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1 

General introduction 

The role of a healthy lifestyle is becoming increasingly clear. The beneficial value of 
daily exercise, quitting smoking and reducing stress levels is well known. However, the 
incidence of overweight and obesity is increasing at an alarming rate, putting an 
enormous burden on modern health care1-3. Prevention and treatment of obesity can 
be challenging and depend on numerous factors. Over the past years, numerous 
treatment options have been used to treat overweight and obesity, such as diets, 
improved exercise, drug treatment and surgical procedures.  
 
Bariatric surgery is defined as operations aiming to induce weight loss or stabilization 
by making anatomical changes to reduce food intake and altering absorbtion and 
metabolic hormone secretion. Currently, bariatric surgery has emerged as the most 
effective and long-lasting therapy4. Nevertheless, a significant proportion of patients 
struggle to achieve desirable weight loss or experience weight regain to some degree. 
This counteracts the major efforts of patients and their bariatric teams, resulting in 
substantial social, medical and financial consequences5. Many efforts have been, and 
are still being, made to optimize the bariatric care pathway. Over the last decades, 
bariatric procedures have been revised. Currently, the boundaries of further procedural 
optimization are reached and therefore shifting the focus to improve the support of 
patients before, and long after, the operation. The effects of an intensive follow-up 
program is well-stablished, and its significance is reflected by international 
guidelines6-10. It is assumed that eHealth, the use of information and communication 
resources to benefit health, can play an important role in supporting bariatric patients 
before, and long after, the operation. The addition of eHealth has already proven to be 
beneficial in the support of other chronic diseases such as diabetes mellitus, chronic 
obstructive pulmonary disease (COPD), inflammatory bowel disease and fatigued 
cancer survivors11-15.  
 
The alarming rate at which the prevalence of obesity is increasing needs to cease. 
Efforts are needed to optimize current therapies, focusing on supporting patients 
during a bariatric treatment. The treatment of obesity, as a chronic disease, 
encompassed opportunities for the potential benefits of eHealth. However, the 
beneficial value of eHealth in bariatric surgery is still unclear. This thesis investigates 
the role of eHealth and describes trends in current bariatric practice. 

The Global Obesity Pandemic 

Overweight and obesity are steadily growing to be the greatest threats to human 
health in this century, often described as the Global Obesity Pandemic16. Since 1975, 
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worldwide obesity has nearly tripled, leading to over 650 million adults living with 
obesity in 2016. This corresponds to 13% of the total population on Earth1. In the 
Netherlands, a similar percentage is seen of around 14%2. Overweight and obesity are 
described as abnormal or excessive fat accumulation. The World Health Organization 
defines overweight as a body mass index (BMI) equal to or greater than 25 kg/m2, and 
obesity as a BMI equal to or greater than 30 kg/m2. BMI is an index that describes a 
person’s weight in kilograms per square of their height in meters1. Excess body weight 
is associated with an increased risk of developing various health issues, including 
cardiovascular disease, type 2 diabetes and several types of cancer3,17-18. Furthermore, 
the amount of excess weight is relevant as well. An increase in BMI is associated with 
associated with an increased risk of the abovementioned diseases and, ultimately, with 
a reduction in lifespan. The life expectancy of people with a BMI between 40 and 45 is 
comparable to that of cigarette smokers18. Worldwide, life expectancy has been 
increasing over the previous centuries. However, the steady rise in life expectancy may 
soon come to an end due to the adverse effects of obesity19. These findings contribute 
to the fact that obesity is a global threat with major consequences, not only on physical 
and mental health but also with a significant financial impact20.  

Pathogenesis and treatment options for obesity 

Understanding the pathogenesis of overweight and obesity is essential for finding 
effective treatment options for obesity. A persistent mismatch between energy intake 
and energy output is the fundamental cause of overweight1,21-22. The mechanism by 
which the body stores and expends energy is a complicated process that is regulated by 
hormones and feedback loops and is not fully understood22. Energy intake and 
expenditure are both affected by environmental and genetic factors. The enormous, 
and ongoing, increase in global obesity reflects the changes in these environmental 
factors22. On the one hand, global energy intake has been increasing due to increased 
intake of high-energy products, better accessibility to food and increased portion 
size21,23. On the other hand, energy consumption has decreased due to changes in the 
work environment and modes of transportation1. With this in mind, the imbalance of 
energy intake and consumption needs to be restored to successfully lose and stabilize 
weight. Therefore, treatment options could either rely on reduced energy intake, 
increased output, or ideally a combination of both. Examples of achieving reduced 
intake are: decreasing food intake, decreasing high-energy intake, or decreasing 
absorption. Examples of achieving increased energy output are mainly increased 
physical activity. The methods of achieving this energy deficit seem to be irrelevant to 
lose weight, however, the increased caloric intake is thought to be the main driving 
factor behind the Global Obesity Pandemic21,23-27. Therefore, more effective treatment 
modalities should focus on reducing energy intake. 
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Nevertheless, to prevent is better than to cure. National health organizations are 
putting major effort into designing health programs to prevent citizen from becoming 
obese28. However, as mentioned before, a large portion of the global population is 
already affected by obesity at this moment. Therefore, prevention will only be part of 
the solution. Many different methods of losing weight are known, with variable 
outcomes. A wide diversity of dietary regimes are used to decrease daily energy intake, 
such as crash-diet, intermediate fasting or meal replacements. Over the past decades, 
the surgical treatment of obesity, also named bariatric surgery, has emerged as an 
alternative treatment option. Bariatric surgery results in greater weight loss and 
improvement of obesity-related comorbidities, compared to non-surgical weight loss 
therapies4. 

Bariatric surgery 

Bariatric surgery includes types of surgical procedures in which anatomic changes are 
made to the digestive system of a patient to induce weight loss or stabilization. The first 
reported bariatric procedure is believed to have taken place more than a thousand 
years ago. A King, named Sancho the First, was dethroned because of being massively 
overweight. He was treated by a physician by the name of Hasdai Ibn Shaprut, who 
sutured his lips together, making only a liquid diet possible. This led to Sancho losing 
half his weight and, ultimately, regaining the throne29. Luckily, bariatric procedures 
have evolved and utilize other anatomical changes to one’s digestive system. Bariatric 
surgery is based on two mechanisms: restriction and disabsorption. Restriction means 
that after bariatric surgery the amount of food intake is restricted. The disabsorbing 
effect is established by decreasing the absorptive capacity of the digestive tract. As the 
case of King Sancho is a good example of a restrictive procedure, it is no longer used for 
obvious reasons. Currently, the gastric sleeve is one of the most frequently performed 
procedures30. During this procedure, a large portion of the stomach is surgically 
removed. This dramatically reduces the capacity of the stomach and thereby accounts 
for a feeling of early fullness and decreased hunger experience31. Furthermore, 
modification in ghrelin levels, a hormone mainly produced in the fundus of the 
stomach, which is associated with mechanisms regulating hunger, induced by sleeve 
gastrectomy is thought to play a role in weight loss as well31-33. An example of a more 
disabsorptive technique is the gastric bypass. In this procedure, introduced by Dr. 
Mason in 1966, a small gastric pouch is attached to the jejunum by 
gastrojejunostomy34. Consequently, food bypasses a portion of the small intestine 
leading to malabsorption. Additionally, also this procedure results in decreased levels of 
the appetite hormone ghrelin32,35. These operations often have major effects on 
patients lives and lifestyles. Extensive pre- and postoperative guidance programs are 
important, as mentioned before. Efforts are needed to optimize these programs. 
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eHealth 

Modern society is becoming increasingly digitalized and access to the Internet is 
widespread. This has opened up opportunities for new methods to promote health and 
a healthy lifestyle. Over the last decades, this has increased tremendously, leading to a 
multitude of potential digital solutions designed by companies, paramedics, doctors 
and governments. A wide variety of digital technologies are available, such as activity 
bracelets to promote daily steps; global-position-system (GPS)-based mobile 
applications to track running distances; caloric intake calculators; and more. However, 
one can also think of smart artificial intelligence systems that can continuously monitor 
a person’s health and suggest individual-tailored advice. For instance, 
electrocardiographic wrist watches that can detect arrhythmia in an early stage36. The 
previously mentioned cases are examples of ‘eHealth’. The first publications describing 
eHealth-solutions date back to the ‘90s and its definition has evolved since37. eHealth is 
a broad term often used to describe the practice of using electronical information- and 
communication-based technologies to promote or benefit a person’s health, lifestyle or 
health care. Telehealth or telemedicine are used in a similar context. Various systematic 
reviews have shown that eHealth can be a promising intervention in addition to 
standard care, especially for the management of chronic diseases such as diabetes 
mellitus, chronic obstructive pulmonary disease (COPD), inflammatory bowel disease 

and fatigued cancer survivors11-15. A beneficial value in patients struggling with obesity 
has been described by various authors, however, the effects of eHealth in bariatric 
surgery are less understood38-41. 
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Aim and outlines 

The aim of this thesis was to contribute to the effectiveness of bariatric surgery in 
achieving sustainable weight loss, reducing comorbidity and increasing quality of life. 
This was done by assessing the potential value of adding eHealth to standard care and 
describing trends in the bariatric field. In chapter 2, the impact on weight loss 
outcomes of an eHealth platform in a bariatric department is investigated. 
Retrospective analysis of clinical outcomes, such as weight loss and quality of life, of 
around 1100 patients are correlated to levels of activity on the platform. Chapter 3 
describes a study protocol for a randomized controlled trial to assess the value of two 
eHealth modalities. It compares three groups: bariatric patients receiving standard 
care; patients receiving additional access to an eHealth patient platform; and patients 
receiving both access to the platform and wireless health monitoring devices, such as a 
weight scale and activity bracelet. In chapter 4, the one-year follow-up results of the 
previously mentioned randomized controlled trial are reported. This includes duration 
of postoperative hospitalization, whether patients return to work earlier, number of 
additional consultations, commitment to the postoperative program, and usage of the 
eHealth modalities. Chapter 5 outlines the two-year follow-up results of the trial with 
emphasis on the primary outcome, postoperative weight loss. Secondary outcomes, 
including quality of life and the outcomes discussed in the previous chapter up to two-
year follow-up, are also discussed in this chapter. A pilot study on the effects of data 
trackers in homes of patients on the co-responsibility between patients, their partners 
and the health care professional is described in chapter 6. The potential benefits are 
described and methods for future intelligent systems and research are presented. 
Chapter 7 presents a trend that the age of bariatric patients of a cohort in a single 
bariatric center has increased over the last decade. Possible explanations for this are 
discussed in this chapter. Quality of life is an underappreciated outcome measure in 
literature but a very important outcome for comparing different treatment options. In 
chapter 8, the two most commonly performed bariatric procedures, particularly the 
gastric sleeve and gastric bypass, are compared by assessing postoperative quality of 
life in nearly 1200 patients. In chapter 9 early results of the Single-Anastomosis 
Duodeno-Ileal bypass (SADI) procedure, a relatively novel revisional operation, are 
analyzed and compared to a matched cohort of patients with a gastric bypass revisional 
procedure. A summarizing discussion, conclusion and future perspectives are provided 
in chapter 10, the impact of this thesis is discussed in chapter 11 and a summary in 
Dutch is given in chapter 12. 
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Abstract 

Background  
In this time, where health care is getting more digitalized, opportunities open up to 
provide patients with additional information using eHealth. An eHealth platform was 
developed to increase knowledge about obesity in general, bariatric procedures, and 
follow-up program to achieve more weight loss. It was hypothesized that a higher 
eHealth usage, defined as page views per patient, leads to a higher percentage total 
weight loss (%TWL) at 2 years postoperatively. 
 
Materials and methods 
Accounts with available follow-up data between January 2015 and April 2018 were 
retrospectively reviewed. Three groups were formed based on number of page views.  
 
Results 
In total, 1,098 subjects were analyzed. On average, a patient connected 12 times with 
an average of 51-page views per patient. At 1 year postoperatively, the %TWL was 30.7 
versus 30.9 versus 31.9 (p=0.126), and at 2 years 29.4 versus 29.8 versus 30.5 (p=0.350) 
in low-active, medium-active, and high-active group, respectively. Analysis whether 
patients accessed the preoperative content did not show significant differences. 
However, patients who accessed content after surgery lost more weight than those 
who did not, being 30.1%TWL versus 31.7%TWL at 1 year (p=0.006) and 28.9%TWL 
versus 30.4%TWL at 2 years postoperatively (p=0.034). Pre- and postoperative quality 
of life did not differ between groups.  
 
Conclusion 
eHealth might be a beneficial tool for weight reduction after bariatric surgery. The 
current platform reached a large portion of patients. Patients accessing postoperative 
content lost more weight at 1 and 2 years postoperatively than those who did not. 
Quality of life was comparable. 
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Introduction 

Morbid obesity is steadily growing to be one of the greatest threats to human health of 
the twenty-first century. Obesity is associated with an increased risk to develop a 
variety of diseases including diabetes mellitus, hypercholesterolemia, hypertension, 
obstructive sleep apnea syndrome, arthralgia, various types of cancers and probably 
many more1. Besides physical health problems, obesity is also linked to a decline in 
mental health2,3. Bariatric surgery appears to be more effective in terms of sustainable 
weight loss compared to non-surgical therapy4,5. A successful treatment also includes 
lifestyle changes such as a healthier diet and more exercise. The concept of support by 
eHealth in maintenance and commitment in chronic diseases applies perfectly to the 
bariatric patient. Indeed, various reviews have suggested that eHealth can be a valid 
addition to standard care for weight loss and weight stabilization; however, its effect in 
bariatric surgery remains uncertain6-8.  
 
We provide all patients who are referred for a bariatric procedure with access to an 
online eHealth platform. This online environment can be accessed by an internet 
browser or dedicated app and consists of various types of content, including videos and 
written information about the bariatric procedures, aftercare program, dietary tips, 
physical exercise, and more. The purpose of this eHealth platform is to increase 
understanding of obesity in general, the bariatric procedures, and follow-up program 
aiming to achieve a better weight reduction and sustainability. It is hypothesized that 
more intense usage of the eHealth platform, defined as page views per subject, will 
lead to a higher percentage total weight loss (%TWL) at 2 years postoperatively. In this 
study, the usage of an eHealth platform and the effects on weight loss and quality of 
life are assessed in patients undergoing bariatric surgery. 

Materials and methods 

A retrospective review was conducted at the obesity center of the Catharina Hospital 
Eindhoven, the Netherlands, to assess the additional value of an integrated eHealth 
platform to bariatric surgery. Data were retrieved from patients with accounts created 
and used between January 2015 and April 2019 with available postoperative weight 
loss data. Primary outcome was %TWL at 2 years postoperatively. Secondary outcomes 
were %TWL at other timeframes between 6 months and 3 years postoperatively, 
baseline characteristics, user data traffic, and quality of life. The setting was a large 
bariatric center in The Netherlands. Patients were eligible for bariatric surgery if their 
body mass index (BMI) was at least 40 or 35 kg/m2 with obesity-related comorbidity. 
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Patients were screened by a bariatric surgeon, obesity nurses, psychologists, and 
dieticians. In a multidisciplinary conference the final decision was made whether a 
patient was eligible for surgery and the intensive postoperative program. All patients 
got introduced to the eHealth platform and receive a personal account at their first visit 
to the bariatric center. 

eHealth platform 

The eHealth platform was designed by Bepatient® (SAS Bepatient, Paris, France), an 
eHealth solution developer. A task force was formed at the obesity center who were 
responsible for the composition and management of the content on the platform. An 
introduction video on the contents of the eHealth platform can be seen here (in Dutch): 
youtu.be/AbafCI1zE4M. This taskforce included a bariatric surgeon, an obesity nurse, a 
dietician, a psychologist, a physiologist, and a software developer to make sure the 
platform contained correct information of all these subdivisions. Furthermore, patients 
were asked about their desires for content and functionalities on the platform. 
Information was available in the form of written information, fact sheets, images, and 
videos. Patients had access to the platform after they registered their account and 
during the duration of the treatment. For patients to receive the first screening 
appointment, patients were required to fill in the screening questionnaire, which was 
available on the platform. The answers to these questionnaires were used during the 
screening appointment. After completing the questionnaire, additional content was 
accessible. This included basic information about obesity, the bariatric center, different 
procedures, and the aftercare program. This subsection was named Preparation phase 
and was considered to contain essential information by the taskforce. Therefore, this 
content was pushed to the homepage of all preoperative patients. Furthermore, more 
in-depth information was available at the Lecture section. Frequently Asked Questions 
subsections contained answers to various problems or questions of bariatric patients. 
Also, updates about obesity-related news and changes regarding the obesity center 
were regularly added in Weekly tips, Question of the week, and fact or false. Patient 
experiences with the obesity center and operations were available at Patients 
testimonials. Dieticians posted recipes in accordance with postbariatric needs to 
stimulate and maintain a healthy diet. Also, instruction videos about several exercises 
were created by physiotherapist to promote physical activity. The information on the 
platform was made available in phases. For instance, after the operation date for a 
patient is set, new content is made available for an individual to see. This way, some 
content is regarded as either pre- or postoperative. Patients sign a user agreement on 
the platform that their data are accessible for health care professionals and the 
platform support team and may be used for scientific research. In addition, informed 
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consent is obtained and signed during the planning of a procedure that health records 
may also be used for statistical and scientific research. A waiver statement was 
provided by the local study committee due to the retrospective design and to the fact 
that all patients had signed an informed consent which was documented in their 
medical file. The data are stored on an encrypted server and accounts are only 
accessible with login credentials created by the patient itself. The platform is kept up to 
date by health care professionals and content is added regularly.  

Data acquirement and analysis  

User activity was retrieved for research purposes. These user data consist of number of 
page views, number of connections, number of accessed content, and which content 
was viewed. These data were analyzed in this study. For analyzing health related 
outcomes, preoperative and postoperative data such as comorbidity, weight loss and 
health-related quality of life data from a prospectively kept bariatric database was 
linked to the user data. Three groups were defined based on the number of page views 
per patient. Patients who had less than the 33rd percentile of page views were assigned 
to the low-active group, patients between the 33rd and 66th percentile to the medium-
active group and patients who had above 66th percentile were located to the high-
active group. Weight loss was reported as %TWL, calculated with the formula: (weight 
loss/the initial weight) x 100. Health-related quality of life was assessed using a Dutch 
version of RAND-36-item questionnaire9,10. The questionnaire is divided in nine 
subdomains. All scores are transformed to a 0 (low score) to 100 (high score) scale. 
Groups were compared using Student’s t test, analysis of variance test, and v2 test for 
normal distribution or Mann-Whitney U tests for non-normal distribution. Multivariate 
linear regression analysis was performed for variables to adjust for possible 
confounders such as gender, procedure, and age. All tests were two-tailed, and results 
with a p<0.05 were considered statistically significant. 

Results 

In total, the data of 1,098 patients were available for analysis. Data traffic analyses are 
displayed in Table 2.1. The total number of connections to the platform was 13,103 and 
ranged from 1 up to 237. The mean number of connections per account was 12. The 
total number of page views from the start of the platform was 56,033. Total page views 
ranged from 3 up to 608. The mean was 51-page views. Around 82% of all accounts, 
which were created, connected more than once. Preoperative content was accessed by 
66%, postoperative content by 67%, and 54% accessed both pre- and postoperative 
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content. The top three most frequently visited subcategories were (1) Preparation 
phase, with a total of 13,879 page views, or 28% of all page views, ranging from 0 up to 
206 views per patient; (2) Lectures about obesity, with a total of 9,245 page views, or 
19% of all page views, ranging from 0 up to 250 views per patient; and (3) Frequently 
asked questions section, with a total of 6,049 page views, or 12% of all page views, 
ranging from 0 up to 108 views per patient. The two least viewed subcategories were 
Patient testimonials and Weight regain prevention, both with <1% of all page views. 
Those, however, were only added to the platform in the months before this analysis. 
The top three subsections that had the most unique visitors were (1) Information 
messages, which 94% of all patients visited at least once; (2) Videos, which 68% of all 
patients visited; and (3) Preparation phase, which was visited by 66% of all patients. 
The mean number of subsections visited by patients was 4.0. In terms of reach, ~3% of 
all patients visited no subsections, other than the mandatory screenings questionnaire, 
almost half of all patients visited 1–3 subsections, whereas 36% visited 4–6 sections, 
14% visited 7–9, and 2% visited >10 subsections on the platform. Data of all other 
subcategories can be found in Table 2.1.  
 
Table 2.1 Data traffic analysis. 

 N= % Mean ± SD Range   
Total activated accounts 1098 100 - - - - 
Total connections 13103 - 11.9 ± 18.0 1-237 - - 
Total page views 56033 - 51.0 ± 63.1 3-608 - - 
Connected more than once 904 82 - - - - 
Activity       
   Preoperative content 727 66     
   Postoperative content 735 67     
   Pre- and postoperative content 582 54     
Subsections: Page views % of total Mean ± SD Range Unique visitors % 
   Preparation phase 13879 28 12.6 ± 20.1 0-205 727 66 
   Lectures 9245 19 8.4 ± 21.8 0-250 250 23 
   Question of the Week 6047 12 5.5 ± 11.7 0-113 485 44 
   Frequently-Asked-Questions 6049 12 5.5 ± 10.9 0-108 388 35 
   Videos 5926 12 5.4 ± 7.3 0-48 741 68 
   Information messages 3892 8 3.3 ± 2.3 0-14 1037 94 
   Weekly tips 2128 4 1.9 ± 4.5 0-54 472 43 
   Fact or false 1612 3 1.5 ± 5.9 0-60 166 15 
   Sports program 593 1 0.5 ± 3.8 0-51 57 5 
   Weight regain prevention 274 1 0.2 ± 1.2 0-14 74 7 
   Patient testimonials 133 0 0.1 ± 0.7 0-13 49 5 
Number of subsections visited:  4446 - 4.0 ± 2.3 0-11 - - 
   None - - - - 31 3 
   1 to 3 - - - - 492 45 
   4 to 6 - - - - 400 36 
   7 to 9 - - - - 152 14 
   10 or more - - - - 23 2 
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Baseline characteristics of low-, medium-, and high-active groups are shown in Table 
2.2. The three groups were around the same size with 354 patients in the low-active 
group, 378 in the medium-active group, and 366 in the high-active group. About 21% of 
the patients who created an account were male. The prevalence of males was 23% 
versus 22% versus 18% in the low-, medium-, and high-active groups, respectively 
(p=0.209). The mean age was 45.9 years. This was 43.7 years in the low-active group, 
45.4 years in the medium-active group, and 47.8 years in the high-active group 
(p<0.001). Mean preoperative weight was 121.7 kg and mean preoperative BMI was 
42.5. Both were not statistically different between groups (p=0.666 and p=0.838, 
respectively).  
 
Table 2.2 Baseline characteristics of patients analyzed in comparing different levels of eHealth activity.  

 Low-active Medium-active High-active All  

 
Mean ± SD / 

% (n=) 
Mean ± SD / 

% (n=) 
Mean ± SD / 

% (n=) 
Mean ± SD / 

% (n=) p= 
Number of subjects 354 378 366 1098 - 
Gender, Male 23 (82) 22 (85) 18 (66) 21 (233) 0.184 
Age, yr 43.7 ± 12.3 45.4 ± 11.4 47.8 ± 8.9 45.6 ± 11.1 0.000 
BMI, kg/m2 42.6 ± 5.6 42.5 ± 5.2 42.4 ± 5.2 42.5 ± 5.3 0.838 
Weight, kg 121.8 ± 20.1 122.2 ± 18.6 121.0 ± 17.9 121.7 ± 19.2 0.666 
Highest weight, cm 126.3 ± 21.5 127.1 ± 19.1 126.4 ± 18.5 126.6 ± 19.7 0.847 
Waist circumflex, cm 128.3 ± 13.9 127.3 ± 13.2 127.7 ± 12.6 127.7 ± 13.2 0.606 
Comorbidity      
   Hypertension 32 (113) 34 (127) 34 (123) 33 (363) 0.858 
   Diabetes 16 (57) 15 (55) 16 (58) 15 (170) 0.822 
   Dyslipidemia 17 (60) 15 (58) 20 (72) 17 (190) 0.289 
   GERD 30 (107) 32 (119) 31 (115) 31 (341) 0.919 
   OSAS 12 (44) 15 (57) 19 (69) 15 (170) 0.057 
   Arthralgia 61 (214) 59 (221) 61 (222) 60 (657) 0.797 
Procedure     0.148 
   Gastric Sleeve 66 (233) 65 (245) 60 (215) 64 (693)  
   Gastric Bypass 34 (120) 35 (131) 40 (146) 36 (397)  

Abbreviations: BMI: Body Mass Index, GERD: Gastro-esophageal reflux disease, OSAS: Obstructive sleep 
apnea syndrome. 
 
 
In Table 2.3, weight loss outcomes related to different levels of activity on the platform 
are shown. The %TWL after 2 years was 29.4 versus 29.8 versus 30.5 versus low-, 
medium-, and high-active groups, respectively (p=0.317). The highest %TWL was seen 
in the high-active group in all follow-up time frames; however, this was not statistically 
significant. In regard to whether or not patients had preoperative activity on the 
platform, no statistically significant differences were seen in %TWL in the 3 years of 
follow-up (see Table 2.4). However, in terms of postoperative activity, patients who 
accessed the postoperative content had a significantly higher %TWL at 1 and 2 years 
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postoperative. At 1 year postoperatively patient who accessed postoperative content 
had 31.7%TWL compared with 30.1%TWL for those who did not (p=0.006). This 
remained statistically significant after multivariate linear regression analysis (p=0.005) 
of gender, type of procedure, and age. At 2 years postoperatively this was 30.4%TWL 
compared with 28.9%TWL (p=0.034). After adjusting for previously mentioned 
confounders this also remained statistically significant (p=0.049). 
 
Table 2.3 Weight loss outcomes.  

%TWL 
Low- 

active a 
Medium- 
active b 

High- 
active c 

p= 
all groups 

p= 
a and b 

p= 
a and c 

p= 
b and c 

6 months (n=1087) 20.7 ± 6.3 20.2 ± 5.4 21.1 ± 5.7 0.124 0.219 0.462 0.035 
1-year (n=1073) 30.7 ± 8.9 30.9 ± 8.5 31.9 ± 8.9 0.137 0.703 0.066 0.126 
2-year (n=938) 29.4 ± 9.6 29.8 ± 9.6 30.5 ± 9.6 0.317 0.558 0.134 0.350 
3-year (n=483) 27.3 ± 9.7 27.9 ± 9.8 28.5 ± 9.9 0.556 0.584 0.281 0.581 

Weight loss outcomes displayed as %TWL (percentage total weight loss) after bariatric procedure comparing 
three groups of subjects with different levels of activity on an eHealth platform. 
 
 
Table 2.4 Weight loss outcomes, comparing pre- and postoperative activity. 

 Preoperative content  Postoperative content  
%TWL No Yes p= No Yes p= 
6 months (n=1087) 20.7 ± 5.7 20.7 ± 5.8 0.999 20.4 ± 6.1 20.8 ± 5.6 0.224 
1-year (n=1073) 30.9 ± 8.7 31.4 ± 8.8 0.446 30.1 ± 8.5 31.7 ± 8.8 0.006 
2-year (n=938) 29.9 ± 9.5 29.9 ± 9.7 0.987 28.9 ± 9.5 30.4 ± 9.6 0.034 
3-year (n=483) 27.8 ± 10.0 27.9 ± 9.7 0.956 27.2 ± 10.3 28.2 ± 9.5 0.336 

Weight loss outcomes displayed as %TWL after bariatric procedure comparing groups based on preoperative 
and postoperative activity. 
 
 

Health-related quality of life results are displayed in Table 2.5. Overall preoperative 
quality of life was poor and the mean scores of all domains were worse compared with 
a reference group of Dutch citizens9. Across all domains in all groups major 
improvements were seen. However, no statistically significant differences were seen 
between groups. 
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Table 2.5 Quality of life outcomes using the RAND36 questionnaire before and one-year after bariatric 
procedures comparing three groups of subjects with different levels of activity. 

 Low-active Medium-active High-active All  
 Mean ± SD Mean ± SD Mean ± SD Mean ± SD p= 
Preoperative      
   Physical functioning 59.2 ± 19.1 61.9 ± 18.0 52.6 ± 21.4 56.1 ± 20.2 0.148 
   Social functioning 67.3 ± 18.1 70.3 ± 25.1 61.7 ± 20.4 65.3 ± 22.9 0.240 
   Physical role impairment 57.7 ± 38.7 46.6 ± 42.6 35.6 ± 38.6 42.4 ± 40.3 0.175 
   Emotional role impairment 61.5 ± 42.7 51.7 ± 44.2 54.6 ± 45.8 54.7 ± 44.5 0.807 
   Mental health 73.5 ± 13.3 73.4 ± 14.0 73.3 ± 13.1 73.3 ± 13.3 0.998 
   Vitality 50.8 ± 15.1 52.4 ± 19.2 46.6 ± 16.6 49.1 ± 17.3 0.342 
   Pain 54.5 ± 19.1 60.7 ± 22.9 51.4 ± 23.2 54.8 ± 22.7 0.225 
   General health perception 41.2 ± 20.6 43.8 ± 18.2 39.8 ± 15.3 41.3 ± 17.0 0.612 
   Health change 30.8 ± 20.8 32.8 ± 26.8 32.4 ± 22.7 32.3 ± 23.6 0.968 
Postoperative      
   Physical functioning 89.5 ± 18.3 89.5 ± 14.1 88.6 ± 17.7 89.0 ± 16.6 0.850 
   Social functioning 84.0 ± 21.1 84.9 ± 22.1 81.4 ± 22.9 83.0 ± 22.4 0.316 
   Physical role impairment 78.5 ± 33.6 77.2 ± 30.0 77.5 ± 30.3 77.5 ± 30.6 0.959 
   Emotional role impairment 85.6 ± 30.6 84.1 ± 30.8 85.1 ± 28.7 84.8 ± 29.7 0.926 
   Mental health 77.3 ± 16.4 77.1 ± 18.2 78.6 ± 16.2 77.9 ± 16.9 0.665 
   Vitality 67.2 ± 20.5 67.5 ± 20.1 67.6 ± 19.7 67.5 ± 19.9 0.985 
   Pain 84.6 ± 23.1 80.3 ± 26.0 80.7 ± 24.6 81.2 ± 24.8 0.456 
   General health perception 74.6 ± 21.2 72.1 ± 20.9 73.2 ± 19.7 73.0 ± 20.3 0.695 
   Health change 64.2 ± 23.8 67.1 ± 26.3 67.6 ± 26.2 67.0 ± 25.9 0.644 

Discussion 

This study shows that introducing an eHealth platform can be beneficial to improve the 
standard of care in bariatric surgery programs. Data traffic results show that the 
eHealth platform reached a large proportion of patients. A significant better weight 
reduction was seen in the patients who more actively made use of the platform after 
the operation than patients who did not. However, access to preoperative content did 
not result in statistically significant differences. Usage of the platform did not result in a 
difference in quality of life among users. 
 
The platform is designed in such a way that patients get access to new information after 
the operation. The preoperative content can be seen as preparation for the surgery (e.g., 
Preparation phase program) and the postoperative content for maintaining weight loss 
(e.g., Sports program, Weight regain prevention program, Question-of the Week, and 
more). Data show that there was no difference in weight loss outcomes whether or not 
patient accessed preoperative content. However, patients who accessed the 
postoperative content lost statistically significant more weight at 1 and 2 years 
postoperatively compared with those who did not. Although the difference was small, 
and questions about clinical relevance remain, the finding suggests that the addition of 
eHealth might be beneficial especially in the postoperative setting.  
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An explanation for this could be that patients who are more committed to the cause of 
losing weight are also more willing to put time and effort in the platform. However, 
because of the retrospective design of this study, it remains unclear whether added 
weight loss is due to the increased use of the platform, or if those patients would have 
lost more weight in the first place.  
 
Literature about the value of eHealth in health care is scarce, probably due to its 
novelty and different study approaches, also in the bariatric field. This was concluded 
by a recently published systematic review8. Of the reviewed articles, only one 
randomized controlled trial (RCT) reported positive effects on weight loss outcomes 
after bariatric surgery with the addition of eHealth to standard care11. In this RCT, 
where 56 patients underwent bariatric surgery and were enrolled for either standard 
care or received an eHealth solution with a tablet and health app, the eHealth group 
lost more weight at 1 year postoperatively and maintained this at 2 years 
postoperatively11.The results of this study are in line with those findings.  
 
In terms of reach of the provided content a high usage was noted. The proportion of 
patients who actively used the platform was high with 97% of all patients accessing 
content on the platform besides the mandatory questionnaire. About 82% connected 
more than once. Patients visited an average of 51 pages over an average of 12 separate 
connections per patient in the study period. Many patients commented that they felt 
that the platform added value to the program and made that they felt better prepared 
for the surgery and aftercare program. The most accessed content was especially 
content that was easily accessible. For instance, Preparation phase and Lectures were 
automatically pushed to the front page of the platform to patients who did not view 
this content yet. Also, the Videos section was frequently visited. Probably due to 
patients preferring visual information over written information. Keeping the platform 
up to date and adjusted to current knowledge is a requirement for it to be an addition 
to standard care. This can be a time-consuming process. The accessible information 
needs to be checked regularly by physicians, dieticians, psychologists, obesity nurses, 
and secretaries. However, this could result in less consultations because patients are 
better informed. This was not reviewed in this study, however will be assessed in an 
ongoing randomized controlled trial12. 
 
Although unanticipated, the mean age of the population in the most active group was 
overall higher than in the less active patients. We expected that younger patients 
would be more active than older patients. An explanation could be that younger 
patients may already be active on other (social) media platforms or other digital ways 
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to gather information about bariatric surgery and, therefore, put less time in this 
particular platform. Furthermore, although not statistically significant, the proportion 
of females was higher in the active groups.  
 
Preoperative health-related quality of life was overall poor and the mean score of all 
subdomains scored lower than a reference group of healthy Dutch citizen9. 
Postoperative quality of life improved majorly in all domains. In this study, however, no 
differences were seen between groups comparing the level of activity on the eHealth 
platform.  
 
