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General introduction and outline of thesis
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Obesity and type 2 diabetes mellitus
Epidemiology and definitions
Overweight and obesity are currently increasing globally, which is attributable to 

a number of factors including the overall availability of palatable and energy dense 

food and a trend towards decreased physical activity and a more sedentary life 

style. “Overweight” is defined by the World Health Organization (http://www.who.int/

mediacentre/factsheets; factsheet obesity and overweight) as a Body Mass Index (BMI) 

(calculated as the bodyweight in kilograms divided by the square height in meters) 

equal to or more than 25 kg/m2, and “obesity” as a BMI equal to or more that 30kg/

m2. A BMI equal to or more than 35 kg/m2 is defined as morbid obesity and confers a 

significant increase in morbidity risks due to the increased amount of adipose tissue. 

Since 1980, the worldwide prevalence of obesity has doubled. In 2008, 1.5 billion 

adults of 20 years and older were overweight, and between them, 200 million men 

and 300 million women were obese. Obesity per se is associated with an increased 

mortality rate, and overweight and obesity are the fifth leading risk for global deaths. In 

addition, overweight and obesity are associated with insulin resistance, hyperlipidemia 

and hypertension, and consequently increase the risk of developing chronic diseases 

such as type 2 diabetes (T2DM). The risk attributable to overweight and obesity for the 

development of T2DM and other chronic diseases increases progressively with BMI 

(1;2). 

The estimated worldwide prevalence of diabetes among adults was 285 million (6,4%) 

in 2010, and this value is predicted to rise around 439 million (7.7%) by 2030 (3;4). 

Diagnostic criteria for T2DM defined by the WHO are HbA1c above 6,5% or fasting 

plasma glucose equal to or above 7,0 mmol/L or 2-hour glucose equal to or above 

11.1 mmol/L during a 75 grams oral glucose tolerance test or when symptoms of 

hyperglycemia are present and a random plasma glucose equal or above 11.1 mmol/L 

is measured. 

It should be noted, however, that even though the diabetes risk is inextricably linked 

to an increasing BMI at the population level, there is still a large amount of relatively 

“healthy obese” people, even among the highest BMI classes. The question why one 

obese individual develops diabetes and the other remains diabetes-free challenges 

current scientific research. It is suggested that especially visceral fat accumulation is an 

important determinant of the risk to develop T2DM among all BMI (5). 
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Pathogenesis of obesity and type 2 diabetes mellitus 
Etiology of obesity and type 2 diabetes
Even though the exact pathogenesis of obesity and T2DM is currently unknown, scientific 

knowledge suggests that metabolic, neuroendocrine and inflammatory adaptations to 

chronic fuel surfeit are involved (6;7). A generally accepted hypothesis is that, given 

our origin as hunters and gatherers in times when food was intermittently scarce, our 

body has a tendency to conserve energy and gain weight. Numerous physiological 

mechanisms secure the storage of excess energy in times of surplus, and decrease 

expenditure in times of scarcity. In predisposed subjects, these mechanisms have not 

adapted to the constant surplus of energy, inducing a tendency to gain weight, even 

when already obese. Moreover, these mechanisms will be activated with intentional 

weight loss, which attenuates actual weight loss in obesity (8). 

Cross-sectional evidence suggests that there is a strong genetic component of T2DM. 

The lifetime risk of T2DM is 7% in the general population; it increases to 38% in offspring 

of 1 parent with T2DM and further to 70% when both parents have the disease (9).

Furthermore, it is well established that around 80% of T2DM is associated with obesity, 

visceral fat accumulation and a sedentary lifestyle (10).

Thus, apart from a certain genetic predisposition, our current lifestyle challenges 

physiological mechanisms, thereby inducing both progressive insulin resistance in 

liver, muscle and adipose tissue in combination with pancreatic beta-cell failure to 

compensate the fuel surfeit. This leads to defects in insulin mediated glucose uptake 

in skeletal muscle, dysfunction of the adipocyte as a storage and secretory organ, 

enhanced endogenous glucose production by the liver, inadequate postprandial 

metabolic responses of the gut and a progressive decline in beta-cell function and 

mass in the pancreas, resulting in impaired insulin secretion. 

