical activity behaviors related to cardiometabolic risk are
sedentary/physical inactivity, physical activity, and exercise. For this project, we investigated the
exercise forms endurance training, resistance training, and high intensity interval training.

2.1.2.2.2.1 Sedentary behaviors and physical inactivity

Sedentary behavior and physical inactivity were associated with hypertension [617], the MetS [618],
CVD [619-621] and related mortality [622-624], T2D [243, 621-624], and deteriorated related
biomarkers such as waist circumference [625, 626], blood pressure [627], triglycerides [618, 626],
fasting glucose [626], and HDL-C [626] — mostly with a dose-response relationship. Sedentary
behaviors further reduced energy expenditure in comparison to standing behaviors [628]. As a
subcategory of sedentary behavior, a higher television viewing time was associated with a higher risk
for the MetS [618], T2D [629], CVD [630], CVD mortality [623], and deteriorated related biomarkers
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such as HDL-C [618] and fasting glucose in women [618]. In line with these findings, a recent umbrella
review on the risk factors for T2D classified the evidence as convincing for the associations of a high
sedentary time, duration of television watching, and decreased physical activity with an increased T2D
risk [385]. Breaks in longer sedentary times may improve overweight/obesity and cardiometabolic
health [631]. Regarding women post-GDM, more than one quarter was classified as sedentary in an
Australian study [55] and about one third did not engage in any leisure time physical activity in a US
study [305]. These long sedentary times in women post-GDM increased their risk for T2D [629, 632].

2.1.2.2.2.2 Physical activity

A higher physical activity was associated with a lower risk for genetically predisposed obesity [633],
the MetS [634, 635], CVD [636-638], CVD mortality [639], T2D [640], and improved related biomarkers
such as BMI, percent body fat, blood pressure, and fasting glucose [641] — with established dose-
response relationships [639, 640, 642]. An increased step count was inversely associated with blood
pressure [643]. A high physical activity reduced diabetes risk by 28% when compared to insufficient
physical activity, with most health gains at medium activity levels of about 3,000 - 4,000 metabolic
equivalent minutes per week [642].

Next to the frequency and duration, the intensity of physical activity matters: Replacing sedentary
time with light intensity physical activity was associated with improved biomarkers such as waist
circumference, fasting insulin, and HDL-C, while its replacement with moderate to vigorous intensity
physical activity increased the magnitude in those changes and added beneficial effects on BMI and
fasting glucose [644]. Similarly, replacing one sedentary hour with moderate to vigorous physical
activity led to greater cumulative energy expenditure than three to five hours of low intensity physical
activity [645].

Regarding women post-GDM, about one third met the international physical activity
recommendations of at least 150 minutes of moderate or at least 60 minutes of vigorous physical
activity per week [55, 501, 646]. Approximately the same proportion engaged in any health-enhancing
physical activity [330, 647]. An Australian study in a rural setting found an almost double proportion
engaging in recommended physical activity levels [306]. This might reflect the differences in lifestyle
between rural and urban areas. Physical activity was decreased on average 1.4 years post-GDM
compared to pre-pregnancy [67]. Compared to women without a history of GDM, less women post-
GDM engaged in moderate to high intensity physical activity [500]. A US study found a dose-response
relationship with every 100 minutes per week of moderate-intensity physical activity post-GDM linked
to a 9% lower risk of T2D [629]. Two other studies supported an inverse association between physical
activity and the risk for T2D post-GDM [40, 646] — albeit the second only for women without
abdominal obesity [646].

2.1.2.2.2.3 Exercise

Exercise was inversely related to the risk for (visceral) adiposity [648, 649], the MetS [650], and
improved related biomarkers such as body fat mass [651], waist circumference [652], systolic blood
pressure [652], LDL-C [651], HDL-C [653], triglycerides [652, 653], HbAlc [652-654], and HOMA-IR
[653]. Improvements in most biomarkers were similar between continuous and accumulated exercise
— except for greater reductions in LDL-C and percent body fat when accumulated [651]. In their joint
position statement, the American College of Sports Medicine and the American Diabetes Association
stress the importance of sufficient exercise of at least 150 minutes per week of moderate to vigorous
intensity in the prevention, delay, and treatment of T2D [655]. Women post-GDM tended to exercise
at lower intensities compared to women without a history of GDM [330].
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All three explored exercise forms (endurance, resistance, high intensity interval training) improve
cardiometabolic health. Endurance training was inversely associated with the risk for visceral adiposity

[648], the MetS [656] and improved related biomarkers such as waist circumference [656], blood
pressure [656-658], HbAlc [659, 660], and HDL-C [656], especially in higher exercise intensities [659]
and in volume-intensity progressions [660]. Similarly, cardiorespiratory fitness was inversely
associated with the risk for T2D [661]. Further, resistance training was inversely related to the risk for

diabetes complications [662] and improved related biomarkers such as body fat mass [663], blood
pressure [657, 658, 663], HbAlc [654, 663], LDL-C [664], and triglycerides [664]. Similarly, muscular
strength was inversely associated with the risk for T2D [661]. Lastly, high intensity interval training

was inversely related to the risk for hypertension [665] and improved biomarkers such as waist
circumference [666, 667], percent body fat [649, 666-668], abdominal and visceral fat mass [669],
blood pressure [665, 666], fasting glucose [670], HbAlc [670], and HOMA-IR [671], with most effects
in overweight and obese subjects at-risk for T2D [666, 667, 670-672]. Thereby, running showed greater
effectiveness in body fat mass reductions compared to cycling [669]. Regarding differences between
high intensity interval training and moderate intensity continuous training, both training modalities
showed similar cardiometabolic effects [649, 665, 667, 673]. However, high intensity interval training
achieved higher improvements in HbAlc [670], HOMA-IR [674], night-time diastolic blood pressure
[675], and absolute fat mass reductions [668] compared to moderate-intensity continuous training.

