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Sammendrag

Ny kunnskap om utvikling av alvorlig fedme har erstattet oppfatningen av at av fedme er en
individuell selvforskyldt tilstand med en forstaelse av at fedme er en kronisk progressiv
sykdom med sammensatte arsaksfaktorer. Begrepet «fedmebasert kronisk sykdom» skiller
mellom fettmassesykdom som medferer en gkt fysisk belastning p& kroppens organer, og sykt
fettvev som medferer metabolsk og inflammatorisk skade pa kroppen.

12004 ble de regionale helseforetakene palagt & etablere et tilbud om kirurgisk behandling av
alvorlig fedme. Dette ga for forste gang personer med alvorlig fedme status som pasienter i
spesialisthelsetjenesten, og mange pasienter har hatt stor nytte av denne behandlingen. Andre
har i etterkant fatt betydelige plager som kan ha sammenheng med fedmeoperasjonen.

Tilbudet om fedmekirurgi ble begrenset til et fatall sykehus da det ble innfart i 2004. Det ble
utarbeidet nasjonale retningslinjer for pasientseleksjon og oppfolging, og det var stor interesse
fra bade helsemyndigheter, politisk hold og i media. For & overvéke kvaliteten pa
behandlingstilbudet ble det etablert lokale kvalitetsregistre ved de enkelte sykehus i pavente
av det nasjonale kvalitetsregisteret for fedmekirurgi som ble opprettet forst i 2015.

Denne avhandlingen bruker data fra det lokale kvalitetsregisteret for fedmekirurgi ved
Alesund sykehus som inneholder forlopsdata for 644 pasienter operert med laparoskopisk
gastrisk bypass fra 2004 til 2013 og som har en observasjonstid pa mer enn fem ér.

I den forste artikkelen som inngér i avhandlingen underseokes forekomst av magesmerter som
medferer billeddiagnostikk og mageoperasjoner etter gastrisk bypass operasjonen. Med en
gjennomsnittlig observasjonstid pa étte &r hadde 40% veert til CT-undersokelse en eller flere
ganger for utredning av magesmerter, og ytterligere 10% hadde veert til annen
billeddiagnostikk for samme problematikk. Hele 9,3% ble operert for mistanke om tarmslyng
og like mange ble operert for gallestein i observasjonsperioden.

I den andre artikkelen undersgkes hvor vidt selvrapportert helse, et mye brukt méal pa
helsestatus i folkehelseforskning, kan brukes som mal for generell endring i helsetilstanden
etter fedmeoperasjoner, slik at selvrapportert helse kan brukes til & fange summen av positive
og negative erfaringer etter behandling.

Av 233 pasienter som hadde fylt ut livskvalitetsskjemaet SF-36 i forkant av og fem ar etter
gastrisk bypass operasjonen opplevde to tredjedeler at den generelle helsen var bedre, en
fjerdedel opplevde ingen endring og 8% opplevde helsen som darligere.

Jernmangel med og uten anemi er et vanlig problem etter gastrisk bypass fordi opptaket av
jern er redusert pa grunn av omkoblingen av tarmen. I den tredje artikkelen undersekes
endring i jernlager og blodprosent i lopet av de fem forste drene etter operasjonen, og ogsa
bruk av intravengs jernbehandling pa grunn av lave jernlagre. En tredjedel av pasientene fikk
jern intraveneost i oppfelgingstiden. Blodprosenten holdt seg stabil over tid for gruppen sett
under ett, men det var et betydelig fall i jernlagre bade hos kvinner og menn. Siden jern er
viktig for en rekke funksjoner i kroppen, kan jernmangel uten anemi ogsé knyttes til
opplevelse av redusert helse blant annet i form av tretthet og muskelsmerter.
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Abstract

Background: Severe obesity reduce individual health, as well as length and quality of life.
Surgery is a powerful tool to induce weight loss by changing the anatomy and physiology of
the gastrointestinal channel. Since laparoscopic Roux-en-Y gastric bypass was introduced in
Norway in 2003 more than 30 000 Norwegians have undergone surgery with this method.
Gastric bypass has proven to be safe, result in a considerable weight loss, and improve
comorbidities and quality of life during the first years after surgery. However, some patients
experience long-term complications and problems, including abdominal pain, nutritional

deficiencies, secondary weight regain, and decreased quality of life.

Aims: The aims of this project have been to study the long-term consequences of gastric
bypass surgery, first in terms of the frequency of abdominal pain in need for medical imaging
and surgical treatment, second to explore whether self-rated health changed from baseline to
five years after surgery, and whether this measurement, widely used in public health research,
may be applicable as a sum-score for long-term health-change after obesity surgery. The third
aim was to explore the change in iron stores, the frequency of anaemia after gastric bypass,

and the need for intravenous iron treatment.

Methods: Baseline and follow-up data on 795 patients who underwent obesity surgery at
Aalesund hospital from 2004 to 2015 was collected prospectively in a local quality registry.
The patients were between 18 and 65 years, and had a baseline BMI > 40 kg/m?, or BMI > 35
kg/m? with obesity related comorbidity. The first study included 569 patients with five-year
observational period by August 2017. The second paper included 233 patients who underwent
surgery between 2006 and 2011, who had filled in the SF-36 questionnaire, including self-
rated health, at baseline and five years after surgery, in addition to the clinical follow-up. The

third paper included 644 patients with a five-year follow-up by January 2019.



Data were analysed with the Pearson 2, independent and paired t-tests, non-parametric tests
and Kaplan-Meier estimates, depending on the variables’ characteristics. P < 0.05 was

considered statistically significant for all analyses.

Results: The first study revealed that after a mean observational time of eight years, medical
imaging due to abdominal pain was performed on half of the patients, as 40% had one or
more CT-scan, and 28% had one or more ultrasound scans. Abdominal surgery due to
suspected internal herniation was performed in 9.3%, equal to the number of patients who

underwent cholecystectomy in the same period.

In the second study, improvement in self-rated health was reported by two thirds of the
patients from baseline to five years, a quarter of the patients reported no change, and 8%
reported a decrease in self-rated health. There were no differences found in age, sex, BMI, or
weight loss between improvers and non-improvers, but the improvers had less secondary

weight regain.

In the third study, while only a minor decrease in haemoglobin levels were found, there was a
considerable decrease in iron stores from baseline to five years, even though intravenous iron
treatment was offered to patients with empty iron stores regardless of haemoglobin levels, and

one third of the patients received this treatment.

Discussion/conclusions: As documented by others, abdominal pain and iron deficiency in
need for medical interventions, affect many patients after gastric bypass surgery. However,
only a minority of patients experience a general health decrease five years after surgery when
compared to their condition prior to surgery. There seems to be a need for life-long access to
follow-up by specialized healthcare for people who have undergone obesity surgery, as

complications in need of medical intervention may occur long time after the operation.



Introduction

Obesity

Adipose tissue is an essential part of the human body, ensuring the body’s ability to store
energy in periods with abundance of food, for utilisation in times of food shortage. The
adipocytes can increase their capacity to store energy by increasing in size (hypertrophy) or in
numbers (hyperplasia) (1). In an environment with easy and continuous access to food and
limited need for strenuous physical activity, conditions for increasing the amount of adipose
tissue are ideal. Many questions are still unanswered when it comes to why some people do
not increase their fat stores, and instead keep a normal weight, while others do and develop

obesity, given that they live in the same environment.

During the last decades, the biological functions of adipose tissue have increasingly been
revealed. Contrary to former beliefs, the adipose tissue is a dynamic and metabolically active
organ, secreting various hormones and cytokines involved in appetite regulation, energy

metabolism and inflammation (2, 3).

Just as with other organs in the body, a healthy adipose tissue is necessary for good health.
Too much adipose tissue, as well as sick adipose tissue, reduces health. Excess adipose tissue
is a very visible trait expressed by the size of the body, and the discussions on where the
border between a normal and an abnormal body size is drawn, often mixes medical
knowledge with aesthetic and moral arguments. Obesity has been regarded as a self-inflicted
condition that may easily be cured by life-style modifications; this attitude is still common
among lay people as well as among health personnel and politicians (4, 5). A consequence of
this situation is that people with obesity experience stigma, both as individuals and on a group

level (6, 7).
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Twenty years ago a report from the World health organization (WHO) described obesity as a
global epidemic (8). WHO has since 1997 listed obesity as a disease condition in the
International classification of disease (ICD), defined as “a disease in which excess fat is
accumulated to an extent that health may be adversely affected” (9). In lack of better
measurements for body composition, body mass index (BMI) is still the most common
measure for obesity. BMI is the weight in kilograms divided by the square of the height in
meters (kg/m?). The WHO-definitions of obesity are: BMI 30 — 34.9 kg/m? is referred to as
obesity class 1, BMI 35.0 — 39.9 kg/m? as obesity class 2, and BMI > 40kg/m? is obesity class
3. Obesity class 3 and obesity class 2 along with obesity related comorbidities are defined as

severe obesity (8).

In order to reduce the use of stigmatizing language, the term morbid obesity, previously used
to describe BMI > 40, is avoided, and health personnel are encouraged to use people-first

language, talking about people with obesity, instead of obese people (6).

The European association of the study of obesity (EASO) as well as the American association
of clinical endocrinologists and American college of endocrinology have introduced the term
Adiposity-Based Chronic Disease (ABCD) in an attempt to cover the many aspects of the

health-reducing effects of obesity, and thereby defining severe obesity as a chronic disease.

In the ABCD-concept, the adverse effects of excess adipose tissue have two main aspects,
distinguishing between fat mass and sick fat. Fat mass disease defines the physical load of
excess weight, implying altered and pathological mechanical forces leading to functional
limitations and bodily overload. Sick fat disease defines the metabolic aspects of obesity,
leading to deranged endocrine and immune responses (3, 10, 11). The conceptual framework
of adiposity-based chronic disease also includes distribution, function and amount of adipose
tissue, as well as cultural and physical context, and the clinical burden of dysfunctional fat

over time (3).
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The World Obesity Federation have declared obesity as a chronic progressive disease clearly
distinct from being just a risk factor for other diseases (12). The rationale for defining obesity
as a chronic disease is the distinct pathophysiology in people with obesity resulting in a

powerful homeostatic mechanism hindering weight loss and promoting further weight gain

(13).

Obesity increases the risk of diseases as type 2 diabetes mellitus (T2DM), obstructive sleep
apnoea, hypertension and other cardiovascular diseases, fatty liver disease, infertility and
several types of cancers. Obesity may also influence the effect of disease treatment, by

increasing the risk of complications to treatments, or by leading to less effect of the treatment

(14).

National and global trends

Obesity has increased worldwide during the last 50 years and WHO regards obesity as one of
the main global health issues (8, 13). Moderate obesity increases the risk of morbidity and
mortality. Severe obesity also affects work participation, family life, and participation in
community activities. Global health reports on the prevalence of obesity use BMI > 30 kg/m?
as threshold value for obesity. The increase in prevalence of more severe obesity (BMI >35

kg/m? and BMI> 40 kg/m?) follows the same pattern as the increase in BMI > 30 kg/m? (15).

According to an analysis of global trends in adult body-mass index in 200 countries, the
global age-standardized mean BMI increased from 21.7 kg/m? to 24.2 kg/m? in men, and from
22.1 kg/m? to 24.4 kg/m? in women from 1975 to 2014. In this period, age-standardized global
prevalence of underweight decreased from 13.8% to 8.8% in men and from 14.6% to 9.7% in
women. In 2014 2.3% of the world’s men and 5.0% of women had BMI > 35 kg/m?. Globally

the prevalence of severe obesity (BMI >40 kg/m?) is 0.64% in men and 1.6% in women. If
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post-2000 trends continue, global obesity prevalence (BMI > 30 kg/m?) will reach 18% in
men and 21% in women, and severe obesity (BMI > 35 kg/m?) will surpass 6% in men and
9% in women by 2025 (15). In the HUNT 3-study with data from 2006-2008, 5.0% of
Norwegian women and 3.2% of men were reported at BMI 35-39.9 kg/m?, and 1.5% of
women and 0.5% of men at BMI > 40 kg/m? (16). In HUNT 4 (2018) mean BMI was 27.2 (+

4.7) kg/m?, unchanged from HUNT 3 (17).

Recently, the problem of obesity has been linked to other global phenomena as part of a
global syndemic of obesity, undernutrition, and climate change that are driven by the same
underlying forces, and a collective political action addressing all three issues has been called

for (18, 19).

Non-surgical treatment of obesity

Severe obesity is in theory a preventable disease, and in a public health perspective, obesity
prevention has a huge potential for improving the health status in the population. In

discussions on obesity, strategies for prevention and treatment are often mixed. Unlike other
diseases, the measures documented to prevent obesity — healthy food and physical activity —

are also advised as therapy for people with severe obesity.

In discussing prevention, it is helpful to distinguish between the primary prevention of initial
development of a disease, secondary prevention, which includes early detection of an existing
disease as well as reducing severity and complications, and tertiary prevention to reduce the

impact of the disease (20).

The aim of disease treatment may also differ. In some cases the aim of the treatment is to cure
a disease, in chronic diseases, the options are to reduce the symptoms of the disease and strive
for remission rather than healing.
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Discussions on obesity often end up in problems regarding how to define who should be
offered treatment, and who is responsible for offering prevention and treatment. Overweight
and moderate obesity are often regarded as a personal responsibility, and professional help is
usually not offered until the obesity is severe. The access to specialized health care for obesity
in Norway is limited to individuals with severe obesity corresponding to BMI >40 kg/m?, or

BMI> 35 kg/m? with obesity related comorbidities (21).

The first choice of obesity treatment has been lifestyle modifications to initiate weight
reduction. Most patients with severe obesity have a long history of personal initiatives with
the goal of losing weight, either by diets or by physical activity, with repeated experiences of
weight loss success, and failure of weight loss maintenance. The long-term results of life style
interventions on weight maintenance are however disappointing (22). Severe energy-restricted
diets, (meal-replacement diets or very low-calorie diets) may produce a clinically relevant
weight loss of more than 10% of initial weight in individuals with severe obesity when used
for 6 weeks or more, but long-term outcomes are lacking (23). Weight cycling might have
adverse effects and recommending treatment for obesity not proven to have long-term

benefits requires ethical considerations (24, 25).

The long-term results of cognitive therapy, lifestyle intervention groups, or individual
counselling by health personnel on weight reduction for individuals with severe obesity are
also lacking (26). However, improvements in general health and a healthier lifestyle might be

beneficial for the patients even if the weight reduction is limited.

Until recently, medical treatment as adjunct to lifestyle changes to achieve weight reduction
in people with severe obesity has played a minor role. A handful of drugs have been on the
Norwegian market the last fifteen years, but some of them have been withdrawn due to
adverse effects. Orlistat (Xenical) which act by reducing fat absorption has been available for

the last fifteen years, but is not widely used.
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By now, two drugs, Bupropion-Naltrexone (Mysimba) and Lirglutide (Saxenda), are approved
in Norway for treatment of obesity. Bupropion-Naltrexone targets the hedonic reward system
in the brain, thereby reducing appetite and food consumption. Liraglutide is a glucagon-like
peptide-1(GLP-1) receptor agonist that has been used in the treatment of type 2 diabetes for
several years. Due to its beneficial effect on weight, it has also been approved for weight
reduction (27, 28). In different ways these medications mimic the metabolic effects of gastric
bypass surgery. Until January 2020 Norwegian patients had to pay for these drugs themselves,

but they are now covered for patients with severe obesity.