What do the results of the study imply? The finding that specifically postoperative 
content is associated with better weight reduction might imply that this is a field of 
opportunity where future eHealth solution need to emphasize on. It was also found 
that content that was pushed to the front page was viewed more often. It might be 
beneficial to push personalized content to specific groups (e.g., weight regain 
prevention program for patients who start to gain weight and sports videos for physical 
inactive patients). The findings also suggest that there might be several demographical 
subgroups who are more reachable for eHealth (e.g., age and gender). Future research 
is needed to identify these groups and determine how they can benefit more of 
eHealth and how other groups are to be reached. Based on experiences with an 
eHealth solution in our institution we advise for future solutions to be easy-to 
understand and comprehensive for patients and health care professionals. As 
mentioned before, the retrospective design is a considerable limitation of this study. 
These results, therefore, need to be interpreted with caution. Future study, in the form 
of prospective study designs, is required to establish the true value of eHealth in 
bariatric surgery. 

Conclusion 

The introduction of an eHealth platform might be a beneficial addition to standard of 
care. The content on the platform reached a high percentage of the patients. Patients 
who were active on the platform postoperatively, experienced higher weight loss at 
one- and two-year postoperatively. It might be beneficial for future eHealth solutions 
to be integrated in a postoperative care program. Quality of life was comparable 
between groups of different levels of eHealth consumption. Randomized controlled 
trials are required to further explore the value of eHealth in bariatric surgery. 
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Abstract 

Background 
The expansion of digital devices and widespread access to the Internet has opened up 
opportunities to provide patients with more personal information. It can be 
hypothesized that eHealth in addition to standard care could enhance clinical outcomes 
such as increased weight loss, co-morbidity reduction, and commitment to the 
program. The beneficial value of incorporating eHealth applications as standard 
postoperative care is yet to be established. In this trial, the value of different levels of 
eHealth are assessed. 
 
Methods/design 
Two hundred adult patients with a body mass index (BMI) ≥40 kg/m2, or ≥35 kg/m2 with 
obesity-related co-morbidity, undergoing sleeve gastrectomy or gastric bypass will be 
enrolled in this randomized controlled trial. Patients will be randomly assigned to one 
of the groups: receiving standard care (control group, n=100); have access to an online 
eHealth platform in addition to the previous group (online group, n=50); or receive 
wireless monitoring devices in addition to previous groups (device group, n=50). The 
total follow-up period is two years postoperatively. Primary outcome is weight loss in 
terms of BMI. Secondary outcomes include: quality of life; return-to-work time; co-
morbidity reduction; additional contacts; and ease of use of devices. 
 
Discussion 
In this trial, the value of different levels of eHealth will be assessed. This addresses an 
important aspect of a changing healthcare environment. 
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Background 

Bariatric surgery is the only treatment with long-standing effect on morbid obesity. The 
key elements to success are the patient selection, an experienced bariatric team, and a 
completed follow-up program. Follow-up programs can consist of, for example, 
providing social support in support groups, teaching psychological skills, such as coping 
with the body change, or teaching self-regulation of body weight1-5. Furthermore, 
follow-up is important for dietary and sports counseling2,5. The experience of the team 
members and coaching skills are essential in indicating the suitable procedure if 
necessary and guiding patients through the process. Various studies have found a 
significant positive effect of a completed follow-up program after bariatric surgery on 
maintaining weight loss6,7. There is a burden for this on-site provided care as 
organizational and financial resources are not unlimited, especially as the follow-up 
period is an obligatory five years or, if possible, lifelong. Even if this aftercare is 
provided, not all patients complete the entire program. Various reasons are possible for 
an increasing no-show rate; loss of enthusiasm for on-site visits could be one of them. 
 
Analogous to other chronic diseases, the addition of telehealth could be useful for the 
treatment of obesity. Telehealth is the delivery of health-related services and 
information via telecommunication technologies. It encompasses preventative, 
promotive, and curative aspects. Examples are exchanging health services or education 
via videoconference, transmission of medical data for disease management (remote 
monitoring) and advice on prevention of diseases, and promotion of good health by 
patient monitoring and follow-up. Participation with eHealth has been investigated and 
considered useful in the treatment of obesity4,8-13. In a systematic review, self-
measured blood pressure monitoring was associated with better control of 
hypertension in the first year14. Its value in a bariatric trajectory has not been 
investigated. It can be hypothesized that self-control by eHealth could enhance clinical 
outcome through more weight loss and co-morbidity reduction. Long-term realistic goal 
setting, consistent use of routines, and self-monitoring have been proven effective for 
weight loss maintenance15. Patients with higher self-control are more confident 
regarding their abilities, which leads to higher commitment and adherence to the 
program. This eventually leads to more weight loss4. For this purpose, an online 
monitoring program was designed for our obesity department to provide preoperative 
information as well as aid in the post-bariatric phase by self-control wireless devices for 
registration of biometric outcomes, teleconference opportunities, and access to 
additional information. 
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The objective of this trial is to determine whether patients benefit from different 
degrees of eHealth and self-monitoring. This research will contribute to the still small 
body of evidence around the value of eHealth. 

Methods and design 

Study aim 

The aims of the BePatient trial are to assess the value of eHealth by comparing 
different levels of telehealth provided to bariatric patients. It is hypothesized that the 
more eHealth is provided, the higher postoperative weight loss will be, the less likely 
additional contacts/visits will be consumed, the higher the patients’ satisfaction will be, 
and the more benefits in co-morbidity will be found. The addition of eHealth provides 
the patients more self-control, which could result in better commitment to the follow-
up program. The primary study hypothesis is that the benefit of adding eHealth to a 
bariatric care program would lead to a larger reduction in body mass index (BMI) two 
years after the procedure compared to standard care. 
Two main research questions are addressed: 
1. Does an eHealth platform increase weight loss after bariatric surgery? 
2. Does providing patients with electronical wireless monitoring devices lead to more 

weight loss? 

Study setting 

This open-label randomized controlled trial is conducted at the Catharina Hospital 
Eindhoven, a large teaching hospital in the Netherlands. Around 1000 bariatric 
procedures are performed annually by dedicated bariatric surgeons. 

Study registration 

The study was reviewed and approved by the institutional medical ethical board. The 
protocol (protocol identification number: NL56992.100.16, version 3, 11 July 2016) 
conforms to the principles of Good Clinical Practice and the Declaration of Helsinki. 
Table 3.1 shows a structured summary conforming with a standard WHO trial 
registration dataset. Retrospective registration was achieved in the Dutch trial 
registration on 19 November 2017 (Identifier number NTR6827.) The trial is ongoing 
and currently recruiting. The first patient was included on 21 February 2017. In case of 
amendments to the protocol, the institutional medical ethical board will be notified for 
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approval. This protocol was conducted conforming the SPIRIT 2013 Checklist 
(Additional File 3.1). 
 
Table 3.1 WHO trial registration Data Set - Structured summary. 

Data category Information 
Primary registry and trial identifying number Nederlands trial register - NTR6827 
Date of registration in primary registry November 19th 2017 
Secondary identifying numbers Clinicaltrials.gov: NCT03394638 

Protocol number: NL56992.100.16 
Source(s) of monetary or material support N/A 
Sponsor N/A 
Contact for public/scientific queries Obesity Center, Catharina Hospital Eindhoven, The 

Netherlands 
Public title BePatient trial 
Scientific title Assessing the value of eHealth for bariatric surgery (BePatient 

trial): study protocol for a randomized controlled trial. 
Country of recruitment The Netherlands 
Health condition(s) or problem(s) studied Morbid obesity 
Intervention(s) Standard care vs. eHealth platform vs. eHealth platform + self-

monitoring devices. 
Key inclusion and exclusion Criteria Age>18; eligible for bariatric surgery; Body mass index 

>40 kg/m2 or >35 kg/m2 with related comorbidity; ongoing 
access to the Internet; ability to use smartphone or tablet; 
ability to understand Dutch language; Signed informed 
consent. 

Study type Open randomized controlled trial 
Date of first enrollment February 21th, 2017 
Sample size 200 
Recruitment status Recruiting 
Primary outcome(s) Body-mass index 
Key secondary outcomes Socio-demographics, weight, comorbidity status, quality of life, 

return-to-work, satisfaction & commitment and inventory of 
use of additional support, devices and data-traffic. 

Ethics Review Reviewed and approved by Institutional Review Board on 
August 15th 2016.  

Summary results Planned to be released in 2020 
IPD sharing statement Undecided 
 

Study population 

Obese adults with a BMI >40 kg/m2, or >35 kg/m2 with at least one obesity-related co-
morbidity, such as hypertension or diabetes, unsuccessful previous attempts to lose 
weight, and willingness to attend a follow-up program could be indicated for a bariatric 
procedure. Patients referred to the Catharina Obesity Center are asked for access to 
the Internet and willingness to complete the mandatory screening questionnaire 
online. From the beginning of 2015, this was the standard procedure of the center. In 
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case of inability or unwillingness to use the online version, the patient receives a postal 
alternative. After returning the questionnaires, patients are invited to the outpatient 
department. There they receive a presentation and interview by an obesity nurse, 
dietician, psychologist, and physiotherapist and receive extensive blood tests. These 
results are discussed in an obesity team with bariatric surgeons. After approval for the 
operation by this multidisciplinary team, patients visit the bariatric surgeon. If the 
result of this consult is a planned operation, the patient could be considered eligible for 
participation to this study. The sleeve gastrectomy and bypass are by far the most 
performed initial procedures at this center. Therefore, only patients with approval for a 
primary gastric sleeve or bypass are finally considered to be eligible. Figure 3.1 shows a 
flowchart illustrating the recruitment and allocation process in this trial. Figure 3.2 
shows the SPIRIT schedule of enrollment, interventions, and assessments used in this 
trial. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.1 Flowchart illustrating the recruitment and allocation process in this trial. 
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 STUDY PERIOD 

 
Enrollment 

part 1 
Enrollment 

part 2 Post-allocation Close-out 

TIMEPOINT Screening 
Pre-

operative 
consult  

Week 6  Year 1 Year 2 After 2 
years 

ENROLLMENT:  

Eligibility screening X X     

Informed consent  X X     

Allocation  X     

INTERVENTIONS:  

[Standard care (SC)]       

[SC + access to 
platform ]       

[SC + access to 
platform + self-

monitoring devices] 
 

 
    

ASSESSMENTS:  

Socio-demographic 
data X      

Weight X   X X  

Comorbidity status X   X X  

Quality of life X   X X  

Return to work   X    

Satisfaction & 
commitment 

questionnaire 
   X X  

Inventory additional 
support    X X  

Inventory of 
connections to 

platform 
   X X  

Inventory of use of 
devices    X X  

 
Figure 3.2 Standard Protocol Items: Recommendations for interventional Trials (SPIRIT) figure. 
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Inclusion criteria 

The inclusion criteria to participate in this study are: 
• Completed the mandatory questionnaire online; 
• Having ongoing access to the Internet; 
• Ability to use a model of mobile device (smartphone or tablet); 
• A BMI >40 kg/m2 or >35 kg/m2 with related co-morbidity (hypertension, diabetes 

type hyperlipidemia, obstructive sleep apnea syndrome, or arthralgia of lower 
limbs; 

• A primary gastric sleeve or bypass planned; 
• Age ≥18 years; 
• Ability to read and write the Dutch language; and 
• Signed informed consent. 

Those who did not met the abovementioned inclusion criteria were excluded. 

Inclusion procedure 

Patients are informed about the study at two separate times. During the screening 
phase, patients receive a leaflet with information about the study and are informed 
during a group meeting with other patients. Later, if a procedure is planned and the 
operation date is known, patients are again informed by a trained member of the 
research team in an individual consultation. Afterwards patients are given the time to 
consider participating. If they decide to participate, written informed consent is 
obtained (see Additional File 3.2). Patients are informed that they can stop at any time 
without any effect on their usual care and without being required to provide a reason 
for stopping. After completion of the study, patients will receive standard care. There is 
no financial benefit or other compensation for participating in this trial. 

Randomization and treatment allocation 

Participants who fulfill all selection criteria and signed the informed consent form are 
randomized in a 2:1:1 ratio. Simple randomization is used, meaning every individual has 
an equal chance to be enrolled in one of the three groups. Allocation is into one of 
three groups: (1) control group (n=100); (2) platform group (n=50); and (3) device group 
(n=50). This randomization is computer-generated in a Care Coordination Module 
functionality in the BePatient platform. Allocation concealment will be ensured, as the 
allocation of patients is generated after the patient signs the informed consent form 
and thereby included in the study. 
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Safety assessment 

Severe adverse events (SAE) within this study are assumed to be difficult to determine 
ahead of time. Personal injury through use of the devices is the only predetermined 
category; other AEs will be identified upon the decision of the treating team. In case of 
an AE, this will be reported to the ethics committee and included in the results. Due to 
the expected absence of any SAE, there is no annual safety report or monitoring board. 

Interventions 

Standard care 

All patients will receive standard care which consists of a five-year follow-up scheme 
after the bariatric procedure. The first year consists of around 10 individual and three 
group consultations. These follow-up visits are usually at around 1, 3, 6, 8, 9, 10, 12, 16, 
20, and 24 months postoperatively and include consultations with their surgeon, 
dieticians, physiotherapists, and obesity nurses. After the first year, visits become less 
frequent. If deemed necessary, additional contact can be made. During the total follow-
up time, blood markers are frequently assessed. 

eHealth platform 

In addition to the standard care, patients in the online and device groups will have 
continued access to the patient platform. The Catharina BePatient website is a bariatric 
online module developed by BePatient™, personalized to the hospital’s standard. This 
company designs eHealth solutions and invents new patient pathways. In 2014 they 
developed an online program for bariatric patients. This encompassed shared personal 
health records with remote patient monitoring through wireless devices, assessment of 
indicators on the patients’ real life, providing a social network and coaching between 
healthcare professionals and patients and e-learning of selected information to raise 
awareness of therapeutic education. The module was complete in June 2014. 
Thereafter, specific questionnaires were added and personalized with color and design 
standards of the Catharina Hospital, resulting in the Catharina BePatient website. This 
website has two types of user accounts: one for the patient and one for the healthcare 
provider. For the latter, it can be used to modify website content and download patient 
data and data-traffic information. Since the start of 2015, all new patients receive 
registration details to create a personal account. After patients register, they are asked 
to sign the user agreement, which includes gathering of data and providing access to 
these data by the medical team. Hereafter, patients can fill in the mandatory 
questionnaires which are used for screening purposes, as described before. Upon 
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completion of the questionnaires, patients are able to access additional content on the 
platform, depending on their stages in the treatment. A variety of content can be found 
on the platform, including: dietary tips; how to use medication; frequently asked 
questions; obesity-related facts; instruction videos of several physical exercises; and 
more. Users can also make a list of their eating habits which they can bring to the next 
appointment. Regularly, the information is revised by healthcare professionals of the 
Catharina Hospital to make sure information is up-to-date. Furthermore, new 
information and lectures are added frequently. 

Self-monitoring devices 

In addition to standard care and access to the eHealth platform, patients in the device 
group also have access to four wireless telemonitoring devices: a weighing scale; a 
blood pressure meter; oxygen saturation meter; and an activity bracelet. All devices are 
connectable with most smartphones and tablets using Bluetooth. By doing this, they 
can view their measurements on dedicated mobile applications. This can be displayed 
as a list of measurements or in a graph. By doing this they can track their progress in, 
for instance, weight loss. Patients can also set goals to achieve, for instance, a total 
number of steps or distances walked. These measurements are also visible on their 
platform accounts once they synchronize the devices to their BePatient accounts. This 
gives the research team insight in the frequency of use of the devices. 

Assessment of study outcomes 

Primary outcome measure 

BMI 

The primary outcome measure will be BMI. BMI is calculated with the formula: weight 
in kg / (height in m2) = kg/m2. BMI is recorded through the whole follow-up scheme of 
five years which is standard care in this hospital. The weight of participants will be 
measured on calibrated electronic clinical weighing scales while fully clothed (without 
jackets or other items which can be removed quickly). For this study, BMI will be 
reported at one and two years postoperatively. 
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Secondary outcome measures 

Co-morbidity status 

Co-morbidity status of diabetes mellitus type 2, hypertension, dyslipidemia, obstructive 
sleep apnea syndrome, gastro-esophageal reflux disease, and arthralgia is assessed at 
baseline and at one and two years postoperatively. A co-morbidity is considered in 
remission if patients do not experience any complaints and if no medication was 
needed since their last visit. When patients experience fewer complaints or require less 
medication, the co-morbidity is considered improved. If no changes are seen or when 
the co-morbidity worsens, it is regarded as unimproved. 

Quality of life 

Health-related quality of life is measured at baseline and at one and two years 
postoperatively using a Dutch translation of the RAND36 questionnaire16. The RAND36 
consists of 36 questions derived into nine domains: physical functioning; social 
functioning; physical role limitations; emotional role limitations; mental health; vitality; 
pain; general health perception; and health change perception. For each domain, a 
score of 0–100 is calculated. A low score corresponds with poor health-related quality 
of life. 

Return to work 

The time it takes for patients to recover until they are fit to work is assessed using a 
questionnaire six weeks postoperatively. 

Inventory of additional support 

It can be expected that some patients who are randomized in the control or online 
group will make use of additional support or choose to purchase or use self-monitoring 
devices themselves. Patients are not limited to seek additional support if they deem 
that necessary (i.e. mental coaching, sporting activities, Internet forums/groups, other 
patient platforms, and other self-monitoring devices). To gain insights into this, a yearly 
questionnaire will be used, which includes questions about the frequency of the use of 
the abovementioned additional support. 

Inventory of connections to platform 

Information about the data traffic is gathered and stored on the platform. The number 
of connections is recorded as well as number of page views, time spent per session, and 
time of the day of the connection. Furthermore, the medium used to access the 
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content (i.e. if the content is accessed on a web browser, mobile phone, or mobile app) 
is also recorded. 

Inventory of use of devices 

The number and frequency of measurements for each device will be recorded. 

Satisfaction and commitment questionnaire 

Measuring program commitment is assessed yearly with a six-item questionnaire 
adapted from a version used by Neubert and Cady in 200117. This includes six yes-or-no 
questions about their satisfaction and commitment towards the treatment program. 

Data collection 

Sociodemographic and clinical information is gathered in the standard follow-up 
program noted in the patients’ electronic hospital files and is accessible to the 
treatment team. This includes: sex; age; weight; BMI; status of co-morbidities; quality 
of life; and blood markers. Additional parameters, such as results of questionnaires, are 
not normally used in the follow-up program and are therefore stored at a secured part 
in the Care Coordination Module functionality on the BePatient platform. To analyze 
the data, individuals are coded in order of registration, starting with 00–001. Members 
of the research team are responsible for the maintenance and monitoring of 
completeness and correctness of the data. An annual status report will be sent to the 
institutional ethical commission. 

Statistical analysis 

Sample size calculation 

Lack of standardization for measuring the value of eHealth makes defining relevant 
endpoints difficult. From a clinical point of view, surgical success is defined as a total 
weight loss > 20%. The patients not achieving this success could especially benefit from 
eHealth. Furthermore, there is a group with initial weight loss and subsequent weight 
regain ending in the same group of failures. In a report from The Longitudinal 
Assessment of Bariatric Surgery Consortium, which is a multicenter observational 
cohort study, the results of 2458 patients were reviewed18. To evaluate common 
patterns of weight change from baseline to three years among participants following a 
gastric bypass, five weight-change trajectory groups were identified. A slight regain of 
weight occurred in every trajectory group, two years after the procedure different 
patterns could be distinguished. In another report, trends in weight regain following 
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gastric bypass were reviewed (smaller group, longer follow-up)19. Weight gain was 
found to be a common complication, on average in the range of 21–29% of lost weight. 
Excessive weight gain was experienced by over one-third of patients. Greater initial 
absolute weight loss leads to more successful long-term weight outcomes. As the 
patterns of trajectory groups could be distinguished at two years after the operation 
with a difference of 10% weight loss, a hypothesis was composed. The difference of 
10% corresponds to an arbitrary 4 BMI points. It is, therefore, hypothesized that the 
addition of eHealth would reduce the BMI by another 4 point at two years 
postoperatively. 
This trial studies the continuous response variable BMI from independent control and 
experimental participants with two controls per experimental individual. If the true 
difference in the experimental and control means changes is 4 BMI points with a 
standard deviation of 8, 48 experimental individuals and 96 controls need to be studied 
(equal variances assumed) to be able to reject the null hypothesis that the population 
means of the experimental and control groups are equal with power =0.8 and α=0.05. 
In this trial, two experimental groups are defined. Therefore, at least a total of 
200 patients will be enrolled in this trial, assuming no more than 4% missing data. 

Data analysis 

Descriptive statistics of the data will be performed for all baseline characteristics and 
outcome measures. Groups will be compared using ANOVA-tests and χ2-tests (normal 
distribution) or Mann–Whitney U-tests (non-normal distribution) to analyze outcome 
measures. Comparisons of baseline characteristics will be done descriptively. Due to 
the repeated measure nature of the design (preoperative, one year postoperatively, 
and two years postoperatively) repeated measure ANOVA will be used to analyze 
weight-loss patterns between the intervention groups and over time. 
 
SPSS v.25.0 (IBM Corp., Armonk, NY, USA) is used for statistical analysis and handling of 
data. Analysis will be performed using the intention-to-treat principle. A p value < 0.05 
(two-sided) will be considered statistically significant. Subgroup analysis may help 
identify subgroups in which interventions work better or worse. Therefore, 
predetermined subgroup analysis will be performed. A subgroup analysis will be done 
comparing active platform or device users with inactive users to determine if activity 
influences outcome. Also, several age groups will be analyzed, as older patients might 
have a harder time working with electronical device and the online platform. Finally, a 
subgroup analysis will be performed comparing gender. Substantial amounts of missing 
data will be handled using multiple imputations if deemed necessary. Outcomes are 
planned to be published in a peer-reviewed journal upon completion of this trial. 
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Discussion 

Over the last decades, a lot has changed in healthcare, from both the perspective of the 
patient as well as that of the healthcare professional. On the side of the healthcare 
professional, almost everything has been digitalized which, most of the time, makes 
working efficiently easier, for instance, viewing patients’ history or blood values. On the 
other hand, a lot has changed on the side of the patient as well. Nowadays the vast 
majority of patients in western countries have access to the Internet and mobile 
phones. This provides patients with a way to quickly find information about their health 
status, disease, and treatment. However, this information is not always correct and is 
frequently not applicable to individual patients. This can lead to misinformed patients. 
Making sure that patients are correctly informed is one of the most important aspects 
in healthcare. 
 
A dedicated eHealth platform can aid or support communication towards patients. 
However, the value of eHealth is not yet established. Reviews on the efficacy of eHealth 
interventions for weight loss and weight loss maintenance show promising effects 20-

22.This trial is the first randomized research that evaluates the effects of different levels 
of eHealth compared to a control group after bariatric surgery. 
 
Some limitations need to be addressed as well. As mentioned above, it can be expected 
that some patients will make use of other eHealth solutions or use self-monitoring 
devices of their own. This is, of course, dependent on the patients’ own desire and 
cannot be restricted. This can possibly lead to bias. To limit the effects of this bias, 
patients are asked if they made use of other support or devices other than the ones 
provided in this trial. On the other hand, some patients who enroll in one of the 
intervention groups might not make use of said intervention. Disinterest and lack of 
time can be reasons for this. Outside the context of this study, there will always be 
differences in the commitment to a follow-up program between patients. 
 
The success of bariatric surgery depends on motivation. An attempt to increase this 
motivation is to add eHealth applications and self-monitoring devices. However, study 
patients can experience this as mandatory which can imply a counterproductive effect 
on their incentive. In this respect, patients are informed very well about the 
voluntariness to use the devices and patient website. However, patients may lose 
interest after some time during the total lifespan of the study of two years. Also, 
another possible drawback of the use of devices can be that they generate an opposing 
effect on patients. The increased awareness of their weight can lead to some sort of 
compulsive need to keep losing more weight. We advise patients to not weigh 
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themselves on a daily basis because natural changes in their weight can result in a false 
understanding of gaining weight. This drawback is, however, an important aspect of 
this study. If the devices turn out to give patients more negative than positive effects, 
this will result in valuable information. 
 
It can be stated that during the first years after the operation weight loss is majorly 
depending on the procedure itself and other factors, such as patients’ adherence or 
physical activity, only start to play an increasingly substantial role in weight sustain and 
regain after the first year. Therefore, it might be interesting to extend to study span to 
the full follow-up period of five years after the initial two-year study span. 

Additional files 

Available online at the publisher’s website. 
Additional file 1: SPIRIT 2013 Checklist: Recommended items to address in a clinical 

trial protocol and related documents.  
Additional file 2: Informed consent form (Dutch).  
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Abstract 

Background 
As eHealth has a hypothetical benefit as additional support, there is a widespread 
implementation in bariatric trajectories. Knowledge about the key components or 
objective gain is limited. A randomized controlled trial was conducted to assess the 
value in the bariatric pathway. 
 
Methods 
Two-hundred-and-five patients undergoing primary bariatric surgery were randomized 
to either: control-group (n=103); online-group (n=50) receiving access to an eHealth 
platform; or device-group (n=52) who, in addition, received monitoring devices. Here, 
the 1-year results on convalescence, commitment, eHealth usage and quality of life 
were assessed. 
 
Results 
Median hospitalization was 1 day in all groups. Mean days to return-to-work was 28.1 
versus 27.5 versus 29.8, respectively, p=0.673. Additional physical or telephonic 
consultations were comparable. Usage of electronical aids, beyond study material, was 
more frequent in intervention groups. Around 93% of patients used the eHealth 
platform and approximately half applied the devices regularly. Quality of life improved 
greatly however did not differ between the groups. Commitment was comparable by 
questionnaire scores. 
 
Conclusion 
The addition of eHealth to a bariatric pathway did not lead to improved outcomes of 
convalescence, commitment and quality of life one-year postoperatively. There was a 
trend of higher usage of (electronic) aids in the online- and device-group. 
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Introduction 

Bariatric surgery is considered the best currently available treatment option for long-
term weight loss and sustainability compared to conservative treatment1. Adequate 
weight sustainability and prevention of weight regain poses a challenge for the bariatric 
team. Undesirable outcomes of surgery, such as insufficient weight loss, nullifies the 
investments made by patients and the treatment team. Patient selection, an 
experienced bariatric team and an adequate follow-up program are key elements to 
success2,3. Adherence to such a postoperative program is important to be able to guide 
patients in lifestyle modifications which are required after an operation (e.g. dietary 
instructions, vitamin intake, engaging in physical activity and more), but also to signal 
postoperative complications (malnutrition, psychological problems, and more). Efforts 
are required to ensure patients stay committed to throughout the whole treatment 
trajectory.  
 
Access to electronical devices, web access and digitalization are becoming increasingly 
ingrained in modern society, including health care. This can create opportunities to 
enhance clinical outcomes, patient’s experiences and adherence to the postoperative 
program. It can be hypothesized that adding eHealth to standard of care can have 
positive effects on clinical outcomes. Usage of eHealth has shown to have an additional 
positive effect on weight loss4. Furthermore, faster return to work (RTW) was seen 
after gynecological surgery with addition of eHealth5,6. An early randomized controlled 
trial found that adding eHealth solutions to standard of care in bariatric surgery can 
lead to more weight loss at one and two years postoperatively7. However, a recent 
systematic review about the value of eHealth in bariatric surgery concluded that 
literature about eHealth usage in bariatric surgery is still scarce8. To our knowledge, no 
randomized, prospective study has been conducted that analyzes the effect of eHealth 
and digital self-monitoring devices in bariatric surgery.  
 
A comparative study was conducted in a large bariatric center in the Netherlands to 
assess the value of different levels of eHealth. In present paper RTW, length of stay, 
rate of eHealth usage, commitment and health related quality of life (HRQoL) outcomes 
at one year postoperatively are discussed. 

Materials and methods 

The study with a randomized controlled design was conducted in a large teaching 
hospital in the Netherlands. It was named after the eHealth platform used: the 
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BePatient trial and started in February 2017 after medical ethical approval. The 
protocol was registered (NTR6827 and NL56992.100.16) and has been published before 
9. In summary, patients with a team approval for primary sleeve gastrectomy or gastric 
bypass conform the criteria of the International Federation for the Surgery of Obesity 
and Metabolic Disorders (IFSO) with the ability to use the provided patient platform 
with ongoing access to the internet and smartphone or tablet were considered eligible 
for the study10. They were informed at least twice during the preconditioning program 
by oral and written presentations by members of the research team or bariatric 
surgeons. In case of inclusion after signed informed consent, they were randomized in a 
2:1:1 ratio by a computer. These groups were (A): control-group (n=100), who received 
standard of care; (B) online-group (n=50), who received access to an eHealth platform 
(detailed description below) in addition to standard of care; and (C) device-group 
(n=50), who received access to the platform and four telemonitoring devices (detailed 
description below) in addition to standard of care. Inclusion was continued based on 
availability of devices. The follow-up period for this study was two years 
postoperatively. 

Intervention arms  

Patients in the control-group received standard of care consisting of a five-year follow-
up trajectory. In the first year after the operation, patients attend normally at least 
13 consultations with a bariatric surgeon, obesity nurse, dietician, psychologist and 
physiotherapist, of which three are in group session. The frequency of visits including 
medical check with blood samples is then reduced in the following years or increased 
upon request. All patients received a personalized booklet on their follow-up program.  
 
In the online-group, the access to an eHealth platform in addition to standard of care 
was added. An institutional-specific platform was tailored in collaboration with a digital 
health solutions company (SAS bepatient, Paris, France). Patients received personal 
accounts which they could use to access the platform either on a mobile device or 
computer. The platform was accessible by web browser or app. The platform contained 
up-to-date information about obesity, videos about procedures, preparation tips, 
factsheets, dietary and lifestyle tips, question-of-the-week and frequently asked 
questions. The content was regularly updated. Patients were also able to ask for 
continuation of their medication, post questions and remarks on the forum and chat 
with other patients.  
 
Patients in the device-group received wireless monitoring devices, on top of the 
programs described above. A digital weight scale, blood pressure monitor, oxygen 
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saturation meter and activity bracelet were connectable to a mobile phone or tablet by 
Bluetooth. Measurements were stored on the patients’ personal platform accounts and 
meant for insights in their own health status. The research team was provided read-
only access by the patient and provided support in case of questions or malfunction of 
devices.  

Outcome measures 

The primary outcome measure for this trial was weight loss at two years 
postoperatively. In the present paper the assessment of secondary outcome measures 
up to one year after the surgery was reviewed. Included were length of stay (LOS, 
beyond standard one day was considered extended LOS), days to return to work 
(assessed by questionnaire at 6 weeks) and satisfactory and commitment to the follow-
up program assessed with a non-validated questionnaire at one year postoperatively. 
The latter one included an evaluation of the aftercare program in a 0 to 10 score and 6 
yes-or-no questions about whether patients felt committed to the aftercare program. 
Furthermore, usage of eHealth solutions and devices other than provided for the study 
was assessed at one year postoperatively with a questionnaire and data traffic on the 
platform was collected. Lastly, HRQoL was measured using the Rand-36 questionnaire 
at baseline and each year postoperatively11,12.  
 
Descriptive statistics of the data was performed for all baseline characteristics and 
outcome measures. Groups were compared using χ2-tests, ANOVA-tests (normal 
distribution) or Kruskal Wallis U-tests (non-normal distribution) to analyze outcome 
measures. SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA) was used for 
statistical analysis and handling of data. Analysis was performed using the intention-to-
treat principle. A p-value <0.05 (two-sided) was considered statistically significant. 

Results 

Two-hundred-and-five patients were included who underwent either a sleeve 
gastrectomy (n=130) or gastric bypass (n=73). Their baseline characteristics are shown 
in Table 4.1. During the first year of the study a total of 14 subjects quit participating in 
the trial. In the control-group 3 patients really wanted to have access to the platform 
and 1 quitted the program. Same number of patients discontinued to participate in the 
online-group; due to unrelated health problems (n=1); not willing to use the platform 
(n=1) and 2 no-shows. Most losses were in the device-group (n=8). Half of them was 
related to the devices; the measurements made them feel insecure (n=3) or they could 
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not successfully connect devices (n=1). The rest of the no-shows were due to 
emigration (n=1), unrelated health problems (n=1) and unknown reasons (n=2).  
 
Table 4.1 Baseline characteristics. 

 Control (n=103) Online (n=50) Device (n=52) 
Gender, male:female (n) 27:76 12:38 9:43 
Mean BMI, SD, kg/m2 41.9 ± 4.3 42.0 ± 5.7 42.3 ± 4.6 
Mean age, SD, years 45.0 ± 10.5 46.2 ± 10.5 43.1 ± 10.9 
Age range, years 23 - 65 26 - 65 21 - 60 
Procedure, SG:RYGB, N 66:37 33:16 31:20 
Mean N of comorbidities, SD 1.8 ± 1.3 2.2 ± 1.3 1.8 ± 1.2 

Abbreviations: BMI: body-mass index. SG: sleeve gastrectomy; RYGB: Roux-en-Y Gastric Bypass. Age is 
defined at time of surgery.  
 
 

There was no difference in length of stay (p=0.467) nor in proportion of extended stay 
(p=0.467 (Table 4.2). After surgery, 16% of all subjects required additional outpatient 
department visits (equally distributed, p=0.500). Additional telephonic consultations 
were more abundant with 56% of all subjects requiring additional telephonic 
consultations. This was also not statistically different between groups (p=0.929).  
 
Table 4.2 Hospitalization, additional visits in the first postoperative year, return to work and commitment 

questionnaire after 1 year.  

 Control 
(n=103) 

Online 
(n=50) 

Device 
(n=52) 

p= 

Hospitalization     
   Length, days, median [IQR] 1 [1-1] 1 [1-1] 1 [1-1] 0.467 
   ≥2days, %, (n=) 15% (15) 22% (11) 14% (7) 0.420 
Additional visits     
   Outpatient visits, %, (n) 19% (19) 14% (7) 12% (6) 0.500 
   Telephonic consults, %, (n) 56% (57) 55% (27) 59% (30) 0.929 
Return to work questionnaire:     
   Not returned yet, %, (n) 19 (19) 30 (14) 19 (9) 0.673 
   Partially returned, %, (n) 15 (15) 17 (8) 21 (10)  
   Fully returned, %, (n) 44 (44) 33 (15) 40 (19)  
   Unemployed, %, (n) 23 (23) 20 (9) 21 (10)  
   Days till full RTW, mean 28.1 27.5 29.8 0.681 
Commitment questionnaire:     
   Score for program, 0-10, mean  8.4 7.8 7.8 0.149 
   Positive answers, out of 6, mean 4.8 4.5 4.3 0.164 

Abbreviations: IQR: interquartile range. RTW: return to work.  

