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Abstract: Web-based lifestyle interventions have attracted considerable research interest. Available
evidence on such interventions suggests health-promoting effects, but further research is needed.
Therefore, this study aims to investigate short-, medium-, and long-term health effects of a web-based
health program (“TK-HealthCoach”, TK-HC) offered by a national statutory health insurance fund
(Techniker Krankenkasse, TK). The study comprises two randomized controlled clinical trials to
evaluate the health goals “Increasing Fitness” (F.j;,) and “Losing and Maintaining Weight” (W j;p).
A total of n = 186 physically inactive (Fg,) and n = 150 overweight or obese (W ;) adults will be
randomly assigned to a 12-week interactive (TK-HC) or non-interactive web-based health program
using permuted block randomization with a 1:1 allocation ratio. Primary outcomes include car-
diorespiratory fitness (F.j;,) and body weight (W ;). Secondary outcomes comprise musculoskeletal
fitness (Fji, ), physical activity and dietary behavior, anthropometry, blood pressure, blood levels, and
vascular health (Fjin, Wain)- All outcomes will be measured before and after the 12-week intervention
and after a 6- and 12-month follow-up. Additionally, usage behavior data on the health programs
will be assessed. Linear mixed models (LMMs) will be used for statistical analysis. Findings of this
study will expand the available evidence on web-based lifestyle interventions.

Keywords: lifestyle intervention; health program; web-based; physical activity; physical fitness;
overweight; obesity; weight loss; health effects

1. Introduction

Today’s lifestyle in wealthy societies is increasingly characterized by physical inactivity
and unhealthy diets, facilitating the prevalence of overweight and obesity. These lifestyle
factors have been identified as global health risks in the latest Global Burden of Disease
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Study [1]. In 2019, 0.832 million deaths and 15.7 million disability-adjusted life-years
(DALYs) were attributed to physical inactivity [2]. Unhealthy diets were blamed for
7.94 million deaths and 188 million DALYs [3], while overweight and obesity contributed
to 5.02 million deaths and 160 million DALYs [4]. Particularly for noncommunicable
diseases (NCDs), which are a challenging public health problem [5], these behavioral and
metabolic risks are among the most modifiable and preventable risk factors [6].

In Germany, 79.5% of women and 75.3% of men are insufficiently physically active, i.e.,
they do less than 150 min of moderate aerobic activity and muscle-strengthening activities
on less than two days per week [7]. They thus do not meet the recommendations for
physical activity [8]. Considering current dietary guidelines [9,10], the German population
consumes too much fat and protein, especially from animal sources, and too few fruits,
vegetables, legumes, and fiber [11]. Moreover, 28.8% of women and 43.3% of men are
overweight (body mass index (BMI) > 25.0 kg/m? [12]) and 18.0% of women and 18.3% of
men are obese (BMI > 30.0 kg/ m? [12]) [13]. Thus, almost half of German women (46.7%)
and about two-thirds of German men (61.6%) live with increased body weight [13].

The consequences of these health risks, namely the increased mortality and morbidity
risk of NCDs [14-17], can, however, be countered with the far-reaching potential of a
healthy lifestyle promoting physical activity and a healthy diet. There is convincing
evidence that these lifestyle factors contribute significantly to the prevention and treatment
of many NCDs such as obesity, type 2 diabetes mellitus, and metabolic syndrome [18-28].
Furthermore, it has been shown that they induce positive effects on specific health outcomes
associated with these diseases, including anthropometrics [29-31], blood pressure [32-34],
blood glucose [31,35,36], blood lipids [31,36,37], and endothelial function [38—40]. Therefore,
physical activity, a healthy diet, and normal body weight need to be addressed as essential
components of lifestyle interventions for NCDs [41,42].

Most existing lifestyle intervention programs that focus on these components are face-
to-face interventions. Their effectiveness in preventing and treating NCDs is already well-
proven [43—-47]. As a result of progressive digitalization, web-based lifestyle interventions
have attracted much attention, mainly because of their accessibility regardless of location or
time and comparatively lower costs [48]. Previous research on such interventions indicates
a health-promoting potential [49-59]. However, there is still a significant need for further
investigations, notably on long-term effects, successful intervention components, and
objective health outcomes [60]. Regarding web-based interventions offered by national
statutory health insurance funds, most of them refer to unimodal health programs [61-64]
and have rarely been evaluated [65-69]. Based on this state of research, it is evident that
web-based lifestyle interventions are still in their infancy and provide considerable research
potential. This implies the development of preferably individually tailored, multimodal
lifestyle intervention programs and their comprehensive evaluations.

The present study intends to close this gap by evaluating such a program of a na-
tional statutory health insurance fund (Techniker Krankenkasse, TK). This program (“TK-
HealthCoach”, TK-HC) focuses on sustainable lifestyle changes to prevent NCDs in the
long term by offering individually tailored, multimodal health coaching in which individu-
als can prioritize a personal health goal [70]. The evaluation of this program will be realized
as a nationwide study by the scientific direction of the Section of Health Care Research
and Rehabilitation Research (SEVERA) of the Medical Center of the University of Freiburg.
Therefore, the TK-HC will be evaluated in three randomized controlled online trials (Fypjine,
Wonliner Sonline) investigating the effects on achieving the health goals “Increasing Fitness”,
“Losing and Maintaining Weight”, and “Smoking Cessation” assessed by self-reported
outcomes via online questionnaires. The study protocol of these online trials can be found
elsewhere [71]. Concerning the health goals “Increasing Fitness” and “Losing and Main-
taining Weight”, two additional randomized controlled clinical trials (Fgjin, Weiin) will be
performed to strengthen the effects on health goal achievement by objectively measured
health outcomes, such as cardiorespiratory fitness (Fg;,) and body weight (W), through
sports and nutritional medical examinations. For feasibility reasons, these two clinical
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trials will be conducted only in one specific geographic region of Germany, namely in the
southwest of Germany, and will be coordinated by the Department of Sport and Sport
Science (DoSS) of the University of Freiburg. This paper outlines the study protocol of
these two clinical trials with adherence to the Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) statement [72,73].

The overall aim of the clinical trials (Fqin, Wein) is to investigate short-, medium-,
and long-term health effects of a 12-week interactive web-based health program (TK-HC)
compared to a 12-week non-interactive web-based health program in physically inactive
(Fain) and overweight or obese adults (W,). For this purpose, the effects of each web-
based health program on primary and secondary outcomes will first be examined. The
hypothesis that participation in each health program is associated with improvements
will be tested. Second, the difference between the interactive and non-interactive health
program will be examined in terms of their effects on primary and secondary outcomes.
The hypothesis will be tested that participation in the interactive health program achieves
more significant improvements than participation in the non-interactive one. Finally, the
impact of program use on program effectiveness will be examined. The hypothesis that
higher frequency and intensity of program use leads to better primary and secondary
outcomes in comparison to program use of lower frequency and intensity will be tested.

2. Materials and Methods: Design, Participants, Interventions, and Outcomes
2.1. Study Design, Setting, and Dates

The study is designed in the form of two randomized controlled, parallel-group clinical
trials (Fein, Wein) using permuted block randomization with a 1:1 allocation ratio. As part
of nationwide online trials [71], study participants (Fonjines Wonline) from the southwest
of Germany (postcode area: 79) will be invited to medical examinations at the DoSS in
addition to the online survey. These medical examinations will be carried out before (t0)
and after (t1) the 12-week intervention and after a 6- (t2) and 12-month (t3) follow-up. The
study is registered at the World Health Organization-approved German Clinical Trials
Register (DRKS) (DRKS00020249, date of registration: 11 December 2019).

All interventions will take place online. The health programs were developed as
desktop and mobile versions by TK and Vilua Healthcare GmbH (VHG), the project’s IT
company. Thus, they will be accessible on electronic devices from anywhere at any time.

The evaluation project was planned and prepared from June 2018 to December 2019,
including the implementation of two randomized controlled clinical pilot trials. Data
collection started in January 2020 and will be completed by spring 2022.

2.2. Eligibility Criteria

For initial trial registration (Fgin, Wein), subjects have to participate in the respective
online trial (Foplines Wonline) and have to live in the southwest of Germany (postcode area:
79). For trial inclusion (Fin, Wiin), male, female, and diverse subjects must be between
18 and 65 years old, predominantly healthy, and willing to be randomized. In case of
known health problems or diseases, individuals have to provide a medical certificate from
a general practitioner attesting to their ability to participate in the trial and the health
program. Specific inclusion criteria for the clinical fitness trial (F.,) are defined as a BMI
of 18.5-34.9 kg/m? and a physical activity level of <60 min/week. Pregnancy is set as
an exclusion criterion. For the clinical weight loss trial (W), subjects with a BMI of
27.5-34.9 kg/m? will be included, and women who are pregnant or breastfeeding will
be excluded. Health problems or diseases that partially or entirely exclude the ability to
participate in the trial or the health program are exclusion criteria of both clinical trials.

2.3. Interventions
2.3.1. Interactive Web-Based Health Program

The intervention group for both clinical trials (Fgjin, Welin) will receive the TK-HC. This
multimodal health program comprises different coaching modules to enable personalized
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health coaching according to the chosen health goal and personal health profile. With
an evidence-based foundation, it attempts to meet the requirements of quality-assured
prevention programs while providing a high degree of usability through interactive, self-
directed, and flexible handling [70]. For the present evaluation of the TK-HC, however, the
focus will be on individual coaching modules so that the intervention group of the fitness
trial (Fqn) will receive the “TK-FitnessCoaching” (TK-FC) and the intervention group of
the weight loss trial (W ;,) will get the “TK-WeightLossCoaching” (TK-WC). Both coaching
modules are intended to achieve sustainable health effects within a 12-week intervention
phase to prevent NCDs in the long term. The TK-FC is specialized in promoting physical
activity and physical fitness based on endurance, strength, flexibility, and coordination
training. The focus of the TK-WC is to assist users in losing and maintaining weight by
following the energy density concept and a balanced, healthy diet.

The TK-HC is structured in the same way for both modules. Before starting the
program, the user is guided through a multistep anamnesis to check suitability for the
chosen health goal and set up an individually tailored program according to the personal
health profile. The TK-WC user selects the preferred weight loss goal (3 or 5 kg). After
completing the anamnesis, the user is directed to the program platform, consisting of three
main areas. The first area (“My health program”) presents a personal dashboard that forms
the central part of the program and accompanies the user in everyday life (Figure 1a,b).
Here, the user can view an individual weekly plan of daily activities and an overall 12-week
coaching plan based on three phases (phase 1: getting to know and trying out (week 1-3),
phase 2: consolidating new behaviors (week 4-6), phase 3: anchoring habits (week 7-12)).
The user can flexibly adapt these plans to individual needs by selecting activities from
13 fitness (TK-FC) (Figure 2a) and 12 weight loss (TK-WC) (Figure 2b) activities.

