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Abbreviations 

ALM  Appendicular Lean Mass 

ARD  Abdominal Rectus Muscle Diastasis 

ASMBS American Society of Metabolic and Bariatric Surgery 

BMI  Body Mass Index, kg/m2   

CHP  Collagen hybridizing peptide 

CRP  C-reactive protein 

CT  Computer Tomography 

DEXA  Dual Energy X-Ray Absorptiometry 

ECM  Extracellular Matrix 

EWL  Excess Weight Loss 

GERD  Gastro Esophageal Reflux Disease 

GUMP  Gastric Bypass Umeå/Uppsala Muscle and MMP 

HA  Hyaluronic Acid, Hyaluronan 

IFSO International Federation for Surgery and Other Therapies for 

Obesity 

IL  Interleukin 

IPAQ  International Physical Activity Questionnaire 

MBS  Metabolic Bariatric Surgery 

MMP  Matrix metalloproteinase 

MRI  Magnetic Resonance Imaging 

Nm  Newton meter 
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NRS  Numeric Rating Scale 

OR  Odds Ratio 

PPI  Proton Pump Inhibitor 

RYGB  Roux-en-Y gastric bypass 

SCB  Statistics Sweden 

SFÖAK Swedish Association for Upper Gastrointestinal Surgery 

SG  Sleeve Gastrectomy 

SOReg  Scandinavian Obesity Surgery Registry 

TIMP  Tissue Inhibiting Metalloproteinase 

TNF  Tumor Necrosis Factor 

VHPQ  The Ventral Hernia Pain Questionnaire 
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Sammanfattning på svenska 

Obesitas är ett tillstånd som är kopplat till flera sjukdomar, såsom typ II 

diabetes, hjärtkärlsjukdomar, obstruktiv sömnapné och polyendokrin metabolt 

äggstocksyndrom. Det påverkar hundratals miljoner människor världen runt, 

och numer inte bara i rika industriländer. Många personer med obesitas klagar 

också över fysiska tillkortakommanden som påverkar livskvalitén. 

Obesitaskirurgi är den enda behandlingen mot obesitas som har visat goda 

långtidsresultat på övervikt och relaterade sjukdomar. Roux-en-Y gastric bypass 

(RYGB) har varit den dominerande kirurgiska metoden i Sverige sedan ca 2007. 

Flera aspekter kan påverka det kirurgiska resultatet, såsom komplikationer i 

form av syra relaterade magsår och strikturer. Dessa behandlas ibland 

förebyggande, men evidens saknas. Tillstånd i bukväggen såsom bråck och 

rektusdiastas är vanligare hos personer med obesitas, och dessa kan påverka den 

fysiska aktiviteten efter kirurgi, och kan påverka viktnedgången. Strukturella 

integriteten i bukväggen är viktig för all fysisk aktivitet, och obesitas eller 

viktnedgång kan kollagenet som formar den styva strukturen i bukväggen. Att 

veta hur fysisk aktivitet ändras efter obesitaskirurgi är viktigt för att kunna 

stödja livslånga vanor för bestående viktkontroll. 

Metoder 

Studie I är en multiregisterstudie som baseras på Scandinavian Obesity Surgery 

Registry (SOReg) som kombinerar socioekonomisk patientinformation från 

Statistiska centralbyrån (SCB) och kirurgiska faktorer som påverkar incidensen 

av syra- relaterade komplikationer efter RYGB, inklusive information om 

förebyggande protonpumpshämning (PPI) från Socialstyrelsens 

läkemedelsregister. Logistisk regression användes för att mäta utfall av 

komplikationer i för hållande till socioekonomiska och kirurgiska faktorer samt 

uttag av PPI från apotek i samband med RYGB. 

Studie II-IV baserad på en patientgrupp som genomgår RYGB på två sjukhus. 

Projektet heter GUMP efter gastric bypass vid Umeå och Uppsala universitet 

mätandes muskel, vävnad och fysisk aktivitet. Studie II är en intervjustudie som 

använder kvalitativ innehållsanalys med fokus på beskrivningar av förändringar 

av fysisk aktivitet 1–3 år efter RYGB. Intervjutexter kondenserades, kodades 

och abstraherades till att forma huvudtemat. 

Studie III jämför muskelstyrka i bukväggen med hjälp av BioDex System 

dynamometern och tre frågeformulär före och sex månader efter RYGB. 
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Resultaten analyserades med oberoende t-test och Wilcoxon signed rank test 

samt Cohens d för effektstorlek. 

Studie IV är en analys av vävnad från bukväggen som togs i samband med 

RYGB. Muskel och fascia färgas för innehåll av kollagen för att se om det 

skiljer sig jämfört med normalviktiga personer. Hyaluronsyra (HA) och 

collagen hybridizing peptide (CHP) jämförs också för att få en uppfattning om 

styvheten i bukväggen kan påverkas. Digital patologi används för att se om 

skillnader finns.  

Resultat 

Syrarelaterade komplikationer minskade inte med förebyggande PPI. Risken var 

istället förhöjd vid typ II diabetes, dyspepsi, rökning, utländsk bakgrund, högre 

ålder samt större magsäckficka och längre operationstid. Magsår vid 

magtarmkopplingen var också kopplad till sämre viktnedgång. 

Femton personer intervjuades 1–3 år efter RYGB, och de hade viktnedgång från 

BMI 41 till 28 i median. Det huvudsakliga temat Nytt Liv och Frihet formades 

av texten och analysarbetet med subteman Upptäckten av att ha högre fysisk 

kapacitet och Fysisk aktivitet är mer givande. 

I studie III hade deltagarna liknande viktnedgång, motsvarande BMI 40,9 till 

29,6. BioDex tester visade bevarad styrka i bukväggen, samtidigt som 

lårmuskulaturen minskade med -11.7 och -28,5 Nm (p<0,001). Kvinnor 

uppskattade en ökning av bukväggstyrka från 3,65 till 4,70 (p=0,02) på en skala 

från 0–10. Tid med måttlig fysisk aktivitet ökade också. 

HA, typ I och III kollagen samt CHP har ett unikt bindningsmönster till muskel 

och fascia hos personer med obesitas jämfört med normalviktiga personer. Det 

finns också en tydlig fettinlagring i muskelcellerna. 

Konklusion 

Förebyggande PPI skyddar inte mot syrarelaterade komplikationer efter RYGB. 

Kirurgiska och flera patientfaktorer ökar risken i stället. 

I samband med viktnedgång efter RYGB beskriver patienter ett Nytt Liv och 

Frihet då den fysiska aktiviteten förbättrades på olika sätt. 

Muskeltester på bukväggen visar bevarad styrka, medan lårmuskel försvagas, 

sex månader efter RYGB. Kvinnor skattade ökad styrka och mer tid ägnades åt 

måttlig fysisk aktivitet. 
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Vävnad från muskel och fascia på bukväggen har ett unikt bindningsmönster av 

HA och CHP hos personer med obesitas, samt tydlig fettinlagring i muskel. 
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Introduction 

Obesity has become one of our generation’s greatest medical and social 

challenges[1]. Obesity has long been defined as having a body mass index 

(BMI) over 30 (kg/m2), but more modern and precise definitions require 

additional measurements and considerations to avoid under- or over-diagnosis 

[2]. The Lancet Commission on the definition and diagnosis of obesity calls for 

establishing better diagnostic criteria, more focus on obesity as a chronic 

disease and in aiding clinical decision and therapeutic interventions, as well as 

better public health strategies[3]. Body mass index is not always sufficient in 

describing the metabolic processes that can lead to associated diseases and 

physical limitations, although it is useful in screening individuals and following 

large groups. The criteria therefore include measurement of waist circumference 

or waist-hip ratio to determine body size, as well as general physical status to 

detect associated diseases. In 2022, the American Society for Metabolic and 

Bariatric Surgery (ASMBS) along with the International Federation for Surgery 

and Other Therapies for Obesity (IFSO) issued new indications for Metabolic 

Bariatric Surgery (MBS) for the treatment of obesity[4]. These replaced the 

prior indications for surgery of BMI over 40 or over 35 with an obesity related 

co-morbidity that had been in place since the 1990s. The new indications 

recommend surgical treatment from BMI 35, and at lower BMI if refractory 

conditions such as diabetes type II cannot be controlled by pharmacological 

therapy. Obesity related comorbidities include, besides diabetes type II, 

cardiovascular disease, obstructive sleep apnea and polyendocrine metabolic 

ovarian syndrome[5, 6]. Obesity can affect many other organ systems, including 

the musculoskeletal system, contributing to pain in weight-bearing joints and 

acting as an obstacle for full physical mobility. 

People with severe obesity undergo MBS to lose weight and decrease the risk 

for, or effects of, these related medical conditions[7-10]. During consultation 

before MBS, several aspects of general health are discussed, including eating 

habits and degree of physical activity, as well as psychological and social well-

being. This is important as all aspects of life can be a part of the burden of 

obesity and the target or expectation of improvement after surgery and weight 

loss.  

Despite much emerging knowledge during the latest decades there is still 

significant stigma associated with obesity, both from the general public 

including health care professionals and from those that are affected by it[11]. 

Raising awareness of the complex etiology of obesity and informing about 

effective treatment is an important step to curb further increase in incidence. 
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Lingering stigma is a detriment to those that would seek medical help and could 

further worsen the global epidemic of obesity. 

As early as the 1990s, cost-benefit analyses of MBS were performed to 

determine if MBS were economically viable, as well as medically indicated. 

Many studies have explored different aspects of the health economy of MBS, 

and although they are all estimates and require a long follow-up, all point to 

lower overall cost and higher overall health for those that undergo MBS. A 

recent study on both cost benefit and quality of life show MBS costs both less in 

the long term and has higher quality of life, compared to no MBS[12]. 

Surgery for weight loss 

Theodor Billroth (figure 1) is considered the father of modern surgery, as he and 

his colleagues were the first to develop surgical procedures on the 

gastrointestinal tract. His legacy is evident in the name of the gastric procedures 

Billroth I and II, the latter a common procedure for tumors and peptic ulcers 

during the 1900s. As knowledge and expectations of surgical procedures grew, 

treatment for ulcers was also augmented by vagotomy for acid suppression. 

Although not very common, but well recognized, ulcers at the 

gastroenterostomy were a problem after the 

Billroth procedures that required attention[13]. 

Initially, however, more surgery was often the only 

available option. These marginal ulcers occurred 

just past the anastomosis on the bowel side, 

suggesting that the bowel is not equipped to 

withstand the acidic environment of the stomach 

that it is exposed to after anastomosis.  

During the 1970s and 80s, more understanding of 

the pathology of peptic ulcers lead to the 

development of acid suppressing medications that 

could treat ulcers without the need for surgery. The 

first drug that was developed was cimetidine, a 

histamine (H2-receptor) antagonist that effectively treated both symptoms and 

reduced the need for surgery[14, 15]. The next landmark was the introduction of 

omeprazole, a proton pump inhibitor (PPI)[16], and the discovery that 

Helicobacter pylori plays a role in the development of ulcers, which earned a 

Nobel Prize in 2005[17]. The development and spread of H2-receptor 

antagonists and PPIs have radically changed how acid-related diseases are 

treated and the need for surgery. Before these drugs became available, ulcers 

could cause severe recurring abdominal pain, bleeding, perforation, and lead to 

a life-threatening condition necessitating emergency surgery. Modern 

Figure 1. Portrait of 

Theodor Billroth 
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endoscopy can diagnose ulcers in time, and the effective drugs have made 

surgery for ulcers a rarity. Instead, the rate of MBS has increased in place of 

ulcer surgery. But the phenomenon of marginal ulcer persists. 

The term Gastric Bypass was coined by Edward Mason and colleagues in 

1967[18], and has survived many iterations and different MBS procedures 

since[19]. The first mention of surgery for the purpose of reducing body weight 

was made by Viktor Henrikson in 1952 after having followed up a 32-year-old 

woman who had previously been operated on with resection of 105 cm small 

bowel[20]. This first speculation did not report on any weight loss but 

experienced several benefits one year after surgery. 

Since the introduction of laparoscopic MBS in Sweden around 2006, Roux-en-

Y Gastric Bypass (RYGB) is performed according to Lönroth with a Roux, or 

alimentary, limb in front of the colon and joined with the small gastric pouch’s 

front side[21]. A schematic representation is illustrated in Figure 2, where the 

majority of the stomach is bypassed with small bowel. The Roux-en-Y 

construction was pioneered by César Roux in the late 1800s and was a useful 

way of creating a continuous 

gastrointestinal tract after 

resection of tumors. In the 

modern Lönroth technique, 

anastomoses are made with 

straight staplers, and 

instrument openings are 

closed with a running suture. 

Several changes or upgrades 

have been made since the 

original description with 

closure of the mesenteric 

defects and widening of the 

mesentery as the most 

prominent[22]. RYGB has 

endured as an important 

MBS-procedure because 

reports have shown good and 

lasting weight loss and 

significant resolution of 

related health issues[23], and 

an acceptable rate of 

complications[24]. The most 

important surgical 

complications include early 
Figure 2. Schematic representation of laparoscopic 

Roux-en-Y gastric bypass. 
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leakages, ulcers and strictures and later small bowel obstruction caused by 

mesenteric defects. 

The last decade has seen Sleeve Gastrectomy becoming the most common MBS 

procedure worldwide, and many studies make comparisons with RYGB due to 

the well documented and significant results. Some countries, such as Sweden, 

have continued to perform more RYGB due to the excellent results on weight 

loss and relatively manageable complications. The Swedish Obese Subjects 

Study (SOS) is a long-running project that has demonstrated the effectiveness of 

RYGB when compared to other MBS-procedures, mainly banded procedures 

that are no longer in use in Sweden, and as well as traditional diet and exercise 

only[25, 26]. 

Many of the positive effects and complications of MBS are well known[27], but 

the surgical intervention and subsequent weight loss can have other potential 

negative side effects. Examples of this are reports showing that depression and 

alcohol abuse can increase after surgery[28]. Further, obesity is more prevalent 

among people with lower income and education levels, presumably with lesser 

means to deal with social and health issues[29]. 

Availability to surgery, primarily RYGB, increased during the mid-00’s in 

Sweden. The number increased and then peaked at 8,500 RYGB in 2011[30]. 

This peak decreased in the years after for several reasons. Availability of 

surgery was limited before 2006, because of longer operating times  with open 

surgery, and postoperative care from three to seven days, mainly due to 

managing postoperative pain. When the switch was made to laparoscopic 

surgery, availability increased because of shorter operation time and post-

operative care, and many clinics could therefore build up a streamlined 

production[31]. During the initial years of laparoscopic RYGB both experience 

and quality increased incrementally. The increased availability was therefore a 

result of the new practices that had been able to develop under several years. 

The number of MBS per year are illustrated in figure 3. 
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Figure 3. Number of MBS operations per year in Sweden 

After 2013, referrals decreased and the number of surgeries leveled out between 

4,000 and 5,000 per year. The popularity of Sleeve Gastrectomy (SG) during 

this time also contributed to the decrease in RYGB, to the point that under 

2017-2020 SG and RYGB were performed in about equal numbers. During this 

time there was also a randomized trial comparing RYGB and SG that involved 

18 centers in Sweden and three in Norway, known as the BEST-study[32]. The 

COVID pandemic also saw the number of MBS drop significantly, when many 

planned surgeries and other treatments were downgraded in priority due to the 

pandemic´s demand for health care resources. In the years after the pandemic, 

the proportion of MBS has been about 80% RYGB and 20 % SG in Sweden. 

Surgical techniques as well as pre- and postoperative care have developed over 

the years with the help of the quality registry Scandinavian Obesity Surgery 

Registry (SOReg) that started in 2007[33]. It is sanctioned and funded by 

government agencies and its purpose is to ensure quality of care and monitors 

several aspects of MBS performed in Sweden. It has been vital in understanding 

the effects of MBS and in furthering safety and bettering results[23, 34]. A clear 

illustration of this is the decline of complications since the start of the registry, 

as shown in figure 4. 
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Figure 4. Complication rates and readmission during the first 30 days in Sweden for 

different years after implementing laparoscopic MBS. Serious complication denotes 

requiring surgery or intensive care. 

This thesis focuses on additional aspects of biological and physiological effects 

in conjunction to MBS that can have importance in treating obesity and 

associated disorders. The effects of MBS are simply not limited to the equation 

that decreased food intake equals weight loss equals better health. Further 

aspects of the changes that may occur after surgery are important for decision 

making in the clinical setting and in shaping policies that steer the challenge of 

treating obesity. 

Metabolic Bariatric Surgery and SOReg 

SOReg started up around the same time that many clinics in Sweden that 

preformed MBS made the transition to laparoscopic surgery. Within a couple of 

years, availability to MBS saw a great increase in referrals[31]. In this setting, 

the need to monitor the rapidly increasing numbers of MBS spurred the need for 

a registry that could ensure quality and safety. SOReg is designed to collect 

many points of information about who is planned for MBS, associated diseases 

and metrics including laboratory work. The surgery is detailed in what is 

performed and how, including operative time, instruments used and associated 

mediations. Follow up metrics and complications are recorded at 6 weeks, 1 and 

2 years after surgery and then every fifth year with questionnaires. The data is 

compiled and reports are written yearly and the many variables are a good 

source for further research. Many specific improvements and scientific 
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publications have come from the registry’s data[22, 35, 36]. As of October 

2025, 200 scientific publications have used data from SOReg. All clinics, both 

government run and privately operated, that perform MBS in Sweden report to 

the registry. From 2014, clinics in Norway have also joined the registry. 

