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ABSTRACT 

 
 
 
Globally, 500 million people are obese (body mass index [BMI] ≥30). In Sweden, 14% 
of the population is obese. Obesity is associated with an increased risk of mortality, 
cancer and several co morbidities. Bariatric surgery is the only treatment with 
documented long-term benefits, i.e. decreased mortality and co morbidities and 
sustainable weight loss. 
 
The aim of the thesis was to clarify effects of clinically relevant aspects of bariatric 
surgery and make comparisons with the general population of corresponding age, sex 
and calendar period. The included studies are nationwide Swedish population based 
retrospective cohort studies, comparing defined outcomes before and after bariatric 
surgery.  
 
Study I tested the hypothesis that the risk of obesity-related cancer decreases with 
increasing time after bariatric surgery. It included 13,123 patients who had undergone 
bariatric surgery in 1980-2006 in Sweden. Standardised incidence ratios (SIR) were 
calculated to assess risk. There was no overall decreased risk of cancer with increasing 
time after bariatric surgery (p for trend 0.4). Rather, the risk of colorectal cancer was 
increased with time after bariatric surgery (p=0.01).  
 
In study II, the risk of in-hospital care for obesity related diseases before and after 
bariatric surgery in 13,273 patients during 1980-2006 was compared to a matched 
random sample of 132,730 individuals from the general population. Preoperative 
incidence rate ratios (IRR) and postoperative hazard ratios (HR) were calculated. The 
postoperative risk of diabetes, myocardial infarction, hypertension, stroke and angina 
remained increased compared to the general population. The risk estimates for diabetes 
(HR 1.2, 95% CI 0.9-1.7) and myocardial infarction (HR 0.8, 0.4-1.5) were lower after 
gastric bypass than after restrictive bariatric procedures (HR 2.8, 96% CI 2.5-3.1 and 
HR 1.6, 95% CI 1.4-1.9, respectively). 
 
Study III assessed whether cholecystectomy is indicated as part of the bariatric surgery 
due to the known increased preoperative risk of gallstone formation. The need for 
cholecystectomy in a bariatric surgery cohort (n=13,443) during 1987-2008 was 
compared to the general population, and to two cohorts of patients who had undergone 
antireflux surgery (n=16,176) or appendectomy (n=154,751). An increased need for 
cholecystectomy after bariatric surgery was confirmed (SIR 5.5, 95% CI 5.1-5.8), but 
the absolute rate of cholecystectomy was low (8.5%) and the increased SIR after 
antireflux surgery (SIR 2.4, 95% CI 2.2-2.6) and appendectomy (SIR 1.7, 95% CI 1.6-
1.7) indicated detection bias.  
 
Study IV addressed the risk of hospital admission for psychiatric disorders, including 
substance- and alcohol abuse, before (IRR) and after (HR) bariatric surgery was 
compared to such admissions of the general population. The bariatric surgery cohort 
(n=12,277) during 1980-2006 was compared to a matched sample from the general 



population (n=122,770). Patients undergoing bariatric surgery were more likely to be 
hospitalised for all studied diagnoses prior to surgery compared to the general 
population, e.g. IRR of depression was 2.8 (95% CI 2.5-3.0). After gastric bypass, there 
was an increased risk of inpatient care for alcohol abuse compared to those undergoing 
a restrictive surgical procedure (HR 2.3, 95% CI 1.7-3.2). 

To conclude, bariatric surgery might not entail any reduced risk of obesity-related 
cancer with increasing time after surgery. The need for cholecystectomy following 
bariatric surgery was increased, but prophylactic cholecystectomy might not be 
generally recommended. Gastric bypass surgery seems to reduce the risk of inpatient 
care for diabetes and myocardial infarction, but increase the risk of inpatient care for 
alcohol abuse as compared to restrictive bariatric procedures. 
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1 INTRODUCTION – OBESITY 

 
1.1 Background 
 
It is no longer novel that overweight and obesity (body mass index [BMI] >25 and 
30kg/m2, respectively) among adults is a rapidly growing health problem worldwide, 
including Sweden. Globally, obesity has more than doubled since 1980 and is presently 
the fifth leading risk of death.1 The co morbidities of overweight and obesity kill at 
least 2.8 million adults worldwide each year1 and seem to reduce the average life 
expectancy by 22%.2 The umbrella organization for worldwide obesity research, the 
International Obesity Taskforce (IASO), estimates in a new analysis from 2010 that 
600 million adults are obese worldwide.3 The World Health Organisation (WHO) has 
estimated that the attributed burden due to overweight and obesity is 44% for diabetes, 
23% for ischemic heart disease and 7% to 41% for certain cancer types.1  
 
In Sweden, approximately 50% of all men and 33% of all women aged 18-64 years are 
overweight or obese. This degree of overweight has remained stable for men and 
women since 2004, and 2008, respectively. About 14% of both men and women are 
obese, which reflects a more than 50% increase from 1980 to 2010.4,5 The prevalence 
of overweight and obesity is still low in Sweden relative to other industrialised 
countries, however it is increasing in all age groups.6 A study of morbid obesity in male 
Swedish conscripts indicates a 10-fold increase during the period 1969-2005.7  
 
In the USA, the prevalence of obesity (BMI >30) has increased by 24% from 2000 to 
2005. The prevalence of severe obesity, i.e. BMI over 40 and 50 has increased 
alarmingly by 50% and 75% respectively, during the same time period.8 Overweight 
and obesity in adults are more common in groups with low socioeconomic status9 and a 
shorter education.9,10  
Studies have shown that children from low income families are more obese than their 
higher income counterparts, and that obesity prevalence decreases as the educational 
level of the head of the household increases.11 A striking fact is that obesity is not easily 
preventable due to its complexity.  
 
 
1.2 Definitions 
 
When authorities began to realise there was a global epidemic increase of overweight 
and obesity, the term “globesity” emerged, emphasising the need to monitor and 
compare present and future weight development worldwide. The Department of 
Nutrition for Health and Development (NHD) at the WHO developed the WHO Global 

http://www.who.int/nut�
http://www.who.int/nut�
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Database on BMI to facilitate the monitoring of internationally comparable overweight 
and obesity numbers in a standardised manner.12  
 
Consequently, BMI is currently frequently used to measure overweight and degree of 
obesity. Although BMI has limitations (it might not be accurate in measuring muscular 
or elderly [>65 years of age]13 individuals, and does not assess body fat distribution) it 
is non-invasive, easy to use and readily assessed.  
BMI is calculated by dividing the individual’s weight in kilograms by the square of 
their height in meters. A BMI≥25 is considered overweight, while obesity is defined as 
a BMI≥30. The terms “morbid obesity” and “super obese” are often used in clinical 
practice for people with BMI exceeding 35 and 50, respectively.  
 
Since the estimation of BMI is predominantly based on the Caucasian populations the 
applicability of the cut-off points on other, non-Caucasian populations e.g. South 
Asians, has been discussed. Alternative measures such as waist-to-hip ratio, waist-to-
height ratio and waist circumference focus on central adiposity and have been 
suggested to be particularly valuable in predicting cardiovascular risk. However, 
evidence is conflicting as to which measurement is best for predicting subsequent 
cardiovascular risk.14  
 
In the 1950s, the American Metropolitan Life Insurance Company constructed ideal 
weight- and height tables for men and women. Excess body weight and excess body 
weight loss are often calculated based on these tables in American studies.15 The WHO 
definition of BMI is presented in Table 1.16  
 
 
Table 1 Classification of body mass index according to WHO. 
Body mass index Classification 
18,5-24,9 Normal weight 
25-29,9 Overweight 
30-34,9 Class I obesity 
35-39.9 Class II obesity 
≥40 Class III obesity 
≥50 “Super obese” 
WHO=World Health Organisation 
 
 
1.3 Causes 
 
The aetiology of obesity is multifactorial; there are genetic and hereditary factors, but 
lifestyle and environmental changes are also important. In the past few years, the 
discovery of several genes associated with obesity has been made possible due to 
genome-wide association studies (GWAS),17 through which a variant in the fat-mass- 
and obesity-associated (FTO) gene was identified.18 It has been estimated that 16% of 
all adults, who are homozygous for the risk allele weigh 3kg more and are more likely 
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to develop obesity than those without the allele. Despite the success of GWAS only 
about 20 genes are found to account for less than 5% of all monogenetic cases of severe 
obesity.19  
 
It is suggested that the genetic predisposition might be of importance since not all 
individuals living in a so-called “obesogenic” environments become obese.20 The 
implementation of these findings may finally result in genetic risk profiling and more 
customised therapeutic interventions, however this is not likely to be seen in the near 
future. An emerging body of evidence suggests that the response to metabolic 
challenges in postnatal life may be linked with environmental influences during foetal 
development.21 A high maternal BMI in pregnancy and an above average BMI in 
childhood predispose of obesity in adulthood.22  
 
Our lifestyle in general has changed dramatically over the last decades with increased 
sedentary behaviour, less manual work and less daily physical exercise. Food, being 
served in larger portions23,24 with higher caloric density because of high fat content,25 is 
now available virtually anywhere at any time. A slight imbalance between food intake 
and energy expenditure will result in a small increase of body mass over time, which 
ultimately will develop into overweight and obesity.26  
 
There are several studies suggesting that the built environment can determine the 
exposure of risk factors for obesity. The availability of supermarkets is associated with 
a lower BMI, while availability of convenience stores is associated with a higher 
BMI.27 There are fewer fast food chains, bars and convenience stores in wealthy 
neighbourhoods compared to poorer. Access to private transport is less common in 
poor neighbourhoods, which reduces the possibility of choosing cheaper and healthier 
foods available in supermarkets.28 On the contrary, each additional hour spent in the car 
is associated with a 6% increase in the likelihood of obesity, while any kilometre 
walked per day is associated with a 5% decrease.29  
 
 
1.4 Effects on health 
 
Several co morbidities accompany obesity with different strengths of association. Far 
from all are included in this thesis, e.g. reduced fertility, obstructive sleep apnoea, pain 
in weight-bearing joints and gastro-oesophageal reflux, however other co morbidities 
are discussed in some more depth. 
 