Meine Aufgaben heute

Meine Aufgaben heute

(a) (b)

Figure 1. Dashboard of the “TK-HealthCoach” (TK-HC): (a) “TK-FitnessCoaching” (TK-FC); (b)
“TK-WeightLossCoaching” (TK-WC). Source: Project’s landing page (https://gesundheitsprogramm.
tk.de/de/studien/gesundheitsziele (accessed on 21 October 2021)).
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(a (b)

Figure 2. Activities of the “TK-HealthCoach” (TK-HC): (a) Fitness activities (“TK-FitnessCoaching”
(TK-FC)); (b) weight loss activities (“TK-WeightLossCoaching” (TK-WC)). Source: Project’s
landing page (https://gesundheitsprogramm.tk.de/de/studien/gesundheitsziele (accessed on 21
October 2021)).

The fitness activities focus strongly on endurance training (e.g., “I improve my en-
durance by running”) and strength training (e.g., “I strengthen my muscles according to a
recommended training plan”) as well as on flexibility and coordination training (e.g., “I
train my flexibility”) and other health-related fitness courses (e.g., “I train yoga according
to instructions”, “I train my back”). All training sessions follow the principle “train—log—
analyze” and include detailed training introductions and instructions. Depending on the
activity, the sessions can be done at home, in the gym, or outdoors. For endurance and
strength activities, a standardized fitness test must be completed to classify the training
level and thus select an adequate training plan. After six and eleven weeks, it is recom-
mended to repeat this fitness test to measure the training success objectively. Besides all
these activities, additional sports activities can be logged.

The weight loss activities concentrate on tasks that support the user in implementing
the energy density concept (e.g., “I achieve a green energy density”) and the principles of a
balanced, healthy diet (e.g., “I eat fruit two times and vegetables three times a day”). The
key activity of the weight loss program is the nutritional protocol, which is automatically
scheduled daily into the coaching plan. This tool supports adherence to the energy density
concept and orientation on energy balance by displaying energy density, calorie intake,
calorie consumption by physical activity, and fluid intake. In addition, this activity includes
a daily macronutrient analysis and a cookbook with many healthy recipes. Another pre-
planned activity is to log body weight and waist circumference every week.

All fitness and weight loss activities must be logged daily or weekly and can be
modified at any time. The TK-FC user can also select weight loss activities, and the TK-WC
user can also choose fitness activities. Both users can further link an activity tracker to
the program by transferring the daily step count. Overall, the dashboard visualizes daily
planned and logged activities, total activities completed per week, current health goal
achievement via widgets, notifications to communicate with the user, personalized daily
tips, and a support option. The TK-FC also includes a weekly barrier management tool.

In the second area of the program (“Knowledge”), the user receives evidence-based
background information on the respective health goal through a coaching-accompanying
knowledge course (“Optimal training” (TK-FC), “Weight loss with energy density concept”
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(TK-WC)), which is pre-set as a weekly activity in the coaching plan. Moreover, the user
can pass other health-related knowledge courses. All courses are split into small articles
and are structured interactively using texts, videos, tools, and tests.

Finally, the third area (“My data”) provides an individual analysis profile with visual-
ized data from logged activities as well as the personal health profile and personal data.
Furthermore, the user can download the study information and consent form for both the
online and the clinical trial and has the option to withdraw participation from the trials
and the health program. After program completion, the user gets a coaching summary, and
the user can repeat the coaching as often as desired until the end of the study period.

2.3.2. Non-Interactive Web-Based Health Program

The program for the control group for both clinical trials (F.i,, Wejin) will consist of
a simply designed online platform that offers support in increasing physical activity and
physical fitness (F.jin) or losing and maintaining weight (W) over a 12-week intervention
phase. In terms of content, it consists of a health-related knowledge transfer. Thus, only
scientific background information on the respective health goal can be found, structured
in short articles, but without interactive components. In addition, the user has access to
personal data and the study information and consent form for the online and the clinical
trial and has the option to withdraw participation from the trials and the health program.

The study participants of the clinical trials (Fgjin, Wiin) will receive the respective
health program after successful baseline assessment. They will log into the program via the
project’s landing page. Criteria for discontinuing, interrupting, or modifying the allocated
intervention are defined as feeling unwell, worsening health status, illnesses, diseases,
injuries, harms, adverse events, or withdrawal from participation. These criteria will be
determined by the study participant or the principal medical investigator of the study.
Apart from the interventions, the participant will not be allowed to participate in other
studies on physical activity or dietary behavior. For successful study participation and
to promote adherence, the study participants will get free medical examinations and an
activity tracker (Fitbit Charge 3™) [74]. For participating in the online trial, they will obtain
a shopping voucher and discount coupons. Apart from that, all study participants will be
given free access to the current version of the TK-HC, including all coaching modules after
study completion. As the TK-HC was frozen as a study version before the study started, the
current version of the TK-HC contains some new content or features as it is continuously
developed [71]. To maintain adherence during the study course, the study participants of
the clinical trials will be reminded of the medical examinations by telephone and e-mail. To
further monitor adherence, usage behavior data on the health programs will be analyzed
within the formative evaluation of the online trials [71].

2.4. Outcomes
2.4.1. Primary Outcomes

The primary outcomes aim to measure the achievement of the respective health
goal. Therefore, the primary outcome of the fitness trial (F.j;,) is determined as physi-
cal fitness, especially cardiorespiratory fitness, measured by maximum oxygen uptake
(VOomax) (ml/min/kg). Therefore, the study participants will complete the Cooper 12-min
run test [75] on a 400 m running track. From the maximum distance covered in meters,
the VO,max will be estimated using the formula “VO,max (ml/min/kg) = (distance in
m — 504.9)/44.73” [76]. The test will be performed according to a modified standardized
test protocol [77]. The heart rate (220 — age & 10 bpm) and the Borg ratings of the perceived
exertion (RPE) scale (>17) [78] will be used as subjective and objective exertion criteria
and assessed before, during, and after the test. The air temperature, humidity and pres-
sure, and weather conditions will be documented. The study participants will complete
a standardized 5-min warm-up and a 10-min cool-down program. Moreover, they will
receive a standardized test meal [79]. In case of no exertion or stopping the test due to
health problems, the study participants will have to repeat the test.
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For the weight loss trial (W ;,), body weight (kg) is defined as the primary outcome.
It will be recorded in a standardized position in underwear and without any accessories
(glasses, jewelry, watch) on a bioelectrical impedance analysis scale (seca mBCA 515) [80].
The study participants will be asked to use the toilet beforehand to empty their bladder.

2.4.2. Secondary Outcomes

Various outcomes are set as secondary outcomes. First, for the fitness trial (Fg,),
a further criterion of physical fitness, especially musculoskeletal fitness, is maximum
isometric strength (N, kg, 1bs). It will be measured with an isometric leg press test using
the ProFit Cube software [81] and a handgrip test using a Jamar hand dynamometer [82].
The measurements will be modified to standardized test protocols [83-86]. A standardized
5-min warm-up phase will precede both procedures. Concerning the first procedure, the
study participants will take an individually standardized lying position in an isometric leg
press [87] (backrest angle: 10°, slide position: individual, foot position (shoes off): 2, heel
position: individual, shoulder fixation: resting against shoulders, arm position: crossed on
chest, knee angle: 90°). After a submaximal familiarization phase (4 repetitions, 50-60% of
maximum voluntary contraction (MVC): 2-3 s, rest: 1 min), the maximum strength (N) will
be recorded bilaterally in three successful trials (3 repetitions, 100% MVC: 2-3 s, rest: 3 min).
In the second procedure, the study participants will adopt a standardized sitting (sitting
upright, upper arm: adducted to the body, elbow: 90° flexion, forearm: neutral position,
wrist: 0-30° extension, ulnar deviation: 0-15°, other arm: relaxed next to the body) and
grip position (second handle position). The maximum strength (kg, Ibs) will be recorded in
three successful trials, alternately left- and right-handed, by squeezing the handle of the
hand dynamometer maximally for 2-3 s. The test will be started with the dominant hand.
Jewelry and watches will be removed before the test. The maximum and mean value of
three successful trials will be documented in both procedures. Verbal encouragement will
be given in each trial.

Furthermore, secondary behavioral outcomes are defined for both clinical trials. Phys-
ical activity behavior will be measured in terms of steps taken (steps/day), sedentary
behavior (minutes/day), and light, moderate, and vigorous intensity physical activity
(minutes /week) using the activity tracker Fitbit Charge 3™ [74,88-90] and the long ver-
sion of the International Physical Activity Questionnaire (IPAQ-L) [91,92]. The activity
tracker will be given to the study participants at the first medical examination. Data will
be collected daily between the first two measurement time points (t0-t1) and seven days
after the follow-up measurement time points (t2, t3), respectively, via a personalized study
account. Dietary behavior will be assessed by energy and nutrient intake (kcal, ug, mg,
g, %) and food consumption (Healthy Eating Index of the German National Nutrition
Survey (HEI-NVS)) (g, ml, score) [93,94]. For the weight loss trial (W), energy density
(kcal/g) will additionally be taken to check adherence to the energy density concept [95,96].
All outcomes will be analyzed based on nutritional protocols using the NutriGuide®Fus
software (Version 4.8) [97]. The nutritional protocols will be completed seven days after
the first medical examination and seven days before the second, third, and fourth medical
examination. The study participants will be introduced to the activity tracker and the
nutritional protocol at the first medical examination.

Finally, secondary physiological outcomes are set for both clinical trials. Anthropo-
metric outcomes include body weight (kg), body height (cm), BMI (kg/m?), fat mass and
fat-free mass (kg, %), and waist circumference (cm). For the weight loss trial (W), how-
ever, body weight is considered the primary outcome. The above-mentioned outcomes will
be assessed in a standardized position using a stadiometer (seca 274) [98] and a bioelectrical
impedance analysis scale (seca mBCA 515) [80,99-101]. The waist circumference will be
measured with a measuring tape (seca 201) [102] according to a standardized protocol at
the midpoint between the lowest rib and the iliac crest. The study participants will be
asked to keep their arms loosely at the sides of the body and place their feet together. The
investigator will stand on the right side of the subjects. The measuring tape will be used
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parallel to the floor and lie flat on bare skin without pressing in. The measurement will be
taken at the end of a normal expiration. The mean value of two successful measurements
(difference: <1 cm) will be scored [103]. The study participants will be requested to use
the toilet beforehand to empty their bladder, undress except for underwear, and remove
jewelry, glasses, watches, and other accessories.