2.1.2.2.3 Psychology, psychosocial behaviors and sleep
We summarized the psychology and psychosocial behaviors related to cardiometabolic health as
stress management behaviors — next to the category of sleep hygiene.

2.1.2.2.3.1 Stress management

Pessimistic thinking, low emotional processing, and negative emotions nurture perceived stress and
increase cardiometabolic risk. A pessimistic thinking style was related to a deteriorated HOMA-IR
[676]. Further, low emotional processing was associated with obesity [677]. Negative emotions and
negative/depressive affect were positively associated with a higher risk for CvD [678, 679], and
deteriorated mean glucose, percent hyperglycemia, and percent out-of-range glucose measured by
continuous glucose monitoring [680]. In addition, high perceived (psychosocial) stress was positively
associated with the risk for visceral obesity [681], hypertension [682], the MetS [683], CHD [684],
stroke [685], T2D [686], and related biomarkers such as BMI, waist circumference, triglycerides, HDL-
C, and diastolic blood pressure [681]. Thereby, perceived occupational stress increased the risk for the
MetS more than perceived general stress [683]. Job strain was further associated with an increased
risk for the MetS [687], recurrent CHD events [688], and T2D [689].

In contrast, optimistic thinking, enhanced problem solving, and positive emotions reduce perceived
stress and decrease cardiometabolic risk. An optimistic thinking style was related to a lower risk for
cardiovascular events [690-692], CVD mortality [693, 694], T2D-complications/mortality [78], and
improved biomarkers such as BMI [695], HbA1c [78], HDL-C [696], and triglycerides [696]. This might
partly be explained by healthier cardiometabolic behavior due to optimism [695, 697, 698]. Further,
enhanced problem solving was associated with improved HbA1lc [699]. Next, positive emotions were
inversely associated with the risk for hypertension [700], CVD [701-703] CVD mortality [704], T2D
[705], T2D mortality [706], and improved related biomarkers such as blood pressure [707], and
stabilized blood glucose with less hypoglycemia measured by continuous glucose monitoring [680].
Positive emotions were further related to enhanced health behaviors in CVD [698, 708-710] and T2D
[711], and to less rehospitalizations after implantation of coronary-artery stents [712].
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Moreover, several behaviors for stress management were associated with a lower cardiometabolic
risk. Mindfulness-based stress reduction, meditation, and progressive muscle relaxation were
associated with lower blood pressure [713-715], triglycerides [714], and may improve HbAlc [716].
Similarly, regular enjoyable leisure activities were associated with improved biomarkers such as BMI,
waist circumference, and blood pressure [717], while resilience resources were inversely associated
with HbA1lc [718]. Further, mind-body exercises like yoga practice were associated with improved
cardiometabolic biomarkers such as BMI [719, 720], blood pressure [715, 719-722], fasting glucose
[719, 722, 723], HbAlc [719, 723], triglycerides [720, 721, 723], HDL-C [720, 721, 723], and LDL-C [720-
723]. Yoga was as effective as exercise for cardiometabolic improvements [720].

2.1.2.2.3.2 Sleep hygiene

A poor sleep quality was associated with a higher risk for hypertension [724], CHD [725], T2D [726],
and deteriorated related biomarkers such as blood pressure [724], and HbA1c [23]. Health behaviors
associated with an improved sleep quality included mindfulness meditation [727], exercise [728-730],
stress management [729], relaxation practice [729], sleep hygiene [729], stimulus control [729], and
aromatherapy [731].

Similarly, sleep duration was inversely associated with obesity [732-734], hypertension [732, 735], the
MetS [736], CVD [732], CVD mortality [737], T2D [726, 732, 738, 739], and related biomarkers such as
waist circumference [740], and HbAlc [23], and insulin sensitivity [741]. Most associations were U-
shaped with optimal sleep durations between seven to eight hours [734, 736, 737].

2.1.2.2.4 Other risk behaviors excluded from this project

We considered a number of other relevant risk behaviors during the brainstorming and in the
literature review. The most important ones were the following three: breastfeeding, smoking, and
shift work. Breastfeeding and its duration were inversely linked to the risk for overweight/obesity
[742], T2D [316, 742], and may improve related biomarkers such as HOMA-IR post-GDM [743].
Further, smoking was positively associated with the risk for the MetS [744], and T2D [243, 745, 746]
in a dose-response relationship with heavier smokers being at greater risk [744]. Lastly, irregular
bedtime patterns such as in rotational shift work were associated with an increased risk for
hypertension [747], the MetS [687], CVD [748], CHD mortality [748], and T2D [749, 750], and
deteriorated related biomarkers such as HbAlc [751] — with a dose-response relationship depending
on frequency [749] and duration [748, 750].