Insulin resistance of muscle, liver and adipose tissue
Around 80% of insulin stimulated glucose uptake by the body regards the uptake in 

skeletal muscle (11;12). In the view of diabetes being a disease of chronic fuel surfeit, 

nutrient replete or overloaded skeletal muscle tissue is suggested to respond with 

insulin resistance as protection against steatosis or metabolic stress (13;14). Insulin 

resistance is thought to be functional and developed to divert excess nutrients to safe 

storage in adipose tissue cells (15).

Insulin mediated glucose uptake in adipose tissue accounts for only 10% of insulin 

stimulated glucose uptake. However, the capacity of healthy white adipose tissue to store 
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excess amounts of free fatty acids (FFAs) prevents nutrient spillover to other tissues and 

protects against metabolic diseases (14). Genetic predisposition and chronic nutrient 

surfeit lead to adipose tissue hyperthrophy and an increased macrophage content 

that is responsible for an altered adipokine secretion profile. Furthermore, impaired 

adipocyte differentiation and increased lipolysis in adipose tissue results in redirection 

of lipids to be stored in non-adipose tissues (16;17). The altered adipokine secretion 

profile, includes adipokines (leptin, adiponectin) and pro-inflammatory cytokines (Il-6, 

IL-10, TNF-a). These factors further induce low grade systemic inflammation and affect 

proper insulin signaling, thereby aggravating insulin resistance (18-20) .

Furthermore, the inability of insulin to inhibit the basal rate of lipolysis in obesity and 

T2DM elevates (postprandial) plasma FFA concentrations. Surplus fatty acids enter 

non-oxidative pathways leading to triglycerides accumulation in the non-adipose cell. 

Fatty acid derivatives like diacylgycerols and ceramides are the harmfull components 

of triglycerides, due to their capacity to negatively influence cellular pathways. 

In healthy humans, the liver is mainly responsible for endogenous glucose production 

(glycogenolysis and gluconeogenesis) in the post absorptive state, reassuring sufficient 

glucose efflux to supply the brain’s needs. Hepatic insulin resistance in obesity and 

diabetes is associated with enhanced endogenous glucose production, despite fasting 

and postprandial hyperinsulinemia. As such, endogenous glucose production by the 

liver is the primary determinant of enhanced fasting plasma glucose levels in T2DM (21)

Beta-cell degeneration and Incretins 
Whereas adipose tissue accumulation in obesity is unequivocally associated with 

insulin resistance, T2DM only slowly progresses along with the degeneration of beta-

cells. In the early stages of insulin resistance, a compensatory increase in insulin 

secretion safeguards normal glucose tolerance. When beta cells are unable to maintain 

the previously elevated rate of insulin secretion in response to a glucose challenge, 

impaired glucose tolerance progresses to T2DM (22).

The incretin effect, the added increase in insulin secretion from an oral glucose 

compared to a glycemia matching intravenous glucose load, is severely impaired 

in T2DM (23;24). The incretin effect is depends on the activity of GLP-1 and GIP; gut 

hormones that have the potency to induce gut-glucose stimulated insulin release, 

which will be discussed in the following section. Importantly, both GIP and GLP-1 

have the potency to induce beta-cell proliferation and insulin synthesis, which will be 

challenged in the insulin resistant patient.
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Endocrine axes affected by obesity
As described before, during the development of obesity, the body activates several 

mechanisms to minimize the harmful effects of the fuel surfeit. Apart from diverting the 

surplus glucose and lipids away from vulnerable tissues, the overall energy expenditure 

will rise in order to compensate the energy surplus. This affects several endocrine 

axes, for example the thyroid axis, and the function of the autonomic nervous system. 

The autonomic nervous system (ANS) has a role in the regulation of long and short 

term energy balance (25). In insulin sensitive patients, postprandial hyperinsulinemia 

coincides with a transient dominance of the sympathetic nervous system in order to 

enhance resting energy expenditure to counteract hyperglycemia (26-28). In T2DM, the 

transient enhancement of energy expenditure is insufficient to decrease glucose levels, 

and hyperglycemia impairs b-adrenergic signaling. Consequently, the responsiveness 

of the autonomic nervous system to variations in metabolic rate is reduced (29;30). 