The days to RTW outcomes were based on all questionnaires (205/205). The 
employment rate was 79%. The distribution of work status after 6 weeks was not 
statistically different between intervention groups, p=0.673. The percentage of patients 
whom fully RTW was 44% in the control-group, 30% in the online-group and 37% in the 
device-group, the mean number of days to reach RTW was 28.1, 27.5 and 29.8 
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(p=0.681), respectively. Commitment and adherence to the program were rated by 
questionnaires (Table 4.2). In the normal-group, the postoperative trajectory scored a 
mean of 8.4 out of 10, compared to 7.8 in both online- and device-group (p=0.149). The 
mean number of positive adherence answers (corresponding to a feeling of 
commitment and adherence) was 4.8 versus 4.5 versus 4.3 out of 6 questions in 
normal-, online- and device-group, respectively (p=0.164). No relevant differences in 
separate answers were seen besides that 40% in the device-group felt not involved to 
the program compared to 16% in the normal-group, p=0.013. 
 
More than 93% of the patients actually used the platform (Table 4.3). The mean 
number of connections to the platform was 17 for the online-group and 33 for the 
device-group (p=0.035), and the mean number of page views was 91 and 82 
respectively (p=0.855). The most visited contents were the ‘Preparation phase’-section 
and ‘Lectures about obesity’-section, followed by Frequently-Asked-Questions. In terms 
of weekly usage of additional support, significant more usage of web-based support 
(other than the provided eHealth platform) was seen in the eHealth group (online- and 
device-group) with only 1 patient using other web-based solutions in the control-group 
compared to 13 in the eHealth groups (p=0.010). Also, more subjects in the eHealth 
groups used other media (forums, social media, etcetera) compared to the control-
group although this was not statistically significant (p=0.069). The usage of devices to 
support weight loss was also not statistically different between groups, although a 
blood pressure and oxygenation monitor were barely used in the control-group. Over 
time, the percentage of usage of devices declined from around 60% to 40% in the last 
months of the first postoperative year (Figure 4.1). A total of 47 out of 52 subjects in 
the device-group contacted the research team at least once during the first year of this 
trial because of technical issues with the monitoring devices. This was due to: 
connection problems (n=36); problems with the activity tracker (n=19); blood pressure 
cuff being too big (n=8); and problems with the weight scale (n=2). 
 
HRQoL improvement after one year postoperatively is shown in Table 4.4. Overall 
HRQoL after one year was very high. Across all domains in all groups major 
improvements were seen. No statistical significant differences were seen between 
groups. 



Chapter 4 

56 

Table 4.3 Commitment questionnaire, usage of eHealth and usage of additional support, assessed after 
one year. The eHealth group consisted of the online-group and device-group combined. 

Usage of eHealth platform Control Online Device p= 
Used platform (%) - 90% 96% 0.219 
Mean number of connections - 17 33 0.035 
Mean number of page views - 91 82 0.618 
Mean page views in:       
Preparation phase - 21 21 0.959 
Lectures about obesity - 21 20 0.925 
Frequently-asked-questions - 13 13 0.863 
Videos about procedures - 11 11 0.964 
Question of the Week - 11 7 0.313 
Fact or Fiction - 4.5 1.0 0.065 
Tip of the week - 3.3 3.2 0.956 
Sports program - 0.5 0.8 0.589 
Patients' experience - 0.7 0.2 0.206 
Prevention of weight regain - 0.3 0.6 0.260 
Additional support questionnaire Control eHealth p= 
Percentage of patients that used the following weekly:     
Internet site, other than intervention platform 1 13 0.010 
Other media (forums, social media) 11 23 0.069 
Gym or sports center 64 66 0.768 
Mobile application for recipes/dietary support 7 11 0.110 
Mobile application for exercise support 24 21 0.694 
External coach/psychologist  8 8 0.901 
Weight scale 78 81 0.658 
Activity tracker 33 41 0.381 
Blood pressure monitor 1 7 0.117 
Oxygenation monitor 0 5 0.117 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 Displaying percentage of subjects in device-group making use of the monitoring devices per 

postoperative month. A downward trend is seen. 
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Table 4.4 Quality of life improvement at 1 year compared to preoperative results. 

 Control (n=70) 
Mean ± SD 

Online (n=28) 
Mean ± SD 

Device (n=24) 
Mean ± SD 

p= 

Physical functioning 34.9 ± 19.0 32.7 ± 24.3 33.1  ± 18.9 0.857 
Social functioning 22.5 ± 25.1 23.2 ± 27.8 20.3 ± 25.5 0.913 
Physical role impairment 48.6 ± 42.1 40.2 ± 43.2 41.7 ± 47.6 0.622 
Emotional role impairment 40.5 ± 45.7 35.7 ± 48.8 38.9 ± 46.8 0.901 
Mental health 12.0 ± 14.8 7.71 ± 15.6 13.3 ± 14.1 0.332 
Vitality 22.2 ± 21.4 25.5 ± 20.6 19.2 ± 15.5 0.526 
Pain 29.4 ± 26.1 28.9 ± 32.4 32.9 ± 24.7 0.840 
General health perception 35.1 ± 19.6 34.3 ± 20.5 31.8 ± 20.7 0.788 
Health change 58.6 ± 26.2 60.7 ± 24.9 54.2 ± 34.3 0.678 
Cumulative improvement score 303.8 ± 155.7 289.0 ± 160.1 285.4 ± 166.6 0.850 
 

Discussion 

Literature is scarce on the clinical relevant benefits of eHealth to bariatric treatment. 
These early results of the BePatient trial have not shown that integration and effect of 
eHealth in the bariatric pathway has clinical relevant benefits on the short term. No 
clinical significant differences were seen between intervention groups in terms of 
baseline characteristics, hospitalization length, RTW, involvement in the program and 
HRQoL in this trial.  
 
It was hypothesized that more informed patients are better prepared and might feel 
more secure about what to expect after surgery and could be discharged earlier from 
the hospital and might need less help, and therefore less additional consultations. The 
results of this trial did not retain this hypothesis as no differences were seen between 
groups.  
 
The addition of eHealth could also be beneficial for faster RTW after surgery, as others 
found in studies on patients undergoing gynecological (hysterectomy or laparoscopic 
adnex surgery)5,6. This was not supported by the results of this study. Days to RTW 
ranged widely, from 1 day to more than 6 weeks after the operation. Even at 6 weeks 
postoperatively, 37% of employed patients did not RTW yet. Numerous reasons were 
given for this. Most subjects claimed extra days off work for further recovery, however, 
commented that they could get back to work earlier if they needed to. An explanation 
for these conflicting results could be that the platform was not focused on promoting 
sooner RTW and sick leave period sometimes depend on the company’s regulations. 
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Contrary to what was expected, patients in the device-group commented that they felt 
less involved to the program compared to patients in other groups. Those patients also 
scored lower in ‘willingness to put effort in the program’ and ‘feeling that they could 
easily quit the program’, however this was not statistically significant. Some patients in 
the device-group commented that doing the measurements was more of a burden than 
an opportunity for them to gain insight in their progress. So while the purpose of the 
devices was to encourage patients to be more conscious about their health, and 
thereby improving commitment and willingness to put effort in the program, the 
opposing effect was seen. This could also have influenced an unexpected high 
percentage of subjects quitting the study early. In addition, almost all patients in the 
device-group contacted the research team at least once due to technical issues (failure 
to log on, to connect or download). In Figure 4.1 the percentage of subjects adequately 
using the acquired devices are displayed. At the start of the trial, just 60% of all subjects 
are using the devices and this decreased to around 40% at one-year postoperatively. 
This can indicate that not all patients are willing to use electronical devices to give 
insights in their own health status on a regular basis, even though participants were 
enthusiastic at the time of inclusion. The feedback the treating team received from 
those, who claimed to regularly use the platform or devices, was that they felt it was a 
great addition to standard of care. On the other hand, for a few patients, the 
measurements made them feel insecure about their well-being and looked 
subsequently for more (primary) care. These findings suggest that a more personal 
approach might be important and that these interventions might be only beneficial to 
specific groups. 
 
The perception of the addition of eHealth to a standard health program is not yet clear. 
Van der Meij et al. found that some patients experienced eHealth as an addition to the 
usual care, however, also found low usage of the offered intervention13. For instance 
64% made use of the activity tracker, 50% used the app and only 7% made use of an 
E-consultation. Reasons for this were that patients did not see advantages or 
experienced technical issues. The platform usage in the present trial was very high. 
More than 93% of subjects used the platform at least once during the first year of this 
trial. Data traffic results show that General information, Videos and Question-of-the-
Week were among the most frequently visited subtypes of content. Subjects 
commented that the platform fulfilled their desire for easy and comprehensive 
information.  
 
The addition of eHealth can have positive effects on QoL as well. A systematic review 
on eHealth usage by breast cancer patients concluded that multi-component eHealth 



 Early results of a comparative study of eHealth in bariatric surgery 

59 

4 

systems seem more effective (e.g. social support system, mobile apps, monitoring)14. 
Literature on the value of eHealth on HRQoL outcomes in bariatric surgery is scarce and 
results vary15-17. HRQoL improved drastically at one year after the operation, as 
literature suggests18-19. Across all domains improvement was seen, however, no 
differences between intervention groups. An explanation for this could be that 
potential small differences cannot be detected because of the major improvement seen 
at one year postoperatively regardless of intervention group. It is possible that eHealth 
usage can be beneficial in maintaining a high HRQoL. Longer term studies must be 
conducted to test this hypothesis.  
 
Limitations of this study should be addressed. It can be expected that patients will 
make use of other eHealth solutions or gather information on the Internet as this is 
becoming widely available. In addition, some patients in the eHealth groups did not 
utilize the platform or devices. In an intention-to-treat analysis this bias should be 
minimal and reflect daily practice. Another limitation of this trial is the high number of 
patients who quit the study early, as mentioned before. This, however, is also a 
valuable finding. Future assessment is needed to determine if patients are willing to 
make use of eHealth solutions, if the interventions are only beneficial for a specific 
subset of patients, or if eHealth is an unwanted addition to standard of care.  

Conclusion 

The value of eHealth, in particular in bariatric surgery, is not investigated broadly. It 
was hypothesized that the addition of eHealth to standard of care can be beneficial. 
Early results of the BePatient trial have shown no clinical significant differences in terms 
of convalescence after surgery, RTW, commitment to the program and quality of life at 
one year postoperatively. There was a tendency for usage of more (electronic) aids in 
the online- and device-group. Longer term results and weight loss outcomes will be 
published in the future. 
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Abstract 

Background:  
Post bariatric support contributes a lot to successful outcome. EHealth interventions 
have a hypothetical benefit in addition to standard care. This could lead to increased 
weight loss, comorbidity reduction, patient adherence and quality of life. This 
randomized controlled trial aims to evaluate the value of an eHealth platform and self-
monitoring devices as addition to standard bariatric care. 
 
Methods:  
Two-hundred-and-five patients who underwent primary bariatric surgery were 
randomized (2:1:1) to receive standard care (control group), additional access to an 
educational patient eHealth platform (online group) or additional access to eHealth 
platform as well as self-monitoring devices (device group). The platform consisted of an 
interactive educational environment with informational videos, dietary advice, news 
and more. The self-monitoring devices used were a weight scale, blood pressure 
monitor, pulsoxymeter and activity bracelet. Primary endpoint was weight loss. 
Secondary outcomes included comorbidity reduction, quality of life and eHealth use. 
 
Results:  
Postoperative weight loss, comorbidity reduction, frequency of consultations and 
quality of life were similar between groups. Participation to the eHealth platform was 
high (online group 90%, device group 98%). Most frequently accessed contents were 
information messages, videos and the treatment preparation modules. The percentage 
of active users of the self-monitoring devices dropped from 62% in the first 
postoperative month to 19% after 2 years. Thirteen patients in the device group 
withdrew due to unwillingness to use self-monitoring devices. 
 
Conclusions:  
Participation to the eHealth intervention in addition to the standard post-bariatric 
guidance program was high, however had no significant impact on clinical outcomes 
such as weight loss, comorbidity reduction and quality of life. 
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Introduction 

Global obesity can be considered one of the greatest threats to human health of the 
twenty-first century due to its increase in prevalence and increased risk of numerous 
comorbidities as well as reduced quality of life and life-expectancy1-6. The superiority of 
bariatric surgery over conservative weight loss methods is well established, however 
long term weight stabilization remains subject of research7-9. Contributors to this long 
term success are patient selection, dedicated bariatric team members and an intensive 
follow-up program10-12. Adherence to such a program facilitates postoperative lifestyle 
modifications, such as engaging in physical exercise, dietary recommendations, and 
empowerment of the patients themselves. Retaining commitment of patients to the 
guidance and follow-up care can be challenging. Large cohort studies have shown poor 
long-term follow-up attendance despite (inter)national guidelines13-15.  
 
With increased worldwide availability of internet access, new opportunities are being 
explored to find benefits of implementing eHealth solutions to standard care. Various 
systematic reviews have shown that eHealth can be a promising intervention in 
addition to standard care, especially for the management of chronic diseases such as 
diabetes mellitus, chronic obstructive pulmonary disease (COPD), inflammatory bowel 
disease and fatigued cancer survivors16-19. Its beneficial value in patients struggling with 
obesity has been found by various authors, however the effects of eHealth in bariatric 
surgery is less understood20-22. In the present randomized clinical trial, two eHealth 
modalities (i.e. a patient platform and self-monitoring devices) were compared with 
standard care to assess the additive value of eHealth in bariatric surgery. 

Methods 

This is a non-blinded randomized controlled trial comparing different levels of eHealth 
modalities in addition to a bariatric surgical program. The trial was approved by the 
medical ethics committee and registered on ClinicalTrials.gov (NL56992.100.16) and on 
the Dutch Trial Registration (NTR6827). The protocol and short-term results were 
previously reported23-24. The two-year results are reported here. This report was 
established using the Consolidated Standards of Reporting Trial (CONSORT) 
guidelines25. 
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Study population 

Adult, morbidly obese patients who had approval of the multidisciplinary team, 
conform IFSO criteria, were eligible26. Further inclusion criteria were: access to internet 
and smartphone; ability to understand Dutch language; signed informed consent. 
Patients were informed about the study twice during a preconditioning program by a 
bariatric surgeon or trial researcher. After informed consent was obtained, subjects 
were randomized in the study arms. Allocation to the control or two intervention 
groups (e.g. online or device) was computer-generated in a 2:1:1 ratio. Inclusion and 
allocation were performed by the research team. Access to the researched 
interventions were available directly following inclusion. Inclusion spanned from 
February 2017 until February 2018. The follow-up period was two years 
postoperatively. During this period the standard postoperative care did not change 
significantly. 

Study groups  

Patients in the control group received standard care. This consisted of a preoperative 
screening and preconditioning program followed by a five-year follow-up period. 
Patients received a personalized journal with written information about overweight, 
bariatric surgery, the obesity center and the care pathway. In the first two years after 
the operation, patients had 13 meetings with a bariatric surgeon, obesity nurse, 
dietician, psychologist and physiotherapist, of which 3 were group meetings. In the 
second year, less consultations were planned but they could be increased on request or 
if necessary.  
 
In addition to the control group, patients in the online group received access to an 
eHealth platform. The platform was an institutional-specific patient platform, accessible 
with an internet browser or dedicated app. It was produced in collaboration with a 
digital health developer (Bepatient SAS, Paris, France) with the purpose of educating 
and preparing the patient to improve outcomes. It contained information about 
obesity, the treatment options, dietary information and exercise. Information was 
available in the form of written text, images, videos and quizzes. The preparation phase 
section was developed to instruct and prepare patients for the operation and aftercare 
program. In the Frequently-asked-questions section, the common questions were 
answered. The platform was updated regularly with new information or advice in the 
sections Question of the Week and Tip of the Week. In the Prevention of weight regain 
section patients were able to find information about weight regain and how to prevent 
this. Experiences of former and current patients were displayed at the Patient 
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testimonials section. In the Sports program section instructional videos of several 
exercises were shown. Patients received access to personal accounts which could only 
be accessed using a self-chosen password. Patients received a demonstration on how 
to utilize the platform after inclusion. Furthermore, during follow-up meetings the 
medical staff, dieticians and psychologist referred to the platform routinely and advised 
to use it as additional support. 
 
Patients in the device group received four digital self-monitoring devices and eHealth 
platform access in addition to the control group. The devices used in this trial were a 
digital weight scale, a blood pressure monitor, a pulse oximeter and an activity 
bracelet. Those devices were connectable to a smart phone or tablet. Data were sent 
and stored on the personal platform accounts. All patients in this group received a 
demonstration and written information on how to use the devices and were given 
contact information in case of problems with the devices or platform.  

Outcome measurements 

Primary outcome 

Primary endpoint was weight loss at two years. Patients were weighed on calibrated 
weight scales in the hospital at captured moments during the study. Weight loss was 
reported as percentage total weight loss (%TWL).  

Secondary outcomes 

As a secondary outcome, the evolution of comorbidities was assessed. The status of 
type 2 diabetes mellitus (DM), hypertension (HT), obstructive sleep apnea syndrome 
(OSAS), dyslipidemia (DL), gastroesophageal reflux disease (GERD) and arthralgia was 
collected at baseline and at one- and two-years postoperatively. Comorbidities were 
considered to be improved if medication was reduced or stopped, or if patients 
experienced less or no complaints. When comorbidities did not change or worsened, it 
was considered as unimproved. Health-related Quality of Life (QoL) was another 
secondary outcome and assessed using a Dutch version of the RAND-36 health survey 
questionnaire27-28. This standardized and validated questionnaire assesses the quality of 
life with 36 items across nine domains, namely: physical functioning, social functioning, 
physical role limitations, emotional role limitations, mental health, vitality, pain, 
general health perception, and health change perception. Scores for each domain were 
translated to a 0 to 100 scale, in which a higher score corresponded to a better 
experienced quality of life. Usage of eHealth solutions was assessed by collecting data 
traffic and a questionnaire about the use of (other) eHealth solutions. Lastly, 
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satisfaction with and commitment to the pre- and postoperative program was assessed 
using a non-validated questionnaire. This questionnaire contains an evaluation of the 
aftercare program on a scale from 0 to 10 and six yes-or-no questions about 
commitment to the aftercare program. 

Statistical analysis 

The primary outcome examined in this trial the continuous response variable body-
mass index (BMI) from independent control and experimental subjects with 2 controls 
per experimental subject. It was powered to detect a 10% difference in BMI loss 
between study arms with a power of 0.8 and α=0.05, assuming a normal distribution 
and a standard deviation of 8 BMI points 23. The calculated number of subjects was 96 
in the control group and 48 subjects per intervention group. Health data was extracted 
from the institutions electrical health record information system by an automated and 
blinded method. Device and platform usage data was collected from the secured 
eHealth platform server. Data collection was done by members of the research team 
and stored in encrypted files. All analyses were carried out based on the intention-to-
treat principle. Descriptive statistics of the data were performed for all baseline 
characteristics and outcome measures. Continuous variables with normal distribution 
were reported using mean and standard deviation and analyzed using the one-way 
ANOVA-test. Continuous variables with non-normal distribution were reported using 
median and interquartile range and analyzed using Kruskal-Wallis test and Mann-
Whitney U test. Categorical variables were reported as counts and frequencies and 
analyzed using Pearson’s Chi-square test or Fisher’s exact test. SPSS Statistics version 
25 (IBM Corp., Armonk, NY, USA) was used for statistical analysis and handling of data. 
A p-value < 0.05 (two-sided) was considered statistically significant. 

Results 

In total, 205 participants were included in this study. They were randomly assigned to 
the control group (n=103), online group (n=50) or device group (n=52). Baseline 
characteristics are shown in Table 5.1. A CONSORT flowchart is displayed in Figure 5.128.  
After two years, no clinically relevant and statistically significant differences in weight 
loss between groups were found. Weight loss expressed in %TWL ± SD was 29.8 ± 9.1 in 
the control group versus 28.8 ± 10.7 in the online group versus 32.4 ± 8.8 in the device 
group (p=0.1769) (Table 5.2). Major improvements of all comorbidities were noted in 
all groups, yet no statistically differences at one- and two-year postoperatively were 
found (Table 5.2).  
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Table 5.1 Baseline characteristics. 

 Control Online Device 
 % (n=) / Mean % (n=) / Mean % (n=) / Mean 
Participants 103 50 52 
Gender, male 26 (27) 24 (12) 17 (9) 
Age, years 44.2 43.7 43.1 
Weight, kg 122.7 121.5 121.2 
BMI, kg/m2 41.9 42.0 42.7 
Procedure    
Gastric sleeve 64 (66) 67 (33) 61 (31) 
Gastric bypass 36 (37) 33 (16) 39 (20) 
Comorbidity status    
Hypertension 35 (36) 46 (23) 33 (17) 
Diabetes 16 (16) 22 (11) 10 (5) 
Dyslipidemia 44 (45) 44 (22) 21 (11) 
GERD 36 (37) 34 (17) 52 (27) 
OSAS 18 (19) 32 (16) 10 (5) 
Arthralgia 63 (65) 68 (34) 81 (42) 
Subjects who stopped participation 3 (3) 4 (2) 31 (16) 
 
 

Parameters on consultation are shown in Table 5.3. Within the study period, 
participants engaged in a combined total of 3605 consultations of which 2882 (80%) 
were physical consultations at the obesity center and 723 (20%) were by phone. The 
median number of consultations in the first two years postoperatively per subject did 
not significantly differ between groups (p=0.908) and was 17 [IQR: 15-21] in the control 
group, 16 [IQR: 15-19] in the online group, and 17 [IQR: 14-19] in the device group. 
When analyzing other consultation modalities (e.g. consultations with medical 
professionals, dieticians, psychologists, obesity nurses, or group sessions), no significant 
differences between groups were found either.  
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Figure 5.1 CONSORT diagram of patient enrollment. 
 
 
The percentage of subjects that accessed the platform more than once were 90% and 
98%, for online and device group respectively (p=0.207; Table 5.4). The mean number 
of connections was significantly higher in the device group than the online group with a 
mean of 43 compared to 22 (p=0.031). The mean number of page views was equal in 
both groups and around a 100 views (p=0.707). The most accessed subsections in terms 
of unique visitors were Information Messages, Videos and Preparation Phase in both 
groups. At the start of the trial, 62% of all patients in the device group made use of the 
devices. This gradually declined to 19% at the end of the study period. This included 
16 patients who prematurely withdrew from participating. No significant differences 
between groups were found in terms of satisfaction with and commitment to the 
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program. Patients scored the postoperative program with a 7.6 average in the control 
group, a 7.7 in the online group and a 7.3 in the device group (p=0.625). The mean 
number of positive answers in terms of patients commitment and adherence to the 
program was 4.5 in the control group, 4.0 in the online group and 4.1 in the device 
group (p=0.278). 
 
Table 5.2 Weight loss outcomes, improvement of comorbidity status, and quality of life improvement 

scores at two years postoperatively.  

 Control Online Device  
%TWL after: Mean ± SD Mean ± SD Mean ± SD p= 
6 months (n=196) 26.9 ± 5.8 25.1 ± 7.5 28.1 ± 5.6 0.063 
12 months (n=200) 31.2 ± 7.8 29.6 ± 9.5 32.8 ± 7.0 0.146 
24 months (n=177) 29.8 ± 9.1 28.8 ± 10.7 32.44 ± 8.8 0.176 
Comorbidity improvements     
2 year postoperatively % (n=) % (n=) % (n=) p= 
Hypertension 88 (22) 82 (14) 100 (12) 0.389 
Diabetes 100 (11) 90 (9) 100 (4) 0.560 
Dyslipidemia 72 (23) 70 (7) 67 (6) 1.000 
GERD 80 (12) 67 (4) 50 (4) 0.331 
OSAS 100 (10) 75 (6) 100 (1) 0.269 
Arthralgia 77 (24) 80 (8) 77 (10) 1.000 
Quality of life improvement     
Physical functioning 37 ± 20 34 ± 21 33 ± 16 0.535 
Social functioning 16 ± 28 24 ± 28 20 ± 26 0.379 
Physical role impairment 52 ± 37 38 ± 41 37 ± 36 0.098 
Emotional role impairment 39 ± 42 31 ± 51 25 ± 61 0.454 
Mental health 8 ± 14 10 ± 19 10 ± 14 0.680 
Vitality 10 ± 20 24 ± 22 21 ± 19 0.664 
Pain 32 ± 26 27 ± 29 27 ± 23 0.654 
General health perception 32 ± 21 38 ± 25 29 ± 18 0.271 
Health change 24 ± 30 41 ± 34 33 ± 37 0.060 
Total improvement 259 ± 142 268 ± 162 231 ± 162 0.650 
 
 
Table 5.3 Consultations, median frequency in the first two postoperative years. 

 
Control 
(n=103) 

Online 
(n=50) 

Device 
(n=52)  

 Median [IQR] Median [IQR] Median [IQR] P= 
Total 17 [15-21] 16 [15-19] 17 [14-19] 0.908 
Physical 14 [13-16] 14 [12-16] 14 [12-16] 0.244 
Telephonic 3 [1-7] 3 [2-5] 3 [1-4] 0.820 
Medical professional 5 [4-7] 5 [4-7] 5 [4-7] 0.998 
Obesity nurse 4 [4-6] 4 [3-5] 5 [4-5] 0.394 
Psychologist 0 [0-1] 0 [0-1] 0 [0-1] 0.652 
Dietician 4 [4-5] 4 [3-4] 4 [3-4] 0.204 
Physiotherapist 2 [2-3] 2 [2-3] 2 [2-3] 0.745 
Group session 2 [2-3] 2 [1-3] 2 [2-3] 0.543 
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Table 5.4 Usage of eHealth solutions. 

 
Online 
(n=50) 

Device 
(n=52)  

Online 
(n=50) 

Device 
(n=52) 

 

Actively used platform, %* 90 98 0.207    
Number of connections, mean 22.1 43.3 0.031    
Number of page views, mean 103.8 96.3 0.707    
Data traffic, subsection Unique visitors (% of subjects) Median page views [IQR] 
   Information message 98 100 1.000 5 [2-6] 5 [3-6] 0.831 
   Videos  96 98 1.000 8 [4-17] 8 [4-17] 0.594 
   Preparation phase 73 89 0.065 13 [0-41] 10 [3-44] 0.562 
   Frequently-asked-questions 65 82 0.073 10 [0-23] 10 [1-25] 0.682 
   Lectures about obesity 53 43 0.341 10 [0-45] 0 [0-49] 0.479 
   Question of the Week 51 50 0.922 2 [0-17] 1 [0-13] 0.700 
   Tip of the Week 49 64 0.155 0 [0-2] 1 [0-4] 0.183 
   Prevention of weight regain 20 27 0.437 0 [0-0] 0 [0-1] 0.321 
   Fact or Fiction 24 18 0.460 0 [0-0] 0 [0-0] 0.346 
   Patient testimonials 16 14 0.717 0 [0-0] 0 [0-0] 0.647 
   Sports program 10 14 0.609 0 [0-0] 0 [0-0] 0.593 

* This number represents patients who logged on to the platform two or more times. This was done to 
exclude patients who used the platform only once to fill in the mandatory questionnaire.  
 
 

Quality of life improvement scores after two years are displayed in Table 5.2. All groups 
experienced major improvement across all quality of life domains at 2 year 
postoperatively, however no statistical differences between groups were found.  
 
A total of 21 out of the initial 205 patients withdrew from participating in the trial 
before the end of the study. The majority derived from the device group. In this group, 
16 of 52 patients stopped their participation prematurely, compared to 2 in the online 
group and 3 in the control group (p<0.001). Most patients quitted in the first year 
(n=16). Main reasons for quitting were unwillingness or inability to use devices or 
platform (n=14), requested access to the eHealth platform although assigned to the 
control group (n=3), unrelated health problem (n=3), and no shows (n=2).  

Discussion 

The addition of an eHealth patient platform or self-monitoring devices to standard 
bariatric care did not improve weight loss, comorbidity reduction, consultation 
frequency and quality of life in this randomized controlled trial. Still, the vast majority 
of the patients made use of the platform and frequently viewed the online information.  
 
Given the complexity and intensity of postoperative bariatric care, patient compliance 
is crucial, especially in the first postoperative years. As mentioned before, the addition 



 A randomized clinical trial evaluating different levels of eHealth in bariatric surgery 

73 

5 

of eHealth solutions had shown promising results in the management of other chronic 
diseases16-19. Likewise, early studies on the value in bariatric surgery showed promising 
effects on postoperative weight loss29.The present randomized controlled trial did not 
support the proposed beneficial value of the addition of eHealth to postoperative 
bariatric care. That may be explained in several ways. Landmarks studies have shown 
that weight loss reaches its peak at around one- or two-years postoperatively, after 
which some degree of weight regain is seen30-31. It was hypothesized that the 
investigated eHealth modalities would improve compliance and thereby better weight 
stabilization. Some would therefore argue that two years follow-up is too short. On the 
other hand, early no-shows were related to poor weight loss15. Furthermore, standard 
follow-up at the study center in the first two years postoperatively was already 
extensive, as guidelines recommend32. Therefore, it is possible that the additional 
effect of the eHealth solution was diminished by the abundant standard follow-up 
program of the study site. eHealth solutions might prove beneficial in institutions 
where time and resources are less abundant, or where patients are obliged to a larger 
commuting distance. Furthermore, the trial examined the value of eHealth as addition 
to standard care and not as an alternative. While the interventions showed no 
additional benefit to the control group, this might indicate that it can replace certain 
parts of the follow-up program, especially due to the high reachability of the 
intervention. 
 
It was hypothesized that the use of self-monitoring devices would make patients more 
conscious about their health and progress, and therefore more secure and committed. 
In some cases, the opposite was seen. These patients commented that they felt 
obligated to do the measurements for the research team rather than for them self. On 
the other hand, certain patients in the control group requested access to the platform 
after hearing positive remarks from patients in the intervention groups. Also, many 
patients in the eHealth groups indicated that the information on the platform was of 
added value and that they felt more committed to the program. However, this was not 
confirmed by the results of the adherence questionnaire, as patients felt equally 
satisfied with and committed to the postoperative program. The usage of the eHealth 
platform was high in both intervention groups. Around 95% of all patients with access 
to the platform logged in more than once. Furthermore, the mean number of total 
connections per patient during the study period was 22 in the online group and 43 in 
the device group, indicating that the platform was highly accessed. The differences 
between groups is mostly explained by the fact that the self-monitoring devices 
required patients to connect more often in order to synchronize. Furthermore, the 
addition of devices compared to standard care did not lead to improved clinical 
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outcomes, especially not in increased postoperative weight loss, as hypothesized. 
Comparable findings were seen in a large randomized clinical trial comparing the 
addition wearable devices to standard behavioral weight loss intervention. Contrary to 
expected, patients receiving the additional wearable devices lost less weight compared 
to the control group33. 
 
There was a major decline noted in terms of usage of the wireless self-monitoring 
devices during the study period. Around 60 percent of all patients used the devices at 
start. This declined to 22 percent at the end of the study. Furthermore, 13 patients 
returned their devices, because they did not used the devices anymore. This trend was 
also seen in a pilot study performed to assess the feasibility of home monitoring 
devices in bariatric surgery, in which only around half of all patients actually used the 
devices as instructed34. During the study period some problems with the devices were 
encountered. First, it seemed harder for some patients to connect the devices than 
expected beforehand. In most cases this was solved by minor interventions, such as 
restarting the phone or tablet or changing batteries. Moreover, patients were 
requested to connect the devices to a third party commercial app. However, in order 
for the research team to see the measurement, patients were also requested to 
connect their third party account to their study platform account. This difficulty led to 
issues with some patients. After a while, patients started to lose interest and stopped 
using the devices. Second and in retrospect, using up to four different devices might 
have had a negative effect on the total device usage. The activity bracelet and the 
weight scale were used frequently. The blood pressure monitor and pulse oximeter 
were used less often. Many patients commented that they did not know what to do 
with the measurements of the latter. This also might have led to patients getting 
disinterested in using the devices.  
 
Some limitations need to be addressed as well. As explained before, usage of the 
devices was less than expected. Proper use of the devices for those who were willing to 
use the devices could have led to measurable differences in weight loss. Unfortunate, 
loss to follow-up was high, especially at two-year postoperatively. This was mainly due 
to patients resigning from the trial, resulting in a total number of subject available for 
analysis of the primary outcome being below the number calculated by the power 
calculated.  Furthermore, as indicated before, the standard follow-up program might 
already be exhaustive and the follow-up length may have been too short to find for 
significant differences. Lastly, the results of this trial may not be translatable world-
wide. As of 2019, around 96% of the households in the Netherlands have access to the 
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internet and around 89% have access to a smartphone 35. The study population may not 
be comparable to other regions of the world with limited access to internet. 

Conclusion 

In conclusion, the addition of eHealth modalities in terms of an educational patient 
platform and self-monitoring devices to standard bariatric care did not improve weight 
loss, comorbidity reduction, number of consultations and quality of life. The 
educational platform was, however, frequently utilized and appreciated by patients. 
The researchers recommend bariatric teams and treatment centers to explore whether 
the addition of an educational platform can be beneficial in their practice. Future 
studies, including cost-effectiveness analysis, must find out if patient’s experiences and 
compliance can be improved with eHealth. 
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Abstract 

Background 
To maintain the benefits of a bariatric procedure, patients have to change their lifestyle 
permanently. This happens within a context of coresponsibilities of health care 
professionals and their social support system. However, most interventions are focused 
on the patient as an individual. In this explorative pilot study, behavioral, contextual, 
and experiential data were gathered to obtain insight on coresponsibility. 
 
Objective 
The aim of this study is to explore the use of trackers by patients who have undergone 
bariatric surgery in a data-enabled design approach. 
 
Methods 
Behavioral and contextual data on the households of patients who have undergone 
bariatric surgery were explored using a smartphone with an interactive user interface 
(UI), weight scale, activity bracelet, smart socket, accelerometer motion sensor, and 
event button to find examples of opportunities for future interventions. 
 