Gastric bypass and ulcers 

From the extensive data available from SOReg, there is good knowledge of the 

most common complications after RYGB, both types and frequencies. The early 

complication rate is about 8%, including some 3% requiring some sort of 

surgical intervention[27]. As the stomach produces a significant amount of acid 

on a daily basis, and RYGB creates suture lines that are exposed to this acid, a 

concern can be raised whether this acidic environment can cause complications 

in the form of marginal ulcers similar to those that were previously experienced 

with gastric surgery for ulcers and tumors[13]. In the context of RYGB, 

marginal ulcers seem to be present just as in other gastric surgery, with factors 

that are not fully understood[37, 38]. These marginal ulcers can cause pain, 

discomfort and create a mechanical obstruction for ingested food due to 

swelling and stricture. Marginal ulcers can also cause bleeding, which is a risk 

in general with all surgery and can, if not treated promptly, be life threatening. 

Although most of the stomach with its acid producing parietal cells is bypassed 

with the formation of a gastric bypass, the small pouch that remains and is 

anastomosed to the small bowel (jejunum) is still capable of acid 

production[39]. Patients who develop marginal ulcers after RYGB have been 

found to have greater acid production in the pouch than those who do not 

develop ulcers[39, 40]. 

In the wake of increasing numbers of MBS, complications have become more 

evident as they present in larger numbers and are therefore more important to 

identify and treat. The complications are easily identifiable through the 

extensive data that SOReg collects. In the interest of safety and in hope of 

minimizing marginal ulcers, clinics sometimes treat patients with proton pump 

inhibitors (PPI) prophylactically after RYGB. Those that do treat 

prophylactically do so with various medications, dosages and time periods, 

indicative of the lack of evidence for best practice. Some patients are already 

under treatment with PPI before surgery for other conditions, such as 

gastroesophageal reflux disease (GERD) which is common among persons with 

obesity[41]. The annual reports in SOReg indicate that about 10% of patients 

have PPI treatment before surgery[30]. Although PPI effectively suppresses 

acid, there is no evidence showing that prophylactic PPI prevents marginal 

ulcers and hemorrhage postoperatively. There is also no clear relation to 

abdominal symptoms and weight loss results. Some smaller studies, that were 
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included in a review with 2,114 patients in total, demonstrate that PPI reduces 

the rate of marginal ulcer[42, 43]. Most of these studies are small and 

retrospective, and good quality comparisons are difficult. Another aspect is that 

RYGB can be performed in a multitude of ways. The size and shape of the 

gastric pouch play likely an important role. Using linear or circular staples for 

the gastro-jejunostomy and differing lengths of the small bowel limbs could 

also influence ulcers and bleeding.  

To this date there is no clear consensus on dosages or treatment duration with 

PPI after MBS[44, 45]. In the relatively small community of MBS clinics in 

Sweden, we have found differing views on prophylactic PPI, and particularly in 

the northern region, where the author practices. This led to the question why 

policy was so widely different, and if is there an optimal duration, or if there are 

sub-groups that could benefit from prophylactic PPI treatment. Though PPIs are 

considered safe, some studies have indicated there could be negative effects, 

such as suboptimal weight loss or bacterial overgrowth on the small bowel[46, 

47]. In a survey conducted by IFSO in 2013, 88 % of surgeons prescribed 

prophylactic antacids[48]. A more recent survey in the US showed a large 

majority (90%) of surgeons prescribe PPI as prophylaxis, but still in widely 

varying durations[49]. As PPI is commonly used for treatment of ulcers[48, 50, 

51], it is not unreasonable to think that it could have a prophylactic effect on 

marginal ulcers. Nevertheless, when it comes to identifying which factors that 

predispose to acid-related complications such as marginal ulcers, there is no 

clear scientific understanding whether PPI has a protective effect. In the 

presence of Helicobacter pylori, PPI prophylaxis could be beneficial, but most 

importantly would be eradication treatment preoperatively[52]. Testing for 

Helicobacter pylori when an ulcer is diagnosed would then also be important to 

reduce recurrence, in the same manner as for peptic ulcers in non-MBS operated 

persons. Some patients who undergo MBS have an obvious burden of risk 

factors, such as older age and significant medical conditions that others do not 

have which could increase ulcer risk[53]. 

The several variables in SOReg present a unique opportunity to explore the risk 

factors of marginal ulcers in a real-world epidemiological setting. Additional 

complications that could be acid-related are strictures at the gastroenterostomy, 

bleeding, and perforation. Although these can occur together with marginal 

ulcers, they can appear by themselves. They are reported separately in SOReg 

for the purpose of showing severity and how they are managed. Using the large 

cohort available from SOReg and its comprehensive coverage, an 

epidemiological study can be constructed to combine several variables and 

determine if PPI prophylaxis has a protective effect after RYGB.  
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Changes in physical activity after gastric bypass 

People living with obesity often complain of inability to perform certain 

physical tasks. Simultaneously, regular and daily physical activity is important 

in initiating and maintaining weight loss[54]. Patients sometimes describe the 

excess weight as a heavy burden. Some complain of pain and reduced range of 

appendicular movement[55, 56], and many give up efforts to lose weight when 

they experience that great exertions do not yield the expected weight loss. Even 

normal daily activities can be difficult to perform, and especially more 

strenuous exercises or aerobic activities[57]. 

In order to accomplish and maintain weight loss after MBS, it is important to 

understand whether attitudes to physical activity and movement abilities 

change, and if so, how. Both patients and health professionals need to be aware 

of the shift, and how it is likely an ongoing process for many years, if not 

lifelong. Experience from follow-up after MBS has shown that many describe 

and appreciate greater ease of performing typical daily activities of daily life 

and various tasks at work. This includes getting to and from work or school, 

necessary chores around the house and enjoyable leisure activities. A common 

expectation or goal before surgery is to be able to do more or enjoy activities 

more since the excess weight is considered an obstacle to full activity when 

compared to people with normal body weight[58]. In some cases, because of 

handicap that can be more or less related to or exacerbated by obesity, 

meaningful exercise to promote weight loss is simply not possible to 

perform[59]. Nonetheless, it is important to understand how physical activity 

can change after MBS and how it can be supported, so that lifelong habits can 

be maintained and pitfalls to weight regain can be avoided. 

One obvious consequence is that after MBS, the ability to eat and drink as usual 

is radically different, which is the aim of surgical treatment. Surgery and 

adapted eating habits change how appetite is experienced. During the months 

following surgery a high rate of weight loss occurs, which subsequently 

decreases after time, and body weight reaches a new normal up to two years 

after surgery. Depending on baseline BMI, this weight loss can continue for up 

to two years, but for most patients a stable body weight is achieved the first 

year. The first postoperative months with very small meals require meticulous 

attention to correct composition of food intake. In this situation, the diet could 

lack essential nutrients, despite support from health professionals. Malnutrition 

can be exacerbated by problems such as marginal ulcers and stricture. 

Somewhat paradoxically, such problems can yield poor weight loss if not 

treated promptly. If there is a relative obstacle due to a complication, protein 

rich foods could be more difficult to ingest compared to liquids containing 

carbohydrates that could increase appetite. 
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Strength of the abdominal wall  

Strength and integrity of the abdominal wall is essential for stability and 

balance. Persons with obesity have been found to have impaired balance[60], 

which could be explained by body composition and poor muscle quality. Core 

muscles stabilize and balance the body, acting as counterweight for increased 

abdominal pressure and almost all movements, especially in the torso and 

abdomen. To be able to perform the physical activity necessary to lose weight 

and maintain weight loss, it is important to retain or even increase abdominal 

wall strength. 

Obesity is an important risk factor for developing disorders of the abdominal 

wall[61]. These include several kinds of hernias (epigastric, umbilical and 

incisional) and abdominal rectus muscle diastasis (ARD), all of which can 

present with significant inability of functions that require stability of the 

abdominal wall[62]. Besides pain, patients can experience a relative weakness 

of the abdominal wall which can make many daily activities difficult to 

perform. 

Patients that undergo MBS expect to achieve significant weight loss with 

increased range of movement, less fatigue, and greater ease in daily activities in 

general[63, 64]. During the phase of major weight loss, both adipose tissue and 

lean mass are lost, including bone, muscle and connective tissue[65]. Loss of 

muscle mass could have practical importance for physical function after weight 

loss[66]. The integrity of the abdominal wall could be compromised by loss of 

connective tissue during the first postoperative phase. During the first months 

after MBS, reduced nutritional intake could contribute to or worsen disorders of 

the abdominal wall through loss of connective tissue and muscle[67, 68]. One 

explanation could be that changed physical activity combined with less 

subcutaneous and/or visceral fat that previously may have masked the 

abdominal wall may visualize or make a hernia symptomatic. They could also 

become more apparent with greater expectations of physical activity in general.  

A change in body composition in conjunction with weight loss does not 

necessarily imply proportional change in specific muscle groups. Persons with 

obesity can have poor muscle quality even if they appear to have a sufficient 

amount of muscle[54]. Weight loss affects the complex co-operation and 

mechanics of physical activity and body movements that are performed 

daily[55, 69]. Current knowledge does not fully describe the change in ability to 

perform physical activities after weight loss. 

The BioDex System isokinetic dynamometer (BioDex Corp., Shirley, NY, 

USA) is a trusted tool in Sports Medicine, especially in rehabilitation after 
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injuries[70-72]. It measures muscle strength and can be tailored for 

measurement over specific joints or muscle groups. It measures the maximal 

amount of force that can be exerted over a fixed axel. It is also validated for 

measuring abdominal wall strength, in the case of ventral hernias and ARD[73, 

74]. In order to put the objective measurements with BioDex in context of real 

everyday functions, three short questionnaires complement muscle strength of 

the abdominal wall and the thigh. These questionnaires can also reflect any 

obvious adjustments in daily life. The Ventral Hernia Pain Questionnaire 

(VHPQ) is a validated questionnaire that covers various aspects of the 

abdominal wall such as pain, strength and function in everyday life[75]. The 

International Physical Activity Questionnaire (IPAQ) is an established 

questionnaire that estimates the amount and intensity of physical activity 

performed during a typical week[76]. The short form is the version that is 

commonly used because of its simplicity for the patient, and it is available in 

many languages. The Numeric Rating Scale (0-10) is a simple tool for grading 

self-experience. 

Biochemical influence on physiology 

The stability and coordinated function of the abdominal wall is dependent on 

collagens and elastins in the extracellular matrix (ECM) of the fascia and 

aponeuroses that bind together muscle fibers and form muscle groups[77, 78]. 

Type I and III collagens along with elastin are the main types of polymers that 

make up the dense regular connective tissue of the abdominal fascia including 

the linea alba in the midline. Collagens have a specific triple α-helix formation, 

and elastin provides stretch and recoil function[79]. A complex structure of 

these tissue fibers makes up the framework and firmness of the fascia that is 

needed to withstand increased pressure from within the abdominal cavity and in 

balancing the torso in physical activity. The linea alba is one of the parts of the 

abdominal wall that is the most susceptible to hernias as there is only one single 

layer of fascia between the abdominal cavity and the skin and subcutaneous fat. 

The other weak sites are the groin and the umbilicus, the latter an even weaker 

point in the midline than the linea alba. The linea alba is therefore a common 

site of several types of hernias: umbilical, incisional, epigastric, as well as 

abdominal rectus diastasis (ARD). They can also occur simultaneously. These 

disorders of the abdominal wall can cause impaired function and pain, which is 

the usual reason for seeking medical help. These conditions can elicit varying 

degrees of pain in conjunction with physical activity and activities of daily 

living, depending on the degree of mobility necessitated. Continued stability 

and function are dependent on ongoing production and degradation of the 

connective tissue, which can be altered in obesity or during weight loss. This 

process is mediated from within the fibroblasts that are interspersed in the 
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matrix (ECM) of the abdominal wall fascia. One study has shown that 

overweight persons had less collagen type I in the linea alba than persons with 

normal body weight [80], and patients with hernias have relatively less collagen 

type I due to immature collagen type III[81]. 

Collagen hybridizing peptide (CHP) is a synthetic peptide that mimics the 

sequence of collagens and can bind to denatured portions of collagens[82]. It is 

specific for collagen in that it has similar amino acid sequences. Its targeting 

mechanism is such that it can bind to almost all types of collagens, but very 

little to intact triple helical collagen. This allows CHP to detect how much 

collagen of a specific tissue is being remodeled or has been damaged. In the 

context of obesity, it is possible that a high turnover of collagen can be due to 

enzymatic processes that are linked to systemic inflammation. If too much 

fascia is damaged or being remodeled, it could become weak against the forces 

it should withstand, increasing the risk of a hernia or ARD. 

Another way of studying the turnover of collagen is by measuring the amount of 

matrix metalloproteinases (MMP). MMPs drive the process of collagen 

degradation with a unique combination of MMPs and their counterparts, tissue 

inhibiting metalloproteinases (TIMP)[83, 84]. This is well studied in the context 

of skin wounds, intestinal anastomoses and hernias[81, 85]. Studies 

investigating levels of MMPs and hernias and found increased levels of MMP-2 

and 9[86, 87].  

Hyaluronan (HA) is a glycoprotein that stabilizes the extra-cellular matrix 

(ECM) by providing hydration. It exists in both short and long polymer 

forms[88, 89]. High-molecular-weight HA (HMW-HA) has anti-inflammatory 

properties, and low-molecular-weight HA (LMW-HA, 15-40 kDa) induces and 

up-regulates the expression of major pro-inflammatory cytokines, such as 

interleukin (IL)-1Beta, IL-6 and tumor necrosis factor (TNF)-alpha[90, 91]. 

CD44 is a cell surface receptor that interacts with HA and regulates expression 

and activation of MMPs[92]. MMP-2 and 9 drive the degradation of proteins, 

such as collagens, in ECM. Elevated levels of these and other associated 

biomarkers can mediate inflammation that could affect tissue quality, and in this 

case the integrity of the abdominal wall. 

In the presence of obesity, adipose tissue can therefore drive an inflammatory 

process that affects adjoining tissue, such as muscle and fascia. Levels of C-

reactive protein (CRP) are often slightly elevated in pre-operative blood work 

before MBS, despite no other apparent causes of inflammation[93]. Adipose 

tissue inflammation is initiated and sustained by dysfunctional adipocytes that 

directly and indirectly secrete cytokines and chemokines such as IL-1β, IL-6, 

IL-10 and TNFα. Despite its low-grade nature, adipose tissue inflammation can 
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impact other organ systems[94]. As adipose tissue can be found interspersed in 

many tissues, its inflammatory activity can directly influence the mechanics of 

muscle and fascia due to its immediate proximity[95]. If there is a significant 

reduction in the amount of interspersed fat tissue after MBS, as is shown in 

figure 5, speculations could be made about what takes its place, if muscle 

bundles fill out or if there is simply a general loss of mass including lean mass. 

 

Figure 5. Laparoscopic image of the upper right quadrant, taken during RYGB. Typical 

appearance with yellow fat tissue interspersed with and covering the abdominal wall 

(top half) and fatty tissue covering the bowel which is normally visible (bottom half). 

The costal arch and liver (right side) along with a 5 mm trocar. 

The GUMP study (Gastric Bypass Umeå/Uppsala Muscle and MMP) was 

designed to investigate the relationships between subjective physical function, 

biochemical connective tissue markers and three patient questionnaires: Ventral 

Hernia Pain Questionnaire (VHPQ) adjusted for MBS, the International 

Physical Activity Questionnaire (IPAQ) and Numeric Rating Scale (NRS) for 

abdominal wall strength. Objective muscle strength is measured with BioDex 

system 4. Biomarkers are taken before, during and after RYGB in order to 

measure and analyze tissue processes to determine if it is obesity or the weight 

loss after surgery that can be detrimental to tissue integrity and physical 

function. The study also includes a qualitative interview study that explores the 

experienced changes in physical activity after RYGB and weight loss. 
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Patient Perspectives on Physical Activity 

Although conventional quantitative research can give us many insights into 

aspects and details of diseases and treatment, it does not reflect how patients 

experience this in their daily lives. Qualitative research fills this gap by 

contributing the voice of patients into structured papers on important topics. 

Information can be collected for qualitative studies in several different ways, 

such as interviewing, observations, surveys or focus groups. These methods 

differ in the depth of information that can be gathered and the amount of 

resources required. Certain subjects and settings can also better suit a certain 

collection method.  

Grounded theory is a method that is characterized by minimal preconception or 

preparation about the subject to be able to start with a clean slate 

Phenomenology is similar but focuses on the subject at hand, by following the 

content of the text in deliberate steps to find the essence of the whole. Thematic 

analysis is a broad concept that describes a structured yet flexible method in 

several steps to identify, analyze and interpret data. 

For this thesis, Qualitative content analysis was used to condense, code and 

interpret or abstract data[96]. Qualitative content analysis is similar to Thematic 

analysis and is characterized by discovering latent content in a collection of 

manifest content, close to the original text. The text is first divided into meaning 

units with a cohesive message. Then the text is condensed, often omitting words 

or expressions that we commonly use in spoken conversation but would not see 

in written texts, such as in news articles or textbooks. From this, codes are 

created, with a single of few words that describe what is going on. The codes 

are then sorted into categories that by themselves answer to the aim of the 

study, with some degree of abstraction. Categories are further abstracted into 

one or few main themes, often serving as the title of the publication. During the 

condensation and abstraction process, a regular review of previous steps, 

especially the manifest content, ensures that nothing is lost and that meaning in 

the content is carried over.  

During the collection phase, in this case semi-structured interviews, regular 

evaluations of the text are made to be able to adjust to the proper focus of the 

study. The number of interviews is determined by several factors such as the 

experience of the researcher and the scientific query. Information power is a 

concept that describes that collecting more information does not add any more 

insights to the aim of the study and is a determinant for the correct number of 

interviews[97]. 
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Qualitative content analysis also includes a wide range of experiences, to not 

miss important insights if the study group is too small or homogenous. This 

helps to increase credibility, or that the information gathered is representative. 

Participants are carefully selected to achieve this range of experiences. 

Aim 

1. Determine if acid-related complications after RYGB can be reduced 

with prophylactic PPI, in a multi-register study. 

2. Explore patient experience of how physical activity and movement 

abilities change 1-3 years after RYGB through a qualitative interview 

study, using Quality Content Analysis. 

