
Pathogenesis of Obesity and Effects of Treatment

 

 
 

Pathogenesis of Obesity and Effects of Treatment 
 
 
 

Clinical and Molecular Studies on 
Body Fat, Energy Balance, and Weight Loss 

 
 

 
 

Anders Gummesson 
 
 

 
  
 
 

 
 

 
 
 
 
 

Sahlgrenska Center for Cardiovascular and Metabolic Research 
Department of Molecular and Clinical Medicine 

Institute of Medicine 
 

Sahlgrenska Academy 
University of Gothenburg 

Sweden 
2009 

 



Anders Gummesson

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Anders Gummesson, 2009 
Published papers have been reprinted with permission from the copyright holders 
ISBN 978-91-628-7705-7 
Printed by Intellecta Infolog AB 
Västra Frölunda, 2009 



Pathogenesis of Obesity and Effects of Treatment

 

Dedicated to my family 
Maria, Emma, Elias & Malte 

 
 
 
 



Anders Gummesson

 4

ABSTRACT

Obesity is common and related to many health problems including various forms of cancer. The 
condition arises from the imbalance between food intake and energy expenditure, and is strongly 
influenced by genetic factors. Weight loss has several health benefits, but for many of the obesity-
related diseases such as cancer, the impact of obesity treatment is not clarified. Unfortunately, weight 
loss is in most cases difficult to sustain, and obesity treatment today is insufficient. The adipose tissue 
and the gastrointestinal tract play active roles in the regulation of whole-body energy balance, and 
therapeutic targets for the treatment of obesity may be found within these sites. Also, these organs may 
be responsible for mediating some of the adverse effects of obesity. Special attention has been drawn 
to visceral adipose tissue, i.e. the fat surrounding the intestines, as being particularly harmful. The aim 
of this thesis was to increase our understanding of the mechanisms behind human obesity and the 
consequences of obesity treatment. We used population-based cross-sectional studies, as well as 
longitudinal intervention studies with short- and long-term weight loss. 
 
CIDEA and CIDEC are two genes with putative functions in adipose tissue, and we therefore studied 
their transcriptional regulation in relation to energy balance and body composition as an attempt to 
elucidate their role in human obesity. The genes were predominantly expressed in adipose tissue as 
compared to other human tissues, both CIDEA and CIDEC gene transcription were highly responsive 
to changes in energy availability, and CIDEA correlated with body fat and insulin levels. CIDEA 
expression also correlated with basal metabolic rate and uncoupling protein 1, suggesting a role in the 
regulation of energy expenditure. In gene silencing experiments in cultured adipocytes, we showed 
that CIDEC is involved in the regulation of basal as well as stimulated lipolysis, and mitochondrial 
fatty acid oxidation. Together, our results support a role of CIDEC and CIDEA in human obesity.  
 
There are indications that impaired intestinal barrier with increased passage of gut-derived antigens 
may drive visceral adipose tissue accumulation, and we therefore investigated if increased intestinal 
permeability is associated with visceral obesity in humans. Study subjects were recruited from a 
population-based cohort of Swedish women. Intestinal permeability was assessed using the urinary 
excretion of orally ingested sucralose and mannitol. We used computed tomography to measure 
visceral and liver fat. Intestinal permeability of the large intestine correlated with visceral fat area 
(P=0.0003) and liver fat content (P=0.004). The results indicate that gut leakiness should be further 
explored as a possible cause of visceral fat accumulation. 
 
The Swedish Obese Subjects (SOS) study in combination with the Swedish National Cancer Register 
makes it possible to, for the first time, study the effects of bariatric surgery on cancer incidence in a 
prospective, controlled study setting. The SOS study started in 1987 and involves severely obese 
subjects, 2010 of which underwent bariatric surgery, and 2037 contemporaneously matched obese 
controls who received conventional treatment. Bariatric surgery resulted in a sustained weight 
reduction, whereas the average weight change in the control group was minimal. In women, the 
number of first-time cancers during on average 11 years after inclusion was lower in the surgery group 
compared to the control group (HR= 0.58, 95% CI: 0.44-0.77, p<0.001). In men, we could not detect 
any difference between treatment groups (HR=0.97, p=0.91).  
 
In summary, the results of this thesis suggest that the CIDEA and CIDEC genes play a role in obesity, 
impaired intestinal barrier function contributes to visceral fat accumulation, and bariatric surgery 
reduces the risk of developing cancer in severely obese women. 
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INTRODUCTION
 
Obesity and the metabolic syndrome 

Obesity can be described as the accumulation of adipose tissue to the extent that health 
may be impaired. An excess of body fat, and in particular of abdominal fat, is 
associated with multiple complications, leading to poor health. With increasing 
degrees of obesity there are increasing risks of a wide range of obesity complications 
(Table 1), and premature death [1-3]. The definition of obesity is based on the body 
mass index (BMI), which is calculated as weight in kilograms divided by height in 
meters squared (kg/m2). Obesity is defined as a BMI greater than 30 kg/m2, and 
overweight is defined as a BMI from 25 to 30 kg/m2. In Europe, the prevalence of 
obesity in men range from 4-28% and in women from 6-36%, with a considerable 
geographic variation, with prevalence rates in Central, Eastern, and Southern Europe 
being higher than those in Western and Northern Europe (Fig. 1) [4]. In the USA, it is 
estimated that about one third of the adult population are obese [5]. The metabolic 
syndrome (MetS) is a term that refers to a collection of obesity-related metabolic 
abnormalities/risk factors that often co-occur in the same individuals [6]. MetS is 
defined in various ways, but the essential components are obesity, glucose intolerance, 
insulin resistance, lipid disturbances, and hypertension, all well documented risk 
factors for cardiovascular disease [7-10].  
 
 
 
Table 1. Obesity-associated health problems [11-17] 
 
  
Metabolic Type 2 diabetes, insulin resistance, hypertension, high 

triglyceride levels, low HDL levels 
Psychosocial Depression, anxiety, social stigmatization, reduced quality 

of life, sick leave, early retirement 
Cardiovascular Coronary artery disease, stroke, heart failure, atrial 

fibrillation 
Gynaecological Infertility, polycystic ovary syndrome, obstetrical risks 
Gastrointestinal Gastroesophageal reflux, gallbladder disease, liver 

steatosis, non-alcoholic steatohepatitis 
Respiratory Sleep apnea, asthma, pulmonary embolism 
Bone and joints Osteoarthritis, gout, back pain 
Dermatological Striae, acanthosis nigricans, hirsutism, fungal infection 
Cancer Malignancies in the breast, endometrium, colon and 

rectum, oesophagus, pancreas, kidney, thyroid gland, 
gallbladder, hematopoietic system, malignant melanoma  
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Figure 1. Prevalence of obesity (BMI  30 kg/m2) among men and women in Europe.  
Reprinted from Berghöfer et al. BMC Public Health 2008 8:200. Open access image. 
_____________________________________________________________________

Energy balance 

All living organisms, including humans, obey the first law of thermodynamics which 
states that the amount of energy in a closed system must remain constant [18]. So any 
imbalance between food intake and energy expenditure results in a change in the 
amount of body energy stores, which is mainly fat.  
 

The average human consumes one million calories per year, and an imbalance of only 
1% may be enough to cause an annual weight change of 1-2 kg. Weight stability 
therefore depends on a very precise autonomous regulation of energy balance. If the 
regulation is not interacting optimally with environmental conditions, even minor 
differences in energy intake or expenditure may lead to weight change. Unfortunately, 
the regulatory systems that allow the maintenance of a relatively stable body weight 
throughout life could also be the most important threat to the capacity to overcome 
obesity, once it is established. 
 

Men Women 
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Genetics of obesity 

Our unlimited access to food combined with a sedentary life style undoubtedly 
contributes to the increase in the incidence of obesity over time. However, the marked 
differences in adiposity between individuals seem to be explained mainly by our 
genes. Heritability estimates from twin studies show that as much as 70% of the 
individual variation in adiposity between people may be due to genetic factors [19-22]. 
There is also compelling evidence of a genetic variability in the response to changes in 
energy balance, with strikingly similar weight changes in response to overfeeding or 
exercise between identical twins, as opposed to marked differences between unrelated 
subjects [23,24].  
 

A little more than a decade ago, important progress was made to identify genes that 
cause rare, monogenic forms of obesity. Common for most of these genes is their 
involvement in hypothalamic regulation of feeding behaviour, including the leptin 
gene  [25], the pro-opiomelanocortin (POMC) gene [26], and the melanocortin 4 
receptor gene (MC4R) [27,28]. Individuals with defects in these genes typically 
present with an increased drive to eat and early-onset obesity [29]. Large research 
efforts have started to reveal some of the low penetrance genes of obesity. There are 
many examples of genetic polymorphisms, i.e. genetic variants that appear in at least 
1% of the population, that have been reported to be associated with obesity [30]. 
However, to date only a few genes have been identified in which common variants 
have been consistently associated with BMI in humans, e.g. the fat mass- and obesity-
associated (FTO) gene [31-35] and the MC4R gene [34-36]. 
 
Obesity treatment 

Obesity is a chronic condition that is difficult to treat. Unless adipose tissue is 
surgically removed (e.g. liposuction or omentectomy), the only way to lose fat is 
through negative energy balance. Theoretically this can be achieved by reduced food 
intake, reduced energy uptake, increased energy expenditure, or a combination of 
these. Here follows a summary of the main treatment options for obesity:  
 
Dietary management and physical activity 
Behaviour therapy in order to help patients adopt necessary life style changes is 
fundamental in obesity treatment. Many diet plans exist that focus on the relative 
amount of certain nutrients, such as low-carbohydrate diets, low-fat diets, high-protein 
diets, and low-glycemic-index diets. However, diet composition is less important than 
total calories consumed [37], which very much depends on the ability of patients to 
adhere to their diets. According to a meta-analysis, the effect of dietary counselling is 
modest, with an average decrease of approximately 0.1 BMI units per month and 
subsequent regain during the maintenance phase [38]. Exercise alone has a limited 
effect body weight [39], but the addition of physical activity to a dietary intervention 
increases the odds of successful long-term weight loss maintenance [38,40]. In 
addition, even modest increase in physical activity can produce favourable effects on 
cardiorespiratory fitness [41] and this seems to abolish much of the adverse effects of 
obesity  [42]. 
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Figure 2. Weight changes among 55 patients (out of 113 patients at study start) who 
completed a 4 year obesity treatment program including a hypocaloric diet and 
behavioural support, either as single treatment (non-VLCD group) or following the 
VLCD period (VLCD group). The weight change compared with baseline was 
significant (P < 0.01) in both treatment groups, but there was no significant difference 
between groups after 4 years of treatment. Mean and 1 SD are shown.  
Reprinted from Lantz et al. A dietary and behavioural programme for the treatment of obesity, a 4-year 
clinical trial and a long-term posttreatment follow-up. J Int Med. 254 (3): 272-279. Copyright Blackwell 
Publishing Ltd, with permission. 
_____________________________________________________________________

Very low calorie diets 
A very low calorie diet (VLCD) or a very low energy diet (VLED) is defined as a diet 
with an energy content of less than 800 kcal/day that contains adequate amounts of 
proteins, essential fatty acids, carbohydrates and the recommended daily allowances of 
vitamins and minerals [43]. Ordinary food is replaced by 3-5 VLCD meals together 
with 2-2.5 litres of non-energy fluid per day. At the end of the VLCD period, ordinary 
food is gradually reintroduced during 2-4 weeks. In medical treatment programs, 
VLCD is often used 12-16 weeks and result in average weight losses of 1.5-2.5 kg/wk 
[44,45]. VLCDs are mainly indicated in obese patients with disorders or risk factors 
that can be immediately improved by weight loss, e.g. type 2 diabetes, and when rapid 
weight loss is needed before a major surgical procedure. There is usually a rebound in 
weight after VLCD treatment programs (Fig. 2) which limits its use, and it is crucial 
that the VLCD phase is followed by active weight maintenance programs [45].  
 
Pharmacological treatment 
In Sweden there are currently two drugs available on the market for obesity treatment: 
Orlistat and Sibutramine. Until recently Rimonabant was approved for the European 
market, but it was withdrawn due to psychiatric side-effects, such as depression and 
anxiety [46,47]. Orlistat inhibits gastrointestinal lipase activity and reduces the uptake 
of dietary fat with about 30% [48]. Sibutramine is a reuptake inhibitor of serotonin and 
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norepinephrine that has weight reducing properties by increasing both satiety and 
energy expenditure [49]. A meta-analysis of clinical trials (1-4 years duration) on the 
long-term effect of anti-obesity drugs showed that the weight-reducing effects are in 
the order of 3 kg for Orlistat and 4 kg for Sibutramine [50]. Sibutramine treatment 
during the weight maintenance phase after an initial weight loss has been shown to 
improve the success rate [51], but the same study also demonstrated the difficulties in 
obesity treatment with weight regain and large drop-out rates in general.   
  
Bariatric surgery 
Obesity surgery provides the greatest degree of sustained weight loss for severely 
obese patients [52]. Several surgical procedures are used (Fig. 3). On average, surgical 
treatment of obesity results in 20–40 kg of weight loss and a 10–15 kg/m2 reduction in 
BMI [53,54]. Weight changes during the first 15 years after bariatric surgery are 
shown in Fig. 6. Surgical obesity treatment is generally considered for adult patients if 
they have a BMI greater than 40 kg/m2 or a BMI greater than 35 kg/m2 with serious 
comorbid conditions, such as sleep apnea, diabetes mellitus, or joint disease [55].  
 