Results 
A total of 6 households were monitored. Approximately 483,000 data points were 
collected, and the participants engaged in 1483 conversations with the system. 
Examples were found using different combinations of data types, which provided the 
obesity team a better understanding of patient behaviors and their support system, 
such as a referral to a family coach instead of a dietician. Another finding regarding the 
partners was, for example, that the conversational UI system facilitated discussion 
about the support structure by asking for awareness. 
 
Conclusions 
An intelligent system using a combination of quantitative data gathered by data 
tracking products in the home environment and qualitative data gathered by app-
enhanced short conversations, as well as face-to-face interviews, is useful for an 
improved understanding of coresponsibilities in the households of patients who have 
undergone bariatric surgery. The examples found in this explorative study so far 
encourage research in this field. 
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Introduction 

Overweight and obesity are steadily growing into one of the largest threats to human 
health in this century, as almost 2 in 5 people are overweight worldwide1. Bariatric or 
weight loss surgery has been used to treat patients with morbid obesity for decades 
with a proven long-term effect2. Worldwide, more than 800,000 procedures are 
performed annually3. Key aspects of a successful treatment include multidisciplinary 
preoperative screening and postoperative guidance4-6. Even though most aftercare 
programs are focused on the importance of a long follow-up by a dedicated obesity 
team, and there is increasing knowledge on primary care for long life guidance 
thereafter, the time and resources used could not be enough for individual patients7. 
Obesity teams gather as much information as possible from the interviews, anamnesis, 
and group sessions. However, this is time-consuming, subjective, and probably 
incomplete. Besides lab results for medical follow-ups, other frequently used aids are 
questionnaires, diet diaries, and exercise tests. As obesity is undoubtedly multifactorial 
in origin, more sources of data can be useful, for instance, the frequency and duration 
of exercises and meals. Such information can be useful for the patient and for the 
obesity team as both have their part in the responsibility to maintain the benefits of a 
bariatric procedure. Frequently, behavior is influenced by those living with the patient. 
In most cases this will be a partner, but it could also be parents, children, housemates, 
close friends, or even colleagues. This could pose a challenge to successfully change 
behavior postoperatively, as preoperative behavior is often intertwined with a person’s 
social life. As this behavior is crucial for a successful bariatric intervention, the social 
support system has a share in this responsibility as well. Connecting these 
responsibilities within limited time and with limited information is demanding. An 
answer to this demand could be tracking data from households, using several devices 
with information originating from the patients, as well as others in the direct social 
support system. A visualization of these co-responsibilities is suggested in Figure 6.18,9. 
Creating an interactive system with more data for these parties could enhance this co-
responsibility and, therefore, improve weight loss and quality of life for a long period. In 
this explorative study, such an interactive system was created. The aim of this study 
was to assess the value of an interactive system with tracking data from a household as 
a social support system for the patients who had undergone bariatric surgery. 
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Methods 

Ethics approval 

This pilot study was part of a clinical trial entitled “Together in Shape.” Its setup as a 
therapeutic intervention study was approved by the Philips Internal Committee of 
Biomedical Experiments, the medical ethical review board of Medical Research Ethics 
Committees United (MEC-U) and Central Committee on Research Involving Human 
Subjects (NL63252/100.17), and the local feasibility committee (CZE-2018.06). 

Setting and selection criteria 

The setting was the obesity center of Catharina Hospital where up to 1000 patients are 
treated annually. Normally, a patient has 27 contacts individually or in group with the 
multidisciplinary team during 5 years of follow-up. Additional visits or telephone-based 
consultations are provided whenever necessary or requested. Only by exception is the 
guidance program transferred to primary care10. Information about the study was 
provided through the center’s eHealth portal. Selection criteria were patients in their 
postoperative trajectory after bariatric surgery, who had at least 1 person living nearby, 
could speak the Dutch language, were above the age of 18 years, willing to participate 
and to have house visits by the research team, and who signed an informed consent 
form. Eligible patients were informed by the research team, and in-depth information 
about the study was provided. A series of consecutive patients who had undergone 
bariatric surgery were informed about the study until 6 households were included. The 
number of inclusions was limited due to the explorative design of the study. Each 
household was followed for approximately 5 to 6 weeks. 

Study design 

A data-enabled design approach was used, which means that the collected contextual 
data were used during the process to continuously enhance, update, and shape the 
design11. Such a study usually consists of 2 phases: the contextual phase, to get a good 
conception of the setting; and the informed phase, when design interventions are 
tested out in the participants’ own context—in this study, their home. In the contextual 
phase, the focus was on collecting and determining which data was interesting and how 
to display this comprehensibly. This was mainly done by conversations with the 
participants, the research team, and health care professionals. No interventions were 
done in this phase. This was introduced in the informed phase, such as coaching and 
giving tips. 
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Semi-structured interviews were used to gain insight on the lifestyle, daily routine, 
home environment, and social system of the patients. The interviews were planned 
beforehand and took about 2 hours; they were based on a predefined questionnaire 
that was compiled before the start of the study and was approved by the MEC-U. The 
interviews were important as they were used to correlate data points to behavior and 
put them into a contextual setting. During these interviews, several themes were 
discussed and clarified such as the general condition of the subjects, daily routine, 
mental health, commitment, satisfaction, possible changes to the previously mentioned 
elements due to the trackers, utilization of trackers, technical problems with the 
trackers, and unexpected outcomes. The interviews allowed for time to have practical 
discussions about the interactive system, the app, and to gain insights on the lifestyle, 
routines, and social system of the patients. This could further inform the research team 
of the trackers that could be used. Potential changes in the data tracking and system 
setups were part of this process. A translated transcription of the semi-structured 
interviews is provided in Multimedia Appendix 1. The interviews were transcribed and 
coded for analysis. Furthermore, non-structured interval interviews were held on 
demand during the follow-up period to gain contextual insights into the gathered data 
points. 
 
For this study, the 3 pillars of the co-responsibility system (Figure 6.1) that were 
analyzed were the obesity team (as health care professionals), the patient, and their 
partner (as the social support system). It was recognized by the research team that a 
partner is only a part of a social support system. It can also include and is not limited to 
other individuals such as housemates, children, parents, a close friend, colleagues, etc. 
In this study, the role of the partner in the social support system was the subject of the 
investigation to simplify the methods and results. An interactive system was created 
that gathered data from different sources such as medical records, situated contextual 
data (e.g. physical activity, mental health, and nutrition), and self-reported data (e.g. 
which family member is cooking), and consisted of different communication platforms 
for each of the stakeholders to facilitate the presentation and sharing of personalized 
coaching content for the patients who had undergone bariatric surgery and their 
partners. The specific collected data types and the specific content of the 
communication functionalities were not preset and were subject to change during the 
study period. Therefore, there remained a possibility to experiment with different data 
types and features to explore multiple designs for benefitting co-responsibility based 
on care questions and priorities. 
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The intelligent system consisted of 4 elements: data trackers, a mobile phone app, an 
obesity team dashboard, and a research dashboard. Three types of data trackers were 
used (Figure 6.2), which are as follows: personal data, contextual data, and open data. 
Personal data (physical activity bracelet and weight scale) was used for measuring 
number of steps, heart rate, and weight. These devices were used to give patients more 
insights on their weight loss progress and physical activity; the activity bracelet could 
interact with the mobile phone app and the dashboards. Contextual data (smart 
sockets and accelerometer) was used for measuring the use of devices (e.g., television, 
household equipment) and movement (e.g. opening cabinets or picking up sports 
equipment); these were used to track activities in home environment. Open data 
(smart buttons and rotary knobs) was used for measuring events (e.g. cooking) and 
experiences (e.g. how bored I am). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1 Co-responsibility system. Based upon: Neutelings et al.3 and Jansen et al. 4 

 
 
 
 
 
 
 
 
 
 
Figure 6.2 Three examples of trackers used to collect contextual and behavioral data: activity bracelet 

(left), event button (middle), smart socket (right). 
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Patients and their partners were able to use a phone with a study app conversational 
user interface (UI) to participate in preset conversations based on data triggers (e.g. 
when the accelerometer registered motion in the kitchen cabinet) with preset times, or 
when they were initiated by the research team. An example is shown in Figure 6.3. 
Patient and partner each had their own phone and app and received individual 
conversations. They were instructed about the trackers and the apps and how to use 
them properly. The trackers were placed on places and objects in their house after 
agreement with the subjects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 Screenshot of the mobile application. 
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A large number of data points were expected to be collected. The activity bracelet 
gathered daily physical activity summary and sleep data. The weight scale generated 
data points upon weight measurement. The motion sensor produced data points when 
a movement was registered. App analytics were recorded when patients sent or 
received messages or when the app was opened, interacted on, and closed. The smart 
buttons and the rotary knobs recorded data points when patients interacted with the 
buttons and based on the value they entered. To process these data points, a few steps 
were taken. The data were preprocessed by filtering out test data, removing outlines, 
and removing data points that were sent over by the devices whether or not they were 
working (e.g. battery status). Next, script-based data analysis was performed based on 
clinical guidelines (e.g. number of recommended steps, daily recommended meals). 
Lastly, dashboards were designed to visually interpret the data. An obesity team 
dashboard was produced to get insights on the data, and more importantly, to discuss 
within the research team which data were valuable. An example of the dashboard is 
shown in Figure 6.4. This visualization shows time points when a subject registered a 
meal. Because the types of data were adaptable and decided in negotiation with the 
participants, the available data were different per household. Likewise, a dashboard 
was built for research purposes and used by the researchers to setup, modify, and 
analyze the study as well as trigger the personalized coaching content in the chatbot 
communication system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4 Screenshot of the data visualization dashboard. 
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Results 

In total, 12 participants were included in the study: 6 patients and their partners (Table 
6.1). The data trackers and app analytics generated around 483,000 data points, and 
the participants engaged in 1483 interactions with the system. The mean number of 
daily app interactions ranged from 7.2 to 16.9. This information was transferred into a 
data visualization timeline, where the interventions (e.g. providing suggestions for an 
exercise or a recipe) were also taken into account. The data points are the sum of the 
collected personal, contextual, and open data points described in the previous section. 
The most contextual data points were retrieved from the connected power sockets that 
were attached to the participants’ televisions and kitchen appliances. However, the 
large amount of data points was mainly due to power usages and not turn on or turn 
off events. The second most retrieved contextual data points were from the motion 
sensors. The participants themselves reported 641 events using the open data trackers 
(e.g. smart buttons indicating an event or rotary buttons for emotion assessment). 
Lastly, the personal data points included the daily summaries of the activity tracker’s 
sleep and activity data. 
 
Table 6.1 Study population characteristics.  

Household a Study phase Time postoperatively Mean number of daily app 
interactions, mean (SD) 

 
1: Anna & Alex Contextual 10 months 16.9 (37.7) 
2: Bella & Brian Contextual 12 months 7.2 (6.7) 
3: Chloe & Chris Informed Direct 10.6 (14.5) 
4: Diana & David Informed 4 months 11.1 (7.7) 
5: Emily & Eric Informed 5 months 9.8 (7.6) 
6: Fiona & Felix  Informed 12 months 10.1 (4.4) 

a Fictive names were used 
 
 

Findings that focused on co-responsibility between the patient and the obesity team 
were analyzed, and opportunities for interventions were consequently identified. 
Examples of these findings, which led to insights or changes in the intelligent system, 
will be explored below. 
 
One example describes an interesting finding about household dynamics around food 
choices. In this household, the deep fryer was used more often than originally indicated 
in the meeting with the patient and the partner before the system was placed in their 
home. The household indicated that they eat fries once a week. However, the smart 
socket showed usage of the deep fryer 6 out of 7 days. After this was brought up to the 
household, it became clear that this was due to a disagreement on what to eat 



Chapter 6 

88 

between the patient, the partner, and their children. Instead, they chose to eat fries to 
accommodate everyone’s eating desires. 
 
The system permitted assessment of the effectiveness of an intervention, illustrated by 
an example on physical activity where feedback in the app led to changes in the 
intervention. In the same household of example 1, the frequency and duration of 
exercise was adequate, although weight loss was still unsatisfactory. In an effort to 
explain this, the physiotherapist had to look for other reasons for this insufficient 
weight loss. The patient noticed that by using the app after scoring the intensity of 
exercises for a week, she might need to increase the intensity rather than the duration 
or frequency to improve weight loss. 
 
In another household, an example of co-responsibility between the obesity team and 
the patient was found. The participant’s health record indicated low self-esteem. Her 
study data showed that she had a very good workout regime. She was advised to 
complement her workouts with the conversation app, which she found very difficult to 
do. Her realization supported the willingness for additional psychological help. 
 
Two other examples were on the co-responsibilities between the patient and their 
partner. Involving the partner more in the care trajectory could be beneficial but 
difficult to organize. Therefore, the conversational UI system facilitated the discussion 
about the support structure by asking for awareness of the amount and type of support 
that the patients received from their partners. In one case, the partner was impressed 
that the patient was capable of reaching results on her own, whereas the patient still 
wanted to have support. Receiving questions on the app about the partner’s support 
triggered a discussion between the patient and their partner about this subject. In 
another case, the patient realized that she had asked for support and received it but 
had found it difficult to appreciate it. In the face-to-face conference afterwards, the 
couple pointed out that the system had made them both feel as if they were part of the 
same lifestyle rather than having two separate lifestyles. 
 
Upon asking, all the partners commented that they wanted to support the patients; 
however, they also felt that altering their own behavior was not part of that. One 
example of how the intelligent system could influence the behavior and co-
responsibility of the partner was found in household 6. The partner received a coaching 
message on the app to surprise the patient with a healthy alternative. He agreed, got 
positive feedback, and asked for more recipes later on. 
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Discussion 

Principal results 

The behaviors and experiences of patients who have undergone bariatric surgery in 
relation to their lifestyle change take place within a social context and interaction with 
others. Such a context is quite complex to investigate and, therefore, influence. On the 
other hand, it is important for a patient’s long-term outcome as well as for their 
households. One possible approach toward this is to get insights into behaviors in the 
home environment using a data tracking system. Data tracking and interviews might 
provide an understanding of co-responsibilities in these households. By using this 
approach, this explorative study revealed some examples of intermingling 
responsibilities of the household members (sometimes the children but mostly the 
partners), members of the obesity team, and the patients. A limitation of this study was 
that the results were case-specific and, therefore, not reproducible. They merely 
underlined the substantial variety in social dynamics in these households. A 
combination of different household members, each having different values and 
interests, was linked to a healthier way of living. In order to help the patients’ 
household members, by design, to be supportive toward a healthy lifestyle change, 
they need to be approached in a way that fits these values and interests and the roles 
they take or could possibly take. 
 
These data were regarded as a useful addition to the information normally gathered in 
short consultations and through some body measurements. For instance, the trackers 
showed that the intensity of the exercise, rather than frequency and duration, 
increased effectiveness. Another example showed that patients might, intentionally or 
unintentionally, underreport unhealthy intake, and an intelligent tracker system could 
reveal this. Having access to this information during a postoperative checkup might 
lead to choosing other intervention options. For instance, instead of a referral to a 
dietician, a family therapist might yield better results in some cases. 
 
The relationship between the physicians’ and patients’ co-responsibilities is in some 
cases unilateral: a physician is restricted to advise on treatments and lifestyle changes 
based on what a patient communicates in a consultation and with a few measurements 
(e.g. BMI, comorbidity status). It is up to the patient what to do with this advice. By 
using an intelligent data tracking solution, physicians could be able to control or 
evaluate a therapy. A recent study also showed that high compliance can be achieved 
by the use of supervised home monitoring12. 
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The examples found in this study show opportunities for designing new intelligent 
systems. However, privacy concerns might limit the effectiveness of this approach. 
Therefore, for future research, we emphasize the importance of giving control of data 
sharing to the users themselves. Findings suggest that the effect of the partner is 
substantial. This would be an interesting field for future work, as the role of the partner 
in adjusting lifestyle remains unclear. Further research is also needed to discover to 
what extent the role of others (e.g. children, friends, colleagues) is important in 
maintaining a healthy lifestyle postoperatively. 
 
Another concern might be compliance. Prior studies have presented conflicting results 
in terms of compliance and reach of telehealth solutions to the use of telemonitoring 
intervention, ranging from 50% up to 94%. These studies, however, mostly consist of 
small pilot-design studies13-16. As home monitoring is a relatively new modality in health 
care, most research is explorative, and randomized controlled trials and systematic 
reviews are scarce. An early systematic review of the literature, however, added value 
to the bariatric pathway, even though it is too early to draw final conclusions17. The 
willingness to participate in our study was high; this can be attributed to the small-scale 
design and, consequently, the close follow-up of the research team. Health 
technologies have the potential to provide additional support to a patient’s social 
system. However, many questions are yet to be answered. Results from this study 
indicate opportunities for future research. As described before, compliance might be an 
important factor in whether telehealth solutions in home environments or social 
systems will be effective. Future larger studies must explore whether patients are also 
willing to use telemonitoring with less involvement from a research team. Furthermore, 
it is still unclear which type of telehealth intervention patients prefer to use. In this 
study, physical, dietary, and psychosocial support was delivered all together. It is not 
clear which of these support types is most effectively facilitated by telehealth 
technologies. Not only the type but also the means of delivery of the intervention might 
be important. This varies based on the individuals. For instance, some might prefer a 
more direct approach (e.g. automated push notifications for recipes around 
dinnertime), while others benefit more from an “on-demand” approach (e.g. actively 
asking the chatbot for recipes). Future studies are recommended to determine the 
optimal type of support and means of delivery, or an optimal combination of both. 

Limitations 

One of the drawbacks of this explorative approach was the number of participants, as 
well as the non-reproducibility of the results, as they were case-specific. Furthermore, 
an intelligent system was built with the full approval of the participants in this study, 
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which could be limited by privacy concerns if applied on the general postbariatric 
population. Another limitation could be that the data found by trackers can be used by 
household members to check on each other instead of giving support. The substantial 
amount of data collected limited the analysis strategies. It remains challenging to 
process these data into a dashboard for each member of the co-responsibilities as well 
as distracting the focus of the obesity team. 

Conclusions 

The results of this pilot study indicate that using data trackers in the home environment 
of patients could help the obesity team members to be better informed in their medical 
decision-making and, thus, lead to personalized support. On the other hand, there 
remains much room for wrong interpretations of the data. Nevertheless, this study 
made the first steps in an explorative way, leading to a modest conclusion. 

Additional files 

A script of semi-structured interviews are available online at the publisher’s website. 
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Shift towards older bariatric patients 

There is an ongoing shift in the age distribution of bariatric patients. This assumption 
was confirmed in a large bariatric center with a retrospective analysis of primary 
operations. Before 2008, 28% of the patients were above 45 years old (Figure 7.1). This 
portion increased to a current 50%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1 Age distribution of primary bariatric procedures (n=4832) in a large bariatric center in the 

Netherlands. Pre 2008 is composed of all procedures ten year prior to 2008. Before 2008 
around 28% of the patients were older than 45 years old. Over the next decade this increased 
to almost 50% of the patients. A trend line was plotted using Microsoft Excel 2010 (R2=0,8329). 

 
 
In order to explain this trend the demographic data of the Netherlands were reviewed 
using a nationwide registry for demographic data. After WWII there was a major 
increase in birthrate until it peaks around 19701. Thereafter, the annual number of 
births is steadily declining. This leads to an overrepresentation of patients above 
45 years of age, the so-called baby boom generation. Furthermore, the life expectancy 
has increased considerably. The life expectancy of newborns in 1960 was around 
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73 years and is 82 years nowadays2. So, in other words, there are relatively more elder 
people and these people are getting older. This ‘double-graying’ of people is reflected 
by the nationwide registry: in 2007, 41% people where 45 years or older, while 
nowadays this has increased to 47% and is expected to increase even more in the 
coming decades3. 
 
The prevalence of obesity is increasing in every age group in the Netherlands4. There is 
a 2.5% increase in occurrence of overweight (body-mass index above 30 kg/m2) 
between 2007 and 2017, from 9.8% to 12.3%. This growing trend is seen across every 
age-group, but is more striking in older patients. For instance, the prevalence of 
overweight in patients between 50 and 55 years old increased from 14% to 18.4%. In 
addition, the prevalence of obesity was already higher in older patients. Consequently, 
this is leading to a rapid climb in absolute number of overweight older patients.  
 
The combination of increased life expectancy and increase in obesity could result into 
more years with co-morbidities due to the metabolic syndrome. For this group a lesser 
minimum of obesity can be enough for indicating a procedure. This is why bariatric 
surgery shifted towards a metabolic disease treatment. It seems logical that the effects 
of metabolic syndrome over time gives more damage to end organs, such as kidney 
failure, cardiac failure, so the older patient is at a higher risk. This effect can be called 
‘the fat-years’, similar to the term ‘pack-years’ which describes the cumulative 
exposure to smoking and is correlated with increased risk of lung cancer. The long term 
effects of cumulative exposure to obesity is not very well understood. However, several 
studies comparing older with younger bariatric patients document higher prevalence of 
obesity related-comorbidity in older patient5-7. 
 
It remains unclear if this trend continues and whether this is country or even center 
specific. If these findings are underlined by others, healthcare professionals may be 
urged to take this into consideration. A large multicenter study showed significant 
longer length of hospitalization in elderly and increased risk of mortality although this 
was not significant. The authors also found an increase in proportion of elderly patients 
in recent years, conform our findings5. A systematic review found statistically significant 
high mortality when comparing age below 55 with age above 55 years8.. Literature 
shows comparable comorbidity reductions in older patients compared to younger 
patients and low absolute complication risk8-9. Therefore, making bariatric surgery a 
valid choice to treat metabolic disorders, especially in elderly where prevalence of 
obesity-related comorbidity is high. However because the absolute mortality remains 
low the authors concluded that patients selection should not be based on age alone8.  
 
The field of bariatric surgery is growing, but historically, surgeons tend to be cautious 
when expanding a growing procedure in older patients10. Although, evidence is 
enlarging that bariatric surgery is save in older patients5,8. Therefore, surgeons should 
be less hesitant to choose surgery because it can greatly improve comorbidity, reduce 
weight and improve quality of life. Quality of life outcomes are, however, not well 
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documented for older patient but can be also major factor in choosing for an 
operation8. Therefore we encourage future studies to assess the effects on quality of 
life.  
 
In conclusion, the observed shift towards older bariatric patients can be explained 
through: changes in proportion of age categories on a nationwide level; increase in life-
expectancy; increase in prevalence of obesity and; the evolution towards metabolic 
surgery. As the body of evidence is growing that suggests that bariatric surgery is 
relatively safe and effective in older patients, surgeons should be less hesitant to 
choose for bariatric surgery for older patient. Especially, because prevalence of obesity-
related comorbidity is the highest in this group. Although, cautious is advised in 
generalizing this trend. Future studies are required to confirm these findings in other 
regions and what the impact of this is on health care.  
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Abstract 

Background 
Obesity is steadily growing to be the largest threat to human health in this century, not 
only increasing prevalence of obesity-related co-morbidity but also impairing health-
related quality of life (QoL). Bariatric surgery has shown to improve co-morbidity as 
well as QoL. 
 
Objectives 
To assess the differences in improvement in QoL for the 2 most performed procedures: 
laparoscopic sleeve gastrectomy (SG) and laparoscopic Roux-en-Y gastric bypass 
(RYGB). 
 
Setting 
Obesity center, the Netherlands. 
 
Methods 
All patients who underwent either SG or RYGB as a primary operation from January 
2012 until January 2017 were eligible. Included, were only those who completed 
preoperatively and 1-year postoperatively the QoL questionnaire. The RAND 36-item 
Health Survey was used to assess QoL. 
 
Results 
A total of 1184 cases were included in analysis of which 666 patients underwent SG and 
518 patients underwent RYGB. Groups significantly differed in body mass index, weight, 
waist circumference, prevalence of gastroesophageal reflux disease, obstructive sleep 
apnea syndrome, and hypertension. All QoL domains greatly improved after bariatric 
surgery. Physical functioning increased more in patients who underwent gastric bypass. 
This remained significant after correcting for differences between groups. Other 
domains were not significantly different. 
 
Conclusion 
QoL is greatly improved at 1 year after bariatric surgery. The improvement was 
comparable after SG and RYGB, expect for more increase in physical functioning after 
RYGB. QoL could influence decision-making between SG and RYGB. So far, no clinically 
relevant differences were found. Future research should focus on both longer follow-up 
and more specific questionnaires. 
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Introduction 

Morbid obesity is steadily growing to be one of the largest threats to human health in 
the twenty-first century. Worldwide prevalence has doubled since 1980 and it is 
estimated that approximately 12% to 13% of adult population have a body mass index 
(BMI) ≥30 kg/m2 1-2. Obesity is associated with increased risk of various chronic diseases 
including type 2 diabetes (T2D), dyslipidemia, hypertension (HT), obstructive sleep 
apnea syndrome (OSAS), gastroesophageal reflux disease (GERD) and a decline in 
quality of life (QoL)3-5. Additionally, obesity impairs both physical and social 
functioning6. 
 
Laparoscopic Roux-en-Y gastric bypass (RYGB) has been the gold standard for decades 
but laparoscopic sleeve gastrectomy (SG) has been gaining terrain over the last years. In 
2013 SG was performed more often than RYGB in the Unites States and Canada. In 
Europe, the number of procedures of SG and RYGB were around the same7. Because SG 
has only been used frequently for the last decade, long-term results only consist of 
small sample sizes. A meta-analysis of 62 recent studies showed favorable outcomes in 
RYGB compared with SG in terms of excess weight loss, HT, dyslipidemia, GERD, and 
arthritis. The effects on T2D and OSAS were similar8. 
 
Only bariatric surgery tends to be a long-term effective method to reduce excess 
weight and reduce obesity associated co-morbidity9-11. Furthermore, QoL after bariatric 
surgery is greatly improved compared with nonsurgical interventions, although long-
term psychosocial QoL effects remain uncertain12-14. 
 
Studies comparing RYGB and SG mostly focus on excess weight loss and co-morbidity 
reduction. So far, however, there has been little attention to differences in QoL 
outcomes. Therefore, this research was conducted to compare QoL outcomes in RYGB 
with SG to improve communication to patients in decision-making. 

Methods 

A retrospective study of prospectively collected data including QoL of patients who 
underwent a bariatric procedure was conducted at a large obesity center in the 
Netherlands. Approximately 1000 bariatric procedures are performed in this hospital 
each year by dedicated bariatric surgeons. In March 2012, QoL assessment with RAND 
36-item Health Survey questionnaire was introduced as standard of care. Data was 
collected from all adult patients who underwent a primary bariatric (i.e., laparoscopic 
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gastric sleeve or bypass) procedure and had a QoL assessment done preoperatively and 
1-year postoperatively. Written informed consent was obtained from all patients. 
 
Patients qualify for bariatric surgery when their BMI ≥40 kg/m2 or when their BMI 
is>35 kg/m2 with obesity-related co-morbidity (i.e., T2D, dyslipidemia, HT, GERD, 
arthralgia, or OSAS). Patients were screened by dieticians, psychologists, and obesity 
nurses. In a multidisciplinary consultation the final decision is made whether a patient 
is fit for undergoing the operation and the intensive aftercare program. After discussing 
the treatment options the surgeon and patient make a shared decision regarding which 
procedure will be planned. Generally SG was more advocated for younger patients and 
super obesity, RYGB in case of syndrome X and GERD. For decision-making patients 
were informed by presentations, written information, and an eHealth platform. 

Quality of life assessment 

QoL was assessed using a Dutch version of RAND 36-item Health Survey, which is a 
standardized and validated questionnaire to measure health-related QoL. The survey 
consists of 36 questions derived into 9 domains: physical functioning, social functioning, 
physical role limitations, emotional role limitations, mental health, vitality, pain, 
general health perception, and health change perception15-16. All scores were linearly 
transformed to a 0 to 100 scale. A higher transformed score corresponds with better 
health-related QoL. The questionnaires were registered at different timeframes when 
patients visited the hospital and were directly stored in the electronic hospital system. 
A questionnaire was considered as 1-year postoperative if the date of registration was 
between 9- and 15-months postoperatively. 

Statistical analysis 

Variables were checked for normal distribution using Skewness and Kurtosis - test. 
Normally distributed variables were described as mean ± standard deviation. 
Nonnormally distributed variables were described as median ± interquartile range. 
Differences in continuous variables were assessed with unpaired t tests if normally 
distributed and with Mann–Whitney U if nonnormally distributed. For categoric 
variables χ2 test was used. If variables had an expected count <5, Fisher’s Exact test was 
used. Improvements in QoL scores were calculated by subtracting the preoperative QoL 
score from the postoperative score for each domain. All calculated p values <.05 were 
considered as statistically significant. Missing values were replaced with the personal 
mean of the domain if at least half of the domain was not missing, as proposed by Van 
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der Zee et al.16. Statistical analysis was performed using SPSS software version 23 (SPSS, 
Inc., Armonk, NY, USA). 

Results 

Demographic characteristics 

A total of 3768 unique patients were operated from January 2012 until January 2017. 
First, the revision procedures, band removal, and 1 anastomosis bypasses were 
excluded (n=588). Those operated in the first 3 months of 2012 and those of 2016 
without a completed 1-year follow-up were excluded as well (n=996). A total of 2184 
were eligible, follow-up rate at the department was 96%, the rate of completed 
preoperative and postoperative questionnaires was 55%. A total of 1184 patients were 
included. Baseline characteristics are shown in Table 8.1. Among the remaining 
1184 patients, 253 (21%) were males and 931 (79%) females. Mean age of all patients 
was 42.7 ± 10.8 years and did not significantly differ between SG and RYGB group. 
 
Table 8.1 Baseline characteristics.  

 Gastric sleeve Gastric bypass  
 % (n) Mean ± SD % (n) Mean ± SD p-value 

Gender 
Male 27.9 (186)  12.9 (67)  0.000* 
Female  72.1 (480)  87.1 (451)   

Weight (kg)  128.3 ± 22.4  120.8 ± 14.7 0.000* 
BMI (kg/m2)  44.5 ± 6.0  42.3 ± 4.0 0.000* 
Waist circumference (cm)  129.9 ± 14.3  124.6 ± 11.0 0.000* 
Age (years)  42.8 ± 11.2  42.5 ± 10.3 0.493 
Smoking   24.0 (137)  25.4 (116)  0.858 
Alcohol user  17.4 (112)  14.3 (72)  0.158 
Hypertension  39.3 (262)  34.2 (177)  0.068 
Diabetes mellitus  17.6 (117)  17.8 (92)  0.950 
Dyslipidemia  20.8 (138)  15.6 (81)  0.025* 
GERD 11.9 (78)  23.0 (118)  0.000* 
OSAS  16.1 (107)  10.8 (56)  0.009* 
Osteo-articular disease 40.8 (272)  45.9 (238)  0.078 
Extra preoperative course 32.3 (147)  27.7 (95)  0.395 
Total number of subjects n=666  n=518  - 

SD = standard deviation. BMI = body mass index; GERD = gastroesophageal reflux disease; OSAS = obstructive 
sleep apnea syndrome. Table showing preoperative measurements and prevalence of obesity-related 
comorbidities. Values are displayed as percentages of prevalence for categorical variables and mean ± SD for 
continuous variables. * = statistically significant. Significant differences were seen in various baseline 
characteristics. 
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Of all primary procedures 666 (56%) patients underwent SG and 535 (44%) underwent 
RYGB. Males were significant more likely to undergo SG: 28% males in SG group versus 
13% males in RYGB group. The mean preoperative weight was higher for patients who 
underwent SG than gastric bypass: 128 versus 120 kg (p=0.000), respectively. As a 
result, mean waist circumference and BMI were also higher in the SG group. If only 
patients with a BMI ≤45 kg/m2 were reviewed both procedures were performed 
equally. Statistical differences in obesity-related co-morbidities were also seen. GERD 
was significantly (p=0.000) more prevalent in patients who underwent gastric bypass 
(12% in SG group versus 23% in RYGB group). Some co-morbidities were more 
prevalent in patients who underwent gastric sleeve: OSAS (16% in SG-group versus 11% 
in RYGB group, p=0.011), and dyslipidemia (21% in SG group versus 16% in RYGB group, 
p=0.025). 

Quality of life 

Preoperative QoL scores are displayed in Table 8.2. Patients scored substantially lower 
in all domains before the operation compared with a reference group of Dutch citizens 
16. No significant differences were seen between preoperative QoL scores in SG and 
RYGB groups. QoL was greatly increased at 1-year postoperatively in both groups.  
 
Table 8.2 Table showing preoperative quality of life scores, shown as mean ± SD.  

  Gastric sleeve Gastric bypass p-value 
  Mean ± SD Mean ± SD  
Physical functioning 46.43 ± 22.9 46.32 ± 22.0 0.930 
Social functioning 53.55 ± 27.3 53.71 ± 25.8 0.919 
Physical role limitations 40.33 ± 39.6 36.62 ± 38.4 0.107 
Emotional role limitations 65.91 ± 41.9 70.18 ± 40.4 0.079 
Mental health 65.65 ± 18.8 65.24 ± 17.9 0.703 
Vitality 42.51 ± 18.6 40.67 ± 17.1 0.077 
Pain 53.84 ± 26.5 53.79 ± 25.6 0.975 
General health perception 36.70 ± 17.7 36.92 ± 17.9 0.834 
Health change 31.76 ± 21.5 30.14 ± 21.9 0.202 

SD = standard deviation. No statistical differences were seen between preoperative QoL scores. 
 
 
Calculated improvement scores for each subject are displayed in Table 8.3. The overall 
mean improvement for all domains together was 33.7 and did not significantly differ 
between SG and RYGB group. Independent factors for a greater improvement were 
male sex and percentage of weight loss after 1 year. Patients who underwent RYGB had 
a significantly greater increase in physical functioning. The transformed score in the SG 
group was 40.5 versus 43.3 in the RYGB group (p=0.044). This remained statistically 
significant after multivariate linear regression analysis (p=0.025) of the following 
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variables: sex, preoperative weight, preoperative BMI, dyslipidemia, OSAS, GERD, waist 
circumference, and percentage excessive weight loss (%EWL) after 1 year. There were 
no statistical significant differences in other domains. 
 
Table 8.3 Improvement scores 1 year after the bariatric procedure.  