3. Determine changes in muscle strength of the abdominal wall and 

functional ability using BioDex, along with questionnaires for physical 

activity and abdominal wall function before and six months after 

RYGB. 

4. Determine the levels of HA and collagen in tissue samples taken from 

muscle and fascia of the abdominal wall during RYGB and compare 

with normal weight controls. 

Hypotheses 

Study 1: Prophylactic treatment with PPI does not reduce acid-related 

complications after gastric bypass. 

Study 2: Description of experiences of changes in physical activity and 

movement abilities 1-3 years after RYGB and weight loss. 

Study 3: Muscle strength of the abdominal wall, measured with BioDex, 

improves in conjunction with weight loss after RYGB. 

Study 4: HA and associated biomarkers in abdominal muscle and fascia in 

persons with obesity have a unique pattern that is indicative of chronic disease. 
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Methods and Materials 

Study I 

SOReg collects numerous important variables vital to quality assurance of 

MBS. It is sanctioned and financed by the National Board och Health and 

Welfare (Socialstyrelsen). Its governing board is selected by the Swedish 

Association for Upper Gastrointestinal Surgery (SFÖAK) and regularly meets 

and oversees the quality of the registry, especially included variables. The board 

also approves data extraction for research. During 2009-2014, 37,301 persons 

underwent primary laparoscopic gastric bypass surgery (RYGB) in Sweden. 

SOReg includes variables before, during and after MBS, and for this study 

variables were chosen to account for measurable factors, see table 1. Dyspepsia 

is defined as regularly using proton pump inhibitors (PPI). Staple length is a 

surrogate measure for the size of the gastric pouch. Smoking was included 

although most clinics had adopted a tobacco smoke free policy at this time, 

because it is an important risk factor. Extraction from SOReg took place in 

September 2016. 

SOReg variables 
Age 

Sex 

Co-morbidity: dyspepsia, type II diabetes, hypertension, sleep apnea 

Operation time 

Staple length: proxy for pouch size 

Smoking 

Weight loss 

Postoperative complications 

Table 1. Included variables from SOReg 

Statistics Sweden (SCB) is the government agency that is responsible for 

collecting and producing official statistics in many fields[98]. For this study 

they provided data on socio-economy and merged data to ensure correct 

matching of the registries. This included information on annual income, marital 

status, level of education, permanent address and immigrant background status. 

Annual income was selected from the 2011 taxation year, as this was nearest the 

study’s midpoint. Conversion to US dollars was done with the conversion rate 

per the first bank day in 2011[99]. The definition of immigrant background 

follows the SCB definition of either being born abroad, or if born in Sweden to 

both parents being born abroad. The distinction of residing in an urban or rural 

area was as follows: all municipalities within major metropolitan areas and 
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cities with county seats and a central county hospital were defined as urban 

areas. The smallest city in this respect had population of approximately 88,000, 

which might be small in an international perspective, but gives a good idea of 

having proximity to full-service health care. All other municipalities were 

defined as belonging to a rural area. This variable was pertinent to determine if 

there were any differences regarding access to medical care or general way of 

life, as this can vary a great deal in remote parts, especially in the north. Level 

of education was divided into those who earned a college degree or not. The 

assumption was that everyone was old enough to have had the opportunity to 

earn a college degree. In Sweden, a college degree is earned from a program of 

at least 3 years. Yearly income and level of education are of interest because 

lower levels are important risk factors. Since obesity is known to have a 

correlation to lower income and lower education level, we included socio-

economic variables to rule out or account for these factors[100]. 

The National Board of Health and Welfare’s National Prescribed Drug Register 

provided data on dispensed PPI prescriptions from pharmacies[101]. All 

pharmacies that dispense government-subsidized medication are required to 

report to this registry. An interval of seven days before and three days after 

surgery was chosen to determine who was prescribed PPI for prophylactic intent 

in conjunction to RYGB. This was done to eliminate those who had previously 

ongoing PPI medication, assuming they would have filled their prescriptions 

well before surgery. For those that were treated for a complication immediately 

after surgery with PPI, it was assumed hospital stay would delay the 

prescription at least three days, or if a complication would be diagnosed after 

discharge, it would be after three days in any case. 

In designing the study, the ambition was to use existing questions regarding PPI 

prophylaxis after surgery that is recorded at the six-week follow-up in SOReg. 

But upon preliminary analysis of the data, it was determined that the variable 

was most likely corrupt or was mistaken for treatment, as results were strangely 

divergent. After discussion among the authors, it was determined that PPI 

prophylaxis was checked even in cases of pre-existing dyspepsia or post-

operative complications. We determined, however, that PPI prophylaxis could 

be equated with a PPI prescription in close conjunction to surgery. We therefore 

employed the National Prescribed Drug Register as above to verify PPI 

dispensation, which yielded more expected results. 

Statistics Sweden compiled data from all three databases using the unique 

personal identification number (personnummer) in April 2017. The database 

was anonymized before transferring and the key was only made available for 

three months. 
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Study II 

Qualitative Interview Study on Physical Activity after RYGB 

Many patients that seek medical help because of obesity have a goal and 

expectation to better their physical ability. At surgical consultation, many 

patients describe some sort of physical inability because of pain, body 

composition or poor stamina[59]. To be able to describe the experienced 

changes in physical activity and movement abilities after RYGB, a qualitative 

interview study was designed, with enrollment from the same cohort as in 

Studies III and IV.  

An inductive approach using Qualitative Content Analysis according to 

Graneheim and Lundman was used[96, 102]. Patients were recruited in the 

interval of 1-3 years after RYGB, to catch the phase of newly accomplished 

weight loss, but not so far removed as to be able to remember the time before 

surgery and weight loss for comparison. Care was taken to involve varying ages 

and both sexes as well as foreign background and different locations, to catch as 

many perspectives as possible. Potential informants were mailed an invitation to 

participate, and those who were willing signed and returned the informed 

consent. After the consent was received, time and place for the interview was 

scheduled over telephone. A total of 33 invitations were sent out in three 

phases, awaiting responses for each phase. Fifteen did not return the informed 

consent and two who did respond could not be reached for scheduling. One 

potential informant declined participation at scheduling. No special incentives 

were given, and informants were followed up at the clinic in the same manner 

as those who did not participate. 

Fifteen interviews were held with 12 women and 3 men from March 2022 to 

January 2024. Basic characteristics aligned well with SOReg data for all MBS 

surgeries in Sweden. Six of the informants had pre-existing obesity associated 

medical problems, and one suffered a major complication that was resolved by 

laparoscopy. Interviews lasted from 12 to 28 minutes. Because this time period 

followed the COVID-pandemic with meeting and travel restrictions, all but two 

interviews were held via video conferencing. This was a time and resource 

saving decision for both informants and the interviewer, as informants lived 

over a vast area of northern Sweden, spanning over 1,200 km. Informants were 

given a choice of how the interview would be held, and most preferred video 

conferencing. Two interviews were held in person at the Surgical Unit at the 

patients’ local hospital at their request, as they did not feel confident with the 

video conferencing format. 
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Semi-structured interviews were held with the help of an interview guide, see 

figure 6. The guide was constructed by the authors to encourage the informants 

to tell of their experience of how physical activity ability has possibly changed 

after surgery and weight loss, concentrating on information important for aim of 

the study yet allowing the informants to freely tell of their experience. The 

guide was tested in a pilot interview with a colleague that had previously 

undergone RYGB several years earlier and was not part of the study. The guide 

was discussed after this pilot interview and then further after the first two 

interviews to make sure that the conversation and information was in line with 

the aim of the study. Questions were constructed to begin with an open and 

broad approach to how the post-operative weight loss period had gone, to more 

specific questions of how physical activity and movement abilities changed 

from before the surgery. Interviews continued with subsequent recruitment until 

information power was achieved[97]. 

 

 

 

 

 

 

 

Can you tell me how the weight loss has gone? 

What is physical activity to you? 

 
How has weight loss affected your ability for physical 

activity and range of movement? 

In what way(s)?   Can you give an example? 

 

Can you tell me what a normal day was like before and after the 

operation? 

 

Have you been able to engage in new activities? Which? 

Are there activities you have stopped doing? 

 

How has your life changed because of the changed ability? 

At work 

On your free time 

At home or with family 
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Figure 6. Interview Guide for semi-structured interviews 

All interviews were performed by the author of this thesis, a male surgeon 

active in the field of MBS, and trained in interview studies and Qualitative 

Content Analysis. He had previously met eight of the participants, either 

preoperatively in the clinic or as their surgeon, although these meetings were at 

least one and up to more than three years previous. The interviews were 

recorded with audio and video files for the video conferencing interviews and 

audio files only for the in-person interviews. The files were transferred and 

stored on the Institution’s secure server. The audio files were transcribed 

verbatim into Microsoft© Word documents. The author reviewed the 

transcriptions and in cases of non-clarity the audio and/or video files were 

reviewed to correct the transcription.  

The texts were divided into meaning units and then condensed, omitting words 

or short phrases that did not contribute to the meaning of the text. Spoken 

language is often interspersed with expressions that do not occur in the style of 

official texts or news reports, for instance. These words and phrases were the 

first to be cut out during condensing. The condensed meaning units were then 

further condensed into codes, single words or short phrases that capture the 

essence of the meaning unit without taking away from the manifest content. The 

next step in the analysis process introduces interpretation, from codes to 

categories, further narrowing down the number of items. In this step the text 

was transferred to a Microsoft© Excel spreadsheet to be able to be sorted in 

categories. For each interview, common or similar codes were sorted and 

abstracted into subcategories before being sorted into main categories. The 

categories were then further abstracted into two sub-themes and lastly to a main 

theme. The process of condensing and abstracting was interspersed with 

triangulation, to ensure trustworthiness and credibility throughout the several 

In what way has your motivation for, or attitude towards, physical activity 

changed? 

 

Can you tell me how your ability to move around and physical activity has 

changed since your operation? 

How has your ability to be able to get to and from, and at work changed? 

How did you get to work before/after? 

How has your ability on your free time changed? 

How has your ability at home changed? 
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steps. The author of the thesis performed all steps of the condensing and 

abstracting along with text management. The last author, an associate professor 

of medicine with extensive experience of qualitative interview studies, 

performed parallel analysis of several texts for comparison of condensing and 

abstracting. The preliminary work was then compared and adjusted through 

discussion. The second author, professor of surgery, also with extensive 

experience of qualitative research, then participated in the triangulation. During 

the abstraction work, care was taken try to capture the essence of what the 

informants were expressing, often circulating back to the meaning units to 

interpret meaning into the last steps. 

Study III 

Abdominal muscle strength after RYGB 

The BioDex System is a validated method for measuring muscle strength in 

various muscle groups. It is often used in orthopedic and sport rehabilitation to 

follow progress[71]. It has been validated in testing abdominal wall strength and 

function in cases of ventral hernia and ARD[73, 74]. The test person sits firmly 

strapped in a chair with straps securing the upper body and braces and Velcro 

bands securing the leg, while holding arms across the chest, see figures 7 and 8 . 

The apparatus is operated by a trained physical therapist who is certified in its 

operation and encourages the test person to exert as much force as possible in a 

normal tone of voice. The apparatus is first test run so that the test person feels 

comfortable with the mechanism. Each test is done twice with five repetitions 

with a short break in between. The entire session that is involved in the GUMP-

study takes about 30 minutes. 

In the GUMP study, the strength of the abdominal wall is evaluated before and 

six months after RYGB. This is directly following the period of significant 

weight loss, and still in close conjunction to the surgical treatment. The purpose 

is to follow any changes occurring due to surgery and weight loss with 

subsequent loss of muscle mass och strength. Measurements are conducted with 

an isokinetic test for both concentric and eccentric range of movements. The 

tests for abdominal wall strength are performed at two different speeds, at 30 

degrees/second (slow and heavy resistance) and 60 degrees/second (faster and 

lighter resistance) with range of movement 20 degrees forward (flexion) and 10 

degrees backward (extension) and results expressed as peak torque in Newton 

meters (Nm).  

As a reference for muscle strength in general, thigh muscle strength is also 

tested. Securing into the BioDex is this test is centered on isolating movement 

over the knee joint. The two different speeds in this test are 90 degrees/second 
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(slow and heavy resistance) and 210 degrees/second (faster and lighter 

resistance). The reason for testing at two different speeds is to catch any 

differences in type 1 and type 2 muscle fibers that are activated at different 

speeds. This is standard for most tests in the BioDex. The BioDex software 

expresses many different metrics, such as how the force is varied throughout the 

repetition and how these change during a rehabilitation process. For this study 

we are only concerned with the maximal amount of force that can be exerted 

with the two different modes or sequences before and six months after RYGB. 

 

Figure 7 and 8. BioDex testing of the abdomen (left) and thigh (right) 

Self-reported physical function 

As a complement to the objective tests in the BioDex, three questionnaires were 

also used to assess strength and physical activity. The Ventral Hernia Pain 

Questionnaire (VHPQ) was designed to evaluate abdominal wall function and 

ability to execute daily activities[75]. It has also been used to determine 

potential improvement in abdominal rectus diastasis (ARD)[103]. Since obesity 

and weight loss are risk factors for ARD, and obesity related comorbidities are 

risk factors for developing ventral hernia, the questionnaire is useful even in the 

bariatric surgery setting. The phrasing in the questionnaire’s second and third 

items were adjusted from “hernia” and “stomach” to “abdominal wall” to better 

express the pertinent query in this study. The original VHPQ is typically only 
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used postoperatively, but in this setting, it is used also preoperatively to catch 

any symptoms that could affect strength or range of movement. 

Numerical Rating scale (NRS) is used to assess the subjective experience of 

abdominal wall strength, before surgery and six months postoperatively. 

Patients are asked to grade the general strength and function of the abdominal 

wall, from zero as the lowest score to ten as the highest possible score. 

The International Physical Activity Questionnaire (IPAQ) is an established tool 

for measuring health related physical activity during a seven-day period[76]. It 

focuses on physical activity divided up into three different levels: light activity 

including walks, moderate activity that increases pulse and strenuous activity 

that increases breathing and often sweat. The questions ask about frequency, 

how many days during the week and how much time during such a typical day 

is spent with that activity. Time sitting during the week is also measured. The 

questionnaire is filled out before and six months after for comparison.  

Study IV 

Tissue Samples from the Abdominal Wall 

The study population for this part of the GUMP study consists of patients who 

undergo RYGB in both Västerbotten and Uppsala regions. Patients coming for 

MBS consultation at Lycksele Hospital in Västerbotten and Uppsala University 

Hospital are recruited to the GUMP study. After receiving oral and written 

information about the study, and mutual agreement to go forward with RYGB, 

the patient signs an informed consent. Recruitment was conducted from 2016 to 

2022. Surgeries were performed from February 2017 until September 2022. 

During this period the COVID-pandemic drastically slowed the pace of both 

recruitment and surgeries especially during 2020 and 2021.  

Tissue samples were taken during surgery from the abdominal wall, the 

anatomical focus of the GUMP study. Muscle biopsies were taken with a 

laparoscopic grasper to obtain a 5 mm specimen, from one of the trocar sites, 

typically on the left side of the patient, at the conclusion of the surgery. Fascia 

was obtained from the same site but from the outside using a grasper and a knife 

or scissors. The biopsies are relatively small and cause no further damage or 

discomfort for the patient. The specimens were placed in separate tubes with 

pre-marked engraved bar codes and then stored in a freezer at -70 degrees until 

analysis.  

Tissue samples were also taken from normal weight patients (BMI <30), 

undergoing planned laparoscopic cholecystectomy, as controls for comparison. 
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These patients were recruited the same day as surgery, were informed about 

small tissue samples that would be taken. An informed consent was signed by 

the patient before inclusion. Identifying documents were collected at the 

research office and stored in a locked cabinet. The collection, storage and 

transport of the specimens was done in cooperation with Biobank Norr, the 

regional government agency that oversees human tissue handling for research 

purposes in northern Sweden, in accordance with Sweden´s Biobank legislation. 

Transportation from Lycksele to the Translational Research Center at Umeå 

University followed the established routine for all biological material that is 

transported on a regular and daily basis between the two hospitals. 

Transportation from Uppsala to Umeå was carried out by a contracted courier.  

 

Histological analysis 

At the laboratory, the samples are thawed, placed in a cassette and fixed in 

formalin. They are then washed in ethanol solutions and embedded in paraffin. 

The blocks of paraffin with the samples are sliced with Thermo Scientific 

Mikrom HM 350SV (Thermo Fischer Scientific©, Waltham, MA, USA) to 4-5 

µm thin slices. The slices are placed on glass slides with two slices per slide and 

fixed. Initial staining was done with Hematoxylin/Eosin to make sure that the 

slices of tissue were adequate for the analyses. Care was taken to make sure that 

there was enough of the intended tissue on the slide and that enough cells were 

visible to stain with the immunoassays. The slides were then scanned using the 

Panoramic 250 and visualized with SlideViewer™ (3DHISTECH Ltd.©, 

Budapest, Hungary). This combination of digital pathology tools allows for 

analysis without a microscope, as well as digital storage and ease of 

dissemination.  

Quality screening of the slides was done independently by two authors, and 

those slides that did not have acceptable samples were resliced, stained and 

evaluated for quality. Procuring a better slice could often be resolved by 

rotating the paraffin block. Additional slides were then prepared for the various 

connective tissue markers. Tests had been performed beforehand to determine 

which antigens and binding peptides that could be run together, to speed up the 

process in the laboratory. Typically, antigens from the same host animal cannot 

be used simultaneously on the same sample, so careful selection of antigens was 

necessary to avoid competition on the binding sites. Further, small details in 

several steps needed to be optimized so that the tissue staining would produce a 

balance of positive staining but not too much disturbing background noise. 