 
1.4.1 Co morbidities 
 
A common co morbidity associated with obesity is diabetes mellitus type 2 (T2DM).30 
The estimated prevalence of diabetes among adults worldwide was 285 million in 2010. 
By 2030 diabetes is expected to affect 439 million people.31 T2DM seems to increase 
with the rising level of obesity.32 The pathophysiology of T2DM and obesity is 
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complex, but put simply, insulin sensitive tissues such as fat and muscle have the 
ability to store glucose whereas in prediabetes, when peripheral insulin resistance is 
present, this ability is impaired. The islet ß cells of the pancreas compensate for this by 
increasing insulin production. When this fails, T2DM develops.  
After bariatric surgery (also called weight loss surgery, obesity surgery or metabolic 
surgery) for obesity most individuals improve or resolve obesity-related co morbidities 
such as T2DM. A recent review of 621 studies showed that diabetic patients had an 
overall 78% resolution, and 87% of cases of diabetes were either improved or resolved 
two years after bariatric surgery.33 Patients who underwent biliopancreatic 
diversion/duodenal switch had the greatest percentage of such resolution (95%), 
followed by gastric bypass (80%), gastroplasty (80%) and adjustable banding (57%).33 
These remarkable effects on diabetes in obese patients have initiated the interest for 
surgical treatment for diabetic patients with a BMI<35, when traditional pharmaceutical 
treatment is insufficient for good metabolic control. 34,35  

The prospective Swedish Obese Subject study (SOS) compared conventional obesity 
treatment with surgical treatment, and reported an increase in glucose and insulin levels 
in the non-surgically treated patients, whereas an overall decrease was seen in the 
surgical group after 2 and 10 years of follow up.36 The effect on diabetes resolution 
after surgery is not clear, but a possible endocrine mechanism has been suggested as an 
increase in gut hormones, known to effect glucose metabolism, is seen before a 
significant change in BMI takes place.37,112 
 
High blood pressure is another common co morbidity linked with obesity. In a large 
American health survey, high blood pressure was the most common co morbidity in 
obese people, demonstrating an increase with escalating weight status.32 The rise in 
blood pressure with obesity is explained by the release of angiotensinogen (a precursor 
of angiotensin) by the adipocytes, an increase in blood volume with the gain of body 
mass, and in response to a rise in blood viscosity. Adipocytes change the viscosity of 
the blood by releasing profibrinogen and plasminogen activator inhibitor 1, which may 
impair the fibrinolytic process.38 A 10-year follow-up of women in the Nurses’ Health 
Study and men in the Health Professionals Follow-up Study showed a relative risk of 
developing high blood pressure of 2.3 for women and 3.0 for men with a BMI of ≥35 
compared with normal weight (BMI ≤25).39 A meta-analysis of 134 studies found that 
approximately 62% and 79% of the cases achieved resolution or improvement in blood 
pressure after bariatric surgery, respectively.40  
 
For a long time it has been clear that obesity is an independent risk factor for 
cardiovascular disease.41 Furthermore, obesity is associated with significantly 
increased cardiovascular related mortality.42 The SOS study reported that the most 
common causes of death from cardiovascular disease in obese individuals were 
myocardial infarction, sudden death, and cerebrovascular damage.43,44 Deaths in 
coronary artery disease events were reduced by 56% after bariatric surgery among 
operated patients as compared to non-operated controls.45 The most recent report from 
the SOS study, with a mean follow-up time of 15 years, showed a reduced incidence of 
cardiovascular deaths and cardiovascular events in the surgically treated group.46  
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The metabolic syndrome (MetS) is a cluster of disorders that directly increase the risk 
of coronary heart disease, other forms of cardiovascular atherosclerotic diseases and 
T2DM. MetS comprises dyslipidaemia, elevated arterial blood pressure, deregulated 
glucose homeostasis, abdominal obesity or insulin resistance. There is, however, no 
general consensus regarding a strict definition of MetS.47  
 
The World Cancer Research Fund and American Institute of Cancer Research reviewed 
the evidence for the association between obesity and cancer in 2007, and found 
convincing evidence for an increased risk of oesophageal adenocarcinoma, pancreatic-, 
colorectal-, postmenopausal breast- and kidney cancer.48  
The mechanism of cancer genesis associated with obesity is not fully understood, but 
the hypothesis focuses primarily on metabolic and endocrine changes; in obesity the 
adipocytes produce increased levels of adipocytokines i.e. tumour necrosis factor- alpha 
(TNF- α), leptin and interleukin-6 (IL- 6), which have several different functions but 
seem to increase an unfavourable inflammatory state. Furthermore, adipocytes 
synthesise oestrogen in both men and women. The increase in release of sex hormones 
is linked to cancer. High concentrations of insulin-like growth hormone-1 (IGF-1) are 
seen in obese individuals. It is a peptide, which regulates cell proliferation, 
differentiation and inhibits apoptosis, which may contribute to tumour genesis.49,50  
There are a number of studies highlighting the increasing numbers of different cancers 
associated with increasing BMI.51-55 An increase of 5kg/m2 in BMI, which is about 
15kg for men and 13kg for women with an average BMI of 23, has been found to be 
strongly associated with oesophageal adenocarcinoma (relative risk [RR] 1.5), thyroid- 
(RR 1.3), colon- (RR 1.2) and renal cancer (RR 1.2), while a weaker positive 
association (RR < 1.2) has been found for rectal cancer, malignant melanoma, multiple 
myeloma, leukaemia, and non-Hodgkin lymphoma in men. In women, the association 
was strong for oesophageal adenocarcinoma (RR 1.5), endometrial- (RR 1.6), 
gallbladder- (RR 1.6), and renal (RR 1.3) cancer while a weaker positive association 
(RR < 1.2) was found for postmenopausal breast-, pancreas-, thyroid-, colon cancer, 
multiple myeloma, leukaemia, and non-Hodgkin lymphoma.53  
About half of all the postmenopausal cancer cases among women in the United 
Kingdom seem to be attributable to overweight and obesity.52 Excess body mass (BMI 
>25) accounts for about 5% of all cancers in the European Union (EU). By reducing the 
prevalence of overweight and obesity by 50% in the EU some 36,000 cancer cases 
could be avoided.56  
Since substantial and sustained weight loss can be hard to achieve (without bariatric 
surgery), large epidemiologic data on the relation between weight loss and cancer are 
sparse. However, some cohort studies have reported an inverse association between 
weight loss and colon-,57 postmenopausal breast-,58 and non-metastatic high-grade 
prostate cancer.59 There are data suggesting a reduction in cancer incidence in patients 
after bariatric surgery compared to non-operated controls.60,61 The SOS study found a 
lower number of first-time cancer in the bariatric surgery cohort after inclusion in the 
study, in women but not in men.62 Cancer specific mortality has been reported to 
decrease by 60% among operated obese patients compared to non-operated obese 
controls.45 
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1.4.2 Mortality 
 
In light of the burden of the co morbidities accompanying obesity, it is not surprising 
that mortality is elevated in this condition. Death from all causes is increased in both 
sexes with a high BMI.63,64 In the group with BMI>40 the relative risk of death were 
2.6 for men and 2.0 for women compared to those with a BMI of 24-25. A significant 
risk of death from cardiovascular disease was found in all groups with a BMI>25 for 
women, and a BMI>27 for men.65 For every 5kg/m2 gained above BMI 25kg/m2, the 
overall mortality is increased by an average of 30%.66 The increased risk of BMI-
related mortality tends to be greater in younger individuals, but the risk is increased for 
both men and women up to 75 years of age.67 Several studies have shown a decrease in 
mortality after bariatric surgery compared with non-operated controls.43,45,68-70 The BMI 
level associated with the greatest chance of longevity seems to be 23-25 for whites.2 A 
20 year old white man who is expected to live until the age of 78 is predicted to lose 13 
years of his life if his BMI is >45.2 
 
 
1.5 Treatment 

 
1.5.1 Non-surgical treatment 
 
Weight loss can be accomplished through a combination of physical activity, lifestyle 
modifications (diet) and drug treatment. All these options are difficult to adhere to, 
even for individuals of normal weight, and have a limited long-term effect.71,72  
 
It appears that a modest amount of physical activity, i.e. walking 30 minutes per day, 
may prevent weight gain. More exercise seems to increase weight loss even in the 
absence of reduced calorie intake. The effect of exercise quantity is established, but the 
effect of exercise intensity is not clear. There is a greater need for physical activity in 
the absence of dietary changes.73 A randomised controlled study showed a dose-
response association in weight and fat loss in groups with low-amount and high-amount 
exercise, while weight gain was found in not exercising controls.73 The groups were 
instructed not to changes their diet. The results imply that sedentary overweight 
individuals would have to walk or jog 10-11 kilometres each week to prevent weight 
gain. It is considered that most individuals can achieve the low-exercise goals by 
walking for 30 minutes per day or jogging for 20 minutes per day.73 
 
Lifestyle modifications or interventions usually include various diets with or without 
behavioural therapy. Weight loss ranging from -0.5 to -12kg is achieved by changes of 
dietary patterns suggested by i.e. Weight Watchers, low-fat non-reducing diets and 
meal replacements diets.74 Studies of long-term lifestyle interventions are few and 
heterogeneous, making it difficult to generalise about the effectiveness. However, the 
conclusion in a recent systematic review was that diet alone and combined with 
exercise or behavioural therapy resulted in weight loss, improvement in metabolic 



 

 7 

syndrome (see page 5) and diabetes compared to no treatment controls for at least 2 
years.74 
 
Medical treatment is considered suitable for individuals with a BMI≥30, or a BMI≥27 
combined with a co morbid condition, providing the individuals are unable to lose 
weight with lifestyle changes alone.75  
The European Agency for the Evaluation of Medicinal Products suggests a placebo-
subtracted weight loss of 10% for new drugs.76 However, this has not been a 
requirement for drug approval and none of the drugs available on the market today 
meets these requirements.77  
The only anti-obesity drug available in Sweden today is orlistat (Xenical®, Alli®). It is 
an inhibitor of gastrointestinal lipases, which prevents the intestinal absorption of 
ingested fat and is administered three times per day with meals. Its disadvantages 
include the adverse effects of fatty stools, faecal urgency and oily spotting occurring in 
15-30% of cases.78 Regardless of the amount of fat in the diet, the average percentage 
of inhibited fat absorption is not more than 36%.79 The Swedish XENDOS study 
demonstrated improved weight loss (6kg versus 3kg) and reduction in T2DM incidence 
in the group receiving orlistat in combination with lifestyle changes, compared to a 
placebo combined with lifestyle changes over a 4-year period.80 A recent meta-analysis 
showed an average weight reduction of 3kg among orlistat users compared to a placebo 
users.78 To date, there are no large-scale studies that support a long-lasting effect of 
medication on obesity-related co morbidities.81  
 