Furthermore, in obesity, moderately elevated serum triiodothyronine (T3) and thyroid 

stimulating hormone (TSH) concentrations enable enhancement of energy expenditure 

(31-33). Leptin is an important regulator of hypothalamic TSH production and increased 

TSH levels in obesity are thought to be causally related to leptin levels (34). 

Physiology and pathophysiology of food intake 
Two major players in the regulation of body weight are the gut and the brain. In short 

term energy regulation, peptides released from the gut convey information to brain 

areas involved in homeostatic control of food intake. For long term energy regulation, 

the brain receives signals from the available energy stores in the body. 

Brain function in the regulation of food intake
The hypothalamus, the control center of energy homeostasis (25;35), directly senses 

informational cues concerning presence of short and long term energy supplies to 

initiate an integrated behavioral and metabolic response in order to maintain energy 

homeostasis. Signals travel primarily via the vagus nerve to the brainstem and then 

to the hypothalamic arcuate nucleus where they pass the blood brain barrier (36). 

Hormones and nutrients from the gut, for example Ghrelin and, peptide-YY (PYY), 

induce respectively orexigenic and anorexigenic signaling pathways in the brain. 

Adiposity signals, for example Insulin and Leptin (37) convey information about the 

available fat storage. By adequately combining these signals, the hypothalamus adapts 

its activity to regulate energy intake. In fMRI studies it has been shown that during 

physiological hunger, ad libitum food intake is predicted by hypothalamic activity (38). 
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During the normal response to food intake, the hypothalamic activity signal is inhibited. 

This inhibition is attenuated or decreased in obese subjects (39). 

Emerging evidence suggests that brain areas related to reward and cognition also 

control food intake. The hypothalamus is connected to various corticolimbic structures, 

the orbitofrontal, insular and olfactory cortex, that are important for the rewarding 

function of food. In healthy humans, the presence of the satiety signals changes food 

regulation from the homeostatic hypothalamus to the hedonic orbital frontal area 

(38). Leptin (the “adipose tissue hormone”) is suggested to down regulate the ‘hedonic’ 

activation in reward areas and simultaneously up-regulate homeostatic control by 

enhancing the central response to satiety signals (40). Overstimulation by leptin in 

obesity may therefore decrease the response to physiological satiety or food related 

stimuli, which may trigger motivation for non-homeostatic eating (41-43).

Gut peptides in the regulation of food intake
As mentioned before, several peptides, released by the gut in presence or absence of 

food, are implicated in the regulation of food intake. Of these peptides, glucagon-like-

peptide-1 (GLP-1) may be the most important. GLP-1 is secreted by L-cells, primarily 

located in the distal ileum, in response to stimulation by luminal carbohydrates 

and lipids. GLP-1 potently stimulates glucose dependent insulin release, decreased 

beta-cell apoptosis (44;45), inhibits gastric emptying and decreases food intake (46). 

Furthermore, GLP-1 inhibits glucagon production and slows the rate of endogenous 

glucose production (47). T2DM subjects show diminished secretion and impaired 

function of GLP-1, whereas administration of GLP-1 to patients restores beta-cell 

glucose sensitivity and insulin secretion (47). 

Co-secreted from L-cell along with GLP-1, peptide-YY (PYY) is probably the most potent 

satiety hormone. PYY exerts is effect by stimulation of the Y2R in the arcuate nucleus 

(48). PYY is stimulated in proportion to the calorie content of the meal; however, 

stimulation seems more potent after protein rich meals (49). The postprandial increase 

in PYY is attenuated in obese subjects, and external administration of PYY is able to 

decreases food intake in obesity (50). 

Glucose-dependant-insulinotrophic-peptide (GIP) is produced by K-cells, primarily 

located in the duodenum (51). GIP is secreted in response to luminal nutrients, with 

carbohydrates obtaining the most important effect. GIP mediates insulin secretion in a 

glucose dependent manner, by binding to the GIP receptor at pancreatic beta-cells. In 

addition, it promotes beta-cell proliferation and survival, enhances insulin-stimulated 
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incorporation of free fatty acids into triglycerides and stimulates lipoprotein lipase 

activity (52). In T2DM, plasma concentrations of GIP have shown to be normal (53) but 

the insulinotrophic effect is deficient possibly through a defect at the receptor level 

(54-56).