The knowledge on the complex mechanisms behind the metabolic effects of obesity surgery
may contribute to well-designed non-surgical treatment programs for severe obesity by
combining several approaches. The idea of a medical gastric bypass that copies the various
effects of gastric bypass surgery with medication has been proposed, but there is still work to

be done to develop this concept (29, 30).

Obesity surgery

“The surgery for massive obesity is a major challenge. The effort begins when the patient and
the surgeon commit themselves to the performance of bariatric surgery, and eventuates in a
lifelong commitment.”(31) That was the opening words in the editorial of the first issue of the

journal Obesity Surgery in 1991.

Surgery is about saving lives when acute situations or life-threatening diseases occur. It is also
about improving the health and quality of life of patients when bodily functions or organs fail.

Controversies arise when surgery is applied to modulate apparent normal bodies (32).

The clinical observation that removing parts of the gastrointestinal organs implies weight loss

led to the development of operations where the primary goal was weight reduction (33). The
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first reported surgical procedure for weight loss was a resection of small intestine performed
by Viktor Henrikson in Geateborg, and presented in Nordisk Medicin in 1952 (34). The weight

loss after one year was minor, but the patient was satisfied and experienced improved health.

A magnitude of methods have been tried, often with high rates of morbidity and mortality,
and a low rate of success (35). Improvements in surgical technique, a process of selection of
methods that proved to be beneficial and documentation of results led to improvements in
survival as well as in weight loss. The methods that aimed to reduce weight proved to have
additional beneficial metabolic effects, improving T2DM, hyperlipidaemia and other weight
related comorbidities, and the term metabolic surgery describes the additional effects of
obesity surgery. Metabolic surgery is defined as “the operative manipulation of a normal

organ system to achieve a biological result for a potential health gain”(35).

Gastrointestinal surgery for severe obesity has been performed since the 1950s, and the main
recommendations from the 1991 NIH Consensus Conference on gastrointestinal surgery for
severe obesity are still valid (36). These guidelines have later been updated to include new
surgical techniques, as well as metabolic surgery (9, 37). Obesity surgery, often called
bariatric surgery, and metabolic surgery cover a wide range of surgical methods to treat

obesity and obesity related comorbidities.

Obesity surgery procedures are traditionally described as malabsorptive methods reducing the
nutritional uptake from food in the gut, or restrictive methods limiting food intake. Some
methods have been described as combinations of restriction and malabsorption (33). Increased
knowledge on the metabolic effects of the procedures on gut hormones and gut-brain
communication has changed the interpretation of the mechanisms behind the effects of
anatomical change. The long-term effects of these surgical methods are probably more related
to the wide physiological consequences of changing the passage route for food from the

mouth to the intestines, than to malabsorption and restriction.
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Surgical methods for weight reduction

The first paper on jejunoileal bypass with ileocolostomy or ileojejunostomy was published in
1954 as the first malabsorpive surgical treatment of severe obesity. Standardized versions of
the method was published in 1969 and 1971(35). By creating a short bowel syndrome, the
treatment was effective, but the method was, due to severe complications, abandoned when

newer surgical methods with less complications were introduced (38, 39).

Gastric bypass was first performed in 1966 by Mason and Ito (40). The gastric bypass with
Roux-en-Y gastrojejunostomy became the gold standard for surgical treatment of severe
obesity and obesity-related metabolic disorders for several decades (35, 40, 41). The
remission of T2DM after gastric bypass was almost discovered “by accident” (42). The
popularity of gastric bypass increased when technical development and improvements in

surgical skills made it possible to perform the procedure by laparoscopy (43, 44).

Gastroplasty was introduced in 1973, and the vertical banded gastroplasty (VBG) was
described by Mason in 1982 as a less invasive procedure than gastric bypass. VBG became
almost as popular as gastric bypass, but due to secondary weight regain, introduction of
laparoscopic techniques and the introduction of the adjustable gastric band, its popularity

declined (45).

Biliopancreatic diversion (BPD) was introduced by Scopinario in Italy in 1979, and this
procedure combines a distal gastrectomy with a long intestinal bypass (46). In the American
counterpart to BPD, the distal gastrectomy was replaced by a sleeve gastrectomy and pylorus
preservation, called biliopancreatic diversion with duodenal switch (BPD-DS) (47). These
methods imply more malabsorption than in gastric bypass, and they are also the most effective
treatment for T2DM. Due to the high frequency of long-term nutritional deficiencies, these

methods are by now only used in select cases.
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Gastric banding, a method meant to restrict food intake by applying a band of Gore-Tex or
other permanent material around the upper part of the stomach was introduced in 1978 (48).
Gastric banding became a common procedure in the Nordic countries in the 1980ies, also
being performed at several hospitals in Norway (49, 50). The weight loss was moderate, and
many had the band removed due to adverse effects. The method was however improved with
an adjustable silicone band in the late 1980s, and introduction of laparoscopic access in the
beginning of the 1990s, and adjustable gastric banding (AGB) is still a popular method in

many countries due to a low rate of complications (51-53).

Sleeve gastrectomy was originally the first part of the BPD-DS procedure, performed as a first
step in patients with too high risk to tolerate a full BPD-DS. The sleeve gastrectomy proved to
be effective as a stand-alone procedure, and is by now the most commonly performed obesity
surgery procedure worldwide (54, 55) . The five years-results after gastric sleeve are in many
aspects on the same level as following gastric bypass, but the results vary more among

treatment sites as well as among the patients at the same hospital (56).

In a continuous search for surgical methods with better weight reduction and metabolic
effects, less complications and better patient satisfaction, new surgical and endoluminal
methods are regularly introduced (57). However, it is costly and time consuming to document
the long-term results on new methods, and the majority of obesity surgical procedures are
performed in health care systems without possibility for long-term follow-up and

documentation.
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Figure 1. Gastric bypass Figure 2. Sleeve gastrectomy
Figures by Kari C. Toverud. Reproduced with permission.

Metabolic effects of obesity surgery

The different surgical methods for weight reduction have health improving effects in addition
to weight loss. Some of these effects, like improvement in T2DM, occur before the patients
have lost weight. Depending on the severity and duration of T2DM before surgery, remission
of T2DM vary between sixty and seventy percent five years after gastric bypass and sleeve
gastrectomy (58, 59). Obesity surgery is therefore approved as treatment for T2DM with BMI

30-35 kg/m? in several countries, including Norway.

In addition to T2DM, hypercholesterolemia, obstructive sleep apnoea, hypertension, general
inflammation, polycystic ovarian syndrome (PCOS), and cognitive function are improved
after obesity surgery (60). The diverse mechanisms behind the effects of gastric bypass,
sleeve gastrectomy and other surgical procedures to induce weight loss, are still only partly
understood. Changes in the communications between gut and brain, change in microbiota, and
change in the hormonal responses to food intake are among the mechanisms which might be

important for the additional beneficial outcomes (61).
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Obesity surgery in Norway after 2000

In the era of open surgery, obesity surgery was associated with high postoperative morbidity
and mortality, and the Norwegian Health Authorities and the Norwegian Surgical Association

abandoned these treatments around 1990.

BPD-DS was introduced in Norway by Villy Vage at Forde hospital in 2001, and even if this
method is rarely used now, the long-term follow-up of patients operated at Ferde hospital are
well documented in studies on weight reduction and comorbidities, quality of life and work

participation (62-64).

Laparoscopic surgical technique contributed to safer surgery for obese patients by reducing
surgical trauma and allowing early postoperative ambulation. At the same time, there was an
increasing number of patients with severe obesity asking for this treatment. Therefore, the
Norwegian Ministry of Health instructed all regional health authorities to offer surgical

treatment for severe obesity in Norway in 2004.

St. Olav’s hospital was the first and Aalesund Hospital was the second of seven public
hospitals which established a program for obesity surgery in April 2004. Supported by
regional health authorities, the surgeons established a local quality registry for obesity surgery
to survey the activity and outcomes. Until the Norwegian quality registry for obesity surgery
(SOREG-N) was recognized as a national quality registry in June 2015, data on all obesity
surgical procedures at Aalesund hospital were registered in the local registry. By June 2015,
data on the treatment outcomes of 697 gastric bypass procedures and 98 gastric sleeve
procedures were recorded. Similar local quality registries and research data collections were
established at other hospitals, establishing sources for several scientific papers and PhD-
projects (65-68). Long-term results following surgical treatment for severe obesity have been

requested by health authorities as well as patients (69).
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In 2018, obesity surgery was performed at 15 public and 7 private hospitals in Norway, and
nearly 3000 surgical procedures for weight loss are performed per year (70). It can be
estimated that approximately 30 000 Norwegian patients have undergone gastric bypass
surgery since 2004, and worldwide somewhere between one and three million people have
had this treatment since the procedure was first performed in 1966 (71). Still there is a lack of

studies on mid- and long-term results involving close follow-up of patients (72).

Obesity surgery research

The first documentation of the effects of obesity surgery was published in the form of case

reports or case series reports on newly developed methods, (34, 40, 44).

As a follow-up after the 1991 National Institute of Health (NIH) Consensus Conference on
surgical treatment of severe obesity, a multidisciplinary workshop was convened in USA in
May 2013 by the National Institute of Diabetes and Digestive and Kidney Diseases and the
National Heart, Lung, and Blood Institute. The aim of the workshop was to summarize the
current state of knowledge about obesity surgery, review research findings on the long-term

outcomes and establish priorities for future research (73).

At the workshop several knowledge gaps were identified, among them the incidence of
surgical complications, the predictors of surgical outcomes, T2DM remission-rates,

cardiovascular events, mental health outcomes, as well ass cost and health care use.

Randomized controlled trial (RCT) studies are challenging to perform in obesity surgery. It is
particularly difficult to randomize between surgical and non-surgical treatment with long
observation times, for ethical reasons. When two or more surgical methods are expected to be
equal, randomization is possible, but it is often difficult to recruit patients because they have
preferences for one method. Most RCTs have a limited number of participants, like the
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Finnish Sleeve-pass study (N=240), the Swiss SM-BOSS (N=217), or the Norwegian Oseberg

study (N=109) (58, 74, 75).

An alternative to RCTs is well designed observational studies with matched control groups.
The longest running observational study following patients after obesity surgery is the
Swedish Obesity Study (the SOS study), which follows patients undergoing obesity surgery
compared to patients with severe obesity receiving care as usual (76-79). The SOS study is a
matched, prospective trial including 4047 participants, where 2010 participants underwent
obesity surgery (13% gastric bypass, 19% gastric banding and 68% vertical banded
gastroplasty), and 2037 participants received standard care. After a mean follow-up of 15
years, weight loss and improvement in comorbidities was better, and the number of
cardiovascular deaths were significantly lower in the surgery group (76, 78). The study is still

collection data on 20 years follow-up.

The Utah-study is an observational study involving Roux-en-Y gastric bypass and two control
groups, one with patients applying for obesity surgery, but without insurance coverage to get
the treatment, and one with patients with severe obesity who did not opt for surgery. So far,
six and twelve year’s observational data have been published from the Utah study (80-83).
The mean %TWL was 35% after two years, 28% after six years, and 27% after twelve years.
Remission of T2DM was 75% after two years, 62% after six years and 51% after twelve
years. There was nearly no change in weight in the non-surgical group. In addition to
remission of T2DM, the surgery group had lower incidence of hypertension and

dyslipidaemia than the non-surgical group (80).

Long-term observational studies comparing obesity surgery with non-surgical treatment are
expensive and have organizational challenges in a clinical setting, particularly in healthcare
systems where long-term follow-up is not covered. Therefore, many of the published studies

on obesity surgery are either observational studies with historical or no controls, studies using
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data collected for administrative purposes or studies with low numbers of participants. Studies
using data from local or national quality registries, patient surveys, and studies using
qualitative methods add important knowledge on the effects of obesity surgery, even if the

scientific framework is not optimal.

To be able to compare results from studies performed in diverse setting, guidelines for
standardized reporting of outcomes after metabolic surgery and obesity surgery are

established (84).

Ethical aspects of obesity surgery

The medical ethos “Do no harm” is the ideal guide for all medical treatment. However, all
treatments have adverse effects, and in clinical practice, it is often more about doing as little
harm as necessary to gain as much benefit as possible. Surgery on healthy organs is

controversial, even if the intention is good (32).

The ethical aspects of surgical treatment for severe obesity have been discussed among
surgeons as well as from a more philosophical point of view. A health technology assessment

from Finland by Saarni et al from 2011, concluded:

“Several ethical issues were considered important when organizing and performing
surgical treatments for obesity. Patient autonomy, especially informing the patient,
was thought to require special attention for several reasons: The operations are not
immediately lifesaving, its success depends greatly on the patient understanding and
adhering to life-long changes in eating habits; there may be commercial interests and
societal prejudices that influence the autonomy of patients. Finally, given that obesity
is more prevalent in socioeconomically disadvantaged populations and the obese are

widely discriminated against, as well as the supply of obesity surgery not meeting the
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need in many places despite being cost-effective, a special emphasis on justice in

access to surgical treatments of obesity is probably warranted.”(4)

A decision to use surgery to treat severe obesity requires assessment of the risk-benefit ratio
in each case (36). It also implies a commitment from the institution which offers the treatment
to have a program for long-term follow-up of the patients, in order to prevent, discover and

treat potential adverse long-term consequences of the surgical treatment (85).

Theoretical framework for the thesis

Treatment goals in obesity surgery

From a medical point of view the treatment goal in obesity surgery is health improvement by
reducing the fat mass by weight reduction, and to reduce the long term consequences of
metabolic or sick fat disease (81, 86, 87). The growing understanding of obesity as a
multifactorial, progressive chronic disease should also change the aim of obesity surgery from
“curative” to “disease modifying” and moreover, maximal weight loss as success criteria may

be replaced by optimal physical and mental function of the patient after surgery.

Reduction of the percentage of body fat mass is more strongly correlated to metabolic
improvement after obesity surgery than weight reduction (88). However, easily applied,

standardized methods for measuring fat mass are lacking.

From the patient’s point of view, improvement of obesity related comorbidity ranks higher
than weight loss among expectations prior to surgery (89, 90). Improved physical activity,
pain reduction and increased life expectancy follows on the list of expectations. In addition to

health improvement, patients also have a desire to change the appearance of their body (91).
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Impaired quality of life is common among patients seeking obesity surgery, and they expect
improved physical as well as mental health following weight loss. Improvement in health-
related quality of life after obesity surgery is mainly documented in relation to improvement

of physical function (92).

Although weight loss and resolution of obesity-related comorbidity are the main aims when
considering obesity surgery, surgical complications and new morbidities are a possible

downside, both for the patient and society.