 
1.5.2 Surgical treatment 
 
History 

 
The name bariatric surgery derives from the Greek root bar- (“weight”) and suffix –
iatr (“treatment”) and –ic (“pertaining to”). The history of surgical treatment for 
obesity started in the 1950s. The initial intestinal bypasses in the form of jejunocolic 
shunts were afflicted with severe complications such as liver conditions, electrolyte 
depletion, vomiting and anorexia.82,83 The intestinal continuity was restored when the 
desired weight was achieved or when the complications became too severe. However, 
all the patients re-gained weight after restoring the continuity to the same level as 
before surgery, and this is why the technique was definitely abandoned.84 Another 
technique that was used in the 1960s and early 1970s was the jejunoileal bypass, but it 
was also abandoned due to life threatening complications (described below). An 
American surgeon from the University of Iowa, Doctor Edward Mason, further 
developed the bariatric procedure by performing surgical stapling of the upper part of 
the stomach, thus creating a smaller pouch, which resulted in a reduced amount of food 
intake. Using a band to decrease the stomach size further developed this procedure.  
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Trends 
 
The use of bariatric surgery has increased dramatically during recent years as a result of 
the increasing prevalence of obesity in combination with a lack of adequate non-
surgical treatment alternative. Worldwide, the use of bariatric surgery has increased by 
761% during a 10-year span from 1998 to 2008.85 The most recent worldwide update 
on bariatric surgery estimated that during 2008, 4,680 surgeons performed 344,221 
bariatric surgical procedures, and in the USA or Canada, 222,000 operations were 
performed by 1,625 surgeons.85 In Sweden, approximately 700 bariatric procedures 
were performed in 1998 according to the National Patient Register. In 2010, the 
number was approximately 8000 as recorded in the Scandinavian Obesity surgery 
Register (SOReg).86 This number of annual operations does not seem to meet the 
demand, and the updated Swedish NIOK report from 2009 estimated that 15,000 
surgical procedures would be required annually in the coming years.87  
 
Indications 
 
The indication for bariatric surgery in Sweden (as well as internationally) has 
historically been BMI≥40 or BMI≥35 with a co morbidity.87 In Sweden, recently 
published guidelines for bariatric surgery recommend a BMI of 35 with or without co-
morbidity for surgery although not all of the county councils in Sweden have accepted 
this modified BMI limit. Prior to primary bariatric surgery, the patient should have 
made serious attempts to lose weight. Individuals below 18 years of age are normally 
not treated surgically other than under strictly controlled conditions e.g. as part of 
research studies. The recommended upper age limit is 60 years87,88 however it is 
suggested that patients over the age of 60 should not be discriminated based solely on 
their age, and a risk-benefit evaluation is of great importance in this age group.88,89 One 
problem is that few controlled studies have addressed the effects of bariatric surgery in 
the age group over 60 years, which makes evidence-based recommendations difficult. 
Specific contraindications for bariatric surgery are non-compliant patients with mental 
or cognitive impediment, malign hyperphagia, on-going alcohol or drug abuse, and 
severe mental illness not responding to medication.87 Although obesity is equally 
prevalent in men as in women, approximately 75% of the surgical candidates are 
women, which probably reflects that societies have a different view on obesity in men 
and women.87,90 
 
Surgical approach 
 
The laparoscopic approach has with time become more favourable than open access 
surgery91, and is now the dominating approach both in Sweden (95% in 2010)86 and 
worldwide (>90% in 2008)85, respectively. The laparoscopic approach reduces the risk 
of 30-day in-hospital morbidity and mortality compared to open surgery, but it is also 
associated with shorter in-hospital stay.91,92 The currently used surgical procedures can 
be divided in two main categories: restrictive and malabsorptive. In practice there are 
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combinations of the two. Some characteristics of the bariatric procedures are described 
below:  
 

 
Restrictive procedures: 

Horizontal gastroplasty is an old surgical procedure, which 
was abandoned in the 1980s. The stomach was divided into a 
small upper part and a large remnant by a suture or staple 
line, with a narrow channel between the pouches.93 The size 
of the upper pouch and the width of the channel were 
modified in different ways,94 but the failure- and revision 
rates were still high due to enlargement of the upper pouch, 
rupture or enlargement of the stoma.95,96 
 
Vertical banded gastroplasty (VBG) represents a purely 
restrictive procedure where a small stomach pouch is created 
using a surgical stapling device.97 A mesh or silicon band 
between the pouch and stomach remnant reinforces the 
stoma. The amount of food that can be consumed is limited 
and dilatation of the upper pouch may result in an earlier 
satiety, leading to weight loss.97 Procedure-specific 
complications include band erosion, gastro-oesophageal 
reflux, vomiting, (refractory) ulcers, and enlargement of the 
pouch, stoma stenosis and staple line rupture.98,99 Stoma 
stenosis, staple line rupture and insufficient weight loss often 
result in additional revisional surgery.99,100 VBG has 
decreased in popularity because of the common need for 
revisional surgery and the introduction of gastric bypass,  
which is superior in terms of weight loss outcomes.101-103 
 
Adjustable gastric banding (AGB) involves the placement 
of a horizontal adjustable band around the upper stomach, 
thus creating a small pouch. There is a balloon within the 
band, which can be adjusted by saline injected into a 
subcutaneous port, which is connected to the balloon. This 
device makes it possible to regulate the degree of 
constriction of the gastric pouch. AGB is the most common 
restrictive bariatric procedure worldwide accounting for 42% 
of all the weight loss surgical procedures. The trend of using 
AGB has decreased in Europe from 64% in 2003 to 43% in 
2008, whereas in the USA and Canada, it has increased from 
9% to 44% during the same time period.85 There are few 
AGB being performed in Sweden.86 AGB is afflicted with 
complications such as prolapse of the stomach through the 
band, band slipping, band dilatation, insufficient weight loss, 
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gastro-oesophageal reflux disease and erosion of the band 
into the stomach wall.104 
 
Sleeve gastrectomy (SG) is a more recently introduced 
procedure, which initially was recommended for super 
obese patients as a first-stage procedure in order to reduce 
co morbidities and decrease weight prior to the definite 
bariatric surgical procedure, e.g. biliopancreatic diversion 
with duodenal switch or gastric bypass. It is however, 
currently also being utilised as a primary single operation 
for obesity.105 In this restrictive procedure a longitudinal 
gastrectomy is performed where the fundus is removed, 
leaving a tunnel-shaped remnant of the stomach with the 
pylorus left intact. The removal of the fundus seems 
essential for two reasons: the remaining stomach can easily 
expand with time after surgery resulting in weight regain if 
not properly removed, as well as the ghrelin-effect on appetite suppression. Ghrelin is a 
hormone that stimulates hunger and is produced by the cells lining the fundus.106,107 
Another suggested mechanism of SG on weight loss in SG is the rate of gastric 
emptying through various mechanisms although results are conflicting.108 
Complications such as gastro-oesophageal reflux are common.105,109 The popularity for 
SG is slowly increasing, from 0% of all obesity procedures in 2003 to 5% in 2008.85 
Although, an increase of the procedure has been seen in Europe from 2003 to 2008,85 it 
is rarely performed in Sweden.86 There is a lack of large and long-term studies of 
SG.110,107 
 

 
Restrictive (mainly) and malabsorptive procedures: 

Gastric bypass (GBP) is created by stapling a small gastric 
pouch of the upper part of the stomach to restrict food 
intake, to which a jejunostomy is anastomosed. The major 
part of the stomach, duodenum and proximal jejunum is 
excluded from food intake. A jejunojejunostomy is 
conducted to restore continuity with the biliopancreatic 
limb. There is a post-prandial change in the release of gut 
hormones involved in glucose regulation37 and the 
regulation of hunger and satiety111,112. This occurs by 
bypassing the above mentioned parts of the proximal 
intestine and by a more rapid stimulus of the distal gut. The 
changes seen after GBP on glucose homeostasis occur 
before the actual weight loss occurs suggesting a 
mechanism independent of weight loss. Marginal ulcers,113 
dumping114 and internal hernias115 are some of the problems following GBP. GBP is 
currently the most common bariatric procedure globally, accounting for 49% of all 
bariatric procedures. The use of GBP has increased from 11% in 2003 to 39% in 2008 
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in Europe, whereas GBP use has decreased in the USA and Canada from 85% to 51% 
during the same time period.85 GBP presently accounts for 95% of all bariatric surgery 
in Sweden.86 
 

 
Malabsorptive (mainly) and restrictive procedures 

Biliopancreatic diversion (BPD), figure A, involves a distal gastrectomy and a Roux-
en-Y reconstruction of a 200cm long food limb (alimentary), a 50cm long 
biliopancreatic limb (bile and pancreatic juices), and a 50cm common limb. The size of 
the gastric remnant is adjusted according to the patient’s pre-operative excess weight, 
and other variables such as sex, age, eating habits and expected compliance.116 BPD 
acts through two mechanisms for weight reduction. The restrictive mechanism for 
weight reduction is based on the smaller size of the stomach achieved through a distal 
gastrectomy, and a quick emptying into a distal segment of the small intestine through a 
wide gastroanastomosis. The malabsorptive mechanism is the biliopancreatic diversion 
that causes malabsorption, which helps maintain a lower weight.116 BPD with duodenal 
switch (DS), figure B, is performed by a pylorus-saving sleeve gastrectomy combined 
with a duodenoileostomy. This procedure is reported to have fewer side effects, i.e. 
vomiting, diarrhoea117 and fewer gastric ulcers.118 The use of these procedures seems to 
have decreased worldwide, from 5% in 2003 to 2% in 2008.85 
 

 
Fig. A Fig. B    
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Malabsorptive procedures 

Jejunoileal bypass (JIB) was used in the 
past but is now abandoned. JIB was a 
purely malabsorptive surgical procedure in 
which the stomach was left intact. The 
jejunum was transected 35cm distal to the 
ligament of Treitz, and the proximal end of 
the transected jejunum was anastomosed to 
the ileum 10cm proximal to the ileocecal 
valve, leaving out a blind-loop (figure). In 
effect, this procedure mimicked a short-
bowel syndrome.84 The weight loss was 
impressive, but the success was hampered 
by a multitude of life-threatening 
complications, i.e. electrolyte disturbance, 
liver and renal disease.119 These 
complications resulted in a high frequency 
of bypass reversals.120  
 
 
1.5.2.1 Complications

 
  

Each surgical procedure is afflicted with its specific complications, while some 
complications can occur no matter which surgical procedure is performed, e.g. wound 
infection, wound hematoma and urinary tract infection. Immediate complications are 
dealt with while the patient is still in the hospital, however, since the postoperative 
hospital stays might be short, early complications might go unnoticed. Immediate 
postoperative complications such as anastomotic-, or gastric leak, bleeding and 
pulmonary embolism are potentially lethal. GBP, the dominating weight loss 
procedure in Sweden, might be followed by some devastating complications.  
 