2.1.2.2.5 Behavioral subgroups post-GDM

A literature review in 2013 found that few women post-GDM adhered to preventive health behaviors,
with differences between lifestyle behaviors [17] and subgroups. While some women post-GDM made
an effort to eat healthily, exercise, and participate in diabetes screening, others reported to binge eat,
be physically inactive, and avoid contact with diabetes-related healthcare practitioners [752]. A
healthy lifestyle post-GDM was mainly driven by planning another pregnancy or by desiring weight
loss [753]. A Swedish study demonstrated origin-related differences in self-care practice post-GDM
with less health activities in women born in the Middle East compared to Swedish-born women [16].

2.1.2.3 Describe personal determinants for cardiometabolic risk behaviors

The questions guiding the Intervention Mapping core processes on personal determinants of risk
behaviors include: “Why would women post-GDM (priority population) perform cardiometabolic risk
behaviors?”, “What theory- and evidence-based factors are (causally) related to cardiometabolic risk
behaviors?”, and “Why would different subgroups of women post-GDM behave differently?”
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The Intervention Mapping core processes guided the identification of personal determinants for
cardiometabolic risk behaviors post-GDM (Supplementary Table 1, Part 6). We limited our empirical
literature search to women post-GDM to grant high specificity for the determinants for risk behavior.
For practical reasons, we structured these determinants primarily according to the key theoretical
constructs of personal determinants of behavior [116]. Most of the theoretical constructs carry
different labels in different theories or in the empirical literature while describing the same or a similar
concept (the respective term used in the following chapters of this thesis is underlined) [138]:

1) Habits, automatic behavior, conditioned behavior, subconscious behavior, impulsive
behavior, past behavior based on context cues

2) Commitment, strong positive intention, motivation, willingness, goal-orientation

3) Behavioral knowledge, behavioral awareness, health literacy, behavioral consciousness,

elaboration
4) Perceived risk, susceptibility, vulnerability, severity
5) Perceived barriers, environmental constraints, exposures, temptations
6) (Perceived) skills, abilities, capabilities
7) Perceived self-efficacy, response efficacy, behavioral or stimulus control, behavioral

confidence, behavioral competence
8) Weighted (advantages minus disadvantages) outcome expectations and attitudes, value

expectancies, behavioral beliefs
9) Perceived social norms, peer pressure, normative beliefs, relatedness (including social support

and cultural norms)
10) Self-image, personal or subjective norms, personal standards, identity
11) Emotional reaction to behavior, emotions, moods, emotional control

In line with habit theory, a behavior itself may act as determinant or cue for other behaviors —
particularly in the nutrition-physical activity-psychology triangle. Mindfulness training was associated
with less binge eating or impulsive eating and with more physical activity [754]. Similarly, regular
exercising was associated with increased self-regulation for nutrition [166], better sleep [34], and
positive psychological patterns [32, 755-757]. In contrast, other behaviors determined an increased
energy intake, such as alcohol consumption [596], high food cue reactivity [600, 758], big servings
[759], emotional eating [760, 761], distracted eating [762], and partial sleep deprivation [25, 763].
Therefore, health promoters must know and target individual habits — not only as behavioral outcome,
but also as behavioral determinant. Further, most of the personal determinants for behavior are
habitual, including perceptions, thinking style, self-image, and emotions. Thus, we considered habit
formation the most important determinant for this project to change both personal determinants for
cardiometabolic risk behaviors and the risk behaviors themselves.

Determinants for health behavior post-GDM were similar across different lifestyle areas, with some
studies providing insights specific to one lifestyle area or behavior [764], as described in the following
subsections on each determinant.

2.1.2.3.1 Habits

The first determinant is habits, automatic, conditioned, subconscious, impulsive, or past behavior
based on context cues. Most women post-GDM struggled with making physical activity [765] or a
healthy nutrition [151, 765] habitual in the daily routine. At the same time, physical activity was more
likely when it used to be or became a habit [57, 766]. Related habits such as life-scheduling [752] or
meal planning [767] were associated with better compliance to health behaviors. Women post-GDM
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were not only affected by their own daily habits, but also their family’s — especially for eating habits
[56]. Most women post-GDM who felt a conflict between dietary advice and family eating habits did
not adhere to a healthy diet [752].

2.1.2.3.2 Commitment to behavior

The second determinant for behavior is commitment, strong positive intention, motivation or
willingness to perform the behavior with clear goals in mind. Most women post-GDM were in the
preparation stages for both physical activity and weight loss — especially women with a high BMI, with
two children or more, and without a paid job [306]. A subgroup of women saw their children as key
motivator for behavior change — both to serve as a role model and to stay healthy as a caring parent
[768]. Intention determined planning and was associated with enhanced physical activity in women
post-GDM [769]. In contrast, low motivation or a lack of commitment interfered with health behavior
in women post-GDM [768], including weight management [65], healthy nutrition [19], and physical
activity [57]. However, a high motivation was not always associated with higher health actions in
women post-GDM [770].