Moreover, systolic and diastolic blood pressure (mmHg) and heart rate (bpm) will be
collected via a clinically validated and calibrated electronic blood pressure device [104].
The measurement will be taken on the left upper arm in a standardized way [105,106]. The
study participants will be seated upright on a chair (back: supported, legs: uncrossed, feet:
flat on the floor, left arm: supported and supinated, free of clothing, jewelry, and watch,
right arm: relaxed on the thigh). The cuff will be applied at the right atrium level on bare
skin using a correct cuff size (upper arm at least 80% enclosed). After a 5-min rest period,
two measurements will be recorded at an interval of 1-2 min. The mean value of two
successful readings (systolic blood pressure difference: <10 mmHg) will be taken for each
parameter. Before and during the measurement, the study participants will be instructed to
relax, not to move or talk. The measurement will be carried out in a closed and quiet room
without background noise.

Further physiological outcomes are determined as blood levels, especially blood lipids
(total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, triglycerides (mg/dl)) and blood glucose (fasting plasma glucose (mg/dl),
glycosylated hemoglobin (HbAlc) (mmol/mol Hb, %)) taken by blood samples. The
samples will be analyzed by the Medical Care Center (MVZ) Clotten in Freiburg.

Finally, vascular health will be examined by endothelial function as flow-mediated
dilatation (FMD) (%) via the non-invasive AngioDefender™ system [107]. The assessment
will be conducted on the left upper arm in a standardized procedure. The study participants
will take the same sitting and arm position as for the blood pressure measurement. A correct
cuff size will also be used, and the cuff will be applied on the upper arm at heart level
accordingly. After a 10-min rest period, the test will take 8 min. Before starting the test,
absolute and relative contraindications will be clarified. In case of pain, discomfort, or
complications, the test will be stopped immediately. Before and during the test performance,
the study participants will be instructed to relax, not to move or talk. The measurement
will be performed in a closed, quiet, and temperature-controlled room (ideally 22-23 °C)
without background noise. With the FMD and other assessed lifestyle-related health
outcomes, the vascular age (days) of the study participants will be calculated by using the
Vascular Age Calculator (VAC) [108].

All primary and secondary outcomes will be assessed at four measurement time
points (t0: 0 weeks, t1: 12 weeks, t2: 6 months after t1, t3: 12 months after t1), each
taking about 4-5 h (Fn), and 2-3 h (W), at the DoSS. All medical examinations will be
carried out at the same time of day using standardized procedures by trained and qualified
sports and nutritional science and medical staff in separated rooms to protect privacy.
The study participants will fast (meal and drinks, nicotine consumption: >12 h, alcohol
consumption and exercise: >48 h). In addition, they will have to sleep sufficiently the night
before and will have to be in a current state of good health. These criteria will be checked
individually via an anamnesis at the beginning of each medical examination, in which
current sensitivities, general habits and disorders of sensitivities, and medication, illnesses,
and diseases will also be assessed. Moreover, in case of health problems or diseases, the
medical certificate from a general practitioner attesting to the ability to participate in the trial
and the health program will be checked, and adverse events will be documented. If these
examination conditions are not met, or the examination cannot be performed as scheduled
for other reasons, such as coronavirus infection, the examination will be rescheduled as soon
as possible, depending on the individual’s state of health. Any rescheduled appointments
will be carefully documented for consideration in the data analysis. Furthermore, at the
beginning of each measurement, there will be a detailed introduction, instruction, and
demonstration of the respective measurement procedure. In case of pain, discomfort, or
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complications, the measurement will be stopped immediately and, if necessary, repeated.
An overview of all primary and secondary outcomes can be found in Table 1.

Table 1. Primary and secondary outcomes of the clinical fitness trial (F;,) and the clinical weight
loss trial (W qin)-

Measurement
Time Point

01 w2 3 3¢

Outcome

health goal

primary °
achievement

maximum oxygen
cardiorespiratory uptake
fitness (VO max)
(ml/min/kg)
body weight
(kg)

Fclin

Wiiin anthropometry

behavioral

steps taken
(steps/day)

sedentary behavior
Fain physical activity (minutes/day)
Wclin behavior

physical activity

(light, moderate,
vigorous intensity)

(minutes/week)

energy and nutrient
intake
Fuin (kcal, ug, mg, g, %)
Wiin dietary food consumption
behavior (HEI-NVS 5) X X X X
(g, ml, score)

energy density

Wclin (kcal / g)

secondary

physiological

maximum isometric
strength X X X X
(N, kg, Ibs)

Fup body weight
clin
(kg)

body height
(cm)

musculoskeletal

F; .
clin fitness

body mass index

(BMI)
Foin anthropometry (kg /m?) X X X X

Welin fat mass
(kg, %)

fat-free mass
(kg, %)
waist circumference
(cm)
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Table 1. Cont.

Measurement
Time Point

01 w2 3 34

Outcome

systolic blood
pressure
(mmHg)

diastolic blood
pressure X X X X
(mmHg)

Fclin

Wain blood pressure

heart rate
(bpm)

total cholesterol
(mg/dL)

LDL ¢ cholesterol

secondary

physiological

Fclin

blood
lipids
blood

(mg/dL)

HDL 7 cholesterol
(mg/dL)

Wc]jn leVels

triglycerides
(mg/dL)
fasting plasma
glucose

(mg/dL)

HbAlc8
(mol/mol Hb, %)
endothelial function
(EMD) ?
(0/ 0) X X X X

blood
glucose

Fclin
Wclin

vascular health

vascular age
(days)

140: 0 weeks; 2 t1: 12 weeks; 3 t2: 6 months after t1; 4 t3: 12 months after t1; > HEI-NVS: Healthy Eating Index
of the German National Nutrition Survey; ¢ LDL: Low-density lipoprotein; 7 HDL: High-density lipoprotein; 8
HbAlc: Glycosylated hemoglobin; ° FMD: Flow-mediated dilatation.

2.4.3. Other Outcomes

To examine the effects of usage behavior on primary and secondary outcomes, system
usage data regarding the participation in the health programs during the intervention
phase (frequency (days with logins/week) and duration of program logins (average min-
utes/login), logged activities (activities/week) (intervention group)) and the follow-up
phase (frequency of program logins (days with logins/week)) will be collected and stored
by VHG. A secure cloud system will be used to transfer these data to the DoSS [71].

2.5. Participant Timeline

As the study participant flow of the clinical trials (Fgin, Wein) combined with the
online trials (Fonline, Wonline) is complex, its illustration is divided into the enrolment
process (Figure 3a) and the intervention and assessment process (Figure 3b). Further details
of the study participant flow of the online trials are described in another study protocol [71].
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Figure 3. Participant timeline of the clinical fitness trial (F);,) and the clinical weight loss trial (W, ):
(a) Enrolment process; (b) intervention and assessment process.

2.6. Sample Size

The sample sizes of the clinical trials (Fgin, Wiin) were calculated with regard to the
long-term effect (t0—t3) of the respective primary outcome (Fi,: VOymax, Wjin: body
weight) using G*Power software (Version 3.1) (Heinrich-Heine-Universitédt Diisseldorf,
Diisseldorf, Germany) [109]. Based on comparable studies [50,110,111], effect sizes of
Cohen’s d = 0.45 (F i) and d = 0.50 (W i), as well as a significance level of 0.05 and a
statistical power of 0.80 were assumed. For the fitness trial (Fj;,), this resulted in a required
case number of n = 79 for both the intervention and control groups. For the weight loss
trial (Win), the required case number was n = 64 for both study groups. Allowing for
an additional dropout rate of 15% in each trial, the total target sample size was found to
be n =186 (93 + 93) (F;n) and n = 150 (75 +75) (Wjin)- Due to limited resources, there are
no plans to exceed these sample sizes. Details can be found in the study protocol of the
online trials [71].

2.7. Recruitment

The recruitment period for the clinical trials (Fqin, Weiin) is planned from January
to June 2020. To achieve the target sample sizes, extensive recruitment measures will be
carried out in the southwest of Germany (postcode area: 79) using a wide range of print and
online media. These will mainly include local press and radio campaigns, flyers displayed
in regional shops and centers, and Google advertisements. In addition, the institutions
involved in the project will draw attention to the trials on their websites, newsletters, and



Int. |. Environ. Res. Public Health 2022, 19, 1393 12 of 21

social media. The recruitment process will be monitored to initiate appropriate measures if
the required sample sizes are not reached by the planned end of the recruitment.

From recruitment to successful study enrolment, subjects will have to pass through a
multistep process (Figure 3a). If subjects become aware of the study, they will be guided to
the project’s landing page, first selecting their personal health goal. Afterwards, they will
receive the study information for the respective online trial (Fonjine, Wonline), provide written
consent, and thus successfully register for the online trial. The study participants will then
obtain the first online questionnaire by e-mail. After completing the questionnaire, the
study participants from the postcode area 79 will be invited for the respective clinical trial
(Fetin, Walin)- To register for the clinical trial, they will have to agree to the study information
(Supplementary Materials Files S1 and S2) by their written consent form (Supplementary
Materials Files S3 and S4) and enter their contact details and time of availability. After
successful registration, they will be randomized in the clinical trial. Within a few days,
the study staff will contact the study participants by telephone or e-mail to provide more
detailed study information, conduct a complete screening according to the inclusion and
exclusion criteria, and make an appointment for the first medical examination. If the
criteria are not met, the subjects will not be admitted to the medical examination. Still, they
will remain randomized within the clinical trial and participate in the online trial. Within
the first on-site medical examination, the eligibility criteria will be rechecked, and any
outstanding questions will be answered. After a 7-day follow-up measurement of physical
activity and dietary behavior, the baseline assessment and thus the study enrolment will
be completed.

3. Materials and Methods: Assignment of Interventions
3.1. Allocation

To achieve study groups of approximately the same size in each clinical trial (Fg,,
W.iin), the study participants will be randomly assigned to the intervention and control
group with a 1:1 allocation ratio by permuted block randomization with variable block
sizes of 4, 6, and 8. The generation of the allocation sequences was done by SEVERA
using the RITA software (Version 1.50) (Universitédt zu Liibeck, Liubeck, Germany) [112].
The randomization lists were sent to VHG via a secure cloud system and are securely
stored there. This will ensure allocation concealment so that the randomization for each
clinical trial will be implemented without any influence. If the study participants have
successfully registered for the clinical trials on the project’s landing page, the randomization
for each trial will be carried out in an automatic computer-based way according to the
generated lists [71].