The framework of this study has been to evaluate the long-term consequences of laparoscopic
gastric bypass as it was documented in the local quality registry for obesity surgery from a
single centre, supplemented with clinical information from the hospital’s electronic patient
records. Changes on individual and group level were explored, including the long-term

consequences for the healthcare services.

Adverse effects following surgical treatment, generating a further need for medical treatment,
is a cost for the hospital and a negative experience for the patient. Abdominal pain is a
commonly reported problem after gastric bypass surgery, but it is a challenge to measure the
degree of intensity and the duration of such pain. By analysing data on how this problem
induces use of medical examinations and surgical treatment, the most severe consequences of

abdominal pain may be measured.

Self-rated health

Self-rated health (SRH) has been the most widely used public health indicator since the
1950s, and has proved to be a more valid and powerful predictor of morbidity, mortality and
future healthcare use than more comprehensive self-reporting instruments and objective
biometric measures for predicting future health (93). Self-rated health is related to
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inflammation, genetics, allostatic load, physical function, socio-economic, and psychological

factors (94-97).

Self-rated health is measured as a person’s subjective evaluation of his or her general health,
expressed as the answer to the question “In general, would you say your health is 1)
excellent? 2) very good? 3) good? 4) fair? 5) poor?” This is the first question on the Short
form 36 (SF-36); a widely used quality of life questionnaire, but in public health surveys SRH

is most often used as a single question.

Self-rated health may on one hand be interpreted as a person’s spontaneous assessment of
health status, or on the other hand as an aspect of one’s enduring self-concept (98). Interpreted
as a spontaneous assessment of an individual’s health status it should be regarded as the most
precise measure of actual experienced health. Interpreted as an enduring self-concept it

expresses a person’s attitude to own health and health challenges (99).

Measuring the effect of obesity surgery

The success of obesity surgery is usually measured as the degree of weight loss, either as %
total weight loss, % excess weight loss, % excess BMI-loss or change in BMI. From an
individual perspective, the more you lose the better off you are. On a group level the higher

number of patients reaching a certain level of weight loss, the better is the surgical procedure.

The most obvious aim for obesity surgery is weight loss, but weight loss is only the means to
achieve the goal of improved health, better quality of life and a longer life (100). The optimal
measure of weight loss is debated, as all commonly used measures depend on initial weight.
Total weight loss in kilograms, the percentage of total weight loss (%TWL) and change in
body mass index (BMI) do not discriminate between loss of excess weight or reduction in

normal weight. When excess weight is defined as weight above the upper limit of normal
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weight of BMI 25 kg/m?, the percentage of excess weight loss (%EWL) and percentage of
excess BMI-loss (%EBMIL), have been recommended as suitable when reporting outcomes
of obesity surgery (84). However, attempts have been made to find an even more clinically
relevant measurement of postoperative weight loss based on clinically observed data, creating
an algorithm for weight loss that considers preoperative BMI, gender and age (101, 102). In
non-surgical studies %TWL is routinely used to assess weight loss, and this measure has
lately been recommended used in surgical studies as well, as %TWL results in less variability
when stratified by various preoperative patient characteristics. It is suggested that %TWL >

20% should be considered as a good response to obesity surgery (103).

Maximum postoperative weight loss (Nadir BMI) is achieved 12-24 months after surgery, and
most patients experience some weight regain in the following years. Whether this regain is a
progression of the underlying obesity disease, or a treatment failure, can be debated. The
measure of secondary weight regain that correlates best with clinical outcomes, is reported to

be weight regain as percentage of maximal postoperative weight loss (104).

Resolution of comorbidities is another measurable outcome after obesity/metabolic surgery. It
is important to standardize the preoperative definition and postoperative criteria for remission
or resolution of T2DM and other comorbidities in order to compare results between different

surgical methods (84).

Background for the three papers

Obesity surgery has a broad spectre of effects, both on the individual level, on the cellular
level, as well as for the healthcare services. The topics chosen for the three papers were

selected in discussion with my supervisors, and based on the data available in the registry, in

27



respect of the integrity of the patients and in recognition of the present knowledge gaps in the

field.

This thesis used the local quality registry for obesity surgery at Aalesund hospital to explore
the results of gastric bypass surgery after more than five years following surgery. The registry
has been updated on an annual basis, and the number of primary gastric bypass procedures

with five or more year’s postoperative follow-up were 644 by the last update in January 2019.

Laparoscopic Roux-en-Y gastric bypass was the sole method used at Aalesund hospital from
2004 to 2009, and the major procedure until 2015. As the number of patients having
undergone sleeve gastrectomy with more than five years postoperative observation in the
registry was low when this project started, only gastric bypass patients were included in the

studies in this thesis.

Abdominal pain is common after gastric bypass surgery, but sometimes this symptom is the
signal of a life-threatening condition, leading the patient to undergo medical investigations

and surgical treatment.

The first paper explored the need for medical imaging and surgical treatment for abdominal

pain among patients observed more than five years after surgery.

The second paper addressed how to measure the global outcome for the patients after obesity
surgery. At the intersection between weight loss, remission of comorbidities, change in
quality of life, postoperative complications and life events, finding a measure that capture the
sum of beneficial and adverse effects has been requested (100). This paper explored whether
change in self-rated health was applicable as a sum-score for the global effect of obesity

surgery.

As the food bypasses the main sites of absorption of many important nutritional elements

following gastric bypass, nutritional deficiencies are prone to develop during the years after
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treatment. The patients are advised to use supplements of vitamins and minerals, and to have
blood tests taken on a regular basis (105). In the third paper the change in iron stores and the

need for intravenous iron treatment were explored.

The aims of this thesis

Obesity surgery procedures are commonly performed on a worldwide basis. The short-term
effects, like weight reduction and improvement in comorbidities and quality of health, are
well documented. However, the patients undergoing obesity surgery are often in the middle of
their lives, and knowledge about the long-term effects of obesity surgery, for the patients and
the health care services, are lacking. By using observational data from a single centre cohort
of patients with postoperative follow-up of more than five years after Roux-en-Y gastric
bypass, the aims of this project have been to study the long-term effects of the gastric bypass

surgery. More specifically to explore:

1. The frequency of acute, intermittent or chronic abdominal pain after gastric bypass

surgery in need of medical investigation (imaging) and surgical treatment.

2. Changes in self-perceived general health five years after gastric bypass surgery

compared to before the procedure.

3. The long-term changes in iron stores and anaemia after gastric bypass surgery, and

the need for intravenous iron treatment for iron deficiency.

Materials and Methods

This thesis used data from a quality registry covering all patients who underwent obesity

surgery at Aalesund hospital from April 2004 to June 2015. The registry was created on
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request from Central Norway Regional Health Authorities, to monitor the activity and
outcomes of obesity surgery, until a national registry for this treatment was created. Inclusion
of new patients was closed when SOREG-Norway was recognized as a national quality

registry for obesity surgery in June 2015.

The quality registry was established and approved by the Data Protection Officer for research
in Helse More and Romsdal according to section 26 of the Health Personnel Act. The registry
has been stored electronically as an Access file at the research server in Helse Mere and

Romsdal, with access limited to persons involved in updating the registry.

This project was evaluated by the Regional Committee for medical and health research ethics
(REK) in April 2016 as a quality assurance project that falls outside the scope of the Health
Research Act, and it could be implemented without approval of REK (REK Ser-est A
2016/331 Fedmekirurgi ved Alesund sjukehus 2004-2015, langtidsresultater). The project was

approved by the Data Protection Officer for research in Helse More and Romsdal.

This local quality registry contains preoperative, perioperative and follow-up data in terms of
anthropometric data, comorbidities, complications and medical events that could be related to
the surgical procedure, on a total of 697 patients who underwent gastric bypass from April
2004 until March 2015, as well as 98 patients who underwent sleeve gastrectomy from
November 2009 until April 2015. The data was collected prospectively and updated with
information from the common electronic medical record system for Central Norway Regional
Health Authority on an annual basis, through January 2019. For each of the papers, only
patients with follow-up of more than five years were included. The first sleeve gastrectomy
was recorded in the registry in 2009. The number of sleeve gastrectomy patients who had a
follow-up of more than five years was low when the study started, and therefore they were not

included in any of the papers.
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Baseline and perioperative data were entered into the registry after the operation, and the
follow-up data was entered after the planned out-patients visits, or after unplanned events. For
completeness of data, the registry was updated annually with data from the common
electronic patient records containing information from the all hospitals under the Central

Norway Regional Health Authority.

Surgical intervention and follow-up

The patients were selected for obesity surgery at the out-patient clinic based on the national
guidelines for obesity surgery and individual evaluation (21). A standardized set of blood tests
were taken at baseline and all patients had to participate in a preparation program including a
patient education day in groups, an individual guidance on diet, evaluation of lung function
and sleep apnoea. All patients had a preoperative upper endoscopy including a test for
Helicobacter pylori, and preoperative eradication was given if the test was positive. Waiting

time from the first visit at the obesity outpatient clinic to surgery was on average one year.

The gastric bypass surgery procedures were performed with laparoscopic antecolic,
antegastric technique, with a biliopancreatic limb of 40-60 cm and an alimentary limb of 100
cm or 150 cm, depending on BMI below or above 50 kg/m?. The gastrojejunostomy was
constructed with a 45mm linear stapler and hand-sewn closure (43). The jejunojejunostomy
was made with a triple-stapling technique as described by Madan for the first 438 patients
(77%), whereas for the last 131 patients (23%), the jejunojejunostomy was made with one 60
mm linear stapling magazine and hand-sewn closure (106). The mesenteric defects were not
closed at the primary procedure in this period. The rate of conversion to open technique was
0.2%. Planned postoperative hospital stay was in the first years three days, later reduced to
two days. Lifestyle recommendations were given by dietician and physiotherapist before the

patients left the hospital.
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Recommended supplements after surgery were multivitamin-mineral tablets, Vitamin B12 as
intramuscular injections every 2nd month and Calcium with vitamin D. In addition, per oral

iron supplement were given, depending on ferritin level, to keep ferritin > 50pg/L.

Ursodiol to reduce gallstone formation in the weight loss period was not used. There was no

routine use of proton pump inhibitor postoperatively, only if indicated.

After the procedure, a standardized set of lab-tests were taken when the patients met at the
out-patient clinic for follow-up at 2, 6, 12, 18, 24, 36, 48 and 60 months after the operation.
The individual follow-up visits included weight measurement, evaluation of blood tests and
advice on nutritional supplements and medical issues related to the operation. The patients
were also invited to participate in a follow-up program in groups involving 10-12 meetings
over two years, and a two-week program at a rehabilitation center during the first year after

the procedure.

Intravenous iron treatment was given at the obesity outpatient clinic if iron stores were empty,
mainly as ferric carboxymaltose 1g in one visit, and less often as iron sucrose 200 mg over
five visits. Indication for intravenous iron treatment was ferritin < 15ug/L, independent of

haemoglobin level.

Material for the first paper

Data collection for the first paper ended in August 2017, at that point there were observational
data exceeding five years on 569 patients who underwent gastric bypass surgery between
April 2004 and June 2012. All medical imaging due to abdominal pain, including X-ray,
ultrasound, Computer tomography and MRI, and all abdominal surgical procedures performed
at hospitals in Central Norway Regional Health Trust, were registered. Medical imaging on
other indications, and gynecological procedures were not included. The use of private
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hospitals was minimal in this area, and no surgical emergency consultations were performed

on the patients outside of public hospitals in the region in this period of time.

Material for the second paper

The registry was updated prior to the second paper in February 2018, increasing the sample to
601 patients with a follow-up period of more than five years. From September 2006 to June
2015 all patients were asked to complete the Short form 36 questionnaire (SF-36) at the end
of the preoperative education day, approximately one month prior to the procedure (107). The
responses to the questionnaire had no influence on the decision on whether the patients would
have the procedure or not. From 2010 to 2016, the patients were asked to complete the same
questionnaire at the five-year follow-up visit. The questionnaires were filled in on paper, and
the results entered into the quality registry at a later stage. In total, the number of preoperative

SF-36 questionnaires was 477, and at five years the number was 272.

The population of study for the second paper included the 233 patients with both preoperative
and five-year SF-36 questionnaires, who underwent procedure between September 2006 and
February 2011. In this period a total of 359 patients underwent surgery, and 322 (90%)
attended the five-year follow-up appointment. The 233 with complete datasets represented

65% of the patients who underwent surgery during the period.

Material for the third paper

In the third paper, all patients with a follow-up period of more than five years by January
2019 were included. From April 2004 to December 2013, 644 patient underwent primary
gastric bypass at Aalesund hospital. The additional 8 patients who underwent gastric bypass

as a secondary surgical procedure for obesity in the same period were not included in the
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study. Results from laboratory tests related to the five-year standardized outpatient follow-up
program were added to the quality registry by collecting data directly from the hospital’s
laboratory data system. Only laboratory test results linked to visits at the outpatient clinic
were included. Laboratory results were available in the registry for 544 (84%) patients at
baseline, and 428 (66%) after five years. Missing laboratory data at baseline might be due to
the lab-tests being analyzed at another hospital, or the physician requesting the tests not being
affiliated to the surgical unit. Missing laboratory data in the follow-up period were mainly due

to patients dropping out from the planned appointments.
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Figure 3. The number of patients who had gastric bypass surgery at Aalesund hospital per
year in the study period.

Methods

Anthropometric data were collected by nurses at the outpatient clinic, and scales designed for
people up to 300 kg were used in the entire period. The patients were weighed with light
clothes, without shoes. Height was measured at the first visit and after two and five years.

BMI was calculated by weight in kg over (height in meter)?.
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Weight development from the point of gastric bypass surgery through five years following
surgery was reported by the four standard measures, percentage excess weight loss (Y%oEWL),
percentage excess BMI loss (%EBMIL), percentage total weight loss (%TWL), and change in
BMI (84). Weight regain from nadir weight occurring between one and two years
postoperatively to five years following surgery was reported as change in BMI and percentage

of maximum weight loss (104).

Categorical variables were reported in numbers and percentages, and continuous variables
were presented as means + standard deviation (SD), or median and interquartile range (IQR)
if the variables were not normally distributed. For comparison of categorical variables, the
Pearson y* was performed, and for comparison of continuous variables, independent and
paired t-tests were performed. Non-parametric tests were used for non-normally distributed
variables. In the first paper, Kaplan-Meier estimates were used for continuous variables. P <
0.05 was considered statistically significant for all analyses. Statistical analyses were
performed using IBM SPSS version 23 (SPSS Inc., Chicago, IL, USA) software and STATA

14 (StataCorp).

In the second paper, the difference between baseline SRH-scores and SRH-scores after five
years was calculated, and the change in SRH was categorized as improvement, no change, or
decrease. The no change and decrease categories was further merged to non-improvers, since
the number with decreased SRH was low. Baseline and postoperative SF-36 answers were

analyzed as sum-scores for the eight domains in the SF-36 questionnaire.