2.1.2.3.3 Behavioral knowledge
The third determinant is behavioral knowledge and awareness, health literacy, behavioral

consciousness, and elaboration regarding behavioral risks. Knowledge on how health behaviors
impact T2D risk highly varied between women post-GDM [752, 764]. Many women post-GDM did not
know how and to what extent they were in control in preventing or delaying cardiometabolic
disturbances [771]. Formal education helped to increase awareness [772]. Most women post-GDM
were aware of the need to take steps to prevent T2D including diet, exercise, and weight control
behaviors [19].

The following knowledge or awareness factors may hinder health behavior in women post-GDM:

1) Reliance on information from relatives’ diabetes experience, the cultural environment [752,
764], and postpartum myths or traditions [773, 774], especially if medical advice contradicts
family advice [752]

2) Misleading information, including information by healthcare practitioners [16, 753, 775]

3) Inconsistent advice on follow-up testing, diet, and weight loss [776]

4) A lack of high-quality information from trusted and evidence-based sources with actionable
steps after delivery in the immediate and long-term postpartum period [753, 764, 765, 777,
778]

5) Diminished awareness for healthy eating, portion size, and exercise post-GDM compared to
during GDM [753], requiring repeated information [778]

Simply recalling advice on nutrition or physical activity was not associated with health behavior [501].
However, the right timing and availability of free information affected behavior [753].

Regarding nutrition, women post-GDM lacked behavioral knowledge of:

1) Social healthy eating [19]
2) The optimal mother-child diet [753]
3) Simple actionable nutrition rules for daily life [57, 765], with cultural adaptations [765]

Further, women post-GDM lacked behavioral knowledge for the relation between physical activity and
T2D prevention [779].
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2.1.2.3.4 Perceived risk

The fourth determinant for behavior is perceived risk, susceptibility, vulnerability, or severity.
Different perceptions of cardiometabolic risk or risk behaviors led to different up to contrary behaviors
post-GDM [17]. A high perceived risk for T2D promoted health behaviors in some women post-GDM
while others reacted with avoidance behaviors [752].

The following factors associated to perceived risk may decrease health behavior in women post-GDM:

1) Risk attribution to the far future [764]
2) Optimistic bias [303], especially in ethnic minorities [16, 780]
3) Less perceived risk for T2D over time after delivery [764, 768, 781]

The following factors associated to perceived risk may increase health behavior in women post-GDM:

1) Perceived moderate to high personal risk [15]; those with a BMI higher than 25, a family
history with diabetes, and insulin during pregnancy were more likely to perceive their risk as
high [782]

2) Perceived strong link between GDM and T2D as cue to action [768] for long-term personal and
familial health changes [783]

3) T2D and GDM perceived as severe conditions to be avoided in the future [19, 768]

For some women post-GDM, however, a higher perceived risk determined an increased willingness,
but not an increased ability for necessary actions [764].

2.1.2.3.5 Perceived barriers to behavior
The fifth determinant for behavior is perceived barriers, environmental constraints, perceived

exposures, or temptations that may interfere with behavior. Perceived barriers were associated with
a lower adherence to a healthy lifestyle post-GDM [784]. In comparison to controls, more women
post-GDM perceived barriers to health behaviors [17]. The most frequently perceived barriers to
health behavior by women post-GDM were the following six:

1) Physical constraints or low ratings of own or children’s health [330, 499, 785], repeated sick
leave and medication use [330], increased GDM-related maternal morbidity or neonatal child
morbidity [786]

2) Perceived lack of resources to manage family life, household chores and paid work [752, 764,
784], especially when work added opportunities for unhealthy behavior and competed with
family life and health behavior [57]

3) Biased perceptions that a healthy lifestyle was more expensive than an unhealthy one [764] —
especially when resources were limited such as for immigrant women and women living in
developing countries [753, 773]

4) Psychological postpartum constraints and emotional barriers such as feelings of selfishness
and guilt for having had GDM [765], or adverse migrant experiences [64]

5) Lack of childcare support [766], lack of trust in non-familial caregivers for children, or concern
for overburdening relatives [768]

6) Low accessibility, affordability, and practicality of lifestyle interventions [54]

In sum, these barriers were not perceived for the unhealthy options, making them the easy and more
convenient repeated choice in daily life.
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Some other barriers were specific to one lifestyle area. Regarding healthy nutrition behaviors post-
GDM, perceived barriers included:

1) Breastfeeding that interfered with appetite regulation [752, 753] via increased hunger and
food cravings [764]

2) Challenging situations during social eating [771]

3) Unhealthy personal or child food preferences [19, 57]

4) Availability of unhealthy foods and low-cost convenience food [19, 57]

5) Being accompanied by children during grocery shopping [57]

Perceived barriers for physical activity were more pronounced than for nutrition for the following
reasons:

1) Requires additional time apart from the prioritized family life and parenting demands [764,
779, 787]

2) Physical problems related to pregnancy, delivery or the postpartum period tended to have a
strong effect on physical activity behaviors [752]

3) Perceived tiredness or laziness [765]

4) Concerns about safety [774]

5) Insufficient options for group physical activity sessions with other women post-GDM [57]

2.1.2.3.6 (Perceived) behavioral skills
The sixth determinant for behavior is perceived and actual behavioral skills, abilities, or capabilities. A

deficit in either behavioral lifestyle skills or in skills to overcome behavioral barriers interferes with
health behavior. Most skills to overcome barriers are psychological skills necessary for long-term
health behavior change. These skills include prioritization, changing perspective, optimistic thinking,
controlling emotions, self-regulation of behaviors, goal-setting, solving problems, self-efficacy,
daily/weekly planning, and new habit formation. Women post-GDM who prioritized and planned how
to overcome barriers were more likely to attend a diabetes prevention program [788]. However, most
women post-GDM considered their capacities for making plans, preparing for them, and ultimately
executing them as limited in daily life [764, 789].