Early (<30 days postoperatively) bleeding 121 is reported in 0.7-3% of cases, ,122 and is 
usually related to the staple lines. Therefore, it is not necessary to perform diagnostic 
examinations to localise the site of the bleeding. The bleeding can present as 
hematemesis, hematochezia, decrease in haemoglobin, tachycardia or hypotension. 
About 40% of staple line bleedings come from the gastric remnant, and the remaining 
comes from the gastrojejunal- (30%) or the jejunojejunal (30%) staple line.123  
Intraluminal bleeding (clot) can cause obstruction of the enteroanastomosis and 
distension of the gastric remnant. Early bleeding should be managed endoscopically 
or surgically depending on the clinical presentation and timing.  
 
Late (>30 days postoperatively) bleeding is usually caused by marginal ulcers, often 
located on the site of the gastrojejunal anastomosis. A marginal ulcer can also result 
in a gastrogastric fistula or perforation. The pathogenesis of these ulcers is probably 
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multifactorial, but exposure to acid from the gastric pouch probably contributes, 
despite the small size of the pouch.124 Diabetes, tobacco smoking and gastric pouch 
length are associated with risk of marginal ulcer formation. The late bleeding can be 
treated endoscopically in combination with proton pump inhibitors (PPI).113 Surgery, 
including resection of the ulcer with revision of the pouch or staple line, should be 
considered if the ulcer is refractory to medical therapy.125 
 
Anastomotic leaks

126
 occur in up to 4% of cases, depending on the type of approach: 

laparoscopic or open. ,127 Independent risk factors include male gender, older age 
and diabetes.126 The leakage is often located in the gastrojejunal (80%) anastomosis, 
and less frequently in the jejunojejunal anastomosis.128,129 Early symptoms, which can 
be very vague and develop before abdominal pain is present, include tachycardia, 
tachypnea and fever. Suspicion of a leak prompts urgent intervention, either surgical 
exploration or abdominal computed tomography (CT) scan with oral contrast.130 The 
latter should not delay an exploration, and a negative CT scan does not rule out a 
leak. The surgical aim of leak treatment is to correct the defect by means of stitching 
or stenting, and drainage.130 
 
Thromboembolic events

131

 such as deep venous thrombosis (DVT) and pulmonary 
embolism (PE) are not uncommon despite the fact that patients are treated with routine 
prophylaxis and early postoperative mobilisation. These events are more likely to occur 
early after surgery. The literature on the subject is heterogenic, making it difficult to 
draw conclusions. It has been reported to occur in 0.2% to 4% of cases for DVT, PE or 
both in GBP patients. ,132 A major risk factor for developing a thromboembolic event 
is obesity as well as abdominal surgery. Age above 50 years, history of tobacco 
smoking, previous DVT or PE and postoperative anastomotic leak are associated with 
an increased risk. A prophylactic inferior vena cava filter may be considered prior to 
surgery for patients with a history of DVT or PE or hypercoagulability diseases.132 
 
Anastomotic strictures 

133-136
occur in 2-16% of patients within a mean time of 3 months after 

surgery, a concomitant marginal ulcer is common.   Symptoms associated with this 
complication are mainly epigastric pain or discomfort, vomiting, nausea and 
dysphagia.134 Left untreated, the condition can cause severe dehydration with vitamin 
and mineral deficiency. Predisposing factors might be ischemia, acid and tension on the 
anastomosis.135 The standard treatment is endoscopic balloon dilatation. Early stricture 
development is afflicted with more endoscopic dilatation sessions to obtain a sustained 
response.135  
 
Internal hernias 137-141have an incidence of 0.2-16%  and can occur long after 
surgery.138 There are three main sites for intestinal herniation: mesenteric, Petersen’s, 
and mesocolic. The latter is specific to the retrocolic GBP. An antecolic GBP approach 
is most common, and the mesenteric hernia is adjacent to the jejunojejunostomy, 
whereas the Petersen’s hernia involves the mesentery of the Roux limb and the 
mesentery of the transverse colon.142 The afflicted patient presents with various degrees 
of colicky abdominal pain, which can be episodic but persist over time. The weight loss 
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after surgery leads to loss of mesenteric fat, which can be the reason for the 
enlargement of the defects.142  The laparoscopic method itself is afflicted with fewer 
intra abdominal adhesions, however the length of the roux limb might be of 
importance.143 A CT scan with contrast or laparoscopy can be included in the 
diagnostic procedure.141 Surgery aims to reduce the hernia and close the defects.   
The overall frequency of complications after GBP seems to be lower in high-volume 
hospitals (defined in the USA as >100 cases/years) compared to low-volume (defined 
in the USA as <50 cases/year)144 and decrease with time (and experience).129  

 
 
With time after surgery the patients may encounter other medical problems including 
gallstone formation. 145 Paradoxically, obesity ,146,147 as well as a rapid weight loss146 
can be followed by an increased risk of gallstone formation. The overall postoperative 
symptomatic gallstone formation due to weight loss has been estimated to occur in 
8% of the patients who undergo GBP, AGB or SG.148 However, a 5-fold increased 
risk of developing symptomatic gallstones after bariatric surgery has been reported as 
compared to the general population.149  
 
Dumping syndrome

114

 can be transient during the first postoperative year. It occurs 30-
60 minutes after eating calorie-dense foods or liquids, i.e. high in sugar contents. 
Such food passes to the jejunum poorly digested, and causes hyper-osmolarity of the 
intestinal content by drawing fluid into it and distending the lumen. The symptoms 
are abdominal pain, nausea, tachycardia, sweating and light-headedness. ,150  
 
Nutritional deficiencies

151

 are more common after malabsorptive procedures than 
restrictive. However, deficiencies can also develop in patients after restrictive 
procedures due to poor eating behaviour, food restrictions and food intolerance. The 
risk of developing nutritional deficiencies varies with the procedure as follows: 
adjustable gastric banding <sleeve gastrectomy <gastric bypass <biliopancreatic 
diversion.  Iron, vitamin B12, vitamin B9 (folate) and calcium deficiencies are 
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usually seen after bariatric surgery. Protein and fat-soluble vitamin deficiencies can 
occur after biliopancreatic diversion with a duodenal switch. This is explained mostly 
by the loss of acid action of the stomach and the bypassing of the duodenum and 
proximal jejunum.152 Adequate supplementary vitamins and minerals counteract these 
deficiencies.150,153  
 
 
1.5.2.2 

 
Weight outcome after surgery  

The established criterion of success in bariatric surgery is a >50% excess weight loss 
sustained for 5 years after surgery.150 The excess weight equals to the total 
preoperative weight minus the ideal weight. The percentage of excess weight loss can 
be calculated by dividing the weight loss by the excess weight. The maximum weight 
loss reported in the SOS study was 32% in gastric bypass, 25% in vertical banding 
and 20% gastric banding 1-2 years after bariatric surgery.154  The mean postoperative 
changes in body weight after 10, 15 and 20 years were 17%, 16% and 18%, 
respectively, despite the fact that only 13% of all the surgical procedures were gastric 
bypass procedures.46 An up-to-date Cochrane review found that weight loss was 
greater after gastric bypass than vertical banded gastroplasty and adjusted gastric 
banding, but similar to isolated sleeve gastrectomy after a mean follow-up time of 2 
years.155  
 
 
1.5.2.3 

 
Postoperative mortality 

The postoperative risk of death is generally low after bariatric surgery. The 30-day 
mortality rate among patients operated with a gastric bypass or a laparoscopic 
adjustable gastric banding was 0.3% in an American observational multicentre study 
of 4,776 consecutive patients.156 A meta-analysis in 2007 of open and laparoscopic 
approach and revisional surgery found an overall mortality at 30-day, and 31-day to 2 
years of 0.3% and 0.4%, respectively.157 The hazard ratio of overall mortality after 16 
years of follow-up in the SOS study was 0.8 compared to non-operated controls and 
the 90-day mortality was 0.3%.154 A Swedish retrospective cohort study of all 
patients who had undergone bariatric surgery during 1980-2005 reported a 30-day, 
90-day and 1-year mortality of 0.2%, 0.3%, and 0.5%, respectively.90,158 According to 
the Scandinavian Obesity surgery registry, the 30-, and 90-day mortality in Sweden 
between 2007 and 2011 was 0.05% and 0.1%, respectively.86   
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2 AIMS OF THE STUDIES 

 
 
 
The overall aim of the thesis was to clarify some aspects of bariatric surgery, 
comparing those who have undergone such surgery to the general Swedish population. 
 
 
 
The specific research questions were: 
 

• Is the risk of obesity-related cancer reduced with time after bariatric surgery 
in those who have undergone bariatric surgery compared to the risk of the 
corresponding general population? 
 
 

• How does the risk of admission to hospital for obesity-related co morbidities 
compare between those who have undergone bariatric surgery and the 
corresponding general population? 
 

 
• What is the need for cholecystectomy in those who have undergone bariatric 

surgery compared to the corresponding general population and compared to 
patients who have undergone other abdominal surgical procedures? 
 

 
• How does the risk of admission to hospital for alcohol abuse and psychiatric 

diseases compare between those who have undergone bariatric surgery and 
the corresponding general population? 
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3 MATERIAL AND METHODS 

 
 

In Sweden, each citizen is assigned a unique 10-digit personal identity number (PIN) 
at birth, or when an individual decides to reside in Sweden for more than one year. 
Since 1947 the National Tax Board has maintained the PIN for all residents in 
Sweden. The PIN enables individual linkages between the different registers.159 
 
 
3.1 Data registers 
 
Several authorities handle the register linkages for health research purposes. The two 
major operators are Statistics Sweden (SCB) and the Swedish National Board of 
Health and Welfare (NBHW). The following data registers have been used in this 
thesis: 
 
3.1.1 The National Patient Register  
 
The National Board of Health and Welfare (NBHW) maintains the National Patient 
Register (NPR). Besides the PIN and patient information, it holds information on 
hospital, admission- and discharged dates, ICD-codes for diagnosis, and codes for 
surgical procedures. The National Patient Register was established in 1964-1965, and 
the nationwide coverage of in-patient care was 85% in 1983, and has been 100% since 
1987.160 161 The validity of the register was assessed by the NBHW in 1986 and 1990, 
and 99% of the admissions have registered main diagnoses.160 The validity of the NPR 
is regarded as high, and it is highly suitable for large-scale population-based 
research.161 The NPR has been used in all four studies included in this thesis.  
 