Figure 3. Examples of surgical procedures. Vertical banded gastroplasty involves a 
staple line paralleling the lesser curvature and a ring at the end of this narrowing to 
delay entry of food into the stomach. A less invasive method to narrow the opening 
between the upper and lower stomach is gastric banding, a laparoscopically-placed 
band around the stomach. Gastric bypass involves making a small pouch of the 
stomach just below the oesophagus that empties into a loop of jejunum.  
Copyright Sofia Karlsson and Lars Sjöström, reprinted with permission. 
_____________________________________________________________________

Effects of obesity treatment 

Although massive epidemiological data demonstrate that obesity increases the risk for 
numerous diseases and early mortality, it has not been easy to produce convincing 
evidence regarding the supposedly beneficial long-term effects of weight reduction. 
Observational data is obscured by the difficulty to separate intentional from 

Gastric banding Gastric bypassVertical banded
gastroplasty
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unintentional weight loss, the latter often being caused by disease or harmful health 
behaviours [56,57]. Several randomized non-surgical weight loss intervention trials 
have been performed, but these are often limited by the difficulty to achieve long-term 
weight reduction and by the high drop-out rates [58]. Bariatric surgery can achieve 
sustained weight loss [59], but is not a feasible intervention for a randomized trial 
design.   
 

Despite these obstacles, the available evidence suggests that even modest weight 
reductions in obese people can lead to improvement in health outcomes [58,60,61]. 
Perhaps weight reduction has the most pronounced effects on diabetes risk; Both a 
Finnish and an American study have shown that intensive lifestyle modification can 
reduce the risk of developing diabetes with 58% in subjects with impaired glucose 
tolerance [61,62], and the Swedish Obese Subjects (SOS) study found a 75% diabetes 
reduction 10 years after bariatric surgery [59]. The SOS study has also reported 
beneficial effects of weight loss on cardiovascular risk factors [59], cardiorespiratory 
symptoms [63], sleep apnea [64], joint pain [65], and health-related quality of life [66]. 
We and others have shown that bariatric surgery increases the overall life expectancy 
of severely obese patients [67-69].  
 

Most people who attempt to lose weight can achieve initial weight loss but then reach 
a plateau where further weight loss is difficult to achieve and initial weight loss 
difficult to sustain (Fig 2). Perhaps the most striking example is seen in patients treated 
with obesity surgery who despite this major alteration of the gastrointestinal anatomy 
start to regain body weight one year after the operation (Fig. 6). The difficulty to 
achieve sustained weight loss may be partly explained by compensatory responses 
which act to resist this weight change through a decrease in energy expenditure and an 
increase in hunger. For example, an obese person who goes from 120 kg to 80 kg 
would have to consume considerably fewer calories to maintain this weight loss than a 
person who started out at 80 kg [70].  
 
Adipose tissue 

Adipose tissue plays a key role in the development of obesity and metabolic 
complications, functioning both as an energy store and as a major endocrine organ. 
The adipocyte is the main cell type in adipose tissue, but the tissue is also comprised 
of adipocyte precursor cells, stromal-vascular cells, immune cells, and nerve cells [71]. 
In mammals, two types of adipose tissues are present: White adipose tissue which 
mainly serves as an energy storing tissue, and brown adipose tissue which is mainly a 
thermogenic tissue. White adipocytes are characterized by a large lipid droplet that 
occupies the major part of the cytoplasmic space, while brown adipocytes contain 
multiple and relatively smaller lipid droplets and a large number of mitochondria (Fig. 
4). Brown adipose tissue is abundant in small mammals and in newborns of larger 
mammals, including humans [72]. In contrast to what was previously believed, a 
substantial fraction of adult humans possess some amount of active brown adipose  
[73]. What may also be of physiological significance, although not yet shown in 
humans, is that white adipocytes have the ability to acquire brown adipocyte features 
under various stimuli [74-77]. 
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Figure 4. Morphological comparison of white and brown adipocytes.  
Reprinted from Sell et al. The brown adipocyte: update on its metabolic role. Int J Biochem & Cell Biol. 
36 (2004) 2098-2104, with permission from Elsevier.  
_____________________________________________________________________

 
The core function of the white adipocyte is to store excess energy and to provide other 
tissues with energy during periods of negative energy balance, by releasing fatty acids 
and glycerol from lipolysis of triglycerides stored in the adipocyte lipid droplet. The 
storage function of adipose tissue appears to be an important factor in obesity-related 
metabolic disorders. When the storing capacity of the adipose tissue is exceeded or 
when the adipose tissue is not functioning properly, fatty acids increase in the 
circulation and triglycerides accumulate in other organs such as liver, muscle, heart, 
and the beta cells of the pancreas [78-81]. This ectopic fat deposition may seriously 
affect the functions of these organs and contribute to the pathogenesis of obesity-
related conditions such as insulin resistance, diabetes, non-alcoholic steatohepatitis 
and cardiovascular disease [78-81]. Disturbances in pathways of lipolysis (i.e. the 
conversion of triglycerides to fatty acids and glycerol) may contribute to the reduced 
capacity of adipocytes to keep lipids away from the circulation and peripheral tissues 
[82]. Key enzymes in adipocyte lipolysis are hormone sensitive lipase and adipose 
triglyceride lipase, and main hormonal regulators are catecholamines and insulin [82].  
 

In addition to its storage function, adipose tissue also has endocrine, paracrine and 
autocrine activities. Adipocytes secrete various peptides that control a wide range of 
functions including whole-body energy balance, inflammation, insulin sensitivity, 
blood pressure regulation, angiogenesis and cellular growth [71,83]. Given the 
important role of adipose tissue in the pathogenesis of obesity, genes that regulate 
adipose tissue function may prove to be new therapeutic targets in the treatment of 
obesity and the metabolic complications of obesity. Drugs that interfere directly with 
adipocyte physiology include the glitazones, agonists for the adipocyte transcription 
factor peroxisome proliferator-activated receptor gamma (PPARgamma), which are 
used for the treatment of type 2 diabetes [84]. Other adipose related mechanisms that 
have been evaluated include beta-3 agonists and leptin. Both concepts have been very 
effective in animal models but not proven successful in man. There are currently no 
obesity drugs on the market that target adipocyte physiology. 
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Visceral obesity 

Abdominal obesity is a stronger predictor for type 2 diabetes, cardiovascular risk 
factors and myocardial infarction, than is general obesity [85-87]. Abdominal fat 
includes the subcutaneous fat beneath the skin, and the visceral fat that surrounds the 
internal organs (Fig. 5). It seems as if the detrimental effects of abdominal obesity are 
largely explained by the visceral adipose tissue depot. Studies that have been able to 
differentiate between subcutaneous and visceral fat depots of the abdomen have 
demonstrated that visceral adipose accumulation is an independent risk factor 
associated with dyslipidaemia, insulin resistance, type 2 diabetes, liver fattening, 
cardiovascular disease, and all-cause mortality [88-93].  
 

Visceral adipose tissue displays intrinsic properties that are different from 
subcutaneous adipose tissue. For example, the rate of lipolysis is higher in visceral 
than in subcutaneous fat depots, which may be explained by site variations in the 
function of receptors for insulin, catecholamines and adenosine [94]. One suggested 
explanation for the adverse effects of visceral obesity is an increased delivery of fatty 
acids from the visceral depot to the liver via the portal vein, leading to elevated hepatic 
triglyceride and glucose production and hyperinsulinemia [95]. Another important 
feature of visceral fat depots is the presence of lymphoid tissue such as lymph nodes in 
the mesenteric adipose tissue and milky spots in the omentum [96]. Compared with 
subcutaneous depots, visceral adipose tissue expresses higher levels of many 
cytokines, immunoglobulins and complement factors, suggesting a more active role in 
immune defence [97-100]. Furthermore, omental and mesenteric adipocytes interact 
strongly with immune cells such as dendritic cells and macrophages [96].  
 
 

 

Figure 5. Computed tomography scan of the abdomen of two obese patients. The 
scans reveal the visceral adipose tissue that surrounds the internal organs within the 
abdominal cavity, and the subcutaneous adipose tissue beneath the skin. As seen in 
these pictures, there can be large differences in how fat is distributed between the 
two depots, with abundant visceral fat on the left CT-image, and a relatively high 
amount of subcutaneous fat on the right image.  
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Gut factors in obesity 

The gastrointestinal tract plays an important role in the regulation of food intake and 
energy balance. Many peptides influencing eating behaviour, energy balance and 
glucose homeostasis are synthesised and released from the gastrointestinal tract 
[101,102]. Indeed, part of the beneficial effects of bariatric surgery is believed to be 
mediated by an altered secretion of gut peptides [103]. Vagal afferent nerves that 
supply the gastrointestinal tract are responsive to the amount and properties of ingested 
food and carry that information to the brain where it regulates food intake [102]. 
Gastrointestinal motility participates in the control of food intake by regulating the 
rates at which nutrients are processed and absorbed in the gut, and via mechanical and 
hormonal routes [104]. In addition, it has been shown that the relative proportions of 
microbial communities in the gut may influence fat accumulation, insulin resistance 
and inflammation in animal models [105].  
 
Obesity and cancer 

Obesity is associated with an increased risk of developing various forms of cancer. 
The World Cancer Research Fund and the American Institute for Cancer Research 
published in 2007 a large expert panel report that summarized the evidence [15]. The 
expert panel concluded that there is convincing evidence that obesity is associated with 
oesophagus cancer, pancreas cancer, colorectal cancer, postmenopausal breast cancer, 
endometrial cancer, and kidney cancer. The year after, Renehan et al. published a 
meta-analysis, including 282,000 incident cancer cases over more than 133 million 
person-years of follow up [106], showing that high BMI was associated with thyroid, 
renal, and colon cancers, oesophageal adenocarcinoma, multiple myeloma, leukaemia, 
and non-Hodgkin lymphoma in both genders. Furthermore, high BMI was associated 
with increased incidence of rectal cancer and malignant melanoma in males and with 
gallbladder, pancreas, endometrial, and postmenopausal breast cancers in women 
[106].  
 

In other words, the link between excess body weight and cancer is not limited to a few 
forms of cancer, but instead positive associations seem to represent the rule rather than 
the exception. Since obesity is increasingly common throughout the world, its impact 
on cancer occurrence is considerable. In the United States, where obesity prevalence 
rates are well over 30% among adults [5] it has been estimated that overweight and 
obesity now could account for 14% of cancer deaths in men and 20% in women, and 
this would make obesity the largest avoidable cause of cancer besides smoking [107]. 
Emerging evidence shows that the distribution of body fat plays a role also in this 
context, with epidemiological data suggesting that abdominal obesity is a risk factor 
for colorectal cancer, pancreas cancer, endometrial cancer and postmenopausal breast 
cancer [15].  
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AIMS

 
The aim of this thesis was to increase our understanding of the mechanisms behind 
human obesity and the effects of obesity treatment.  
 
Specific aims for the papers, as discussed in detail in the next sections, were the 
following: 
 
- To study the adipose tissue regulation of the CIDEA (Paper I) and CIDEC (Paper II) 
genes with the aim to elucidate their role in human obesity.  
 
- To study if increased intestinal permeability is associated with visceral obesity in 
humans (Paper III). 
 
- To study the effects of bariatric surgery on cancer incidence in obese subjects (Paper 
IV). 
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SUBJECTS AND STUDY DESIGNS 

The results in this thesis are mainly based on 4 human studies: 2 cross-sectional, 
population-based studies, and 2 longitudinal intervention studies with obesity patients 
undergoing short-term and long-term weight loss with VLCD and bariatric surgery, 
respectively. All studies were approved by the regional ethical review board at the 
University of Gothenburg, Sweden. In the multicenter SOS study, seven regional 
ethics review boards approved the study protocol. Informed consent was obtained from 
the study participants.  

Very Low Calorie Diet (VLCD) study 

The VLCD microarray study aimed to identify gene expression changes in adipose 
tissue of obese subjects undergoing weight loss from caloric restriction. Forty obese 
(BMI>30 kg/m2) males and females 25–61 yr of age were recruited among patients 
treated at the Department for obesity, Sahlgrenska University Hospital, and by 
advertisement in the local press. Smokers and those with pharmacological diabetes 
treatment or lipid lowering medication or any serious medical condition were 
excluded. Two study groups were formed based on WHO metabolic syndrome criteria 
[7]. The WHO criteria were slightly modified in the sense that albuminuria and insulin 
resistance were not included as criteria. The metabolic syndrome (MetS+) group had 
diabetes, impaired glucose tolerance, or impaired fasting glucose according to WHO, 
and at least one of the following risk factors: (i) elevated arterial (systolic/diastolic) 
blood pressure, >140/90 mm Hg (either value) or use of blood pressure medication; (ii) 
raised triglycerides ( 1.7 mmol/L); (iii) low HDL cholesterol (<0.9 mmol/L in men 
and <1.0 mmol/L in women). All subjects in the MetS+ group had metabolic 
syndrome also according to International Diabetes Federation [9] and National 
Cholesterol Education Program criteria [10]. The MetS- group was formed by 19 
obese subjects who were obese but metabolically unaffected according to above 
criteria. The MetS+ group and MetS- group were matched according to age, gender, 
and BMI.  
 