Invitrogen antibodies (Thermo Fischer Scientific©) were used for staining 

slides with type I and III collagen, see table 2. Hyaluronic Acid Binding Protein 

from Bovine Nasal Cartilage, Biotinylated (Sigma-Aldrich®, Darmstadt, 
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Germany) was used for detecting HA. Collagen Hybridizing Peptide (CHP) 

binds directly to exposed ends of collagen. 

 
Epitope Host Clone Concentration Tested dilution 

Collagen I Mouse 5D8-G9 1mg/mL 1:10-1:100 
Collagen III Mouse FH-7A 4mg/mL assay 

dependent 

Table 2. Specification of Invitrogen antibodies used in immunofluorescence 

assays 

 

 

Figure 9. Schematic diagram and design of GUMP activities in this thesis.  
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Statistics 

Study I 

A combined database from all three sources (SOReg, Statistics Sweden and the 

National Prescribed Drug Register) was extracted and converted into 

Microsoft© Excel format in preparation for statistical analyses using Colectica© 

(Minneapolis, MN, USA). Baseline statistics were determined with numerical 

means, as applicable, in order to create dichotomy around the mean. For 

operative time, however, interquartile range was utilized, as there were too 

many outliers on both ends.  

The rate of the acid-related complications was determined with logistical 

regression models with the complications as dependent variables. Patient 

baseline characteristics and follow-up variables including PPI dispensation were 

independent variables. To exclude diverging information and results on 

smoking status, only those with complete smoking status were included, as 

smoking is a strong risk factor for developing post-operative complications after 

RYGB[104]. Univariate logistic regression analysis was performed for each 

complication as they were registered at follow-up. For the six-week follow-up, 

complications during the first 30 days were recorded. Complications from day 

31 to one year were noted at the one-year follow-up. Multivariate analyses were 

subsequently performed for the independent variables that were statistically 

significant (p<0.05) in the univariate analyses. Statistical analysis was 

performed in Statistica© version 13 (StatSoft GmbH, Hamburg, Germany.) 

Study II 

Since this is a qualitative study, no statistical analysis was done. Qualitative 

content analysis was performed.  

Study III 

The test results from the BioDex measurements for muscle strength and 

numeric results in IPAQ and NRS for abdominal wall strength were analyzed 

using paired/dependent t-test. The reasoning for this is that the data is numeric 

and presumably normally distributed, and is measured before and after an 

intervention, in this case RYGB resulting in weight loss. Preliminary results 

showed a skewed distribution to some extent, however, with a great degree of 

variability from person to person. There was also a definite gender difference, 

as could be expected. The results were therefore divided up and reported by 
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gender. An effect size estimate using Cohen´s d was made to the muscle 

strength results, since no power analysis was done when designing the study. 

This was to make sure that non-significant statistical results did not have large 

effect size, for instance, which could indicate that the sample size perhaps was 

too small. Values of 0.2 were considered small effect, 0.5 medium effect and 

0.8 large effect. 

Categorical results from the VHPQ were analyzed with Wilcoxon signed rank 

correlation for non-parametric questions as they were expected to be eccentric 

to some degree.  

Study IV 

Immunofluorescence intensity of the antigens and binding peptides was 

determined as weak, moderate or strong by two authors independently. 

Comparison between the RYGP and the normal weight group was described in 

text and presented images.  
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Ethics 

The GUMP study studies several aspects of the effect of RYGB and weight 

loss. Because of this there are several ethical considerations that had to be 

addressed and cared for. Inclusion in the study involved additional visits to the 

clinic, even though efforts were made to coordinate research and clinical 

follow-ups. One particularly unique feature is that patients in northern Sweden 

have generally long distances to health care facilities, sometimes making it 

difficult for patients to participate in clinical studies due to time and resource 

requirements. For additional visits requiring travel to a different city, 

compensation was provided in accordance to Region Västerbottens’s travel 

policy (typically the price of a return bus ticket.) Further, asking patients to 

participate in a study is always a balance between causing the least amount of 

harm while still collecting important information that is useful in a scientific 

study. Those who participate can also experience benefits in having additional 

contacts with the clinical researchers, for example knowing that they have 

scheduled appointments where they can talk about the results and effects of the 

surgery. When including interview text, care must be taken so that certain 

details do not identify an individual. And likewise, a table of the informants in 

the interview study including age, sex and weight loss and place of residence 

would have been useful in highlighting the demographics of the group but 

would have been all too revealing. 

As with all clinical studies, a logbook needs to be kept, tracking the different 

activities in the study. This document together with the completed 

questionnaires and signed written consents were stored in a cabinet in a locked 

office at the Institution in Umeå to ensure confidentiality. At the same time the 

documents must be readily available for recording and gathering information. 

Confidentiality of identifiable information in Study I was ensured by Statistics 

Sweden who coded all the databases with a key before transferring the database. 

They held the identifying key for a period of three months after which it was 

deleted. Access to SOReg and personal information therein is restricted to 

health care professionals that are active in MBS, and any use of data from the 

registry is approved by the board. Inclusion in SOReg is assumed for all patients 

unless they specifically opt out, which they are informed of before or at 

consultation. 

Studies I, III and IV were approved by the Regional Ethics Review Board in 

Umeå 1/12/2016, Dnr 2015/367-31. Study I was registered at BioMed Central 

11/4/2016 with reference number ISRCTN12963684. Studies III and IV were 

registered 1/27/2017 with reference number ISRCTN17263619. Study II was 
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approved by the Swedish Ethical Review Authority 2/18/2022, as the ethical 

review process had been consolidated under one government agency after the 

initial approval. It was assigned as case 2022-00462-02, addendum to the initial 

case 2015/367-31, and was registered 3/3/2022 with reference number 

ISRCTN17263619, as above, at BioMed Central. The studies adhered to the 

Helsinki declaration and its amendments. 
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Results 

Study I 

This multi-registry study included the 37,301 patients who were operated with 

primary laparoscopic gastric bypass (RYGB) in Sweden from 2009-2014. The 

median age was 41 years old, and the median BMI was 41, and 75.8 % were 

women. Patients who were lost to follow-up was 1.5% at six weeks and 8.3% at 

one year. Smoking habit was missing for 24.3% at baseline and 55.6% at one 

year. This was significant as smoking is a known risk factor for postoperative 

complication. Baseline characteristics are summarized in table 3. 

 

 

Table 3. Baseline variables including comorbidities, socioeconomic factors and 

surgical data. Data presented as median (range) and percentage, respectively. 

Excess Weight Loss, percentage of excess body weight exceeding BMI 25 

(kg/m2) that was lost after surgery. 

Early complications 
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Marginal ulcer was diagnosed in 0.5% (n=175) at the six-week follow-up. 

Stenosis or stricture at the gastro-jejunal anastomosis, causing a mechanical 

obstacle for the passage of food and drink, was reported in 0.2% (n=83). Nine 

of the cases with stricture also had a simultaneous marginal ulcer. Multivariate 

analyses of variables that were statistically significant in the initial univariate 

analyses showed that the risk for developing a marginal ulcer was increased 

with immigrant background (OR 1.72 [1.17-2.53]) and long operation time (OR 

2.19 [1.53-3.13]) during the first 30 days. Those who developed a stricture had 

a higher baseline BMI (OR 1.70 [1.03-2.78]). Retrieval of PPI from the 

pharmacy in close conjunction to surgery, seven days before or three days after, 

did not influence these early complications, as there was no statistical 

significance even in the univariate analysis. None of the other complications 

were associated with any of the variables. Table 4 summarizes the variables that 

were statistically significant in the univariate analysis together in a multivariate 

analysis for the first 30 days after surgery. 

Marginal ulcer Odds Ratio 
 

95 % Confidence Interval p-value 
 

Hypertension 
 

1.433 0.974-2.108 0.068 

Diabetes 
 

1.243 0.795-1.945 0.341 

Operation time > 63 minutes 
 

2.189 1.534-3.126 <0.000 

Lower Income 
 

0.991 0.890-1.103 0.870 

No college education 0.949 0.883-1.021 0.162 

Immigrant background 
 

1.721 1.170-2.531 0.006 

Stricture 
   

BMI  
 

1.696 1.033-2.784 0.038 

Table 4. Complications and risk factors within 30 days. Logistic regression 

analysis of variables that predispose for complications 0-30 days post RYGB. 

Multivariate analysis of significant univariate variables. BMI, kg/m2. 

Later complications 

Up until the one-year follow-up (31-365 days), 340 marginal ulcers (0.9%), 78 

perforations (0.2%), and 70 strictures (0.2%) were recorded. For those with 

strictures, 22 also had a simultaneous marginal ulcer, making 48 who had an 

isolated stricture. In the multivariate analyses, the risk of marginal ulcer during 

day 31-365 after surgery increased with diabetes (OR 1.75 [1.14-2.67]), pre-

existing dyspepsia (OR 1.71 [1.06-2.75]), smoking (OR 2.59 [1.77-3.78]), 

longer stapling length on the gastric pouch (OR 2.19 [1.53-3.25]), longer 

operation time (OR 1.67 [1.11-2.51]), and immigrant background (OR 1.60 

[1.08-2.36]). Older age (OR 2.20 [1.05-4.63]) increased the risk for stricture. 

Poor weight loss (EWL <81%) was also associated with marginal ulcer (OR 
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1.50 [1.04-2.15]). Table 5 summarizes variables statistically significant in the 

univariate analysis in a multivariate analysis. 

 

Marginal ulcer Odds Ratio 
 

95.0 % Confidence Interval 
 

p-value 
 

Age > 41 years 1.352 0.923-1.980 0.122 

Diabetes 
 

1.746 1.143-2.668 0.010 

Dyspepsia 
 

1.706 1.058-2.751 0.028 

Stapling length > 150 mm 
 

2.185 1.528-3.248 <0.000 

Operation time > 63 minutes 
 

1.667 1.108-2.510 0.014 

Smoking 
 

2.586 1.768-3.782 <0.000 

Inferior weight loss, EWL < 81 % 1.496 1.040-2.152 0.030 

Immigrant background 
 

1.600 1.085-2.361 0.018 

Perforation 
   

Lower education 0.895 0.572-1.399 0.626 

Unmarried 
 

1.216 0.717-2.061 0.469 

Urban resident 
 

0.770 0.443-1.338 0.354 

Stricture 
 

 
 

Age > 41 years 
 

2.204 1.048-4.633 0.037 

Table 5. Complications and risk factors at one year. Logistic regression 

analysis of variables that predispose for complications 31-365 days after 

RYGP. Multivariate analysis of significant univariate variables. 

Study II 

Interviews were held from March 2022 to January 2024 with 15 informants (12 

women) 1-3 years after RYGB. Basic characteristics of the participants 

coincided well with general register data for all MBS procedures in Sweden, 

compared to data from SOReg[105], see table 6.  
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Number of Informants 15 (12 women, 3 men) 

Age  37 (26-73) 

BMI preop 40 (35-57) 

BMI one year postop 28 (22-45) 

BMI reduction 13 (8-19) 

Major Complications Internal hernia: 1 

Born outside Sweden 2 

Preoperative comorbidity 

 

Type II diabetes: 2 

Asthma: 3 

Obstructive Sleep Apnea: 2 

Psychiatric disorder: 2 

Polyendocrine Metabolic Ovarian 

Syndrome: 1 

Table 6. Basic Characteristics. Age at interview in median and range. BMI 

(kg/m2) in median and range. Information taken from electronic patient 

journals. 

After the condensation and abstraction process, the main theme New Life and 

Freedom summarized  the different experiences of physical activity after RYGB 

and weight loss that were described in the interviews, see table 7. Two sub-

themes were abstracted from the eight categories. 

 

New Life and Freedom 

 

Table 7. Results of the abstraction of interviews with main theme (New Life and 

Freedom) , sub-themes (Discovery of Having Higher Physical Capacity and 

Physical Activity is More Rewarding) with respective categories. 

Discovery of Having Higher Physical 

Capacity 

 

Physical Activity is More 

Rewarding 

Higher Capacity for Physical Activity Increased Motivation and Initiative 

 

No more limitations 

 

Increased Social Participation 

Daily Tasks Are Less Strenuous 

 

Better Wellbeing 

Bodily Change is an Achievement 

 

More Energy 
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Subtheme Discovery of Having Higher Physical Capacity 

This subtheme gathered the categories that directly describe the changed 

physical activity. Higher capacity for Physical Activity has to do with the 

perceived ability to perform better during sport and leisure activities that require 

exertion. Discovering that they could actually do many activities that were 

previously not possible to do, and that strength and stamina allowed them to, 

was a defining moment for several participants. No more limitations is an 

extension of this newly found ability, that previous obstacles to physical activity 

such as early onset of fatigue or muscle pain were no longer present. The 

changed body composition was also now not in the way for full range of 

movement, making many tasks easier. Daily tasks are less strenuous has more to 

do with the chores of daily living that everyone must accomplish every day or 

less frequent but regularly, nonetheless. Things that we do automatically or 

without much thought became easier, and were also accomplishable even when 

tired, often not limited to just one task that depletes all energy for the rest of the 

day. Bodily change is an achievement is the outward effect or appearance of 

being able to engage in physical activity. It is the visible comparison of “how I 

was before” and “now I am much stronger”. The bodily change was an 

affirmation of knowing that their body can do that which the mind wills. 

 

 

 

 

 

 

 

 

 

 

 

“What’s completely 

new is that I have 

started to run.” n12 

“After the operation 

everything is quicker, 

easier and more fun. 

They think I´m a little 

all over the place.”n7 

“I am much faster at work 

than I used to be.”n1 
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Figure 10. Quotations from the sub-theme Discovery of Having Higher Physical 

Capacity 

 

Subtheme Physical Activity is More Rewarding 

This subtheme describes more how physical activity is meaningful in the lives 

of the participants, as opposed to what they were able to do. Participants 

described an increased motivation and initiative when they experienced that 

physical activities were more enjoyable. This also boosted confidence and a 

desire to explore new activities. Because of the increase in physical 

performance, an increased social participation followed due the fact that 

participants could physically keep up with others. More invitations were also 

extended as others realized that the informants could participate fully, not 

having to make excuses or feel that they would be reminded of poor physical 

status when nor being able to keep up. Improved general health led to a sense of 

better wellbeing. Medications could be discarded and many slept better. The 

memory of disease faded and joy of being alive were common. Even though 

physical activity could lead to sore muscles, it was a positive pain, as part of a 

positive spiral.  Despite decreased nutritional intake even years after surgery, 

most informants described having more energy. A full day’s work was not an 

obstacle for getting things done at home afterward. The need for naps just to be 

able to get through the day was minimized.  

 

 

 

“I don’t have as much 

pain as I did before, so I 

can get up or sit down 

without any help.”n4 

“And now it´s like, let´s go 

out for a walk, or let´s go 

into town for 

shopping”n12 
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Figure 11. Quotations from the sub-theme Physical Activity is More Rewarding 

Study III 

After RYGB and significant weight loss, the strength of the abdominal wall 

seems to be largely unchanged. The 12 men and 22 women who completed both 

pre- and postoperative BioDex measurements weighed an average 116 kg 

before and 86 kg after six months, which corresponds to BMI 40.4 to 29.7 and 

an excess BMI loss of 74%. Women did show some weakening in the slow and 

heavy sequence, from 121 to 101 Nm (p=0.05), but not in the lighter and faster 

sequence. Although the p-value is rounded to 0.05 making it look like there is a 

statistically significant difference, the effect size is small, and the actual p-value 

is rounded down to 0.05 from a slightly larger number. See table 8. At the same 

time, there was a weakening of quadriceps muscle strength for both men and 

“You get a completely 

different sense of freedom 

when you know you can go 

out without having to be 

scared of getting stuck 

somewhere” n5 

“I just couldn´t manage 

before. Just completely 

sluggish. I have so 

much more energy now 

than before.”n6 

“It´s motivating 

that I feel that it´s 

more fun to try 

something 

new”n3 
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women in both sequences. Changes in flexion, or hamstring strength, were 

small and not statistically significant, see table 9. 

Table 8. BioDex measurements of abdominal wall pre- and postoperatively. 

Analyzed with paired t-test measured in peak torque (Nm). Heavy and fast 

denotes slow and heavy resistance (30 degrees/sec) and fast and lighter 

resistance (60 degrees/sec), respectively. 

 

Table 9. BioDex measurements of thigh muscle strength pre- and 

postoperatively. Analyzed with paired t-test measured in peak torque (Nm). 

Heavy and fast denotes slow and heavy resistance (90 degrees/sec) and fast and 

lighter resistance (210 degrees/sec), respectively.  