3.1.2 The Cancer Register 
 
This register was established in 1958 and is held by the NBHW. The register is based 
on the notification of malignant- and some benign tumours. It is mandatory for 
pathologists and physicians to report all cancer cases to the six regional cancer 
registries for coding and registration. The regional registries are responsible for 
verification and correction of the diagnoses, as well as correct coding as an aid to 
delivering the correct data to the NBHW. Currently, 99% of the cancer cases are 
verified morphologically, and the completeness of the register is considered as high. 
The small number of unreported cases has been more frequent in elderly patients and in 
soft tissue tumours, tumours of the nervous system and for leukaemia and 
lymphoma.162 The Cancer Register is updated once a year, and was used in study I in 
this thesis. 
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3.1.3 The Causes of Death Register 
 
This register began in 1952 and is held by the NBHW.  It includes dates and 
underlying causes of all deaths among persons residing in Sweden the year they died, 
independent of where they died (in Sweden or abroad). Approximately 0.5% of the 
deaths do not have a recorded cause of death.163 The most important source of 
uncertainty of the cause of death is the way they are reported by the physicians. Older 
patients usually have more chronic illnesses and co morbidities, and the definite cause 
of death might not be as obvious as for a younger patient. The register had a lag in 
registration of two years during the study period and was used in all studies in this 
thesis. 
 
3.1.4 The Register of the Total Population 
 
This register started in 1968 and is maintained by SCB. It contains information on 
Swedish residents and includes a number of variables, i.e. PIN, sex, age, name, address, 
marital status, citizenship, country of birth, immigration, emigration and date of death. 
This register was used in all four studies included in this thesis. 
 
3.1.5 The Population and Housing censuses (Folk och Bostadsräkningar) 
 
A population and housing census was performed by SCB every five years in Sweden 
between years 1960-1990.164 The information was retrieved from questionnaires 
distributed to the entire population combined with information from different databases 
held by the SCB, such as the database of education attainment and employment. The 
variables partly differ between time periods, but all censuses contain information on 
sex, age, name, marital status, occupation, socioeconomic status and educational level.  
This register was used for studies II and IV in this thesis.  
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4 OVERVIEW OF THE FOUR STUDIES 

 
 

Table 1. Overview of the four studies comprising this thesis 
 

 STUDY I STUDY II STUDY III STUDY IV 
Patients, 
Number 
Men (%) 
Women (%) 

 
13,123 

3,002 (23) 
10,121 (77) 

 
13,273 

3,000 (22.6) 
10,273 (77.4) 

 
13,443 

3,436 (25.6) 
10,007 (74.4) 

 
12,277 

2,818 (22.9) 
9,459 (77.1) 

Controls General background 
population 

132,730 matched controls 
from the general background 

population 

General background 
population 

Antireflux surgery    
cohort 

Appendectomy cohort 

132,730 matched controls 
from the general background 

population 

Study 
period 

Jan 1st 1980- 
Dec 31st 2006 

Jan 1st 1980- 
Dec 31st 2006 

Jan 1st 1987- 
Dec 31st 2008 

Jan 1st 1980- 
Dec 31st 2006 

Data 
sources 

NPR, Total Population 
Register, 

Cancer register 

NPR, Total Population Register, 
Causes of Death Register, 

Population and Housing census 

NPR, Total Population 
Register 

NPR, Total Population Register, 
Causes of Death Register, 

Population and Housing census 

Exposure Bariatric surgery Bariatric surgery Bariatric surgery Bariatric surgery 

Outcome 
measure 

Cancer Cardiovascular 
co morbidities and diabetes 

Cholecystectomies Psychiatric 
co morbidities 

Statistical 
analyses 

Standardised incidence 
ratios 

Cox proportional hazards regression Standardised incidence 
ratios 

Cox proportional hazards 
regression 

NPR=the National Patient Register 
 
Study design 

All studies were nationwide Swedish retrospective population-based cohort studies. 
The study base was the Swedish population of 18 or 20 years and above. The bariatric 
surgery cohorts consisted of all patients who had undergone a defined obesity surgical 
procedure, as registered in the NPR during the period study period December 1st 1980 to 
January 31st 2008. The year 1980 was chosen as the start year due to the fact that 
bariatric surgery became more frequent in Sweden at that time and that the National 
Patient Register was more complete at that time compared to earlier years. At the time 
of writing and preparing the studies, most of the registers had been completed by 2008. 
The cohorts where followed up until the occurrence of a specific disease outcome, end 
of the study period, death or emigration, whichever came first. In studies II and IV, the 
age- and sex matched controls were given a pseudo surgery date, which corresponded 
to the date of surgery for the corresponding case participant. The person was considered 
as having an event if the diagnosis in question was detected in the NPR during the time 
frame from the date of their 18th birthday to the date of surgery or pseudo surgery; 
person-time was counted accordingly. The risk of hospitalisation was assessed before 
surgery by calculating incidence rate ratios (IRRs) and postoperative hazard ratios (HR) 
for the studied co morbidities. 
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5 STATISTICAL ANALYSES 

 
 

5.1 Standardised incidence ratio 

Standardisation is more an epidemiological method than a statistical one. When 
comparing morbidity between groups, one has to take into consideration that morbidity 
varies with age and sex. If the age-, and sex distribution differs between the groups they 
cannot be directly compared to each other. We have to standardise the results to make a 
valid the comparison. The relative risk of cancer (study I) and cholecystectomy (study 
III) were calculated as the standardised incidence ratio (SIR) with 95% confidence 
interval (CI). SIR was calculated by dividing the observed number of cases by the 
expected numbers. The expected numbers were assessed through the entire Swedish 
population of corresponding age, sex and calendar time. Thus our cohorts were divided 
into age-, sex-, and calendar year specific groups. The observed numbers of outcomes 
(cancer or cholecystectomy) that occurred in the cohorts were then obtained, and the 
observed incidence rates calculated. Person-years at risk were accumulated until the 
event under investigation (cancer in study I and cholecystectomy in study III), death, 
emigration or end of study period, whichever occurred first. By multiplying the 
observed person-time in the cohorts with the expected incidence rate in the total general 
population of corresponding age-, sex-, and calendar year, the expected numbers of 
cancers were calculated.  

We assumed a Poisson distribution, i.e. a discrete probability distribution that expresses 
the probability of a given number of events occurring within a fixed interval of time, if 
these events occur with a known average rate and independently of the time since the 
last event. All prevalent cancer cases were excluded in study I as well as cancers 
detected during the first postoperative year. In study III, all patients who had previously 
undergone cholecystectomy were excluded. 

 

5.2 Incidence rate ratio 

In studies II and IV, the preoperative incidence rate ratios (IRR) were calculated with 
95% CI. The cohort members and controls were followed in the NPR from the age of 
18 years up until the date of surgery or pseudo surgery.  

 

5.3 Cox proportional hazards regression 

Cox regression was used to calculate HR with 95% CI for in-hospital care of co- 
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morbidities (study II) or psychiatric diseases (study IV) while controlling for patient 
characteristics such as age at surgery or pseudo surgery, sex, socioeconomic status, 
educational level and preoperative occurrence of the diagnosis under study. To reduce 
the risk of detection bias in study II, the first year before and after surgery were 
excluded from analyses of myocardial infarction and stroke, and the first two years 
before and after surgery for angina pectoris, hypertension and diabetes in study II. In 
study IV, the first postoperative year and first two postoperative years were excluded to 
reduce detection bias. 
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6 RESULTS 

 
6.1 Study I 
 
Study I assessed the risk of obesity-related cancer after bariatric surgery. Tumour cases 
with an established association with obesity were included in the main analysis. These 
included cancer of the breast, prostate, colorectum, endometrium, kidney, oesophagus 
(adenocarcinoma only), liver, pancreas, gallbladder, non-Hodgkin’s lymphoma and 
thyroid. The bariatric surgery cohort included 13,123 patients with a mean follow-up 
time of 9.0 years. Most cohort members were women (77%) and the most common 
surgical procedures were restrictive i.e. vertical banded gastroplasty or gastric banding. 
Approximately 47% were operated on in a low volume hospital.  
 
In total, 296 new obesity-related cancer cases were found during follow-up. There was 
no trend of any augmented risk with increasing time after surgery (p for trend=0.4) and 
the overall risk of obesity-related cancer was not reduced in the bariatric surgery cohort 
(SIR 1.0, 95% CI: 0.9-1.2) compared to the corresponding background population.  
 
To further investigate the risk of obesity-related cancer we examined groups consisting 
of at least 20 new cancer cases in each group, which were breast-, prostate-, colon-, 
endometrial- and kidney cancer. 
There were a total of 85 breast cancer cases. The overall risk of breast cancer was 
decreased (SIR 0.5, 95% CI 0.4-0.7) as well as the risk among 35 patients who were 
followed-up for more than 10 years after bariatric surgery (SIR 0.6, 95% CI 0.4-0.8), 
but there was no trend with time after surgery (p for trend=0.6). Among the 23 patients 
who developed prostate cancer the SIR was 1.2 (95% CI 0.4-2.9) after 1-4 years, and 
decreased with increasing time to 0.7 (95% CI 0.3-1.3) when followed for more than 10 
years. However, no trend with time was detected (p for trend=0.3). The SIR of colon 
cancer rather increased from 0.7 (95% CI 0.1-1.9) after 1-4 years to 2.1 (95% CI 1.3-
3.2) after a follow-up time of 10 years, and the trend with time was statistically 
significant (p for trend=0.01). The risk of endometrial cancer (n=54) remained more 
than 2-fold increased during the entire follow-up period (p for trend=0.8). The risk for 
kidney cancer (n=24) was increased 3-fold after 10 years of follow-up, without any 
trend of a decrease after surgery (p for trend=0.4). 
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Table 2. Summary of cancer cases in study I. 
 

OVERVIEW OF ALL CANCER CASES IN STUDY I 

 Number SIR 95% CI P for trend with time after 
surgery 

All cancers 493 1.0 0.9-1.1 0.5 
All obesity–related cancers 296 1.0 0.9-1.2 0.6 
Breast cancer 85 0.6 0.4-0.7 0.6 
Prostate cancer 23 0.8 0.5-1.3 0.3 
Colon cancer 35 1.5 1.1-2.1 0.01 
Endometrial cancer 54 2.2 1.6-2.8 0.8 
Kidney cancer 24 2.7 1.7-4.0 0.4 
SIR= standardized incidence ratio 
CI=confidence interval 
 
 
6.2 Study II 
 
The 13,273 patients who underwent a primary bariatric surgery procedure in study II 
had a mean age of 40 years and a median follow-up time of 8.7 years. The operated 
cohort was compared compared with 132,730 age-, and sex matched controls from the 
general population. The socioeconomic position and educational level was lower in the 
operated cohort compared to the controls.  
 