3.2. Blinding

As the study participants of the clinical trials (Fuin, Wein) will be informed about
the interactive and non-interactive web-based health program, they will recognize which
program they have been assigned to immediately after logging in. Thus, blinding the
participants will not be possible. However, the healthcare providers and outcome assessors
will be blinded, as they will only be informed about group allocation after all outcome
assessments have been completed. Although the study participants will be asked not
to mention their group affiliation during the on-site examinations, it is possible that the
healthcare providers and outcome assessors will become aware of it. The data analysts of
the clinical trials will not be blinded, as data will possibly reveal group membership [71].

4. Materials and Methods: Data Collection, Management, and Analysis
4.1. Data Collection Methods

Data of the clinical trials (Fi,, Wiin) Will be collected on about 336 subjects at four
measurement time points (t0, t1, t2, t3) at the DoSS. The feasibility of the data collection
methods has been tested in pilot trials. The data will be collected in separated and protected
premises by qualified staff using reliable and validated instruments with standardized
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procedures. The staff will be thoroughly instructed and trained on all measurements in a
standardized manner. The data collection will be done using a case report form for each
study participant. The study staff will carefully complete this form during the medical
examinations, and the study director will subsequently review it to ensure high data quality.
All data will be digitized and subjected to final plausibility checks. The system usage data
collection methods are described in the study protocol of the online trials [71].

Various measures are planned to promote participant retention and complete follow-
up to make data sets as complete as possible. First, for successful trial participation, the
study participants will receive free medical examinations, an activity tracker (Fitbit Charge
3™), a shopping voucher, discount vouchers, and free access to the current version of the
TK-HC. Moreover, the participants will be reminded of each medical examination, and
all examinations will be scheduled in advance. Furthermore, participant retention and
usage behavior data will be monitored. The reasons for non-retention and non-adherence
will be documented for data analysis and interpretation. If subjects do not adhere to the
intervention protocols, all outcome data will still be assessed. For data analysis, however,
non-adherent participants will be considered by including the usage behavior data.

4.2. Data Management

Clinical trial data (Fgin, Wein) will be collected and stored in pseudonymized form.
The allocation of person and pseudonymized code will only be possible via an allocation list,
stored securely and separately from the coded research data. The research data collected
by the case report forms will also be kept secure. The electronic data will be stored on
password-protected computers, and backup copies will be made regularly and stored
securely. The allocation list and the coded research data will only be accessible for the
study director and the study staff, and they will be obliged by signature to maintain
confidentiality about the data collection of the clinical trials. The system usage data will be
collected and stored pseudonymously by VHG [71].

The DoSS will only transmit the pseudonymized research data to SEVERA via a secure
cloud system for combined data analysis of the online and the clinical trials. VHG will
transmit the pseudonymized system usage data to SEVERA and the DoSS. No data will be
shared with any third parties. SEVERA and the DoSS will carry out the data analysis of
the clinical trials. The results of the clinical trials will only be presented and published in
aggregated form so that no conclusions can be drawn about individuals. All personal data
of the clinical trials will be deleted three years after study completion. Finally, all clinical
trial research data will be deleted after ten years.

All personal data of the clinical trials will be stored securely and separately from
the research data. Personal data will not be published or passed on to third parties. The
personal data entered on the project’s landing page for trial registration will be accessed by
the study director via a back-office system of VHG. The study participants will agree to
this by their written consent form. After completion of study enrolment, the back-office
system will be immediately shut down, and the DoSS will securely store the data. Personal
data of excluded subjects will be deleted immediately during the screening process.

Participation in the clinical trials and the health programs will be voluntary. The study
participants will be able to withdraw participation at any time without giving reasons or
incurring any disadvantages. They will be able to withdraw on their own via the health
program or by informing VHG or the DoSS. In addition, the principal medical investigator
of the study will be able to terminate participation prematurely if health impairments occur
that partially or entirely exclude the ability to participate in the trial or the health program.
In such a case, the personal data will be deleted immediately. The research data already
collected will be stored anonymously and included in analyses and publications. No
further data will be collected. The same procedure will be applied if participants continue
participating in the health program despite withdrawing from the trial.

The participants will be informed about all data protection concerns of the clinical
trials and will provide written consent. A data protection concept following the European
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Union General Data Protection Regulation (GDPR-EU) was developed between all project
partners (SEVERA, DoSS, VHG) for the evaluation project. This includes a Joint Controller
Agreement (JCA) signed by all project partners and data protection officers [71].

The blood samples will be the only biomaterials of the clinical trials. The MVZ Clotten
in Freiburg will analyze and properly dispose of the blood samples.

4.3. Statistical Methods

For all analyses, the IBM SPSS Statistics software (Version 28.0.0.0) (IBM Corpora-
tion, Armonk, NY, USA) [113] as well as R (Version 4.0.5) [114] and RStudio (Version
1.4.1106) [115] will be used. All primary and secondary outcomes will be assessed on a
metric scale level at all measurement time points. Therefore, linear mixed models (LMM:s)
will be used for statistical analyses of all outcomes. In the repeated measured data, the time
points will be nested within cases, so the cases will be the cluster variable. The time points
will enter the model as a continuous variable from baseline (0) to the end of the study (3).
Random effects for intercept will be estimated. Degrees of freedom will be calculated with
Satterthwaite’s method implemented in a specific R package (ImerTest). The basic model
will consist of a cross-level interaction and random effects for intercept and slopes.

Level1:  Outcome = Boj + B * time + By * Xyj + 13
Level2:  Bo; = oo + o1 * group + Yon * Zon + to;
B1j = Y10 + Y11 * group +uy;

The cross-level interaction will be between time and the dichotomous group variable
(intervention vs. control group). The fixed effect 19 will represent the average change over
time, while the cross-level interaction 711 will represent the difference in change between
both study groups. Possible covariates or confounding variables, such as age and gender,
can enter the model at the placeholder X;;; on level 1 or Zy,, onlevel 2.

To analyze short- and medium-term effects, the metric scale time point variable will
be changed to a factor variable. Pairwise comparisons will be used with correction for
multiple testing to estimate differences between each measurement time point. We will
test group differences on time points t1, t2, and t3 as between-group contrast. Within each
group, we will compare baseline with program completion (t0 vs. t1) and baseline with
follow-up (t0 vs. t2). Additionally, we will contrast program completion with follow-up
(t1 vs. t2) and change between follow-up and the end of the study (t2 vs. t3). Moreover,
there is no need to account for multiple testing for the two primary outcomes as the two
clinical trials (Fgjin, Win) are considered as two independent trials.

According to the intention-to-treat (ITT) principle, all randomized cases will be in-
cluded. In addition, only cases that have followed the per-protocol (PP) principle will be
analyzed. While for ITT analysis, missing values will be imputed, in PP (complete case)
analysis, only study participants with no missing values for the corresponding outcome
will be analyzed. The ITT and PP analysis will be compared. An assessment of completed
measurement time points will be used to test whether study participants who have com-
pleted all medical examinations differ in the corresponding outcome. Multiple imputation
will be used to impute missing data in the ITT analysis. Influx and outflux statistics will be
applied to identify factors that will serve as auxiliary variables for the imputation model.
Sensitivity analysis will be performed to compare imputed with not imputed data.

The usage behavior data will be analyzed between the intervention and control group
and within the intervention group. The analysis between the study groups will be done
descriptively. For the analysis within the intervention group, the outlined model will be
modified. Therefore, the group variable will be omitted, and a variable that codes usage
behavior will replace the group variable in the model on level 2.
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5. Materials and Methods: Monitoring
5.1. Data Monitoring

A data monitoring committee (DMC) for the clinical trials (F.j;n, Wejin) will be estab-
lished for the recruitment and retention process as the outcomes are associated with low
risks. This non-independent DMC will be composed of some of the study staff and the
study directors of the involved institutions (SEVERA, DoSS, VHG). However, the trial
sponsor (TK) will only be informed about the process and will have no access to any data.
There will be no conflicts of interest. As part of the recruitment process, the DoSS will
report the current recruitment data of the clinical trials at weekly DMC meetings and
will inform the entire project team and the trial sponsor. The report will be done based
on the registrations in the back-office system, the telephone screenings, and the medical
examinations carried out on-site. If technical or other unforeseen problems arise during
the recruitment process, these will be discussed in the DMC and resolved immediately in
direct consultation. Based on the report, the entire project team will be able to adjust the
recruitment measures and finally decide on recruitment completion. Afterwards, the DoSS
will continue reporting at regular DMC meetings and informing the entire project team and
the trial sponsor about examined study participants and study dropouts.

5.2. Harms

No particular risks are expected in the context of the clinical trials (Fgjin, Weiin). In rare
cases, skin irritation or infection of the puncture site can occur after blood uptake. Further-
more, muscle soreness can occur in the following days after physical fitness assessments or
training sessions of the health programs. No other risks are expected.

Apart from that, the study participants will have to agree to the inclusion and exclusion
criteria, undergo a detailed screening, and, in case of health problems or diseases, provide
a medical certificate attesting their ability to participate in the trial and the health program.
Moreover, the potential risks were reviewed by the Ethics Committee of the University of
Freiburg and the principal medical investigator of the study.

Adverse and any other events will be documented in a standardized way at the
medical examinations. The study participants will be asked to inform the study staff if
any event occurs in the interim study phases. Adverse events will be reported to the
principal medical investigator of the study and the entire project team. If any event
occurs, the study participants will be able to cancel, interrupt, or repeat the medical
examinations. They will also have the possibility to cancel, interrupt, or modify the health
program. If necessary, immediate care and treatment measures will be initiated by the
principal medical investigator. He will also be able to terminate participation prematurely
if health problems occur that partially or entirely exclude participating in the trial and the
health program. Travel accident insurance, including stays on-site, will be arranged for all
study participants.

6. Conclusions

This study is part of a nationwide evaluation project. The aim of its two randomized
controlled clinical trials (F.ji, Wein) is to investigate short-, medium-, and long-term health
effects of a 12-week interactive web-based health program (TK-HC) compared to a 12-week
non-interactive web-based health program in physically inactive and overweight or obese
adults. An elaborate assessment of objective outcomes will be used to assess health effects.
As this study will be conducted during the coronavirus disease 2019 (COVID-19) pandemic,
health effects could be affected due to restrictions in daily life. Finally, this study addresses
the need for further research on web-based lifestyle interventions.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ijerph19031393 /51, File S1: Study information of the clinical
fitness trial (Fy); File S2: Study information of the clinical weight loss trial (W ); File S3: Consent
form of the clinical fitness trial (F,); File S4: Consent form of the clinical weight loss trial (W i)
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participants will have free access to the current TK-HC after study completion, valid for three years.
Thus, the study participants will be supported to maintain a healthy lifestyle.