In the third paper, iron stores were graded as depleted (ferritin <15ug/L), low (ferritin 16-50

png/L), moderate (ferritin 51-100 pg/L), and replete (ferritin > 100 pug/L).
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Results

General results

Baseline and follow-up data on age, sex, weight, BMI and preoperative comorbidities are
presented as patient’s characteristics in all papers. As the number of patients included in the

three papers differed, a summary of the data from the quality registry are presented here.

Mean +SD age for the 644 patients with five years postoperative follow-up by January 2019,
was 39.8 + 9.7 years, and 483 (75%) of the patients were women. In the observation period of
5 to 14 years, mean 112 + 29.3 months, fifteen (2.3%) patients have died, two of them in the

early postoperative period.

Body mass index (BMI) was 45.2 + 5.3 kg/m* when the patients first met at the outpatient
clinic, and 43.9 + 5.1 kg/m? when they underwent surgery. BMI at one year was 29.1+ 4.3

kg/m?, and BMI after five years was 31.6 + 5.3 kg/m?.

The mean weight at the time of surgery was 128 + 20.4 kg, after one year 85 + 16 kg, and 92
+ 19 kg after five years. Mean percentage total weight loss (%TWL) was 33.4 £ 6.9 % one
year after surgery, and 27.6 + 10.1 % after five years. Percentage Excess weight loss (% EWL)

was 79.8 + 18 % one year after surgery, and 65.8 + 24 % after five years.

Of the 106 (16.5%) patients who were on medication for type 2 diabetes mellitus (T2DM)
before the operation, eight used per oral medication and fifteen used insulin at five years. In
addition, a total of 168 (26.1%) patients were on medication for hypertension, and 83 (12.9%)
were on medication for hyperlipidaemia before the operation. When it comes to sleep apnoea

155 (25.2%) were diagnosed before the operation, and 125 (19.4%) used CPAP.

Seventy-four out of 483 women (15.3%) gave birth to 106 children in the follow-up period.
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Figure 4. Change in mean BMI from baseline until 10 years after gastric bypass surgery.
The results are very much in line with results published by others on five-year follow-up after

gastric bypass surgery, which is the reason for not publishing these data in a separate paper.

Summary of the results in the published papers

Paper 1

The first study explored the frequency of medical imaging and abdominal surgery for acute,
intermittent and chronic abdominal pain in 569 patients who had Roux-en-Y gastric bypass at
Aalesund hospital between 2004 and 2012. In this period the mesenteric defects were not
closed. Patients with a follow-up of five years or more were included, and with a mean
follow-up of eight years after gastric bypass surgery, half of the patients underwent medical
imaging for abdominal pain. Forty percent had one or more CT-scans, and 28% had one or

more ultrasound scans.
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In the observation period, 127 (22%) patients underwent abdominal surgery, gynaecological
procedures excluded, and 34 (6%) had two or more procedures Mean time from gastric bypass
surgery to the first and second operation was 38 + 28 months and 60 + 27 months,
respectively. The need of abdominal surgery for women was 25.6% compared to 12.5% for

men (p<0.001).

The need for surgery treating suspected internal hernia and cholecystectomy was equal, at
9.3% for both procedures, but the mean time from gastric bypass surgery to operation was
shorter for cholecystectomies. Half of the surgeries for suspected internal herniation were
acute. Fifteen patients (2.6%), all women, underwent both surgeries. There were no gender
differences in frequency of surgery for suspected internal hernia, but cholecystectomies were

more frequent among women.
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Figure 5 Time from gastric bypass surgery to cholecystectomy and surgery for suspected

internal herniation.
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Paper 2

The second study explored whether Self-rated health (SRH), a patient reported, simple and
robust instrument from public health research, is applicable as an outcome measure in obesity
surgery. The primary aim of the study was to evaluate change in SRH from before to five

years after surgery.

The patients reported their health as worse than the general population before the operation,
but at five years the results were similar to those reported by the general population in public
health surveys performed in Norway (108). The proportion of patients reporting fair or poor

SRH at baseline was 54.5% (127 of 233), compared to 18.5% (43 of 233) at five years.

Comparing baseline and five year follow-up, 154 (66.1 %) patients had a better SRH-score at
five years, 60 (25.8 %) had no change and 19 (8.2 %) had a decrease in SRH score at five
years. There were no differences in age, gender, weight related comorbidity, baseline weight
and BMI, difference in %TWL or BMI at five years, for improvers compared to non-
improvers, but the improvers had lower weight-regain from nadir to five years than non-
improvers. Improvement in SRH corresponded to improvement in all domains in the SF-36

questionnaire.

SRH, expressed by the answer to one single question, seems relevant and valid as an outcome

measure for obesity surgery.
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Figure 6 Self-rated health one month before gastric bypass surgery.

Self-rated healt 5 yrs after RYGB
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Figure 7 Self-rated health five years after gastric bypass surgery

Paper 3

Iron absorption is disturbed after gastric bypass and iron deficiency, with or without anaemia,
are reported in almost half of the patients. Intravenous iron is an option when per oral iron is

insufficient or not tolerated. The third study explored whether routinely offering intravenous
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iron treatment when iron stores were depleted might prevent anaemia and iron deficiency after

gastric bypass surgery.

Clinical information was available at baseline for 644 patients undergoing gastric bypass
surgery between 2004 and 2013, and for 553/644 patients at five years, and laboratory results
were available for 540/644 patients at baseline and 411/644 patients after five years. Overall,
187/483 (38.7%) women, and 9/161 (5.6%) men were given intravenous iron treatment in the
observation period. From baseline to five years, mean haemoglobin decreased by 0.3 g/dL in
both men and women. Anaemia occurred in 18/311 (5.8%) women and 9/100 (9%) men at
five years. Depleted iron stores (ferritin <15nug/L) were observed among 44/323(13.6%)
women and 3/102 (2.9%) men, and low iron stores (ferritin 16-50pg/L) occurred in 144/326

(44.6%) women and 38/102 (37.3%) men five years after gastric bypass surgery.

By routinely offering intravenous iron treatment to patients with depleted iron stores after
gastric bypass surgery, haemoglobin levels were preserved, but half of the patients

experienced low or depleted iron stores after five years.

Serum ferritin levels in women after RYGB Serum ferritin levels in men after RYGB
(N=483) (N=161)

0 0

Baseline op 1year 2years 3years 4dyears 5years Baseline op 1year 2vyears 3years 4dyears 5years
(399) (214) (401) (378) (358) (358) (323) (144) (68) (138) (123) (113) (111) (102)
m<i5pgl m1650 pg/l ©51-100 pg/L  m>100 pg/L u<15pgl ®W16-50pg/l = 51-100 pg/L  m>100pg/L

Figure 8 Serum ferritin levels from baseline to five years after gastric bypass surgery
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Discussion

Obesity surgery as treatment for severe obesity and obesity-related metabolic disecases was re-
introduced in Norway in 2004. The initiative came from the Ministry of Health, and the
Regional Health authorities organized it as a centralized, high volume, multidisciplinary
treatment with National guidelines and focus on research and long-time follow-up (21). After
a rapid increase in the number of surgical procedures the first years, the number of operations
has stabilized at around 3000 procedures per year from 2009. The number of hospitals
performing obesity surgery has increased from seven in 2005 to 22 in 2018 (15 public and 7
private), and one third of the patients undergo surgery at private hospitals as self-paying
patients (70). The number of patients admitted to non-surgical treatment for severe obesity is

unknown.

Accepting severe obesity as a chronic disease implies accepting that it is a disease that can be
treated but not cured. In this framework, the goal of obesity surgery should be to improve
health and functionality, not primarily to bring the weight as close to normal level as possible
(10). Qualitative studies have brought insights into life after obesity surgery, focusing on the
negotiation between the positive and negative experiences living in a post-bariatric body (109,

110).

The positive effects of obesity surgery on weight reduction and improvement of comorbidities
are well documented (81, 87, 111). It is also well known that abdominal pain, fatigue, iron
deficiency, hypoglycemia and osteoporosis are among the problems that can arise in the wake
of a successful postoperative weight loss (66, 112, 113). The present PhD-thesis explores the
consequences of gastric bypass surgery beyond weight loss, by assessing the frequency of
complications and other unexpected consequences after gastric bypass generating a need for

medical investigation and treatment. Complications are a burden on patients, but also a cost to
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the healthcare system and society. The thesis also explores how the diverse effects of obesity

surgery influence patients’ perception of their general health status.

Methodological considerations

This thesis is based on data from a single centre. Although national guidelines have been
followed, local adaptations may have influenced patient selection, and also the indications for
diagnostic imaging and surgical intervention in the years after surgery. The topics for the

three papers were chosen after data collection, based on questions raised in clinical practice.

Observational data from clinical practice from an unselected population of patients seeking
surgical treatment for severe obesity were used. The quality registry, constituting the main
data source, was not created primarily for research purposes, but for surveillance of treatment
quality in a well-structured clinical pathway, and included a standardized collection of data
from baseline and follow-up visits. During the entire treatment period there was a stated
ambition to collect data on a scientific level, and a limited number of trained personnel has

been responsible for data collection.

The size of the population under study in the three papers are comparable to similar published
observational studies in the field. In paper 1 and 3 all patients who underwent primary gastric
bypass in the study period are included. In paper 2, the study population is limited to the
patients who had completed SF-36 questionnaire prior to surgical procedure, as well as after
five years. There were no differences in baseline characteristics and general outcomes when

the study population in paper 2 was compared to the entire cohort.

A major strength in this study was that all patients who underwent obesity surgery in the
period were included, and baseline and perioperative data were complete for all participants.

The follow-up rate was high compared to other studies, and the follow-up regimen
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standardized. Such an unselected study population is a firm basis for reporting results close to

real world clinical practice.

In paper 3, results from laboratory tests were collected directly from the hospital laboratory
data system. The number of laboratory test results was lower than the number of patients with
clinical data at each point in time. No attempts were made to search for laboratory test results

in the electronic patient record or in the paper patient record.

None of the papers had control groups. For all three papers, control groups of patients in non-
surgical treatment for severe obesity, and patients undergoing sleeve gastrectomy, or another
major abdominal surgery, would be of interest. Sleeve gastrectomy was introduced in 2009 at
the Aalesund hospital, and in the beginning only performed when gastric bypass was
contraindicated due to comorbidity. The number of patients undergoing sleeve gastrectomy
with more than five years postoperative follow-up was less than fifty. To compensate for the
lack of control groups, the results have been discussed against and compared with results in

other comparable publications.

It is timely to raise the question of whether a surgeon who has been involved in patient
selection, performing the surgical procedures, involved in the follow-up of patients after
surgery, and also has been responsible for the quality registry, can be objective as investigator
on the same material. To avoid bias and conflicts between the role as clinician and
investigator, I have been out of clinical practice at Aalesund hospital in the period of the PhD
project. I have had my workplace at the Regional centre for obesity research at St. Olav’s
hospital, Trondheim University hospital, in the research period, and all statistical analyses
have been performed on anonymized datasets. All steps in the research process are transparent
and can be documented, and all data registered in the quality registry can be checked against

the hospital’s electronic patient record.
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Study design, setting and participants

The unique quality of this material is the completeness of data in the observational period, as
data could be collected from all hospitals in the region, and possible adverse effects related to
the treatment could be registered if relevant even if the treatment was performed at other
hospitals in the region. The access to clinical data was however limited to somatic conditions,
as the clinicians did not have access to documentation regarding psychiatric treatment given at
the hospital. Information on psychiatric conditions were only available if reported in the

somatic journal.

As inclusion in the registry was not based on written consent, only data assessed as necessary
for quality surveillance and considered as being in the best interest for the patient have been
used. Questions on mental health prior to and after the treatment is therefore not explored in

this thesis.

Generalizability

Compared to other publications and reports from national quality registries on outcomes after
gastric bypass surgery, the study population and results in the present dataset are surprisingly
similar. Almost all study populations have a majority of female patients, except studies from
American Veterans hospitals (114). A mean age of 40 years, preoperative BMI of 42-46
kg/m? seems to be typical. Differences in national healthcare systems and socio-economic
factors related to the national economy and different welfare systems, may however be
relevant when comparing the results in some studies with studies from other parts of the

world.
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Main findings

The main results of the papers included in this thesis were:

1) With a mean follow-up period of more than § years after gastric bypass surgery, 40% of
patients suffered from abdominal pain, needing one or more CT scans. The need for surgery
treating suspected internal hernia and cholecystectomy was equal, at 9.3% for both
procedures, but the mean time from gastric bypass surgery to operation was shorter for

cholecystectomies

2) Self-rated health five years after gastric bypass surgery was improved for two thirds of the
patients, unchanged for one in four, and decreased for one in twelve of the patients, compared

to before surgery.

3) One third of the patients were in need of intravenous iron treatment after gastric bypass
surgery, which prevented anaemia, but did not prevent a major drop in iron stores during the

first five years after surgery.

Discussions on the three papers

Gastric bypass and other metabolic and obesity surgical procedures are performed in nearly
all countries in the world, under varying economic conditions and different healthcare
systems. A considerable amount of the surgical procedures is performed outside the public
healthcare services, in institutions not holding the responsibility for general acute surgical
care. Knowledge on the long-term need for medical imaging and surgical treatment following
obesity surgery is relevant to evaluate the long-term cost and the capacity for treating
complications after surgery. A similar frequency of contact with the health care system and

hospital admissions for gastrointestinal surgery due to abdominal pain after gastric bypass
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found in this study are reported in studies from Denmark and Sweden (113, 115). Differences
in the perception of pain and the threshold for seeking medical health among patients

undergoing gastric bypass surgery have also been investigated (66).

The findings on use of medical imaging are in line with another study on this topic (116).
However, the value of CT-scans in diagnosing internal herniation is under debate (116-120).
A negative CT-scan can’t exclude internal herniation in need of surgical treatment, and

qualified clinical examinations are necessary in order to evaluate patients.

In this paper, all surgical procedures for suspected internal hernia were registered, not only
the cases where internal herniation was found during the procedure. In half of the cases there
was no internal herniation, but the cost and consequences of a surgical intervention are the
same for the patient and the healthcare system. The level of internal herniation after gastric
bypass surgery without closure of the mesenteric defects is reported to be at almost the same

level in other studies with similar period of follow-up (121-124).

The jejunojejunostomy was made with a triple-stapling technique, as described by Madan and
Frantzides, for the first 438 patients (77%), while for the last 131 patients (23%) the
jejunojejunostomy was made with one stapling magazine and hand-sewn closure (106).
Thirty-seven out of 438 (8.5%) patients who had a triple-stapled jejunojejunostomy (mean
observation period 109 months) underwent a procedure for suspected internal hernia,
compared to 15 out of 131 (11.5%) who had a single-stapled jejunojejunostomy (mean
observation 70 months) (p < 0.05). This is an observation that has not been reported earlier,
and to explore this observation further, a larger dataset is needed. Before it became routine to
close the mesenteric defects, Madan recommended the triple-stapling technique to avoid
internal herniation (125). The technique has been suggested as suitable in order to avoid

kinking of the jejunojejunostomy when closing the mesenteric defects (126).
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Regarding gallstone disease, it is well known that the rapid weight loss after obesity surgery
increases the risk of gallstones. After gastric bypass, treating complicated gallstone disease is
a challenge due to the altered anatomy in the patient. In the era of open surgery,
cholecystectomy was often performed as part of the obesity surgery procedure. With
laparoscopic techniques, concomitant cholecystectomy is more complicated, and is generally
not advised (127). Treatment with Ursodiol in order to reduce gallstone formation during the
first months after gastric bypass surgery has been advocated by some, but was not applied in

this cohort.