All subjects were treated with VLCD (450 kcal/d) for 16 weeks, followed by a 2-wk 
period when regular food was gradually reintroduced. Throughout the study, patients 
visited the Obesity clinic every second week for weight assessment. If weight loss was 
less than expected, patients were offered extra visits in order to encourage compliance 
to the diet regimen. Study assessments were performed at the start of VLCD treatment 
(wk 0), twice during the VLCD phase (wk 8 and 16), and 2 weeks after the end of 
VLCD treatment (wk 18). All examinations took place at the Department for obesity, 
Sahlgrenska University Hospital during 2002-2004. Anthropometrical measurements, 
blood pressure recording, blood sampling, oral glucose tolerance test, and abdominal 
subcutaneous adipose tissue biopsy were performed at each of the four time points. 
Four-day food records preceded the wk 0 and wk 18 visits. Of the 40 included 
subjects, 35 subjects completed the study. Complete series of adipose tissue biopsies 
large enough for microarray analysis were available from 24 of these subjects: 9 males 
and 3 females in each of the 2 groups.  
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Table 2. Characteristics of the 24 subjects in the VLCD microarray study that were 
analyzed with gene expression microarrays. Information on energy intake was 
obtained using a 4-day food registry before the visit. Values are given as mean SD. 
 

VLCD study  

Wk 0 
Baseline

Wk 8 
VLCD

Wk 16 
End VLCD 

Wk 18 
Refeed

N (males/females) 18/6 18/6 18/6 18/6 
Age (years) 48 10    
Energy intake (k ) 2307 568 450 450 1407 557 a

Body weight (kg) 119 20 101 17 91 16 91 16 a 
BMI (kg/m2) 37.6 4.9 31.8 4.1 28.6 4.1 28.9 3.9 a 
Waist (cm) 123 12 110 12 101 13 101 13 a 
Systolic Bp (mmHg) 138 17 121 12 117 14 124 16 a 
Glucose (mmol/l) 6.0 1.6 4.5 0.7 4.5 0.7 5.0 1.0 a 
OGTT 2-h glucose (mmol/l) 8.2 3.8 7.0 1.9 7.0 2.6 5.9 2.3 a 
Insulin (mU/l) 16 7.4 7.0 4.1 4.3 2.2 6.3 3.7 a 
HDL cholesterol (mmol/l) 1.4 0.4 1.2 0.3 1.4 0.4 1.4 0.3 
Triglycerides (mmol/l) 1.8 1.0 1.0 0.2 0.9 0.2 1.2 0.5 a 
CRP 5.3 5.8 4.6 5.4 2.4 1.5 2.4 2.2 a 
 
a Significant (P<0.05) difference from baseline.  
_____________________________________________________________________

 
For verification of results obtained in the VLCD microarray study, we used adipose 
tissue biopsies from VLCD treated patients to perform real-time RT-PCR of specific 
transcripts. In paper I, subcutaneous adipose tissue samples were obtained from 10 
obese subjects (5 males and 5 females age 27–57 yr) before (wk 0), during (wk 8), and 
after (wk18) VLCD treatment. These 10 subjects had an initial BMI of 38.8 ±5.1 
kg/m2, with an average weight loss of 28.4 kg after 18 weeks. In Paper II, biopsies 
were obtained from 28 obese subjects (8 men and 20 women, age 18-59 years, BMI of 
36.3 ±3.7 kg/m2) treated with VLCD for 12 weeks. These 28 patients lost on average 
19.6 kg during the diet, and subcutaneous adipose tissue biopsies were obtained at the 
start of VLCD treatment (week 0) and 3 times during the VLCD phase (weeks 2, 6, 
and 12).  

Mölndal metabolic study 

The Mölndal Metabolic study aimed to elucidate the relation between body 
composition, energy expenditure, dietary intake, and risk factors for diabetes and 
cardiovascular disease in two age groups (27-31 years and 57-61 years) of 50 men and 
50 women. Participants were recruited from a population-based sample of inhabitants 
in the city of Mölndal in Western Sweden. To ensure an even distribution of body size, 
the following stratified randomized protocol was used: A total of 1200 persons in each 
gender and age group were randomly selected from the SPAR register and asked to 
complete a questionnaire with health-related questions including self reported body 
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height and weight. Persons who responded (about 50% in each gender and age group) 
were divided into five groups according to ranks of height. Each of the five height 
groups was subsequently divided into five groups according to ranks of body weight. 
The median person for each of the 25 height- and weight-groups was then contacted 
and asked to participate in the study. All examinations took place at the Department 
for obesity, Sahlgrenska University Hospital during 1997-2000 and included 
anthropometry, blood pressure recording, blood sampling, OGTT, DXA, CT, 
abdominal subcutaneous adipose tissue biopsy, and measurement of BMR in a 
chamber of indirect calorimetry. 
 
Intestinal Permeability in Visceral Obesity (IPIVO) study 

The IPIVO study aimed to investigate the relationship between intestinal barrier 
function and visceral fat accumulation in human subjects. The study subjects in the 
IPIVO study were recruited from a population-based cohort of 2595 Swedish women 
born in 1937-1940 who participated in a screening examination that took place in 
2001-2004 at Sahlgrenska University Hospital [108]. A stratified random selection 
was used to include participants with varying degrees of visceral obesity: Selection of 
eligible study participants was done based on the anthropometrical measurements at 
the screening examination, with the aim to include women with either high waist and 
low BMI, or low waist and high BMI. Exclusion criteria were diabetes type 1 or 
insulin treatment, weight reducing drug therapy during the last month, previous 
bariatric surgery, history of post-surgical adhesions, active gastrointestinal disorders, 
gastroenteritis within one month prior to examination, ongoing infection, pancreatic 
disease, impaired renal function, heart failure, alcohol or substance abuse, or any 
serious systemic disease.  
 

The IPIVO study included two study visits. The first visit was performed in 2006-2007 
and included 67 women. This was a preliminary study in which we assessed intestinal 
permeability and used the waist circumference as a crude estimate of visceral obesity. 
Of the 67 women from the preliminary study, 55 agreed to participate in a second 
study one year later. This was the main study in which we assessed intestinal 
permeability and related it to visceral fat content and other fat depots as measured with 
CT and DXA. At the time of the second study visit, the age of the subjects ranged 
from 67 to 70 years.  

Swedish Obese Subjects (SOS) study 

The SOS intervention study is a prospective, matched, surgical interventional trial that 
was initiated in 1987 with the aim to elucidate the effects of long-term intentional 
weight reduction on mortality and morbidity rates. The recruitment process involved a 
large screening program with 6905 obese subjects that were examined (SOS registry 
study). Among those who underwent matching examination, 2010 eligible subjects 
wishing surgery were recruited to the surgery group. A computerized matching 
procedure, taking 18 variables into account, was used to select subjects for the control 
group (n=2037). Inclusion criteria for the interventional study were age 37 to 60 years 
and BMI of 34 or more for men and 38 or more for women. Exclusion criteria were 
minimal and aimed at obtaining an operable surgical group [109]. Identical inclusion 
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and exclusion criteria were used for both study arms. The surgically treated subjects 
underwent nonadjustable or adjustable banding (n=376), vertical banded gastroplasty 
(n=1369), or gastric bypass (n=265) operations. The obese, contemporaneously 
matched controls received the customary non-surgical obesity treatment for their given 
center of registration. Patients were recruited over 13.4 years during 1987-2001. The 
study is ongoing and follow-up examinations are performed regularly for up to 20 
years and include anthropometric measurements, blood pressure recording, ECG, 
blood sampling and questionnaires. 
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Figure 6. Percent weight change in the Swedish Obese Subjects study over 15 years 
by gender in obese control subjects and in obese individuals treated with one of three 
surgical methods. VBG, vertical banded gastroplasty. GBP, gastric bypass. 
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METHODS

Anthropometry

Anthropometry is used to measure the size and proportions of the human body to 
assess total and regional body composition. For estimation of total body fatness, 
weight (kg) and height (m) are the basic measurements from which BMI (kg/m2) can 
be calculated. An estimate of abdominal fat can be made by measuring the waist 
circumference. Abdominal obesity can also be expressed as the ratio of waist 
circumference to hip circumference (WHR). Yet another measurement of abdominal 
obesity is the sagittal diameter, which is closely related to the volume of visceral fat as 
measured with multi-scan [110] or single-slice computed tomography [111]. The 
sagittal diameter of the trunk is measured with subjects in the supine position, as the 
vertical distance between a firm examination table and a carpenter’s level kept 
horizontally across the abdomen at the height of the iliac crest.  
 
Computed tomography 

To produce a computed tomography (CT) image, an x-ray source and a detector are 
rotated in an arc around a cross section of the subject. Data about the fraction of 
photons reaching the detector (i.e. attenuation) are collected throughout rotation. The 
data set of attenuation profiles is then computed to reconstruct a grayscale image of the 
tomographic section (Fig 5). Since the attenuation of fat tissue differs from that of 
other tissues in the abdomen, it is possible to define and calculate the areas of visceral 
and subcutaneous adipose tissue from the CT image. Increased content of fat in the 
liver reduces its density and thus lowers the attenuation of CT x-rays. CT can therefore 
be used as a non-invasive tool for investigating liver fat content [112,113]. CT 
imaging in the IPIVO study (Paper III) was performed at the Department for obesity, 
Sahlgrenska University Hospital, using a General Electric HiSpeed Advantage CT 
system. Subcutaneous and visceral fat areas of the abdomen were determined using a 
single-slice CT scan at the level of the lumbar 4 vertebrae. To assess hepatic fat 
content, the attenuation of the liver was determined within three circular regions of 
interest, avoiding blood vessels, artefacts and areas of tissue inhomogeneity.  
 
Dual energy X-ray absorptiometry 

Dual x-ray absorptiometry (DXA) is mainly used for bone density measurements, but 
can also be used to assess the amount of body fat. DXA measures the attenuation of 
two different x-ray energies. In projections where no bone is present, the ratio of the 
measured attenuation of the high and low energy level is proportional to the 
proportions of fat and lean tissue. Thus, the DXA examination measures bone mineral 
content, body fat and lean tissue. The fat-free mass is defined as the sum of lean tissue 
and bone mineral content. DXA measurements in the Mölndal Metabolic study (Paper 
I) and the IPIVO study (Paper III) were performed at the Department for obesity, 
Sahlgrenska University Hospital, using a LUNAR DPX-L scanner. 
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Indirect calorimetry 

Basal metabolic rate (BMR) is the amount of energy expended while at rest in a 
neutrally temperate environment, in the post-absorptive (fasting) state. BMR is 
measured under very restrictive circumstances when a person is awake, but at 
complete rest. In the Mölndal metabolic study, BMR was assessed in standardized 
conditions after an overnight stay in a chamber of indirect calorimetry at the 
Department for Obesity, Sahlgrenska University Hospital. At the time of the 
examination the temperature in the chamber was 25 ºC and the humidity was 40%. The 
subject was awaked at 7.30 am. During the coming 60 minutes the subject was 
instructed to lie in bed in complete silence, awakened and relaxed, with arms and legs 
stretched along the body. During the examination period the subject was checked upon 
every 10 minutes so he or she had not fallen asleep. Before analysing the collected 
data in each subject, the first and last 15 minutes were withdrawn. The BMR from the 
remaining 30 minutes assessment was extrapolated to 24-h values. 
  
Blood samples, oral glucose tolerance test, and adipose tissue biopsies 

Venous blood samples were obtained in the morning after a 10- to 12-hour fast and 
analyzed at the Central Laboratory, Sahlgrenska University Hospital or at the 
Wallenberg laboratory, Sahlgrenska University Hospital (both accredited according to 
European Norm 45001). The oral glucose tolerance test (OGTT) was performed in the 
morning (before 11 a.m.). Participants had been asked to fast overnight and to avoid 
heavy physical activity during the previous day and to avoid smoking the morning 
before the test. The participants drank a solution containing water and 75 g sugar. 
Fasting and 2-hour post load glucose levels were measured in capillary blood (VLCD 
study) or in venous blood samples (Mölndal Metabolic study). Abdominal 
subcutaneous biopsies were taken from the paraumbilical area of the abdomen in local 
anaesthesia using a syringe with manually applied vacuum. The biopsies were 
immediately frozen in liquid nitrogen and stored at -80 ºC until analysis.   
 
DNA microarray 

Microarray technology makes it possible to measure the expression level of thousands 
of genes simultaneously. The microarray consists of a coated glass surface on which 
synthetic probes for different gene transcripts have been synthesized. Each probe is a 
25-mer oligonucleotide. A probe pair consists of two almost identical 
oligonucleotides: the perfect match probe that is complementary to the gene of 
interest, and the mismatch probe that differs at the central position. The mismatched 
probe is used as a control for non-specific binding. For the assessment of a defined 
transcript, there are 12-16 different probe pairs randomly distributed over the 
microarray. The process from biopsy to gene expression data includes extraction of 
total RNA from cells or tissue samples, cDNA synthesis, transcription into biotin-
labeled cRNA, fragmentation of the cRNA, hybridization to microarrays, staining with 
fluorescent dye linked to streptavidin, scanning of arrays with a confocal laser scanner, 
calculation of relative gene expression levels from probe set signal intensities, and 
normalization of data using the mean signal intensity of all probesets. 
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Real-time reverse transcription polymerase chain reaction 

Real-time reverse transcription polymerase chain reaction (real-time RT-PCR) is a 
method that quantifies specifically amplified gene transcripts [114]. The first step in 
real-time RT-PCR is reverse transcription of RNA into cDNA. The cDNA is used in a 
PCR reaction with fluorescent reporter molecules that enables the monitoring of 
amplification products during each cycle of the PCR. The higher the starting copy 
number of the nucleic acid target, the sooner a significant increase in fluorescence is 
observed. The threshold cycle (Ct) value represents the point in time during cycling 
when the instrument can first reliably detect fluorescence derived from the 
amplification reaction. Since there is a linear relationship between the Ct value and the 
log of the initial target copy number, the level of the target mRNA is quantified using 
a standard curve based on serial dilutions of standard cDNA. To adjust for differences 
in total cDNA amount among samples, the mRNA level of a gene of interest is divided 
by the mRNA level of a reference gene (or “house-keeping gene”). In our experiments 
we used LDL receptor-related protein 10 (LRP10) mRNA expression to normalize the 
expression levels between adipose tissue samples, and peptidyl-prolyl isomerise A 
(PPIA) mRNA expression was used as reference in the tissue distribution panels. 
These genes have consistently shown small inter-individual and inter-tissue variation, 
respectively [115].  
 