 Gastric sleeve Gastric bypass Difference p-value 
 Mean ± SD Mean ± SD Mean SG - Bypass  
Physical functioning 40.54 ± 23.1 43.28 ± 23.2 -2.74 0.044* 
Social functioning 29.63 ± 31.1 29.39 ± 28.7 0.24 0.893 
Physical role limitations 41.25 ± 45.8 45.20 ± 44.5 -3.95 0.139 
Emotional role limitations 18.56 ± 47.7 18.27 ± 42.1 0.29 0.912 
Mental health 15.01 ± 20.5 15.80 ± 19.7 -0.79 0.503 
Vitality 28.66 ± 23.5 27.79 ± 23.3 0.87 0.526 
Pain 27.15 ± 29.8 27.67 ± 29.0 -0.52 0.763 
General health perception 36.82 ± 21.2 38.24 ± 21.5 -1.42 0.262 
Health change 61.50 ± 27.3 63.38 ± 28.1 -1.88 0.248 
Mean improvement of all domains 33.24 ± 20.3 34.45 ± 18.9 -1.21 0.293 

SD= standard deviation; SG = sleeve gastrectomy; RYGB = Roux-en-Y gastric bypass. For each case 
preoperative and 1-year-postoperative scores were subtracted to calculate the improvement in each domain. 
* = Statistically significant. Physical functioning remained statistically significant after correcting for: sex, 
preoperative weight, preoperative body mass index, dyslipidemia, prevalence of obstructive sleep apnea 
syndrome, prevalence of gastroesophageal reflux disease, and waist circumference. 
 

Discussion 

The worldwide increase of obesity has led to an increase in bariatric procedures. While 
laparoscopic bypass has been the gold standard for several decades, laparoscopic SG 
has caught up to almost equal amounts of yearly procedures worldwide7. Reduction in 
weight, stabilization in weight, and reduction of obesity-related co-morbidity are 
mostly considered as primary outcomes in studies differentiating between both 
procedures, while the differences on health-related QoL remains unclear. 
 
The present study confirms previous findings that bariatric surgery greatly improves 
health-related QoL over all domains5,14,17-18. Factors that were predictive for a greater 
improvement in QoL were: higher preoperative weight, more weight loss after 1 year, 
and male sex. Interestingly, >94% of the patients answered that they felt that their 
health improved during the year after surgery. Only 3% thought that their health 
worsened after the procedure. 
 
Patients who underwent a RYGB had a significant larger improvement in physical 
functioning than patients who underwent SG. This remained significant after 
adjustment for confounders (preoperative BMI, preoperative weight, waist 
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circumference, sex, HT, dyslipidemia, OSAS, GERD and %EWL after 1 year). Other QoL 
domains were not statistically different between both groups. 
 
The domain ‘physical functioning’ contains 10 questions about daily physical activities 
(i.e., high effort, low effort, lifting, walking on stairs, crouching, walking, and washing), 
which can be either described as severely limited, mildly limited, or not limited at all. A 
higher score indicates that a person is more capable of performing heavier physical 
activities than patients with a lower score. The difference between SG and RYGB group 
was small, 40.5 versus 43.5, respectively. The clinical relevance of this difference is 
questionable. 
 
While preoperative QoL scores were comparable between groups, both groups were 
different at baseline in terms of co-morbidity and weight. Patients who underwent SG 
had an overall higher BMI than patients who underwent RYGB and, to the same end, 
had a higher weight and waist circumference. This is probably the result of that 
surgeons were more likely to choose a gastric sleeve for very overweight patients. 
Although no strict threshold is used, it was found that patients with a BMI<45 kg/m2 
had an equally large chance of undergoing either SG or RYGB while patients with a 
BMI>45 kg/m2 were>2 times more likely to undergo SG. As described above, higher 
weight loss was associated with better overall QoL. Significantly higher prevalence of 
dyslipidemia and OSAS in the SG group was also found. This is probably due to the fact 
that patients in the sleeve group had a higher mean weight compared with the bypass 
group. After correcting for these variables, physical functioning still differed statistically 
significant between groups. 
 
For patients with severe GERD complaints a gastric bypass is often performed to reduce 
those complaints as literature suggests19,20. Therefore, the prevalence was higher in 
RYGB group. Reduction of complaints of GERD after RYGB could lead to a greater 
improvement in QoL compared with SG group, because prevalence of GERD was 
already lower in that group. Still, after correcting for this, the difference in physical 
functioning remained statistically significant. 
 
The clinical interpretation of these QoL outcomes is not straightforward. Overall, all 
QoL domains did not differ between both groups except for one. Although there was a 
statistically significant difference in outcomes this should not be enough to prefer one 
procedure to the other. Other considerations remain more important, for instance 
choosing RYGB for patients with reflux disease. 
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Other researchers have found similar results. Two small studies showed no differences 
in QoL between procedures, even at 5-years postoperatively21-22. Mecano et al. 
reported similar findings in a retrospective study comparing pre- and postoperative QoL 
scores23. By comparing 16 gastric sleeve and 44 gastric bypass procedures they found 
significant improvement of all subscales of QoL except for 1: there was no significant 
improvement in emotional role limitations after sleeve gastrectomy. In that study the 
difference in improvement scores between both procedures was not assessed. This was 
done in the present study revealing no difference in improvement on this scale 
between SG and RYGB. 
 
A key strength of the present study is the large sample size. So far no studies with 
comparable number of patients have compared SG and RYGB with QoL outcomes. 
There are certain limitations to this study, which need to be addressed. It is a single-
center retrospective study. Without randomization obviously the choice between 
sleeve and bypass is biased. The regression analysis did not rule out all confounding 
biases. Large multicenter randomized trial should be conducted to reduce this potential 
bias. Another limitation is follow-up length. The present study compares preoperative 
and 1-year postoperative QoL. Literature shows a peak in QoL improvement after the 
first years, followed by a decline and stabilization after 5 years24. Long-term comparison 
of QoL between different bariatric procedures is required. 

Conclusion 

Health-related QoL greatly improved after both SG and gastric bypass. The 
improvement was comparable between the techniques, except for more increase in 
physical functioning after RYGB. QoL could influence decision-making between SG and 
gastric bypass. So far no clinically relevant differences were found. Future research 
should focus on both longer follow-up and more specific questionnaires. 
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Abstract 

Background 
The gastric bypass (GBP) is the most popular revisional technique after sleeve 
gastrectomy (SG). However, the results after revision are not always satisfactory in 
terms of additional weight loss and complications. The single anastomosis duodenoileal 
bypass (SADI) could be a valuable alternative. 
 
Objective 
This study is a retrospective matched-control study reviewing short-term results in 
terms of weight loss and comorbidities reduction of both SADI and GBP as a revisional 
procedure after primary sleeve gastrectomy. Complications and vitamin deficiencies 
will be evaluated as well. 
 
Methods 
Patients with a SADI procedure after a primary sleeve gastrectomy (SG) with a 
minimum follow-up of 1 year were included. Their results were retrospectively 
reviewed and matched with a cohort of GBP patient on age, BMI, and gender. 
Comparison was on comorbidities, weight loss, complications, and blood markers. 
 
Results 
A total of 64 patients were included, 32 SADI procedures and 32 matched gastric 
bypasses with no significant differences on baseline. No differences were found in 
terms of (additional) total weight loss. The operating time of the SADI was significantly 
longer (p=0.007). No clinically relevant differences were found concerning 
comorbidities or blood markers. In the SADI group, more defecation problems were 
reported and fewer vitamin deficiencies were encountered. 
 
Conclusion 
Based on a small group and short-term results, the SADI could be regarded as a safe 
alternative to a GBP following SG with a similar amount of additional weight loss and 
fewer post-operative early complications. Longer follow-up and larger studies are 
needed to determine its full potential. 
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Introduction 

Obesity is still a globally expanding problem and is even called an epidemic. In the 
Netherlands alone, almost 14% of all the citizens is obese1. The risk at disease increases 
as the body mass index (BMI) or waist circumference increases1,2. Bariatric surgery is 
currently the most effective therapy for obesity with good long-term results. A 
multitude of studies showed significant weight loss and substantial improvement of 
comorbidities after bariatric surgery3. Weight loss is achieved by multiple standard 
procedures such as a laparoscopic sleeve gastrectomy (SG), a Roux-en-Y gastric bypass 
(GBP), or a duodenal switch (DS). 
 
Patients suffering from a more severe form of morbid obesity (BMI > 60) benefit the 
most from bariatric surgery. Those patients may even qualify for a two-step procedure. 
This often includes a SG as primary bariatric procedure and conversion to a GBP as 
revisional procedure4. However, earlier research showed that the combination of SG 
and GBP surgery often shows insufficient results compared to the combination of SG 
and DS5. The drawback of the DS may be a technically more challenging operation. For 
this reason, the single anastomosis duodenoileal bypass (SADI) was developed by 
Torres et al.6. It can be regarded as a technically less demanding procedure with 
presumably a similar amount of weight loss6,7. The first clinical results of the SADI as a 
primary procedure, with a follow-up period of 3 years, showed an excess weight loss of 
almost 100% after 3 years. Nonetheless, a comparison with other procedures is 
missing6. 
 
Therefore, this study will present the clinical results concerning the differences 
between the results of the SADI and what is currently considered the gold standard, 
GBP following a SG. Results of both surgery types will be defined by means of 
comorbidities, weight loss, complications, and blood markers. 

Methods 

This is a retrospective matched-cohort study, for which medical charts were reviewed 
to retrieve the necessary data. Informed consent was obtained from all individual 
participants. A total of six follow-up moments were included in the study: 1. Before 
sleeve gastrectomy (baseline characteristics), 2. One year after sleeve gastrectomy, 
3. Before revisional surgery, 4. Three months after revision, 5. Six months after revision, 
6. One year after revision. During these follow-up moments, a number of parameters 
were measured and reviewed. The primary outcome for this study is weight loss after 



Chapter 9 

118 

revisional surgery, expressed in percentage of total weight loss (%TWL). %TWL is 
calculated as (initial weight – current weight) / (initial weight) * 100%. %TWL was 
chosen to report weight loss since it appears to be less influenced by preoperative BMI 
in comparison to the percentage of excess weight loss (%EWL)8,9. 
 
Secondary parameters are %TWL after revision, the evolution of any known obesity-
related comorbidities, various blood markers, operating time and postoperative 
complications. To calculate the weight loss effect of the conversion alone, %TWL after 
conversion is calculated: (weight at revision – weight at follow-up) / (weight at revision) 
* 100%. All known obesity-related comorbidities (diabetes mellitus type 2, 
hypertension, dyslipidemia, obstructive sleep apnea syndrome (OSAS), joint complaints 
and gastro-esophageal reflux disease (GERD)) are scored at baseline. The evolution of 
these comorbidities is categorized as either stable, improved, resolved, worse, de novo 
or not applicable. The presence and potential improvement of diabetes mellitus type 2 
will be assessed by the amount of antidiabetic medication used and the HbA1c-level. 
When the HbA1c-level is lower than 42 mmol/mol and no antidiabetic medication is 
necessary, the diabetes is considered resolved. An improvement is considered when a 
reduction in use of medication is achieved or a lower HbA1c-level is measured. A 
decline is considered when the opposite occurs. The presence and potential 
improvement of hypertension will be assessed by measuring the blood pressure and 
evaluating the current use of medication. Hypertension is considered resolved when 
measuring a normal blood pressure (120-140/80-89 mmHg) without the use of 
medication. Improvement is considered with a 50% reduction in medication dose, 
stopping one or more medicines or achieving a normal tension with the current 
medication. A decline is considered when the opposite occurs. The presence and 
potential improvement of hypercholesterolemia will be assessed by LDH/HDL ratio and 
potential changes in the use of medication. The presence and potential improvement 
obstructive sleep apnea is assessed by the use of a continuous positive airway pressure 
(CPAP) device and the evolution of complaints (subjective improvement or decline). 
Joint complaints are only assessed by the subjective amount of complaints of the 
patient and the use of pain medication for joint complaints.  
 
Blood markers include cholesterol (mmol/L), LDL (mmol/L), HDL (mmol/L), HbA1c 
(mmol/mol), C-peptide (ng/mL), insulin (pmol/L), creatinine (µmol/L), iron (µmol/L), 
ferritin (g/L), vitamin B12 (pmol/L) and vitamin D (nmol/L). 
 
The postoperative complications include postoperative bleeding, internal herniation, 
anastomotic leakage, vitamin B12 and vitamin D deficiencies, defecation complaints 
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(either obstipation; no defecation for at least 3 days, diarrhea; Bristol stool scale 7 or 
fatty stools; bulky stools, difficult to flush, pale and oily appearance, foul-smelling), 
emergency care visits and emergency surgery. Vitamin B12 and D deficiencies are 
determined by use of reference values.  

Study population  

All patients who underwent conversion from sleeve gastrectomy to SADI between 
January 2016 and June 2017 with an available minimum amount of follow-up of 
6 months will be considered for inclusion in the current study. Patients who had 
surgery before 2013 were not included, due to changes in pre- and postoperative 
protocol. These patients will be used to match the included SADI-patients on age, sex 
and BMI. The BMI had a range of maximum 10 kg/m2 per individual match and the 
maximum age difference was 10 years. Before surgery, patients were screened for 
physical and mental condition using interviews and tests with an obesity nurse, 
psychologist, dietician, and physiotherapist. Based on the opinions of the mentioned 
professionals, a multidisciplinary consultation concluded whether the patient was 
appropriate to undergo revisional surgery. Measurements during this screening were 
used as baseline characteristics.  

Surgical procedures 

The pouch of the gastric bypass procedure was created by dissecting the prior sleeve 
using the Endo-GIA™ stapler (Medtronic, New Haven, CT, USA). The antecolic and 
antegastric gastrojejunal and jejuno-jejunostomy anastomosis were created, using an 
EndoGIA™ and V-loc™ stitching. The alimentary limb measured approximately 
150-180 cm and the biliopancreatic limb is 60-80 cm. Both internal openings were 
closed. A leak test was performed to test the gastrojejunostomy. The SADI procedure 
encompassed a Maryland dissection along the sleeve up to the level of the 
gastroduodenal artery, under the pylorus, preserving the vascularization at the lesser 
curvature. The duodenum was divided with an Endo-GIA™. The ileocecal junction was 
identified and measured proximally up to around 250 cm. The loop was ascended 
antecolic and a side-to-side duodenoileal anastomosis was created with 2 V-loc™ 
stiches. A leak test was performed.  
 
All subjects followed the same postoperative protocol including a liquid diet for two 
weeks, the use of low-molecular weight heparins (Fragmin™) for four weeks to prevent 
thromboembolic events and the use of pantoprazole for three months, to reduce 
complaints of gastric acid. Finally, life-long vitamin supplementation is advised. 



Chapter 9 

120 

Statistical analysis 

The results were presented as mean ± standard deviation (SD). A p-value <0.05 was 
considered to be statistically significant. Data management and analysis was performed 
using SPSS version 23 for Windows (IBM Corporation, Armonk, NY, USA). One-way 
ANOVA’s were performed to test differences between groups concerning the 
percentage TWL, BMI, blood markers, operating time, highest and lowest weight. When 
the Levene's test for homogeneity of variance proved that the assumption of equal 
variances was not met, the Brown-Forsythe for testing the equality of means was 
performed. Concerning dichotomous variables, chi-square tests or, when indicated, 
Fischer’s exact tests were performed per variable. All procedures performed in studies 
involving human participants were in accordance with the ethical standards of the 
institutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 

Results 

In total, 42 patients underwent a conversion to SADI between January 2016 and June 
2017. Nine patients were excluded due to an insufficient follow-up period. One patient 
was excluded since the procedure considered a conversion from GBP to SADI. A total of 
86 patients were selected from all patients who underwent a revisional GBP between 
2013 and 2016. Thirty-two out of them were matched to the SADI-patients.  
 
Demographics of the study population at baseline are shown in Table 9.1. No cases of 
intraoperative complications were reported in this study population. The mean 
operating time of the SADI was significantly higher than the operating time of the GBP 
(66.6 min vs. 56.9 min; p=0.006).  
 
The indication for conversion to SADI was a planned secondary procedure to achieve 
additional weight loss after primary SG in patients with a high initial BMI. All 
conversions from SG to GBP were due to either insufficient weight loss or weight regain 
after primary SG.  
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Table 9.1 Demographics. 

 SADI Gastric bypass p-value 
Participants (n) 32 32 n/a 
Male (n)       6 (18.8%)       6 (18.8%) n/a 
Female (n)     26 (81.3%)     26 (81.3%) n/a 
Age (mean, range)   46.9 (21-66)  48.2 (29-63) 0.597 
Mean BMI ± SD (kg/m2)  57.5 (± 7.6) 53.7 (± 7.0)   0.030 

BMI: body mass index; SD: Standard deviation. 

Complications  

Postoperative complications and long-term complications are displayed in Table 9.2.  
The largest difference was found in defecation problems, which was a 21.9% difference 
between the two groups (p=0.037). Vitamin B12 and D deficiencies were defined for 
multiple follow-up moments (Table 9.3). 
 
Table 9.2 Early and late complications after surgery. 

 SADI 
n (%) 

Gastric bypass 
n (%) 

p-value 

Anastomotic leak 1 (3.1) 3 (9.4) 0.306 
Bleeding 1 (3.1) 0 (0) 0.500 
Emergency care visits   5 (15.6) 8 (25) 0.268 
Emergency operations  2 (6.3) 3 (9.4) 0.500 
Defecation problems 11 (34.4) 4 (12.5)   0.037 
Internal herniation 0 (0) 2 (6.3) 0.246 

 
 
Table 9.3 Vitamin deficiencies. 

 Measuring moment SADI 
n (%) 

Gastric bypass 
n (%) 

p-value 

Vitamin B12 deficiency  Baseline   4 (12.5) 7 (21.9) 0.171 
1 year after sleeve 1 (3.8) 7 (21.9) 0.053 
3 months after revision 0 (0) 4 (12.5) 0.105 
6 months after revision 0 (0) 6 (18.8) 0.058 

Vitamin D deficiency  Baseline 23 (71.9) 18 (56.3) 0.415 
1 year after sleeve   7 (21.9) 12 (37.5) 0.295 
3 months after revision 2 (6.3)   9 (28.1) 0.062 
6 months after revision 6 (18.8) 19 (59.4) 0.067 

Weight loss 

The %TWL is presented Figure 9.1. Although weight loss appears slightly higher in the 
SADI-group, no significant differences were found (p>0.05). Furthermore, no significant 
differences concerning BMI were found before and after revision. Weight regain was 
observed in three patients from the SADI group and nine patients in de Bypass group.  
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Figure 9.1 Differences in %Total Weight Loss after revision. SADI/GBP after revision = Weight loss after 

revision; SADI/GBP total = Total weight loss including the effect of the primary sleeve 
gastrectomy. 

Comorbidities 

Table 9.4 shows the evolution of the obesity-related comorbidities between baseline 
and the last moment of follow-up. Only patients who experienced an improvement or 
even resolvement of the comorbidity during follow-up were taken into account. Both 
variables include ‘de novo’ patients as well. No significant results were found.  
 
Table 9.4 Reduction of comorbidities. 

 Incidence at baseline (%) Remissions (%) Improvement (%) p-value 
DM     
   SADI 9/32 (28.1%) 2 (22.2) 1 (11.1)  
   Bypass 6/32 (18.8%) 1 (16.6) 3 (50) 0.564 
HT     
   SADI 14/32 (43.8%)   6 (42.9) 4 (28.6)  
   Bypass 10/32  (31.3%) 1 (10) 7 (70) 0.066 
DL     
   SADI 19/32  (59.4%) 7 (36.8) 7 (36.8)  
   Bypass 17/32  (53.1%) 7 (41.2) 6 (35.3) 0.505 
OSAS     
   SADI 7/32  (21.9%) 3 (42.9) 1 (14.3)  
   Bypass 11/32  (34.4%) 7 (63.6) 2 (18.2) 0.471 
GERD     
   SADI 4/32  (12.5%)   2 (50) 1 (25)  
   Bypass 0/32  (0%) 0 (0) 0 (0) 0.273 
JC     
   SADI 14/32  (43.8%)   4 (28.8) 7 (50)  
   Bypass 14/32  (43.8%) 7 (50) 3 (21.4) 0.206 

DM: diabetes mellitus; HT: hypertension; DL=dyslipidemia/hypercholesterolemia; OSAS=obstructive sleep 
apnea syndrome; GERD: gastroesophageal reflux disease; JC: joint complaints; SADI: single anastomosis 
duodenoileal bypass. 
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Discussion 

This retrospective matched cohort study compared the results of SADI and GBP as 
revisional procedure after primary sleeve gastrectomy to achieve additional weight 
loss. It appeared that SADI leads to an equal remission of comorbidities, fewer vitamin 
deficiencies, fewer complications and a similar amount of additional weight loss 
compared to the GBP. Nonetheless, SADI has a longer operating time with more 
patients suffering from defecation problems.  
 
Results revealed that the operating time of the SADI was significantly longer than the 
operating time of the GBP. This operating time may be prolonged due to the fact that 
these SADI-procedures were the first performed in this hospital. A completed learning 
curve may have a positive effect on the operating time10. 
 
Probably the most remarkable finding is the fact that the effect of both GBP and SADI 
after primary sleeve gastrectomy are equal. This is remarkable since already published 
literature would suggest a superiority in favor of the SADI11-13. Similar results were 
found in the mean BMI of both groups. Be that as it may, follow-up is limited to only 
one year and a higher number of patients in the Bypass group already showed weight 
regain. Since the follow-up in earlier studies is a few years longer, it is possible that a 
difference may reveal itself after a longer period of follow-up11-13. A higher weight loss 
is hypothesized by the longer alimentary limb of the SADI, which may stimulate an 
enhanced secretion of the hormones Peptide YY and Glucagon-like Peptide-1 which are 
associated with increased satiety and decreased food intake.6,14,15 This hypothesis could 
not be reproduced in the current study, showing similar weight loss results. The weight 
loss after revision is approximately one third of the total achieved weight loss, which 
strengthens the indication for secondary surgery after sleeve gastrectomy in certain 
cases. These results contrasted with the results of comparisons between BMI per 
group. The SADI did not lead to significantly lower BMI values. However, results showed 
that subjects of the SADI group had a slightly higher initial weight. This can be explained 
by the indication for second surgery, which is additional weight loss. Patients of the 
SADI group started the project with the approach of a two-step surgery. This in contrast 
to patients in the Bypass group, who started assuming that the sleeve gastrectomy 
alone would be sufficient.  
 
The evolution of comorbidities was similar in both groups, which indicates that both 
procedures (including the effect of the sleeve gastrectomy) have a comparable positive 
effect on the improvement of these comorbidities. This is comparable with previous 
literature suggesting SADI maintains a similar improvement of comorbidities as 
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GBP7,16,17. Nonetheless, these data should be interpreted cautiously. Due to some 
missing data, sums of outcome per variable were not consistent with their previous 
frequencies and the absolute number of comorbidities is low.  
 
When analyzing the blood markers, both groups show an improvement in the lipid 
spectrum, without a difference between the two groups. This suggests that SADI has a 
similar positive effect on the lipid spectrum as GBP after primary sleeve gastrectomy, 
which is in accordance with previous literature18. Significant higher levels of vitamin 
B12 were found in the SADI-group, which may be caused by the increased availability of 
intrinsic factor (IF) compared to GBP, as a larger portion of the stomach is still available 
to produce this glycoprotein. This consequently led to a larger amount of vitamin B12 
deficiencies in the Bypass group. It should be notified that vitamin B12 levels were 
already significantly lower before revisional surgery, which may suggest a more 
aggressive supplementation regime during the SADI period compared to the GBP 
period in this study population.  
 
When considering the complications after surgery, fewer anastomotic leaks, emergency 
care visits and emergency operations were observed in the SADI group. Meanwhile, a 
lot more patients complained of problems with their stools after SADI. This could be 
explained by the fact that the alimentary limb is longer in the SADI6. Other studies 
implicate intestinal bacterial overgrowth with increased inflammation after bariatric 
surgery. This could possibly have more effect after a SADI procedure. Nonetheless, 
mechanisms are still poorly understood. Furthermore, complaints can be worse due to 
more malabsorption causing diarrhea due to the longer alimentary limb. Though, these 
symptoms are likely to disappear within months after surgery19. 
 
Regarding the vitamin D deficiency, earlier research shows that patients who 
underwent GBP were often noncompliant in taking the regular vitamin 
supplementation20. Furthermore, the Roux-anastomosis causes malabsorption of fat-
soluble vitamins due to insufficient mixing with bile salts20. More noncompliance and 
deficiencies in the Bypass group can be explained by the fact that patients who 
underwent surgery between 2013 and 2016 were included and the SADI was only 
performed from 2016 onwards. As time passed, more strict check-ups were introduced, 
and patients were better informed regarding vitamin supplementation. Furthermore, 
the SADI was considered a new surgical procedure in the Catharina hospital and results 
in contrast to the gold standard were not known. Therefore, the importance of 
supplements in this group was emphasized. Both groups ended the follow-up period 
with approximately the same BMI and had an equal remission of comorbidities.  
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Nonetheless, this study has some considerable limitations. The first limitation is the 
retrospective nature of this study. Some results may be distorted due to selection bias. 
However, the retrospective nature also has a positive aspect, because true clinical 
circumstances are investigated and therefore, results reflect a non-research setting17. 
Second limitation is the size of the study population and the duration of the follow-up. 
It was discussed earlier that a longer follow-up would possibly lead to more significant 
differences in %TWL between groups. Furthermore, a larger study population would 
make it possible to give value to differences in outcome such as postoperative 
complications. Many of these limitations would be tackled by setting up a prospective 
and randomized trial.  
 
Conclusively, SADI appears to be a promising surgical method. It seems to be a safer 
procedure in terms of complications considering it to be advanced bariatric surgery. 
The results are good (equal or better than the GBP at some points) in a short-term 
follow-up, however, a longer follow-up period and larger study population are needed 
to determine its full potential. Therefore, preferably prospective, randomized research 
is required. 
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The alarming rate at which obesity is spreading worldwide imposes an enormous 
burden on healthcare. Efforts are needed to put this trend to a halt. Therefore, the 
relevance of optimizing weight loss therapies has never been more evident. The focus is 
on optimizing the support of patients before and long after the operation. The goals of 
this thesis are to gain insights into the current practice and value of eHealth and 
describe trends in bariatric surgery.  

Summary  

The search for optimizing therapy often starts with looking back at past results. In 2015, 
an eHealth platform was designed and introduced to patients at a large obesity center 
in the Netherlands. After a few years of practice and optimization, a retrospective 
assessment of the platform was conducted. Chapter 2 displays the results of this study. 
Health records and data traffic of the platform of a cohort of 1098 patients who visited 
the platform between January 2015 and April 2018 were analyzed. On average, patients 
connected to the platform about 12 times and viewed 51 pages during this period. 
Platform activity levels were correlated with postoperative weight loss. Patients were 
divided into active and non-active platform users based on their activity on the eHealth 
platform. No differences in weight loss at one- and two-years postoperatively were 
measured between groups. However, statistically significant more weight loss was seen 
in the group of patients who used the postoperative content compared to those who 
did not. Expressed in percentage total weight loss (%TWL), this was 31.7% versus 30.1% 
and one-year postoperatively (p=0.006) and 30.4% versus 28.9% at two-years 
postoperatively (p=0.034). In conclusion, the results of this retrospective research 
highlight the promising value of eHealth solutions in promoting weight loss after 
bariatric surgery.  
 
Prospective randomized controlled research is needed to confirm findings found in 
retrospective studies. Chapter 3 presents the research protocol of a randomized clinical 
trial named the BePatient trial. This protocol encompasses the rationale, methodology 
and statistical considerations concerning the proposed trial. The purpose of this trial 
was to determine the value of eHealth in bariatric surgery. In this trial, two-hundred-
and-five patients were randomized into three groups: 103 patients received standard 
care (normal-group), 50 patients received access to an online eHealth platform, in 
addition to standard care (online-group), and 52 patients received access to wireless 
self-monitoring devices, in addition to access to the platform and standard care (device-
group). On the eHealth platform, patients were able to find information about their 
planned surgery, follow-up program, and dietary and physical activity advice. This 
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information was available in written text, videos and quizzes. The devices used were a 
weight scale, blood pressure cuff, oxygen saturation sensor and an activity bracelet. It 
was hypothesized that the eHealth platform and devices led to increased awareness, 
commitment and better-informed patients and that this would increase weight loss and 
subsequent comorbidity reduction, quality of life and other outcomes.  
 
Between February 2017 and February 2018 a total of 205 patients were included in the 
BePatient trial. In chapter 4, the early results of the randomized controlled trial are 
discussed. It was hypothesized that eHealth would lead to a shorter length of 
hospitalization and sick leave by better informing patients and an improved feeling of 
security about their recovery. This hypothesis was, however, rejected based on the 
findings of the randomized controlled trial. With a median length of stay of 1 day in 
every research group, no differences were seen. Furthermore, days until full return to 
work were also similar, with a mean of 28.1 versus 27.5 versus 29.8 days in the normal-, 
online- and device-group, respectively (p=0.673). The platform was, however, highly 
used by the patients in the intervention groups. More than 93% of the subjects used 
the platform. The number of connections to the platform was significantly higher in the 
device-group, 33 versus 17 times (p=0.035). However, this was most likely because 
periodical connections to the platform were necessary for usage of the devices. The 
number of page views was similar in both intervention groups. The three most viewed 
modules on the platform were ‘preparation phase’, ‘lectures on obesity’ and 
‘frequently asked questions’. Quality of life greatly improved at one year after the 
operation but did not differ among groups. It was concluded that, while the platform 
was highly used, the addition of eHealth did not lead to an improved quality of life, or 
shorter hospitalization and return-to-work length.  
 
The most commonly used parameter for successful bariatric surgery is postoperative 
weight loss, often expressed as percentage total weight loss (%TWL). %TWL was the 
primary outcome measure of the BePatient trial. These outcomes, among others, were 
analyzed and discussed in chapter 5. Major postoperative weight loss was noted. After 
6 months the mean weight loss was 26.7 %TWL and after 12 months, it was 31.2 %TWL. 
Two years after the operation, the mean %TWL of the total study population was 
30.3%, ranging from -0.5% to 54.0%. No statistical differences were noted between the 
control- and intervention groups. The mean %TWL in the normal-, online- and device-
group was 31.2%, 29.6% and 32.8% after one year (p=0.146) and 29.8% versus 28.8% 
versus 32.4% after two years (p=0.379), respectivily. Additionally, no differences 
between intervention groups were noted in the reduction of obesity-related 
comorbidities (i.e., hypertension, diabetes mellitus, dyslipidemia, gastroesophageal 
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reflux disease, obstructive sleep apnea syndrome and arthralgia). It was hypothesized 
that the usage of self-monitoring devices would lead to an improved insight into 
personal health and progression and, thereby, increase devotion and confidence. In 
specific cases, the opposite was reported. Some patients commented that some 
measurements led to a feeling of insecurity by, for instance, measuring a low blood 
pressure. Some also mentioned that they did not know what to do with the 
measurements, especially the blood pressure and oxygen saturation. In contrast, the 
activity bracelet and weight scale were used more frequently. During the study period, 
a steady decline in the monitoring device usage was observed. Direct postoperatively 
around 62% of the subjects used the devices at least monthly. At the end of the follow-
up period, this dropped to a mere 19%. Quality of life assessment at two years 
postoperatively revealed no additional effect of eHealth to standard care. In conclusion, 
the addition of the current eHealth platform and wireless self-monitoring devices did 
not lead to improved outcomes in terms of weight loss, comorbidity reduction or 
quality of life.  
 
The lives of patients undergoing bariatric surgery can change profoundly. This also 
applies to their social environment. The postoperative lifestyle adjustments needed for 
successful bariatric treatment can also have a significant impact on, for instance, a 
partner or child. Examples of this are an altered eating pattern or sporting scheme. One 
can argue that successful treatment relies on interactions between healthcare 
professionals, patients, and the patients’ social system. These three stakeholders can 
be seen as a system of co-responsibility. Most behavior happens within the context of 
their support system. Due to the limited time and resources available to healthcare 
professionals, some of this behavior might remain hidden during consultations. 
Revealing this behavior and context using data tracking in the home environment could 
be beneficial by exposing opportunities for tailored interventions. Chapter 6 covers the 
methodology, results and discussion of such an explorative study design. The purpose 
of this investigation was to gain early insights into the opportunities and pitfalls of data 
tracking in the home environment of bariatric patients. Behavioral and contextual 
information was gathered using activity bracelets, smart sockets, activity buttons, and 
pressure- and motion sensors. Patients received access to a chat system in which 
automatic messages were sent based on the input of the measurement or when 
prompted by the research team. More than 483 000 data points were collected in the 
households of six families. These data points were put in context by structured 
interviews. Qualitative analysis revealed instances where data tracking was useful in 
uncovering opportunities for personalized interventions. In one household, the data 
unraveled the dynamics around choosing food. The family disclosed during intake 
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interviews that they made fried food approximately once a week. The data points 
showed that the deep fryer was used six out of seven days. When confronted, the 
family commented that this was to prevent disagreement about food choice and 
therefore used the deep fryer as a compromise. Another case revealed opportunities to 
adjust physical exercise. That patient was struggling to lose weight despite sufficient 
exercise. The activity bracelet showed adequate frequency and duration of the 
exercise, however, the intensity of the exercise was insufficient. This led to adjustments 
in her sports scheme. Furthermore, in one case, the patient commented that the 
measurements added to her self-esteem and benefitted the support she experienced 
through her partner. These examples showcase the possibilities where data tracking 
can be utilized to find the, sometimes concealed, information within the social context 
in which patients live. In conclusion, this explorative research hinted toward the 
possible opportunities for home data tracking to be used in providing patients with 
tailored therapies that may have remained hidden. Future research is needed to 
determine the value in a clinical setting.  
 
A trend in the distribution of age categories of bariatric patients was described and 
analyzed in chapter 7. The mean age of a cohort of patients in a large bariatric 
institution has increased in the last decade. More than 70% of all patients operated on 
in 2008 were aged under 45 years. Ten years later, this percentage dropped to around 
50%. Possible explanations for this occurrence were explored: increase in life 
expectancy; increase in prevalence of obesity, specifically in elderly; relative 
overrepresentation of elderly compared to younger people in the general population; 
and increase in experiences with surgery and anesthesia in elder patients.  
 