The ASMBS guidelines, updated in 2019, recommend cholecystectomy after gastric bypass
only for patients with symptomatic biliary disease, but prophylactic cholecystectomy may to
be considered in asymptomatic patients to avoid choledocolithiasis (128). The updated

guidelines also recommend routine use of Ursodiol after gastric bypass.

Measuring more than weight change, remission of comorbidities and frequency of
complications is important in order to evaluate the true effect of obesity surgery for the
patient. Valid measurements for improvement or decrease in general health is necessary when
comparing the difference between surgical and non-surgical treatment for severe obesity, and
also to compare the global effect of different surgical methods. General questionnaires like
SF-36 are commonly used to explore change in quality of life after obesity surgery. The initial
improvement in quality of life after one or two years measured by the SF-36 questionnaire, is
often succeeded by a decrease after five years (129). This may be an effect of wear and tear
after many years of physical as well as mental overload, owing to severe obesity prior to
surgery. Disease-specific quality of life questionnaires for obesity and obesity surgery, like
BAROS and the Impact of Weight on Quality of Life-Lite (IWQOL-Lite) are developed, but
the use in clinical practice varies (130). Self-rated health, expressed by the answer to one

single question, seems relevant and valid as an outcome measure for obesity surgery, and in
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this observational study gastric bypass for severe obesity resulted in improved self-rated
health in two-thirds of patients. In clinical use as well as in research, self-rated health might
replace more comprehensive Quality of life tools, and self-rated health scores can be used to
identify patients in need of closer follow-up after surgery. However, the present study on
change in self-rated health after obesity surgery must be regarded as a pilot, and further

research is needed to confirm whether this is a useful tool in follow-up after obesity surgery.

Despite the wide use of self-rated health in public health research, there is only a handful of
studies on self-rated health in clinical settings. A study from Denmark found that self-rated
health four weeks after coronary stenting was correlated to employment status after six
months (131). In a study on knee-replacement, patients’ self-rated health influenced pain and
functionality after one year (132). However, a study on total hip and knee replacement
surgery found no difference in average self-rated health after one year (133). SRH has also
been explored in studies on follow-up after breast cancer treatment (134). There seems to be
an unexplored potential for self-rated health as an easy-to-use tool for evaluating patients in
clinical follow-up programs for several diseases. However, there is an ongoing discussion on

how to understand what self-rated health really measures (135, 136)

Iron deficiency and iron deficiency anaemia are one of few nutritional deficiencies also being
common in high income countries (137). Iron deficiency without anaemia is often overlooked
as cause for diffuse symptoms of reduced health, such as fatigue, dizziness, reduced work
capacity and so on. Iron is necessary for haematopoiesis, but also acts as an essential
component of muscle myoglobin and mitochondrial activity (138). Iron is involved in energy
production from glucose as well as fat, and it is of particular importance for muscles rich in
red fibres, such as dorsal muscles, lower extremity extensors, the diaphragm, and intercostal
muscles (139). Iron deficiency has been reported in up to half of patients following gastric

bypass surgery, and it is caused by lower levels of gastric acid secretion, reduced intestinal
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absorption surface, and dietary changes, with low tolerance to food being high in iron (140).
The strict regulation of iron uptake from the gut by hepcidin might limit the ability to use per
oral iron supplements to fill empty iron stores after obesity surgery, and thereby reduce the
patients’ quality of life and work capacity unnecessarily. To our knowledge, the present study
on intravenous iron treatment after gastric bypass surgery is the first to document that
routinely offering intravenous iron treatment to patients with empty iron stores might reduce
the frequency of anaemia after gastric bypass surgery. A more active practice for per oral as
well as intravenous iron treatment is probably needed to prevent empty iron stores after
obesity surgery, and more studies are needed in order to explore the role of iron deficiency in

relation to fatigue and muscular pain often reported in the long run following obesity surgery.

Clinical implications

The clinical implication of the findings in the first paper is that abdominal pain is a persistent
problem long time after gastric bypass surgery. The frequency of internal herniation will
probably be lower in patients undergoing surgery after the procedure of closing the mesenteric
defects became standard, but the risk will not disappear. As some patients can have gallstones
and internal hernia at the same time, relevant medical imaging should be performed prior to
surgery in elective settings. Abdominal pain after gastric bypass may have other causes not
calling for surgical intervention. Ulceration in the gastrointestinal anastomosis and bacterial
overgrowth of the small intestines are conditions in need for medical treatment. Hospitals
offering obesity surgery should as part of their follow-up program have a plan for medical
examination and treatment for abdominal pain after surgery, to provide the patients with the
best treatment, and also to gather experience on the consequences of the surgical techniques

they use.
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The clinical implication of the second paper is that a patient’s self-rated health should be
assessed before surgery, and be part of the shared decision making considering obesity
surgery. Patients not perceiving their general health as reduced, should be informed about the
possibility of experiencing an unchanged or decreased health after surgery, and may also be
advised to wait until they experience reduced general health before they undergo a surgical

procedure.

The clinical implication of the third paper is that intravenous iron treatment needs to be a
treatment option in the follow-up after obesity surgery to prevent anaemia and iron
deficiency. The optimal strategy for iron supplements to prevent iron deficiency after gastric
bypass surgery must be explored, and life-long access to specialized care is necessary after

obesity surgery. The clinical consequences of decreasing iron stores should be explored.

It should be considered to revise the threshold for intravenous iron treatment in the study
population (ferritin < 15 pg/L) to prevent low iron stores and iron deficiency in the aftermath

of obesity surgery.

The results from the third paper may be relevant for other groups of patients experiencing iron

losses.

To conclude, a good life after obesity surgery depends on easy access to long-term follow-up
by dedicated health personnel with sufficient knowledge about all sides of the consequences

of the surgical procedures, who are able to diagnose possible complications at an early stage

and give adequate treatment of surgical as well as non-surgical complications at the right

time.

All types of symptoms after gastric bypass may be related to the surgical procedure, but they
are most likely to be “just life”, not in need for specific treatment. However, the patients are

the experts — we have still a lot to learn.

51



References

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Stenkula KG, Erlanson-Albertsson C. Adipose cell size: importance in health and disease. Am J
Physiol Regul Integr Comp Physiol. 2018;315(2):R284-r95.

Haczeyni F, Bell-Anderson KS, Farrell GC. Causes and mechanisms of adipocyte enlargement
and adipose expansion. Obes Rev. 2018;19(3):406-20.

Fruhbeck G, Busetto L, Dicker D, Yumuk V, Goossens GH, Hebebrand J, et al. The ABCD of
Obesity: An EASO Position Statement on a Diagnostic Term with Clinical and Scientific
Implications. Obesity facts. 2019;12(2):131-6.

Saarni SI, Anttila H, Saarni SE, Mustajoki P, Koivukangas V, lkonen TS, et al. Ethical issues of
obesity surgery--a health technology assessment. Obesity surgery. 2011;21(9):1469-76.
Throsby K. "How could you let yourself get like that?" Stories of the origins of obesity in
accounts of weight loss surgery. Soc Sci Med. 2007;65(8):1561-71.

Eisenberg D, Noria S, Grover B, Goodpaster K, Rogers AM. ASMBS position statement on
weight bias and stigma. Surgery for obesity and related diseases : official journal of the
American Society for Bariatric Surgery. 2019;15(6):814-21.

Wimalawansa SJ. Stigma of obesity: A major barrier to overcome. Journal of clinical &
translational endocrinology. 2014;1(3):73-6.

Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser. 2000;894:i-xii, 1-253.

Buchwald H. Consensus conference statement bariatric surgery for morbid obesity: health
implications for patients, health professionals, and third-party payers. Surgery for obesity and
related diseases : official journal of the American Society for Bariatric Surgery. 2005;1(3):371-
81.

Fruhbeck G. Bariatric and metabolic surgery: a shift in eligibility and success criteria. Nat Rev
Endocrinol. 2015;11(8):465-77.

Mechanick JI, Hurley DL, Garvey WT. Adiposity-Based Chronic Disease As A New Diagnostic
Term: The American Association Of Clinical Endocrinologists And American College Of
Endocrinology Position Statement. Endocr Pract. 2017;23(3):372-8.

Bray GA, Kim KK, Wilding JPH. Obesity: a chronic relapsing progressive disease process. A
position statement of the World Obesity Federation. Obes Rev. 2017;18(7):715-23.

Bluher M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol.
2019;15(5):288-98.

Apovian CM. Obesity: definition, comorbidities, causes, and burden. Am J Manag Care.
2016;22(7 Suppl):s176-85.

Trends in adult body-mass index in 200 countries from 1975 to 2014: a pooled analysis of
1698 population-based measurement studies with 19.2 million participants. Lancet.
2016;387(10026):1377-96.

Midthjell K, Lee CM, Langhammer A, Krokstad S, Holmen TL, Hveem K, et al. Trends in
overweight and obesity over 22 years in a large adult population: the HUNT Study, Norway.
Clinical obesity. 2013;3(1-2):12-20.

HUNT. https://hunt-db.medisin.ntnu.no/hunt-db/#/variable/5025.

Morshed AB, Kasman M, Heuberger B, Hammond RA, Hovmand PS. A systematic review of
system dynamics and agent-based obesity models: Evaluating obesity as part of the global
syndemic. Obes Rev. 2019;20 Suppl 2:161-78.

Swinburn BA, Kraak VI, Allender S, Atkins VJ, Baker PI, Bogard JR, et al. The Global Syndemic
of Obesity, Undernutrition, and Climate Change: The Lancet Commission report. Lancet.
2019;393(10173):791-846.

Gordis L. Epidemiology2014.

52



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

Behandling av sykelig overvekt hos voksne. Helse Nord, Helse Midt-Norge, Helse @st,
Helse Vest, Helse Sgr; 2005.

Nordmo M, Danielsen YS, Nordmo M. The challenge of keeping it off, a descriptive systematic
review of high-quality, follow-up studies of obesity treatments. Obes Rev.
2020;21(1):12949.

Maston G, Gibson AA, Kahlaee HR, Franklin J, Manson E, Sainsbury A, et al. Effectiveness and
Characterization of Severely Energy-Restricted Diets in People with Class Il Obesity:
Systematic Review and Meta-Analysis. Behavioral sciences (Basel, Switzerland). 2019;9(12).
Rossi AP, Rubele S, Calugi S, Caliari C, Pedelini F, Soave F, et al. Weight Cycling as a Risk Factor
for Low Muscle Mass and Strength in a Population of Males and Females with Obesity.
Obesity (Silver Spring, Md). 2019;27(7):1068-75.

Devine CM, Barnbhill A. The Ethical and Public Health Importance of Unintended
Consequences: the Case of Behavioral Weight Loss Interventions. Public Health Ethics.
2017;11(3):356-61.

Barrett S, Begg S, O'Halloran P, Kingsley M. Integrated motivational interviewing and
cognitive behaviour therapy for lifestyle mediators of overweight and obesity in community-
dwelling adults: a systematic review and meta-analyses. BMC Public Health. 2018;18(1):1160.
Wadden TA, Walsh OA, Berkowitz RIl, Chao AM, Alamuddin N, Gruber K, et al. Intensive
Behavioral Therapy for Obesity Combined with Liraglutide 3.0 mg: A Randomized Controlled
Trial. Obesity (Silver Spring, Md). 2019;27(1):75-86.

Kadouh H, Chedid V, Halawi H, Burton DD, Clark MM, Khemani D, et al. GLP-1 Analog
Modulates Appetite, Taste Preference, Gut Hormones and Regional Body Fat Stores in Adults
with Obesity. J Clin Endocrinol Metab. 2019.

Miras AD, le Roux CW. Metabolic Surgery in a Pill. Cell Metab. 2017;25(5):985-7.

Miras AD, le Roux CW. Surgery: The new gold-standard - medical gastric bypass. Nat Rev
Endocrinol. 2018;14(5):257-8.

Deitel M. An International Surgical Journal for Research and Treatment of Massive Obesity.
Obesity surgery. 1991;1(1):7.

Hofmann B, Hjelmesaeth J, Sovik TT. Moral challenges with surgical treatment of type 2
diabetes. ) Diabetes Complications. 2013;27(6):597-603.

Phillips BT, Shikora SA. The history of metabolic and bariatric surgery: Development of
standards for patient safety and efficacy. Metabolism. 2018;79:97-107.

Henrikson VJOS. Can Small Bowel Resection Be Defended as Therapy for Obesity?
1994;4(1):54-.

Buchwald H. The evolution of metabolic/bariatric surgery. Obesity surgery. 2014;24(8):1126-
35.

Gastrointestinal surgery for severe obesity. Consens Statement. 1991;9(1):1-20.

Brolin RE. Update: NIH consensus conference. Gastrointestinal surgery for severe obesity.
Nutrition. 1996;12(6):403-4.

Vage V, Solhaug JH, Berstad A, Svanes K, Viste A. Jejunoileal bypass in the treatment of
morbid obesity: a 25-year follow-up study of 36 patients. Obesity surgery. 2002;12(3):312-8.
Singh D, Laya AS, Clarkston WK, Allen MJ. Jejunoileal bypass: a surgery of the past and a
review of its complications. World J Gastroenterol. 2009;15(18):2277-9.

Mason EE, Ito C. Gastric bypass in obesity. Surg Clin North Am. 1967;47(6):1345-51.

Mason EE, Ito C. Gastric bypass. Ann Surg. 1969;170(3):329-39.

Mason EE. Gastric emptying controls type 2 diabetes mellitus. Obesity surgery.
2007;17(7):853-5.

Olbers T, Lonroth H, Fagevik-Olsen M, Lundell L. Laparoscopic gastric bypass: development of
technique, respiratory function, and long-term outcome. Obesity surgery. 2003;13(3):364-70.
Wittgrove AC, Clark GW, Tremblay LJ. Laparoscopic Gastric Bypass, Roux-en-Y: Preliminary
Report of Five Cases. Obesity surgery. 1994;4(4):353-7.

53



45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Balsiger BM, Poggio JL, Mai J, Kelly KA, Sarr MG. Ten and more years after vertical banded
gastroplasty as primary operation for morbid obesity. J Gastrointest Surg. 2000;4(6):598-605.
Scopinaro N, Gianetta E, Civalleri D, Bonalumi U, Bachi V. Bilio-pancreatic bypass for obesity:
II. Initial experience in man. BrJ Surg. 1979;66(9):618-20.

Hess DS, Hess DW. Biliopancreatic diversion with a duodenal switch. Obesity surgery.
1998;8(3):267-82.