Ghrelin is an orexigenic hormone, which is released by endocrine cells in the stomach 

in the absence of food and suppressed by food intake (57;58). Ghrelin induces its 

orexigenic effects via the hypothalamic arcuate nucleus, but also in the mesolimbic 

reward areas in rodents (59). Ghrelin levels are typically low in obesity, and correlate to 

hyperinsulinemia and insulin resistance (60). 

Glucagon 
In physiology, glucagon’s role is to induce hepatic gluconeogenesis during fasting. 

Postprandial, in physiological circumstances, a decrease in circulating glucagon is 

harvested by glucose sensing of the alpha cells, rising GLP-1 and Insulin levels. In 

T2DM, fasting glucagon levels are inappropriately enhanced, relative to enhanced 

glucose levels (61;62). This stimulates endogenous glucose production and enhances 

fasting glucose whereas the suppressive effect of insulin is defect (63;64). Obesity with 

normal glucose tolerance may be associated with enhanced fasting glucagon levels as 

a very early step in the pathophysiology of T2DM (65). Delayed postprandial inhibition, 

or even an increase in postprandial glucagon levels, further contributes to postprandial 

hyperglycemia in T2DM (66). Since GLP-1 secretion in type 2 diabetes is reduced, 

glucagon secretion is no longer inhibited. 

Other gut and liver derived factors 
Apart from gutpeptides, recently other important neuroendocrine gut-liver-brain 

pathways to regulate glucose homeostasis were discovered. It was shown that fatty acids 

that enter the proximal gut activate sensing mechanisms that suppress endogenous 

glucose production via a neural gut-brain-liver axis in healthy (non-diabetic) rats (67;68) 

Furthermore, rodent studies have shown a role for distal small intestine induced 

gluconeogenesis (69;70). Gluconeogenic genes are increasingly expressed when food 

enters the distal intestine as in enhanced protein feeding (71) or after bypass surgery 

(72). This induction leads to release of glucose in the portal blood, which continues 

between meals and activates glucose sensing. Via afferent neurons, this information is 

transmitted to the brain to induce satiety (73).

Members of the fibroblast growth factor (FGF) family, involved in a variety of biological 

processes including development, differentiation, cell survival and growth, have 
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recently been attributed an endocrine function in the regulation of carbohydrate 

and lipid metabolism (74). FGF19 is expressed in the distal small intestine after the 

postprandial uptake of bile acids, and is an important regulator of bile acid synthesis 

itself (75). FGF19, independently of insulin, stimulates hepatic protein and glycogen 

synthesis, without inducing lipogenesis (76). Bile acids activate G-protein coupled 

receptor TGR5 in brown adipose tissue and muscle, which induces intestinal glucagon- 

like-peptide-1 release (77) and induces a rise in energy expenditure (78). Circulating 

bile acids are correlated with measures of insulin sensitivity (79) (80) and bile acid 

sequestrants improve glycemic control in type 2 diabetes (81). 

FGF21 is expressed abundantly in the liver, in white adipose tissue, pancreas and 

muscle where its expression is respectively controlled by PPARα and PPARγ (74). FGF21 

stimulates glucose uptake in adipocytes, upregulates fatty acid oxidation and increases 

energy expenditure (82;83). FGF21 is a key mediator of the effect induced directly by 

PPARα in liver and PPARγ in adipose tissue in response to fasting. In the fasting state 

FGF21 stimulates lipolysis in white adipose tissue and ketogenesis in liver (84;85). Few 

human studies have shown a positive correlation of FGF21 with insulin resistance, 

hyperinsulinemia states and other metabolic parameters (86;87). 

Treatment of obesity and type 2 diabetes 
Weight reduction is of primary importance in the treatment of obesity and T2DM. 

Although pharmacological therapy is able to relieve symptomatic hyperglycemia, T2DM 

is a progressive disease, which will not be subdued by any therapy yet, unless insulin 

resistance and the toxic effect of adipose tissue are reduced. Calorie restriction per se 

(88) and weight loss is an effective way to decrease fasting and postprandial glucose 

levels, hepatic insulin resistance and peripheral skeletal muscle insulin resistance. 