Some women lacked specific skills related to nutrition such as planning and cooking healthy meals [56,
771] or certainty about what to eat [19]. Similarly, immigrant women struggled with recommended
unfamiliar food types and their preparation [787].

2.1.2.3.7 Perceived behavioral self-efficacy
The seventh determinant is perceived self-efficacy, response efficacy, behavioral or stimulus control,

confidence, and competence. Self-efficacy is the capability to perform the behavior under a number
of different circumstances [116]. Self-efficacy was associated with health behaviors in women post-
GDM [17], including physical activity [55, 647, 790], a healthy diet, and appetite regulation [647, 790].
Action self-efficacy predicted the intention for physical activity [769]. However, women post-GDM
reported low self-efficacy for health behaviors in CVD prevention [771]. Knowledge about risk
behaviors did not translate to a higher self-efficacy to avoid them [15, 770]. This reflects the
knowledge-behavior gap in women post-GDM [303, 306]. Insufficient self-efficacy to deal with barriers
to action contribute to this gap [19].
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Regarding nutrition, behavioral control in women post-GDM was low in social settings, especially
when involving cultural components [771]. In contrast, vegetable consumption was positively
associated with self-efficacy [56].

2.1.2.3.8 Behavioral outcome expectations and attitudes
The eighth determinant for behavior is positive outcome expectations (the advantages of performing
the behavior outweigh the disadvantages) and attitudes, including value expectancies, and behavioral

beliefs. Women post-GDM adhering to health behaviors had a higher outcome expectancy [788]. In
contrast, women with the following negative behavioral outcome expectations, beliefs or attitudes
were less likely to perform recommended health behaviors:

1) Beliefs about predominant heredity regarding both CVD and T2D following GDM [771, 774,
779] or comparative optimism to experience adverse effects or T2D less likely than others [17]

2) Negative outcome expectancies for family life [764]

3) Belief that a health behavior is inferior to the respective unhealthy behavior regarding time
[55, 57, 779, 791], energy and finances [57, 792], and that lead to the choice of using the car
instead of active transportation or convenience food instead of healthy cooking [764]

4) Discouraged attitude to health behavior because of omnipresence of diabetes in a family or
cultural setting [752]

5) Different attitudes or outcome expectations than healthcare practitioners [781]

Regarding nutrition behaviors, traditional and religious beliefs such as avoidance or restriction of
certain food groups postpartum overruled science-based knowledge for behavior [773]. Regarding
physical activity behaviors, some women post-GDM considered it ‘inappropriate’ to think about
exercising while caring for a small child [764]. In contrast, the number of perceived exercise
advantages was positively associated with women'’s exercise behavior post-GDM and weight control
ranked highest among the perceived advantages [791]. Comparing outcome expectations of nutrition
and physical activity, many women post-GDM perceived nutrition as more important for health
outcomes than physical activity [774, 779].

2.1.2.3.9 Perceived social norms for behavior
The ninth determinant is perceived social norms, normative or peer pressure, normative beliefs, or

relatedness, including social support and cultural norms to perform the behavior. The following of
these factors hindered health behavior in women post-GDM:

1) Less social support [17, 784], with individual variations in the need for social and professional
support [19]

2) Negative relationships with healthcare practitioners or a lack of follow-up support [752];
follow-up support was seen as weak, uncoordinated, and fragmented post-GDM [753], and
associated with feelings of abandonment after the intensive antenatal GDM management [19]

3) Unsupportive husbands/partners, family members, friends or colleagues [17, 752], pressure
towards unhealthy behaviors [752, 764] — especially when anchored in culture [753]; low
participation of immigrant women’s partners in GDM-related health education so that
partners were unaware and unsupportive of health behaviors post-GDM [753]

4) Authority figures promoting feelings of uncertainty and failure [793]

5) Cultural or religious beliefs and postpartum traditions in the immediate social circle such as
considering a mother’s health secondary after child birth [773], strong role perceptions and
perceived cultural expectations [64], cultural hospitality [64] — with the effects depending on
the cultural importance of family, social ties, and cultural values [794]
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6) Cardiometabolic disturbances perceived as social norm [752]

In contrast, social support by family and friends was associated with a better diet [790], enhanced
physical activity [647], and weight management behaviors [65].