Small interfering RNA–mediated gene silencing in cultured cells 

Small interfering RNA (siRNA)-mediated gene silencing provides a method to turn off 
the expression of a specific gene in cells by introducing interfering RNA that targets 
the gene transcript, and initiates its degradation [116]. In paper II we studied the effect 
on lipid metabolism after knockdown of the CIDEC gene in 3T3-L1 mouse 
adipocytes. Either siRNA against CIDEC, or scrambled control siRNA, was 
introduced into differentiated adipocytes by electroporation. In each experiment, 2 
separate anti-CIDEC siRNA oligos were used to control for nonspecific siRNA 
effects. Knockdown was confirmed 24 h post electroporation using real-time RT-PCR, 
showing >90% decrease of CIDEC mRNA compared with cells electroporated with 
control siRNA. Experiments were performed with and without the -adrenergic 
agonist isoproterenol to study stimulated and basal lipolysis, respectively. Lipolysis 
was determined by assaying release of non-esterified fatty acids (NEFA) into the 
medium, and oxidation of fatty acids was assessed by analyzing oxidation products in 
media after the cells had been labeled with radioactive palmitic acid.  
 
Intestinal permeability test 

The degree of intestinal permeability can be estimated by measuring the urinary 
excretion of the orally ingested carbohydrate markers sucralose and mannitol. After 
oral intake, a proportion of these sugars pass the intestinal barrier. The carbohydrates 
are not metabolized in the body, and are excreted in the urine in proportion to the 
amount that has been absorbed. Sucralose is a disaccharide with relatively large 
molecule size that is normally excluded by the epithelial cells of the intestinal mucosa, 
and instead the permeation of this molecule occurs primarily through the paracellular 
route [117]. An important property of sucralose is that it is resistant to bacterial 
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fermentation and can be found in high concentrations in the colon following oral 
administration, which makes it suitable for assessing large intestinal permeability 
[118-120]. Mannitol is a monosaccharide that is believed to permeate through the 
epithelial cells (transcellular route), and was included in the permeability test to serve 
as a reference used to adjust for factors that we want to leave out of the equation such 
as differences in intestinal transit, blood flow, and completeness of urine collection 
[117]. In the present study, the subjects drank a solution containing 1.0 g sucralose and 
5.0 g mannitol in 200 ml tap water in the morning and urine was collected for up to 12 
hours. Before that, subjects had been given detailed instructions to avoid products that 
contain these specific carbohydrates 24 hours prior to the visit and during the urine 
collection period. A control urine sample was collected immediately before 
administering the carbohydrates. For measurement of each carbohydrate, a selective 
and sensitive method based on gas chromatography - mass spectrometry was used. The 
recovery of carbohydrates in the urine was calculated from the urine sample weight 
and urine concentration of the carbohydrate, and expressed as percent of the orally 
ingested amount. 
 
Register information

The Swedish National Cancer Register was founded in 1958 and aims to register all 
cancers in Sweden. According to Regulations by the National Board of Health and 
Welfare, all physicians in hospitals and other establishments for medical treatment 
under public or private administration in Sweden must report all cases of cancer to the 
Cancer Register. Furthermore, pathologists and cytologists separately report every 
cancer diagnosis on surgically removed tissues, biopsies, cytological specimens, bone 
marrow aspirates and autopsies. Thus, the majority of cases are notified twice, in 
separate reports. It is estimated that the register is 98% complete [121].  
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RESULTS AND DISCUSSION 
 
CIDEA and CIDEC in human adipose tissue (Paper I and II) 
 
Cell death-inducing DFF45-like effectors 

The cell death-inducing DNA fragmentation factor alpha-like effector (CIDE) family 
consists of three highly homologous proteins: CIDEA, CIDEB and CIDEC [122]. The 
CIDE proteins were originally identified by their sequence homology to the N-
terminal region of the DNA fragmentation factor A (DFFA/DFF45) [122], which 
triggers DNA fragmentation during apoptosis. All three CIDE proteins have been 
found to activate apoptosis in mammalian cells [122,123].  
 

Several studies have revealed important roles of the CIDEs in metabolism. Mice 
deficient of CIDEA are lean and resistant to diet-induced obesity and diabetes [124], 
and CIDEA appears to be involved in controlling thermogenesis and lipolysis 
[124,125]. In addition, a polymorphism in the CIDEA gene has been associated with 
obesity in one population [126]. CIDEB has been suggested to play an important role 
in the development of obesity, liver steatosis, and insulin sensitivity by controlling 
lipogenesis and fatty acid oxidation in the liver [127]. CIDEC has been shown to 
enhance adipocyte triglyceride storage [128]. In paper I and II we studied the 
regulation of CIDEA and CIDEC human adipose tissue in order to find support for a 
role of these genes in human energy balance and obesity [129,130]. 

Tissue distribution of CIDEA and CIDEC 

We investigated the tissue distribution of CIDEA and CIDEC and found that both 
genes were predominantly expressed in adipose tissue and adipocytes as compared to 
other human tissues (Fig. 7). More recent studies have confirmed that adipose tissue is 
the major expression site for CIDEA and that methylation seems to play a crucial role 
in establishing and maintaining tissue- and cell-specific transcription of the CIDEA 
gene [131]. Fat-specific protein 27 (FSP27) is the mouse homolog of human CIDEC, 
and as the name implies there is an adipocyte-specific expression of FSP27 in mice 
[132]. The adipose tissue specific expression of CIDEA and CIDEC strongly suggests 
that they play their main role in adipose tissue. We also observed that CIDEC 
expression was lower in visceral than in subcutaneous adipose tissue. 

Regulation of CIDEA and CIDEC during VLCD treatment 

It has been reported that CIDEA adipose mRNA expression is increased by weight 
reduction from an energy-restricted diet [133], and from bariatric surgery [125]. 
However, CIDEA was not regulated by a moderately calorie-restricted diet in another 
study [134]. Previous reports have not discriminated between the effects of caloric 
restriction and the effects of weight loss. In the VLCD study, there was a strong 
induction of CIDEA gene transcription during diet, and when regular food was 
reintroduced, CIDEA gene transcription dropped (Fig. 8).  In all 24 subjects, the aver-
age CIDEA expression was higher during the VLCD phase (mean of wk 8 and 16),  
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A B

Figure 7. Validation of CIDEA (panel A) and CIDEC (panel B) tissue distribution 
using real-time RT-PCR of isolated adipocytes (n = 3), adipose tissue (n = 3) (mean ± 
SEM), and a human tissue panel.  
7A: Reprinted from Paper I with permission. Copyright 2007, The Endocrine Society. 7B: Reprinted 
from Paper II with permission from Elsevier. 
_____________________________________________________________________

 
compared with time points of regular food intake (mean of wk 0 and 18). The 
observation that the induction of CIDEA expression during caloric restriction was 
reversed when calories were reintroduced (while body weight was stable) suggests that 
it is the caloric restriction per se that has the major impact on CIDEA expression, 
rather than the actual weight change.  
 

In contrast to CIDEA, CIDEC was downregulated during VLCD. In the VLCD 
microarray study, CIDEC was downregulated 25% after the first 8 weeks of VLCD 
treatment (P=0.0001), and 10% below baseline after 16 weeks of VLCD treatment 
(P=0.028). At wk 18, 2 weeks after reintroduction of normal food, CIDEC levels no 
longer showed a significant difference from baseline (P=0.22). Real-time RT-PCR 
verification experiments in adipose tissue of obese subjects undergoing VLCD 
treatment confirmed a downregulation of CIDEC during VLCD and showed that 
CIDEC expression decreased within the first 2 weeks of VLCD but did not decrease 
any further during 12-16 weeks of treatment despite continuous weight loss throughout 
the treatment period (Fig. 9A). The finding indicates that caloric restriction is an 
important inhibitor of CIDEC transcription, which fits well with a suggested role of 
CIDEC as a promoter of triglyceride accumulation [128]. PPARgamma, a key 
transcription factor in the regulation of adipocyte differentiation and function [135], 
has been suggested to regulate CIDEC transcription [136]. We observed a positive 
correlation between changes in PPARgamma mRNA and CIDEC mRNA during diet 
(Fig. 9B), a finding that supports the laboratory data of possible role of PPARgamma 
in regulating CIDEC transcription. A more recent study showed that PPARgamma 
binds to the CIDEC promoter and induces CIDEC transcription [137].  
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Figure 8. CIDEA gene expression in adipose tissue from 12 obese subjects with 
metabolic syndrome (MetS+) and 12 obese subjects without metabolic syndrome 
(MetS-), treated with VLCD for 16 wk, followed by a 2-wk gradual reintroduction of 
regular food. * P<0.05 and ‡ P<0.01 with Wilcoxon signed-ranks test using all 
subjects. CIDEA expression increased 1.9-fold increase after 8 weeks of diet 
(P<0.0001) and 2.4-fold after 16 weeks of diet (P<0.0001), as compared to baseline. 
Between wk 16 and 18 when regular food was gradually reintroduced, the average 
body weight was unchanged, whereas CIDEA expression decreased (P<0.0001) to a 
level that was still higher than baseline (1.4-fold increase from wk 0; P=0.028).  
Reprinted from Paper I with permission. Copyright 2007, The Endocrine Society.  
_____________________________________________________________________

 
 
CIDEA and CIDEC in lipolysis 

CIDEA has been shown to negatively regulate lipolysis in human adipocytes [125]. 
Our study showed that VLCD induced a pronounced increase in adipose tissue CIDEA 
transcription. This upregulation during caloric restriction did not fit well with 
CIDEA’s putative role as an inhibitor of lipolysis, since adipocytes respond to caloric 
restriction by mobilizing and releasing fatty acids. Recent studies have shown that 
CIDEA in addition to its role in lipolysis may function as a regulatory protein which 
facilitates the preferential oxidation of fatty acids instead of glucose in white 
adipocytes in order to optimize glucose recycling [138]. These findings may help to 
explain the increased CIDEA under conditions of high fatty acid mobilization such as 
caloric restriction.  
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Figure 9. A) Real-time PCR verification of VLCD microarray data. CIDEC expression 
in subcutaneous adipose tissue during a 12-week VLCD was analyzed. Mean value 
±SEM. * P  0.0001 (paired t tests vs. week 0). No significant differences between 
weeks 2, 6, and 12 (paired t tests). B) Correlation between changes in PPARgamma 
and CIDEC mRNA levels during the microarray VLCD study (week 0-8 and week 0-
16) and 2 weeks after reintroduction of normal food (week 0-18). Differences are 
shown for each subject. P<0.0001 for correlation (Wald test).  
Reprinted from Paper II with permission from Elsevier. 
_____________________________________________________________________

 

 
In Paper II we showed that downregulation of CIDEC/FSP2  in a 3T3-L1 mouse  
adipocyte cell line resulted in increased basal NEFA release, decreased responsiveness 
to adrenergic stimulation, and increase in oxidation of endogenous fatty acids (Fig. 
10). Recent studies of mouse FSP27 have indicated that a central role of FSP27 is to 
maintain the large unilocular lipid droplet structure within the adipocyte, and the 
mechanism by which FSP27 depletion stimulates lipolysis may to be fragmentation of 
lipid droplets which may stimulate lipolysis through enhanced lipase action on the 
larger surface area per unit volume of triglyceride [128,132]. While CIDEC/FSP27 
depletion in 3T3-L1 adipocytes resulted in increased basal lipolysis in our 
experiments, isoproterenol-stimulated lipolysis was blunted. Studies of isolated white 
adipocytes from FSP27-deficient mice have also suggested an impaired isoproterenol-
stimulated lipolysis in the absence of CIDEC/FSP27, but this could not be verified in 
vivo [132]. Hence, the role of CIDEC in stimulated lipolysis remains unclear. Given 
the suggested role of CIDEC as inhibitor of lipolysis, it is interesting to note that 
CIDEC is expressed to a lesser extent in visceral than in subcutaneous adipose tissue. 
It is possible that this depot difference may contribute to the increased lipolysis in 
visceral adipose tissue, but this remains to be elucidated. 

  

A B
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Figure 10. CIDEC silencing in the 3T3-L1 adipocyte cell line. Differentiated 3T3-L1 
cells were electroporated with antimouse CIDEC or scrambled control siRNA. A) 
Basal release of NEFA. B) The NEFA release after stimulation with -adrenergic 
agonist isoproterenol. C) Responsiveness to isoproterenol stimulation, expressed as 
NEFA release after isoproterenol stimulation/basal NEFA release. D) Oxidation 
products from labeled endogenous fatty acids. n = 4. Mean ±SD. *P  0.004 and #P = 
0.042 (2-sample T test). Iso indicates isoproterenol.  
Reprinted from Paper II with permission from Elsevier. 
_____________________________________________________________________

CIDEA and CIDEC in energy expenditure 

Some observations suggest that CIDEA may play a role in energy expenditure. The 
expression of the CIDEA gene is regulated by PPARgamma coactivator 1  (PGC-1 ) 
and receptor-interacting protein 140 (RIP140) [139,140], two important regulators of 
mitochondrial biogenesis and cellular programs that promote energy expenditure 
[77,141,142]. CIDEA-null mice are resistant to diet-induced obesity and diabetes, and 
have elevated metabolic rate [124]. In brown adipocytes, uncoupling protein-1 (UCP1) 
is responsible for brown adipocyte heat production by diverting energy from ATP 
synthesis to thermogenesis in the mitochondria. In vitro observations using 
immunoprecipitation techniques suggested that CIDEA interacts with UCP1 [124], but 
these findings were challenged by a later study that could not find CIDEA protein in 
mitochondria [143].  
 