Wilkinson LH, Peloso OA. Gastric (reservoir) reduction for morbid obesity. Arch Surg.
1981;116(5):602-5.

Lovig T, Haffner JF, Kaaresen R, Nygaard K, Stadaas JO. Gastric banding for morbid obesity:
five years follow-up. Int J Obes Relat Metab Disord. 1993;17(8):453-7.

Valen B, Munk AC. [Long term effects o gastric banding for weight reduction]. Tidsskr Nor
Laegeforen. 2000;120(17):1995-6.

O'Brien PE, MacDonald L, Anderson M, Brennan L, Brown WA. Long-term outcomes after
bariatric surgery: fifteen-year follow-up of adjustable gastric banding and a systematic review
of the bariatric surgical literature. Ann Surg. 2013;257(1):87-94.

Belachew M, Legrand MJ, Defechereux TH, Burtheret MP, Jacquet N. Laparoscopic adjustable
silicone gastric banding in the treatment of morbid obesity. A preliminary report. Surgical
endoscopy. 1994;8(11):1354-6.

Forsell P, Hellers G. The Swedish Adjustable Gastric Banding (SAGB) for morbid obesity: 9
year experience and a 4-year follow-up of patients operated with a new adjustable band.
Obesity surgery. 1997;7(4):345-51.

Angrisani L, Santonicola A, lovino P, Vitiello A, Higa K, Himpens J, et al. IFSO Worldwide
Survey 2016: Primary, Endoluminal, and Revisional Procedures. Obesity surgery.
2018;28(12):3783-94.

Welbourn R, Hollyman M, Kinsman R, Dixon J, Liem R, Ottosson J, et al. Bariatric Surgery
Worldwide: Baseline Demographic Description and One-Year Outcomes from the Fourth IFSO
Global Registry Report 2018. Obesity surgery. 2018.

Poelemeijer YQM, Liem RSL, Vage V, Mala T, Sundbom M, Ottosson J, et al. Gastric Bypass
Versus Sleeve Gastrectomy: Patient Selection and Short-term Outcome of 47,101 Primary
Operations from the Swedish, Norwegian, and Dutch National Quality Registries. Ann Surg.
2019.

Carrano FM, Peev MP, Saunders JK, Melis M, Tognoni V, Di Lorenzo N. The Role of Minimally
Invasive and Endoscopic Technologies in Morbid Obesity Treatment: Review and Critical
Appraisal of the Current Clinical Practice. Obesity surgery. 2020;30(2):736-52.

Hofso D, Fatima F, Borgeraas H, Birkeland Kl, Gulseth HL, Hertel JK, et al. Gastric bypass
versus sleeve gastrectomy in patients with type 2 diabetes (Oseberg): a single-centre, triple-
blind, randomised controlled trial. The lancet Diabetes & endocrinology. 2019;7(12):912-24.
Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Aminian A, Brethauer SA, et al. Bariatric Surgery
versus Intensive Medical Therapy for Diabetes - 5-Year Outcomes. N Engl J Med.
2017;376(7):641-51.

Pareek M, Schauer PR, Kaplan LM, Leiter LA, Rubino F, Bhatt DL. Metabolic Surgery: Weight
Loss, Diabetes, and Beyond. J Am Coll Cardiol. 2018;71(6):670-87.

Quercia |, Dutia R, Kotler DP, Belsley S, Laferrere B. Gastrointestinal changes after bariatric
surgery. Diabetes Metab. 2014;40(2):87-94.

Andersen JR, Hernaes UJ, Hufthammer KO, Vage V. Employment status and sick-leave
following obesity surgery: a five-year prospective cohort study. Peer). 2015;3:e1285.

Vage V, Gasdal R, Laukeland C, Sletteskog N, Behme J, Berstad A, et al. The biliopancreatic
diversion with a duodenal switch (BPDDS): how is it optimally performed? Obesity surgery.
2011;21(12):1864-9.

54



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Aasprang A, Andersen JR, Vage V, Kolotkin R, Natvig GK. Ten-year changes in health-related
quality of life after biliopancreatic diversion with duodenal switch. Surgery for obesity and
related diseases : official journal of the American Society for Bariatric Surgery.
2016;12(8):1594-600.

Aaseth E, Fagerland MW, Aas AM, Hewitt S, Risstad H, Kristinsson J, et al. Vitamin
concentrations 5 years after gastric bypass. Eur J Clin Nutr. 2015;69(11):1249-55.

Hogestol IK, Chahal-Kummen M, Eribe I, Brunborg C, Stubhaug A, Hewitt S, et al. Chronic
Abdominal Pain and Symptoms 5 Years After Gastric Bypass for Morbid Obesity. Obesity
surgery. 2017;27(6):1438-45.

Nestvold TK, Nielsen EW, Ludviksen JK, Fure H, Landsem A, Lappegard KT. Lifestyle changes
followed by bariatric surgery lower inflammatory markers and the cardiovascular risk factors
C3 and C4. Metab Syndr Relat Disord. 2015;13(1):29-35.

Strommen M, Kulseng B, Vedul-Kjelsas E, Johnsen H, Johnsen G, Marvik R. Bariatric surgery or
lifestyle intervention? An exploratory study of severely obese patients' motivation for two
different treatments. Obes Res Clin Pract. 2009;3(4):193-201.

Giske L, Lauvrak V, Elvsaas IKO, Hofmann B, Havelsrud K, Vang V, et al. NIPH Systematic
Reviews: Executive Summaries. Long Term Effects of Bariatric Surgery. Oslo, Norway:
Knowledge Centre for the Health Services at The Norwegian Institute of Public Health (NIPH)

Copyright (c)2014 by The Norwegian Institute of Public Health (NIPH). 2014.

SOREG. SOReg Norway-Sweden Second joint report: 2017 - 2018 https://helse-
bergen.no/seksjon/soreg/Documents/Felles%20arsrapport%20med%20Sverige%202017%20
08%202018.pdf.

Angrisani L, Santonicola A, lovino P, Formisano G, Buchwald H, Scopinaro N. Bariatric Surgery
Worldwide 2013. Obesity surgery. 2015;25(10):1822-32.

Sundbom M. Comment on: Long-term outcomes after Roux-en-Y gastric bypass: 10-13 year
data. Surgery for obesity and related diseases : official journal of the American Society for
Bariatric Surgery. 2016;12(1):20-2.

Courcoulas AP, Yanovski SZ, Bonds D, Eggerman TL, Horlick M, Staten MA, et al. Long-term
outcomes of bariatric surgery: a National Institutes of Health symposium. JAMA surgery.
2014;149(12):1323-9.

Peterli R, Wolnerhanssen BK, Peters T, Vetter D, Kroll D, Borbely Y, et al. Effect of
Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux-en-Y Gastric Bypass on Weight Loss
in Patients With Morbid Obesity: The SM-BOSS Randomized Clinical Trial. JAMA.
2018;319(3):255-65.

Salminen P, Helmio M, Ovaska J, Juuti A, Leivonen M, Peromaa-Haavisto P, et al. Effect of
Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux-en-Y Gastric Bypass on Weight Loss
at 5 Years Among Patients With Morbid Obesity: The SLEEVEPASS Randomized Clinical Trial.
JAMA. 2018;319(3):241-54.

Sjostrom 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):219-
34,

Sjostrom L, Peltonen M, Jacobson P, Ahlin S, Andersson-Assarsson J, Anveden A, et al.
Association of bariatric surgery with long-term remission of type 2 diabetes and with
microvascular and macrovascular complications. JAMA. 2014;311(22):2297-304.

Sjostrom L, Peltonen M, Jacobson P, Sjostrom CD, Karason K, Wedel H, et al. Bariatric surgery
and long-term cardiovascular events. JAMA. 2012;307(1):56-65.

Karlsson J, Taft C, Ryden A, Sjostrom L, Sullivan M. 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):1248-61.

Adams TD, Davidson LE, Litwin SE, Kim J, Kolotkin RL, Nanjee MN, et al. Weight and Metabolic
Outcomes 12 Years after Gastric Bypass. N Engl J Med. 2017;377(12):1143-55.

55



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Adams TD, Davidson LE, Litwin SE, Kolotkin RL, LaMonte MJ, Pendleton RC, et al. Health
benefits of gastric bypass surgery after 6 years. JAMA. 2012;308(11):1122-31.

Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC, Rosamond WD, et al. Long-term
mortality after gastric bypass surgery. N Engl J Med. 2007;357(8):753-61.

Kolotkin RL, Kim J, Davidson LE, Crosby RD, Hunt SC, Adams TD. 12-year trajectory of health-
related quality of life in gastric bypass patients versus comparison groups. Surgery for obesity
and related diseases : official journal of the American Society for Bariatric Surgery. 2018.
Brethauer SA, Kim J, El Chaar M, Papasavas P, Eisenberg D, Rogers A, et al. Standardized
outcomes reporting in metabolic and bariatric surgery. Obesity surgery. 2015;25(4):587-606.
Fried M, Yumuk V, Oppert JM, Scopinaro N, Torres AJ, Weiner R, et al. Interdisciplinary
European Guidelines on metabolic and bariatric surgery. Obesity facts. 2013;6(5):449-68.
Fisher DP, Johnson E, Haneuse S, Arterburn D, Coleman KJ, O'Connor PJ, et al. Association B
etween Bariatric Surgery and Macrovascular Disease Outcomes in Patients With Type 2
Diabetes and Severe Obesity. JAMA. 2018;320(15):1570-82.

Miras AD, Kamocka A, Patel D, Dexter S, Finlay |, Hopkins JC, et al. Obesity surgery makes
patients healthier and more functional: real world results from the United Kingdom National
Bariatric Surgery Registry. Surgery for obesity and related diseases : official journal of the
American Society for Bariatric Surgery. 2018;14(7):1033-40.

Eriksson Hogling D, Backdahl J, Thorell A, Ryden M, Andersson DP. Metabolic Impact of Body
Fat Percentage Independent of Body Mass Index in Women with Obesity Remission After
Gastric Bypass. Obesity surgery. 2019.

Fischer L, Nickel F, Sander J, Ernst A, Bruckner T, Herbig B, et al. Patient expectations of
bariatric surgery are gender specific--a prospective, multicenter cohort study. Surgery for
obesity and related diseases : official journal of the American Society for Bariatric Surgery.
2014;10(3):516-23.

Karmali S, Kadikoy H, Brandt ML, Sherman V. What is my goal? Expected weight loss and
comorbidity outcomes among bariatric surgery patients. Obesity surgery. 2011;21(5):595-
603.

Pearl RL, Wadden TA, Walton K, Allison KC, Tronieri JS, Williams NN. Health and appearance:
Factors motivating the decision to seek bariatric surgery. Surgery for obesity and related
diseases : official journal of the American Society for Bariatric Surgery. 2019.

Andersen JR, Aasprang A, Karlsen Tl, Natvig GK, Vage V, Kolotkin RL. Health-related quality of
life after bariatric surgery: a systematic review of prospective long-term studies. Surgery for
obesity and related diseases : official journal of the American Society for Bariatric Surgery.
2015;11(2):466-73.

Jylha M. What is self-rated health and why does it predict mortality? Towards a unified
conceptual model. Soc Sci Med. 2009;69(3):307-16.

Burstrom B, Fredlund P. Self rated health: Is it as good a predictor of subsequent mortality
among adults in lower as well as in higher social classes? J Epidemiol Community Health.
2001;55(11):836-40.

Harris SE, Hagenaars SP, Davies G, David Hill W, Liewald DCM, Ritchie SJ, et al. Molecular
genetic contributions to self-rated health. Int J Epidemiol. 2017;46(3):994-1009.

Lekander M, Elofsson S, Neve IM, Hansson LO, Unden AL. Self-rated health is related to levels
of circulating cytokines. Psychosom Med. 2004;66(4):559-63.

Moor I, Spallek J, Richter M. Explaining socioeconomic inequalities in self-rated health: a
systematic review of the relative contribution of material, psychosocial and behavioural
factors. J Epidemiol Community Health. 2017;71(6):565-75.

Bailis DS, Segall A, Chipperfield JG. Two views of self-rated general health status. Soc Sci Med.
2003;56(2):203-17.

Picard M, Juster R-P, Sabiston CM. Is the whole greater than the sum of the parts? Self-rated
health and transdisciplinarity. Health (N Y). 2013;Vol.05N0.12:7.

56



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

O'Brien PE, Hindle A, Brennan L, Skinner S, Burton P, Smith A, et al. Long-Term Outcomes
After Bariatric Surgery: a Systematic Review and Meta-analysis of Weight Loss at 10 or More
Years for All Bariatric Procedures and a Single-Centre Review of 20-Year Outcomes After
Adjustable Gastric Banding. Obesity surgery. 2019;29(1):3-14.

van de Laar AW. Algorithm for weight loss after gastric bypass surgery considering body mass
index, gender, and age from the Bariatric Outcome Longitudinal Database (BOLD). Surgery for
obesity and related diseases : official journal of the American Society for Bariatric Surgery.
2014;10(1):55-61.

van de Laar AW, de Brauw M, Bruin SC, Acherman YI. Weight-Independent Percentile Chart
of 2880 Gastric Bypass Patients: a New Look at Bariatric Weight Loss Results. Obesity surgery.
2016;26(12):2891-8.

Grover BT, Morell MC, Kothari SN, Borgert AJ, Kallies KJ, Baker MT. Defining Weight Loss
After Bariatric Surgery: a Call for Standardization. Obesity surgery. 2019;29(11):3493-9.

King WC, Hinerman AS, Belle SH, Wahed AS, Courcoulas AP. Comparison of the Performance
of Common Measures of Weight Regain After Bariatric Surgery for Association With Clinical
Outcomes. JAMA. 2018;320(15):1560-9.

Laurenius A, Naslund I, Sandvik J, Videhult P, Wiren M. Lakartidningen. 2018;115.

Madan AK, Frantzides CT. Triple-stapling technique for jejunojejunostomy in laparoscopic
gastric bypass. Arch Surg. 2003;138(9):1029-32.

Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care. 1992;30(6):473-83.

Holseter C, Dalen JD, Krokstad S, Eikemo TA. Self-rated health and mortality in different
occupational classes and income groups in Nord-Trondelag County, Norway. Tidsskr Nor
Laegeforen. 2015;135(5):434-8.

Berg A. Untold stories of living with a bariatric body: long-term experiences of weight-loss
surgery. Sociol Health Ilin. 2019.

Coulman KD, MacKichan F, Blazeby JM, Owen-Smith A. Patient experiences of outcomes of
bariatric surgery: a systematic review and qualitative synthesis. Obes Rev. 2017;18(5):547-59.
Adil MT, Jain V, Rashid F, Al-Taan O, Whitelaw D, Jambulingam P. Meta-analysis of the effect
of bariatric surgery on physical function. Br J Surg. 2018;105(9):1107-18.

Gribsholt SB, Pedersen AM, Svensson E, Thomsen RW, Richelsen B. Prevalence of Self-
reported Symptoms After Gastric Bypass Surgery for Obesity. JAMA surgery.
2016;151(6):504-11.