Most studies reporting on the effectiveness of bariatric surgery display postoperative 
weight loss as the primary outcome. However, other, less objective, outcome measures 
are starting to receive attention. Examples of this are Patient-Reported Outcome 
measures, PROMS, and quality of life. This trend is also seen in the bariatric literature. 
Extensive literature is available comparing the two most performed bariatric 
procedures: the gastric sleeve and bypass. However, few compare their impact on 
quality of life. In chapter 8, a large cohort of patients is retrospectively analyzed. A total 
of 1184 patients were included, of which 666 patients underwent gastric sleeve and 
518 underwent gastric bypass. Quality of life assessment was performed using a 
validated questionnaire divided into 9 health-related quality of life domains: physical 
functioning, social functioning, physical role limitations, emotional role limitations, 
mental health, vitality, pain, general health perceptions and health change. At one year 
postoperatively, a major increase in quality of life in all domains was seen after both 
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gastric sleeve and bypass. The increase in the physical functioning domains was 
statistically significant stronger in patients who underwent a gastric bypass. On a 
100-point scale, a mean increase of 43.3 points in the gastric bypass group was seen 
compared to 40.5 points in the gastric sleeve group (p=0.044). Other domains were 
similar. It was concluded that this retrospective study revealed comparable effects on 
the quality of life between gastric sleeve and bypass, except for a slightly better 
increase in the physical functioning domain. 
 
The gastric bypass has been the most commonly performed procedure for a long time. 
Currently, the gastric sleeve has surpassed this in terms of annual worldwide 
procedures1. Moreover, the spectrum of bariatric procedures is still expanding. A 
relatively novel technique is the Single-Anastomosis Duodeno-Ileal bypass, or SADI. 
Chapter 9 displays the early results of a cohort of patients who underwent a SADI-
procedure as secondary step after gastric sleeve surgery. The purpose of the research 
was to assess the safety and short-term results of this procedure compared to a 
matched cohort of patients who underwent gastric bypass after a sleeve procedure. A 
total of thirty-two SADI-patients were matched based on BMI, age and gender. 
Assessment of weight loss patterns, blood markers, reduction of comorbidity and 
complications was performed and compared. Besides a higher number of patients 
experiencing defecation problems in the SADI group, no differences were found in 
terms of safety and complications. Furthermore, vitamin deficiencies, weight loss and 
comorbidity reduction were similar. It was concluded that these early results advocate 
that SADI as secondary procedure after gastric sleeve is a safe and equally effective 
alternative to gastric bypass.  
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General discussion  

The value of eHealth on weight loss after bariatric surgery 

The most important outcome measure for assessing the effectiveness of an 
intervention on obesity is weight loss. The results of the BePatient trial display 
postoperative weight loss comparable with literature2-5. However, adding an eHealth 
platform and wireless self-monitoring devices had no additional effect 4-5. In current 
literature, the additional value of eHealth in bariatric surgery is debatable6-7. In a recent 
systematic review, only one out of eight studies found positive effects on weight loss 
outcomes7-15. In this randomized trial comparing an eHealth-group to standard care in 
56 patients, an increase in percentage excessive weight loss of 7% after one year and 
12% after two years was seen in the group receiving eHealth14. The other reported 
studies found no additional value of eHealth to bariatric surgery7-15. The number of 
different study designs, relatively small study populations and lack of randomized 
research are some major limitations in current literature6,7. The BePatient trial is one of 
the few randomized trials in this field and the first to assess both the effect of a patient 
eHealth platform and wireless health monitoring devices, and thereby has significant 
value in the current literature. 

 
The value of providing patients with self-monitoring devices was also assessed in the 
BePatient trial. Patients were able to monitor their weight, physical activity, blood 
pressure and oxygen saturation on their phones in dedicated apps. It was hypothesized 
that this would increase awareness and commitment, resulting in better weight loss. 
This theory was rejected based on the results of the trial. This finding is comparable to 
the results of a previous, randomized trial in which a group of patients using wearable 
technology that monitored physical activity was investigated. Contrary to expected, in 
that trial, the weight loss was even lower in the intervention group17.  
 
Explanations for this unanticipated result need to be explored. The hypothesis was 
made that eHealth was beneficial by providing extra support to patients, leading to 
better informed patients and improved commitment, and supporting a healthy lifestyle. 
In the BePatient trial, the effect of eHealth was assessed in the first two-years 
postoperatively. Literature shows that most patients reach a peak in weight loss 
between one- and two-years postoperatively, after which some degree of weight regain 
is usually observed3,18-20. It is possible that the effect of additional support by eHealth is 
insignificant in the first postoperative years compared to the effect of the operation 
and that this might be different after the initial peak in the first postoperative years. To 
add to this, during the first two-years, the support provided by the treating center is 
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already more extensive, as compared to usual practice and guidelines21. Therefore, it is 
possible that the additional effect of eHealth was diminished by the abundant standard 
follow-up program. One can argue that, therefore, the follow-up length of the trial was 
too short. Furthermore, the trial examined the value of eHealth added to standard 
care, not as an alternative to standard care. While the eHealth intervention groups 
showed no additional benefit compared to the control group, this might indicate that it 
can replace (part) of the follow-up program. Lowering the number of pre- or 
postoperative outpatient visits can lower costs and diminish workload. Cost-benefit 
analyses and studies examining the value of eHealth as an alternative to standard care 
are needed to unravel this.  
 
Besides the scarce body of scientific evidence on the value of eHealth on weight loss 
after bariatric surgery, more literature is available on its effect compared to nonsurgical 
therapy. A systematic review concluded that web-based eHealth was more effective 
compared to control or minimal therapy groups in most cases. However, compared to 
groups who underwent comparable offline therapy, no additional effect was seen22. A 
comparable meta-analysis found a higher weight loss at short term (<6 months) with 
the use of eHealth, however, this effect was not seen on longer term. The number of 
studies with a follow-up length of two years or more was limited23. Two systematic 
reviews including 27 and 47 studies concluded that eHealth led to improved weight loss 
in around half of the studies24-25. Reasons for these inconsistencies between studies are 
probably due to the wide variety in study designs, methodology and intervention 
types22-25. 
 
The findings of the BePatient trial contribute to current literature by concluding that 
the addition of eHealth did not lead to improved weight loss. This does not mean that 
there is no place for eHealth in the bariatric pathway. It could be beneficial for the 
longer term or as an alternative to standard care. This is subject to future 
investigations.  

The reach of eHealth 

To identify the true potential of an intervention, it is important to identify whether the 
intervention reaches its place of action. In the case of eHealth: do patients adequately 
use the modality? This is often referred to as the ‘reach’ of eHealth. Literature about 
the reach of eHealth as support on nutrition, physical activity and obesity is limited26. 
The results of the retrospective study discussed in this thesis show a high level of 
activity on the eHealth platform27. The average patient connected twelve times to the 
platform. The most viewed content was the content that was most easily accessible 
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(e.g., information on the front page or videos) and highly demanded information (e.g., 
Frequently-asked-Questions). Similar results were found in a study in which patients 
with weight regain after bariatric surgery received access to nutrition and lifestyle 
interventions on online eHealth modules. Around 70% of the subjects finished the ten-
week-spanning intervention. They also reported a high degree of satisfaction and lost 
weight28. A review of randomized controlled trials assessing the reach of a variety of 
eHealth modalities concluded and acceptable reach29. The percentage of participants 
who actually used the eHealth interventions ranged from 67 to 100%28-33. These values 
reflect the high potential in reaching patients with the use of eHealth modalities. 
 
The usage of the wireless self-monitoring devices was lower than expected4-5. As 
reported before, around 60% of subjects made use of the devices at the start of the 
study, declining to 20% at the end of the follow-up period. Some explanations are 
addressed. Contrary to expected, some patients commented that the devices made 
them feel less secure about their progress or feel obligated to perform the 
measurements. This outcome was found before in a study in which patients received 
perioperative access to a wireless weight scale34. Another explanation is that patients 
might lose interest, which was also noted in a pilot study assessing the applicability of 
home monitoring in bariatric patients. In this study approximately half of the patients 
used the devices. However, high satisfaction rates were seen among those who did use 
the home monitoring devices35. Many patients quit or stated that they stopped using 
the devices due to (technical) problems with the devices. This was also concluded by 
the authors of a review analyses of 145 eHealth interventions36. Proper demonstration 
and a helpdesk might prevent this36-37. Furthermore, a safe connection and data 
management influence the actual use of eHealth36,38

. Therefore, easy accessibility, an 
intuitive design, guaranteeing secure servers and increasing the sense of safe 
communications are bare requirements for successful eHealth modules. In addition, 
there might be a negative impact of low socioeconomic background and older age26,39.  
 
The reach of eHealth modalities fluctuates in current literature but is often high. The 
results of the retrospective study and the BePatient trial suggest that the reach of an 
eHealth platform for bariatric surgery is high, although no definite conclusions can be 
drawn yet. Future studies need to identify which groups can benefit the most from 
eHealth and what form of eHealth is most effective. Furthermore, the BePatient trial 
found a low reach of self-monitoring devices, as was already found in other research, 
indicating that there might be no place in bariatric surgery for this category of eHealth.  
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Comorbidity reduction 

As stated before, overweight and obesity are associated with a large number of 
comorbidities, including type 2 diabetes, cancer, cardiovascular disease, arthralgia and 
dyslipidemia40-42. Major improvements, and even resolution, of obesity-related 
comorbidity are seen after bariatric surgery43-45. The BePatient trial investigated the 
effect of an eHealth platform and self-monitoring devices on postoperative comorbidity 
status of diabetes type 2, obstructive sleep apnea syndrome (OSAS), arthralgia, 
hypertension, gastroesophageal reflux disease, and dyslipidemia. Consistent with 
current literature, major improvements were seen postoperatively. For instance, in 
over 95% of subjects with diabetes, an improvement was noted. However, statistical 
assessment produced no differences between the study groups. It must be noted that 
the study was not powered for this outcome and that group size might be too small to 
produce statistical differences.  

eHealth and length of hospitalization and sick leave 

It was hypothesized that eHealth can reduce length of stay by preparing patients on 
what to expect perioperatively and increase confidence in their recovery. The literature 
on this topic is limited, especially after bariatric surgery. In other disciplines eHealth 
showed promising results in promoting earlier discharge. A reduction in hospitalization 
length with eHealth was concluded in a meta-analysis in patients with chronic heart 
failure, a randomized controlled trial in patients with chronic diseases and a study in 
patients after hip surgery46-48. The addition of eHealth to standard care in the BePatient 
trial did not lead to a shortened length of stay. This discrepancy might be explained by 
the fact that the admission length is already very short, being one day in all study 
groups. Currently, the standard protocol of the study site was to admit patients for 
observation for at least one night after the operation. Therefore, a shorter 
hospitalization length was not possible.  
 
A promising group of eHealth modalities is telemonitoring, where health parameters 
can be monitored without the presence of a healthcare professional. This could either 
be active, in which a healthcare professional is actively interpreting data, or automated, 
in which data are automatically processed to prompt a signal or advice by intelligent 
systems or by triggering predefined thresholds. Telemonitoring was not investigated to 
decrease hospitalization length in this thesis, however, other research has proven the 
potential to do so49-52. An example of telemonitoring is the use of health patches. These 
can continuously monitor certain vital signs such as breathing frequency, pulse 
frequency and oxygen saturation. Currently, the PEACH trial is being conducted in 
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which patients are discharged on the same day of surgery and telemonitored using a 
health patch51. The results of this trial, and concurrent similar studies, will provide 
insights into whether this modality can be used safely and effectively to reduce hospital 
stay.  
 
The value of eHealth to reduce sick leave in the bariatric population has not been 
analyzed before. Previous studies performed in populations undergoing laparoscopic 
gynaecological surgery showed a decline in days to fully return to work after the 
operation53-54. The results of the BePatient trial did not confirm these findings. Multiple 
factors might explain these conflicting results. The impact and consequences of 
bariatric and gynaecological surgery might not be comparable. Furthermore, the 
platform did not contain content specifically designed to promote sooner return to 
work. Optimizing the content to provide advice concerning sick leave might prove to be 
effective and subsequently lead to reduced employment costs and should be subject to 
further investigation.  

Quality of life 

In addition to the overwhelming negative effects of obesity on physical comorbidity, it 
is also associated with poor quality of life and mental health55-59. Weight loss can 
diminish this effect and improve quality of life, especially after bariatric surgery56. 
Furthermore, postoperative psychological care can improve this even more60. 
Therefore, it was hypothesized that eHealth can be an attributing factor in promoting 
postoperative quality of life. The results of the BePatient trial reject this hypothesis. 
Despite the vast increase in postoperative quality of life, no differences were seen 
between the control and eHealth intervention groups. Some explanations and 
limitations need to be addressed. The large improvement of quality of life in all groups 
can conceal small differences potentially caused by the effect of eHealth. The study 
population size was not powered to identify this. Another explanation might be the lack 
of content specifically designed to improve quality of life, as was previously discussed 
for the case of return to work. Limited research is available on this topic, however, 
some research has noted that expectations management and psychological help can 
benefit postoperative mental health60-61. The development of specific content based on 
these findings is advocated and needs to be analyzed.  

Data-tracking and telemonitoring  

Novel technologies can be used to remotely support and monitor patients. One 
example of this is the abovementioned health patches. In this thesis, an explorative 
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study design was conducted in which bariatric patients and their families were 
supported by data tracking in their households62. Therapy compliance and commitment 
are factors that can influence successful bariatric treatment, however, might be difficult 
to fully assess in the consulting room. Physicians and other healthcare professionals 
have limited time and resources during consultations to establish the reasons for 
unsatisfying weight loss or even weight regain. Besides, patients might unknowingly 
exhibit behavior that has a negative impact on their weight and therefore fail to 
mention this during their appointment. The explorative study revealed some examples 
in which the data trackers led to the discovery of such behavior and subsequently 
options for tailored therapy. While some limitations to this mode of eHealth can be 
named, such as privacy, data excesses and upscaling, the results of this pilot study are 
promising. This type of eHealth can lead to more ‘tailored’ care, meaning that the care 
is better suited toward an individual person based on individual findings and data, and 
thereby improving effectiveness24,63-64. Future research is needed to consolidate this in 
the (bariatric) care pathway.  

Trends in bariatric surgery 

A trend in the distribution of age categories toward older bariatric patients was seen in 
the bariatric population of a large Dutch obesity center65. Multiple causes for this 
phenomenon were postulated and discussed before, including increase in prevalence of 
obesity, life expectancy and changes in age composition of society. Bariatric surgery in 
the elderly has been the subject of many studies in the past decade. A large body of 
evidence suggests that it is safe and effective66-69. Even a cohort of patients above the 
age of 75 was reported70. While this change in age distribution was only investigated in 
a single center, this might also be applicable elsewhere. However, reports on this topic 
are lacking.  
 
While the gastric bypass has long stood as the most performed bariatric procedure, 
nowadays, the gastric sleeve has surpassed it. In recent years, the percentage of 
performed gastric sleeve operations was 59% compared to 31% for the gastric bypass 
procedures1. Many studies have investigated the benefit of one of the procedures over 
the other. Traditionally, the assessment of effectiveness focuses on postoperative 
weight loss. However, as discussed earlier, the quality of life of patients living with 
obesity is often low, making it an interesting outcome measure55-59. Consequently, 
many studies comparing the value of gastric sleeve and bypass report weight loss as the 
primary outcome, while quality of life remains underrepresented. The retrospective 
research described in this thesis investigated the quality of life outcomes after both 
surgery types and concluded equal outcomes except for a slightly better increase in the 
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physical functioning domain71. This was also noted by a larger, yet also retrospective 
analysis, which also found a significant improvement of the general health perception 
in patients who underwent gastric bypass72. This could be explained by that the choice 
for operation might be based on differences in preoperative condition. Although, 
despite statistical significance, the clinical significance remains unclear. Furthermore, in 
recent systematic reviews and meta-analyses no differences were seen between 
procedures73-74. In conclusion, the quality of life equally improves after both gastric 
sleeve and bypass. Therefore, other factors could be more relevant for an individual 
patient to choose a specific treatment. This choice must be the result of informed 
consent between the patient and the treatment team. 
 
The list of bariatric (revision) procedures is still expanding. The proportion of revision 
surgery of the total number of procedures varies between 6 and 28%75-80. Revision 
surgery is most common after gastric banding, however, the revision percentage after 
gastric sleeve is also high, ranging from 25 to 36%79-82. Indications for revision surgery 
are mainly weight regain. However, recurrence of obesity-related comorbidity or 
complications of the primary surgery are also reasons for a secondary procedure80. Due 
to the rise in the number of primary procedures and proportion of patients with a 
longer follow-up, there is also a trend noticeable in the increase in revisions75,78,80. The 
previously mentioned Single Anastomosis Duodeno-Ileostomy, or SADI, is a relatively 
novel procedure. It can be performed as a second step after gastric sleeve by creating a 
duodeno-ilial anastomosis of the proximal duodenum, just after the pylorus, and the 
ileum. Hereby creating both a restrictive (gastric sleeve) and disabsorptive (by 
surpassing a part of the small bowel) effect. This procedure was first reported in 2007 
as a primary operation83. Later, this operation was proposed as a second step following 
a gastric sleeve as an alternative to the duodenal switch and bypass84.  
 
Long-term results of this procedure are limited due to its recent introduction. An early 
study with a small group size showed promising results84. However, studies comparing 
this procedure to other second step techniques, such as the gastric bypass, were 
lacking. The results of the retrospective case-matched study display equal outcomes 
compared to the gastric bypass as secondary step, suggesting that SADI is a safe and 
equally effective alternative to the current options85. These results are in line with the 
small, but expanding, body of evidence surrounding the SADI86. More recently, a few 
reports have been published with middle- and long-term results. In one study, the 
mean percentage excessive weight loss (%EWL) was more than 100% after 3 years, and 
the %TWL was 34% at 10 years postoperatively87,88. In a retrospective study comparing 
the SADI with gastric bypass after primary gastric sleeve, significantly more weight loss 
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was seen in the SADI group88. In a prospective cohort study of 42 patients, no 
differences in weight loss were seen between the SADI and DS groups89. In conclusion, 
the SADI as secondary procedure, is a promising procedure, although the available 
literature is still insufficient to establish a definite place within bariatric care. Long-
term, prospective and randomized studies are indicated.  
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Future perspectives 

The expanding worldwide digitalization will influence the future of the medical field. 
Healthcare professionals need to utilize this opportunity to optimize and develop new 
therapies. The novelty of eHealth solutions needs to be investigated with regards to 
potential value across the broad spectrum of healthcare. As discussed in the previous 
section, the beneficial effect of eHealth varies in literature. The results of the BePatient 
trial did not support the additional value of certain eHealth modules in bariatric 
surgery. However, this does not mean that there is no place for eHealth in the bariatric 
pathway. The findings of the reports described in this thesis have limitations, have 
taught some valuable lessons and identified grounds for future research. In this section, 
future perspectives are discussed. 
 
The results of the BePatient trial did not support the hypothesis that an eHealth 
platform and self-monitoring devices can improve health related outcomes when used 
as addition to standard care. Some limitations of the trial have been discussed earlier 
that might explain this finding. It was discussed that the follow-up length might be too 
short and that the benefit of eHealth is expected on a longer term. For instance, when 
the intensity of the postoperative program becomes less intensive. Future studies may 
be conducted assessing the value of supporting patients with eHealth at three or even 
more postoperative years to reveal whether this can affect weight stabilization and 
reduce weight regain in the longer term. Furthermore, the eHealth solutions were used 
as an addition and not as an alternative to standard care. A recent summarizing report 
of literature showed equal (and sometimes improved) effects on weight loss and 
weight maintenance to control groups6. Therefore, eHealth could be a valuable 
alternative in certain cases for pre- and postoperative bariatric care instead of addition. 
For instance, by replacing or reducing follow-up appointments with the physician, 
psychologist or dietician. Lowering the number of physical appointments can decrease 
costs. Additionally, as discussed earlier, eHealth has been suggested to reduce sick 
leave length after other laparoscopic surgery types. While the results of the BePatient 
trial did not reproduce this finding, it might be due to the fact that the platform was not 
designed for this specific goal. Future studies are needed to determine if eHealth can 
be effective in the long term, replace (parts) of the bariatric care and have a role in 
shortening sick leave periods.  
 
After the introduction of this eHealth platform in a large obesity center in the 
Netherlands, it was successfully integrated into standard workflow of the center. Both 
healthcare professionals and patients commented on the beneficial value of the 
eHealth platform. It proves to be difficult, however, to capture this feeling of 



 Summary, general discussion and future perspectives 

145 

10 

satisfactory and improved commitment. The results of the BePatient trial failed to 
detect the assumed improved satisfactory. However, patient journey, commitment and 
satisfaction are, besides clinical outcomes, important indicators for the quality of 
healthcare90. Having the ability to schedule a meeting or order a new prescription are 
examples of opportunities were eHealth can improve these indicators. A review of 
literature showed that providing patients with an online appointment planner can lead 
to reduced no-shows, reduced staff labor, reduce waiting time and improve patient 
satisfactory91. As discussed earlier, easy accessibility and an intuitive design are 
important. Patients should be involved in the process of construction of future eHealth 
modalities. Development of new eHealth solutions should be guided by the needs and 
expectations of patients and users. Subsequently, these should then be assessed based 
on clinical outcomes, but also on patient satisfaction and journey. A part of this will be 
the assessment of quality of life. While the BePatient trial did not find differences 
between groups it was not assessed with a general health-related quality of life 
questionnaire and not with a bariatric specific questionnaire. Patient journey, 
satisfaction and commitment assessments must be performed to determine whether 
eHealth is a welcomed method as support, either as an alternative or complementary 
to standard care. The development of new eHealth modalities should be guided by the 
needs and expectations of patients. Furthermore, the development of a specific 
bariatric quality of life questionnaire is advocated and needed. 
 
Telemonitoring, a subcategory within eHealth, has the potential to radically change 
healthcare in the short term. For instance, telemonitoring with health patches that 
monitor vital signs might further lower postoperative hospitalization length, to even 
same-day discharge. Telemonitoring in other aspects of healthcare has already been 
shown to have a role in reducing hospitalization length. Currently, randomized 
controlled research is being conducted to assess the value of health patches in bariatric 
surgery, and the results are expected in the following years. Furthermore, 
telemonitoring in the households of patients can be used to reveal problems and 
treatment options that are hard to distillate during standard, physical consultations due 
to limited resources and time. This provides opportunities for automated eHealth 
modules that, without continuous supervision of healthcare professionals, can support 
patients during their treatment. 
 
The spread of eHealth within healthcare must be seen in a bigger picture. eHealth is 
used for a broad array of modalities that include applications of digital and electronic 
communication and information services within healthcare. This ranges from 
informative websites on a specific disease to electrocardiographic watches 
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manufactured by commercial companies. Nowadays, hospitals and health centers are 
taking advantage of the high reach of eHealth by investing in eHealth solutions. For 
instance, by designing a hospital portal, where patients can have insights into their 
health record and diagnostic reports. It is likely that this will further evolve, guided by 
the preferences and demands of patients and other stakeholders, to be more 
integrated into daily practice. For instance, eHealth modules where patients fill in their 
complaints before an intake consult with their physician to save valuable time, and 
thereby costs. But one can also think of the ability to integrate self-monitoring devices 
(e.g., smartwatches, activity bracelets, weight scales, and Continuous Positive Airway 
Pressure machines, blood sugar charts) into the electronic health records to be used 
during outpatient consultations. Patients might also be able to ask questions to their 
physician or have the possibility to make, adjust or cancel appointments. These 
examples will lead to further individualized and tailored care for patients. However, a 
guaranteed safe data management, easy accessibility and an intuitive design are 
requirements success. 
 
Computing power and data storage has seen exponential growth over the last decades 
as predicted by Moore’s law in 196592,93. Intelligent systems are able to process 
immense chunks of data. Artificial intelligence and machine learning are upcoming and 
promising to support clinicians and other healthcare professionals, sometimes already 
outperforming clinicians94. These major improvements in computing power and data 
processing can make it possible to develop intelligent systems that can aid in 
diagnosing and providing tailored treatment options by combining data from multiple 
sources, such as wearable devices, health records, patient history, medicine use and 
diagnostic tests. The role of this in the near future is uncertain but is likely to play a role 
in health care. However, adoption in daily practice might be challenging. Successful 
integration is subject to some obstacles, such as regulations, challenging integration in 
current electronic health record systems, education of health care professionals, and 
costs. These hurdles might result in a delayed integration in daily practice94.  
 
The trend toward older patients and the shift toward the sleeve procedure as the most 
performed procedures will probably stabilize in the coming years. The place of SADI 
within the revision surgery after gastric sleeve is promising and equally, or sometimes 
even more, effective than existing options. Furthermore, the spectrum of bariatric 
procedures is ever expanding, and the search for superior and optimized operation 
types continues. Sound, randomized trials are needed to consolidate the place of SADI 
within bariatric care. 
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In conclusion, the increasing importance of eHealth within healthcare is indisputable. 
Although the beneficial value of eHealth in bariatric surgery was not established by the 
BePatient trial, it displayed the potent reach of eHealth, taught valuable lessons and 
identified limitations in the current practice of eHealth. This thesis contributes to the 
current body of evidence surrounding the use of eHealth and identified grounds for 
future research and ideas for the development of eHealth modules that may be used, 
utilizable across all domains of healthcare. 
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Rationale  

The worldwide impact of overweight and obesity is becoming increasingly clear. Its 
significant burden on health care continues to grow. Prevention and treatment of 
obesity has proven to be challenging and depend on various factors. Innumerable 
therapies have been proposed and explored, ranging from crash diets, improved 
physical activities, psychological sessions, drug treatment, and operative procedures. 
Bariatric surgery defines operations where weight loss or stabilization is induced by 
making anatomical changes by restricting food intake and inducing malabsorption. In 
the past decade, bariatric surgery has proven its worth as the most effective weight-
loss therapy. However, a significant number of patients are still struggling with 
unsatisfactory weight loss and subsequent weight regain. Numerous efforts have been 
made to optimize bariatric care, such as enhancement of current operation techniques 
and development of new procedures. Currently, starting to reach the boundaries of 
further procedural optimization and shifting toward the focus on improving the support 
of patients before, and long after, the operation. The importance of patient selection, 
dedicated bariatric teams, an intensive follow-up program and retaining commitment is 
starting to become clear. 
 
With the increased worldwide availability of internet access and digitalization, 
opportunities have opened up to support patients in their journey during the treatment 
and prevention of diseases. The practice of supporting health by electronic processes 
and communication is termed eHealth. This novel modality is beneficial in supporting 
the treatment of various chronic diseases, such as diabetes mellitus, inflammatory 
bowel disease and cancer. Moreover, its value in the treatment of patients struggling 
with obesity has also been advocated. Until recently, its beneficial significance in the 
bariatric population is less studied. 
 
The relevance of optimizing weight loss therapies has never been more significant. The 
number of patients affected by obesity is increasing at an alarming rate. If this trend 
continues, the burden of disease and its effect on healthcare will be disastrous. Efforts 
are needed to put this trend to a halt. As mentioned before, the focus is on optimizing 
the perioperative support. The high reachability of eHealth solutions warrants a large 
benefitting potential as addition to standard care. The main goal of the thesis was to 
assess the value of eHealth within the bariatric care pathway. Furthermore, trends are 
described that emerged during the conduction of the research question. 
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Main findings 

The results described in this thesis did not consolidate the beneficial value of an 
eHealth platform and self-monitoring devices in addition to standard bariatric in terms 
of weight loss, comorbidity reduction and quality of life. However, it was demonstrated 
that an eHealth platform can reach a large proportion of patients and that data tracking 
is a promising modality used to detect hidden behavior and provide tailored therapy. 
Moreover, important and valuable lessons were learned concerning the development 
of future eHealth solutions and research strategies. This includes the ability of eHealth 
to replace parts of current care, the potential of data tracking and telemonitoring. 
Furthermore, trends are described showing a shift towards older bariatric patients and 
changes in the proportion of bariatric procedures.  

Target population 

Several stakeholders can be identified that benefit from the results of this thesis. 
Firstly, patients struggling with obesity and overweight are important stakeholders. The 
BePatient trial aimed to investigate the potential value of eHealth to improve current 
bariatric practice. Unfortunately, the results found no grounds for beneficial effects on 
weight loss and other parameters with the addition of an eHealth platform and self-
monitoring devices to standard care. However, the results taught some valuable 
lessons for future investigations and the development of eHealth modalities, as 
previously described. Secondly, the findings of this thesis are of interest to bariatric 
teams worldwide. This includes physicians, dieticians, physiologists, physiotherapists, 
paramedical personnel and more. In extent to this, health care professionals working 
with patients with obesity or overweight also have an interest in this thesis, as it can 
give them insight into the potential value of eHealth solutions in their practice in 
supporting patients. Furthermore, other disciplines in healthcare, unrelated to obesity 
or overweight, may have an interest in these findings. It can give them insight into 
developing eHealth modalities in their own part of health care. Thirdly, commercial 
companies can also be seen as stakeholders as the role of having a healthy lifestyle is 
becoming clearer to consumers, eHealth companies capitalize on this and invest in the 
development of health-promoting applications and devices. The findings described in 
this thesis can be of value in directing companies toward manufacturing effective and 
desired eHealth modules. 
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Innovation 

The rise in the prevalence of obesity, combined with worldwide digitalization, reflects 
the direct relevance of the results. Bariatric treatment teams might find the results 
beneficial to optimize their treatment plans or to incorporate eHealth solutions in their 
practice. In addition, the results of the discussed research may serve as a base for 
future research, as they have identified limitations and opportunities in the current 
practice of eHealth. As discussed earlier, future studies are needed that focus on other 
outcomes such as Patient Reported Outcome Measures (PROMS) and patient 
satisfactory. The promising results of the pilot data tracking study merit further 
exploration in this field to establish its role in the support of patients. The utilization of 
eHealth in the form of telemonitoring can be beneficial to promote earlier discharge, 
which is the subject of ongoing trials. Lastly, the development and assessment of 
tailored or goal-specific eHealth modules is needed. The abovementioned gap in the 
literature is subject to future research designs and will further shape and determine the 
place of the practice of eHealth within all parts of healthcare, including bariatric 
surgery. The focus should lie on development of accessible, secure and intuitive 
eHealth modalities, designed in collaboration with patients, health care professionals 
and end-users. Furthermore, the ongoing improvement of computing power and 
improvement in artificial intelligence grant opportunities for continuous and intelligent 
(tele) monitoring. The exact place of eHealth remains unclear however this thesis 
confirmed its potential as an extension. 
 
To conclude, the surge of eHealth within healthcare is indisputable. While the 
beneficial value of eHealth in bariatric surgery was not established by the BePatient 
trial, various opportunities for the development of eHealth solutions and grounds for 
future research were identified. The proven high potential of eHealth to reach patients 
advocates further utilization. This thesis contributes to the development and changes 
to current practices, impacting patients, eHealth developers, and treatment teams all 
around health care.  
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Introductie 

Het belang van een gezonde lifestyle wordt steeds meer duidelijk. Het effect van 
stoppen met roken, voldoende lichaamsbeweging en het verminderen van stress zijn 
alom bekend. Desondanks is er wereldwijd een alarmerende stijging gaande in het 
aantal mensen met overgewicht1-3. Preventie en behandeling van obesitas kan erg lastig 
zijn en is afhankelijk van tal van factoren. Over de laatste jaren zijn ontelbare 
therapieën bedacht en gebruikt zoals diëten, verandering in bewegingspatroon en 
operatieve ingrepen.  
 
Bariatrische chirurgie omvat operaties met het doel gewichtsverlies of -stabilisatie te 
bewerkstelligen door anatomische veranderingen aan te brengen die leiden tot 
verminderde voedselabsorptie of -inname. Momenteel heeft de bariatrische chirurgie 
zich ontwikkelt als meest effectieve behandeloptie4. Echter, een significant deel van de 
bariatrische patiënten bereikt niet het gewenste resultaat of ervaren gewichtstoename 
na verloop van tijd met alle sociale, medische en financiële gevolgen van dien5. De 
zoektocht naar de meest geoptimaliseerde bariatrische zorg zet zich door. Over de 
laatste decennia zijn de operatieve technieken steeds verder verbeterd echter 
verschuift de focus richting het optimaliseren van de ondersteuning aan patiënten 
rondom, en ver na, de operatie. De waarde van een intensief en geïndividualiseerd 
follow-up programma wordt gereflecteerd door de integratie in nationale en 
internationale richtlijnen6-10. eHealth, het gebruik van digitale informatie- en 
communicatiemiddelen ter bevordering van gezondheid of leefstijl, kan een belangrijke 
rol gaan spelen in het ondersteunen van bariatrische patiënten. De waarde van eHealth 
heeft zich reeds bewezen als ondersteuning bij andere chronische aandoeningen zoals 
suikerziekte, COPD, chronische darmontstekingen en kankerpatiënten11-15. 
 
Een alarmerend snelle stijging in het aantal mensen met overgewicht is gaande. Om 
deze trend te stoppen, moeten bestaande therapieën worden geoptimaliseerd, waarbij 
de focus ligt op het ondersteunen van patiënten tijdens hun bariatrische behandeling. 
Obesitas, als chronische ziekte, is geschikt voor de voordelen die eHealth kan bieden. 
Het ontbreekt echter aan wetenschappelijk bewijs. Het doel van dit proefschrift is te 
onderzoeken wat de rol van eHealth is in de huidige bariatrische behandeling van 
obesitas en het beschrijven van trends binnen dit vakgebied. 