Life style interventions and low calorie diets 
Long term follow up trials show that lifestyle interventions, frequent weight loss 

counseling combined with meal replacements or weight-loss medication, in obese 

patients result in a more favorable metabolic profile as compared to standard care 

which usually shows the normal progression of obesity and T2DM (89). Moreover, life-

style interventions have shown to be effective in the prevention of T2DM in people at 

risk (90). The Diabetes Prevention Program (91) and the Look AHEAD (92) (Action for 

Health in Diabetes) have provided evidence regarding the beneficial impact of lifestyle 

intervention on development of diabetes, the sustainability of lifestyle changes and 
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prevention of diabetes complications and the beneficial effect on progression of 

diabetes. Moreover, it was shown that among changes in diet, physical activity and 

weight reduction, interventions aimed at reducing diabetes risk, should primarily target 

weight reduction (93). 

Very low calorie diets are more rigorous than the life style intervention programs. As 

alluded to before, low calorie diets carry an important beneficial effect attributable 

to calorie restriction per se and to loss of adipose tissue. A three-day very low calorie 

diet in T2DM patients is able to reduce endogenous glucose production, fasting and 

postprandial glucose levels. Prolonged caloric restriction, when loss of adipose tissue 

becomes apparent, has effects on hepatic and peripheral insulin resistance (94;95). 

The effect of short term calorie restriction seems to last a substantial time, even when 

weight is regained (96). Furthermore, prolonged caloric restriction beneficially affects 

systemic inflammatory parameters and visceral fat volumes, myocardial and hepatic 

triglyceride stores on the long term, even when weight is regained (97-99). 

Recent evidence suggests that a diets’ nutrient composition may be important for its 

outcome and sustainability due to differences in palatability and satiety -and hunger 

triggers (100;101). Especially protein rich diets, maintaining normal or enhanced 

protein intake in the face of decreased or normal energy intake, seem to be more 

efficient in enhancement of satiety, thermogenesis, energy efficiency and improvement 

of body composition (102). Proteins seem to induce the release of anorexigenic gut 

hormones glucagon-like peptide-1 and peptide YY. In addition, there is some evidence 

that the circulating level of certain amino acids, for example leucine, could impact food 

intake by modulating the energy and nutrient sensor pathways in the hypothalamus 

(103). Moreover, as elegantly shown in rodent models, intestinal gluconeogenesis and 

subsequent portal glucose sensing induce satiety at the hypothalamic level and reduce 

hepatic gluconeogenesis (69;71).

One should not forget however, that weight loss trials always carry a certain inclusion-

bias; given the fact that people concerned about their lifestyle and risks are more likely 

to participate. Moreover, this suggests, that even people randomized in “standard care” 

arms of clinical trials, might even perform better than the general population that does 

not participate in any trial. Even so, weight is usually regained in the long term after 

lifestyle interventions. Indeed, bariatric surgery may be a more effective intervention 

in the long run (104). 
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Bariatric surgery
Ever since the introduction of bariatric surgery as a treatment for obesity, it has shown 

to be effective in a majority of cases. Nowadays, due to improved surgical techniques, 

morbidity and mortality of bariatric procedures are comparable to other elective 

laparoscopic interventions (105). Results from the Swedisch Obesity Study, a non-

randomized prospective study investigating the effects of bariatric surgery (gastric 

banding and gastric bypass procedures) on morbidity and mortality, shows significant 

reductions in the incidence and mortality of cancer and total cardiovascular events 

as compared to controls (106-108). Moreover, bariatric surgery is associated with a 

90% reduction in diabetes related mortality, and some bariatric procedures engage 

seemingly weight independent mechanisms, causing remission of type 2 diabetes in 

80% of cases within a couple of weeks after surgery (109). Thus, the effect of bariatric 

procedures depends to a large extent on the procedure, whether this is purely 

restrictive, gastric banding, or entails rearrangement of the gastric intestinal segments 

as well, as in gastric bypass. The potential mechanisms leading to the beneficial 

effects of bariatric surgery are likely complex and involve a number of organs and 

communicating pathways as will be discussed in the following section. 

Gastric banding (GB)
GB consists of encircling the stomach with a silicone band, to create a small proximal 

gastric pouch and a large distal remnant connected through a narrow constriction. 