 

 Preop mean (range) Std Dv Postop mean  Std Dv Diff 95 % CI Effect size p-value 

Women 

Flexion, heavy 121.0 (46.7–247.7) 50.6 101.1 (75.6–147.3) 17.2 -19.9 -0.04, 39.86 0.34 0.05 

Flexion, fast 102.3 (18.9–164.3) 46.1 100.1 (42.7–249.8) 25.8 -2.21 -10.66, 15.09 0.04 0.72 

Extension, heavy 158.8 (49.1–334.9) 71.9 165.4 (76.1–244.5) 45.5 6.61 -30.07, 16.85 0.07 0.56 

Extension, fast 146.8 (42.2–292.8) 74.5 154.6 (42.7–249.8) 54.1 7.82 -30.95, 15.30 0.08 0.49 

Men 

Flexion, heavy 248.2 (37.6–414.7) 87.3 221.8 (143.1–403.9) 76.3 -26.4 -8.50, 61.28 0.21 0.12 

Flexion, fast 227.2 (35.8–420.2) 94.9 217.5 (140–404.8) 77.4 -9.67 -31.17, 50.51 0.07 0.61 

Extension, heavy 291.1 (153.4–574.6) 105.5 318.4 (163.1–567.5) 119.3 27.3 -110.34, 55.78 0.17 0.48 

Extension, fast 276.9 (134.8–587.6) 99.4 326.8 (191.9–551.6) 116.5 49.9 -123.10, 23.39 0.32 0.16 

 Preop mean (range) Std Dv Postop mean Std Dv Diff 95 % CI Effect size p-value 

Women 

Extension, heavy 114.2 (71.2-142.5) 23.7 93.9 (64.4- 126.6) 19.9 -20.4 13.36, 27.33 0.61 <0.001 

Extension, fast 72.5 (42.9-98.9) 16.1 60.3 (20.9-80.5) 15.6 -12.3 6.61, 17.94 0.51 <0.001 

Flexion, heavy 51.4 (29.7-83.6) 13.3 46.6 (23.6-60.8) 10.4 -4.83 -0.50, 10.15 0.60 0.07 

Flexion, fast 40.3 (19.4-61) 13.9 36.5 (20.4-63.4) 14.1 3.81 -5,96, 13,59 0.18 0.92 

Men 

Extension, heavy 203.2 (138.1-262) 54.9 174.7 (119.7-268.6) 43.6 -28.5 13.65, 43.36 0.37 0.001 

Extension, fast 134.8 (82.1- 217.3) 43.1 123.2 (81.1-177.7) 29.6 -11.7 -2.26, 25.56 0.20 0.009 

Flexion, heavy 96.2 (57.7-156.4) 29.4 92.1 (52.1-156.5) 28.5 -4.1 -4.77, 12.91 0.09 0.33 

Flexion, fast 77.0 (49.8-122) 26.0 73.1 (44.1-112) 19.9 -3.9 -3.33, 11.10 0.10 0.26 
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Questionnaires 

Women reported an increase in abdominal wall strength with the NRS score 

after six months (3.65 to 4.70, p=0.02). Men scored higher than women at both 

time points, but their change was not statistically significant, see table 10. In the 

IPAQ, the amount of moderate physical activity increased by about 40 minutes 

per day (71.8 to 115.6, p=0.04), while the number of days per week with 

moderate activity was unchanged, see figure 12. No difference was seen for the 

duration or frequency of heavy or light physical activity, nor in time spent 

sitting.  

NRS Preop  Postop p-value 

Women 3.65 4.70 0.02 

Men 7.10 6.50 0.48 

 

Table 10. Results of the Numerical Rating Scale for self-perceived abdominal 

wall strength. Scale 0-10 for abdominal wall strength. 

 

 

27.7

71.8

54.8

35.8

115.6*

77.0

0

20

40

60

80

100

120

140

Heavy Moderate Light

Minutes per week with type of activity
* p-value 0.004

preop postop



 

39 

 

Figure 12. Patients’ physical activity scores according to the International 

Physical Activity Questionnaire. Note the increase in moderate physical 

activity. 

The answers to VHPQ showed that few patients had pain in the abdominal wall 

before (n=7) and after (n=3) surgery that could affect strength or function. 

Specifically, before surgery three patients answered that they had pain from the 

abdominal wall that could easily be ignored (b), three had pain that did not 

affect daily activities (c) and one had pain that affected concentration (d). 

Postoperatively, three patients answered that they had pain that could easily be 

ignored (b). Two of these three patients that had pain postoperatively did not 

have pain preoperatively. Of those that indicated pain preoperatively, two quit 

the study, one had pain postoperatively (b) and the others had no pain 

postoperatively (a). As few patients had pain, only the first questions were 

statistically analyzed. The subsequent questions that deal with frequency of pain 

and pain in different situations were therefore not analyzed. Neither surgery nor 

weight loss significantly influenced the frequency of pain or type of pain in this 

group. 

Study IV 

The specimens on the slides were analyzed independently by two authors for the 

antigens type I and III collagen, HA and CHP. The Hematoxylin/Eosin series 

was for quality and general orientation, to ensure that correct and sufficient 

amount of tissue was visible on the slides. There were 33 specimens from the 
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obesity group and 18 from the control group available for analysis, with a 

varying degree of quality, as expected, due to the presence of artifacts and 

overexposure, sometimes making analysis difficult in some areas on some 

slides. We focused on areas with the most uniform tissue as they were the most 

distinct in showing the features of the different antigens and binding proteins. 

 

Muscle  

While analyzing the Hematoxylin/Eosin slides we noticed a distinct feature that 

differed the obesity group and the control group in the muscle specimens. The 

group with obesity had a high occurrence of rounded and clear structures 

intracellularly in the myocytes. They resemble and could well be lipid droplets, 

according to a previous description[106]. Figure 13 shows a representative 

image of the different appearances between the two groups.  

HA seems to stain in a different way when comparing the two groups. In the 

obesity group, HA stains mostly extracellularly, as expected, concentrating 

staining in the space between the myocytes. On most slides it appears as a thin 

and continuous contour. In areas with the intracellular lipid droplets, there 

appears to be more intense staining with a thicker HA contour extracellularly.  

Type I collagen is the building block of many tissues, especially hard and sturdy 

tissues such as bone, and in this study, fascia. The staining on muscle here is 

universal and uniform across the myocytes, with very few variations across 

different areas. In myocytes with lipid droplets in the Hematoxylin/Eosin series, 

there appears to be stronger staining for type I collagen in the droplets 

themselves.  

Type III collagen stains in a different manner in the obesity group compared to 

the controls, with antigen accumulating in the periphery of the specimen and 

surrounding the myocytes. As with type I collagen, the lipid droplets in the 

myocytes also stain for type III collagen antigen. In the control group, however, 

uniform staining of the whole of the myocytes, as was the case with type I 

collagen, is retained. 

When analyzing CHP in muscle tissue from both the obesity group and control 

group, activity was mostly found extracellularly between the myocytes. It forms 

a contour in the space between the myocytes, respecting this border. On some 

slides the CHP signal was weak to the extent that it was hardly present at all 

before enhancing the signal. CHP has obvious colocalization with type III 

collagen and is seen in both groups without any obvious differences. 
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Figure 13. Images of the differing staining and binding between two patient 

groups on muscle. 

Fascia 

The Hematoxylin/Eosin slides for fascia revealed a pinkish hue for most of the 

compact fascia tissue, with no obvious difference between the groups but with 

some variation, se figure 14. Type I collagen stains well and uniformly along 

the fibers in the tissue. The intensity of the stain is weak but clearly present. 

Type III collagen has a similar staining, with generally weak but uniform 

staining. The pattern of staining is similar in both groups with no obvious 

differences. 

HA signals moderately to strong in the group with obesity, both along the tissue 

fibers and filling out the spaces in between. There appears to be also moderate 

colocalization with both the collagens. In the control group, HA stains very 
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weak, and there is more or less no detectable activity outside the tissue fibers in 

contrast to the obesity group. 

The CHP activity on fascia is generally weak, but along the borders of the 

specimens where the tissue has been cut, the activity is stronger. This coincides 

with the inherent property and function of CHP as it has affinity to open or 

exposed ends of collagen. On these specimens it is the trauma from the surgical 

excision that exposed the collagen fibers. Similar patterns are seen in both 

groups with no obvious differences. 

Figure 14. Images of different staining and binding between the two patient 

groups on fascia. 
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Discussion  

As obesity has become a global health issue, not just confined to industrial 

western countries, it is all more important to be able to provide effective and 

safe treatments. Metabolic Bariatric Surgery has provided significant and lasting 

weight loss and resolution of associated diseases with improvement of access 

and complication rates during the last decades. Still there are well-known issues 

after RYGB and weight loss that can influence health and daily life. This thesis 

explores the effect of prophylactic PPI on acid-related complications, 

experience of physical activity, abdominal wall strength and the biochemical 

integrity of the abdominal wall in persons undergoing RYGB. The ambition has 

been to improve care and resulting weight loss, and to understand some of the 

potential challenges after RYGB. 

Acid-related Complications 

The large national cohort in Study I, comprising of 37,301 patients and all 

primary RYGB in Sweden from 2009-2014, showed no association between PPI 

prophylaxis and acid-related complications in contrast to previous studies with 

other methodologies[42, 43, 52]. With the unique possibility of combining 

several registries, we were able to account for many variables and all adverse 

events up to one year. The risk for these complications was instead increased by 

several comorbidities, surgical factors, and social factors. Marginal ulcer from 

31 days to one year was also associated with inferior weight loss[46] indicating 

that addressing this complication is important for optimal surgical result. 

Longer operation time is usually indicative of a learning curve at the beginning 

phases of implementing a new procedure, as was the case during the study 

years. Prolonged operation time is probably indicative of less surgical 

experience and/or mishaps during surgery. The longer time was one of two 

significant surgical risk factors for both early and later marginal ulcers. This 

would indicate that suboptimal surgery is a risk factor for marginal ulcers, 

especially considering that longer stapling length more than doubled the risk for 

marginal ulcer at one year. This is in line with a study on 14,168 RYGB, where 

the relative risk for marginal ulcers increased with the size of the gastric pouch. 

For each additional centimeter of stapling used on the gastric pouch, the risk 

increased by 14%[107]. Increasing pouch size exposes the anastomosis to more 

acid-producing Parietal cells in the remaining pouch[40]. A small pouch that is 

well detached from the gastric remnant probably has less risk of developing a 

fistula to the stomach remnant, which is rich in acid that could reflux back to the 

pouch[108]. This could be explained by the reasoning that small pouches would 
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be more likely to be pulled up by the esophagus, rather than remaining a part of 

the fundus lying nearer the stomach remnant. The registry does not include any 

other potential surgical factors to be measured, and many are probably too 

difficult to categorize in a manner that would make meaningful measurement 

possible. These could include moderate bleeding, stapling device malfunction, 

or difficulty of access due to large liver volume or sub-optimal trocar 

placement. In any case, the included surgical factors represent important steps 

that the surgeon can take to reduce complications. 

A significant factor for both early and later marginal ulcers was immigrant 

background. This presents an interesting challenge as there is no clear cause of 

action but implies several combined features that distinguish immigrants as 

opposed to domestically born persons. Speculation could be made about higher 

Helicobacter pylori incidence, differing cultural and eating habits, difference in 

healthy lifestyle awareness and application, secondhand smoking, poor 

postoperative compliance and patient delay or expectations. In a sub analysis, 

smoking was more common among immigrants with 13.8 % compared to 9.9 

%. The presence of Helicobacter pylori, however, is not an established risk 

factor for developing marginal ulcers[109]. Whether it is for peptic and 

duodenal ulcers, which are rare and very difficult to diagnose after RYGB, is 

another matter where most clinicians choose to eradicate Helicobacter pylori 

because of the difficulty of diagnosing associated ulcers[110]. 

Smoking was a strong factor for developing marginal ulcer at one year in line 

with previous findings[27, 111]. The differing risk factors for early and later 

marginal ulcers could be explained by the slow development and late 

presentation of ulcers, considering the relatively high odds ratios for smoking 

and long stapling length at one year. Risk factors for the relatively few 

occurring strictures within 30 days were higher baseline BMI, as well as older 

age at one year with a significant odds ratio. This would suggest that older 

patients have inferior or prolonged healing ability, which is crucial at the gastro-

jejunal anastomosis where two organs meet, with each side having its own 

separate vascular access. Non-healing or leakage at the gastro-jejunal 

anastomosis can be likened to a perforated ulcer, both of which require early 

surgical treatment to avoid organ failure and the need for intensive care[112]. 

Marginal ulcers were shown to be linked with inferior weight loss at one year 

but not at the early follow-up. In the clinical setting, this could be a result of 

poor eating habits over time because of nausea and/or epigastric pain in 

conjunction with meals, over a period longer than the first six-week follow-up. 

Some patients may believe that this is to be expected after RYGB, further 

delaying or missing diagnosis. Having trouble eating because of symptoms of 

marginal ulcer or stricture could increase intake of fast calories or fat in fluids 
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that are easier to ingest. Reducing symptoms from these complications is 

therefore important since it could result in poor surgical result. 

Registry data  

Registered data in SOReg generally reveals fewer complications than many 

studies from other countries. For marginal ulcers, the annual rate of 2 % in 

SOReg is much less than up to 25% in reports by others[45, 113]. The rate 

depends also on definition and method of diagnosis. The SOReg definition 

involves a symptomatic and endoscopically verified ulcer near the gastrojejunal 

anastomosis, while others include a wider definition, assuming epigastric pain, 

nausea and other potentially acid-related symptoms that could imply a marginal 

ulcer[45, 51, 114]. Gastroscopy is not routinely performed postoperatively in 

Sweden, while some studies with higher incidences describe routine 

examination postoperatively. The reason for not performing routine 

gastroscopy, although this has become recommended[115], is mostly due to 

limited access within the publicly funded healthcare system, where there is no 

economic incentive to perform examinations with presumed limited benefit. 

Mild to moderate symptoms are instead treated with PPI with a low threshold. If 

symptoms do not resolve, then a gastroscopy is typically performed. The low 

rate of stricture in SOReg implies a limited problem with marginal ulcers. 

Furthermore, the standard operative procedure that is established in Sweden, 

with a small pouch despite linear staples, minimizes exposure of small bowel to 

gastric acid. If anything, else, the low rate of complications in SOReg could be 

evidence of high-quality MBS in Sweden, which is one of the primary goals of 

the registry. 

The data from SOReg and the two government agencies have high validity. 

SOReg has established and maintained a high acquisition rate[116]. The 

National Prescribed Drug Register contains all prescribed drugs that are 

dispensed at pharmacies, with over 100 million entries yearly. Statistics Sweden 

is the government agency for official statistics on demographics, with the ability 

to crossmatch patients, combining data from several sources. The combination 

is therefore a reliable source of real-world data suitable for epidemiological 

study. 

A strength in this study is the large and nationwide cohort taken from a 

validated quality registry, with very high catchment. The annual reports from 

SOReg have driven uniform operative procedure for high surgical safety 

nationwide. The specific information source from the National Prescribed Drug 

Register on dispensed PPI in close conjunction to surgery made this analysis 

possible. The exact dates for surgery and PPI dispensation also made it possible 
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to determine if prophylactic PPI helps reduce postoperative acid-related 

complications after RYBP. 

Limitations in this study include the absence of information on the presence of 

Helicobacter pylori and NSAID consumption, known factors for peptic ulcers. 

The reduced availability of data on smoking, as it is a non-obligatory variable in 

the registry, is also a weakness. This type of question is always dependent on 

the honesty of the patient reporting for accuracy. In this study, including 

patients with unknown smoking habit in the analysis resulted only in small 

differences. 

Although only sold in small packages (up to 28 tablets), consumption of over-

the-counter PPI cannot be accounted for. It is unlikely, however, that patients 

would take PPI prophylactically on their own accord. All patients are 

questioned concerning dyspepsia, gastroesophageal reflux, and need for PPI use 

preoperatively in conjunction with SOReg registration. 

Interestingly, 72% of the patients in the study had at some time a PPI 

prescription. This includes all that had previous treatment with PPI, designated 

as dyspepsia in SOReg (ca 10 %), those that were prescribed PPI prophylaxis 

(38.5%), and patients receiving PPI as treatment for complication. In this case it 

would be assumed to be at least a marginal ulcer, stricture and perforation, 

accounting for approximately 2%, plus most that had other complications such 

as hemorrhage and leakages (ca 3 %). This leaves 18.5 % of the cohort that 

received a PPI prescription for some reason without a clear diagnosis. Some of 

these could be minor problems that resolve on PPI ex juvantibus, which could 

include marginal ulcers resolving without diagnosis, or other diet related 

problems resolving during the time PPI was taken, with or without actual PPI 

effect.  

Experiences of Physical Activity  

Forming a main theme from interview texts with patients who have lost weight 

after RYGB is a long process with several steps. When engaging in a 

conversation about the difference in physical ability after massive weight loss, it 

is sometimes difficult to distinguish between preconceived understanding and 

the answers given in the interviews. Although several informants seemed to 

describe similar experiences, but in slightly different ways, there were new and 

unexpected responses. This was evident in different life circumstances and how 

physical activity was utilized. Some informants were more conscious about 

prioritizing physical activity than others, although all experienced change. For 

the individual, this meant being able to choose activities that demand more 

strength, stamina or range of movement, and not being constrained by the 
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perceived obstacle of obesity. Both being able to perform and recovering 

afterwards were improved. 

New Life and Freedom was therefore determined as a main theme during the 

abstraction and analysis process. It is based on patients’ descriptions of physical 

activity after RYGB, and how it improved. As expected, and as part of the 

design of the study, there were variations in physical activity before surgery, 

baseline BMI, and BMI at one year. A wide array of answers and descriptions 

came from individuals with different understandings of physical ability and 

were an important part of the final result. Being able to engage in physically 

demanding leisure activities was often both a goal before surgery and achieved 

after weight loss. These activities varied from aerobically demanding sports to 

activities requiring proper posture and longer walks. A common denominator 

was that daily life became easier, with less burden or exertion and increased 

ability to able to choose physical activity. The main theme reflects what the 

author understood as the overall difference in physical activity abilities before 

and after RYGB and weight loss. 

After having lived with obesity and gotten accustomed to physical limitations, 

participants often described surprise by the newly found relative ease in which 

they could engage in activities of daily life. This concept was the idea behind 

the categories that were sorted under the sub-theme ‘discovery of having higher 

physical capacity’. Though longing to be able to perform everyday tasks with 

greater ease was a goal before surgery, it was perhaps not imaginable exactly 

how that would impact all aspects of life after weight loss. While some 

experienced some weakening, mainly of the upper limbs, which is consistent 

with previous objective studies, the overall experience was still positive[66, 69]. 

Some loss of grip strength, for example, was seen as a natural part of the weight 

loss process that could subsequently improve with increased physical activity 

that was now possible. 

Previous studies on physical activity after MBS have described different types 

of results, depending on several factors[117-122]. The variation of physical 

activity may not differ from normal weight controls[123], and could be 

dependent on how measurements are made: self-reported surveys or 

questionnaires, or different methods of objective measurement[122, 124]. It is 

also important to reflect on the duration of the measurement, in which 

circumstances measurement is made and exactly what is being measured and 

the purpose of the study[125]. This qualitative interview study describes or 

presents a different type of method or way of expressing differences. The 

informants describe experiences that agree with previous reports and studies 

showing improved general[105] and obesity-specific[126] quality-of-life scores. 