Overall, the pre- and postoperative risk of inpatient hospitalisation for the studied co 
morbidities, i.e. myocardial infarction, angina pectoris, stroke, hypertension and 
diabetes were higher in the operated group compared to the general population sample. 
For example, the risk of hospitalisation for diabetes was increased both preoperatively 
(IRR 4.1, 95% CI 3.7-4.6) and postoperatively (HR 2.4, 95% CI 2.2-2.7). An increased 
risk of hospitalisation for all studied co morbidities was seen preoperatively in the 
cohort of patients who underwent gastric bypass compared to those who underwent a 
restrictive surgical procedure. The risk estimates of in-hospital care for acute 
myocardial infarction (HR 0.8, 95% CI 0.4-1.5) and for diabetes (HR 1.2, 95% CI 0.9-
1.7) were lower after gastric bypass surgery than after restrictive procedures 
(myocardial infarction HR 1.6, 95% CI 1.4-1.9 and diabetes HR 2.8, 95% CI 2.5-3.1).  
 
Mortality after surgery was higher both before and after adjustment for potential 
confounding factors was conducted. The total surgical cohort, as well as the surgical 
subgroups, had a higher mortality compared to the general population sample. The 
mortality, including the 30-day mortality, was higher in the group who had undergone 
restrictive surgery compared to gastric bypass as presented in the table below. 
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Table 3. Summary of mortality in study II 
 

MORTALITY IN STUDY II 
 Hazard Ratio (95% Confidence Interval) 
 Unadjusted mortality Adjusted mortality* 
All surgery v.s general 
population 

1.4 (1.3-1.5) 1.2 (1.2-1.3) 

Gastric bypass v.s general 
population 

2.2 (1.8-2.7) 1.8 (1.5-2.3) 

Restrictive surgery versus 
general population 

1.3 (1.2-1.5) 1.2 (1.1-1.3) 

Restrictive surgery versus 
GBP 

1.6 (1.3-2.0) 1.6 (1.3-2.0) 

v.s=versus  
*Adjusted for age at surgery, sex, socioeconomic status, educational level and preoperative co morbidity.  
GBP=gastric bypass 
 
A total of 766 deaths (6%) occurred in the surgery cohort, and 5,033 (4%) in the 
general population sample during the study period. The causes of mortality are 
presented in the table 4 below. 
 
Table 4. Causes of mortality in study II.  
 

MORTALITY CAUSE STUDY II 

 Surgery group Control group 
N all (%) N all (%) 

Cancer 120 (0.9) 1600 (1.2) 
CVD* 171 (1.3) 781 (0.6) 
Accident 66 (0.5) 345 (0.3) 
Suicide 34 (0.3) 145 (0.1) 
Intoxication 11 (0.1) 123 (0.1) 
Other 133 (1.0) 927 (0.7) 
Missing data** 231 (1.8) 1112 (0.8) 
*Cardiovascular disease 
**The Causes of Death Register was complete until December 2004 
N=number 
 
 
6.3 Study III 
 
The bariatric surgery cohort in study III comprised 13,443 patients with a mean age of 
40 years. The need for cholecystectomy in the bariatric surgery cohort was compared 
with the need of the corresponding general background population by calculating SIR. 
The SIR of this cohort was compared to the SIR of a gastric bypass cohort consisting of 
6,549 patients, an antireflux surgery cohort of 16,176 patients and to a cohort of 
154,751 patients who had undergone appendectomy. Each of these cohorts was 
compared with its corresponding general population.  
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All cohorts were assessed for the overall postoperative need for cholecystectomy, as 
well as the need for imperative cholecystectomy i.e. a more acute need for 
cholecystectomy due to cholecystitis, jaundice, cholangitis or pancreatitis.  
The need for cholecystectomy as well imperative cholecystectomy was increased 5 to 
6-fold in the total bariatric surgery cohort and the gastric bypass cohort compared to the 
respective general background population. The SIRs for cholecystectomy and 
imperative cholecystectomy in the antireflux surgery cohort were 2.4 and 2.1, 
respectively, while the corresponding SIRs in the appendectomy cohort were 1.7 and 
1.6, respectively. In all the cohorts, with exception for the appendectomy cohort, the 
need for a cholecystectomy peaked 7-12 months after surgery. The SIRs were similar 
between the sexes in all cohorts and for both types of cholecystectomy. 
 
Table 5. Summary of cholecystectomies in study III. 
 

The need for cholecystectomy in study III 
 Cholecystectomy 

Number (%) 
SIR 
(95% CI) 

Total bariatric surgery cohort 1,149 (8.5) 5.5 (5.1-5.8) 
Total bariatric surgery cohort, 
imperative surgery 

427 (3.2) 5.2 (4.7-5.7) 

Gastric bypass surgery cohort 232 (3.5) 6.1 (5.3-6.9) 
Gastric bypass surgery cohort, 
imperative surgery 

89 (1.4) 6.1 (4.9-7.4) 

Antireflux surgery cohort 695 (4.3) 2.4 (2.2-2.6) 
Antireflux surgery cohort, 
imperative surgery 

292 (1.8) 2.1 (1.8-2.3) 

Appendectomy surgery cohort 4,345 (2.8) 1.7 (1.6-1.7) 
Appendectomy surgery cohort, 
imperative surgery 

1,727 (1.1) 1.6 (1.5-1.6) 

SIR= standardized incidence ratio 
CI=confidence interval 
 
 
6.4 Results study IV 
 
A total of 12,277 patients underwent primary bariatric surgery in study IV. These 
patients were compared to 122,770 matched subjects from the general population. 
The total bariatric surgery cohort, which included both restrictive (vertical banded 
gastroplasty and gastric banding) and gastric bypass, had a higher risk of hospitalisation 
for all the studied co morbidities, i.e. psychosis, depression, substance abuse, suicide 
attempt and alcohol abuse before surgery compared to the general population sample.  
Women had a higher preoperative risk of hospitalisation than men. The risk was of the 
same magnitude for all studied co morbidities after surgery, but an improvement was 
seen in the risk of hospitalisation for depression (IRR 2.8, 95% CI 2.5-3.0 and HR 1.9, 
95% CI 1.7-2.2). There was no difference between men and women after surgery.  
Overall, the risk of hospitalisation decreased after surgery for all studied co morbidities 
in the restrictive surgery cohort compared to the general population sample, while the 
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opposite was seen in the gastric bypass cohort for the co morbidities substance abuse, 
suicide attempt and alcohol abuse.  
When restrictive surgery was compared to gastric bypass surgery, the risk of 
hospitalisation was similar preoperatively in the two cohorts, but the postoperative risk 
was increased in the gastric bypass cohort for all studied co morbidities, except for 
psychosis (HR 0.7, 95% CI 0.3-1.5). 
 
Table 6. The risk of substance abuse, suicide attempt and alcohol abuse before 
and after bariatric surgery compared to a general population sample in study IV. 
 

The risk of substance abuse, suicide attempt and alcohol abuse before and after 
bariatric surgery in study IV 

 Preoperative IRR (95% CI) Postoperative HR (95% CI) 
 Substance 

abuse 
Suicide 
attempt 

Alcohol 
abuse 

Substance 
abuse 

Suicide 
attempt 

Alcohol 
abuse 

Restrictive surgery 
versus general 
population  

1.9 
(1.4-2.4) 

2.7 
(2.4-3.1) 

1.5 
(1.2-1.8) 

1.4 
(1.1-1.9) 

2.4 
(2.0-2.8) 

1.3 
(1.1-1.6) 

Gastric bypass versus 
general population 

2.5 
(1.9-3.2) 

2.7 
(2.3-3.1) 

1.6 
(1.2-2.0) 

3.8 
(2.3-6.3) 

4.1 
(2.9-5.8) 

4.0 
(2.9-5.5) 

Gastric bypass versus 
restrictive surgery  

1.7 
(1.3-2.5) 

1.1 
(1.0-1.4) 

1.1 
(0.8-1.4) 

2.5 
(1.6-4.0) 

1.9 
(1.4-2.6) 

2.3 
(1.7-3.2) 

IRR=incidence rate ratio 
HR=hazard ratio 
CI=confidence interval 
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7 DISCUSSION 

 
 

7.1 Methodological considerations 
 
The Greek word ‘epidemiology’ literally means "the study of what is upon the people”. 
It is the study of the occurrence of illness in a population in relation to different factors 
affecting the illness. Different study designs can be used to assess the occurrence of 
illness in a population.  
 
A cohort study

 

 is an observational study of a defined group of individuals with a known 
exposure that is followed for a period of time to examine a specific outcome or disease 
possibly associated with the exposure. The basic requirement for cohort members is 
that they should be at risk of developing the outcome or disease which is to be 
measured i.e. they are free of the outcome/disease at the start of the follow-up period. 
The members who develop the studied outcome or disease, given that the outcome or 
disease can occur only once, or cannot be followed up e.g. because of death or 
emigration, are no longer at risk and exit from the cohort. In a cohort study, the 
exposure is already assigned to the members of the cohort, and the examiner 
“observes” the members for a specific outcome. In studies I-IV where the cohort 
comprised members who had undergone bariatric surgery (exposure), we observed 
them for cancer, cardiovascular co morbidities, cholecystectomies and psychiatric 
diseases (outcome/disease) during a defined period of time.   

Since Sweden has a long-standing tradition of well-kept registers in combination with 
the PIN, loss to follow-up is not a major problem, which is otherwise a threat to many 
cohort studies. Cohort studies are generally well suited for studying unusual exposures, 
and the registers also make it possible to study outcomes with a long latency period. 
Furthermore, several outcomes can be studied in relation to one exposure. When the 
cohort members are chosen based on records of past exposure and the follow-up time is 
totally or in part in the past, the cohort is called a historical- or retrospective cohort. All 
the cohorts in this thesis are historical cohorts. 
 
 
7.2 Population-based 
 
A study is said to be population-based if the cohort members constitute a representative 
a truly random sample of all members in a defined and identified population.165 Studies 
I-IV are population-based whereas the cohort members represent virtually all patients 
undergoing bariatric surgery in entire Swedish population, which is a well defined 
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population. This again, is possible because of the complete Swedish registers and the 
PIN. 
 