Dissemination Policy: The DoSS will disseminate the results of the clinical trials (Fqin, Wein) in
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research data except for the study participant report, and will be implemented regardless of the
magnitude or direction of the effect. Apart from the publication of the study protocol and the results
of the clinical trials, no other data will be made publicly available.

Abbreviations

DALYs: Disability-adjusted life-years; NCDs: Non-communicable diseases; BMI: Body mass index;
TK: Techniker Krankenkasse; TK-HC: TK-HealthCoach; SEVERA: Section of Health Care Research
and Rehabilitation Research of the Medical Center of the University of Freiburg; Fjine: Online trial
evaluating the health goal “Increasing Fitness”; Wjine: Online trial evaluating the health goal “Los-
ing and Maintaining Weight”; Syjine: Online trial evaluating the health goal “Smoking Cessation”;
Fjin: Clinical trial evaluating the health goal “Increasing Fitness”; W j;,: Clinical trial evaluating the
health goal “Losing and Maintaining Weight”; DoSS: Department of Sport and Sport Science of the
University of Freiburg; SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials;
DRKS: German Clinical Trials Register; VHG: Vilua Healthcare GmbH; TK-FC: TK-FitnessCoaching;
TK-WC: TK-WeightLossCoaching; VO,max: Maximum oxygen uptake; RPE: Ratings of perceived
exertion; MVC: Maximum voluntary contraction; IPAQ-L: Long version of the International Physical
Activity Questionnaire; HEI-NVS: Healthy Eating Index of the German National Nutrition Survey;
HbA1c: Glycosylated hemoglobin; HDL: High-density lipoprotein; LDL: Low-density lipoprotein;
MVZ: Medical Care Center; FMD: Flow-mediated dilatation; VAC: Vascular Age Calculator; RITA:
Randomization in treatment arms; GDPR-EU: European Union General Data Protection Regula-
tion; JCA: Joint Controller Agreement; LMMs: Linear mixed models; ITT: Intention-to-treat; PP:
Per-protocol; IBM: International Business Machines Corporation; SPSS: Statistical Package for the
Social Sciences; DMC: Data monitoring committee; COVID-19: Coronavirus disease 2019.

References

1.

SUN I

10.

11.

Murray, C.J.L.; Aravkin, A.Y.; Zheng, P; Abbafati, C.; Abbas, K.M.; Abbasi-Kangevari, M.; Abd-Allah, F; Abdelalim, A;
Abdollahi, M.; Abdollahpour, L; et al. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: A systematic
analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1223-1249. [CrossRef]

Global Health Metrics. GBD cause and risk summaries: Low physical activity-Level 2 risk. Lancet 2020, 369, S306-S307.

Global Health Metrics. GBD cause and risk summaries: Dietary risks-Level 2 risk. Lancet 2020, 369, S268-5269.

Global Health Metrics. GBD cause and risk summaries: High body-mass index-Level 2 risk. Lancet 2020, 369, S314-5315.

World Health Organization. Global Action Plan for the Prevention and Control of Noncommunicable Diseases 2013-2020; World Health
Organization: Geneva, Switzerland, 2013; Available online: https:/ /www.who.int/publications/i/item /9789241506236 (accessed
on 18 December 2021).

World Health Organization. Noncommunicable Diseases Country Profiles 2018; World Health Organization: Geneva, Switzerland,
2018; Available online: https:/ /apps.who.int/iris/handle/10665/274512 (accessed on 18 December 2021).

Finger, J.D.; Mensink, G.B.M.; Lange, C.; Manz, K. Gesundheitsfordernde korperliche Aktivitat in der Freizeit bei Erwachsenen in
Deutschland. . Health Monit. 2017, 2, 37-44.

Riitten, A.; Pfeifer, K. Nationale Empfehlungen fiir Bewegung und Bewegungsforderung. Available online: https:/ /www.sport.
fau.de/files/2016/05/Nationale-Empfehlungen-f%C3%BCr-Bewegung-und-Bewegungsf%C3%B6rderung-2016.pdf (accessed
on 26 November 2020).

Deutsche Gesellschaft fiir Erndhrung, e.V. Referenzwerte fiir die Nahrstoffzufuhr. Available online: https://www.dge.de/
wissenschaft/referenzwerte /?L=0 (accessed on 26 November 2020).

Deutsche Gesellschaft fiir Erndhrung, e.V. Vollwertige Erndhrung. Available online: https:/ /www.dge.de/ernaehrungspraxis/
vollwertige-ernaehrung/?L=0 (accessed on 26 November 2020).

Max Rubner-Institut. Nationale Verzehrsstudie II: Ergebnisbericht Teil 2. Die Bundesweite Befragung zur Erndhrung
von Jugendlichen und Erwachsenen. Available online: https://www.mri.bund.de/fileadmin/MRI/Institute/EV /NVSII_
Abschlussbericht_Teil _2.pdf (accessed on 18 December 2021).


http://doi.org/10.1016/S0140-6736(20)30752-2
https://www.who.int/publications/i/item/9789241506236
https://apps.who.int/iris/handle/10665/274512
https://www.sport.fau.de/files/2016/05/Nationale-Empfehlungen-f%C3%BCr-Bewegung-und-Bewegungsf%C3%B6rderung-2016.pdf
https://www.sport.fau.de/files/2016/05/Nationale-Empfehlungen-f%C3%BCr-Bewegung-und-Bewegungsf%C3%B6rderung-2016.pdf
https://www.dge.de/wissenschaft/referenzwerte/?L=0
https://www.dge.de/wissenschaft/referenzwerte/?L=0
https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/?L=0
https://www.dge.de/ernaehrungspraxis/vollwertige-ernaehrung/?L=0
https://www.mri.bund.de/fileadmin/MRI/Institute/EV/NVSII_Abschlussbericht_Teil_2.pdf
https://www.mri.bund.de/fileadmin/MRI/Institute/EV/NVSII_Abschlussbericht_Teil_2.pdf

Int. |. Environ. Res. Public Health 2022, 19, 1393 18 of 21

12.

13.

14.
15.

16.

17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

World Health Organization. Obesity: Preventing and Managing the Global Epidemic: Report of a WHO Consultation (WHO Technical
Report Series 894); World Health Organization: Geneva, Switzerland, 1999; Available online: https:/ /apps.who.int/iris /handle/
10665/42330 (accessed on 18 December 2021).

Schienkiewitz, A.; Mensink, G.B.M.; Kuhnert, R.; Lange, C. Ubergewicht und Adipositas bei Erwachsenen in Deutschland. J.
Health Monit. 2017, 2, 21-28.

Booth, FW.; Roberts, C.K.; Laye, M.]. Lack of exercise is a major cause of chronic diseases. Compr. Physiol. 2012, 2, 1143-1211.
Lee, I.-M.; Shiroma, E.J.; Lobelo, F.; Puska, P; Blair, S.N.; Katzmarzyk, P.T. Effect of physical inactivity on major non-communicable
diseases worldwide: An analysis of burden of disease and life expectancy. Lancet 2012, 380, 219-229. [CrossRef]

Afshin, A,; Sur, PJ.; Fay, K.A.; Cornaby, L.; Ferrara, G.; Salama, J.S.; Mullany, E.C.; Abate, K.H.; Abbafati, C.; Abebe, Z; et al.
Health effects of dietary risks in 195 countries, 1990-2017: A systematic analysis for the Global Burden of Disease Study 2017.
Lancet 2019, 393, 1958-1972. [CrossRef]

Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P; Estep, K.; Lee, A.; Marczak, L.; Mokdad, A.H.; Moradi-Lakeh, M.; Naghavi,
M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. |. Med. 2017, 377, 13-27.

Bouchard, C.; Blair, S.N.; Haskell, W.L. Physical Activity and Health, 2nd ed.; Human Kinetics: Leeds, UK, 2012.

Hardman, A.; Stensel, D.]J. Physical Activity and Health: The Evidence Explained, 2nd ed.; Routledge: London, UK, 2009.

Pedersen, B.K,; Saltin, B. Exercise as medicine-evidence for prescribing exercise as therapy in 26 different chronic diseases. Scand.
J. Med. Sci. Sports 2015, 25 (Suppl. S3), 1-72. [CrossRef] [PubMed]

Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory Committee Report; U.S. Department of
Health and Human Services: Washington, DC, USA, 2018. Available online: https:/ /health.gov /sites/default/files /2019-09/
PAG_Advisory_Committee_Report.pdf (accessed on 18 December 2021).

Schlesinger, S.; Neuenschwander, M.; Schwedhelm, C.; Hoffmann, G.; Bechthold, A.; Boeing, H.; Schwingshackl, L. Food Groups
and Risk of Overweight, Obesity, and Weight Gain: A Systematic Review and Dose-Response Meta-Analysis of Prospective
Studies. Adv. Nutr. 2019, 10, 205-218. [CrossRef]

Schwingshackl, L.; Hoffmann, G.; Lampousi, A.-M.; Kniippel, S.; Igbal, K.; Schwedhelm, C.; Bechthold, A.; Schlesinger, S.;
Boeing, H. Food groups and risk of type 2 diabetes mellitus: A systematic review and meta-analysis of prospective studies. Eur. J.
Epidemiol. 2017, 32, 363-375. [CrossRef] [PubMed]

Fabiani, R.; Naldini, G.; Chiavarini, M. Dietary Patterns and Metabolic Syndrome in Adult Subjects: A Systematic Review and
Meta-Analysis. Nutrients 2019, 11, 2056. [CrossRef] [PubMed]

Buckland, G.; Bach, A.; Serra-Majem, L. Obesity and the Mediterranean diet: A systematic review of observational and intervention
studies. Obes. Rev. 2008, 9, 582-593. [CrossRef]

Koloverou, E.; Esposito, K.; Giugliano, D.; Panagiotakos, D. The effect of Mediterranean diet on the development of type 2
diabetes mellitus: A meta-analysis of 10 prospective studies and 136,846 participants. Metabolism 2014, 63, 903-911. [CrossRef]
Esposito, K.; Maiorino, M.L; Bellastella, G.; Chiodini, P.; Panagiotakos, D.; Giugliano, D. A journey into a Mediterranean diet and
type 2 diabetes: A systematic review with meta-analyses. BM]. Open 2015, 5, €008222. [CrossRef]