Gribsholt SB, Svensson E, Richelsen B, Raundahl U, Sorensen HT, Thomsen RW. Rate of Acute
Hospital Admissions Before and After Roux-en-Y Gastric Bypass Surgery: A Population-based
Cohort Study. Ann Surg. 2018;267(2):319-25.

Maciejewski ML, Arterburn DE, Van Scoyoc L, Smith VA, Yancy WS, Jr., Weidenbacher HJ, et
al. Bariatric Surgery and Long-term Durability of Weight Loss. JAMA surgery.
2016;151(11):1046-55.

Bruze G, Ottosson J, Neovius M, Naslund I, Marsk R. Hospital admission after gastric bypass: a
nationwide cohort study with up to 6 years follow-up. Surgery for obesity and related
diseases : official journal of the American Society for Bariatric Surgery. 2017;13(6):962-9.
Haddad D, David A, Abdel-Dayem H, Socci N, Ahmed L, Gilet A. Abdominal imaging post
bariatric surgery: predictors, usage and utility. Surgery for obesity and related diseases :
official journal of the American Society for Bariatric Surgery. 2017;13(8):1327-36.

Altieri MS, Pryor AD, Telem DA, Hall K, Brathwaite C, Zawin M. Algorithmic approach to
utilization of CT scans for detection of internal hernia in the gastric bypass patient. Surgery
for obesity and related diseases : official journal of the American Society for Bariatric Surgery.
2015;11(6):1207-11.

Farukhi MA, Mattingly MS, Clapp B, Tyroch AH. CT Scan Reliability in Detecting Internal
Hernia after Gastric Bypass. JSLS. 2017;21(4).

57



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

lannuccilli JD, Grand D, Murphy BL, Evangelista P, Roye GD, Mayo-Smith W. Sensitivity and
specificity of eight CT signs in the preoperative diagnosis of internal mesenteric hernia
following Roux-en-Y gastric bypass surgery. Clin Radiol. 2009;64(4):373-80.

Karila-Cohen P, Cuccioli F, Tammaro P, Pelletier AL, Gero D, Marmuse JP, et al. Contribution
of Computed Tomographic Imaging to the Management of Acute Abdominal Pain after
Gastric Bypass: Correlation Between Radiological and Surgical Findings. Obesity surgery.
2017;27(8):1961-72.

Aghajani E, Nergaard BJ, Leifson BG, Hedenbro J, Gislason H. The mesenteric defects in
laparoscopic Roux-en-Y gastric bypass: 5 years follow-up of non-closure versus closure using
the stapler technique. Surgical endoscopy. 2017.

Geubbels N, Roell EA, Acherman YI, Bruin SC, van de Laar AW, de Brauw LM. Internal
Herniation After Laparoscopic Roux-en-Y Gastric Bypass Surgery: Pitfalls in Diagnosing and
the Introduction of the AMSTERDAM Classification. Obesity surgery. 2016;26(8):1859-66.
Kristensen SD, Jess P, Floyd AK, Eller A, Engberg A, Naver L. Internal herniation after
laparoscopic antecolic Roux-en-Y gastric bypass: a nationwide Danish study based on the
Danish National Patient Register. Surgery for obesity and related diseases : official journal of
the American Society for Bariatric Surgery. 2016;12(2):297-303.

Stenberg E, Szabo E, Agren G, Ottosson J, Marsk R, Lonroth H, et al. Closure of mesenteric
defects in laparoscopic gastric bypass: a multicentre, randomised, parallel, open-label trial.
Lancet. 2016;387(10026):1397-404.

Madan AK, Lo Menzo E, Dhawan N, Tichansky DS. Internal Hernias and Nonclosure of
Mesenteric Defects During Laparoscopic Roux-en-Y Gastric Bypass. Obesity surgery.
2009;19(5):549-52.

Munier P, Alratrout H, Siciliano I, Keller P. Bidirectional Jejunojejunal Anastomosis Prevents
Early Small Bowel Obstruction Due to the Kinking After Closure of the Mesenteric Defect in
the Laparoscopic Roux-en-Y Gastric Bypass. Obesity surgery. 2018.

Leyva-Alvizo A, Arredondo-Saldana G, Leal-Isla-Flores V, Romanelli J, Sudan R, Gibbs KE, et al.
Systematic review of management of gallbladder disease in patients undergoing minimally
invasive bariatric surgery. Surgery for obesity and related diseases : official journal of the
American Society for Bariatric Surgery. 2019.

Mechanick JI, Apovian C, Brethauer S, Garvey WT, Joffe AM, Kim J, 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 & BARIATRIC
SURGERY, OBESITY MEDICINE ASSOCIATION, AND AMERICAN SOCIETY OF
ANESTHESIOLOGISTS. Endocr Pract. 2019.

Flolo TN, Tell GS, Kolotkin RL, Aasprang A, Norekval TM, Vage V, et al. Changes in quality of
life 5 years after sleeve gastrectomy: a prospective cohort study. BMJ open.
2019;9(9):e031170.

Kolotkin RL, Williams VSL, Ervin CM, Williams N, Meincke HH, Qin S, et al. Validation of a new
measure of quality of life in obesity trials: Impact of Weight on Quality of Life-Lite Clinical
Trials Version. Clinical obesity. 2019;9(3):e12310.

Biering K, Nielsen TT, Rasmussen K, Niemann T, Hjollund NH. Return to work after
percutaneous coronary intervention: the predictive value of self-reported health compared
to clinical measures. PLoS One. 2012;7(11):e49268.

Lindberg MF, Rustoen T, Miaskowski C, Rosseland LA, Lerdal A. The relationship between
pain with walking and self-rated health 12 months following total knee arthroplasty: a
longitudinal study. BMC Musculoskelet Disord. 2017;18(1):75.

Perneger T, Lubbeke A. The paradox of self-rated health following joint replacement surgery.
Qual Life Res. 2018.

58



134.

135.

136.

137.
138.

139.

140.

Schootman M, Deshpande AD, Pruitt S, Aft R, Jeffe DB. Estimated effects of potential
interventions to prevent decreases in self-rated health among breast cancer survivors. Ann
Epidemiol. 2012;22(2):79-86.

Fayers PM, Sprangers MA. Understanding self-rated health. Lancet. 2002;359(9302):187-8.
Layes A, Asada Y, Kepart G. Whiners and deniers - what does self-rated health measure? Soc
Sci Med. 2012;75(1):1-9.

Camaschella C. Iron-deficiency anemia. N Engl J Med. 2015;372(19):1832-43.

Benotti PN, Wood GC, Still CD, Gerhard GS, Rolston DD, Bistrian BR. Metabolic surgery and
iron homeostasis. Obes Rev. 2019;20(4):612-20.

Dziegala M, Josiak K, Kasztura M, Kobak K, von Haehling S, Banasiak W, et al. Iron deficiency
as energetic insult to skeletal muscle in chronic diseases. Journal of cachexia, sarcopenia and
muscle. 2018;9(5):802-15.

Gesquiere |, Lannoo M, Augustijns P, Matthys C, Van der Schueren B, Foulon V. Iron
deficiency after Roux-en-Y gastric bypass: insufficient iron absorption from oral iron
supplements. Obesity surgery. 2014;24(1):56-61.

59



Paper 1
High- Frequency of Computer Tomography and Surgery for Abdominal Pain After Roux-en-Y Gastric Bypass.
Is not included due to copyrirght
available in
Obesity Surgery 2018 ;Volum 28.(9) s. 2609-2616
https://doi.org/10.1007/s11695-018-3223-y
and in NTNU Open
http://hdl.handle.net/11250/2585366

60



Original article

Open Access,

Assessment of self-rated health 5years after Roux-en-Y gastric

bypass for severe obesity

J. Sandvik!>*@, T. Hole!’, C. A. Kléckner>’, B. E. Kulseng?* and A. Wibe*¢

IClinic of Medicine and Rehabilitation, Mere and Romsdal Hospital Trust, Aalesund, and >Centre for Obesity, Department of Surgery, and * Department
of Surgery, St Olav Hospital, Trondheim University Hospital, and *Obesity Research Group, Department of Clinical and Molecular Medicine, *Faculty
of Medicine and Health Sciences, Department of Clinical and Molecular Medicine, and "Department of Psychology, Norwegian University of Science

and Technology, Trondheim, Norway

Correspondence to: Dr J. Sandvik, Clinic of Medicine and Rehabilitation, More and Romsdal Hospital Trust, Aasehaugen 1, 6026 Aalesund, Norway

(e-mail: jorunn.sandvik@stolav.no)

Background: Patients’ perceptions of health change after bariatric surgery are complex. The aim of this
study was to explore whether self-rated health (SRH), a widely used tool in public health research, might
be relevant as an outcome measure after Roux-en-Y gastric bypass (RYGB) for severe obesity.

Methods: This was a single-centre retrospective study of a local quality registry. SRH score was
registered at baseline and 5 years after RYGB. SRH, one of the 36 items in the quality-of-life Short Form
36 (SF-36®) questionnaire, is the answer to this single question: ‘In general, would you say your health
is excellent (1), very good (2), good (3), fair (4) or poor (5)?’ Change in SRH was analysed in relation to
change in weight, co-morbidities and quality of life after 5 years.

Results: Of a total of 359 patients who underwent RYGB between September 2006 and February 2011,
233 (64-9 per cent) reported on SRH before and 5years after surgery. Of these, 180 (77-3 per cent)
were women, and the mean(s.d.) age was 40(9) years. Some 154 patients (66-1 per cent) reported an
improvement in SRH, 60 (25-8 per cent) had no change, and SRH decreased in 19 patients (8-2 per cent).
SRH in improvers was related to better scores in all SF-36® domains, whereas SRH in non-improvers
was related to unchanged or worsened scores in all SF-36® domains except physical function.
Conclusion: Two-thirds of patients reported improved SRH 5 years after RYGB for severe obesity. In

view of its simplicity, SRH may be an easy-to-use outcome measure in bariatric surgery.

Funding information

More and Romsdal Hospital Trust, grant number P-101618-01

Paper accepted 14 August 2019

Published online in Wiley Online Library (www.bjsopen.com). DOI: 10.1002/bjs5.50223

Introduction

The patent’s experience of improvement in general
health is the ultimate goal for all medical treatment. The
perception of health has several aspects, and the WHO
defines health as ‘a state of complete physical, mental and
social well-being and not merely the absence of disease or
infirmity’!. As severe obesity and bariatric surgery affect
all of these aspects, and the most important factors moti-
vating patients to consider seeking bariatric surgery are
physical health and longevity>?, measuring weight change
alone seems insufficient to evaluate the global effect of this
treatment.

Generic as well as disease-specific tools have been used
to evaluate change in quality of life (QoL) after bariatric
surgery*. Generally, these measures are comprehensive

© 2019 The Authors. B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

and time-consuming, and more useful in research than in
clinical settings. An association between improvement in
QoL and objective improvement in health has not been
documented.

Self-rated health (SRH) is a person’s subjective evalu-
ation of their general health, expressed as the answer to
the question: ‘In general, would you say your health is
excellent, very good, good, fair, or poor?”>~%. In public
health surveys and sociological research, SRH has been
the most widely used health indicator since the 1950s’.
Owing to its simplicity, SRH has proved to be a more
valid and powerful predictor of morbidity, mortality and
healthcare use than more comprehensive self-reporting
instruments and objective biometric measures predicting
future health'~!2. Interpreted as a spontaneous subjective
assessment of a person’s health status, SRH is regarded as

B7S Open
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Table 1 Patient characteristics
SRH improvers (n = 154) SRH non-improvers (n = 79) Py

Age (years)* 39-9(9-0) 39-5(9-1) 0-711
Sex ratio (F: M) 115:39 65:14 0-190%
BMI (kg/m?)*

At baseline 43-2(5-1) 43-8(4-7) 0-374

Nadir 27.7(3-9) 27.7(4-0) 0-993

At 5years 30.5(4.9) 31.8(5-2) 0.057
Weight (kg)*

At baseline 124.9(18-7) 126-1(19-6) 0-634

Nadir 79-6(13-8) 79-3(15-8) 0-885

At 5years 88-3(17-0) 92.0(20-7) 0-138
BMI < 35kg/m?

At 1year 140 (90-9) 69 (87) 0396

At 5years 121 (78-6) 58 (73) 0-377%
%EWL > 50% at 5years 124 (80-5) 58 (73) 0-215%
%EWL at 5years* 71.0(23.9) 64-3(23-9) 0-044
%EBMIL at 5years* 71-6(24.0) 65-0(24-5) 0-049
%TWL at 5years* 29-2(9-6) 27-2(10-3) 0-132
Change in BMI at 5years (kg/m?)* 12.7(4-9) 12-0(5-0) 0-295
Change in BMI from nadir to 5years (kg/m?)* 2-8(2-5) 4-0(2-7) 0-001
Change in weight from nadir to 5years (kg)* 8.7(7-0) 12:0(8-2) 0-002
Weight regain (% of maximum weight loss)* 20-0(18-4) 26-6(18-0) 0-010
Type 2 diabetes mellitus

At baseline 28(18-2) 10 (13) 0-280%

Remission at 5 years 21 6 0-369
Hypertension at baseline 40 (26-0) 18 (23) 0-5943
Hyperlipidaemia 22 (14-3) 709 0-235%
Sleep apnoea at baseline 40 (26-0) 16 (20) 0-333%
Musculoskeletal pain at baseline 118 (76-6) 61 (77) 0-786%
Smoking at baseline 50 (32-5) 14 (18) 0-019%
Abdominal operations after RYGB 39 (25-3) 18 (23) 0-669%
Internal herniation after RYGB 22 (14-3) 4 (5) 0-034:
Cholecystectomy after RYGB 12 (7-8) 7(9) 0.778%
Abdominal excess skin removal after RYGB 75 (48-7) 37 (47) 0-787%
Births after RYGB 17 of 115 (14-8) 5 of 65 (8) 0-163%
SRH score*

At baseline 3.83(0-76) 3.14(0-76) <0-001

At 5years 2.25(0-77) 3.43(0-89) <0-001

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). % EWL, percentage excess weight loss; %EBMIL, percentage
excess BMI loss; % TWL, percentage total weight loss; RYGB, Roux-en-Y gastric bypass. tPaired # test, except )’ test.

the most precise measure of actual experienced health!?.
Public health surveys from different countries and social
contexts have documented a relationship between SR
and genetic factors, inflammation and allostatic load,
indicating a connection between SRH and biological
processesm_w.

People suffering from severe obesity report lower SRH
than the non-obese, even in the absence of chronic
disease?’. However, despite many advantages, bariatric
surgery also has some adverse effects’ =2*. As a general

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

measure of perceived health, SRH might express the sum
of positive and negative aspects of life as experienced
by patients in the aftermath of the surgical procedure?.
Nevertheless, there appear to be no publications on change
in SRH after bariatric surgery.