 
7.3 Unexposed comparison cohorts 
 
The comparison cohorts in studies I and III were the entire background population of 
Sweden of the corresponding age, sex and calendar year to the bariatric surgery 
patients. In studies II and IV, the comparison population comprised of a random sample 
of age- and sex matched unexposed controls from the total background population. The 
key obstacle is to compare the exposed cohorts to the total background population, 
since the exposure (bariatric surgery) is aiming at reducing the obese state to a degree 
of a weight similar to that of the general population. One can argue that the optimal 
comparison cohorts should also be matched for BMI. This would, however, necessitate 
a randomisation among obese individuals to surgery or no surgery, which is not 
feasible. It is clear that as long as there is no alternative treatment for obesity with 
documented long-term effects on mortality and co morbidity, other than surgery, a 
randomised clinical trial would be unethical. Furthermore in study I, the low cancer 
incidence and long induction time makes prohibit the conduction of any theoretical 
randomised clinical trial.  
 
 
7.4 Sources of error 
 
The association between an exposure and an outcome can be the product of causality 
(true association), random errors or systematic errors. The aim of all studies is to obtain 
an accurate measurement, encountering as few errors as possible.  
Most systematic errors can be categorised as selection bias, information bias or 
confounding. A systematic error is not dependent on study size. Selection bias occurs 
when the association between the exposure and the outcome is different between those 
who participate and those who do not participate in a study. A surgical cohort is, in 
general, afflicted by selection bias. The bariatric surgery candidates have chosen the 
operation themselves, which might make them different from those who do not choose 
such surgery. The surgeon might also select patients, i.e. those who are considered 
suitable for intervention. Furthermore, studies on this topic are often single-centre, 
single-hospital or based in high excellence institutions which obviously introduce 
selection bias. In contrast, the cohorts in this thesis are based on nationwide, complete 
registers, thus being considered population-based, a design that counteracts selection 
bias. Information bias can occur if the collected information is incorrect. The exposure 
and outcome can be misclassified in two principally different ways: differential or non-
differential. Differential misclassification may arise when the exposure is misclassified 
depending on if the individual has the disease (outcome) or not. It can also occur when 
the disease (outcome) is misclassified depending on if the individual has been exposed 
or not. The risk of misclassification should be limited in the studies comprising this 
thesis, since they are based on robust NPR data. Non-differential misclassification on 
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the other hand, is unrelated to the exposure or disease. Such bias arises from 
misclassification of the exposure or outcome that is similarly distributes among case 
subjects and controls subjects. Such error is usually of minor concern in 
epidemiological studies, since it does not shift risk estimates in any unknown direction, 
but only dilutes the estimates towards a null result. Positive associations are therefore 
not explained by non-differential misclassification. One special type of differential 
misclassification of relevance for the present thesis is biased follow-up in which 
unexposed individuals are more likely to be under diagnosed for a disease than exposed 
individuals. Such bias is called detection bias

Study I: The main outcome was the long-term effect of bariatric surgery. Moreover, the 
first year after surgery was excluded in the event of a new cancer being diagnosed 
during this period. 

. In an attempt to decrease the risk of 
detection bias, the following efforts were made: 

Study II: One year was excluded before and after surgery in the analyses in the cases of 
myocardial infarction and stroke, and 2 years for angina pectoris, hypertension and 
diabetes. 
Study III: Detection bias was assessed by also evaluating other abdominal surgery 
cohorts than the bariatric surgery cohort. 
Study IV: The first year preoperatively and 2 years postoperatively were excluded. 
Furthermore, in studies II and IV some of the co morbidities might be under-reported, 
but not necessarily misclassified in the NPR i.e. diabetes, hypertension, angina pectoris, 
depression, and substance- and alcohol abuse. These conditions are usually handled by 
the primary outpatient clinics, and might not be recorded in the NPR unless it is a cause 
for inpatient care. In contrast, myocardial infarction, stroke and suicide attempt are 
conditions that usually urge the patient to seek inpatient care.  
 
The International Classification of Diseases (ICD) was revised during the study period, 
which might be a source of misclassification. ICD version 8 (ICD-8) was used during 
1969-1986, ICD-9 during 1987-1996 and ICD-10 from 1997 onwards. Moreover, the 
National Board of Health and Welfare revised The Swedish Classification of surgical 
procedures (“Klassifikationer av operationer”) during the study period. The sixth 
version covered the period of 1963-1996 and the seventh version the period from 1997 
and onwards.  
 
Confounding

 

 is of central importance in any epidemiologic study; it refers to the 
mixing of effects. The definition of a confounding factor is one, which is associated 
with both the exposure and the outcome, but is not an intermediate link in the causal 
chain of events. Confounding can cause an over-, or underestimation of an effect. 
Confounding can be controlled in the study design or in the data analysis. In studies I 
and III, age, sex and calendar year were controlled for in the data design through 
standardisation. In studies II and IV, confounding by age and sex was controlled for by 
matching. Tobacco smoking habit is a potential confounder in studies, but 
unfortunately such data is not recorded in the NPR.  
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Random error is the error that remains when systematic errors have been eliminated. It 
is merely a random error or the variability of data that we cannot explain, but the risk of 
random errors can be decreased with an increase in sample size. The large sample sizes 
in the four studies included in this thesis should counteract substantial random errors. 
The confidence interval

 

 is a general guide to the amount of error or precision in a 
dataset. A wider confidence interval indicates lower precision. The confidence interval 
is an arbitrary level usually set to 95%, meaning that if the study could be replicated 
many times the correct value of the measure would be included within the confidence 
interval in 95% of the studies.  

 
7.5 Validity 
 
Internal validity describes how reliable the results of a study are. A study of high 
internal validity has few systematic errors. The internal validity is dependent on 
choosing the correct study design to answer the research question properly, correct data 
collection and analysis. External validity or generalizability is dependent on the internal 
validity, and further implies how well the study results may be applied to populations 
other than that under study.  
 
 
7.6 Statistical hypothesis testing 
 
The term statistical significance is based on the arbitrary p value, usually set to 0.05. 
The hypothesis testing of an analysis is based on the null hypothesis, which states that 
there is no relation between the exposure and outcome in whatever the comparison in 
the study is, e.g. if two drugs A and B were to be compared in a study, the null 
hypothesis states that there is no difference in the effect between drug A and drug B 
(RR=1). This would mean that the result is statistically significant in this example if p 
deviates from the null hypothesis, i.e. typically p<0.05 and the null hypothesis is to be 
rejected as false. The smaller the p value the more evidence there is against the null 
hypothesis. However, it does not automatically mean that the null hypothesis is true, it 
only implies it might be rejected.165 Conversely, a p>0.05 indicates that the null 
hypothesis cannot be rejected. If the null hypothesis is falsely rejected, a type 1 error 
has occurred, meaning a difference is suggested (R≠1) when there truly is none. A type 
2 error

 

 would occur if the null hypothesis fails to be rejected although it should, 
meaning there is a difference but we might have failed to identify it.  
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8 FINDINGS AND IMPLICATIONS 

 
 

Study I 
 
Cancer risk 
Contradictory to the hypothesis, this study did not identify any overall decreased risk of 
obesity-related cancer with increasing follow-up time after bariatric surgery compared 
to the general population. There were a total of 493 primary obesity-related cancers 
detected in a cohort comprising 13,123 patients. For specific obesity-related cancers, 
changes in trends with time after surgery were statistically significant only for colon 
cancer, and this trend showed rather an increase in risk with longer follow-up time after 
bariatric surgery. Although the specific obesity-related cancer groups were larger than 
any other previous studies, the limited number of cases and multiple testing might 
explain chance errors. It is possible that if this study were to be reproduced in the 
future, including a larger number of patients who had undergone gastric bypass and 
with a longer follow-up time, the outcome might be different. An inherent problem in 
studies of bariatric surgery in relation to risk of cancer is the long latency time. 
Nevertheless, this study indicates no decreased risk of cancer with longer follow-up 
after bariatric surgery. 
 
 
Study II 
 
Cardiovascular co morbidities and diabetes 
This study shows, as expected, a higher preoperative incidence of acute myocardial 
infarction, angina pectoris, stroke, hypertension and diabetes mellitus in the bariatric 
surgery cohort compared to the general population sample. Generally, these increased 
risks remained after bariatric surgery. The preoperative burden of co morbid disease 
seemed to be somewhat increased in the group of patients undergoing gastric bypass 
compared to those treated with a restrictive procedure. After surgery, the risk of in-
hospital care for diabetes and acute myocardial infarction was reduced in patients 
treated with gastric bypass compared to those treated with a restrictive procedure. The 
results may be explained by the fact that the gastric bypass procedure was more 
frequently used for the more ill and heavier patients in the 1980s and beginning of 
1990s, as opposed to a restrictive surgical procedure. As a result of the gastric bypass 
procedure these patients might have had a better weight reduction and a higher degree 
of resolution of co morbid disease.  
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Study III 
 
The need for cholecystectomy 
This study confirmed the hypothesis of an increased need for cholecystectomy after 
bariatric surgery, but also the increased need in the other abdominal surgery cohorts, 
not associated with any increased risk of gallstone formation, indicated a level of 
detection bias after abdominal surgery in general. Since the need of cholecystectomy 
was higher in the bariatric surgery group than in the other surgery cohorts, detection 
bias would not explain the entire increase. Moreover, the need for more imperative 
cholecystectomy was also increased further suggesting it is not all due to detection bias. 
Patients are at a higher risk of developing gallstone disease after bariatric surgery 
compared to the general population. The crucial question is if the gallbladder should be 
removed prophylactically? The limited need for cholecystectomy on study III after 
bariatric surgery in combination with some of it being explained by detection bias, 
could be interpreted as indicating no need for routinely conducted prophylactic 
cholecystectomy. 
 
 
Study IV 
 
Psychiatric co morbidities 
The results of this study support some earlier reports of an increased preoperative risk 
of psychiatric co morbidities and increased alcohol dependence after bariatric surgery. 
The risk of hospitalisation for the studied psychiatric co morbidities remained, on 
average, equally high after surgery for the whole bariatric surgery cohort as well as the 
restrictive surgery cohort separately. The risk of psychosis was, however, decreased 
after surgery, which might be explained by the fact that this diagnosis is likely to be 
verified at a younger age, and that few patients experience onset of psychosis later in 
life. The risk of in-hospital care for alcohol abuse after gastric bypass surgery is 
increased compared to those patients who had a restrictive procedure. The explanations 
for this might be the bypassing of the duodenum and proximal jejunum, as well as the 
fact that a larger portion of the stomach is bypassed. In these sites, alcohol is normally 
absorbed and metabolised by the enzyme alcohol dehydrogenase. Furthermore, alcohol 
is not portioned out from the stomach through the pylorus after bypass surgery, but is 
rather poured down to the small intestine, which contains small villi, which absorb 
liquids well. The information given to patients planned for gastric bypass should 
include the possibility of an increased risk of alcohol dependence. 
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9 FUTURE PERSPECTIVES 

 
 

The increasing prevalence of obesity and the 300,000 obesity surgical procedures 
performed annually worldwide in combination with a limited scientific evidence of 
long-term effects of such surgery should encourage researchers to expand on this field 
of science. Bariatric surgery seems like a favourable treatment in the light of reduction 
of co-morbidities, lower mortality rates and a sustainable weight loss, but many 
questions remain unanswered. With time, the increase of obesity will probably result in 
an even higher demand for surgical intervention, given there is still no comparable 
alternative treatment. In such a scenario, the indications for surgery might have to be 
modified and tailored. Some questions to address might be: Who achieves the greatest 
benefits of bariatric surgery? At which BMI level could surgery be recommended? Is 
BMI the best measure for selecting patients for bariatric surgery? Which procedure is 
best for each patient? 
 