Kastorini, C.-M.; Milionis, H.J.; Esposito, K.; Giugliano, D.; Goudevenos, ].A.; Panagiotakos, D.B. The effect of Mediterranean diet
on metabolic syndrome and its components: A meta-analysis of 50 studies and 534,906 individuals. J. Am. Coll. Cardiol. 2011, 57,
1299-1313. [CrossRef]

Conn, V.S,; Hafdahl, A.; Phillips, L.].; Ruppar, T.M.; Chase, ].-A.D. Impact of physical activity interventions on anthropometric
outcomes: Systematic review and meta-analysis. J. Prim. Prev. 2014, 35, 203-215. [CrossRef]

Schwingshackl, L.; Hoffmann, G.; Kalle-Uhlmann, T.; Arregui, M.; Buijsse, B.; Boeing, H. Fruit and Vegetable Consumption and
Changes in Anthropometric Variables in Adult Populations: A Systematic Review and Meta-Analysis of Prospective Cohort
Studies. PLoS ONE 2015, 10, e0140846. [CrossRef]

Dinu, M.; Pagliai, G.; Casini, A.; Sofi, F. Mediterranean diet and multiple health outcomes: An umbrella review of meta-analyses
of observational studies and randomised trials. Eur. J. Clin. Nutr. 2018, 72, 30—43. [CrossRef]

Cornelissen, V.A.; Smart, N.A. Exercise training for blood pressure: A systematic review and meta-analysis. . Am. Heart. Assoc.
2013, 2, e004473. [CrossRef]

Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Kniippel, S.; Igbal, K.; Andriolo, V.; Bechthold, A.; Schlesinger, S.; Boeing, H.
Food Groups and Risk of Hypertension: A Systematic Review and Dose-Response Meta-Analysis of Prospective Studies. Adv.
Nutr. 2017, 8, 793-803. [CrossRef] [PubMed]

Schwingshackl, L.; Chaimani, A.; Schwedhelm, C.; Toledo, E.; Piinsch, M.; Hoffmann, G.; Boeing, H. Comparative effects of
different dietary approaches on blood pressure in hypertensive and pre-hypertensive patients: A systematic review and network
meta-analysis. Crit. Rev. Food Sci. Nutr. 2019, 59, 2674-2687. [CrossRef]

Boniol, M.; Dragomir, M.; Autier, P.; Boyle, P. Physical activity and change in fasting glucose and HbAlc: A quantitative
meta-analysis of randomized trials. Acta Diabetol. 2017, 54, 983-991. [CrossRef] [PubMed]

Schwingshackl, L.; Hoffmann, G.; Igbal, K.; Schwedhelm, C.; Boeing, H. Food groups and intermediate disease markers: A
systematic review and network meta-analysis of randomized trials. Am. J. Clin. Nutr. 2018, 108, 576-586. [CrossRef]

Durstine, J.L.; Grandjean, PW.; Davis, P.G.; Ferguson, M.A.; Alderson, N.L.; DuBose, K.D. Blood lipid and lipoprotein adaptations
to exercise: A quantitative analysis. Sports Med. 2001, 31, 1033-1062. [CrossRef] [PubMed]


https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/42330
http://doi.org/10.1016/S0140-6736(12)61031-9
http://doi.org/10.1016/S0140-6736(19)30041-8
http://doi.org/10.1111/sms.12581
http://www.ncbi.nlm.nih.gov/pubmed/26606383
https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf
https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf
http://doi.org/10.1093/advances/nmy092
http://doi.org/10.1007/s10654-017-0246-y
http://www.ncbi.nlm.nih.gov/pubmed/28397016
http://doi.org/10.3390/nu11092056
http://www.ncbi.nlm.nih.gov/pubmed/31480732
http://doi.org/10.1111/j.1467-789X.2008.00503.x
http://doi.org/10.1016/j.metabol.2014.04.010
http://doi.org/10.1136/bmjopen-2015-008222
http://doi.org/10.1016/j.jacc.2010.09.073
http://doi.org/10.1007/s10935-014-0352-5
http://doi.org/10.1371/journal.pone.0140846
http://doi.org/10.1038/ejcn.2017.58
http://doi.org/10.1161/JAHA.112.004473
http://doi.org/10.3945/an.117.017178
http://www.ncbi.nlm.nih.gov/pubmed/29141965
http://doi.org/10.1080/10408398.2018.1463967
http://doi.org/10.1007/s00592-017-1037-3
http://www.ncbi.nlm.nih.gov/pubmed/28840356
http://doi.org/10.1093/ajcn/nqy151
http://doi.org/10.2165/00007256-200131150-00002
http://www.ncbi.nlm.nih.gov/pubmed/11735685

Int. |. Environ. Res. Public Health 2022, 19, 1393 19 of 21

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Ashor, AW,; Lara, ].; Siervo, M.; Celis-Morales, C.; Oggioni, C.; Jakovljevic, D.G.; Mathers, ].C. Exercise modalities and endothelial
function: A systematic review and dose-response meta-analysis of randomized controlled trials. Sports Med. 2015, 45, 279-296.
[CrossRef]

Landberg, R.; Naidoo, N.; van Dam, R.M. Diet and endothelial function: From individual components to dietary patterns. Curr.
Opin. Lipidol. 2012, 23, 147-155. [CrossRef]

Shannon, O.M.; Mendes, I.; Kochl, C.; Mazidi, M.; Ashor, A.W.; Rubele, S.; Minihane, A.-M.; Mathers, J.C.; Siervo, M. Mediter-
ranean Diet Increases Endothelial Function in Adults: A Systematic Review and Meta-Analysis of Randomized Controlled Trials.
J. Nutr. 2020, 150, 1151-1159. [CrossRef]

Deutsche Adipositas-Gesellschaft (DAG) e.V.; Deutsche Diabetes Gesellschaft (DDG); Deutsche Gesellschaft fiir Erndahrung (DGE) e.V,;
Deutsche Gesellschaft fiir Erndhrungsmedizin (DGEM) e.V. Interdisziplinére Leitlinie der Qualitdt S3 zur ,Pravention und
Therapie der Adipositas”. Available online: https://www.awmf.org/uploads/tx_szleitlinien/050-0011_S3_Adipositas_Pr%C3
%A4vention_Therapie_2014-11-abgelaufen.pdf (accessed on 21 January 2021).

Bundesérztekammer (BAK), Kassenirztliche Bundesvereinigung (KBV), Arbeitsgemeinschaft der Wissenschaftlichen Medi-
zinischen Fachgesellschaften. Nationale VersorgungsLeitlinie Therapie des Typ-2-Diabetes-Leitlinien-Report. Available online:
http:/ /www.dm-therapie.versorgungsleitlinien.de (accessed on 21 January 2021).

Galani, C.; Schneider, H. Prevention and treatment of obesity with lifestyle interventions: Review and meta-analysis. Int. Public
Health |. 2007, 52, 348-359. [CrossRef] [PubMed]

Zhang, X.; Imperatore, G.; Thomas, W.; Cheng, Y.J.; Lobelo, E; Norris, K.; Devlin, HM.; Ali, M.K.; Gruss, S.; Bardenheier, B.; et al.
Effect of lifestyle interventions on glucose regulation among adults without impaired glucose tolerance or diabetes: A systematic
review and meta-analysis. Diabetes Res. Clin. Pract. 2017, 123, 149-164. [CrossRef] [PubMed]

Chen, L.; Pei, ].-H.; Kuang, J.; Chen, H.-M.; Chen, Z,; Li, Z.-W.; Yang, H.-Z. Effect of lifestyle intervention in patients with type 2
diabetes: A meta-analysis. Metabolism 2015, 64, 338-347. [CrossRef] [PubMed]

Yamaoka, K.; Tango, T. Effects of lifestyle modification on metabolic syndrome: A systematic review and meta-analysis. BMC
Med. 2012, 10, 138. [CrossRef]

Yamaoka, K.; Tango, T. Efficacy of lifestyle education to prevent type 2 diabetes: A meta-analysis of randomized controlled trials.
Diabetes Care 2005, 28, 2780-2786. [CrossRef]

Ritterband, L.M.; Gonder-Frederick, L.A.; Cox, D.J.; Clifton, A.D.; West, R.W.; Borowitz, S.M. Internet interventions: In review, in
use, and into the future. Prof. Psychol. Res. Pr. 2003, 34, 527-534. [CrossRef]

Jahangiry, L.; Farhangi, M.A_; Shab-Bidar, S.; Rezaei, F,; Pashaei, T. Web-based physical activity interventions: A systematic review
and meta-analysis of randomized controlled trials. Public Health 2017, 152, 36—46. [CrossRef]

Davies, C.A.; Spence, ].C.; Vandelanotte, C.; Caperchione, C.M.; Mummery, W.K. Meta-analysis of internet-delivered interventions
to increase physical activity levels. Int. |. Behav. Nutr. Phys. Act. 2012, 9, 52. [CrossRef]

Norman, G.J.; Zabinski, M.F,; Adams, M.A.; Rosenberg, D.E.; Yaroch, A.L.; Atienza, A.A. A review of eHealth interventions for
physical activity and dietary behavior change. Am. J. Prev. Med. 2007, 33, 336-345. [CrossRef]

Broekhuizen, K.; Kroeze, W.; van Poppel, M.N.M.; Oenema, A.; Brug, ]. A systematic review of randomized controlled trials on
the effectiveness of computer-tailored physical activity and dietary behavior promotion programs: An update. Ann. Behav. Med.
2012, 44, 259-286. [CrossRef]

Hutchesson, M.].; Rollo, M.E.; Krukowski, R.; Ells, L.; Harvey, J.; Morgan, PJ.; Callister, R.; Plotnikoff, R.; Collins, C.E. eHealth
interventions for the prevention and treatment of overweight and obesity in adults: A systematic review with meta-analysis.
Obes. Rev. 2015, 16, 376-392. [CrossRef] [PubMed]

Sorgente, A.; Pietrabissa, G.; Manzoni, G.M.; Re, E; Simpson, S.; Perona, S.; Rossi, A.; Cattivelli, R.; Innamorati, M.; Jackson, ].B.;
et al. Web-Based Interventions for Weight Loss or Weight Loss Maintenance in Overweight and Obese People: A Systematic
Review of Systematic Reviews. . Med. Internet Res. 2017, 19, €229. [CrossRef]