Weight loss is mainly dependent on calorie restriction (110). Some evidence suggests 

that changes in satiety hormones and a possible as yet undefined satiety mechanism 

after gastric banding may add to enhanced satiety after GB (110;111). However, long 

term results of gastric banding are disappointing. The long term outcomes have been 

attributed to appearance of orexigenic compensatory mechanisms in response to 

weight loss, i.e. alterations in levels of PYY and Ghrelin (110;112). 

Roux-en-Y gastric bypass (RYGB)
RYGB is constructed by dividing the stomach in a 15 to 20 milliliters proximal gastric 

pouch and a large separate distal remnant. The upper pouch is connected to the 

proximal jejunum through a narrow Roux-en-Y gastrojejunostomy. In addition to 

gastric volume reduction, which limits calorie intake, RYGB entails rearrangement of 

gastrointestinal architecture, which involves profound changes in nutrient processing 

and postprandial gut hormone release. To the surprise of many experts, RYGB was 

associated with improved fasting and postprandial glucose homeostasis within days to 

weeks after surgery, independent of weight loss (113-115). Various mechanisms have 
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been proposed as mediator of the effects or RYGB on short term glucose homeostasis 

and long term weight loss. 

Calorie restriction: Like in gastric banding, gastric volume reduction restricts the volume 

of food that can be taken in at once, and food intake is fairly limited the first weeks 

to months after this major gastrointestinal procedure (116). On the long term, caloric 

restriction and subsequent weight loss are important factors improving peripheral 

glucose uptake after RYGB (117). By exclusion of the main part of the stomach, Ghrelin 

secreting cells are excluded from the gastro-intestinal tract, preventing the paradoxical 

rise of Ghrelin levels to stimulate appetite, which is seen after calorie restriction. 

Ghrelin levels remain suppressed after RYGB, which possibly adds to the anorexigenic 

effect of the procedure (112).

Excluding the duodenum from the gastrointestinal tract is suggested to exclude 

potential diabetogenic mechanisms subsiding here (67;118;119). Moreover, it induces 

distal intestinal gluconeogenesis which triggers glucose sensing in the portal vein, 

the liver and brain to induce satiety and inhibit hepatic glucose production (120;121). 

Furthermore, expeditious delivery of nutrient-rich chyme to jejunal and ileal L-cells 

after RYGB is supposed to exaggerate postprandial GLP-1 and PYY secretion, thereby 

enhancing insulin secretion and satiety, and ameliorating compromised b-cell function 

on the long term (122-124). Moreover, GLP-1 and PYY may have important effects on 

central regulation of food intake (38;125). RYGB was also reported to increase GIP levels, 

adding to the incretin effect, however data on GIP levels are not consistent (114;126). 

Other mechanisms: Through an as yet unknown mechanism, serum bile acids may be 

elevated and bile acid signalling may be changed after RYGB (127). Bile acids induce 

energy expenditure and further enhance GLP-1 secretion (78). Scarce data suggest 

that branched chain amino acids and their metabolites are decreased after RYGB 

independently of weight loss (128) and correlate with levels of insulin resistance. 

Although the mechanism is unrevealed, one could imagine that the gastro intestinal 

rearrangements after RYGB induce alterations in amino acid metabolism. 

In view of these multiple mechanistic effects of the gastrointestinal arrangements of 

the roux-en-y gastric bypass procedure, it is conceivable that there is indeed a strong 

metabolic effect occurring directly after treatment. However, the relative contributions 

of calorie restriction versus the endocrine corollaries of bypass surgery to the metabolic 

benefits of RYGB remain elusive. To clarify this issue, we conducted a clinical trial 
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comparing the endocrine and metabolic response to GB/severe calorie restriction or 

RYGB in obese individuals with normal glucose tolerance and equally obese subjects 

with T2DM. In this trial, the results of both types of interventions were studied from 

a broad perspective, evaluating the effects on postprandial gut hormone release and 

the brain, the autonomic nervous system and the thyroid axis, the endocrine active 

fibroblast growth factors FGF19 and FGF21 and on circulating inflammatory factors, 

lipids and amino acids. The results of this trial are described in this thesis. 