The present study explored whether SRH, a patient-
reported, simple and robust instrument from public
health research, is applicable as an outcome measure
in bariatric surgery. The primary aim of the study was
to evaluate change in SRH from before to 5years after

www.bjsopen.com B7S Open
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Fig. 1 Change in self-rated health from baseline to 5 years after Roux-en-Y gastric bypass for severe obesity
@ Improved SRH O No change in SRH B Decrease in SRH
5 years
Baseline Excellent Very good| Good Fair Poor Total
Excellent 0 0 0 0 0 0
Very good 3 11 0 0 17
Good €l 36 30 89
Fair 7 37 37 15 98
Poor 4 4 9 8 4 29
Total 23 88 79 33 10 233
SRH, self-rated health.
Fig. 2 Self-rated health before and 5 years after Roux-en-Y gastric bypass
120 - B Baseline
100 - @ At5years
2
5 e
®
2 60
o
2 40
° I h
I I I I
Excellent Very good Good Fair Poor
Self-rated health

Roux-en-Y gastric bypass (RYGB) for severe obesity. The
secondary aim was to explore the relationship between
change in SRH to weight loss, co-morbidity and change
in QoL.

Methods

This study is a retrospective analysis of patients who had
RYGB at Aalesund Hospital, a public, non-academic, sec-
ondary referral centre covering a population of 260000
in Norway. The indication for RYGB was a BMI above
40 kg/m? or a BMI above 35 kg/m? with obesity-related
co-morbidity in an adult population. The SRH response
was collected as part of the Short Form 36 (SF-36®;
QualityMetric, Lincoln, Rhode Island, USA) questionnaire
about 1 month before the operation, at the end of a pre-
operative education day?S. Answers had no influence on
the decision regarding whether the patient would have the
operation or not.

SRH is the first question of the SF-36®, and the version
used in this study was the Norwegian translation of the

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

question and alternative answers: ‘In general, would you
say your health is (1) excellent, (2) very good, (3) good, (4)
fair or (5) poor?’.

Data for all patients who had RYGB at Aalesund
Hospital between September 2006 and February 2011
were collected prospectively in a local quality registry,
and data from routine visits at 6 weeks and 6, 12, 18,
24, 36, 48 and 60months after surgery were updated
to January 2018. Participation in postoperative sup-
port groups, adverse events, plastic surgery and new
symptoms related to the bariatric procedure were also
registered.

The difference between baseline SRH scores and scores
at 5years was calculated, and the change in SRH was
categorized as improvement, no change, or a decrease.

Weight development from baseline through 5 years was
reported by standard measures: percentage excess weight
loss (%EWL), percentage excess BMI loss (%EBMIL),
percentage total weight loss (% TWL) and change in
BMI*". Weight regain, from nadir weight occurring
between 1 and 2 years after surgery to 5 years, was reported

B7S Open
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Table 2 Change in SF-36® domain scores among improvers and non-improvers at baseline and 5 years after Roux-en-Y gastric bypass
Baseline 5years
SF-36® domain Improvers Non-improvers Py Improvers Non-improvers Pt
Physical function 57-4(20-1) 62-6(20-7) 0-065 93-4(13.0) 80-9(21-2) <0-001*
Role physical 41.0(35-3) 52.2(38-4) 0-026 84.2(31-8) 57-6(40-1) <0-001
Bodily pain 48.8(23-5) 54.5(28-9) 0-149 71.2(27-6) 49.7(27-7) <0-001
General health 44.5(20-1) 57-5(18-7) <0-001 81.8(17-3) 60-0(23-4) <0-001
Vitality 36-3(16-82 45-1(18-9) <0-001 57-1(21-5) 41-2(23.9) <0-001
Social function 67-0(25-9) 76-1(23-3) 0-007 86-4(20-7) 76-1(26-1) 0-003
Role emotional 71.2(36-1) 77-9(33-2) 0137 82.6(33-3) 69-0(43-6) 0-019
Mental health 69-7(15-4) 75-2(14.7) 0-008 79-2(16-6) 70-6(19-2) 0-001

Values are mean(s.d.). *At 5 years, the scores for physical function were not normally distributed; the median (i.q.r.) score for improvers was 95 (95-100)

and that for non-improvers 90 (75-95) (P <0-001, Mann—-Whitney U test). {Paired 7 test.

Table 3 Change in SF-36® domains from baseline to 5 years after Roux-en-Y gastric bypass in improvers and non-improvers
Improvers Non-improvers
SF-36® domain Baseline Syears P* Baseline Syears P*
Physical function 57-4(20-1) 93-3(13-0) <0-001 62-6(20-7) 80-9(21-2) <0-001
Role physical 41.0(35-3) 84-2(31-8) <0-001 52.2(38-4) 57-6(40-1) 0-314
Bodily pain 48-8(23-6) 71-2(27-6) <0-001 54.5 (28-9) 49-7(27-7) 0-158
General health 44.5(20-2) 81.8(17-3) <0-001 57-5(18-8) 60-0(23-4) 0-271
Vitality 36-3(16-8) 57-1(21.5) <0-001 45.1(18.9) 41.2(23.9) 0-152
Social function 67-0(25-9) 86-4(20-7) <0-001 76-1(23-3) 76-1(26-1) 1.000
Role emotional 71-2(36-1) 82-6(33-3) 0-003 77-9(33-2) 69-1(43-6) 0-094
Mental health 69-7(15-4) 79-2(16-6) <0-001 75-2(14-7) 70-6(19-2) 0.017
Values are mean(s.d.). *Paired 7 test.
as change in BMI and percentage of maximum weight  Results

loss?®

The study was approved by the Regional Ethics Com-
mittee (REK 2016/331) and by the local Data Protection
Officer.

Statistical analysis

Categorical variables are given as proportions. All but
one of the continuous variables (SF-36® physical function
sum-score) were normally distributed and are given as
mean(s.d.) values. SRH acts as a categorical as well as a
continuous variable. Pearson’s y’ test was performed for
comparison of categorical variables, and independent and
paired 7 tests were performed for comparison of continuous
variables. Multiple logistic regression analysis was used to
explore whether baseline variables could predict changes in
SRH. P <0-050 was considered statistically significant for
all analyses. All analyses were performed using IBM SPSS®
version 23 (IBM, Armonk, New York, USA).

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

A total of 359 patients underwent laparoscopic RYGB as a
primary bariatric procedure between September 2006 and
February 2011. At baseline, 339 patients completed the
SF-36® questionnaire. After the operation, 322 patients
(89-7 per cent) attended the 5-year follow-up visit, of
whom 242 completed an identical questionnaire. There
were complete baseline and postoperative SF-36® data, as
well as clinical information on weight, co-morbidity, com-
plications and blood test results, for 233 patients, repre-
senting 64-9 per cent of patients undergoing RYGB at this
hospital in the study period.

Of the 233 patients who formed the study cohort, 180
were women (77-3 per cent) and 53 were men (22-7 per
cent). All participants were Norwegian/Caucasian by eth-
nicity. At baseline, their mean(s.d.) age was 40(9) years and
BMI was 43-4(5) kg/m?. Nadir BMI was 27-7(4) kg/m?, and
BMI at 5 years was 30-9(5) kg/m?. Details of co-morbidity
at baseline are shown in Table 1.

B7S Open
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Fig. 3 Change in SF-36® domains among non-improvers and
improvers from baseline to 5years after Roux-en-Y gastric
bypass for severe obesity

a Change in SF-36° domains at 5 years in non-improvers

Baseline

At 5 years

Physical function
100

Mental health 80 Role physical

Role emotional Bodily pain

Social function General health

Vitality

b Change in SF-36° domains at 5 years in improvers

Physical function

Mental health Role physical

Role emotional

Bodily pain

Social function General health

Vitality

a Self-rated health (SRH) non-improvers and b SRH improvers.

Mean(s.d.) preoperative SRH was 3-6(0-8), correspond-
ing to a level between ‘good’ and ‘fair’. No patient reported
excellent health at baseline, but 17 (7-3 per cent) reported
very good SRH, 89 (38-2 per cent) good, 98 (42-1 per cent)
fair and 29 (12-4 per cent) poor SRH (Fig. I). At 5years,
mean(s.d.) SRH was 2-7(1-0), corresponding to a level
between good and very good; 23 (9-9 per cent) reported
excellent, 88 (37-8 per cent) very good, 79 (33-9 per cent)
good, 33 (14-2 per cent) fair and ten (4-3 per cent) poor
SRH (Figs I and 2). The proportion reporting fair or poor
SRH at baseline was 54-5 per cent (127 of 233), compared
with 18-5 per cent (43 of 233) at 5 years.

In terms of individual changes in SRH, 154 patients (66-1
per cent) had a better SRH score at 5 years, 60 (25-8 per
cent) had no change, and 19 (8-2 per cent) had a decrease
in SRH score (Fig. I). As the number with decreased SRH
was low, the variable ‘change in SRH’ was dichotomized to

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

improvers and non-improvers by merging the no change
and decrease categories.

There were no differences between improvers and
non-improvers in terms of age, sex, weight-related
co-morbidity, or baseline weight and BMI (Zable I).
At Syears, mean(s.d.) %EWL was 71-0(23-9) per cent
for improvers and 64-3(23-9) per cent for non-improvers
(P =0-044), and %EBMIL was 71-6(24-0) and 65-0(24-5)
per cent respectively (P = 0-049). There was no significant
difference in % TWL (29-2(9-6) per cent for improvers
and 27-2(10-3) per cent for non-improvers; P =0-132),
or change in BMI (12:7(4-9) wersus 12-0(5-0) kg/m?
respectively; P = 0-295) (Table I).

At Syears, mean(s.d.) BMI was 30-5(4-9) kg/m?
for improvers compared with 31-8(5-2) kg/m? for
non-improvers (P =0-057). Even though there was no
significant difference in BMI at 5 years, the improvers had
significantly lower weight regain from nadir to 5years
than non-improvers: 8-7(7-0) versus 12-0(8-2) kg respec-
tively (P =0-002), equivalent to a difference in BMI
of 1-2kg/m?>. Measured as weight regain in percent-
age of maximum weight loss, from their nadir weight
improvers had a weight regain of 20-0(18-4) per cent and
non-improvers 26-6(18-0) per cent (P = 0-010) (7able 1).

One of the success criteria for bariatric surgery is the
achievement of a postoperative BMI of less than 35 kg/m?.
In total, 179 patients (76-8 per cent) had a BMI of 35 kg/m?
or less at Syears. There was no significant relationship
between BMI below or above 35 kg/m? and change in SRH
(P=0-377).

Another criterion of success is %EWL of 50 per
cent or more, which occurred in 124 (80-5 per cent) of
improvers and 58 (73 per cent) of non-improvers at 5 years
(P =0-215). In multiple logistic regression analysis, none
of the baseline variables predicted change in SRH (data
not shown).

At baseline, improvers had worse sum-scores than
non-improvers for all SF-36® domains. However, this
difference was not significant for physical function
(P =0-065), bodily pain (P =0-149) or role emotional
(P=0-137). At 5years, the opposite relationship was
found, as sum-scores for improvers were significantly
better (P <0-050) than those for non-improvers for all
domains. For improvers, sum-scores at 5 years were bet-
ter than baseline scores for all eight SF-36® domains
(P <0-005). Non-improvers had better scores for physical
function (P <0-001) and worse scores in mental health
(P =0-017) at 5years compared with the baseline, but no
change in the other domains. Details on the relationship
between changes in SRH and the eight domains in SF-36®
are given in Tables 2 and 3, and Fig. 3.

www.bjsopen.com
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In terms of co-morbidity, none of the 19 patients with
decreased SRH at 5Syears had type 2 diabetes mellitus
(T2DM) before surgery. Of the 60 with no change in SRH,
ten (17 per cent) had T2DM at baseline and six of these
patients did not require medication at 5 years. Of the 154
patients with improved SRH, 28 (18-2 per cent) had T2DM
at baseline and 21 did not require medication at 5 years
(Tuble 1).

Abdominal surgery for suspected internal herniation
was more common among the improvers, but there was
no difference between improvers and non-improvers for
cholecystectomy, abdominal excess skin removal or births
(Tuble 1).

Discussion

Before RYGB, patients with severe obesity in the present
cohort reported SRH far below that in the general
population®’, but after Syears their scores were similar,
with 81-5 per cent reporting SRH as good, very good or
excellent.

QoL scores in SRH improvers were worse than those of
non-improvers at baseline, but they were better at 5 years.
Although improved SRH was related to better scores in
all SF-36® domains, non-improvement was related to
unchanged or worsened scores in all domains except physi-
cal function. None of the baseline characteristics predicted
in which patients perceived health would improve. In a
clinical context, these findings may indicate that patients
with severe obesity who perceive their health as poor have
more to gain from bariatric surgery than patients who per-
ceive their health as good. Moreover, in the long run SRH
can be interpreted as the result of the patients’ continuous
negotiation between the positive and negative effects of the
RYGB procedure on all aspects of life.

Tt terms of the relationship of SRH with weight loss, the
study found that the difference between SRH improvers
and non-improvers depended partly on the formula used:
%EWL and %EBMIL were better for improvers than for
non-improvers, but % TWL and change in BMI were not
different; and the proportion of patients attaining a BMI of
35kg/m? or less, or %EWL above 50 per cent at 5 years,
was similar for improvers and non-improvers. However,
non-improvers regained 3-3 kg more than improvers from
nadir to Syears after RYGB, a significant difference.
Whether this ‘marginal” weight regain reduced SRH, or
whether other health issues led to increased weight among
non-improvers, could not be explored further from the
available data.

Considering long-term outcomes, a meta-analysis*’
reported that health-related QoL improved in the first

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd
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year after bariatric surgery, declined after 2years and
stabilized at a level below that in the general population at
Syears and, compared with control groups with obesity,
improvement in both physical and mental health was
reported more than §years after surgery’!. Long-term
32734 of adults with severe obesity
have reported that, compared with usual care, bariatric
surgery is associated with a reduced rate of cardiovascular
events and deaths, but still with a higher mortality rate
than in the general population. The sample size in the
present study was too small and the observation time too
short to explore whether improved SRH after RYGB had
an effect on mortality and future morbidity.

The strengths of this study are the close follow-up and
complete registration for many variables from baseline to
Syears after the RYGB, and that patients reported on
SRH when they had long-term experience of the pos-
itive and negative effects of the surgery on their gen-
eral health status. Among the limitations of the study are
the small sample size, and that the SF-36® questionnaire
was not given to all patients who attended the 5-year
follow-up visit. In addition, the study did not consider
socioeconomic factors or life events that may have affected
SRH at baseline or during follow-up after the bariatric
procedure.

SRH, expressed by the answer to one single ques-
tion, seems relevant and valid as an outcome measure
for bariatric surgery, and in this observational study
RYGB for severe obesity resulted in improved SRH
in two-thirds of the patents. Focusing not only on

observational studies

weight, but also on health in general, might reduce the
stigma experienced by people with severe obesity con-
sidering or undergoing bariatric surgery. The increased
knowledge on what to expect from bariatric surgery will
be useful for patient education, their choice of treat-
ment, and their view of life after treatment for severe
obesity. In clinical use, SRH might replace more com-
prehensive QoL tools, and SRH scores can be used
to identify patients in need of closer follow-up after

surgery.
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