We studied CIDEA in adipose tissue of subjects in the cross-sectional Mölndal 
Metabolic study, and found that the CIDEA gene expression was inversely associated 
with BMR independently of body composition, age, and gender (P=0.014). We also 
tkkkkkkgggggggggggggggggggkkhe 
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Figure 11. Adipose tissue gene expression (mean ±SEM of normalized ratios with 
LRP10) of UCP1 and CIDEA in 10 subjects treated with VLCD for 16 wk, followed by 
a gradual reintroduction of regular food, with adipose tissue biopsies obtained at wk 
0, 8, and 18. Both CIDEA and UCP1 were regulated by diet (P= 0.020 and P=0.0026, 
respectively, using an exact binomial test to assess expressional regulation from wk 
0), and there was a negative association between CIDEA and UCP1 gene 
expression (P= 0.0014, combining all time points with a generalized Wald test).  
Reprinted from Paper I with permission. Copyright 2007, The Endocrine Society. 
_____________________________________________________________________

 
showed that the transcriptional regulation of CIDEA and UCP1 went in opposite 
directions during VLCD (Fig. 11) and that there was an inverse association between 
the two (P=0.0014). These observational findings place CIDEA in the context of 
energy expenditure in humans, and thus give support to the animal data. A 
downregulation of UCP1 in adipose tissue during diet has not been described before in 
humans. Although UCP1 expression is very low in white adipose tissue, a 
downregulation during diet may be viewed as a marker of the compensatory responses 
that act to decrease energy expenditure in order to resist weight loss.  
 

FSP27-deficient mice are protected from diet-induced obesity and insulin resistance 
and display increased metabolic rate due to increased energy expenditure in the white 
adipose tissue [132,144]. FSP27 deficiency results in the acquisition of a brown 
adipocyte-like morphology in white adipocytes, with the appearance of smaller lipid 
droplets, increased mitochondrial size and activity, and upregulation of UCP1 
[132,144]. We did not investigate the relationship between CIDEC and BMR in 
humans. However, the suggested role of CIDEC/FSP27 as inhibitor of mitochondrial 
activity [132,144] fits well with our in vitro findings of an increased oxidation of 
endogenous fatty acids after CIDEC/FSP27 downregulation (Fig. 10D). 
 
CIDEA and CIDEC expression in relation to body composition and metabolism 

We found that CIDEA expression in adipose tissue was negatively associated with all 
measurements of body fatness, including DXA body fat. There was no dysregulation 
of CIDEA or CIDEC expression in subjects with the metabolic syndrome when 
compared with BMI -matched controls, but we did find a negative correlation between 
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CIDEA expression and insulin levels that was independent of adiposity. As opposed to 
CIDEA, the CIDEC expression did not correlate significantly with BMI.  
 
Summary 

Our observations that both CIDEA and CIDEC transcription are highly responsive to 
changes in energy availability suggest that they are involved in the adipocyte 
adaptation to these changes. Taken together, our data obtained mainly from human 
subjects support a role for CIDEA and CIDEC in human energy balance and obesity 
via the regulation of adipose tissue physiology. Our findings are consistent with data 
obtained in rodents.  

Intestinal permeability in visceral obesity (Paper III) 

The accumulation of visceral fat is influenced by age, gender, and hormones such as 
sex steroids, cortisol and growth hormone [145]. In paper III we studied intestinal 
permeability as a potential factor in visceral fat accumulation.  
 

There are indications that the gut microbial flora, and the intestinal barrier that forms a 
protection against these microbes, could be factors that influence fat accumulation. 
The gastrointestinal tract has a single contiguous layer of epithelial cells that separates 
the inside of the body from the external environment. Much of the epithelial barrier is 
formed by the rigid lipid bilayer of the enterocyte brush border, and the tight junctions 
between cells. The epithelial cells form a barrier towards the complex bacterial 
ecosystem that resides in the gastrointestinal tract. Bacteria and bacterial constituents 
that do enter this barrier are primarily handled by the lymphatic tissues that surround 
the intestines, and by the liver. An interesting example of impaired intestinal barrier 
function is Crohn disease. Increased intestinal permeability is believed to initiate and 
maintain the mucosal inflammation in Crohn disease by allowing abnormal 
presentation of luminal constituents to the surrounding immune system [117,146]. A 
striking finding in patients with Crohn disease is the increased accumulation of 
visceral fat [147]. 
 

Compared with subcutaneous adipose tissue, visceral adipose tissue contains more 
immune cells and expresses higher levels of inflammatory mediators, suggesting a 
more active role in immune defence [97-100]. This immunological activation may be 
linked to the anatomical location of visceral adipose tissue close to the gastrointestinal 
tract, as there are various environmental agents in the lumen of the intestine that can 
initiate or maintain immune responses if they penetrate the intestinal wall [148]. As a 
result of an impaired intestinal barrier, translocation of non-self antigens across the 
gastrointestinal wall may challenge the lymph nodes and adipose tissue that surround 
the viscera. Adipocytes express receptors that mediate cellular responses to bacterial 
endotoxins [149] as well as receptors for immunoglobulins that, when activated, 
potently stimulate adipocyte lipid accumulation [97]. Chronic low-grade immune 
stimulation has been shown to induce local hypertrophy of adipose tissue in both mice 
and rats [150,151], and studies in mice have suggested a chain of events where 
increased intestinal permeability causes metabolic disorders [152].  
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The aim of the IPIVO study was to investigate the relationship between gut 
permeability and visceral obesity in humans. In a preliminary study of 67 healthy 
women with varying degrees of abdominal obesity, we assessed intestinal permeability 
using sucralose and mannitol followed by a 9 h urine collection period, and used waist 
circumference as a crude estimate of visceral obesity. The preliminary data showed a 
positive association between the sucralose/mannitol ratio and waist circumference 
(r=0.27, P=0.024). Analysis of the different urine collection periods revealed that 
significant associations were only found for the late (6-9 h) urine sample (r=0.28, 
P=0.022), a time frame consistent with barrier function at the level of the colon. The 
correlation was not explained by differences in factors known to influence gut barrier 
such as alcohol consumption, smoking, psychological stress, irritable bowel 
symptoms, or use of anti-inflammatory drugs.  
 

Encouraged by these preliminary findings, we performed a second study visit in which 
we analyzed the sucralose/mannitol ratio for an early (0-6 h) and a late (6-12 h) urine 
sampling period in relation to CT and DXA measurements of visceral, liver, 
subcutaneous abdominal, and total fat depots. Consistent with what we observed in the 
preliminary study, the sucralose/mannitol ratio from the late (6-12 h) urine sample was 
significantly associated with visceral fat area (r=0.48, P=0.0003). No associations 
were found between the sucralose/mannitol ratio and fat depots when the early (0-6 h) 
urine sample was used, suggesting that upper gastrointestinal tract is not involved. An 
alteration of colonic permeability is consistent with our hypothesis, given that the 
majority of bacteria are present in the colon, and thus an increased permeability at that 
level is likely to augment the entry of microbial derived factors. As predicted, the 
sucralose/mannitol ratio was not correlated to subcutaneous or total body fat.  
 
 
 
Table 3. Pearson correlations between markers of intestinal permeability and 
CT/DXA measurements of various fat depots. The analysis was divided into an early 
(0-6 h) and a late (6-12 h) urine collection period in order to separate between 
intestinal permeability of the small and large intestine, respectively. Ratios of large 
and small carbohydrates (sucralose/mannitol) were used in order to reduce pre- and 
post-absorptive variance, and to allow for comparisons between individuals. 
 

 Sucralose/mannitol in 
the 0-6 hour urine 

Sucralose/mannitol in 
the 6-12 hour urine 

 r P-value r P-value

Visceral fat area1 0.16 0.23 0.48 0.00032

Subcutaneous fat area1 -0.05 0.74 0.17 0.23
Liver fat 0.21 0.13 0.39 0.004
Total body fat1 -0.05 0.73 0.24 0.081

 

1The influence of body size on these fat depot measurements was removed by 
calculating ratios with total body mass before statistical analysis. 2P=0.0014 without 
adjustment for total body mass. 
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The IPIVO study was primarily designed to study intestinal permeability in relation to 
visceral obesity, but we also found that the sucralose/mannitol ratio of the late urine 
sample was associated with liver fat content as assessed with CT (r=0.39, P=0.004). 
An association between intestinal permeability and liver fat content has not been 
reported before in humans. Gut-derived antigens that enter the portal vein as a result of 
increased permeability are primarily handled by the liver, and studies in rodents have 
shown that endotoxin can induce liver fattening [151]. In non-alcoholic steatohepatitis, 
liver fattening and inflammatory liver damage are the major culprits, and an impaired 
barrier seems to contribute to the inflammatory liver damage [153]. The ability of a 
healthy liver to handle portal endotoxin before it enters the systemic circulation may 
explain why we failed to detect any alterations in endotoxin levels in peripheral blood 
samples from this study population.  
 
Summary 

Several animal studies have demonstrated the importance of the gut microbiota and 
endotoxemia in driving fat accumulation [105,151,152]. We found a positive 
association between intestinal permeability, assessed as the urine recovery of orally 
administered carbohydrates, and visceral obesity and liver fattening. Our report 
represents the first human study in a new and exciting field of research about the 
interplay between the intestinal barrier function and visceral obesity, and opens up 
new possibilities for intervention in an area where specific treatment has been lacking. 
We suggest that therapeutic agents aiming to improve intestinal barrier function should 
be explored for prevention or treatment of visceral and hepatic fat accumulation.  
 

 
 

Figure 12 Relative size of the visceral fat area (mean SEM) for each quartile of 
intestinal permeability (lowest to highest) using the sucralose/mannitol in the 6-12 h 
urine sample as the measure of colonic permeability. Subjects within the highest 
quartile of colonic permeability had on average a 56% larger visceral fat area as 
compared to subjects in the lowest quartile. *p=0.023 between 1st and 4th quartile (t 
test) and P=0.010 for trend across groups (ANOVA). 
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Effects of obesity treatment on cancer incidence (Paper IV) 

Since the association between obesity and cancer is well established, a key question is 
whether obesity treatment can reduce the risk of developing cancer. Observational 
studies that address this question are obscured by the difficulty to separate intentional 
from unintentional weight loss, and by the difficulty to achieve long-term weight loss. 
To date, the best evidence that weight loss can prevent cancer comes from two very 
recent, retrospective studies of obese subjects treated with bariatric surgery [154,155], 
both reporting significant reductions in overall cancer incidence among surgically 
treated subjects, as compared to controls. 
 

The SOS study is the first prospective, controlled intervention study that investigates 
the impact of long-term weight loss on disease and death rates [59,109]. In the SOS 
study, bariatric surgery was used to achieve weight loss, since such surgery was and 
still is the only available technique with established long-term effects on weight loss. 
Mortality data in the SOS study was published in 2007, showing that bariatric surgery 
was associated with long-term weight loss and significantly reduced overall mortality, 
as compared with conventional treatment [69]. Cancer was the single most common 
cause of death, but the number of events was not sufficient to evaluate the risk 
reduction for death from cancer or other specific causes. To study the effects of 
bariatric surgery on cancer, we performed a follow up study in which we investigated 
incident cancer in the SOS study. Information on cancer incidence was obtained from 
the National Cancer Register in Sweden which aims to register all cancers in Sweden. 
 

In women, the number of first-time cancers after inclusion was lower in the surgery 
group (n=79) compared to the control group (n=130) (HR=0.58, 95% confidence 
interval 0.44 to 0.77, p=0.001), whereas there was no effect of surgery in men (38 vs. 
39 cases, HR=0.97, p=0.91). Kaplan-Meier curves of the overall cancer rates in the 
two groups are shown in Fig. 13. Important to note is that there are only about half as 
many men as there are women in the SOS study and hence a lower statistical power.  
 

To get a more detailed picture of the data, we also separated the different types of 
cancer and calculated hazard ratios for each (Fig. 14). These analyses had a limited 
statistical power because of few cases in each site. In women, most of the common 
cancer types such as colorectal, breast and endometrial cancer occurred to a lesser 
extent in the surgery group than in the control group. However, none of the differences 
were significant, except for malignant melanoma and haematopoietic cancers (Fig. 
14).  
 

The main limitation of the SOS study was that the surgical intervention could not be 
randomly assigned. Instead a computerized matching procedure was adopted to make 
the surgery and control group as similar as possible based on 18 matching variables. 
To make certain that the reduction in cancer incidence in the surgery group as 
compared with the control group was not explained by uneven distributions of 
potential covariates between the two groups, multivariate analyses were performed. 
The hazard ratio for bariatric surgery was not affected by these adjustments (see Paper 
IV), which shows that the difference in cancer incidence between treatment groups 
was not explained by any of these variables.  
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Figure 13. The unadjusted cumulative fatal plus non-fatal cancer incidence by 
gender in surgically treated obese subjects and in obese control individuals. At 
bottom, number of subjects at risk over 16 years. 
_____________________________________________________________________

 
 
Other than age and smoking, there were few predictors for cancer among the matching 
variables, but in women the sagittal diameter, which serves as an estimate visceral 
obesity, was independently associated with cancer risk (P<0.001). The treatment effect 
was not affected by menopause, diabetes, BMI, age or smoking (Fig. 15).  
 