And in line with previous qualitative studies on physical activity after 
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RYGB[127-129], despite the positive results at the time of the studies, need for 

support and counselling is important in continuing to engage in physical activity 

and minimizing the risk of regaining weight. As there are clear 

recommendations on nutritional advice following MBS, including vitamin and 

mineral supplementation[130, 131], the same applies to supporting adequate 

amounts and intensity of physical activity after MBS[132, 133]. 

This study provides important insights in identifying areas that can support or 

motivate adequate physical activity after MBS. It can be useful for both those 

who have undergone and for those considering MBS, and how they could 

establish lasting physical activity routines. Greater understanding of bodily 

changes after MBS is vital to help patients achieve the best possible health 

status in the long term. It can also help healthcare professionals motivate a 

structure for giving support before and after surgery[134]. As the need of 

support varies over different phases of the weight loss treatment, it is important 

to individualize according to each patients’ circumstances[135]. A more precise 

knowledge of the challenges is crucial for attaining even better results than what 

is seen today[6]. 

The interviews were carried out one to three years after surgery to capture 

maximum achieved weight loss and hopefully the best possible effect on 

physical activity. Before this, some informants were perhaps still losing weight 

or adapting psychologically. The idea was that this period who be the most 

likely when the informants had the best physical activity ability and biggest 

possible effect on quality of life[136]. Most likely there would be no 

improvement of weight loss or metabolic status that could affect physical 

activity later than three years. Also, there was a practical aspect to consider. 

Allowing a span of time allowed flexibility in recruiting, so that enough 

informants could be included, and to some extent also differing experiences. 

And in considering how memory is recalled, it was important to capture the 

window of recollection of how physical abilities, or rather inabilities, were 

before surgery for comparison. 

Although I had met some of the informants previously in the clinic or as 

operating surgeon, there was no obvious difference in responses. It is not always 

customary to interview patients in a research project like this, as it can be a 

source of bias, especially if there is a dependency relation. In this case, 

however, the clinical relation was in the past. It was also stated that it was not a 

clinical follow-up, but part of a research project. Nonetheless, some indirect 

support to the patients could be expected in that they could talk about 

challenges and how some of these were overcome or otherwise dealt with. 
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It is possible that those who did not return the informed consent and were not 

interviewed in the study could have had different experiences. The number of 

interviews that would be sufficient to answer the aim of the study was discussed 

several times during the interview period. We focused on the idea of 

information power, that describes several aspects that determine if there is 

enough information gathered[97]. In this study, it was important to gather a 

wide array of perspectives from differing age categories and other life 

circumstances. This together with the relatively novel methodology necessitated 

the sample size. Care was taken to recruit men in the beginning of the study, as 

there were relatively fewer available compared to women. In this group we had 

access to many women in their forties, and they were represented without a 

doubt, but also others were included. The sample was consistent with all MBS 

in Sweden, making it representative for this patient group.  

This aspect of qualitative research is called trustworthiness. The process of 

selecting who to invite was colored by finding suitable individuals of various 

ages and backgrounds. Two had a foreign background, for example, and one 

was over 70 years old. The results could very well apply to other MBS 

procedures, but not necessarily to other places where access to physical activity 

and recreation could be different. Triangulation among the authors during the 

analysis process describes the ongoing discussion about the texts, condensation 

and abstraction, aforementioned information power and reasonable results. This 

concept is important to ensure validity of the presented results, the categories 

and themes. Quotations from the interviews are given as examples to support 

the results. As the total amount of text is quite vast, this gives the reader a 

glimpse into the responses and the conversation during the interviews. 

Most interview studies have likely a unique feature that sets it apart from other 

studies. In this case it was the considerable spread of the informants over four 

Swedish regions. More than half lived in rural or small towns. As we discussed 

interview method, and after ensuring that conducting interviews over video 

conferencing was feasible and secure, although not the most traditional way, it 

was decided that we could at least offer this as an alternative to the informants. 

It likely made participation easier for the informants, and more likely that they 

were willing to be interviewed. Although video conferencing is not the same as 

a face-to-face meeting, it does preserve many of the features of the onsite 

setting[137, 138]. The high-quality video recordings were able to be stored on a 

secure server, and not on a cloud server, which minimized the risk of breaching 

confidentiality. One concern or inherent feature of video conferencing was that 

it may have taken away some of the rich subtleness of face-to-face meetings and 

indirectly made some of the interviews shorter and therefore contain less 

information. To compensate for this and the relative inexperience of the 



 

50 

interviewer, subsequent interviews were held, more than perhaps may have been 

necessary in other settings. 

Abdominal Wall Strength 

A comparison of the mechanical strength of the abdominal wall before and after 

MBS has not previously been described. We had the opportunity for this unique 

collaboration to demonstrate a previously overlooked effect of massive weight 

loss after RYGB. In contrast to the loss of muscle mass during the early weight 

loss period described in a meta-analysis by Nuijten[67] as well as a 

corresponding decrease in lower limb strength measured with dynamometry in a 

recent review of 13 studies including 239 patients[139], the abdominal wall 

strength appears to be maintained in this study. We showed at the same time a 

reduction in quadriceps muscle strength in both men and women, verifying 

actual loss of muscle mass, but not in the abdominal wall. Women even 

indicated an increase in abdominal wall strength with the NRS despite constant 

dynamometric values. And in conjunction with this, the amount of moderate 

physical activity increased by about 40 minutes per active day, in line with 

previous findings[140]. 

Although the BioDex System measures strength over an individual joint, it does 

not fully isolate one group of muscles as there is always accessory activation 

from other muscle groups. An example of this is that the test person must brace 

against the chair. Despite this, the measurement does highlight a certain ability 

that is necessary for physical activity and movement. When it comes to the 

abdominal wall, several muscles are activated in different phases of contraction, 

and deeper core muscles are also involved. This is in no way defeating the 

purpose of measuring the mechanical function of the abdominal wall, but a test 

of the entire range of movement. Electromyography can isolate specific muscles 

and measure the electrical activity in them but does not express force or 

strength[141, 142]. 

Previous studies from the research group have validated the use of the BioDex 

for abdominal wall strength in the context of patients with ventral hernia and 

abdominal rectus diastasis[73, 74]. This was the first time the tool has was used 

in the MBS setting, with test persons having a much higher BMI. Because of 

this, concerns were raised about whether participants would fit in the test chair 

preoperatively, or if body composition would hinder performing the repetitions 

as instructed. To overlook and make sure that this was not a problem, the first 

author oversaw and participated in the first session of testing. There were no 

obvious detractions, and the patients seemed to fit in the test chair as necessary. 
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Dual Energy X-Ray Absorptiometry (DEXA) is a method that can measure lean 

muscle mass and body fat composition, among other tissues in the body, and is 

probably most known for measuring bone mineral density. Studies using DEXA 

to evaluate body composition after MBS showed that 12-16 % of weight loss 

was comprised muscle mass[143, 144]. Extrapolating that muscle mass loss to 

the present study population would correspond to about 5 kg of muscle mass on 

average six months after RYGB. The result of this study showing that 

abdominal wall strength is not affected by muscle mass loss could have several 

explanations. Although nutritional intake decreases after MBS, the necessity for 

physical activity that engages core muscles remains the same unless the patient 

has changed life circumstances. There is no apparent reason why physical 

activity in daily life would decrease after weight loss, rather the chances are it 

would increase as weight loss enables increased time spent in physically 

engaging activities, increasing engagement and preservation of muscles. The 

result of the weakened quadriceps, but not hamstrings or abdominal wall 

musculature, in this study supports this argument. 

Women reported an increase in abdominal strength with the Numerical Rating 

Scale. Although NRS is a subjective and very simple estimate, this could be 

explained by a change in ratio of absolute strength to total body weight. 

Relative strength is a measure of maximal strength related to BMI or 

appendicular lean mass (ALM), the latter requiring DEXA or other radiological 

measurement[69]. It has mostly been used to assess strength of elderly persons 

as a predictor for physical incapacity[145]. The difference in perceived strength 

could also be explained by gender differences in attitudes toward strength and 

physical function[146]. Men scored slightly lower in postoperative NRS, but not 

significant statistically, and remained higher than women. This persisting 

gender difference is in line with studies demonstrating a difference in overall 

physical activity for adolescent and older women[147, 148]. For the BioDex 

measurements, the slight variation postoperatively for men were not statistically 

significant. 

As a measure of the amount of physical activity related to muscle strength, 

frequency and time spent with physical activity was measured with IPAQ. 

Frequency of physical activity during the week was largely unchanged, but the 

amount of time spent in moderately vigorous activity increased sizably, by 

about 38 %. There was also a trend in improvement in the other questions 

including less time sitting, but none were statistically significant. One possible 

explanation as to why women expressed greater strength after surgery could be 

that similar activities caused greater exertion before surgery than after. 

However, the supporting text in the questionnaire should account for this as it 

specifies which activities are heavy, moderate and light. For example, work in 

and around the house could have been rated heavy before because of great 
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exertion, but moderate after surgery and weight loss. This carries with it the 

assumption that activities remained largely unchanged, but in that case other 

activities would have had to fill out the heavy category to compensate. It is not 

given that the only activities that increased were moderate, but there could have 

been a shift to that category so that overall amount of physical activity 

increased. 

The IPAQ short form is the version that is commonly used as it is a simple tool 

for estimating physical activity, especially for those that fill it out. It gives 

health care professionals an estimate of the amount and type of physical activity 

that is performed during a typical week. It is not as specific as a worn 

accelerometer or other monitoring devices that can measure activity or heart 

rate more objectively. It has been shown that it tends to overestimate the amount 

of physical activity[149]. But it demands less time and resources and provides 

feedback to the person filling out the form, especially if it is done more than 

once. Also, for internal comparison purposes, the eventual overestimation does 

not create false effects. The general idea in my understanding is to capture if 

physical activity is performed at all. For this study, IPAQ was sufficient to 

grade physical activity in the context of abdominal wall strength after major 

weight loss. The results are generally in agreement with previous studies 

summarized in a meta-analysis on physical activity before and after MBS[121]. 

The Ventral Hernia Pain Questionnaire (VHPQ) was chosen in this setting to 

identify other possible factors, such as pain and/or compensatory inactivity, that 

could affect abdominal wall strength in conjunction with the BioDex tests. 

Although persons with obesity have a higher risk of pain in general[56, 150], 

few reported any symptoms from the abdominal wall before or after surgery in 

this study. The only questions that could be statistically analyzed, as several 

questions are conditional on previous answers, were the first questions 

regarding pain in the abdominal wall before and after surgery. Statistical 

analysis could not be done on answers to the subsequent questions that are more 

specific on how pain affects daily activity. It seemed that neither surgery nor 

weight loss appeared to have any effect on the occurrence of pain, nor on type 

of pain in the abdominal wall. Pain was therefore not a factor that could 

influence strength or physical activity in the study´s measurements. 

In this study we were able to include more patients than most other studies that 

have measured muscle strength or physical activity before and after MBS. Still, 

we lost some during the study for various reasons, and recruitment was not the 

easiest process when asking patients to come for several extra visits, sometimes 

with long distances to travel. And as all operations were laparoscopic with small 

openings in the abdominal wall, the risk for impaired function due to ventral 

hernia, which is more common after open surgery especially in persons with 
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obesity, was significantly reduced[151]. To be more precise about how the 

absolute volume of muscle mass changed, a series of radiological exams could 

have been performed, either with computer tomography (CT), magnetic 

resonance imaging (MRI) or DEXA. This would have required much more 

resources and much more time from the patients, however, and may have made 

recruitment even more difficult with less participants. Further, hypoproteinemia 

influencing muscle wasting postoperatively could have been determined from 

medical records by reviewing and comparing albumin values, however we only 

regularly monitor blood work at six weeks and one year after MBS, not at six 

months. 

Composition of the abdominal wall 

This exploratory study on patients undergoing RYGB visualized different 

staining patterns of abdominal muscle and fascia to types I and III collagens, 

HA and CHP compared with normal weight undergoing laparoscopic 

cholecystectomy. We know of no previous study investigating HA and CHP in 

relation to collagens in the abdominal wall in the context of obesity and MBS. 

Hematoxylin/Eosin stains somewhat surprisingly (as this was not in the primary 

aim of the study) showed the presence of lipid droplets in the muscle in the 

obesity group, indicating myosteatosis or accumulation of fat in the muscle 

cells.  

Both muscle and fascia had more HA activity extracellularly in the obesity 

group. And for the fascia, HA signal was generally weak in the control group 

compared to the obesity group which showed staining for HA extracellularly 

and also clear colocalization with type I and III collagen, suggesting  higher HA 

activity in the group with obesity within this tissue. 

When assessing types I and III collagen, there was no apparent differences 

between obesity and normal weight groups. The differences that were observed 

were more based on individual slides where the quality of the specimen could 

vary depending on several factors. These could range from amount of correct 

tissue, if the tissue was sliced perpendicular to the fibers, artefacts from the 

fixation on the slides and overexposure (or smudging) from the transfer to 

digital pathology. 

A different way of studying activity in and around collagen in the abdominal 

wall could be by determining matrix metalloproteinases (MMP). MMP 2 and 9 

drive degradation of proteins, in case of collagens by opening up its ends, in 

ECM in physiological and pathological settings. These MMPs are elastases that 

degrade collagen by opening up the ends of collagen fibers, which are crucial in 

the stability of muscle fascia, among other tissues. If there is an abundance of 
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MMPs, conditions could destabilize collagen structures, which could in turn 

result in decreased integrity of tissues such as the abdominal wall. This could 

present clinically as weakness of abdominal muscles, hernias or abdominal 

rectus diastasis. One study has proposed that RYGB and subsequent weight loss 

influences MMP-2 activity by reducing the gene expression of tissue inhibitor 

of metalloproteinase 2 (TIMP2)[152], which suppresses MMP-2. A study that 

investigated levels of MMP-2 and MMP-9 plasma concentrations showed an 

increase one year after surgery for patients who had type II diabetes[153]. In a 

previously published study from the GUMP-study using serum samples, we 

demonstrated that MMP-2 increased at 6 months after RYGP, while MMP-9 

decreased compared to preoperative values[154]. Weight loss after RYGB is 

also associated with a decrease in certain inflammatory markers including CRP 

and IL-6[155]. 

In an exploratory study on human tissue like this, it is important to find antigens 

that work with the tissue to be studied in a reasonable manner. As we had no 

predetermined protocol for how to handle the specimens, details from previous 

protocols from studies with similar antigens were tried until the protocol 

worked for the tissue and staining. As this type of work can be time consuming, 

with many adjustments being needed until the protocols worked, the many steps 

in the handling also prolonged the time until slides were ready for analysis. This 

fact therefore makes larger studies difficult, but in this case we believe that we 

analyzed a sufficient number of specimens to get a representative result.  

A limitation in this study is that we have only assessed the presence of HA and 

cannot distinguish if the difference is made up of high molecular weight HA 

(HMW-HA) or low molecular weight HA (LMW-HA). Making this distinction 

is not currently possible in the laboratory, at least partly due to the short half-

life of HA.  If this distinction would become available, it could give more 

insight into whether the level of HA is driven by inflammation, overabundance 

of nutrients or a combination of other pathological processes.  

Conclusion 

PPI used as prophylaxis after RYGB did not reduce acid-related complications, 

including marginal ulcers in a large multi-register study. Surgical factors, type 

II diabetes, pre-existing dyspepsia, smoking and immigrant background were 

instead factors that increased the risk. 

After RYGB and weight loss, patients describe improved physical activity. New 

Life and Freedom was the main theme of an interview study using Qualitative 

content analysis. 
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Muscle strength of the abdominal wall is preserved after RYGB, despite general 

loss of muscle mass including thigh muscle, at six months postoperatively. 

Moderate physical activity also increased. 

Hyaluronan is more abundant in muscle and fascia of the abdominal wall in 

persons with obesity, compared to normal weight controls, which can play a 

role in the integrity of the abdominal wall. Muscle also contains a higher rate of 

lipid droplets in persons with obesity. 

Future perspectives 

Obesity is a general concept that can entail many variations of metabolic 

dysfunctions that lead to excess body weight and disease. Causes can be both 

genetic and environmental and are probably several for the individual. At the 

same time, there are seemingly healthy persons that are overweight. This 

heterogeneity demands that there are good decision-making tools in obesity 

treatment. SOReg is a valuable resource that has furthered the quality of MBS 

in Scandinavia and has provided data to more than 200 scientific publications. 

This type of validated registry that Sweden is known for has the potential to 

lower surgical risk even more. Since the study on prophylactic PPI in 

conjunction with RYGB, I have thought about the feasibility of conducting a 

randomized trial to strengthen the evidence. Although relatively uncommon, 

marginal ulcers and especially strictures warrant repeated endoscopies and 

sometimes series of dilatations. This is a substantial burden for the affected 

individuals and a non-negligible health care cost. A large cohort is obviously 

needed to catch differences, but there are several potential challenges that could 

make this difficult. Surgical technique, although relatively uniform in Sweden, 

could change over time. One technique that was abandoned in Sweden after 

several SOReg reports but is still used elsewhere is circular stapling at the 

gastro-enteroanastomosis. Diagnostic criteria and use of pre- and postoperative 

endoscopy could change the playing field drastically. One possibility would be 

to perform a cluster randomization within SOReg, comparing standardized PPI 

policies at different centers. Inclusion of sleeve gastrectomy could be valuable if 

such a study could be initiated. 

This thesis includes parts of the GUMP study which has collected information 

at several time-points before, during and after RYGB involving muscular 

strength and connective tissue markers, both tissue and blood samples. The 

material we have collected has the potential for other analyses, and the cohort 

can be followed even longer to examine effects after several years, which can be 

important in establishing the long-term effects of MBS. Biopsies of the 

abdominal wall are being collected after 3-6 years postoperatively, and BioDex 

measurements are also planned within this time interval. The results from these 
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studies will be valuable in understanding how the effect of RYGB plays out 

over time when it comes to expectations and the longer-term health economy of 

MBS. Experience has shown that it gets increasingly difficult to get patients to 

come for follow-up long after surgery, except when symptoms arise. This 

difficulty extends to research visits as well, so all long-term follow-up is of 

great value.   