Beleigoli, A.M.; Andrade, A.Q.; Cangado, A.G.; Paulo, M.N.; Diniz, M.D.FH.; Ribeiro, A.L. Web-Based Digital Health Interventions
for Weight Loss and Lifestyle Habit Changes in Overweight and Obese Adults: Systematic Review and Meta-Analysis. ]. Med.
Internet Res. 2019, 21, €298. [CrossRef] [PubMed]

Bian, R.R.; Piatt, G.A.; Sen, A.; Plegue, M.A.; de Michele, M.L.; Hafez, D.; Czuhajewski, C.M.; Buis, L.R.; Kaufman, N.;
Richardson, C.R. The Effect of Technology-Mediated Diabetes Prevention Interventions on Weight: A Meta-Analysis. J. Med.
Internet Res. 2017, 19, €76. [CrossRef]

Cotter, A.P,; Durant, N.; Agne, A.A.; Cherrington, A.L. Internet interventions to support lifestyle modification for diabetes
management: A systematic review of the evidence. J. Diabetes Complicat. 2014, 28, 243-251. [CrossRef]

Kim, G.; Lee, J.-S.; Lee, S.-K. A Technology-Mediated Interventional Approach to the Prevention of Metabolic Syndrome: A
Systematic Review and Meta-Analysis. Int. . Environ. Res. Public Health 2021, 18, 512. [CrossRef] [PubMed]

Chen, D,; Ye, Z,; Shao, J.; Tang, L.; Zhang, H.; Wang, X.; Qiu, R.; Zhang, Q. Effect of electronic health interventions on metabolic
syndrome: A systematic review and meta-analysis. BM] Open 2020, 10, e036927. [CrossRef]

Vandelanotte, C.; Miiller, A.M.; Short, C.E.; Hingle, M.; Nathan, N.; Williams, S.L.; Lopez, M.L.; Parekh, S.; Maher, C.A. Past,
Present, and Future of eHealth and mHealth Research to Improve Physical Activity and Dietary Behaviors. J. Nutr. Educ. Behav.
2016, 48, 219-228.¢el. [CrossRef]


http://doi.org/10.1007/s40279-014-0272-9
http://doi.org/10.1097/MOL.0b013e328351123a
http://doi.org/10.1093/jn/nxaa002
https://www.awmf.org/uploads/tx_szleitlinien/050-001l_S3_Adipositas_Pr%C3%A4vention_Therapie_2014-11-abgelaufen.pdf
https://www.awmf.org/uploads/tx_szleitlinien/050-001l_S3_Adipositas_Pr%C3%A4vention_Therapie_2014-11-abgelaufen.pdf
http://www.dm-therapie.versorgungsleitlinien.de
http://doi.org/10.1007/s00038-007-7015-8
http://www.ncbi.nlm.nih.gov/pubmed/18368998
http://doi.org/10.1016/j.diabres.2016.11.020
http://www.ncbi.nlm.nih.gov/pubmed/28024276
http://doi.org/10.1016/j.metabol.2014.10.018
http://www.ncbi.nlm.nih.gov/pubmed/25467842
http://doi.org/10.1186/1741-7015-10-138
http://doi.org/10.2337/diacare.28.11.2780
http://doi.org/10.1037/0735-7028.34.5.527
http://doi.org/10.1016/j.puhe.2017.06.005
http://doi.org/10.1186/1479-5868-9-52
http://doi.org/10.1016/j.amepre.2007.05.007
http://doi.org/10.1007/s12160-012-9384-3
http://doi.org/10.1111/obr.12268
http://www.ncbi.nlm.nih.gov/pubmed/25753009
http://doi.org/10.2196/jmir.6972
http://doi.org/10.2196/jmir.9609
http://www.ncbi.nlm.nih.gov/pubmed/30622090
http://doi.org/10.2196/jmir.4709
http://doi.org/10.1016/j.jdiacomp.2013.07.003
http://doi.org/10.3390/ijerph18020512
http://www.ncbi.nlm.nih.gov/pubmed/33435158
http://doi.org/10.1136/bmjopen-2020-036927
http://doi.org/10.1016/j.jneb.2015.12.006

Int. |. Environ. Res. Public Health 2022, 19, 1393 20 of 21

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.
76.
77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

AOK. Die Online-Programme der AOK. Available online: https://www.aok.de/pk/bw /leistungen-services/online-programme-
der-aok/ (accessed on 23 February 2021).

BARMER. Ubersicht Kursangebote. Available online: https:/ /www.barmer.de/kursangebote (accessed on 23 February 2021).
DAK-Gesundheit. Online-Coachings der DAK-Gesundheit. Available online: https://www.dak.de/dak/leistungen/online-
coachings-2071426.html#/ (accessed on 23 February 2021).

KINAPPSCHAFT. Gesundheitskurse. Available online: https://www.knappschaft.de/DE/LeistungenGesundheit/Gesundheitskurse/
gesundheitskurse_node.html (accessed on 23 February 2021).

Ebert, D.D.; Berking, M.; Thiart, H.; Riper, H.; Laferton, ].A.C.; Cuijpers, P.; Sieland, B.; Lehr, D. Restoring depleted resources:
Efficacy and mechanisms of change of an internet-based unguided recovery training for better sleep and psychological detachment
from work. Health Psychol. 2015, 34S, 1240-1251. [CrossRef]

Heber, E.; Lehr, D.; Ebert, D.D.; Berking, M.; Riper, H. Web-Based and Mobile Stress Management Intervention for Employees: A
Randomized Controlled Trial. . Med. Internet Res. 2016, 18, e21. [CrossRef]

Moritz, S.; Schilling, L.; Hauschildt, M.; Schroder, J.; Treszl, A. A randomized controlled trial of internet-based therapy in
depression. Behav. Res. Ther. 2012, 50, 513-521. [CrossRef]

Mehring, M.; Haag, M.; Linde, K.; Wagenpfeil, S.; Schneider, A. Effects of a guided web-based smoking cessation program with
telephone counseling: A cluster randomized controlled trial. |. Med. Internet Res. 2014, 16, €218. [CrossRef] [PubMed]

Mehring, M.; Haag, M.; Linde, K.; Wagenpfeil, S.; Schneider, A. Effects of a Web-Based Intervention for Stress Reduction in
Primary Care: A Cluster Randomized Controlled Trial. J. Med. Internet Res. 2016, 18, e27. [CrossRef] [PubMed]

Knaack, N.; Gauss, B.; Blieske, P. Mit digitalen Gesundheitszielen in ein gesundes Leben starten. In e-Health 2017: Informations-und
Kommunikationstechnologien im Gesundheitswesen; Duesberg, F., Ed.; Medical Future Verlag: Solingen, Germany, 2017; pp. 133-135.
Tinsel, I.; Metzner, G.; Schlett, C.; Sehlbrede, M.; Bischoff, M.; Anger, R.; Brame, ].; Konig, D.; Wurst, R.; Fuchs, R.; et al.
Effectiveness of an interactive web-based health program for adults: A study protocol for three concurrent controlled-randomized
trials (EVA-TK-Coach). Trials 2021, 22, 526. [CrossRef] [PubMed]

Chan, A.-W.; Tetzlaff, ].M.; Altman, D.G.; Laupacis, A.; Getzsche, P.C.; Krleza-Jeri¢, K.; Hrébjartsson, A.; Mann, H.; Dickersin, K.;
Berlin, J.A.; et al. SPIRIT 2013 statement: Defining standard protocol items for clinical trials. Ann. Intern. Med. 2013, 158, 200-207.
[CrossRef] [PubMed]

Chan, A.-W.; Tetzlaff, ].M.; Getzsche, P.C.; Altman, D.G.; Mann, H.; Berlin, J.A.; Dickersin, K.; Hrébjartsson, A.; Schulz, K.F;
Parulekar, WR; et al. SPIRIT 2013 explanation and elaboration: Guidance for protocols of clinical trials. BM] 2013, 346, e7586.
[CrossRef] [PubMed]

Fitbit Charge 3, Activity Tracker; Fitbit, Inc.: San Francisco, CA, USA, 2018.

Cooper, K.H. A Means of Assessing Maximal Oxygen Intake. JAMA 1968, 203, 201-204. [CrossRef] [PubMed]

American College of Sports Medicine. ACSM’s Health-Related Physical Fitness Assessment Manual, 5th ed.; Wolters Kluwer:
Philadelphia, PA, USA, 2018.

Farrell, S. 50 Years of the Cooper 12-Minute Run. Available online: https:/ /www.cooperinstitute.org/2018/06/08 /50-years-of-
the-cooper-12-minute-run (accessed on 31 August 2021).

Borg, G. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998.

Thomas, D.T.; Erdman, K.A.; Burke, L.M. American College of Sports Medicine Joint Position Statement. Nutrition and Athletic
Performance. Med. Sci. Sports Exerc. 2016, 48, 543-568. [PubMed]

Seca mBCA 515; Bioelectrical Impedance Analysis Scale; Seca GmbH & Co. KG: Hamburg, Germany, 2019.

ProFit Cube, Version 2.4.80; ProFit-Software fiir die Fitnessbranche: Erlangen, Germany, 2019.

]amar® Hydraulic, Hand Dynamometer; Performance Health International LTD: Huthwaite, UK, 2017.

Drake, D.; Kennedy, R.; Wallace, E. The Validity and Responsiveness of Isometric Lower Body Multi-Joint Tests of Muscular
Strength: A Systematic Review. Sports Med. Open 2017, 3, 23. [CrossRef] [PubMed]

Marschall, E; Gail, S. Standardisierung eines Testprotokolls zur Bestimmung der isometrischen Maximalkraft. Beweg. Gesundh.
2011, 27, 226-230. [CrossRef]

Mathiowetz, V.; Weber, K.; Volland, G.; Kashman, N. Reliability and validity of grip and pinch strength evaluations. ]. Hand Surg.
Am. 1984, 9, 222-226. [CrossRef]

Roberts, H.C.; Denison, H.J.; Martin, H.J.; Patel, H.P.; Syddall, H.; Cooper, C.; Sayer, A.A. A review of the measurement of grip
strength in clinical and epidemiological studies: Towards a standardised approach. Age Ageing 2011, 40, 423—429. [CrossRef]
[PubMed]

Genius Eco® Funktionsstemme—Liegend/Sitzend—150 kg; Isometric Leg Press; FREI AG: Kirchzarten, Germany, 2014.