Regarding nutrition, the following psychosocial factors hindered health behavior in women post-GDM:

1) Perceived conflict between dietary advice and eating norms [752]

2) Family objecting against healthy nutrition changes, particularly when conflicting with their
food preferences [57, 764]

3) Perceived endangered family identity if detaching from the traditional diet [764]

4) Strong presence of family members in immigrant families providing energy dense food [753]

5) Central role of food in get-togethers and celebrations [64, 771]

Regarding physical activity, the following social factors hindered health behavior in women post-GDM:

=

Lack of social support, especially by partners [791] or peers [55]

N

Insufficient community-based physical activity programs for mothers [774, 779]

B W

)
)
) Concerns of social acceptability [774]
) Less family support in childcare [779]
)

Ul

Interfering cultural norms [753] or a lack of culturally-sensitive exercise facilities [65]

2.1.2.3.10 Self-image

The tenth determinant for health behavior is self-image, based on personal or subjective norms,
personal standards, and identity. Hence, performing the behavior needs to be more consistent than
inconsistent with the self-image [116]. Women post-GDM predominantly identified as a mother,
partner, and homemaker and their perceived responsibilities guided almost all their behavior [764].
They prioritized baby and family over self-care and health, especially if cultural norms became
personal norms [64, 752, 764, 773, 779, 787]. Mothers post-GDM consistently placed the needs,
preferences or finances of their families before their own, while acknowledging their T2D risk [764,
779]. Some considered self-care unnecessary once health behavior did not directly impact the baby in
the womb anymore [764]. Others felt responsible to be a role model for their children or to care for
themselves to be able to take care for their children [764]. Further, the strength of ethnic identity was
associated with health behaviors such as fiber intake, fruit and vegetable intake, and physical activity
[795].

Some subjective norms were linked to nutrition only. A subgroup of women post-GDM perceived
unhealthy food as comfort, pleasure, or reward [753, 764]. Others thought that they were not the
person for a healthy nutrition and that it was their right to eat what they wanted [764].

2.1.2.3.11 Emotional reaction to behavior
The eleventh determinant is the emotional reaction to performing the behavior. Emotional reactions

to behavior are often linked to emotions, moods, and emotional control. Many women post-GDM
show negative emotions towards health behaviors:

1) Feelings of guilt or selfishness when taking time for their health instead of childcare or family
life [752, 764], especially when using childcare support during physical activity [764] and
when work limited available time [764]

2) Mental distress and negative emotions due to sleep deprivation with a newborn at home,
fatigue, or having a baby for the first time [753]
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3) Struggle for the right balance between family-related responsibilities and a healthy lifestyle
(64]

4) Negative feelings against health behaviors from restrictions during GDM continued post-GDM
such as confusion, guilt, frustration, and anxiety [752] — for some immigrant women also
social stigma, isolation, loneliness, and depression [753, 764, 796]

Regarding nutrition, the following social factors hindered health behavior in women post-GDM:

1) Homesickness in immigrant women promoted a higher consumption of unhealthy traditional
food of the home country [753]

2) Boredom with a healthy diet due to perceived limited food choices [765]

3) Discomfort of neglecting food preferences [771] or of resisting food temptations and cravings
[64], especially during social eating or when eating out [765]

Regarding physical activity, some women post-GDM felt bored with exercise [778], others struggled
with the discomfort of exercising during bad weather [764]. In contrast, some women post-GDM
enjoyed feeling healthier with the right eating habits and physical activity so that they formed new
habits [764].

2.1.2.4 Logic model of the problem

We linked the main factors from each previous step in the logic model of the problem (Table 2.1) —
except for the defined priority population: the priority population is of female gender in the
reproductive age, with a predominant age range between 18 and 45 years, at least one child in the
household, at least one recent pregnancy complicated by GDM, in the extended postpartum period
(until maximum five years after delivery), and at high risk for or with cardiometabolic disturbances.

2.1.3 Describe the context for the intervention (Task 1.3)

The following questions guided the asset assessment: “What is the character of the priority population,
their strengths, their knowledge of T2D and related cardiometabolic disturbances (health problem),
and their potential solutions to reduce the cardiometabolic risk?”

Our brainstorming and review of the empirical literature led to the following assets of the priority
population, including their capacities, abilities, and environment.

First, the main intervention context is daily family life with opportunities for financial or social support
weighed against family responsibilities as a mother, partner, and homemaker. The primary
identification as a mother can be used to motivate behavior change via strengthened role model
perceptions [768]. This makes the home a favorable setting for intervention. However, varying work
hours, longer travel periods abroad, irregular days, or financial restrictions during parental leave
demand high program flexibility, a widespread program access, and low program costs for
participants.

Second, most women post-GDM are knowledgeable and some experienced in health behaviors. Those
who changed behaviors during GDM know how to change. Those not able to change during pregnancy
uncovered gaps in health education such as actionable examples for meal planning, proper portion
sizes [57, 764], or guided practice for exercise [764]. Hence, prior knowledge or experiences may
inform further behavior change and identified gaps in behavioral health education post-GDM may be
closed.



Table 2.1: Logic model of the problem for type 2 diabetes and related cardiometabolic disturbances post-GDM (short: cardiometabolic risk behavior model post-GDM)

“What are cardiometabolic risk behaviors >
(post-GDM)?”

“What characterizes type 2 diabetes (post-GDM),
including related cardiometabolic disturbances?”