With the current biological material that has been and is being collected, there is 

potential to study inflammatory markers that can be associated with obesity and 

insulin resistance, for example, to better define different pathological metabolic 

pathways. Other immunohistochemical studies could be performed on the 

GUMP cohort if the resources and costs would allow. Several studies have 

examined blood samples, but few have put them in relation to tissues such as 

muscle and fascia. We also have a unique collaboration within the research 

group with similar studies in other surgical fields, mainly different types of 

hernias that affect the abdominal wall. Quantifying tissue staining with tools 

such as QuPath[156] could make results more robust, but would also demand 

more time and effort. With the established protocols from the exploratory 

studies in this thesis, future research can benefit from these and make the design 

and analysis process shorter.  

 



 

57 

Acknowledgements 

Many people have been important in my academic and surgical careers; without 

them this thesis would not have become what it is. They have all played 

significant roles in one way or another. 

 

Ulf Gunnarsson  

Karin Strigård 

Magnus Sundbom 

Anette Edin-Liljegren 

Urban Hellman 

Christina Lundin 

Peter Falk 

Lars Boman 

Anders Boström 

Tobias Tengström 

Johanna Abrahamsson 

Linda Björklund-Lehto 

 

Colleagues and Supervisors in the CLISTER research network. 

Colleagues at the Surgical Department, Lycksele Hospital, who helped me 

inform and recruit patients for the study. 

And many others who have been a part of collecting blood samples, storing and 

shipping, and contacting patients; and all the patients who have given time and 

energy to be a part of the GUMP-study. 



 

58 

References 

1. World Health Organization. [November 19, 2018]; Available from: 

http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-

overweight. 

2. Rubino, F., et al., Definition and diagnostic criteria of clinical obesity. 

Lancet Diabetes Endocrinol, 2025. 13(3): p. 221-262. 

3. Rubino, F., et al., Lancet Diabetes & Endocrinology Commission on the 

Definition and Diagnosis of Clinical Obesity. Lancet Diabetes 

Endocrinol, 2023. 11(4): p. 226-228. 

4. Eisenberg, D., et al., 2022 American Society for Metabolic and Bariatric 

Surgery (ASMBS) and International Federation for the Surgery of 

Obesity and Metabolic Disorders (IFSO): Indications for Metabolic and 

Bariatric Surgery. Surg Obes Relat Dis, 2022. 18(12): p. 1345-1356. 

5. le Roux, C.W. and H.M. Heneghan, Bariatric Surgery for Obesity. Med 

Clin North Am, 2018. 102(1): p. 165-182. 

6. Welbourn, R., et al., Bariatric Surgery Worldwide: Baseline 

Demographic Description and One-Year Outcomes from the Fourth 

IFSO Global Registry Report 2018. Obes Surg, 2019. 29(3): p. 782-795. 

7. Cummings, D.E., J. Overduin, and K.E. Foster-Schubert, Gastric bypass 

for obesity: mechanisms of weight loss and diabetes resolution. J Clin 

Endocrinol Metab, 2004. 89(6): p. 2608-15. 

8. Colquitt, J.L., et al., Surgery for weight loss in adults. Cochrane 

Database Syst Rev, 2014(8): p. CD003641. 

9. Fenger, M., et al., Gastric bypass surgery reveals independency of 

obesity and diabetes melitus type 2. BMC Endocr Disord, 2016. 16(1): 

p. 59. 

http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight


 

59 

10. Cohen, R., et al., Roux-En-Y Gastric Bypass in Type 2 Diabetes Patients 

with Mild Obesity: a Systematic Review and Meta-analysis. Obes Surg, 

2017. 27(10): p. 2733-2739. 

11. Westbury, S., et al., Obesity Stigma: Causes, Consequences, and 

Potential Solutions. Curr Obes Rep, 2023. 12(1): p. 10-23. 

12. Walter, E., et al., Impact of metabolic surgery on cost and long-term 

health outcome: a cost-effectiveness approach. Surg Obes Relat Dis, 

2022. 18(2): p. 260-270. 

13. Schirmer, B.D., et al., Marginal ulcer. A difficult surgical problem. Ann 

Surg, 1982. 195(5): p. 653-61. 

14. Wyllie, J.H., et al., Effect of cimetidine on surgery for duodenal ulcer. 

Lancet, 1981. 1(8233): p. 1307-8. 

15. Haddad, W., D.J. Kestenbaum, and H.S. Wang, Effect of cimetidine on 

healing and surgical treatment of gastric ulcers. Am J Surg, 1985. 

149(5): p. 665-7. 

16. Lundell, L., The physiological background behind and course of 

development of the first proton pump inhibitor. Scand J Gastroenterol, 

2015. 50(6): p. 680-4. 

17. Marshall, B.J. and J.R. Warren, Unidentified curved bacilli in the 

stomach of patients with gastritis and peptic ulceration. Lancet, 1984. 

1(8390): p. 1311-5. 

18. Mason, E.E. and C. Ito, Gastric bypass in obesity. Surg Clin North Am, 

1967. 47(6): p. 1345-51. 

19. Fisher, B.L. and A.E. Barber, Gastric bypass procedures. Eur J 

Gastroenterol Hepatol, 1999. 11(2): p. 93-7. 

20. Henrikson, V., Can Small Bowel Resection Be Defended as Therapy for 

Obesity? Obesity Surgery, 1994. 4(1): p. 54-54. 



 

60 

21. Olbers, T., et al., Laparoscopic gastric bypass: development of 

technique, respiratory function, and long-term outcome. Obes Surg, 

2003. 13(3): p. 364-70. 

22. Stenberg, E., et al., Closure of mesenteric defects in laparoscopic 

gastric bypass: a multicentre, randomised, parallel, open-label trial. 

Lancet, 2016. 387(10026): p. 1397-1404. 

23. Sundbom, M., et al., Ten-year Results After Primary Gastric Bypass: 

Real-world Data from A Swedish Nationwide Registry. Ann Surg, 2025. 

24. Hedberg, S., et al., Comparison of Sleeve Gastrectomy vs Roux-en-Y 

Gastric Bypass: A Randomized Clinical Trial. JAMA Netw Open, 2024. 

7(1): p. e2353141. 

25. Sjöström, L., Review of the key results from the Swedish Obese Subjects 

(SOS) trial - a prospective controlled intervention study of bariatric 

surgery. J Intern Med, 2013. 273(3): p. 219-34. 

26. Karlsson, J., et al., Ten-year trends in health-related quality of life after 

surgical and conventional treatment for severe obesity: the SOS 

intervention study. Int J Obes (Lond), 2007. 31(8): p. 1248-61. 

27. Stenberg, E., et al., Early Complications After Laparoscopic Gastric 

Bypass Surgery: Results From the Scandinavian Obesity Surgery 

Registry. Annals of Surgery, 2014. 260(6): p. 1040-1047. 

28. Backman, O., et al., Alcohol and substance abuse, depression and 

suicide attempts after Roux-en-Y gastric bypass surgery. Br J Surg, 

2016. 103(10): p. 1336-42. 

29. Ogden, C.L., et al., Prevalence of Obesity Among Adults, by Household 

Income and Education - United States, 2011-2014. MMWR Morb 

Mortal Wkly Rep, 2017. 66(50): p. 1369-1373. 

30. Scandinavian Obesity Surgery Registry. Available from: www.soreg.se. 

Homepage in Swedish. 

file:///C:/Users/tindr/Downloads/www.soreg.se


 

61 

31. Nguyen, N.T., et al., Accelerated growth of bariatric surgery with the 

introduction of minimally invasive surgery. Archives of Surgery, 2005. 

140(12): p. 1198-1202. 

32. Hedberg, S., et al., BEST: Bypass equipoise sleeve trial; rationale and 

design of a randomized, registry-based, multicenter trial comparing 

Roux-en-Y gastric bypass with sleeve gastrectomy. Contemp Clin Trials, 

2019. 84: p. 105809. 

33. Hedenbro, J.L., et al., Formation of the Scandinavian Obesity Surgery 

Registry, SOReg. Obes Surg, 2015. 25(10): p. 1893-900. 

34. Stenberg, E., et al., Early complications after laparoscopic gastric 

bypass surgery: results from the Scandinavian Obesity Surgery Registry. 

Ann Surg, 2014. 260(6): p. 1040-7. 

35. Anderin, C., et al., Weight loss before bariatric surgery and 

postoperative complications: data from the Scandinavian Obesity 

Registry (SOReg). Ann Surg, 2015. 261(5): p. 909-13. 

36. Näslund, I., Ny kunskap som baseras på data från SOReg, 2025, I. 

Näslund, Editor. 2025, SOReg: Scandinavian Obesity Surgery Registry. 

37. Garrido Jr., A.B., et al., Early marginal ulcer following Roux-en-Y gastric 

bypass under proton pump inhibitor treatment: prospective 

multicentric study. Arquivos de Gastroenterologia, 2010. 47: p. 130-

134. 

38. Printen, K.J., D. Scott, and E.E. Mason, Stomal ulcers after gastric 

bypass. Arch Surg, 1980. 115(4): p. 525-7. 

39. Hedberg, J., et al., Role of Gastric Acid in Stomal Ulcer after Gastric 

Bypass. Obesity Surgery, 2005. 15(10): p. 1375-1378. 

40. Siilin, H., et al., The proximal gastric pouch invariably contains acid-

producing parietal cells in Roux-en-Y gastric bypass. Obes Surg, 2005. 

15(6): p. 771-7. 



 

62 

41. Chang, P. and F. Friedenberg, Obesity and GERD. Gastroenterol Clin 

North Am, 2014. 43(1): p. 161-73. 

42. Wu Chao Ying, V., et al., Prophylactic PPI help reduce marginal ulcers 

after gastric bypass surgery: a systematic review and meta-analysis of 

cohort studies. Surgical Endoscopy, 2015. 29(5): p. 1018-1023. 

43. Coblijn, U.K., et al., The influence of prophylactic proton pump inhibitor 

treatment on the development of symptomatic marginal ulceration in 

Roux-en-Y gastric bypass patients: a historic cohort study. Surgery for 

Obesity and Related Diseases. 12(2): p. 246-252. 

44. Kang, X., et al., A comparison of 30-day versus 90-day proton pump 

inhibitor therapy in prevention of marginal ulcers after laparoscopic 

Roux-en-Y gastric bypass. Surgery for Obesity and Related Diseases. 

12(5): p. 1003-1007. 

45. Coblijn, U.K., et al., Development of ulcer disease after Roux-en-Y 

gastric bypass, incidence, risk factors, and patient presentation: a 

systematic review. Obes Surg, 2014. 24(2): p. 299-309. 

46. Ward, E.K., et al., Acid suppression medications are associated with 

suboptimal weight loss after laparoscopic Roux-en-Y gastric bypass in 

patients older than 40 years. Surg Obes Relat Dis, 2015. 11(3): p. 585-

90. 

47. Lo, W.K. and W.W. Chan, Proton pump inhibitor use and the risk of 

small intestinal bacterial overgrowth: a meta-analysis. Clin 

Gastroenterol Hepatol, 2013. 11(5): p. 483-90. 

48. Steinemann, D.C., et al., Management of Anastomotic Ulcers After 

Roux-en-Y Gastric Bypass: Results of an International Survey. Obesity 

Surgery, 2014. 24(5): p. 741-746. 



 

63 

49. Giannopoulos, S., et al., Proton pump inhibitor prophylaxis after Roux-

en-Y gastric bypass: A national survey of surgeon practices. Surg Obes 

Relat Dis, 2023. 19(4): p. 303-308. 

50. Azagury, D.E., et al., Marginal ulceration after Roux-en-Y gastric bypass 

surgery: characteristics, risk factors, treatment, and outcomes. 

Endoscopy, 2011. 43(11): p. 950-4. 

51. Gumbs, A.A., A.J. Duffy, and R.L. Bell, Incidence and management of 

marginal ulceration after laparoscopic Roux-Y gastric bypass. Surgery 

for Obesity and Related Diseases, 2006. 2(4): p. 460-463. 

52. André D’Hondt, M., et al., Can a Short Course of Prophylactic Low-dose 

Proton Pump Inhibitor Therapy Prevent Stomal Ulceration After 

Laparoscopic Roux-en-Y Gastric Bypass? Obesity Surgery, 2010. 20(5): 

p. 595-599. 

53. Stenberg, E., et al., Risk Prediction Model for Severe Postoperative 

Complication in Bariatric Surgery. Obesity Surgery, 2018. 28(7): p. 

1869-1875. 

54. Cava, E., N.C. Yeat, and B. Mittendorfer, Preserving Healthy Muscle 

during Weight Loss. Adv Nutr, 2017. 8(3): p. 511-519. 

55. Wearing, S.C., et al., The biomechanics of restricted movement in adult 

obesity. Obes Rev, 2006. 7(1): p. 13-24. 

56. Tashani, O.A., et al., Body mass index and distribution of body fat can 

influence sensory detection and pain sensitivity. Eur J Pain, 2017. 21(7): 

p. 1186-1196. 

57. Jackson, A.W., et al., Muscular strength is inversely related to 

prevalence and incidence of obesity in adult men. Obesity (Silver 

Spring), 2010. 18(10): p. 1988-95. 



 

64 

58. Baillot, A., et al., Physical activity motives, barriers, and preferences in 

people with obesity: A systematic review. PLoS One, 2021. 16(6): p. 

e0253114. 

59. Ball, K., D. Crawford, and N. Owen, Too fat to exercise? Obesity as a 

barrier to physical activity. Aust N Z J Public Health, 2000. 24(3): p. 331-

3. 

60. Handrigan, G., et al., Weight loss and muscular strength affect static 

balance control. Int J Obes (Lond), 2010. 34(5): p. 936-42. 

61. Hope, W.W. and W. Abdul, Abdominal Wall Reconstruction, in 

StatPearls. 2019, StatPearls Publishing StatPearls Publishing LLC.: 

Treasure Island (FL). 

62. Jensen, K.K., M. Kjaer, and L.N. Jorgensen, Abdominal muscle function 

and incisional hernia: a systematic review. Hernia, 2014. 18(4): p. 481-

6. 

63. Herring, L.Y., et al., Changes in physical activity behaviour and physical 

function after bariatric surgery: a systematic review and meta-analysis. 

Obes Rev, 2016. 17(3): p. 250-61. 

64. Adil, M.T., et al., Meta-analysis of the effect of bariatric surgery on 

physical activity. Surg Obes Relat Dis, 2019. 15(9): p. 1620-1631. 

65. Zalesin, K.C., et al., Differential loss of fat and lean mass in the morbidly 

obese after bariatric surgery. Metab Syndr Relat Disord, 2010. 8(1): p. 

15-20. 

66. Hue, O., et al., Muscle Force and Force Control After Weight Loss in 

Obese and Morbidly Obese Men. Obesity Surgery, 2008. 18(9): p. 1112-

1118. 

67. Nuijten, M.A.H., et al., The magnitude and progress of lean body mass, 

fat-free mass, and skeletal muscle mass loss following bariatric 



 

65 

surgery: A systematic review and meta-analysis. Obes Rev, 2022. 23(1): 

p. e13370. 

68. Carey, D.G., et al., Body composition and metabolic changes following 

bariatric surgery: effects on fat mass, lean mass and basal metabolic 

rate. Obes Surg, 2006. 16(4): p. 469-77. 

69. Alba, D.L., et al., Changes in Lean Mass, Absolute and Relative Muscle 

Strength, and Physical Performance After Gastric Bypass Surgery. J Clin 

Endocrinol Metab, 2019. 104(3): p. 711-720. 

70. Drouin, J.M., et al., Reliability and validity of the Biodex system 3 pro 

isokinetic dynamometer velocity, torque and position measurements. 

Eur J Appl Physiol, 2004. 91(1): p. 22-9. 

71. Feiring, D.C., T.S. Ellenbecker, and G.L. Derscheid, Test-retest reliability 

of the biodex isokinetic dynamometer. J Orthop Sports Phys Ther, 

1990. 11(7): p. 298-300. 

72. Saenz, A., et al., Knee isokinetic test-retest: a multicentre knee 

isokinetic test-retest study of a fatigue protocol. Eur J Phys Rehabil 

Med, 2010. 46(1): p. 81-8. 

73. Gunnarsson, U., M. Johansson, and K. Strigard, Assessment of 

abdominal muscle function using the Biodex System-4. Validity and 

reliability in healthy volunteers and patients with giant ventral hernia. 

Hernia, 2011. 15(4): p. 417-21. 

74. Stark, B., et al., Validation of Biodex system 4 for measuring the 

strength of muscles in patients with rectus diastasis. J Plast Surg Hand 

Surg, 2012. 46(2): p. 102-5. 

75. Clay, L., et al., Validation of a questionnaire for the assessment of pain 

following ventral hernia repair--the VHPQ. Langenbecks Arch Surg, 

2012. 397(8): p. 1219-24. 



 

66 

76. Ekelund, U., et al., Criterion-related validity of the last 7-day, short 

form of the International Physical Activity Questionnaire in Swedish 

adults. Public Health Nutr, 2006. 9(2): p. 258-65. 

77. Shadrin, I.Y., A. Khodabukus, and N. Bursac, Striated muscle function, 

regeneration, and repair. Cell Mol Life Sci, 2016. 73(22): p. 4175-4202. 

78. Flynn W, V.P., Anatomy, Abdomen and Pelvis: Abdominal Wall. 2026 

Jan-. , Treasure Island (FL): StatPearls Publishing: In: StatPearls 

[Internet]. 