De ‘Wereldwijde Obesitas Pandemie’ 

Overgewicht en obesitas groeiden de laatste decennia tot een van de grote 
gezondheidsdreigingen van de eeuw. Dit wordt ook wel de ´Wereldwijde Obesitas 
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Pandemie’ genoemd16. Tussen 1975 en 2016 verdriedubbelde het aantal mensen met 
obesitas in de wereld1. In Nederlands heeft op dit moment circa 15% obesitas2. De 
World Health Organization (WHO) heeft overgewicht gedefinieerd als een Body Mass 
Index (BMI) boven de 25 kg/m2 en obesitas als een BMI boven de 30 kg/m2. Een 
verhoogde BMI brengt ernstige gezondheidsrisico’s met zich mee. Denk hierbij aan 
hart- en vaatziekten, suikerziekte en kanker17-20. Hoe hoger het overgewicht, des te 
groter het risico op aandoeningen en daarmee een lagere levensverwachting. De 
levensverwachting van personen met een BMI tussen de 40 en 45 is vergelijkbaar met 
rokers18. De laatste eeuw is onze levensverwachting enorm gestegen. De verwachting is 
echter dat deze stijging afzwakt, of zelfs stopt, als de stijging in prevalentie van obesitas 
zich voortzet19. Met andere woorden: de consequenties van overgewicht zijn 
desastreus en hebben zowel een medische, mentale en financiële impact20. De 
‘Wereldwijde Obesitas Pandemie’ moet een halt worden toegeroepen!  

Het ontstaan van overgewicht en obesitas 

In de zoektocht naar de beste behandeling is het begrijpen van het ontstaan van 
overgewicht belangrijk. De fundamentele oorzaak van overgewicht is een persisterende 
disbalans tussen de energieconsumptie en -verbruik1,20,22. Het mechanisme wat schuilt 
achter het opslaan en verbruiken van energie door het lichaam is complex, gereguleerd 
door hormonen en niet volledig ontrafeld23. Energie intake en verbruik zijn beide 
onderhevig aan omgevings- en genetische factoren. The enorme toename in obesitas 
wordt voornamelijk verklaard door een verschil in omgevingsfactoren23. De laatste 
decennia is er een wereldwijde stijging in energie intake. Voedsel is gemakkelijker 
beschikbaar. Daarnaast is de bereikbaarheid van hoog-energie voedsel met een hoog 
suikergehalte toegenomen en wordt de gemiddelde portie groter20,24. Aan de andere 
kant lijkt ook de output van energie af te nemen. Denk hierbij aan toename van 
zittende beroepen en manieren van transport20. De voorgenoemde aspecten hebben 
bijgedragen aan de disbalans tussen de energieconsumptie en -verbruik, wat 
uiteindelijk leidt tot een gewichtstoename. Een behandeling van overgewicht moet er 
op gericht zijn deze disbalans te herstellen. Veel verschillende therapietypen zijn 
onderzocht en gebruikt. Denk hierbij aan het verminderen van de intake door crash 
diëten, intermittent-fasting of maaltijdvervangers. De manier waarop een 
energietekort wordt gecreëerd is niet belangrijk om af te vallen, zolang er maar een 
tekort ontstaat. Aangezien een te hoge intake wordt gezien als drijvende factor van de 
‘Wereldwijde Obesitas Pandemie’ moeten therapieën hierop focussen20,24-28. Maar, 
voorkomen is nog altijd beter dan genezen. Daarom doen (nationale) instanties veel 
moeite om overgewicht te voorkomen29. Zoals eerder genoemd, is echter al een 
substantieel deel van de bevolking te zwaar en is preventie slechts deel van de 
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oplossing. Veel verschillende therapietypen zijn onderzocht en er zijn grote verschillen 
in effectiviteit. De chirurgische behandeling van obesitas, bariatrische chirurgie, blijkt 
echter superieur ten opzichte van niet-chirurgische behandelingen4.  

Bariatrische chirurgie 

Bij bariatrische chirurgie worden door middel van operatief ingrijpen anatomische 
veranderingen aangebracht in het verteringstelsel van mensen, met gewichtsdaling of 
-stabilisatie als doel. De eerste bariatrische ingreep werd al meer dan duizend jaar 
geleden beschreven. Koning Sancho I werd door zijn volk afgezet vanwege ernstig 
overgewicht. Hij zocht hulp bij zijn dokter, Hasdai Ibn Shaprut genaamd. Hij bedacht om 
de lippen van de koning dicht te hechten waarna slechts een vloeibaar dieet mogelijk 
was. Koning Sancho I verloor snel gewicht en besteeg opnieuw de troon30. Hoewel dit 
een succesvolle ingreep betrof, zijn de huidige operaties gelukkig minder barbaars. 
Bariatrische ingrepen bereiken het doel door een restrictieve en disabsorptieve 
werking. Restrictief betekent dat de hoeveelheid voedsel welke ingenomen kan worden 
door de operatie verminderd wordt. Disabsorptief betekent dat de opnamecapaciteit 
van de darm wordt verlaagd. De gastric sleeve is een voorbeeld van het restrictieve 
type en wordt momenteel wereldwijd het meest uitgevoerd31. Hierbij wordt een groot 
deel van de maag verwijderd. Dit leidt tot een afname van de opslagcapaciteit en 
daarmee een sneller verzadigd gevoel32. Een andere, veelgebruikte, operatie is de 
gastric bypass. Hierbij wordt de maag chirurgisch verbonden met een deel van de 
dunne darm waarbij er een deel van het absorberende gedeelte wordt overgeslagen33.  

eHealth 

De huidige samenleving is steeds meer gericht op digitalisering. Een internetverbinding 
is tegenwoordig vanzelfsprekend. Hier liggen kansen voor het promoten van 
gezondheid en een gezonde levensstijl. Dit heeft geleid tot tal van digitale 
hulpmiddelen. Enkele voorbeelden zijn: stappentellers, global positioning system (GPS) 
apparaten om sportafstanden bij te houden, caloriecalculators, dieetdagboeken, 
mentale ondersteuning, enzovoort. Maar je kunt ook denken aan systemen die 
continue de gezondheid monitoren en met behulp van kunstmatige intelligentie een 
persoonlijk gezondheidsadvies geven. Een voorbeeld hiervan is een electro-
cardiografische smartwatch die hartritmestoornissen al in een vroeg stadium kan 
diagnosticeren34. Dit zijn slechts enkele voorbeelden van eHealth. De eerste 
wetenschappelijke publicaties over eHealth dateren van de jaren ’90 en sindsdien is de 
definitie onderhevig geweest aan variatie35. eHealth is een brede term die gebruikt 
wordt voor het beschrijven van elektronische informatie- en communicatie-
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voorzieningen ter bevordering van gezondheid, leefstijl en de gezondheidszorg. De 
termen telehealth en telemedicine worden ook gebruikt. Wetenschappelijk onderzoek 
heeft aangetoond dat het gebruik van eHealth voordelen kan opleveren bij de 
behandeling van chronische ziekten als suikerziekte, COPD, darmziekten en 
kankerpatiënten11-14. Ook voor de behandeling van obesitas zijn er aanwijzingen dat 
eHealth waardevol is, maar de toegevoegde waarde bij bariatrische chirurgie is nog 
nauwelijks onderzocht36-39.  

Samenvatting van de onderzoeksresultaten 

Wetenschappelijk onderzoek begint vaak door met terugwerkende kracht naar 
resultaten van het verleden te kijken. In 2015 werd een eHealth platform geopend in 
een groot obesitascentrum in Nederland voor patiënten die een bariatrische operatie 
hebben ondergaan. Na enkele jaren werd het tijd om het gebruik en effectiviteit van dit 
patiëntenplatform te onderzoeken. In hoofdstuk 2 staan de resultaten van dit 
retrospectieve onderzoek beschreven. In totaal werden de accounts en 
gezondheidsvariabelen van 1098 patiënten geanalyseerd die het platform tussen 
januari 2015 en april 2018 hebben bezocht. Gemiddeld bezochten patiënten het 
platform circa 12 keer. Hierbij bekeken ze gemiddeld 51 pagina’s. De postoperatieve 
gewichten werden ook geanalyseerd op basis van de activiteit van patiënten op het 
platform. Hieruit bleek dat het postoperatief gewicht na één en twee jaar statistisch 
niet verschilden tussen de verschillende groepen. Er werd ook een analyse verricht op 
het verschil tussen pre- en postoperatieve content. Patiënten die de postoperatieve 
content bekeken, zijn meer afgevallen dan patiënten die die content niet bekeken 
hadden. Uitgedrukt in het percentage totaal gewichtsverlies was dit één jaar na de 
operatie 30,1% tegen 31,7% (p=0,006), en na twee jaar was dit 28,9% tegen 30,4% 
(p=0,034). Concluderend gaf dit retrospectieve onderzoek aanwijzingen dat de 
toevoeging van eHealth kan bijdragen aan een toename in gewichtsdaling na 
bariatrische chirurgie. 
 
Wanneer een retrospectief onderzoek aanwijzingen geeft dat een interventie een 
voordeel oplevert, moet dit worden bevestigd in een gerandomiseerd onderzoek. 
Hierbij krijgt een deel van de patiënten de standaard zorg en een andere groep de 
aangepaste zorg. Wie welke zorg krijgt, wordt willekeurig bepaald. De eerste stap is om 
de onderzoekmethoden in een protocol vast te leggen. In hoofdstuk 3 is dit 
onderzoeksprotocol uitvoerig beschreven. Deze Randomized Clinical Trial (RCT) is 
genaamd: de BePatient trial. In deze trial werden circa 200 patiënten onderzocht die 
een primaire bariatrische operatie ondergingen. Zij werden verdeelt in drie groepen. 
Honderd patiënten kregen standaard zorg (normal-groep); vijftig patiënten kregen, in 
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aanvulling op standaard zorg, toegang tot het eerder genoemde patiëntenplatform 
(online-groep); vijftig patiënten kregen, in aanvulling op de standaard zorg, toegang tot 
zowel het patiëntenplatform als draadloze apparaten (device-groep). Op het platform 
konden patiënten informatie vinden over de operatie en follow-up programma, 
dieetadviezen, sportadviezen en meer. Deze informatie is beschikbaar in video’s en in 
geschreven vorm. Ook konden patiënten een forum gebruiken om vragen te stellen. 
Daarnaast kreeg een deel van de patiënten een draadloze weegschaal, 
bloeddrukmeter, stappenteller en zuurstofspanningsmeter. Deze apparaten werden 
gebruikt om patiënten meer inzicht te geven in hun voortgang na de operatie en 
daarmee meer gewichtsverlies te bewerkstelligen. De resultaten van de BePatient trial 
werden beschreven in hoofdstuk 4 en hoofdstuk 5.  
 
Tussen februari 2017 en februari 2018 werden in totaal werden 205 patiënten 
geïncludeerd in de BePatient trial. In hoofdstuk 4 werd de hypothese gesteld dat men 
door het gebruik van eHealth beter geïnformeerd is en zich zekerder voelden over hun 
herstel en daardoor een lagere opnameduur en minder ziekteverlof nodig hadden voor 
herstel, en een toegenomen kwaliteit van leven ondervonden. Deze hypothese werd 
verworpen. Er was geen verschil in het aantal opnamedagen tussen de groepen. De 
mediane opnameduur was één dag in elke onderzoeksgroep. Ook het gemiddelde 
aantal dagen vanaf de operatie tot patiënten weer aan het werk gingen, was 
vergelijkbaar tussen de groepen, namelijk 28,1 tegen 27,5 tegen 29,8 (p=0,673) dagen 
in de normal-groep, de online-groep en de device-groep, respectievelijk. Het gebruik 
van het platform was hoog in de interventiegroepen. Meer dan 93% van alle patiënten 
in de online- en device-groep hebben het platform gebruikt. Gemiddeld logden 
patiënten uit de device-groep vaker in dan de online-groep in het eerste jaar na de 
operatie, namelijk 33 tegen 17 keer (p=0,035). Het aantal paginaweergaves was met 82 
tegenover 91 keer niet statistische verschillend. De top-3 meest bekeken onderdelen 
waren: ‘voorbereidingsfase op de operatie’, ‘lessen over obesitas’ en ‘Veelgestelde 
vragen’. De kwaliteit van leven die patiënten ondervonden op één jaar na de operatie 
werd geanalyseerd met een gevalideerde vragenlijst. De kwaliteit van leven in alle 
geanalyseerde domeinen verbeterde sterk in alle groepen, echter ook hier werd geen 
verschil tussen de groepen waargenomen. Uit de vroege resultaten van de BePatient 
trial werd geconcludeerd dat het patiëntenplatform veel gebruikt werd, echter dat de 
toevoeging van eHealth geen invloed had op de opnameduur, ziekteverlofduur en 
kwaliteit van leven.  
 
Een belangrijke parameter voor succesvolle bariatrische chirurgie is postoperatieve 
gewichtsverlies. Vaak uitgedrukt in het percentage gewichtsverlies ten opzichte van het 
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startgewicht, ook wel percentage total weight loss (%TWL) genoemd. Het %TWL was de 
primaire uitkomstmaat van de BePatient trial. Deze resultaten werden in hoofdstuk 5 
geanalyseerd en besproken. Na 6 maanden waren patiënten gemiddeld 26,7 %TWL 
afgevallen en na 12 maanden 31,2 %TWL. Twee jaar na de operatie was het gemiddelde 
%TWL van de totale studiegroep 30,3%, variërend tussen -0,5% en 54,0%. Er zat geen 
statistisch verschil tussen de controle- en interventiegroepen. Na 1 jaar was het 
gemiddelde %TWL 31,2 tegen 29,6 tegen 32,8 in de normal-, online- en device-groep, 
respectievelijk (p=0,146). Na 2 jaar was dit 29,8 tegen 28,8 tegen 32,4 %TWL (p=0,379). 
In dit onderzoek werd ook de invloed van de eHealth modaliteiten op obesitas-
gerelateerde ziekten geanalyseerd. In dit onderzoek werden hoge bloeddruk, 
suikerziekte, verhoogd cholesterol, refluxziekte, slaapapneusyndroom en 
gewrichtsklachten zowel pre- als postoperatief gecontroleerd. Na de operatie werden 
sterke verbeteringen gezien van alle onderzochte, obesitas-gerelateerde ziekten. 
Echter, ook hier werd geen statistisch verschil tussen de groepen waargenomen. De 
hypothese werd gesteld dat het gebruik van de draadloze apparaten voor meer inzicht 
zorgt in persoonlijke gezondheid en progressie, en daarmee het zelfvertrouwen en 
toewijding vergroot. In sommige gevallen werd het tegenovergestelde gezien. Een 
aantal patiënten gaven aan zich juist onzekerder te voelen door de metingen, 
bijvoorbeeld door een lage bloeddruk te meten. Patiënten gaven ook aan zich soms 
geen raad te weten met de metingen, voornamelijk van de bloeddruk- en 
zuurstofspanningsmeter. De stappenteller en weegschaal werden wel veel gebruikt. 
Daarnaast daalde het gebruik van apparaten gedurende de studieperiode. Direct na de 
operatie maakte circa 62% van de patiënten maandelijks gebruik van de apparaten. Op 
het eind van de follow-up periode was dit, slechts, 19%. Kwaliteit van leven op twee 
jaar na de operatie en het aantal ziekenhuisafspraken was tevens vergelijkbaar tussen 
de groepen. Concluderend, de toevoeging van een eHealth platform en draadloze 
gezondheidsapparaten leidden in dit onderzoek niet tot toegenomen gewichtsverlies, 
comorbiditeitsreductie en kwaliteit van leven.  
 
In het leven van een patiënt verandert veel na een operatie. Dit is niet alleen merkbaar 
voor de patiënt zelf, maar ook voor de sociale omgeving. De postoperatieve 
leefstijlaanpassingen die nodig zijn voor een succesvolle bariatrische behandeling 
kunnen namelijk ook invloed hebben op het leven van, bijvoorbeeld, een partner. Denk 
hierbij bijvoorbeeld aan een veranderd eetpatroon of sportregime. Hierbij kan gesteld 
worden dat, naast de patiënt en de zorgprofessional, ook het sociale vangnet van een 
patiënt een bepaalde verantwoordelijkheid heeft. Deze drie pijlers kun je zien als 
systeem van medeverantwoordelijkheden. Veel interacties binnen dit systeem vinden 
plaats in de thuissituatie van een patiënt. Vaak blijven deze verborgen voor de 
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zorgprofessional tijdens een follow-up afspraak, al dan niet bewust. Extra informatie 
over de thuissituatie zou daarom van waarde kunnen zijn om extra gewichtsdaling te 
bewerkstelligen of een terugval te voorkomen. In hoofdstuk 6 staan de methodologie, 
resultaten en discussie beschreven van een exploratieve studie naar de waarde van 
data-tracking in de thuissituatie van patiënten. Het doel van dit onderzoek was inzicht 
te krijgen in de mogelijkheid om vanuit data een gepersonaliseerde interventie te 
ontwikkelen. Hierbij werd het gedrag van patiënten en hun familie verzameld met 
onder andere activiteitsarmbanden, smart-stopcontacten, druk- en bewegingssensoren 
en activiteitsknoppen. Daarnaast werd gebruik gemaakt van een chatsysteem waarbij 
patiënten berichten konden ontvangen. Deze werden automatisch verzonden op basis 
van input van de metingen of verstuurd door het onderzoeksteam. Hierbij werden ruim 
483.000 datapunten verzameld in huishoudens van zes families. Door middel van 
gestructureerde interviews werden deze datapunten in context geplaatst. Analyse 
hiervan bracht een aantal voorbeelden aan het licht waarbij data gebruikt kon worden 
om een gepersonaliseerde interventie te doen. In één huishouden legden de 
datapunten de dynamiek rondom voedselkeuze aan het licht. Vooraf gaf de familie aan 
ongeveer een keer per week gefrituurd voedsel te eten. Uit de gegevens bleek dat de 
frituurpan zes van de zeven dagen gebruikt te worden. Bij navraag bleek dit voort te 
komen uit onenigheid over de voedingskeuze binnen de familie. Bij wijze van 
compromis werd dan voor gefrituurd eten gekozen. In een andere casus kwam 
verbetering met betrekking tot lichamelijke inspanning aan het licht door data tracking. 
Eén patiënt had moeite met afvallen, ondanks voldoende lichamelijke beweging. 
Analyse van de data van de activiteitsarmband toonde dat de frequentie en duur 
adequaat waren, echter dat de intensiteit van de inspanning te laag was. Hierop werd 
haar trainingsschema aangepast. Daarnaast droegen de metingen bij aan 
zelfvertrouwen van patiënten en aan de manier van ondersteuning die een partner 
bood. Deze voorbeelden geven aan dat er waardevolle, en vaak verborgen, informatie 
schuilt binnen de sociale context waarin een patiënt leeft. Data-tracking kan mogelijk 
gebruikt worden om deze informatie bloot te leggen. Concluderend kan worden gesteld 
dat dit exploratief onderzoek een eerste inkijk heeft gegeven waar kansen liggen 
binnen het ontwikkelen van gepersonaliseerde interventies op basis van datatracking in 
de thuissituatie. Onderzoek zal moeten uitwijzen of het zinvol is om deze gegevens 
binnen de klinische setting te gebruiken.  
 
De trend in leeftijden van de bariatrische populatie binnen een groot Nederlands 
obesitascentrum werd geanalyseerd. De leeftijd van de gemiddelde bariatrische patiënt 
in dit centrum is binnen een decennium gestegen. Zo was vóór 2008 meer dan 70% 
jonger dan 45 jaar. Tien jaar later lag dit percentage rond de 50%. In hoofdstuk 7 staan 
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een aantal mogelijke verklaringen hiervoor uiteengezet, namelijk: toename van 
levensverwachting; toename in prevalentie van obesitas, voornamelijk onder ouderen; 
relatieve over-representatie van ouderen; en afname van terughoudendheid om bij 
ouderen voor een bariatrische ingreep te kiezen.  
 
Veel studies die de effectiviteit van bariatrische chirurgie beoordelen, gebruiken 
gewichtsverlies als primaire uitkomstmaat. Echter, steeds vaker krijgen andere, 
subjectievere uitkomstmaten ook aandacht. Voorbeelden hiervan zijn de patiënt-
gerapporteerde uitkomstenwaarden (Patient Reported Outcome Measures, of PROMS) 
en kwaliteit van leven. Deze trend breidt zich ook uit binnen de bariatrische literatuur. 
Er is veel onderzoek gedaan naar het verschil in gewichtsreductie bij de twee meest 
uitgevoerde bariatrische operaties: de gastric sleeve en gastric bypass. Het verschil op 
de kwaliteit van leven tussen deze twee operaties is echter onderbelicht. In hoofdstuk 
8 wordt een retrospectief onderzoek omschreven wat dit vraagstuk onderzoekt. In 
totaal werden 1184 patiënten geïncludeerd waarvan 666 patiënten een gastric sleeve 
en 518 patiënten een gastric bypass ondergingen. De kwaliteit van leven werd met 
behulp van een gevalideerde vragenlijst bepaald en verdeelt in 9 domeinen: fysiek 
functioneren, sociaal functioneren, fysieke rolbeperking, emotionele rolbeperking, 
mentale gezondheid, vitaliteit, pijn, algemene gezondheidsperceptie en 
gezondheidsverandering. Op één jaar na de operatie was een sterke toename in alle 
domeinen van kwaliteit van leven gezien, na zowel gastric sleeve als bypass. De 
toename in fysiek functioneren was significant sterker bij patiënten die een gastric 
bypass ondergingen dan een gastric sleeve. Op een 100-punten schaal werd er een 
verbetering van 43,3 punten gezien bij de gastric bypass tegenover 40,5 punten bij de 
gastric sleeve (p=0,044). Hoewel dit statistische gezien significant was, werd dit 
beschouwd als niet klinisch relevant. Bij de overige domeinen werden geen verschillen 
tussen de twee procedures geobserveerd. 
 
Waar eerder de gastric bypass lange tijd als gouden standaard gold, heeft de gastric 
sleeve zijn waarde inmiddels ook bewezen. Echter, het palet aan bariatrische ingrepen 
wordt nog steeds uitgebreid. Een relatief nieuwe operatie is de Single-Anastomosis 
duodeno-ileal bypass, kortweg SADI. In hoofdstuk 9 staan de vroege resultaten van een 
cohort SADI-patiënten beschreven. Het doel van het onderzoek was om te analyseren 
of deze nieuwe ingreep een veilige techniek met vergelijkbare uitkomsten was. In totaal 
werden 32 patiënten geïncludeerd die een SADI-procedure ondergingen na een eerdere 
gastric sleeve. Deze werden gekoppeld op basis van leeftijd, geslacht en BMI aan cohort 
van 32 patiënten die een bypass-procedure ondergingen na een gastric sleeve. 
Gewichtsverlies, laboratoriumonderzoek en complicaties werden geanalyseerd. Met 
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betrekking tot complicaties werden meer defecatieproblemen gezien na een SADI dan 
na gastric bypass, namelijk bij 11 patiënten tegenover 4 (p=0,037). De prevalentie van 
de overige complicaties, vitamine deficiënties, gewichtsreductie en comorbiditeiten-
reductie waren vergelijkbaar. Concluderend werd gesteld dat de SADI in dit 
retrospectief onderzoek een veilig procedure met vergelijkbare uitkomsten is ten 
opzichte van de gastric bypass als revisie na sleeve en dat toekomstig, gerandomiseerd 
onderzoek geïndiceerd is.  

Discussie 

In dit proefschrift werd beschreven welke plek eHealth binnen de bariatrische chirurgie 
heeft. De voorgenoemde onderzoeksresultaten zullen hierbij besproken worden en 
geplaatst worden in het kader van recentelijke wetenschappelijke literatuur. Daarnaast 
worden enkele trends binnen de bariatrische praktijk beschreven.  

De waarde van eHealth bij gewichtsdaling na bariatrische chirurgie 

De belangrijkste uitkomstwaarde ter beoordeling van de effectiviteit van een 
behandeling tegen obesitas is gewichtsverlies. Uit de resultaten van de BePatient trial 
komt een forse gewichtsdaling naar voren, vergelijkbaar met resultaten uit de literatuur 
40-41. Het beschikbaar stellen van een patiëntenplatform of draadloze apparaten had 
hier echter geen aanvullende invloed op. Er werden geen verschillen gezien tussen de 
interventiegroepen met betrekking tot gewichtsdaling42-43. In de literatuur is het effect 
van eHealth op gewichtsdaling bij bariatrische chirurgie wisselend39,44. Slecht één van 
de acht beschreven onderzoeken toont een positief effect op gewichtsdaling45-52. In dit 
gerandomiseerd onderzoek onder 56 patiënten werd een toename van het percentage 
excessief gewichtsverlies van 7% na een jaar en 12% na twee jaar gezien bij de 
gebruikers van eHealth51. In de overige onderzoeken waren geen significant verschil 
aantoonbaar39,45-52. Enkele kanttekening moeten wel worden gemaakt: het betrof een 
grote diversiteit aan methodologische opzetten en het waren vaak kleine, niet-
gerandomiseerde onderzoeken44. Daarnaast ontbreekt het aan gerandomiseerde 
studies en onderzoeken met een follow-up >6 maanden39. De BePatient trial is een van 
de weinige gerandomiseerde onderzoeken en de eerste die zowel het effect van een 
patiëntenplatform als monitoring-apparaten analyseert en daarom van significante 
waarde binnen dit onderzoeksveld.  
Ook het beschikbaar stellen van draadloze apparaten waarmee patiënten meer inzicht 
in hun gezondheid kregen, leidde niet tot betere gewichtsdaling. De hypothese werd 
gesteld dat het verhogen van dit inzicht de commitment kon vergroten. Zo konden 
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patiënten hun gewicht overzichtelijk via een draadloze weegschaal gemakkelijk 
inzichtelijk krijgen via hun telefoon. Eventuele afbuiging van de gewichtsdaling, of zelfs 
gewichtsstijging, zou daardoor mogelijk eerder worden opgemerkt. Daarnaast waren 
apparaten beschikbaar die de bloeddruk, zuurstofspanning en lichamelijke activiteit 
konden tonen en zo theoretisch tot comorbiditeitsreductie en toename in lichamelijke 
activiteit leiden. Resultaten van de BePatient trial toonden echter geen verschil in 
postoperatief gewichtsverlies bij patiënten die de mogelijkheid hadden om de 
apparaten te gebruiken ten opzichte van de controle groep. Deze bevindingen werden 
ook gezien bij een voorgaand, gerandomiseerd onderzoek. Hier werd zelfs minder 
gewichtsverlies gezien in een groep patiënten die een draagbaar apparaat konden 
gebruiken die de fysieke inspanning monitort ten opzichte van een controle groep53. 
 
Eventuele bijdragende factoren voor het tegenvallende gewichtsverlies moeten worden 
besproken. De hypothese werd gesteld dat eHealth een positief effect heeft op 
gewichtsdaling door het bieden van extra ondersteuning wat leidt tot extra 
commitment, vergroten van kennis en hulp bij ondersteuning van het aanpassen van de 
lifestyle. In de BePatient trial werd het effect van eHealth in de eerste twee 
postoperatieve jaren geanalyseerd. Onderzoeken onder grote aantallen patiënten laat 
zien dat vaak tussen één en twee jaar na de operatie de piek in gewichtsdaling wordt 
bereikt, waarna enige vorm van gewichtsstijging optreedt41,54-56. Het is mogelijk dat het 
effect van eHealth op gewichtsdaling insignificant is in vergelijking met de operatie zelf. 
Daarnaast is het mogelijk dat het aanvullende effect op de ondersteuning door het 
toevoegen van eHealth tenietgedaan wordt door het reeds uitgebreide follow-up 
programma. In het tijdsframe van de trial is namelijk de ondersteuning die geboden 
wordt vanuit behandelcentra reeds erg uitgebreid, zoals richtlijnen adviseren57. Men 
kan daarom beargumenteren dat de follow-up periode van de BePatient trial te kort is 
en dat toekomstige onderzoeken een langere follow-up moeten hebben. In dit 
onderzoek is gekeken naar de waarde van het toevoegen van eHealth aan de standaard 
zorg. De eHealth-interventiegroepen hadden vergelijkbare uitkomsten als de controle 
groep. Toekomstig onderzoek moet gericht zijn op de vraag of eHealth modaliteiten 
bepaalde aspecten van het preoperatief of follow-up traject kunnen vervangen. Het 
verlagen van het aantal (fysieke) afspraak brengt een theoretische verlaging van de 
ziektekosten met zich mee. Kosten-baten analyses zullen dit moeten onderzoeken. 
Overigens leidde de toevoeging van eHealth in de BePatient-trial niet tot een afname in 
het aantal fysieke of telefonische afspraken, waarschijnlijk omdat een groot aantal van 
deze afspraken reeds volgens een vast schema worden ingepland. Concluderend is het 
effect van extra ondersteuning, in dezen door middel van eHealth, in dit stadium van 
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het postoperatieve traject van ondergeschikt belang en wordt het effect groter naar 
mate de operatie langer geleden is.  
 
Daarnaast is er ook literatuur beschikbaar naar de waarden van eHealth modaliteiten 
op gewichtsdaling bij niet-chirurgische therapie. Een systematisch review van 
systematische reviews concludeerde dat internet-gebaseerde eHealth meestal meer 
effectief was in gewichtsdaling en gewichtsbehoud ten opzichte van controle groepen 
met minimale interventie. Echter, ten opzichte van groepen die een vergelijkbare 
offline therapie ondergingen werden geen toegevoegde waarden gezien37. Een 
vergelijkbare meta-analyse toonde wel een hoger gewichtsverlies op korte 
(<6 maanden) maar niet op langere termijn. Onderzoeken met een follow-up van meer 
dan twee jaar waren echter schaars in deze review59. Twee systematische reviews van 
27 en 47 studies noteerden dat eHealth in ongeveer de helft van de onderzoeken leidde 
tot meer gewichtsverlies. Echter, zij concludeerden een grote variëteit in methodologie 
en interventies, wat interpretatie en toepasbaarheid van de resultaten beinvloed36,38. 
 
De bevindingen van de BePatient trial dragen bij aan de gelimiteerde literatuur dat 
eHealth niet lijdt tot extra gewichtsverlies. Toch betekent dit niet dat er geen plaats is 
voor eHealth binnen de bariatrie. Onderzoeken tonen aan dat er geen verschil zit in 
gewichtsdaling. Echter, de bestaande onderzoeken analyseren eHealth in aanvulling op 
de standaard zorg en niet als alternatief voor standaard zorg. De vraag of eHealth als 
alternatieve voor het routine pre- en postoperatieve bariatrische zorg kan dienen, blijft 
echter onbeantwoord. Hier liggen vraagstukken voor toekomstig onderzoek. 

Het bereik van eHealth 

Bij het beoordelen van de effectiviteit en potentie van een interventie is het van belang 
om te weten of het toegediende middel aankomt op de plek waar het zijn werk kan 
doen. In het geval van het patiëntenplatform en de apparaten: maken patiënten er 
gebruik van? Vaak omschreven als het ‘bereik’ van eHealth. Gegevens over het bereik 
van eHealth in de ondersteuning van patiënten omtrent voeding, lichamelijke activiteit 
en obesitas zijn schaars60. Uit de resultaten van het retrospectief onderzoek bleek dat 
patiënten het patiëntenplatform veel gebruikten61. Gemiddeld bezochten patiënten het 
platform ongeveer twaalf keer. Hierbij bekeken ze vooral content die gemakkelijk 
toegankelijk is (bijvoorbeeld informatie op de voorpagina of video’s) of waar naar 
gezocht werd (bijvoorbeeld ‘Veelgestelde Vragen-sectie). Vergelijkbare resultaten 
werden gevonden bij het aanbieden van een eet-en-leefstijl interventie via online 
modules bij patiënten met gewichtstoename na een bariatrische ingreep. Hierbij 
voltooiden 70% van de patiënten ook daadwerkelijk de 10 week durende interventie. 
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Daarbij gaven patiënten een hoge tevredenheid aan en vielen ze af62. Een review van 
randomized controlled trials waarbij de toegevoegde waarde van verschillende eHealth 
modaliteiten in bariatrische chirurgie bekeken werd, toonde een acceptabel bereik van 
de eHealth interventies63. Het percentage van het aantal participanten die ook 
daadwerkelijk de eHealth modules gebruikten varieerde van 67 tot 100%61-67. Deze 
waarden suggereren de hoge potentie van het bereik van eHealth modaliteiten.  
 
Het gebruik van de draadloze apparaten was minder dan verwacht42-43. Zoals 
beschreven, gebruikten circa 60% van alle patiënten bij aanvang van de studie de 
apparaten maandelijks. Op het eind van de trial was dit nog slechts circa 20%. Hiervoor 
zijn meerdere verklaringen voor mogelijk. Zo gaven meerdere patiënten aan dat de 
apparaten hen een gevoel van onrust gaven, bijvoorbeeld door een te lage bloeddruk 
aan te geven. Een bevinding die eerder ook is beschreven bij patiënten die 
perioperatief gebruik konden maken van een weegschaal68. Een andere verklaring is dat 
door problemen patiënten snel de interesse in de apparaten verliezen. Deze trend werd 
ook gezien in een pilot studie die naar de mogelijkheid van thuismonitoring bij 
bariatrische patiënten keek. Slechts de helft van alle patiënten maakten gebruik van de 
apparaten. In dit onderzoek werd echter wel een hoge tevredenheid onder patiënten 
gemeten69. Veel patiënten gaven aan dat ze wilden stoppen met het gebruik van de 
metingen door technische problemen of doordat ze problemen ervaarden met het 
gebruik van de apparaten. Tot dezelfde conclusie kwamen de auteurs van een review 
analyse van 145 onderzoeken naar eHealth interventies70. Een goede uitleg, eventueel 
in geschreven vorm, en een helpdesk kunnen helpen dit te voorkomen70-71. 
Ongerustheid ten aanzien van een veilige verbinding en opslag van gegevens is tevens 
van invloed op het gebruik eHealth70,72. Een intuïtief design, gemakkelijke 
toegankelijkheid, het garanderen van beveiligde servers en vertrouwen van patiënten 
zijn daarom belangrijke factoren voor succes. Daarnaast is er mogelijk een negatieve 
invloed van hogere leeftijd en lage socio-economische achtergrond60,73. In tegenstelling 
hierop was de gemiddelde leeftijd van de meeste actieve groep in het retrospectieve 
onderzoek echter hoger61. 
 
Het bereik van eHealth modaliteiten is wisselend, maar voornamelijk goed, in de 
huidige literatuur. De resultaten van het retrospectieve onderzoek en de BePatient trial 
suggereren dat het bereik van eHealth groot is, echter zijn definitieve conclusies 
hierover nog niet te trekken. Meer onderzoek is nodig om te achterhalen welke 
groepen voordeel ervaren van eHealth en welke groepen niet. Daarnaast moet 
onderzocht worden welk type eHealth het meest geschikt is. Het gebruik van 
monitoring-apparaten is echter matig in zowel de onderzoeken beschreven in dit 
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proefschrift als in de literatuur. Vermoedelijk doordat de apparaten worden ervaren als 
ingewikkeld of overbodig.  