“Why would women post-GDM perform

cardiometabolic risk behaviors?”

behaviors

Low self-efficacy

Insufficient or biased behavioral
knowledge

Low perceived risk or denial of risk

Insufficient exercise or exercise intensity

Psychological and sleep habits

Pessimistic thinking style

Insufficient control of negative emotions
Poor stress management or problem solving
Insufficient meditation, positive emotion,
optimistic thinking, or mind-body exercises
Insufficient enjoyable leisure time activities
Insufficient sleep-enhancing behaviors

Other behaviors

No or limited breastfeeding
Smoking

© Insufficient health-promoting (family) 9 Nutrition habits s Cardiometabolic disturbances characterized by
<Zt habits O * Excessintake of energy-dense meals or snacks 4 combinations of:
2 Lack of commitment <>f. *  Excess intake of animal-derived products, 8 *  (Abdominal/visceral) overweight or obesity
E Misperceptions of behavioral barriers T especially those high in total fat/saturated fat & *  High blood pressure
= Insufficient self-management skills or g *  Excess intake of (ultra-) processed food T *  Dysglycemia
a lacking skills for specific health behaviors £ *  Excess total energy intake E *  Dyslipidemia
= Insufficient positive outcome *  Excess intake of caloric drinks T
% expectations * Insufficient intake of non- to minimally Most relevant subgroups for intervention:
2 Biased perceptions of social norms or processed food e BMI =23 kg/m?
a family identity with no or little perceived * Insufficient intake of (fresh) plant products *  BMI<23kg/m?
social support for health behavior * Insufficient intake of water, plain tea or coffee
Insufficient role model perceptions *  Non-adherence to recommended healthy w J
despite primary identification as mother dietary patterns and macronutrient quality o “How is a woman’s quality of life affected by a
and homemaker, interfering cultural * Insufficient control of eating behavior o history of GDM and by type 2 diabetes?”
identity, and unhealthy lifestyle-loving [
identity Physical activity habits 3
Negative emotions towards health « Insufficient daily physical activity 3 Short-term effects: Little or no overall impact, yet

some subgroups with impaired quality of life:
*  Postpartum depression

*  Single mothers

* Lower socioeconomic status

*  Obese

*  Perceived fair or poor health

Long-term effects: Impairments in all four quality

of life domains:

*  Physical functioning

*  Psychological functioning
*  Social functioning

*  Environmental wellbeing

BMI=body mass index, GDM=gestational diabetes mellitus
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Third, the momentum of the GDM diagnosis can be harnessed to encourage or maintain behavior
change [768]. This requires an active partnership between an affected woman, her healthcare
practitioners, and her family in the postpartum period and beyond [768]. Thereby, favorable
relationships with healthcare practitioners are an asset for accountability and continued support
[764]. In Germany, the responsible healthcare practitioners for follow-up care post-GDM could be
included in the program [51, 52].

Fourth, women post-GDM are a geographically scattered niche population —a community with little
attention in healthcare and without a local or virtual network except for some discussion forums. The
social needs [752, 764], the needs for personal support [64], and the valued social support from those
with shared experiences [797] can be leveraged in a health promotion program.

Fifth, family health behavior is deeply embedded in cultural contexts. Many cultural aspects hinder
health behavior since women post-GDM perceive them as barriers. However, close family ties, social
resources, and a strong cultural identity can be used for health behavior change if specific to the
individual culture [64, 795].

Sixth, women post-GDM choose different informants and communication channels [753]. Yet, the
smartphone is one of the main information sources in this group, combining interpersonal
communication, diverse social networks, practical apps supporting daily life, and access to online
information. These different smartphone uses by the priority population may benefit a health
promotion program.

Seventh, the physical environment in Germany allows for a high physical activity in daily life — with
safe neighborhoods, bike lanes throughout the cities, free outdoor sports groups, parks, and nearby
lakes or mountains in most areas.

2.1.4 State program goals (Task 1.4)

Our long-term goal for this health promotion program is to maintain or improve quality of life by
decreasing the incidence of T2D and related cardiometabolic disturbances in women post-GDM. We
stated our long-term intervention goal on a national level: Six years post-intervention, the T2D
incidence following GDM in Germany will decrease by 30%.

In addition, we specified lifestyle goals as proxy outcomes since the evaluation time frame in a clinical
study will not be long enough to assess the intervention’s effect on T2D and quality of life outcomes.
The resulting lower-level behavioral goal states as follows:

50% of the women post-GDM who participate in the planned mHealth program for at least six months
will report having achieved at least three out of five behavioral endpoints for diabetes prevention over
time. We adapted the behavioral endpoints of the large diabetes prevention trials as follows:

1) Physical activity of moderate to high intensity for > 150 minutes per week

2) Dietary fiber intake of 2 15 g per 1,000 kcal

3) Percent fat intake of < 30% of total energy intake

4) Percent saturated fatty acid intake of < 10% of total energy intake

5) Body weight reduction of > 5% if BMI is > 23 kg/m?, body weight maintenance if BMI is
< 23 kg/m?
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The choice of subgroups and outcomes reflects meta-analyses that indicate the superiority of
combined nutritional and physical activity interventions for weight loss and weight maintenance [798],
especially after childbirth [799].

2.2 Intervention Mapping Step 2 — Logic model of change
In Intervention Mapping Step 2, we translated the description of the health problem into the
description of desired changes during the mHealth program. This step uncovered how to prevent
T2D and related cardiometabolic disturbances post-GDM. The final products were the logic model
of change with pathways of program effects and matrices of change. We selected behavioral
outcomes, translated them into subgroup-specific performance objectives, selected determinants
for behavioral outcomes, and translated them into change objectives (Figure 2.3).