In addition to the main analysis of surgery treatment and cancer incidence, we also 
analyzed how the magnitude of weight loss was related to cancer incidence. The 
univariate analysis showed that female patients with the largest weight losses during 
the first year after inclusion had a significantly lower incidence of cancer as compared 
to the female patients with the least weight loss. However, weight loss did not come 
out significant in a multivariate model that included treatment group. This observation 
could be due to the fact that treatment and weight loss are so closely associated in the 
SOS study; therefore just one of the correlated variables becomes significant while we 
are trying to analyse both of them together. While taking this limitation into account, 
one might also speculate about the possibility that it could be factors other than the 
actual number of kilograms lost that explain the lower cancer incidence in the surgery 
group.  
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Figure 14. Number of first time cancers by gender and origin. Males in upper and 
females in lower panel. Dots with bars represent the unadjusted HR and its 95% 
confidence interval for each cancer type. Areas of squares are proportional to the 
number of cancer cases within each group of origin. The rhombi at the bottom of the 
two panels illustrate the total treatment effect (HR and 95% CI) taking all males and 
all females, respectively, into account. 
_____________________________________________________________________

 
The reduced statistical power in men compared to women may help to explain why we 
did not find any treatment effect in men. On the other hand, while the treatment effect 
is very strong in women there was not even a tendency in men. In addition, there was a 
borderline significant P-value in gender-treatment interaction analysis. Observational 
studies of intentional weight loss from Williamson et al. suggested that there might be 
a gender difference in this context, since self-reported intentional weight loss was 
found to be associated with reduced cancer mortality in women but not in men 
[156,157]. A recent retrospective study by Adams et al. is, beside our study, the only 
bariatric surgery study to date that has analyzed incident cancer for men and women 
separately. Similar to our results, they found a highly significant HR of 0.73 for 
overall cancer in surgically treated women as compared to controls (P=0.0004), but no 
difference in men (HR 1.02, P=0.91) [155]. 
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Figure 15. Unadjusted subgroup-treatment interactions with respect to overall cancer 
incidence. Dots with bars represent the HR and its 95% confidence interval for 
subgroups (based on matching data). Areas of squares are proportional to the 
number of cancer cases within subgroups. The rhombus at the bottom of the figure 
illustrates the total treatment effect (HR and 95% CI) taking all subjects into account.  
_____________________________________________________________________
 
 

Summary 

The conclusion of Paper IV is that in severely obese women, obesity surgery is 
associated with a reduced cancer risk of developing cancer, and the data suggest that 4 
out of 10 cancers could be avoided in severely obese women. When it comes to men, it 
is still difficult to draw conclusions. 
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CONCLUSIONS AND FUTURE PERSPECTIVES 
 
Obesity treatment today is insufficient. Bariatric surgery can help some patients, but 
there is clearly a need for a viable pharmacological treatment for obesity. There is no 
doubt that disturbances in appetite regulation in the brain can cause overeating and 
severe obesity. However, an important obstacle in the pharmacological targeting of 
energy balance in the brain is that many of the signalling systems that regulate appetite 
and food seeking behaviour seem to overlap with neuronal systems that influence 
psychological well-being. Several drugs trials over the past years have had to be 
terminated due to psychiatric side effects. A more attractive alternative may be to 
target peripheral mechanisms that influence energy balance. Adipose tissue related 
mechanisms have a huge pharmacological potential that has to be exploited in attempts 
to find novel therapeutic areas in the management of obesity. From a pharmacological 
point of view, there are two main reasons to search for adipose tissue-specific genes: 
1) They most likely function in adipose tissue physiology and thus they are potential 
drug targets for the treatment of obesity, and 2) If they are not expressed in other 
organs, drugs that interfere with their function are less likely to cause side-effects. 
Inducing white adipose to adapt brown adipocyte-like features and consume more 
energy may be one approach to treat obesity or obesity-related co-morbidities. Also, 
pathways of lipolysis may become targets for the treatment of obesity-related 
metabolic derangements. Hence, the pathways that involve CIDEA and CIDEC have 
therapeutic potential for the treatment of obesity and obesity-related metabolic 
complications. Like adipose tissue, the gastrointestinal tract may provide clues 
regarding how to treat obesity. Our findings provide evidence of a possible interaction 
between intestinal permeability and visceral fat accumulation, and thus improve the 
prospects for intervention studies in humans.  
 

Despite the accumulating evidence of obesity as a risk factor for cancer, not much 
effort has been made to develop programs to prevent cancer by weight control. One 
reason for this lack of interest may be that it has not been convincingly shown that 
weight loss can prevent cancer. Our data, in combination with previous observation 
studies and data from retrospective bariatric surgery studies, indicate that much could 
be gained from obesity treatment in women. Future research and clinical management 
recommendations should take into account cancer as an important complication to 
obesity. However, there are still many questions that need to be answered, and our 
findings need to be confirmed by additional studies. The possibility of a gender 
differences in this context is very intriguing and should be specifically addressed in 
coming research. To what extent obesity treatment should be used in the clinical 
management of obese cancer survivors, or in obese patients with a strong hereditary 
risk of developing cancer, has not yet been clarified. Our data suggest that visceral 
obesity (as estimated with the sagittal diameter) may be an independent predictor of 
cancer incidence, and this finding merits further investigation. The mechanisms 
underlying the association between obesity, energy balance and cancer are not well 
understood. Obesity, caloric restriction and weight loss exert a broad impact on 
mediators of cellular growth, inflammation, oxidative stress, angiogenesis, cell 
adhesion, all of which may influence carcinogenesis [158]. A possible strategy to 
study such complex effects of energy balance on cancer could be to use microarray 
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techniques to study the transcriptional responses that follow caloric restriction. For 
many relevant tissues, such studies can be performed in humans.

Finally: An important mission today is to alleviate the stigma of obesity. We have to 
acknowledge that severe obesity is a chronic disease that is difficult to treat, and not a 
personal choice. We have learnt from genetic studies that human food intake cannot be 
considered as an entirely voluntary act, but instead driven by powerful biological 
signals. Even more difficult to control is the body’s response to, and handling of, 
energy excess and energy deficit. Yet so many people (including the obesity patients 
themselves) firmly believe that it is all a matter of discipline, which it is certainly not 
[159]. 



Pathogenesis of Obesity and Effects of Treatment

 41

ACKNOWLEDGEMENTS 
 
Denna avhandling är resultatet av många människors insatser. Jag har haft förmånen 
att arbeta med väldigt många kloka, kunniga och trevliga personer under min 
doktorandtid. Tack vare er har jag lärt mig mycket, men framförallt har ni gjort det 
roligt att gå till jobbet!  
 

Ett stort tack vill jag rikta till fem personer som med vishet och engagemang har 
väglett mig i tillvaron och skapat resurser för att driva projekten: Lena Carlsson, Jarl 
Torgerson, Björn Fagerberg, Lars Sjöström och Björn Carlsson.  
 

Tack till mina tidigare och nuvarande medarbetare i Carlssons/Sjöströms grupp: Britt 
Gabrielsson, Jenny Palming, Camilla Glad, Louise Olofsson, Maja Olsson, Margareta 
Jernås, Bob Olsson, Per-Arne Svensson, Rahil Hezaveh, Erik Schéle, Kajsa Sjöholm, 
Malin Lönn, Alicia Bergsten, Daniel Hägg, Björn Magnusson, Vilborg Pálsdóttir, 
Johanna Andersson, Atsuhito Saiki, Anders Sjögren, Susanne Hering, Lena Gripeteg, 
Gerd Bergmark, Kristina Narbro, Ted Lystig, Peter Jacobson, Kristjan Karason, David 
Sjöström, Anna Karin Lindroos, Ingrid Larsson, Markku Peltonen, Cecilia Karlsson, 
Helén Berteus Forslund, Björn Henning, Anna-Lena Dahlgren och Lisbeth Eriksson. 
Ni har gett mig hjälp och stöd, spännande diskussioner, och många roliga stunder! 
 

Tack till alla er som jag har arbetat med genom åren på Obesitasmottagningen/Ulab. I 
forskningsstudierna har jag främst arbetat med Elvi Lénberg, Matty Hällqvist, Eva 
Bergelin, Lena Strid, John Brandberg, Helén Lantz, Kaj Stenlöf, Miriam Fredlund, 
Marie Louise Norberg och Mona Falkman, vilket varit synnerligen trevligt. Stort tack 
även till alla ni andra sjuksköterskor, dietister, läkare, biomedicinska analytiker, 
ingenjörer och sekreterare på mottagningen. Ni är ett härligt gäng som sätter 
patienterna främst! 
 

Ett annat ställe som alltid är trevligt att komma till är Fysiologgruppen på 
Wallenberglab. Tack till MarieLouise Ekholm, Carl-Johan Behre, Ulrika Prahl 
Abrahamsson, Lisbet Birke, Fredrik Olson, Josefine Kjelldahl, Caroline Schmidt, 
Carita Fagerlund, Gerhard Brohall. Ett sant nöje att arbeta med er! Tack även till 
Fredrik Bäckhed och Lillemor Mattsson Hultén på andra delar av Wallenberglab för 
hälp med IPIVO-studien. 
 

Tack till Pål Lundin, Lars Löfgren och Len Storlien på AstraZeneca, för att ni så 
generöst delar med er av er kunskap.  
 

Tack till alla patienter som har deltagit i de olika studierna. Era insatser för kunskapen 
framåt.  
 

Tack till alla mina medarbetare på Klinisk Genetik som har gett mig en trevlig klinisk 
tillvaro att varva min forskning med det senaste året.  
 

Jag har haft ovärderligt stöd av min hustru Maria och hennes familj, samt av min mor 
Christina. Till sist, tack Emma, Elias och Malte för att ni ger mig en sådan drivkraft i 
tillvaron. 



Anders Gummesson

 42

REFERENCES 
 
1. Peeters A, Barendregt JJ, Willekens F, et al. Obesity in adulthood and its 

consequences for life expectancy: a life-table analysis. Ann Intern Med 2003;138:24-
32 

2. Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of life lost due to 
obesity. JAMA 2003;289:187-193 

3. McTigue K, Larson JC, Valoski A, et al. Mortality and cardiac and vascular outcomes 
in extremely obese women. JAMA 2006;296:79-86 

4. Berghöfer A, Pischon T, Reinhold T, et al. Obesity prevalence from a European 
perspective: a systematic review. BMC Public Health 2008;8:200 

5. Ogden CL, Carroll MD, Curtin LR, et al. Prevalence of overweight and obesity in the 
United States, 1999-2004. JAMA 2006;295:1549-1555 

6. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. 
Diabetes 1988;37:1595-1607 

7. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 
and its complications. Part 1: diagnosis and classification of diabetes mellitus 
provisional report of a WHO consultation. Diabet Med 1998;15:539-553 

8. Balkau B, Charles MA. Comment on the provisional report from the WHO 
consultation. European Group for the Study of Insulin Resistance (EGIR). Diabet Med 
1999;16:442-443 

9. Executive Summary of The Third Report of The National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High 
Blood Cholesterol In Adults (Adult Treatment Panel III). Jama 2001;285:2486-2497 

10. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome--a new worldwide definition. 
Lancet 2005;366:1059-1062 

11. Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab 2004;89:2583-
2589 

12. Haslam DW, James WP. Obesity. Lancet 2005;366:1197-1209 
13. Cornier MA, Dabelea D, Hernandez TL, et al. The metabolic syndrome. Endocr Rev 

2008;29:777-822 
14. Sin DD, Sutherland ER. Obesity and the lung: 4. Obesity and asthma. Thorax 

2008;63:1018-1023 
15. World Cancer Research Fund / American Institute for Cancer Research. Food, 

Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective. 
Washington DC: AICR, 2007.  

16. Bray GA, Wilson JF. In the clinic. Obesity. Ann Intern Med 2008;149:ITC4-1-15; 
quiz ITC14-16 

17. Sullivan M, Karlsson J, Sjöstrom L, et al. Swedish obese subjects (SOS)--an 
intervention study of obesity. Baseline evaluation of health and psychosocial 
functioning in the first 1743 subjects examined. Int J Obes Relat Metab Disord 
1993;17:503-512 

18. Rubner M. Die Quelle der thierischen Warme. Z Biol 1894:73-142 
19. Stunkard AJ, Foch TT, Hrubec Z. A twin study of human obesity. JAMA 

1986;256:51-54 
20. Stunkard AJ, Sorensen TI, Hanis C, et al. An adoption study of human obesity. N Engl 

J Med 1986;314:193-198 
21. Wardle J, Carnell S, Haworth CM, Plomin R. Evidence for a strong genetic influence 

on childhood adiposity despite the force of the obesogenic environment. Am J Clin 
Nutr 2008;87:398-404 



Pathogenesis of Obesity and Effects of Treatment

 43

22. Selby JV, Newman B, Quesenberry CP, Jr., et al. Evidence of genetic influence on 
central body fat in middle-aged twins. Hum Biol 1989;61:179-194 

23. Bouchard C, Tremblay A, Despres JP, et al. The response to long-term overfeeding in 
identical twins. N Engl J Med 1990;322:1477-1482 

24. Bouchard C, Tremblay A, Despres JP, et al. The response to exercise with constant 
energy intake in identical twins. Obes Res 1994;2:400-410 

25. Montague CT, Farooqi IS, Whitehead JP, et al. Congenital leptin deficiency is 
associated with severe early-onset obesity in humans. Nature 1997;387:903-908 

26. Krude H, Biebermann H, Luck W, et al. Severe early-onset obesity, adrenal 
insufficiency and red hair pigmentation caused by POMC mutations in humans. Nat 
Genet 1998;19:155-157 

27. Yeo GS, Farooqi IS, Aminian S, et al. A frameshift mutation in MC4R associated with 
dominantly inherited human obesity. Nat Genet 1998;20:111-112 