Evenson, K.R.; Goto, M.M.; Furberg, R.D. Systematic review of the validity and reliability of consumer-wearable activity trackers.
Int. ]. Behav. Nutr. Phys. Act. 2015, 12, 159. [CrossRef]

Feehan, L.M.; Geldman, ].; Sayre, E.C.; Park, C.; Ezzat, A.M.; Yoo, J.Y.; Hamilton, C.B.; Li, L.C. Accuracy of Fitbit Devices:
Systematic Review and Narrative Syntheses of Quantitative Data. JMIR Mhealth Uhealth 2018, 6, €10527. [CrossRef]

Ringeval, M.; Wagner, G.; Denford, J.; Paré, G.; Kitsiou, S. Fitbit-Based Interventions for Healthy Lifestyle Outcomes: Systematic
Review and Meta-Analysis. |. Med. Internet. Res. 2020, 22, €23954. [CrossRef]

International Physical Activity Questionnaire (Long version) (IPAQ-L). Available online: https://sites.google.com/site/theipaq/
questionnaire_links (accessed on 21 December 2021).


https://www.aok.de/pk/bw/leistungen-services/online-programme-der-aok/
https://www.aok.de/pk/bw/leistungen-services/online-programme-der-aok/
https://www.barmer.de/kursangebote
https://www.dak.de/dak/leistungen/online-coachings-2071426.html#/
https://www.dak.de/dak/leistungen/online-coachings-2071426.html#/
https://www.knappschaft.de/DE/LeistungenGesundheit/Gesundheitskurse/gesundheitskurse_node.html
https://www.knappschaft.de/DE/LeistungenGesundheit/Gesundheitskurse/gesundheitskurse_node.html
http://doi.org/10.1037/hea0000277
http://doi.org/10.2196/jmir.5112
http://doi.org/10.1016/j.brat.2012.04.006
http://doi.org/10.2196/jmir.3536
http://www.ncbi.nlm.nih.gov/pubmed/25253539
http://doi.org/10.2196/jmir.4246
http://www.ncbi.nlm.nih.gov/pubmed/26872703
http://doi.org/10.1186/s13063-021-05470-8
http://www.ncbi.nlm.nih.gov/pubmed/34376228
http://doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/pubmed/23295957
http://doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/pubmed/23303884
http://doi.org/10.1001/jama.1968.03140030033008
http://www.ncbi.nlm.nih.gov/pubmed/5694044
https://www.cooperinstitute.org/2018/06/08/50-years-of-the-cooper-12-minute-run
https://www.cooperinstitute.org/2018/06/08/50-years-of-the-cooper-12-minute-run
http://www.ncbi.nlm.nih.gov/pubmed/26891166
http://doi.org/10.1186/s40798-017-0091-2
http://www.ncbi.nlm.nih.gov/pubmed/28631257
http://doi.org/10.1055/s-0031-1283817
http://doi.org/10.1016/S0363-5023(84)80146-X
http://doi.org/10.1093/ageing/afr051
http://www.ncbi.nlm.nih.gov/pubmed/21624928
http://doi.org/10.1186/s12966-015-0314-1
http://doi.org/10.2196/10527
http://doi.org/10.2196/23954
https://sites.google.com/site/theipaq/questionnaire_links
https://sites.google.com/site/theipaq/questionnaire_links

Int. |. Environ. Res. Public Health 2022, 19, 1393 21 of 21

92.

93.

94.

95.
96.

97.
98.
99.

100.

101.
102.
103.

104.
105.

106.

107.
108.
109.

110.

111.

112.

113.
114.

115.

Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A,; Sallis, ].E;
et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381-1395.
[CrossRef] [PubMed]

Téger, M.; Peltner, ].; Thiele, S. Evaluation of diet quality by means of the Healthy Eating Index and its modified variants.
Ernahrungs Umschau 2016, 63, 110-118.

Wittig, F.; Hoffmann, I. Erndhrungsmuster von Bio-Kadufern und Nicht-Bio-Kaufern. In Auswertung der Daten der Nationalen
Verzehrsstudie I (NVS 11): Eine integrierte verhaltens- und lebensstilbasierte Analyse des Bio-Konsums; Hoffmann, 1., Spiller, A., Eds.; Max
Rubner-Institut Karlsruhe, Georg-August-Universitat: Gottingen, Germany, 2010; pp. 51-68. Available online: https://orgprints.
org/id/eprint/18055/1/18055-080E056_08OE069-MRI_uni-goettingen-hoffmann_spiller-2010-verzehrsstudie.pdf (accessed on
18 December 2021).

Bechthold, A. Food energy density and body weight. A scientific statement from the DGE. Ernahrungs Umschau 2014, 61, 2-11.
Stelmach-Mardas, M.; Rodacki, T.; Dobrowolska-Iwanek, J.; Brzozowska, A.; Walkowiak, J.; Wojtanowska-Krosniak, A.;
Zagrodzki, P.; Bechthold, A.; Mardas, M.; Boeing, H. Link between Food Energy Density and Body Weight Changes in Obese
Adults. Nutrients 2016, 8, 229. [CrossRef]

NutriGuide® Plus, Version 4.8; Nutri-Science GmbH: Freiburg, Germany, 2019.

Seca 274, Stadiometer; Seca GmbH & Co. KG: Hamburg, Germany, 2019.

Bosy-Westphal, A.; Schautz, B.; Later, W.; Kehayias, ].J.; Gallagher, D.; Miiller, M.J. What makes a BIA equation unique? Validity
of eight-electrode multifrequency BIA to estimate body composition in a healthy adult population. Eur. . Clin. Nutr. 2013, 67
(Suppl. 1), S14-521. [CrossRef]

Bosy-Westphal, A.; Jensen, B.; Braun, W.; Pourhassan, M.; Gallagher, D.; Miiller, M.J. Quantification of whole-body and segmental
skeletal muscle mass using phase-sensitive 8-electrode medical bioelectrical impedance devices. Eur. . Clin. Nutr. 2017, 71,
1061-1067. [CrossRef] [PubMed]

Jensen, B.; Braun, W.; Geisler, C.; Both, M.; Kltickmann, K.; Miiller, M.].; Bosy-Westphal, A. Limitations of Fat-Free Mass for the
Assessment of Muscle Mass in Obesity. Obes. Facts 2019, 12, 307-315. [CrossRef] [PubMed]

Seca 201, Measuring Tape; Seca GmbH & Co. KG: Hamburg, Germany, 2011.

World Health Organization. Waist Circumference and Waist-Hip Ratio Report of a WHO Expert Consultation; World Health Organiza-
tion: Geneva, Switzerland, 2008; Available online: https://www.who.int/publications/i/item /9789241501491 (accessed on 2
September 2021).

Boso Medicus Exclusive, Electronic Blood Pressure Device; BOSCH + SOHN GmbH & Co. KG: Jungingen, Germany, 2019.
Whelton, PK.; Carey, R.M.; Aronow, W.S.; Casey, D.E.; Collins, K.J.; Dennison Himmelfarb, C.; DePalma, S.M.; Gidding, S.;
Jamerson, K.A.; Jones, D.W.; et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA /PCNA Guideline for
the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Hypertension 2018, 71,
1269-1324. [PubMed]

Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G;
Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur. Heart ]. 2018, 39, 3021-3104.
[CrossRef] [PubMed]

AngioDefender™, Medical Device; Everist Genomics, Inc.: Ann Arbor, MI, USA, 2019.

Vascular Age Calculator™ (VAC), Version 4.0.8; Everist Health: Ann Arbor, MI, USA, 2020.

Faul, F; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175-191. [CrossRef] [PubMed]

Sherrington, A.; Newham, J.J.; Bell, R.; Adamson, A.; McColl, E.; Araujo-Soares, V. Systematic review and meta-analysis of
internet-delivered interventions providing personalized feedback for weight loss in overweight and obese adults. Obes. Rev. 2016,
17,541-551. [CrossRef] [PubMed]

Chambliss, H.O.; Huber, R.C.; Finley, C.E.; McDoniel, S.O.; Kitzman-Ulrich, H.; Wilkinson, W.J. Computerized self-monitoring
and technology-assisted feedback for weight loss with and without an enhanced behavioral component. Patient Educ. Couns.
2011, 85, 375-382. [CrossRef]

Pahlke, F.; Konig, I.R.; Zielger, A. Randomization in Treatment Arms (RITA): Ein Randomisierungs-Programm fiir klinische
Studien. Inform. Biom. Epidemiol. Med. Bio. 2004, 35, 1-22.

IBM SPSS Statistics, Version 28.0.0.0; IBM Corporation: Armonk, NY, USA, 2021.

R Core Team. R: A Language and Environment for Statistical Computing, Version 4.0.5; R Foundation for Statistical Computing:
Vienna, Austria, 2021.

RStudio Team. RStudio: Integrated Development for R, Version 1.4.1106; RStudio, Inc.: Boston, MA, USA, 2021.


http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
https://orgprints.org/id/eprint/18055/1/18055-08OE056_08OE069-MRI_uni-goettingen-hoffmann_spiller-2010-verzehrsstudie.pdf
https://orgprints.org/id/eprint/18055/1/18055-08OE056_08OE069-MRI_uni-goettingen-hoffmann_spiller-2010-verzehrsstudie.pdf
http://doi.org/10.3390/nu8040229
http://doi.org/10.1038/ejcn.2012.160
http://doi.org/10.1038/ejcn.2017.27
http://www.ncbi.nlm.nih.gov/pubmed/28327564
http://doi.org/10.1159/000499607
http://www.ncbi.nlm.nih.gov/pubmed/31132777
https://www.who.int/publications/i/item/9789241501491
http://www.ncbi.nlm.nih.gov/pubmed/29133354
http://doi.org/10.1093/eurheartj/ehy339
http://www.ncbi.nlm.nih.gov/pubmed/30165516
http://doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://doi.org/10.1111/obr.12396
http://www.ncbi.nlm.nih.gov/pubmed/26948257
http://doi.org/10.1016/j.pec.2010.12.024

	Introduction 
	Materials and Methods: Design, Participants, Interventions, and Outcomes 
	Study Design, Setting, and Dates 
	Eligibility Criteria 
	Interventions 
	Interactive Web-Based Health Program 
	Non-Interactive Web-Based Health Program 

	Outcomes 
	Primary Outcomes 
	Secondary Outcomes 
	Other Outcomes 

	Participant Timeline 
	Sample Size 
	Recruitment 

	Materials and Methods: Assignment of Interventions 
	Allocation 
	Blinding 

	Materials and Methods: Data Collection, Management, and Analysis 
	Data Collection Methods 
	Data Management 
	Statistical Methods 

	Materials and Methods: Monitoring 
	Data Monitoring 
	Harms 

	Conclusions 
	References