Task 2.2
Task 2.3
Task 2.1 Specify Task 2.4 Task 2.5
Select
State expected performance - Construct .
- determinants for : Create a logic
outcomes for objectives for . matrices of
- . behavioral o model of change
behavior behavioral change objectives
outcomes
outcomes

Figure 2.3:Tasks of Intervention Mapping Step 2
(adapted from Eldredge et al., 2016)

2.2.1 State expected behavioral outcomes (Task 2.1)

The first task of Intervention Mapping Step 2 tackled the question: “What behavioral outcomes of
women post-GDM (priority population) is the mHealth program intended to accomplish?”. We chose
the five adapted outcomes of the large diabetes prevention trials (as mentioned in Chapter 2.1.4.) and
added psychology, wellbeing, sleep, and adherence outcomes. The adherence outcomes were mostly
derived from the behavioral theories discussed in Chapter 1.3.

The addictive nature of smoking and the relatively small proportion of women post-GDM who smoke
led to our decision to exclude smoking as a target behavior. We further excluded breastfeeding due
to the temporary nature versus our focus on long-term behavior change. Lastly, we excluded shift
work from our target behaviors due to limited changeability and a limited number of affected women
post-GDM.

The final list of behavioral outcomes comprised the following seven:

1) Physical activity of moderate to high intensity for 2 150 minutes per week
2) Dietary fiber intake of 2 15 g per 1,000 kcal

3) Percent fat intake of < 30% of total energy intake

4) Percent saturated fatty acid intake of < 10% of total energy intake
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5) Body weight reduction of > 5% if BMI is > 23 kg/m?, body weight maintenance if BMI is
< 23 kg/m?

6) Increased wellbeing and sleep, decreased stress perception

7) Program adherence and enhanced self-management

2.2.2 Specify performance objectives for behavioral outcomes (Task 2.2)

We formulated the so-called “performance objectives” following the question “What specifically do
women post-GDM need to do in this mHealth program to achieve the desired behavioral outcomes?”.
Performance objectives are defined as concrete actions of a program participant to modify health
behavior [116]. Hence, we delineated each behavioral outcome into sub-behaviors. We distinguished
between preparatory performance objectives and habitual performance objectives. In this mHealth
program, preparatory performance objectives comprise one-time actions, decisions, or
communication. In contrast, habitual performance objectives represent repeated actions in the same
context.

Most performance objectives mirror the risk behaviors and related recommendations outlined in
Intervention Mapping Step 1. We reformulated most risk behaviors as health promotion behaviors
with concrete actions and sub-actions for women post-GDM. We further adapted the health actions
to the family context and to the flexible program setting. The sub-actions formed a logical behavioral
sequence to learn a specific behavior. Behavioral theories and a topical search of the practice
literature delivered further input for the choice of performance objectives. Besides, we addressed
individual differences at the beginning of the intervention by subdividing performance objectives into
different levels. This allows for an individualized start and a participant’s stepwise progress. Regarding
program adherence, we considered five out of seven days per week as threshold for habit formation
due to differences in context cues for behavior on weekends.

Further, we explored the question “Are performance objectives substantially different for subgroups
of women post-GDM?”. Based on Intervention Mapping Step 1, we prioritized the two most common
BMI categories “normal weight”, and “overweight/obese” as tailored subgroups within the program.
Still, we favored a “health, not weight loss, focused” approach for all participants that provided better
outcomes in body satisfaction and restrained eating behavior in a recent meta-analysis on weight loss
trials [800].0ther subgroups will be considered during individualization.

We cut the initial list of performance objectives to those most essential for this project. Preparatory
decisions only translated to a performance objective if related to a major lifestyle change, such as
initiating an exercise routine. Otherwise, they presented a change objective as will be specified in
Chapter 2.2.4. Many performance objectives were conditional for better individualization. Hence, the
final list of 81 performance objectives remained extensive since we aimed for a tool box of actions for
individual needs. This is in line with a study with women post-GDM suggesting tailored advice [776].
Our performance objectives for women post-GDM to prevent cardiometabolic disturbances are listed
in Supplementary Table 2.

2.2.3 Select determinants for behavioral outcomes (Task 2.3)

Intask 2.3, we approached the question “Why would women post-GDM change their current behaviors
for the specified performance objectives for a healthy nutrition, physical activity, stress management,
sleep hygiene, and mHealth program adherence?”. We decided to retain the 11 determinants from
Intervention Mapping Step 1 (Chapter 2.1.2.4) for four reasons:
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1) The empirical literature confirmed the necessity to address the 11 determinants for health
behavior post-GDM.

2) The theoretical foundation proofed essential due to limited empirical research on
changeability and relevance of single determinants per performance objective.

3) We expected optimal intervention outcomes using the 11 determinants since determinants
may vary in individual importance and changeability.

4) The 11 determinants are interrelated.

2.2.4
Based on the performance objectives and behavioral determinants, we generated the so-called

Construct matrices of change objectives (Task 2.4)

“change objectives”. Change objectives address the question “What do women post-GDM have to
learn or change in each determinant to meet or maintain the identified perform