28. Vaisse C, Clement K, Guy-Grand B, Froguel P. A frameshift mutation in human 
MC4R is associated with a dominant form of obesity. Nat Genet 1998;20:113-114 

29. Farooqi S, O'Rahilly S. Genetics of obesity in humans. Endocr Rev 2006;27:710-718 
30. Rankinen T, Zuberi A, Chagnon YC, et al. The human obesity gene map: the 2005 

update. Obesity (Silver Spring) 2006;14:529-644 
31. Dina C, Meyre D, Gallina S, et al. Variation in FTO contributes to childhood obesity 

and severe adult obesity. Nat Genet 2007;39:724-726 
32. Frayling TM, Timpson NJ, Weedon MN, et al. A common variant in the FTO gene is 

associated with body mass index and predisposes to childhood and adult obesity. 
Science 2007;316:889-894 

33. Scuteri A, Sanna S, Chen WM, et al. Genome-wide association scan shows genetic 
variants in the FTO gene are associated with obesity-related traits. PLoS Genet 
2007;3:e115 

34. Thorleifsson G, Walters GB, Gudbjartsson DF, et al. Genome-wide association yields 
new sequence variants at seven loci that associate with measures of obesity. Nat Genet 
2009;41:18-24 

35. Willer CJ, Speliotes EK, Loos RJ, et al. Six new loci associated with body mass index 
highlight a neuronal influence on body weight regulation. Nat Genet 2009;41:25-34 

36. Loos RJ, Lindgren CM, Li S, et al. Common variants near MC4R are associated with 
fat mass, weight and risk of obesity. Nat Genet 2008;40:768-775 

37. Sacks FM, Bray GA, Carey VJ, et al. Comparison of weight-loss diets with different 
compositions of fat, protein, and carbohydrates. N Engl J Med 2009;360:859-873 

38. Dansinger ML, Tatsioni A, Wong JB, Chung M, Balk EM. Meta-analysis: the effect of 
dietary counseling for weight loss. Ann Intern Med 2007;147:41-50 

39. Miller WC, Koceja DM, Hamilton EJ. A meta-analysis of the past 25 years of weight 
loss research using diet, exercise or diet plus exercise intervention. Int J Obes Relat 
Metab Disord 1997;21:941-947 

40. Catenacci VA, Wyatt HR. The role of physical activity in producing and maintaining 
weight loss. Nat Clin Pract Endocrinol Metab 2007;3:518-529 

41. Church TS, Earnest CP, Skinner JS, Blair SN. Effects of different doses of physical 
activity on cardiorespiratory fitness among sedentary, overweight or obese 
postmenopausal women with elevated blood pressure: a randomized controlled trial. 
JAMA 2007;297:2081-2091 

42. Sui X, LaMonte MJ, Laditka JN, et al. Cardiorespiratory fitness and adiposity as 
mortality predictors in older adults. JAMA 2007;298:2507-2516 

43. Rössner S, Torgerson JS. [VLCD a safe and simple treatment of obesity]. 
Läkartidningen 2000;97:3876-3879 



Anders Gummesson

 44

44. Very low-calorie diets. National Task Force on the Prevention and Treatment of 
Obesity, National Institutes of Health. JAMA 1993;270:967-974 

45. Saris WH. Very-low-calorie diets and sustained weight loss. Obes Res 2001;9 Suppl 
4:295S-301S 

46. Christensen R, Kristensen PK, Bartels EM, Bliddal H, Astrup A. Efficacy and safety 
of the weight-loss drug rimonabant: a meta-analysis of randomised trials. Lancet 
2007;370:1706-1713 

47. Samat A, Tomlinson B, Taheri S, Thomas GN. Rimonabant for the treatment of 
obesity. Recent Pat Cardiovasc Drug Discov 2008;3:187-193 

48. Hauptman JB, Jeunet FS, Hartmann D. Initial studies in humans with the novel 
gastrointestinal lipase inhibitor Ro 18-0647 (tetrahydrolipstatin). Am J Clin Nutr 
1992;55:309S-313S 

49. Hansen DL, Toubro S, Stock MJ, Macdonald IA, Astrup A. Thermogenic effects of 
sibutramine in humans. Am J Clin Nutr 1998;68:1180-1186 

50. Rucker D, Padwal R, Li SK, Curioni C, Lau DC. Long term pharmacotherapy for 
obesity and overweight: updated meta-analysis. BMJ 2007;335:1194-1199 

51. James WP, Astrup A, Finer N, et al. Effect of sibutramine on weight maintenance after 
weight loss: a randomised trial. STORM Study Group. Sibutramine Trial of Obesity 
Reduction and Maintenance. Lancet 2000;356:2119-2125 

52. Sjöström L. Surgical intervention as a strategy for treatment of obesity. Endocrine 
2000;13:213-230 

53. Maggard MA, Shugarman LR, Suttorp M, et al. Meta-analysis: surgical treatment of 
obesity. Ann Intern Med 2005;142:547-559 

54. Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: a systematic review and 
meta-analysis. JAMA 2004;292:1724-1737 

55. NIH conference. Gastrointestinal surgery for severe obesity. Consensus Development 
Conference Panel. Ann Intern Med 1991;115:956-961 

56. Pamuk ER, Williamson DF, Serdula MK, Madans J, Byers TE. Weight loss and 
subsequent death in a cohort of U.S. adults. Ann Intern Med 1993;119:744-748 

57. French SA, Folsom AR, Jeffery RW, Williamson DF. Prospective study of 
intentionality of weight loss and mortality in older women: the Iowa Women's Health 
Study. Am J Epidemiol 1999;149:504-514 

58. Douketis JD, Macie C, Thabane L, Williamson DF. Systematic review of long-term 
weight loss studies in obese adults: clinical significance and applicability to clinical 
practice. Int J Obes (Lond) 2005;29:1153-1167 

59. Sjöström L, Lindroos AK, Peltonen M, et al. Lifestyle, diabetes, and cardiovascular 
risk factors 10 years after bariatric surgery. N Engl J Med 2004;351:2683-2693 

60. Moore LL, Visioni AJ, Qureshi MM, et al. Weight loss in overweight adults and the 
long-term risk of hypertension: the Framingham study. Arch Intern Med 
2005;165:1298-1303 

61. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 
diabetes with lifestyle intervention or metformin. N Engl J Med 2002;346:393-403 

62. Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2 diabetes mellitus 
by changes in lifestyle among subjects with impaired glucose tolerance. N Engl J Med 
2001;344:1343-1350 

63. Karason K, Lindroos AK, Stenlöf K, Sjöström L. Relief of cardiorespiratory 
symptoms and increased physical activity after surgically induced weight loss: results 
from the Swedish Obese Subjects study. Arch Intern Med 2000;160:1797-1802 



Pathogenesis of Obesity and Effects of Treatment

 45

64. Grunstein RR, Stenlöf K, Hedner JA, et al. Two year reduction in sleep apnea 
symptoms and associated diabetes incidence after weight loss in severe obesity. Sleep 
2007;30:703-710 

65. Peltonen M, Lindroos AK, Torgerson JS. Musculoskeletal pain in the obese: a 
comparison with a general population and long-term changes after conventional and 
surgical obesity treatment. Pain 2003;104:549-557 

66. Karlsson J, Taft C, Rydén A, Sjöström L, Sullivan M. Ten-year trends in health-
related quality of life after surgical and conventional treatment for severe obesity: the 
SOS intervention study. Int J Obes (Lond) 2007;31:1248-1261 

67. Christou NV, Sampalis JS, Liberman M, et al. Surgery decreases long-term mortality, 
morbidity, and health care use in morbidly obese patients. Ann Surg 2004;240:416-
423; discussion 423-414 

68. Adams TD, Gress RE, Smith SC, et al. Long-term mortality after gastric bypass 
surgery. N Engl J Med 2007;357:753-761 

69. Sjöström L, Narbro K, Sjöström CD, et al. Effects of bariatric surgery on mortality in 
Swedish obese subjects. N Engl J Med 2007;357:741-752 

70. Leibel RL, Rosenbaum M, Hirsch J. Changes in energy expenditure resulting from 
altered body weight. N Engl J Med 1995;332:621-628 

71. Wang P, Mariman E, Renes J, Keijer J. The secretory function of adipocytes in the 
physiology of white adipose tissue. J Cell Physiol 2008;216:3-13 

72. Sell H, Deshaies Y, Richard D. The brown adipocyte: update on its metabolic role. Int 
J Biochem Cell Biol 2004;36:2098-2104 

73. Nedergaard J, Bengtsson T, Cannon B. Unexpected evidence for active brown adipose 
tissue in adult humans. Am J Physiol Endocrinol Metab 2007;293:E444-452 

74. Yoshida T, Umekawa T, Kumamoto K, et al. beta 3-Adrenergic agonist induces a 
functionally active uncoupling protein in fat and slow-twitch muscle fibers. Am J 
Physiol 1998;274:E469-475 

75. Mercader J, Ribot J, Murano I, et al. Remodeling of white adipose tissue after retinoic 
acid administration in mice. Endocrinology 2006;147:5325-5332 

76. Tiraby C, Tavernier G, Lefort C, et al. Acquirement of brown fat cell features by 
human white adipocytes. J Biol Chem 2003;278:33370-33376 

77. Puigserver P, Wu Z, Park CW, et al. A cold-inducible coactivator of nuclear receptors 
linked to adaptive thermogenesis. Cell 1998;92:829-839 

78. Ravussin E, Smith SR. Increased fat intake, impaired fat oxidation, and failure of fat 
cell proliferation result in ectopic fat storage, insulin resistance, and type 2 diabetes 
mellitus. Ann N Y Acad Sci 2002;967:363-378 

79. Lewis GF, Carpentier A, Adeli K, Giacca A. Disordered fat storage and mobilization 
in the pathogenesis of insulin resistance and type 2 diabetes. Endocr Rev 2002;23:201-
229 

80. Szendroedi J, Roden M. Ectopic lipids and organ function. Curr Opin Lipidol 
2009;20:50-56 

81. Hegele RA, Joy TR, Al-Attar SA, Rutt BK. Thematic review series: Adipocyte 
Biology. Lipodystrophies: windows on adipose biology and metabolism. J Lipid Res 
2007;48:1433-1444 

82. Arner P. Human fat cell lipolysis: biochemistry, regulation and clinical role. Best Pract 
Res Clin Endocrinol Metab 2005;19:471-482 

83. Vazquez-Vela ME, Torres N, Tovar AR. White adipose tissue as endocrine organ and 
its role in obesity. Arch Med Res 2008;39:715-728 

84. Michalik L, Auwerx J, Berger JP, et al. International Union of Pharmacology. LXI. 
Peroxisome proliferator-activated receptors. Pharmacol Rev 2006;58:726-741 



Anders Gummesson

 46

85. Lapidus L, Bengtsson C, Larsson B, et al. Distribution of adipose tissue and risk of 
cardiovascular disease and death: a 12 year follow up of participants in the population 
study of women in Gothenburg, Sweden. Br Med J (Clin Res Ed) 1984;289:1257-1261 

86. Lee CM, Huxley RR, Wildman RP, Woodward M. Indices of abdominal obesity are 
better discriminators of cardiovascular risk factors than BMI: a meta-analysis. J Clin 
Epidemiol 2008 

87. Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of myocardial infarction in 
27,000 participants from 52 countries: a case-control study. Lancet 2005;366:1640-
1649 

88. Banerji MA, Buckley MC, Chaiken RL, et al. Liver fat, serum triglycerides and 
visceral adipose tissue in insulin-sensitive and insulin-resistant black men with 
NIDDM. Int J Obes Relat Metab Disord 1995;19:846-850 

89. Boyko EJ, Fujimoto WY, Leonetti DL, Newell-Morris L. Visceral adiposity and risk 
of type 2 diabetes: a prospective study among Japanese Americans. Diabetes Care 
2000;23:465-471 

90. Despres JP, Lemieux S, Lamarche B, et al. The insulin resistance-dyslipidemic 
syndrome: contribution of visceral obesity and therapeutic implications. Int J Obes 
Relat Metab Disord 1995;19 Suppl 1:S76-86 

91. Nguyen-Duy TB, Nichaman MZ, Church TS, Blair SN, Ross R. Visceral fat and liver 
fat are independent predictors of metabolic risk factors in men. Am J Physiol 
Endocrinol Metab 2003;284:E1065-1071 

92. Ross R, Dagnone D, Jones PJ, et al. Reduction in obesity and related comorbid 
conditions after diet-induced weight loss or exercise-induced weight loss in men. A 
randomized, controlled trial. Ann Intern Med 2000;133:92-103 

93. Kuk JL, Katzmarzyk PT, Nichaman MZ, et al. Visceral fat is an independent predictor 
of all-cause mortality in men. Obesity (Silver Spring) 2006;14:336-341 

94. Arner P. Differences in lipolysis between human subcutaneous and omental adipose 
tissues. Ann Med 1995;27:435-438 

95. Björntorp P. "Portal" adipose tissue as a generator of risk factors for cardiovascular 
disease and diabetes. Arteriosclerosis 1990;10:493-496 

96. Pond CM. Adipose tissue and the immune system. Prostaglandins Leukot Essent Fatty 
Acids 2005;73:17-30 

97. Palming J, Gabrielsson BG, Jennische E, et al. Plasma cells and Fc receptors in human 
adipose tissue--lipogenic and anti-inflammatory effects of immunoglobulins on 
adipocytes. Biochem Biophys Res Commun 2006;343:43-48 

98. Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous adipose tissues of 
obese subjects release interleukin-6: depot difference and regulation by glucocorticoid. 
J Clin Endocrinol Metab 1998;83:847-850 