79. Henriksen, K. and M.A. Karsdal, Chapter 1 - Type I collagen, in 

Biochemistry of Collagens, Laminins and Elastin (Second Edition), M.A. 

Karsdal, Editor. 2019, Academic Press. p. 1-12. 

80. Grossi, J.V., et al., LINEA ALBA COLLAGEN ASSESSMENT IN MORBIDLY 

OBESE PATIENTS. Arq Bras Cir Dig, 2016. 29Suppl 1(Suppl 1): p. 8-11. 

81. Henriksen, N.A., et al., The collagen turnover profile is altered in 

patients with inguinal and incisional hernia. Surgery, 2015. 157(2): p. 

312-21. 

82. Li, X., et al., The Chemistry and Biology of Collagen Hybridization. J Am 

Chem Soc, 2023. 145(20): p. 10901-10916. 

83. Aimes, R.T. and J.P. Quigley, Matrix metalloproteinase-2 is an 

interstitial collagenase. Inhibitor-free enzyme catalyzes the cleavage of 

collagen fibrils and soluble native type I collagen generating the 

specific 3/4- and 1/4-length fragments. J Biol Chem, 1995. 270(11): p. 

5872-6. 

84. Van Doren, S.R., Matrix metalloproteinase interactions with collagen 

and elastin. Matrix Biology, 2015. 44-46: p. 224-231. 

85. Yamamoto, K., G. Murphy, and L. Troeberg, Extracellular regulation of 

metalloproteinases. Matrix Biol, 2015. 44-46: p. 255-63. 



 

67 

86. Antoniou, G.A., et al., Matrix metalloproteinase imbalance in inguinal 

hernia formation. J Invest Surg, 2011. 24(4): p. 145-50. 

87. Wang, D., et al., Matrix Metalloproteinases (MMP-2) and Tissue 

Inhibitors of Metalloproteinases (TIMP-2) in Patients with Inguinal 

Hernias. World J Surg, 2020. 44(11): p. 3679-3686. 

88. Zhu, Y., et al., Hyaluronan in adipogenesis, adipose tissue physiology 

and systemic metabolism. Matrix Biol, 2019. 78-79: p. 284-291. 

89. Abatangelo, G., et al., Hyaluronic Acid: Redefining Its Role. Cells, 2020. 

9(7). 

90. Han, W., et al., The anti-inflammatory activity of specific-sized 

hyaluronic acid oligosaccharides. Carbohydr Polym, 2022. 276: p. 

118699. 

91. Romo, M., et al., Small fragments of hyaluronan are increased in 

individuals with obesity and contribute to low-grade inflammation 

through TLR-mediated activation of innate immune cells. Int J Obes 

(Lond), 2022. 46(11): p. 1960-1969. 

92. Miletti-González, K.E., et al., Identification of function for CD44 

intracytoplasmic domain (CD44-ICD): modulation of matrix 

metalloproteinase 9 (MMP-9) transcription via novel promoter 

response element. J Biol Chem, 2012. 287(23): p. 18995-9007. 

93. Paepegaey, A.C., et al., High levels of CRP in morbid obesity: the central 

role of adipose tissue and lessons for clinical practice before and after 

bariatric surgery. Surg Obes Relat Dis, 2015. 11(1): p. 148-54. 

94. Kawai, T., M.V. Autieri, and R. Scalia, Adipose tissue inflammation and 

metabolic dysfunction in obesity. American Journal of Physiology-Cell 

Physiology, 2021. 320(3): p. C375-C391. 

95. Dondero, K., et al., The effects of myosteatosis on skeletal muscle 

function in older adults. Physiol Rep, 2024. 12(9): p. e16042. 



 

68 

96. Graneheim, U.H. and B. Lundman, Qualitative content analysis in 

nursing research: concepts, procedures and measures to achieve 

trustworthiness. Nurse Education Today, 2004. 24(2): p. 105-112. 

97. Malterud, K., V.D. Siersma, and A.D. Guassora, Sample Size in 

Qualitative Interview Studies: Guided by Information Power. Qual 

Health Res, 2016. 26(13): p. 1753-1760. 

98. Statistics Sweden (Statistiska centralbyrån). Available from: 

www.scb.se. 

99. Sveriges Riksbank. Available from: www.riksbank.se/sv/statistik/sok-

rantor--valutakurser/?g130-SEKUSDPMI=on&from=2011-01-

03&to=2011-01-03&f=Day&c=cAverage&s=Comma. 

100. Kim, T.J. and O. von dem Knesebeck, Income and obesity: what is the 

direction of the relationship? A systematic review and meta-analysis. 

BMJ Open, 2018. 8(1): p. e019862. 

101. The National Board of Health and Welfare (Socialstyrelsen). National 

Prescribed Drug Registger. [November 19, 2018]; Available from: 

https://www.socialstyrelsen.se/en/statistics-and-

data/registers/national-prescribed-drug-register/. 

102. Elo, S. and H. Kyngäs, The qualitative content analysis process. Journal 

of Advanced Nursing, 2008. 62(1): p. 107-115. 

103. Emanuelsson, P., et al., Early complications, pain, and quality of life 

after reconstructive surgery for abdominal rectus muscle diastasis: a 3-

month follow-up. J Plast Reconstr Aesthet Surg, 2014. 67(8): p. 1082-8. 

104. Chow, A., A. Neville, and N. Kolozsvari, Smoking in bariatric surgery: a 

systematic review. Surg Endosc, 2021. 35(6): p. 3047-3066. 

105. Scandinavian Obesity Surgery Registry. [September 2024; Homepage in 

Swedish]. Available from: https://soreg.se/documents. 

file:///C:/Users/tindr/Downloads/www.scb.se
file:///C:/Users/tindr/Downloads/www.riksbank.se/sv/statistik/sok-rantor--valutakurser/%3fg130-SEKUSDPMI=on&from=2011-01-03&to=2011-01-03&f=Day&c=cAverage&s=Comma
file:///C:/Users/tindr/Downloads/www.riksbank.se/sv/statistik/sok-rantor--valutakurser/%3fg130-SEKUSDPMI=on&from=2011-01-03&to=2011-01-03&f=Day&c=cAverage&s=Comma
file:///C:/Users/tindr/Downloads/www.riksbank.se/sv/statistik/sok-rantor--valutakurser/%3fg130-SEKUSDPMI=on&from=2011-01-03&to=2011-01-03&f=Day&c=cAverage&s=Comma
https://www.socialstyrelsen.se/en/statistics-and-data/registers/national-prescribed-drug-register/
https://www.socialstyrelsen.se/en/statistics-and-data/registers/national-prescribed-drug-register/
https://soreg.se/documents


 

69 

106. Zadoorian, A., X. Du, and H. Yang, Lipid droplet biogenesis and 

functions in health and disease. Nat Rev Endocrinol, 2023. 19(8): p. 

443-459. 

107. Edholm, D., J. Ottosson, and M. Sundbom, Importance of pouch size in 

laparoscopic Roux-en-Y gastric bypass: a cohort study of 14,168 

patients. Surgical Endoscopy, 2016. 30(5): p. 2011-2015. 

108. Chahine, E., et al., Surgical Management of Gastrogastric Fistula After 

Roux-en-Y Gastric Bypass: 10-Year Experience. Obes Surg, 2018. 28(4): 

p. 939-944. 

109. Rahman, A., et al., The Impact of Helicobacter pylori on Marginal Ulcer 

Formation Following Gastric Bypass: A Systematic Review and Meta-

Analysis. Cureus, 2025. 17(11): p. e96787. 

110. Plitzko, G., et al., Ulcer Disease in the Excluded Segments after Roux-

en-Y Gastric Bypass: a Current Review of the Literature. Obes Surg, 

2021. 31(3): p. 1280-1289. 

111. Sverdén, E., et al., Risk Factors for Marginal Ulcer After Gastric Bypass 

Surgery for Obesity: A Population-based Cohort Study. Annals of 

Surgery, 2016. 263(4): p. 733-737. 

112. Arshad, S.A., P. Murphy, and J.C. Gould, Management of Perforated 

Peptic Ulcer: A Review. JAMA Surg, 2025. 160(4): p. 450-454. 

113. Salame, M., et al., Marginal Ulcers after Roux-en-Y Gastric Bypass: 

Etiology, Diagnosis, and Management. J Clin Med, 2023. 12(13). 

114. Csendes, A., et al., Incidence of Marginal Ulcer 1 Month and 1 to 

2 Years After Gastric Bypass: A Prospective Consecutive Endoscopic 

Evaluation of 442 Patients with Morbid Obesity. Obesity Surgery, 2009. 

19(2): p. 135-138. 

115. Campos, G.M., et al., ASMBS position statement on the rationale for 

performance of upper gastrointestinal endoscopy before and after 



 

70 

metabolic and bariatric surgery. Surg Obes Relat Dis, 2021. 17(5): p. 

837-847. 

116. Sundbom, M., et al., High acquisition rate and internal validity in the 

Scandinavian Obesity Surgery Registry. Surg Obes Relat Dis, 2021. 

17(3): p. 606-614. 

117. Afshar, S., et al., Changes in physical activity after bariatric surgery: 

using objective and self-reported measures. Surgery for Obesity and 

Related Diseases, 2017. 13(3): p. 474-483. 

118. Berglind, D., et al., Longitudinal Assessment of Physical Activity in 

Women Undergoing Roux-en-Y Gastric Bypass. Obesity Surgery, 2015. 

25(1): p. 119-125. 

119. Jacobi, D., et al., Physical activity and weight loss following bariatric 

surgery. Obesity Reviews, 2011. 12(5): p. 366-377. 

120. Crisp, A.H., et al., Changes in Physical Activities and Body Composition 

after Roux-Y Gastric Bypass Surgery. Obes Surg, 2018. 28(6): p. 1665-

1671. 

121. Bastos, M., et al., Do patients with obesity undergoing bariatric surgery 

modify their objectively measured physical activity? A systematic 

review and meta-analysis. Int J Obes (Lond), 2023. 

122. Bond, D.S., et al., Pre- to Postoperative Physical Activity Changes in 

Bariatric Surgery Patients: Self Report vs. Objective Measures. Obesity, 

2010. 18(12): p. 2395-2397. 

123. Stevens, K., et al., Low bone mineral density following gastric bypass is 

not explained by lifestyle and lack of exercise. BMC Surg, 2021. 21(1): 

p. 282. 

124. Possmark, S., et al., Accelerometer-measured versus self-reported 

physical activity levels in women before and up to 48 months after 

Roux-en-Y Gastric Bypass. BMC Surg, 2020. 20(1): p. 39. 



 

71 

125. Ouellette, K.A., et al., Physical Activity Patterns Among Individuals 

Before and Soon After Bariatric Surgery. Obes Surg, 2020. 30(2): p. 416-

422. 

126. Karlsson, J., et al., Psychosocial functioning in the obese before and 

after weight reduction: construct validity and responsiveness of the 

Obesity-related Problems scale. Int J Obes Relat Metab Disord, 2003. 

27(5): p. 617-30. 

127. Possmark, S., et al., To be or not to be active - a matter of attitudes and 

social support? Women's perceptions of physical activity five years 

after Roux-en-Y Gastric Bypass surgery. Int J Qual Stud Health Well-

being, 2019. 14(1): p. 1612704. 

128. Tullberg, H.S., et al., "Stepping with ease towards a new way of living" - 

experiences of physical activity 5 years after bariatric surgery. 

European Journal of Physiotherapy, 2017. 19(3): p. 154-159. 

129. Zabatiero, J., et al., Do factors related to participation in physical 

activity change following restrictive bariatric surgery? A qualitative 

study. Obesity Research & Clinical Practice, 2018. 12(3): p. 307-316. 

130. Meldgaard Bruun, J., et al., Nordic Guidelines for vitamin,mineral and 

trace element supplementation after metabolic & bariatric surgery in 

adults. 2024. 

131. Mechanick, J.I., et al., Clinical Practice Guidelines for the Perioperative 

Nutrition, Metabolic, and Nonsurgical Support of Patients Undergoing 

Bariatric Procedures - 2019 Update: Cosponsored by American 

Association of Clinical Endocrinologists/American College of 

Endocrinology, The Obesity Society, American Society for Metabolic 

and Bariatric Surgery, Obesity Medicine Association, and American 

Society of Anesthesiologists. Obesity (Silver Spring), 2020. 28(4): p. O1-

o58. 



 

72 

132. Niezgoda, N., et al., Physical Activity before and After Bariatric Surgery. 

Metab Syndr Relat Disord, 2025. 23(1): p. 1-12. 

133. Tabesh, M.R., et al., Nutrition, Physical Activity, and Prescription of 

Supplements in Pre- and Post-bariatric Surgery Patients: An Updated 

Comprehensive Practical Guideline. Obes Surg, 2023. 33(8): p. 2557-

2572. 

134. Katsogiannos, P., et al., Quality of life after gastric bypass surgery in 

patients with type 2 diabetes: patients' experiences during 2 years of 

follow-up. Diabetol Metab Syndr, 2020. 12: p. 90. 

135. Randell, E., et al., Complementary elements of support after gastric-

bypass surgery perceived by adults with previous type 2 diabetes: A 

qualitative study 2 years after bariatric surgery. Clin Obes, 2023. 13(5): 

p. e12610. 

136. Sierżantowicz, R., J.R. Ładny, and J. Lewko, Quality of Life after 

Bariatric Surgery-A Systematic Review. Int J Environ Res Public Health, 

2022. 19(15). 

137. Janghorban, R., R. Latifnejad Roudsari, and A. Taghipour, Skype 

interviewing: the new generation of online synchronous interview in 

qualitative research. Int J Qual Stud Health Well-being, 2014. 9: p. 

24152. 

138. Krouwel, M., K. Jolly, and S. Greenfield, Comparing Skype (video 

calling) and in-person qualitative interview modes in a study of people 

with irritable bowel syndrome - an exploratory comparative analysis. 

BMC Med Res Methodol, 2019. 19(1): p. 219. 

139. Ibacache-Saavedra, P., et al., Effects of bariatric surgery on muscle 

strength and quality: A systematic review and meta-analysis. Obes Rev, 

2024. 25(9): p. e13790. 



 

73 

140. Tettero, O.M., et al., Increase in Physical Activity After Bariatric Surgery 

Demonstrates Improvement in Weight Loss and Cardiorespiratory 

Fitness. Obes Surg, 2018. 28(12): p. 3950-3957. 

141. Doorenbosch, C.A., A. Joosten, and J. Harlaar, Calibration of EMG to 

force for knee muscles is applicable with submaximal voluntary 

contractions. J Electromyogr Kinesiol, 2005. 15(4): p. 429-35. 

142. Swedenhammar, E., et al., Reliability and validity of surface EMG 

assessments combined with isometric muscle strength testing in 

patients with abdominal rectus diastasis and asymptomatic controls. 

Hernia, 2024. 28(4): p. 1413-1426. 

143. Vaurs, C., et al., Determinants of changes in muscle mass after bariatric 

surgery. Diabetes Metab, 2015. 41(5): p. 416-21. 

144. Zhou, N., et al., Lean Mass Loss and Altered Muscular Aerobic Capacity 

after Bariatric Surgery. Obes Facts, 2022. 15(2): p. 248-256. 

145. Choquette, S., et al., Relative strength as a determinant of mobility in 

elders 67-84 years of age. a nuage study: nutrition as a determinant of 

successful aging. J Nutr Health Aging, 2010. 14(3): p. 190-5. 

146. Jimenez-Morcillo, J. and V.J. Clemente-Suárez, Gender Differences in 

Body Satisfaction Perception: The Role of Nutritional Habits, 

Psychological Traits, and Physical Activity in a Strength-Training 

Population. Nutrients, 2023. 16(1). 

147. Rahayu, A., Sumaryanti, and A. Azzahro, Differences in physical activity, 

eating habits and risk of obesity among Indonesia adolescent boys and 

girls: A cross-sectional study. J Bodyw Mov Ther, 2026. 47: p. 399-405. 

148. Gretebeck, K.A., et al., Physical Activity, Functional Ability, and Obesity 

in Older Adults: A Gender Difference. J Gerontol Nurs, 2017. 43(9): p. 

38-46. 



 

74 

149. Veitch, W.G., et al., Agreement between the International Physical 

Activity Questionnaire and Accelerometry in Adults with Orthopaedic 

Injury. Int J Environ Res Public Health, 2020. 17(17). 

150. Garcia, M.M., et al., Adults with excess weight or obesity, but not with 

overweight, report greater pain intensities than individuals with normal 

weight: a systematic review and meta-analysis. Front Endocrinol 

(Lausanne), 2024. 15: p. 1340465. 

151. Menzo, E.L., et al., American Society for Metabolic and Bariatric 

Surgery and American Hernia Society consensus guideline on bariatric 

surgery and hernia surgery. Surg Obes Relat Dis, 2018. 14(9): p. 1221-

1232. 

152. Nonino, C.B., et al., Differential Expression of MMP2 and TIMP2 in 

Peripheral Blood Mononuclear Cells After Roux-en-Y Gastric Bypass. 

Front Nutr, 2021. 8: p. 628759. 

153. Gentile, J.K.A., et al., The Influence of Bariatric Surgery on Matrix 

Metalloproteinase Plasma Levels in Patients with Type 2 Diabetes 

Mellitus. Biomolecules, 2024. 14(12). 

154. Thalén, D., et al., Hyaluronan and Associated Biomarkers: A 

Longitudinal Cohort Study in Patients with Obesity Following Gastric 

Bypass Surgery. Obes Surg, 2026. 36(4): p. 1696-1704. 

155. Min, T., et al., Temporal Effects of Bariatric Surgery on Adipokines, 

Inflammation and Oxidative Stress in Subjects with Impaired Glucose 

Homeostasis at 4 Years of Follow-up. Obes Surg, 2020. 30(5): p. 1712-

1718. 

156. Bankhead, P., et al., QuPath: Open source software for digital 

pathology image analysis. Sci Rep, 2017. 7(1): p. 16878. 

 