A main issue is the understanding of the positive mechanisms of weight reduction by 
means of surgery; currently this is poorly understood. The complexities of the peptides, 
which are released after bariatric surgery, need further investigation. This may be the 
gateway to other surgical procedures or medical treatments in the future.  
 
From a personal point of view, I would find it interesting to find out why there is such 
strong gender difference when it comes to bariatric surgery (approximately 75% 
women), as men and women are on average virtually equally obese. Perhaps this could 
be studied through a detailed questionnaire comparing obese men and women who 
would qualify for surgery with obese men and women who are candidates for surgery. 
Furthermore, how can we identify patients prior to surgery who have a substantially 
increased risk of developing psychiatric problems after surgery? The assessment of 
these conditions prior to surgery, in my clinical experience, is difficult. Finally, I am 
interested in the reason for the difference between obese individuals who develop co 
morbid diseases compared to those who are equally obese but do not? 
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10 CONCLUSIONS  

 
 

• The overall long-term risk of obesity-related cancer might not be decreased 
with increasing follow-up time in those who have undergone bariatric surgery 
compared to the general population. 
 
 

 
• The risk of diabetes and myocardial infarction seems to be reduced to the 

same levels as in the general population after gastric bypass surgery for 
morbid obesity, but the risk of mortality seems to remain increased. 

 
 
 

• Bariatric surgery is followed by an increased need for cholecystectomy, but 
the individual’s risk is limited and may be explained in part by detection bias, 
and prophylactic cholecystectomy might not be routinely recommended. 

 
 
 

• Patients who undergo gastric bypass surgery seem to be more likely to be 
hospitalised for alcohol abuse compared to those treated with a restrictive 
procedure, which should be included in the preoperative information given to 
the patients. 
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11 POPULÄRVETENSKAPLIG 

SAMMANFATTNING 
 
 

Fetma kan beräknas genom att dividera individens vikt (i kilogram) med längden (i 
meter) i kvadrat. Ett BMI mellan 18,5-24,9 är normalt däremot ett BMI över 30 innebär 
fetma. BMI=vikt(kg)/ längd2(m) 
 
Fetman (obesitas) i befolkningen har ökat markant de senaste 20 åren över hela världen. 
WHO har beräknat att 200 miljoner män och 300 miljoner kvinnor är feta. I Sverige är 
14% av både männen och kvinnorna feta, vilket är mer än en fördubbling av 
förekomsten av fetma sedan 1980. Trots att fetma är i stort sett lika fördelad bland män 
och kvinnor är majoriteten av patienterna som opereras för sin fetma kvinnor (ca 75%). 
Faran med fetma är en okad risk för många sjukdomar t.ex. diabetes, högt blodtryck, 
hjärtinfarkt, flera cancerformer samt psykisk problematik. Fetma leder också till en 
genomsnittligt kortare livslängd. 
 
Den mest effektiva behandlingen av fetma som finns att erbjuda idag är kirurgisk. 
Studier har visat att den viktnedgång som uppnås efter fetmakirurgi är långvarig och 
bestående till skillnad från viktnedgång som uppnås genom diet, läkemedelsbehandling 
eller en kombination av dessa. Den viktnedgång som kan åstadkommas kirurgiskt har 
långvariga och positiva effekter på många av följdsjukdomarna, något som alternativa 
behandlingsformen inte har lyckats dokumentera vid långtidsuppföljningar. Ungefär 
80% av mycket feta (BMI≥35) med diabetes som behandlas med den idag vanligaste 
typen av kirurgiskt ingrepp, s.k. gastric bypass, blir av med sin diabetes. 
 
Det grundläggande kravet för att komma ifråga för kirurgisk behandling i Sverige idag 
är att individen har ett BMI≥35. De idag mest använda kirurgiska ingreppen kan 
indelas i så kallade restriktiva eller en kombination av malabsorptiva-restriktiva 
ingrepp. Ett restriktivt ingrepp betyder att volymen (storleken) på magsäcken 
förminskas i syfte att förhindra ett stort födointag. Dessa operationsformer dominerade 
under 1980-1990-talen, men kom att ersättas alltmer av de malabsorptiva-restriktiva 
ingreppen, som är tekniskt mer krävande och innebär en förminskning av magsäcken i 
kombination med omkoppling av tunntarmen. Därmed kombineras effekten av minskat 
födointag genom en förminskning av magsäcken med ett minskat upptag av 
näringsämnen genom omkoppling av tunntarmen. Den idag vanligaste restriktiva 
operationen är gastrisk bandning medan den vanligaste malabsorptiva-restriktiva är 
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gastric bypass. Den senare dominerar både i Sverige och internationellt, och utförs i 
majoriteten av fallen med titthålskirurgi.  
 
Avhandlingens syfte var att belysa effekterna av fetmakirurgi ur olika kliniskt relevanta 
aspekter före och efter operation, jämfört med befolkningen i stort. Det stora 
patientmaterialet (ca 13 300 patienter) som har använts i samtliga fyra delstudier är 
baserat på Socialstyrelsens Patientregister där alla operationer och diagnoskoder 
registreras fortlöpande. Information om jämförelsegruppen, den svenska befolkningen, 
är hämtat från Registret över Totalbefolkningen som administreras av Statistiska 
Centralbyrån. Studieperioden sträcker sig mellan åren 1980 och 2008. 
 
 
Studie I 
 
Bakgrunden till studien baseras på det faktum att fetma leder till ökad risk för flertalet  
cancerformer bl.a. i prostata-, bröst-, livmoder-, njure och grovtarm. Studier visar att ju 
svårare (mer) fetma desto högre risk för cancerutveckling. Det svåra med att studera 
cancerrisk efter fetmakirurgi är den långa tid under vilken patienterna måste observeras 
för att cancern ska kunna identifieras samt behovet av en stor uppföljningsgrupp 
(kohort) för att antalet cancerfall ska bli tillräckligt stort för att slutsatser ska kunna 
dras. Det finns studier som pekar på att feta opererade har mindre risk för 
cancersjukdom än de feta som inte opereras, men dessa har varit relativt små och haft 
begränsad uppföljningstid. Syftet med studien var därför att belysa om risken för 
fetmarelaterad cancer minskar med tiden efter fetmakirurgi i en stor kohort med lång 
uppföljningstid jämfört med risken hos befolkningen. Studien fann ingen minskad risk 
för cancerutveckling med längre tid efter fetmakirurgi i jämförelse med befolkningen.  
 
 
Studie II 
 
Mot bakgrund av de många följdsjukdomar som oftare drabbar feta individer har flera 
studier undersökt graden av tillfrisknande från följdsjukdomarna efter fetmakirurgi och 
visat på att den är bättre hos opererade än hos icke-opererade feta individer. Studier 
visar också på mindre dödlighet framför allt i hjärtkärlsjukdomar bland de opererade 
jämfört med de som inte opereras för sin fetma. Därmed väcktes frågan hur denna 
jämförelse av feta opererade står sig i förhållande till insjuknandet i samma sjukdomar 
bland befolkningen. Studien analyserade risken för att bli inlagd för vård på sjukhus för 
akut hjärtinfarkt, kärlkramp, stroke, högt blodtryck och diabetes före och efter 
fetmaoperationen jämfört med motsvarande sjukdomar hos befolkningen. Resultaten 
från studien visade att risken för akut hjärtinfarkt och diabetes närmade sig samma risk 
som befolkningens hos de patienter som var opererade med gastric bypass till skillnad 
från dem som opererades med en restriktiv metod.  
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Studie III 
 
Det finns bevis för att fetma orsakar en ökad förekomst av gallstensproduktion i 
gallblåsan. Paradoxalt nog medför också en snabb viktnedgång en ökad 
gallstensproduktion. Det pågår en debatt, framför allt i USA, om galloperationer ska 
genomföras i förebyggande syfte (profylaktisk) i samband med fetmaoperationen. Det 
saknas generell internationell konsensus. Det kan förehålla sig så att patienter som har 
genomgått fetmakirurgi blir mer utredda och att gallsten utan symtom identifieras 
oftare än hos andra individer. Denna kunskap kan medföra att patienter söker läkare 
och blir mer uppmärksamma på gallstensliknande besvär hos dessa patienter s.k. 
detektionsfel. För att utvärdera behovet av gallkirurgi på grund av gallsten efter 
fetmakirurgi och eventuell betydelse av detektionsfel genomförde vi studie III. Vi 
jämförde gallkirurgiförekomst efter fetmakirurgi med bakgrundsbefolkningen. 
Samtidigt analyserade vi behovet av gallkirurgi hos patienter som har opererats för svår 
halsbränna (reflux) och de som har opererats för akut blindtarmsinflammation I 
jämförelse med respective bakgrundsbefolkning. Resultaten visade en viss grad av 
detektionsfel hos de fetmaopererade patienterna, men att de ändå har ett ökat behov av 
gallstensorsakad gallkirurgi. Andelen som behövde gallkirurgi var dock inte hög och en 
del av ökningen kunde förklaras av detektionsfel, varför profylaktisk gallkirurgi inte 
allmänt kan rekommenderas denna patientgrupp. 
 
 
Studie IV 
 
Andra studier har rapporterat att fetmaopererade individer är överrepresenterade i 
missbruksprogram och att feta har mer psykiska besvär som ångest och depression samt 
att graden av psykisk ohälsa är relaterad till graden av fetma. Därför ville vi undersöka 
förekomsten av vård på sjukhus för de psykiska sjukdomarna; psykos, depression, 
självmord samt drog- och alkoholmissbruk före och efter operation jämfört med 
befolkningens risk. Resultaten visade att förekomsten av depression minskade efter 
operationen, men att de som opererades med gastric bypass till skillnad från de som 
opererades med restriktiv metod löpte en ökad risk för vård på sjukhus för 
alkoholmissbruk. Detta behöver beaktas när patienterna informeras om operationen. 
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