99. Cancello R, Tordjman J, Poitou C, et al. Increased infiltration of macrophages in 
omental adipose tissue is associated with marked hepatic lesions in morbid human 
obesity. Diabetes 2006;55:1554-1561 

100. Gabrielsson BG, Johansson JM, Lönn M, et al. High expression of complement 
components in omental adipose tissue in obese men. Obes Res 2003;11:699-708 

101. Small CJ, Bloom SR. Gut hormones and the control of appetite. Trends Endocrinol 
Metab 2004;15:259-263 

102. Näslund E, Hellström PM. Appetite signaling: from gut peptides and enteric nerves to 
brain. Physiol Behav 2007;92:256-262 

103. Ferrannini E, Mingrone G. Impact of different bariatric surgical procedures on insulin 
action and beta-cell function in type 2 diabetes. Diabetes Care 2009;32:514-520 



Pathogenesis of Obesity and Effects of Treatment

 47

104. Gallagher TK, Geoghegan JG, Baird AW, Winter DC. Implications of altered 
gastrointestinal motility in obesity. Obes Surg 2007;17:1399-1407 

105. Bäckhed F, Manchester JK, Semenkovich CF, Gordon JI. Mechanisms underlying the 
resistance to diet-induced obesity in germ-free mice. Proc Natl Acad Sci U S A 
2007;104:979-984 

106. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and 
incidence of cancer: a systematic review and meta-analysis of prospective 
observational studies. Lancet 2008;371:569-578 

107. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, and 
mortality from cancer in a prospectively studied cohort of U.S. adults. N Engl J Med 
2003;348:1625-1638 

108. Brohall G, Behre CJ, Hulthe J, Wikstrand J, Fagerberg B. Prevalence of diabetes and 
impaired glucose tolerance in 64-year-old Swedish women: experiences of using 
repeated oral glucose tolerance tests. Diabetes Care 2006;29:363-367 

109. Sjöström L, Larsson B, Backman L, et al. Swedish obese subjects (SOS). Recruitment 
for an intervention study and a selected description of the obese state. Int J Obes Relat 
Metab Disord 1992;16:465-479 

110. Sjöström L, Lönn L, Chowdhury B, al. E. The sagittal diameter is a valid marker of 
visceral adipose tissue volume. In: Angel A, Anderson H, Bouchard C, et al eds, 
Recent advances in obesity research VII. London: John Libbey; 1996:309-319 

111. Zamboni M, Turcato E, Armellini F, et al. Sagittal abdominal diameter as a practical 
predictor of visceral fat. Int J Obes Relat Metab Disord 1998;22:655-660 

112. Bydder GM, Kreel L, Chapman RW, et al. Accuracy of computed tomography in 
diagnosis of fatty liver. Br Med J 1980;281:1042 

113. Ricci C, Longo R, Gioulis E, et al. Noninvasive in vivo quantitative assessment of fat 
content in human liver. J Hepatol 1997;27:108-113 

114. Bustin SA, Mueller R. Real-time reverse transcription PCR (qRT-PCR) and its 
potential use in clinical diagnosis. Clin Sci (Lond) 2005;109:365-379 

115. Gabrielsson BG, Olofsson LE, Sjögren A, et al. Evaluation of reference genes for 
studies of gene expression in human adipose tissue. Obes Res 2005;13:649-652 

116. Gopalakrishnan B, Wolff J. siRNA and DNA transfer to cultured cells. Methods Mol 
Biol 2009;480:31-52 

117. Hollander D. Intestinal permeability, leaky gut, and intestinal disorders. Curr 
Gastroenterol Rep 1999;1:410-416 

118. Meddings JB, Gibbons I. Discrimination of site-specific alterations in gastrointestinal 
permeability in the rat. Gastroenterology 1998;114:83-92 

119. Anderson AD, Jain PK, Fleming S, et al. Evaluation of a triple sugar test of colonic 
permeability in humans. Acta Physiol Scand 2004;182:171-177 

120. Anderson AD, Poon P, Greenway GM, MacFie J. A simple method for the analysis of 
urinary sucralose for use in tests of intestinal permeability. Ann Clin Biochem 
2005;42:224-226 

121. Cancer Incidence in Sweden 2005. Stockholm: Center for Epidemiology, 2007. In 
122. Inohara N, Koseki T, Chen S, Wu X, Nunez G. CIDE, a novel family of cell death 

activators with homology to the 45 kDa subunit of the DNA fragmentation factor. 
Embo J 1998;17:2526-2533 

123. Liang L, Zhao M, Xu Z, Yokoyama KK, Li T. Molecular cloning and characterization 
of CIDE-3, a novel member of the cell-death-inducing DNA-fragmentation-factor 
(DFF45)-like effector family. The Biochemical journal 2003;370:195-203 

124. Zhou Z, Yon Toh S, Chen Z, et al. Cidea-deficient mice have lean phenotype and are 
resistant to obesity. Nat Genet 2003;35:49-56 



Anders Gummesson

 48

125. Nordström EA, Ryden M, Backlund EC, et al. A human-specific role of cell death-
inducing DFFA (DNA fragmentation factor-alpha)-like effector A (CIDEA) in 
adipocyte lipolysis and obesity. Diabetes 2005;54:1726-1734 

126. Dahlman I, Kaaman M, Jiao H, et al. The CIDEA gene V115F polymorphism is 
associated with obesity in Swedish subjects. Diabetes 2005;54:3032-3034 

127. Li JZ, Ye J, Xue B, et al. Cideb regulates diet-induced obesity, liver steatosis, and 
insulin sensitivity by controlling lipogenesis and fatty acid oxidation. Diabetes 
2007;56:2523-2532 

128. Puri V, Konda S, Ranjit S, et al. Fat-specific protein 27, a novel lipid droplet protein 
that enhances triglyceride storage. J Biol Chem 2007;282:34213-34218 

129. Gummesson A, Jernas M, Svensson PA, et al. Relations of Adipose Tissue CIDEA 
Gene Expression to Basal Metabolic Rate, Energy Restriction, and Obesity: 
Population-Based and Dietary Intervention Studies. J Clin Endocrinol Metab 
2007;92:4759-4765 

130. Magnusson B, Gummesson A, Glad CA, et al. Cell death-inducing DFF45-like 
effector C is reduced by caloric restriction and regulates adipocyte lipid metabolism. 
Metabolism 2008;57:1307-1313 

131. Li D, Da L, Tang H, Li T, Zhao M. CpG methylation plays a vital role in determining 
tissue- and cell-specific expression of the human cell-death-inducing DFF45-like 
effector A gene through the regulation of Sp1/Sp3 binding. Nucleic Acids Res 
2008;36:330-341 

132. Nishino N, Tamori Y, Tateya S, et al. FSP27 contributes to efficient energy storage in 
murine white adipocytes by promoting the formation of unilocular lipid droplets. J 
Clin Invest 2008;118:2808-2821 

133. Dahlman I, Linder K, Arvidsson Nordström E, et al. Changes in adipose tissue gene 
expression with energy-restricted diets in obese women. Am J Clin Nutr 
2005;81:1275-1285 

134. Viguerie N, Vidal H, Arner P, et al. Adipose tissue gene expression in obese subjects 
during low-fat and high-fat hypocaloric diets. Diabetologia 2005;48:123-131 

135. Lowell BB. PPARgamma: an essential regulator of adipogenesis and modulator of fat 
cell function. Cell 1999;99:239-242 

136. Albrektsen T, Frederiksen KS, Holmes WE, et al. Novel genes regulated by the insulin 
sensitizer rosiglitazone during adipocyte differentiation. Diabetes 2002;51:1042-1051 

137. Kim YJ, Cho SY, Yun CH, et al. Transcriptional activation of Cidec by 
PPARgamma2 in adipocyte. Biochem Biophys Res Commun 2008;377:297-302 

138. Laurencikiene J, Stenson BM, Arvidsson Nordström E, et al. Evidence for an 
important role of CIDEA in human cancer cachexia. Cancer Res 2008;68:9247-9254 

139. Christian M, Kiskinis E, Debevec D, et al. RIP140-targeted repression of gene 
expression in adipocytes. Mol Cell Biol 2005;25:9383-9391 

140. Hallberg M, Morganstein DL, Kiskinis E, et al. A functional interaction between 
RIP140 and PGC-1alpha regulates the expression of the lipid droplet protein CIDEA. 
Mol Cell Biol 2008;28:6785-6795 

141. Powelka AM, Seth A, Virbasius JV, et al. Suppression of oxidative metabolism and 
mitochondrial biogenesis by the transcriptional corepressor RIP140 in mouse 
adipocytes. J Clin Invest 2006;116:125-136 

142. Leonardsson G, Steel JH, Christian M, et al. Nuclear receptor corepressor RIP140 
regulates fat accumulation. Proc Natl Acad Sci U S A 2004;101:8437-8442 

143. Puri V, Ranjit S, Konda S, et al. Cidea is associated with lipid droplets and insulin 
sensitivity in humans. Proc Natl Acad Sci U S A 2008;105:7833-7838 



Pathogenesis of Obesity and Effects of Treatment

 49

144. Toh SY, Gong J, Du G, et al. Up-regulation of mitochondrial activity and acquirement 
of brown adipose tissue-like property in the white adipose tissue of fsp27 deficient 
mice. PLoS ONE 2008;3:e2890 

145. Björntorp P. Hormonal control of regional fat distribution. Hum Reprod 1997;12 
Suppl 1:21-25 

146. Arnott ID, Kingstone K, Ghosh S. Abnormal intestinal permeability predicts relapse in 
inactive Crohn disease. Scand J Gastroenterol 2000;35:1163-1169 

147. Desreumaux P, Ernst O, Geboes K, et al. Inflammatory alterations in mesenteric 
adipose tissue in Crohn's disease. Gastroenterology 1999;117:73-81 

148. Arrieta MC, Bistritz L, Meddings JB. Alterations in intestinal permeability. Gut 
2006;55:1512-1520 

149. Lin Y, Lee H, Berg AH, et al. The lipopolysaccharide-activated toll-like receptor 
(TLR)-4 induces synthesis of the closely related receptor TLR-2 in adipocytes. J Biol 
Chem 2000;275:24255-24263 

150. Sadler D, Mattacks CA, Pond CM. Changes in adipocytes and dendritic cells in lymph 
node containing adipose depots during and after many weeks of mild inflammation. J 
Anat 2005;207:769-781 

151. Cani PD, Amar J, Iglesias MA, et al. Metabolic endotoxemia initiates obesity and 
insulin resistance. Diabetes 2007;56:1761-1772 

152. Cani PD, Bibiloni R, Knauf C, et al. Changes in gut microbiota control metabolic 
endotoxemia-induced inflammation in high-fat diet-induced obesity and diabetes in 
mice. Diabetes 2008;57:1470-1481 

153. Brun P, Castagliuolo I, Leo VD, et al. Increased intestinal permeability in obese mice: 
new evidence in the pathogenesis of nonalcoholic steatohepatitis. Am J Physiol 
Gastrointest Liver Physiol 2007;292:G518-525 

154. Christou N, Lieberman M, Sampalis F, JS S. Bariatric surgery reduces cancer 
incidence in morbidly obese patients. Surg Obes Relat Dis 2008;4:691-695 

155. Adams TD, Stroup AM, Gress RE, et al. Cancer Incidence and Mortality After Gastric 
Bypass Surgery. Obesity (Silver Spring) 2009 

156. Williamson DF, Pamuk E, Thun M, et al. Prospective study of intentional weight loss 
and mortality in never-smoking overweight US white women aged 40-64 years. Am J 
Epidemiol 1995;141:1128-1141 

157. Williamson DF, Pamuk E, Thun M, et al. Prospective study of intentional weight loss 
and mortality in overweight white men aged 40-64 years. Am J Epidemiol 
1999;149:491-503 

158. Hursting SD, Lashinger LM, Wheatley KW, et al. Reducing the weight of cancer: 
mechanistic targets for breaking the obesity-carcinogenesis link. Best Pract Res Clin 
Endocrinol Metab 2008;22:659-669 

159. Friedman JM. Modern science versus the stigma of obesity. Nature medicine 
2004;10:563-569 

 
 
 
 


	Ramen - från InDesign
	Flik I
	Gummesson Paper I 090310 - ny
	Flik II
	Gummesson Paper II 090310 - ny
	Flik III
	Gummesson Paper III 090310 - ny
	Flik IV
	Gummesson Paper IV 090310 - ny


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00440065006e006e00610020006a006f0062006f007000740069006f006e00660069006c002000e400720020006f007000740069006d00650072006100640020006600f6007200200044006f00630075005300790073002000700072006f00640075006b00740069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.283 858.898]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00440065006e006e00610020006a006f0062006f007000740069006f006e00660069006c002000e400720020006f007000740069006d00650072006100640020006600f6007200200044006f00630075005300790073002000700072006f00640075006b00740069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.283 858.898]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00440065006e006e00610020006a006f0062006f007000740069006f006e00660069006c002000e400720020006f007000740069006d00650072006100640020006600f6007200200044006f00630075005300790073002000700072006f00640075006b00740069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.283 858.898]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00440065006e006e00610020006a006f0062006f007000740069006f006e00660069006c002000e400720020006f007000740069006d00650072006100640020006600f6007200200044006f00630075005300790073002000700072006f00640075006b00740069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.283 858.898]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.614 x 9.528 inches / 168.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20080912091637
       685.9843
       168x242
       Blank
       476.2205
          

     Tall
     1
     0
     No
     296
     322
    
     None
     Right
     8.5039
     0.0000
            
                
         Both
         2
         AllDoc
         135
              

       CurrentAVDoc
          

     Uniform
     595.2756
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     49
     104
     103
     104
      

   1
  

 HistoryList_V1
 qi2base