Comorbiditeitsreductie 

Overgewicht en obesitas is geassocieerd aan met groot aantal comorbiditeiten 
waaronder diabetes type 2, kanker, hart- en vaatziekten, gewrichtsklachten en 
verhoogd cholesterol17,74-75. Evidente verbetering van obesitas-gerelateerde 
comorbiditeiten worden gezien na bariatrische chirurgie4,76-77. De BePatient trial 
onderzocht het effect van een eHealth platform en zelfmonitoring apparaten op de 
status van diabetes type 2, OSAS, slaapapneu, gewrichtsklachten, hypertensie, 
maagzuurklachten en dyslipidemie. Conform de huidige literatuur werden er sterke 
verbeteringen van alle obesitas-gerelateerde comorbiditeiten gezien. Bijvoorbeeld, bij 
meer dan 95% van alle patiënten met diabetes werd een verbetering gezien43. 
Statistische analyse toonde echter geen invloed van eHealth op deze 
comorbiditeitsreductie. Vermoedelijk is dit te verklaren doordat er ook geen significant 
verschil in de gewichtsreducties was en daardoor geen verschillen in de status van 
comorbiditeiten zichtbaar waren. Daarnaast was de trial niet gepowerd op deze analyse 
en waren daardoor groepsgrootte van patiënten met bepaalde comorbiditeiten soms 
klein, waardoor statische analyse niet bijdragend was.  

eHealth en verkorting van de opnameduur en ziekteverlof  

De toevoeging van eHealth zou kunnen leiden tot een kortere opnameduur en een 
snellere werkhervatting na de operatie. De literatuur over de invloed van eHealth op 
opnameduur is schaars, specifiek na bariatrische chirurgie. Een positief effect op de 
opnameduur wordt gezien bij andere discipline binnen de gezondheidszorg. Er wordt 
een verkorting van de opnameduur gezien in een review en meta-analyse van 
onderzoeken bij chronische hartfalen, een randomized controlled trial onder patiënten 
met een chronische aandoeningen en na heupchirurgie78-80. De toevoeging van eHealth 
aan de standaard zorg leidde in de BePatient trial echter niet tot een verkorte 
opnameduur42. Een mogelijke verklaring voor deze discrepantie zou de reeds 
bestaande, protocollaire korte opnameduur kunnen zijn. De mediane opnameduur was 
namelijk één dag in alle onderzoeksgroepen, waaronder de controle groep. Momenteel 
is het protocol om patiënten minimaal één nacht postoperatief ter observatie te 
houden. Een kortere opnameduur was derhalve niet mogelijk.  
Een bijzondere tak van de eHealth is de telemonitoring, waarbij lichaamsmetingen op 
afstand gemonitord worden. Dit kan actief, waarbij een zorgprofessional actief de data 
bekijkt, of automatisch, waarbij met behulp van ingestelde afkapwaarden of 
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kunstmatige intelligentie een signaal of behandeladvies gegeven kan worden. Hoewel 
telemonitoring in dit proefschrift niet is onderzocht als manier om de opnameduur te 
verkorten, biedt dit hiertoe wel mogelijkheden, zowel klinisch als poliklinisch81-84. Een 
voorbeeld van een monitoring-apparaat is de health-patch. Dit zijn pleisters die 
continue vitale parameters zoals ademhalingsfrequentie, hartslag en zuurstofspanning 
kunnen meten. Momenteel is er een trial (PEACH-trial) gaande waarbij patiënten direct 
na een bariatrische ingreep worden gemonitord in hun thuissituatie met een health-
patch in plaats van klinische opname83. Resultaten van deze trial, en vergelijkbare 
onderzoeken, zullen de komende jaren uitsluitsel geven of telemonitoring een veilige 
en effectieve manier is op de opnameduur na (bariatrische) chirurgie te verkorten.  
 
De waarde van eHealth met betrekking tot het versnellen van de werkhervatting is, 
voor zo ver bekend, niet eerder onderzocht onder de bariatrische populatie. Eerder 
onderzoek onder een gynaecologische patiëntengroep die een laparoscopische 
operatie ondergingen toonde een snellere postoperatieve werkhervatting bij 
toevoeging van eHealth85-86. Resultaten van de BePatient trial toonden echter geen 
verschil tussen de interventiegroepen. Meerdere verklaringen kunnen hiervoor 
gegeven worden. De impact en consequenties van de operatie en postoperatieve fase 
zijn mogelijk niet vergelijkbaar tussen de bariatrische en gynaecologische populatie. 
Daarnaast was het patiëntenplatform niet specifiek gericht op patiënten sneller terug 
te laten werken. Het ontwikkelen van een werkhervattingsschema of tips rondom 
werkhervatting zouden mogelijk dit effect wel kunnen geven. Hier liggen nog 
onbeantwoorde vragen en kansen voor toekomstig onderzoek aangezien een snellere 
werkhervatting economische voordelen oplevert.  
 
Het voordeel van eHealth met betrekking tot het verkorte van de opnameduur en 
ziekteverlof kon niet worden aangetoond met de resultaten beschreven in dit 
proefschrift. Wetenschappelijke literatuur toont wel een positief effect aan in andere 
disciplines van de gezondheidszorg. Toekomstige onderzoeken moet aantonen of er 
inderdaad geen toegevoegde waarde na bariatrische chirurgie is. Een relatief nieuw en 
veelbelovende modaliteit binnen de eHealth zijn de telemonitoring-apparaten. De 
komende jaren zal blijken of dit een toevoeging kan zijn aan de bariatrische zorg. 
Daarnaast liggen er mogelijkheden voor toekomstig onderzoek om eHealth modules 
welke gericht zijn op het verkorte van het ziekteverlof te ontwikkelen.  

Kwaliteit van leven 

Naast dat obesitas een grote ziektelast met zich mee brengt, is het ook geassocieerd 
met een slechtere kwaliteit van leven en mentale aandoeningen87-90. Gewichtsverlies 
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onder mensen met obesitas doet deze kwaliteit van leven echter stijgen, voornamelijk 
na bariatrische chirurgie88. Daarnaast heeft postoperatieve psychologische hulp een 
positief effect op de kwaliteit van leven91. Derhalve werd de hypothese gesteld dat 
eHealth een bijdragende factor kan zijn in het verhogen van de postoperatieve kwaliteit 
van leven. Onderzoeksresultaten van de BePatient-trial bevestigen deze hypothese 
niet. Ondanks de sterke stijging van kwaliteit van leven in alle domeinen was er geen 
verschil aantoonbaar tussen de controle en interventiegroepen. Enkele verklaringen 
kunnen hiervoor gegeven worden. De enorme stijging van kwaliteit van leven die door 
het effect van de operatie wordt bereikt, zorgt er wellicht voor dat eventuele kleine 
verschillen in kwaliteit van leven door de toevoeging van eHealth niet statistisch 
aantoonbaar zijn. De onderzoeksgrootte was niet op deze secundaire uitkomstmaat 
berekend. Een andere verklaring is dat er geen content beschikbaar op het 
patiëntenplatform die specifiek ontworpen was voor het vergrote van de kwaliteit van 
leven. Onderzoeken die analyseren wat de postoperatieve kwaliteit van leven 
beïnvloed zijn schaars echter er zijn aanwijzingen dat verwachtingsmanagement en 
psychologische hulp een invloed kunnen hebben op postoperatieve mentale 
gezondheid91-92. De ontwikkeling en beoordeling van effectiviteit van zulke eHealth 
modules zal in toekomstige onderzoek geanalyseerd moeten worden. 

Telemonitoring en data-tracking 

Zoals reeds genoemd: nieuwe technologie kunnen ook gebruikt worden voor het op 
afstand monitoren en ondersteunen van patiënten. Het voorbeeld van het gebruik van 
health-patches werd eerder gegeven. In dit proefschrift werd een exploratieve studie 
besproken waarbij een aantal bariatrie patiënten en hun familie werden ondersteund 
door datatrackers in de thuissituatie93. Therapietrouw en commitment zijn factoren die 
een succesvolle bariatrische ingreep kunnen beïnvloeden echter kan het soms moeilijk 
zijn om dit in de spreekkamer te achterhalen. Doktoren en andere zorgprofessionals 
hebben slechts beperkte middelen en tijd om tijdens een consult te achterhalen wat de 
verklaring is van eventuele achterblijvende gewichtsdaling of zelfs gewichtsstijging. 
Daarnaast kunnen patiënten onbewust gedrag vertonen wat een negatieve effect heeft 
op het gewichtspatroon. Het exploratieve onderzoek leverde een aantal voorbeelden 
op waarbij datatrackers dergelijk gedrag en interventiemogelijkheden blootlegden. 
Hoewel er een aantal limitaties te noemen zijn bij deze manier van telemonitoring, 
zoals privacy, overmaat aan data en opschalingsproblemen, zijn deze resultaten wel 
veelbelovend. Deze vorm van eHealth kan leiden tot zogenaamde ‘tailored’-zorg. Dit wil 
zeggen: aangepast op het individu, en daardoor mogelijk effectiever36,94-95. Of deze 
manier van ondersteuning van patiënten een plek krijgt binnen het bariatrische 
zorgpad, moet de komende jaren blijken uit onderzoek.  
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Trends in de bariatrische chirurgie 

De bariatrische zorg is een dynamische en snel groeiende speler binnen de 
gezondheidszorg. De alarmerende groei van het wereldwijd overgewicht heeft er toe 
geleid dat nieuwe operatie- en behandeltechnieken zich afwisselen en dat de 
bariatrische literatuur alsmaar uitbreidt. Gedurende de ontwikkelingen van de 
BePatient-trial en dit proefschrift kwamen een aantal trends aan het licht.  
 
Een trend in verschuiving van leeftijden van de bariatrische populatie werd 
waargenomen. Zoals bovenstaand beschreven, werd een verschuiving naar een oudere 
populatie binnen een groot Nederlands obesitascentrum gezien. Meerdere 
verklaringen voor deze retrospectieve bevinding zijn: toename in levensverwachting, 
prevalentie van obesitas onder ouderen, relatieve over-representatie van ouderen en 
een afname van terughoudendheid om bij ouderen voor een bariatrische ingreep te 
kiezen96. In het laatste decennium zijn tal van onderzoek gepubliceerd die suggereren 
dat bariatrische chirurgie een veilig en effectieve behandeling is voor obesitas onder 
ouderen97-100. Er is zelfs literatuur beschikbaar over een cohort van bariatrische 
patiënten boven de 75 jaar101. Hoewel deze trend onderzocht is in één bariatrisch 
centrum is dit mogelijk ook zichtbaar in andere centra. Onderzoeken hierna ontbreken 
echter in de huidige literatuur. 
 
Waar langere tijd de gastric bypass als meest uitgevoerde operatie gold, heeft de 
gastric sleeve dit overgenomen. Deze trend heeft er toe geleid dat tussen 2015 en 2018 
wereldwijd het percentage uitgevoerde gastric sleeve operaties ongeveer 59% was, 
tegenover 31% gastric bypass102. Traditioneel wordt de effectiviteit van een bariatrische 
ingrepen uitgedrukt in postoperatief gewichtsverlies. Echter, zoals eerder aangegeven, 
is kwaliteit van leven onder mensen met obesitas vaak slecht en kan derhalve gezien 
worden als een belangrijke alternatieve uitkomstmaat21,87-92. Onderzoeken die het 
verschil in effectiviteit tussen de gastric sleeve en bypass beoordelen, focussen echter 
vaak op gewichtsverlies en niet op kwaliteit van leven. Het retrospectieve onderzoek, 
beschreven in dit proefschrift, toont vergelijkbare postoperatieve kwaliteit van leven na 
beide ingrepen, met uitzondering van het fysiek functioneren domein103. Deze 
bevinding wordt ook gezien in een groter, echter ook retrospectief, onderzoek welke 
tevens een significant verschil in algemene gezondheidsperceptie vond104. Hierbij moet 
wel aangemerkt worden dat dit beide retrospectieve onderzoeken betreffen en dat 
preoperatieve verschillen een vertekend beeld kunnen geven omdat hierop de keuze 
van de operatie kan verschillen. Daarnaast is het onduidelijk of dit statistische verschil 
ook klinische relevantie heeft. In aanvulling hierop tonen recente systematische 
reviews en meta-analyses geen verschil tussen de operaties op de kwaliteit van 
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leven105-106. Concluderend wordt gesteld dat kwaliteit van leven fors verbeterd na zowel 
gastric sleeve als bypass maar het effect vergelijkbaar is tussen de twee procedures. 
Andere factoren moeten daarom doorslaggevend zijn voor de keuze tot een bepaalde 
type ingreep. Deze keuze moet tot stand komen door middel van informed consent 
tussen patiënt en het behandelteam. 
 
Zoals eerder beschreven zijn de gastric sleeve en bypass veruit de meest uitgevoerde 
operaties. Echter, het palet aan bariatrische (revisie) ingrepen neemt toe. Het 
percentage revisiechirurgie is wisselend, variërend van 6 tot 28%107-112. Revisie chirurgie 
is het meest voorkomend na gastric banding, maar ook de revisie-percentages na 
gastric sleeve liggen hoog, varieert van 25 tot 36%111-114. Indicaties voor revisie chirurgie 
zijn voornamelijk gewichtstoename maar ook terugkomen van comorbiditeiten en 
complicaties van de initiële chirurgie112. Doordat zowel het aantal primaire ingrepen als 
patiënten met een langer follow-up stijgen, lijkt er ook een stijgende trend zichtbaar 
van het aantal revisie operaties107,110,112.Een relatieve nieuwe operatie na primaire 
gastric sleeve is de Single Anastomosis DuodenoIleostomy ofwel: SADI. Wanneer deze 
ingreep wordt uitgevoerd als revisie na een gastric sleeve wordt het proximale 
duodenum, net na de pylorus, aangesloten op het ileum, door middel van een 
duodeno-ileale anastomose. Hierbij bereikt men een restrictieve (gastric sleeve) en 
malabsorptieve (vermindering van de opnamecapaciteit door de omleiding) werking. 
Deze ingreep werd voor het eerst, als primaire operatie, beschreven in 2007115. Later 
werd deze operatie ook beschreven als revisie na gastric sleeve, als alternatief voor 
duodenal switch (DS) of bypass116. Gezien het een relatieve nieuwe operatie betreft, 
ontbreken lange termijn resultaten en is literatuur over korte termijn effecten en 
risico’s schaars. Een vroege studie onder een klein groep patiënten liet veelbelovende 
resultaten zien116. Echter, onderzoeken die deze techniek vergeleken met gevestigde 
technieken ontbraken. De resultaten van het case-controle onderzoek beschreven in dit 
proefschrift tonen vergelijkbare resultaten met betrekking tot gewichtsverlies en 
perioperatieve complicaties117. Hiermee wordt geconcludeerd dat de SADI een veilig en 
effectief alternatief is. Deze bevindingen komen overeen met de beperkte, maar 
uitbreidende literatuur rondom deze nieuwe ingreep118. Recent zijn er een aantal 
onderzoeken beschikbaar gekomen met middellange en lange termijn resultaten. In 
een onderzoek was het gemiddeld percentage excessief gewicht (%EWL) meer dan 
100% na 3 jaar en het %TWL na 10 jaar circa 34%119-120. In een retrospectief onderzoek 
waarbij vergeleken werd tussen SADI en gastric bypass na primaire gastric sleeve, werd 
significant meer gewichtsverlies gezien in de SADI groep120. In een recente, 
prospectieve cohort studie onder 42 patiënten wordt echter geen verschil aangetoond 
tussen de SADI en DS groep121. Concluderend is de SADI een veelbelovende procedure, 
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echter is huidige beschikbare literatuur onvoldoende om de definitieve plek van de 
SADI binnen de bariatrische zorg te consolideren. Lange-termijn en gerandomiseerde 
studies zullen moeten plaatsvinden. 

De toekomst van eHealth en trends binnen de bariatrische 
chirurgie 

De alsmaar uitbreidende wereldwijde digitalisatie zal ook de medische wereld 
infiltreren. Zorgprofessionals kunnen dit niet negeren en zullen de mogelijkheden 
moeten benutten die eHealth met zich mee brengt om zo bestaande therapieën te 
optimaliseren en nieuwe behandelingen te ontwikkelen. eHealth is echter een relatief 
nieuwe speler en dat brengt onzekerheden met zich mee. Zoals hierboven beschreven, 
is de effectiviteit van eHealth in de literatuur wisselend. De resultaten van de BePatient 
trial ondersteunen toegevoegde waarde van eHealth bij bariatrische chirurgie niet. Dit 
betekent echter niet dat eHealth geen plaats heeft binnen de bariatrie. De resultaten 
beschreven in dit proefschrift hebben limitaties, hebben waardevolle lessen gegeven en 
geven richting aan toekomstig onderzoek. In deze sectie wordt ingegaan op de 
toekomstperspectieven van eHealth, zowel binnen als buiten de bariatrie. 
 
De resultaten van de BePatient trial verworpen de hypothese dat een eHealth platform 
en zelfmeting apparaten in aanvulling op de standard zorg gezondheidsparameters 
verbeterden. In de zoektocht naar verklaringen hiervoor werden reeds eerder enkele 
limitaties besproken. Een te korte follow-up duur zou hiervoor een verklaring kunnen 
zijn. Het is mogelijk dat eHealth pas waardevol wordt nadat het effect van de operatie 
minder wordt, of wanneer het standaard follow-up programma minder uitvoerig wordt. 
Toekomstige onderzoeken zullen daarom naar een minimale follow-up van drie jaar, of 
zelfs langer, moeten kijken. Daarnaast werd in de trial gekeken naar eHealth als 
aanvulling op standaard zorg en niet naar vervanging daarvan. Een recent 
literatuuroverzicht toonde aan dat eHealth vaak even effectief was als standard zorg, 
en soms zelfs beter44. Dit zou kunnen betekenen dat eHealth in sommige gevallen 
bepaalde delen van het pre- en postoperatieve traject kunnen vervangen. Bijvoorbeeld 
als vervanging van een afspraak bij de chirurg, psycholoog of diëtist. Het verlagen van 
het aantal afspraken kan de druk op de zorg verminderen en kosten verlagen. 
Daarnaast kan eHealth een rol spelen bij het verkorte van ziekteverlof na een operaties, 
zoals aangetoond bij vergelijkbare chirurgische ingrepen. Deze hypothese kon tevens 
niet worden bevestigd door de resultaten van de trial. Een verklaring hiervoor is dat de 
content op het platform niet gericht was op dit doel. Toekomstige onderzoeken die het 
effect van eHealth in bariatrische chirurgie beoordelen, moeten focussen op de lange 



 Summary in Dutch / Nederlandse samenvatting 

181 

12 

termijn, beoordelen of het zorg kan vervangen en bekijken of speciaal ontwikkelde 
content patiënten beter kan voorbereiden op de eerste weken na de operatie.  
 
Een behandeling kan enkel effectief zijn als het de plaats van bestemming bereikt. 
eHealth interventies hebben de potentie om een groot aantal mensen te bereiken. Dit 
wordt geconcludeerd door vele onderzoeken en wordt bevestigd door de resultaten 
van het retrospectieve onderzoek en de trial, beschreven in deze thesis. Na de 
introductie van het patiëntenplatform in een groot obesitas centrum in Nederland 
werd dit succesvol geïntegreerd in de bestaande workflow. Zowel zorgprofessionals als 
patiënten gaven aan dit als welkome toevoeging op de zorg te ervaren. Het blijkt echter 
lastig om dit gevoel te vangen of aan te tonen. De resultaten van de BePatient trial 
toonden namelijk geen verschillen in tevredenheid tussen de interventiegroepen. 
Patiënttevredenheid, -betrokkenheid en -beleving zijn, naast klinische uitkomsten, 
belangrijke graadmeters voor de kwaliteit van de zorg122. Een voorbeeld waarbij 
eHealth de patiënttevredenheid kan verhogen zijn modules waarbij patiënten zelf 
afspraken in kunnen plannen of medicatie kunnen bestellen. Een review toonde dat het 
aanbieden van een online afsprakenplanner voordeel kan geven bij het verlagen van 
het aantal no-shows, verlagen van de werkdruk, verlagen van de wachttijd en het 
verhogen van patiënttevredenheid123. Zoals eerder besproken is het van groot belang 
dat een eHealth module gemakkelijk en intuïtief te gebruiken is. Patiënten zullen 
hiervoor betrokken moeten worden. Modules moeten ontwikkelt worden op basis van 
verwachtingen en behoeften van de gebruikers. Deze ontwikkelingen moeten 
vervolgens worden beoordeeld op hun klinische werking, maar ook op 
patiënttevredenheid en -beleving. Een onderdeel hiervan is kwaliteit van leven. Hoewel 
de BePatient trial geen verschil aantoonde in kwaliteit van leven met een gevalideerde 
en veel gebruikte vragenlijst, is deze vragenlijst niet specifiek voor bariatrische 
chirurgie. Toekomstige onderzoeken zullen moeten aantonen of eHealth een welkome 
toevoeging is voor patiënten. Daarnaast is het ontwikkelen en gebruiken van een 
obesitas-specifieke kwaliteit van leven vragenlijst geïndiceerd.  
 
Telemonitoring is een subcategorie van eHealth en heeft de potentie om de 
gezondheidszorg op korte termijn radicaal te veranderen. Bijvoorbeeld door het 
monitoren van vitale functies met behulp van een health-patch waardoor mogelijk de 
opnameduur kan worden verkort, tot zelfs ontslag op de operatiedag. Telemonitoring 
heeft buiten de bariatrische chirurgie al laten zien dat het de opnameduur kan 
verkorten. Momenteel wordt er gerandomiseerd onderzoek uitgevoerd die de waarde 
van telemonitoring met health-patches beoordeelt na bariatrische chirurgie. Gegevens 
hiervan zullen de komende jaren verwacht worden. Daarnaast kan telemonitoring in de 
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huishoudens van bariatrische patiënten problemen en potentiele behandelopties 
blootleggen die verborgen waren gebleven tijdens regulieren follow-up afspraken. Deze 
voorbeelden tonen de mogelijkheden die eHealth heeft op het ontwikkelen van 
eHealth modules die, zonder continue toezicht van een zorgprofessional, patiënten 
kunnen ondersteunen in hun behandeling.  
 
De uitrol van eHealth moet in een breder kader worden gezien. eHealth omvat een 
groot palet aan modaliteiten die door middel van digitale of elektronische 
communicatie- of informatiemiddelen bijdragen aan de gezondheidszorg. Dit omvat 
zaken zoals informatieve websites over een specifiek ziektebeeld tot aan commerciële 
elektrocardiografische smartwatches. Tegenwoordig maken steeds meer ziekenhuis 
gebruik van de voordelen van de hoge bereikbaarheid van eHealth. Een voorbeeld is 
een patiëntenportaal, waar patiënten hun dossier en onderzoeksresultaten in kunnen 
kijken. Waarschijnlijk zal dit de komende jaren verder ontwikkelen en worden 
geïntegreerd in de dagelijkse praktijk, geleid door de behoeften en voorkeuren van 
patiënten en andere belanghebbenden. Men kan hierbij denken aan systemen waarbij 
patiënten alvast hun gezondheidsgegevens en klachten in kunnen voeren vóór een 
intakeconsult waardoor kostbare tijd en daardoor kosten bespaard worden. Een andere 
mogelijkheid is om zelfmeting-apparaten te integreren in ziekenhuissystemen. Denk 
hierbij aan gegevens uit smartwatches, weegschalen, CPAP-machines en glucose-
spiegels. Patiënten moeten de mogelijkheid krijgen om digitaal vragen te stellen aan 
hun behandeld arts of afspraken te plannen of verzetten. Deze voorbeelden zullen 
leiden tot het verder individualiseren van de zorg. Belangrijke voorwaarden voor het 
daadwerkelijk gebruik van deze eHealth modaliteiten zijn gemakkelijke bereikbaarheid, 
een intuïtief design en gegarandeerde veilige data overdracht. 
 
Rekenkracht en dataopslag zijn exponentieel gegroeid de laatste decennia, zoals 
voorspeld door de wet van Moore in 1965124. Intelligente systemen hebben het 
mogelijk gemaakt om immense hoeveelheden data te verwerken. Kunstmatige 
intelligentie en machine-learning zijn veelbelovend in het ondersteunen van clinici, in 
sommige gevallen zelfs beter125. Deze snelle ontwikkelingen in rekenkracht en 
dataverwerking maken het mogelijk om intelligente systemen te ontwikkelen die 
kunnen helpen in het diagnosticeren en het bedenken van geïndividualiseerde zorg 
door het combineren van data uit verschillende bronnen, zoals draagbare apparaten, 
medische voorgeschiedenis en diagnostische onderzoeken. De rol hiervan op de korte 
termijn is nog onduidelijk maar zal ongetwijfeld een rol gaan spelen in de toekomst. De 
integratie hiervan in de dagelijkse praktijk zal echter een aantal obstakels hebben. Denk 
hierbij aan wettelijke regelingen, bestaande protocollen, moeizame integratie in 
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bestaande elektronische ziekenhuissystemen, educatie van personeel en kosten. Deze 
hordes kunnen mogelijk de verspreiding en integratie binnen de dagelijkse praktijk 
vertragen126. 
 
De trend in toename van oudere bariatrische patiënten en het verschuiven van de 
gastric bypass naar sleeve als meest uitgevoerde procedure zal zich de komende jaren 
stabiliseren. De plaats van de SADI binnen de revisiechirurgie is veelbelovend en 
vergelijkbaar, en soms beter, dan bestaande opties. Echter de literatuur rondom deze 
ingreep is nog schaars en derhalve onzeker. Daarnaast wordt het spectrum aan 
bariatrische ingrepen nog altijd uitgebreid en gaat de zoektocht naar de optimale 
bariatrische therapie door. Methodologisch goede en gerandomiseerde onderzoeken 
zullen de komende jaren de plaats van de SADI binnen de bariatrische chirurgie moeten 
consolideren. 
 
Concluderend, de ontwikkelingen en verspreiding van eHealth binnen de 
gezondheidzorg zijn onomstotelijk. De toegevoegde waarde van eHealth binnen de 
bariatrische chirurgie werd niet bevestigd door de BePatient trial. De resultaten 
beschreven in dit proefschrift tonen echter wel het grote bereik van eHealth, geven 
waardevolle lessen, en identificeren kansen en tekortkomingen in het huidige gebruik 
van eHealth. Dit proefschrift draagt bij aan de kleine, maar uitbreidende, literatuur 
rondom het gebruik van eHealth en geeft suggesties voor toekomstige onderzoeken en 
de ontwikkeling van nieuwe eHealth modules, bruikbaar in alle domeinen van de 
gezondheidszorg.  
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Jullie maken m’n werkdag nog een stukje leuker. Ali, speciaal woordje voor jou. 
Tegenpolen, maar toch hetzelfde. Mooi dat we tegelijkertijd gestart zijn. Radiologen 
van het JBZ. Vanaf het begin heb ik me welkom gevoeld bij jullie. Dank voor de fijne 
begeleiding in mijn weg tot radioloog. 
 
Alle collega’s van het obesitascentrum van het Catharina Ziekenhuis Eindhoven: jullie 
zijn allemaal geweldig! Altijd een goede sfeer, altijd tijd voor een praatje op het 
secretariaat. Bedankt voor jullie interesse in mijn onderzoek, carrière en privéleven. 
Jullie inzet en werkhouding zijn de drijvende kracht achter het obesitascentrum. Ik denk 
nog vaak terug aan de geweldige congressen waar we in grote getalen de Eindhovense 
bariatrie vertegenwoordigden.  
 
Medeauteurs. Erg bedankt voor jullie kritische opmerkingen op de proefversies. 
Hierdoor is de kwaliteit stukken verbeterd. Ik wil jullie danken voor input van vanuit 
jullie bariatrische/diëtistische/psychologische/anesthesiologische/etcetera expertise. 
Dit heeft gezorgd voor een bredere blik op het geheel. Daarnaast wil ik ook alle mensen 
bedanken die met een kritische blik dit proefschrift hebben gelezen en een spellings- en 
grammaticacontrole website hebben getipt. Het was nodig. Medewerkers van de 
afdeling Onderwijs & Onderzoek en afdeling Healthcare Intelligence van het Catharina 
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Ziekenhuis: heel erg bedankt voor jullie hulp met de statistiek en het bouwen van de 
database.  
 
Onderzoekers van Philips Design. De vele sessies en gesprekken hebben er toe geleid 
dat we een uiteindelijk een interessant onderzoek hebben afgerond naar, onder 
andere, data-trackers bij patiënten thuis. De resultaten hiervan geven genoeg ideeën 
voor toekomstige ontwikkelingen die de zorg van bariatrische zorg kunnen verbeteren. 
De andere manier van denken (ten opzichte van onze klinische blik) heeft een 
verfrissende werking gehad op het uiteindelijke onderzoek. Hopelijk zet de 
samenwerking tussen jullie en het Catharina Ziekenhuis zich nog lang voort.  
 
Dear Lamouri, you have been helping to improve and solve our problems with the 
platform way before I joined the team. It has always been a pleasure working with you. 
You are a very kind and hard-working person. Next time I’m in Paris I’ll definitely make 
sure to drop by the BePatient office. Also thanks to Nourredine, Jade, Anaëlle and 
others for working together to make improvements to the platform!  Without you we 
were not able to conduct the randomized trial.  
 
Beste Magaly, ik ken niemand die zo secuur en gemotiveerd werkt als jij. Als ik dacht 
dat er geen fouten meer in het manuscript stonden, vond jij er nog minimaal 176. 
Bedankt dat jij achter de schermen de trial draaiende hebt gehouden en alle data hebt 
verzameld. Waarschijnlijk kostte dit veel meer tijd dan ik mee kan indenken. Ook dank 
aan Arlette, Lianne en Rhiannon die hierbij gaandeweg ook geholpen hebben.  
 
Familie Versteegden en familie Welten! Bedankt voor de interesse in mijn werk en de 
mooie momenten. Hopelijk lezen jullie met interesse waar ik me de afgelopen jaren 
mee bezig heb gehouden. Beste familie van de Ven en aanhang. Er zijn wat wisselingen 
geweest in de samenstelling gedurende de tijd maar daar moeten we het maar mee 
doen. Ik wil jullie bedanken voor de interesse in mijn werk en de onderzoeken. Maar 
bovenal, ik heb me altijd enorm welkom gevoeld bij jullie en ben dankbaar voor al die 
momenten. Suzanne, al jaren vóór ik begon aan de carrière als dokter waren we samen. 
Ik heb altijd veel aan je gehad tijdens de opleiding, werk en promotietraject, maar 
vooral ook naast dit alles. Bedankt voor alle fijne momenten en alles wat je voor me 
gedaan hebt.  
 
Vrienden uit Lierop. Ik zie niet iedereen elke week meer, maar áls we dan eens samen 
zijn, is het vanaf minuut één als vanouds. Hopelijk geeft het afronden van dit 
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promotietraject me wat meer ruimte zodat er weer vaker zulke avonden zijn. Dank voor 
jullie interesse en vooral de ontspanning. 
 
Beste Joey, Lars, Max, Peer, Willem en Willem. Ik ken jullie inmiddels meer dan een 
decennium. Wat gaat de tijd snel. Vanaf de introductie was mij al duidelijk dat we een 
langdurige vriendschap op gingen bouwen. De onbezonnen tijd van melkboeren, van 
Buuren en menuutje Versteegden is tegenwoordig vervangen door kinderen, drukke 
banen en lunchafspraken. Speciaal woordje voor Peer, PVD, Herr Duppelstep, mijn 
paranimf: vanaf dag één betrokken bij mijn universitaire carrière. Restaurant 
Huygensgebouw, intro-groepje K. Inmiddels hebben we veel meegemaakt: de 
bonnetje-affaire, tandjestuffen, de Bucket list 2017, de Bucket list 2021 en brood 
bakken in de blauwe sloep. Trouwens, over dat laatste, ik hoop dat hij nog ooit de 
Nederlandse wegen mag betreden. Graag wel met aangedraaide wielen. Jouw blik op 
de wereld en ongekende wijsheden hebben er toe geleid dat ik je heb gevraagd mijn 
paranimf te worden.  
 
Luuk, op het moment van schrijven is het ongeveer 14 jaar dat je me introduceerde in 
Nijmegen. De professor Bromstraat. Een kamer ergens in de hoek. Daar begon het voor 
mij. Het is fijn dat ik iemand had die me wegwijs maakte in de, voor mij, nog onbegane 
paden. Daar heb je me altijd al bij geholpen. Ook heb jij mij kennis laten maken met de 
Nijmeegse haute cuisine, daar ben ik je eeuwig dankbaar voor. Het kan dan ook geen 
toeval zijn dat we, onafhankelijk van elkaar, onze doop bij dezelfde pizzeria hebben 
gehad. Vier jaar geleden stond ik naast je bij jouw verdediging. De laatste jaren is het 
mij duidelijk dat we dezelfde ideeën en blik op de wereld hebben. Ik heb er dus niet 
lang over na hoeven denken om jou als mijn paranimf te vragen. Nu is het cirkeltje rond 
en sta jij naast me. Pleun, lieve, kleine zus. Je bent slim en werkt hard voor wat je wilt 
en daarom ben ik trots dat je mijn kleine zusje bent! Knap dat je het afgelopen jaar de 
opleiding hebt afgerond. Bedankt, zusje.  
 
Pa en Ma! Zonder jullie had ik dit nooit kunnen doen. Het is soms lastig om te beseffen 
hoe goed je het eigenlijk hebt als het allemaal goed gaat. Veel dingen die ik normaal 
vond, blijken toch niet zo vanzelfsprekend als ik dacht. Toch heb ik de laatste jaren wel 
ingezien hoe goed ik het heb met ons gezin. Een fijn, stabiel, en liefdevolle familie waar 
ik altijd op terug kan vallen. Pa, jij was misschien wel degene die me het meest pushte 
om vaart te maken met het promotietraject. Waarschijnlijk omdat je zag dat het me 
een hoop tijd en inspanning kostte. Nu is het helemaal af! Ik hoop dat dit proefschrift 
jullie trots maakt. Bedankt voor alles! 
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