Outline of thesis
The most important aim of this thesis was to describe the direct effects of either 

restrictive treatment or RYGB surgery on fasting and postprandial glucose metabolism 

and to define the additive effect of the gastrointestinal arrangements of RYGB to the 

effects of caloric restriction per se. In chapter 2, we therefore describe the effect of both 

interventions on postprandial glucose, insulin and gut hormone levels. As glucagon is 

regulated by insulin and gutpeptides, but also important in the response to starvation, 

we hypothesized an important role for glucagon in postprandial glucose metabolism 

and in the effects of calorie restriction and RYGB. The postprandial response of this 

diabetogenic hormone in obesity and T2DM, and the effects of calorie restriction and 

RYGB are described in chapter 3. 

RYGB surgery, on the other hand, is suggested to affect bile acid metabolism, 

thereby increasing circulating bile acids and consequently inducing a rise in energy 

expenditure. We hypothesized that this effect would not be seen after pure calorie 

restriction. Therefore we aimed to evaluate the effect on fasting and postprandial bile 

acids and FGF19 (by which bile acids induce some of their favourable effects). The other 

hormonally active fibroblast growth factor, FGF21, regulates lipolysis and ketogenesis 

in the adaptive response to starvation. Since the effects of RYGB and calorie restriction 

on circulating FGF21 levels are unknown, we aimed to quantify them in fasting and 

postprandial state. These results are described in chapter 4. 

It is known that during weight loss the body decreases its energy expenditure, by 

activating anabolic pathways and decreasing catabolic pathways in order to minimise 

the “fuel” lost. This is accomplished, among other factors, by decreased activity of the 

pituitary-thyroid-axis. In chapter 5 we describe the effect of the different intervention 

types on thyroid hormone levels. The decrease in energy expenditure is accompanied 
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also by a recovery of the enhanced sympathetic nervous tone. Because calorie restriction 

and perioperative stress and anaesthetics may aggravate sympathetic nervous tone as 

well, we compared the effects of restriction and RYGB on the autonomic nervous system 

both three weeks and three months after surgery, which is described in chapter 6. 

With the advent of systems biology, it is now possible to define the broad array of 

circulating lipids and lipid derivatives that are responsible for some of the harmful 

effects of the enhanced circulating fatty acid pool in chronic fuel surfeit. We aimed 

to quantify differences in the circulating lipid pool between obese NGT and T2DM 

subjects. Furthermore we aimed to analyse the direct effect of the different weight 

loss strategies on circulating lipids and lipid derivatives. We describe the lipidomic 

corollaries of the two surgical procedures and calorie restriction per se in chapter 
7. With the same approach, circulating plasma levels of amino acid can be analysed. 

Given the importance of proteins and amino acids in the maintenance of lean body 

mass during weight loss, and the suggested alterations in amino acid metabolism after 

RYGB, we hypothesized that weight loss by GB, RYGB and a high protein low calorie 

diet, would differentially affect these amino acid levels. In chapter 8, we define the 

important differences between the three different weight loss strategies on circulating 

amino acids.

Given the important role of the brain in regulating short term and long term energy 

homeostasis, we set out to define functional connectivity of several brain areas 

implicated in this control of energy homeostasis. In chapter 9 we describe the 

differences in brain functional connectivity between lean, obese NGT and obese T2DM 

subjects in the fasting state and in response to food intake. In view of the differences 

in brain functional connectivity in obese as compared to lean controls at baseline, ànd 

given the suggested effect of several gut peptides on the brain’s homeostatic control 

centres, we evaluated the response to food intake on functional brain connectivity 

after RYGB and restrictive weight loss, of which the results are described in chapter 10. 

Chapter 11 will provide an overall summary and discussion of the results described in 

this thesis.



Chapter 1

23

Ch
ap

te
r 

1

22

Ch
ap

te
r 

1

Reference List
1.	 Overweight, obesity, and health risk. National Task Force on the Prevention and Treatment of 

Obesity. Arch Intern Med 2000;160:898-904.

2.	 Field AE, Coakley EH, Must A et al. Impact of overweight on the risk of developing common 
chronic diseases during a 10-year period. Arch Intern Med 2001;161:1581-6.

3.	 Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 
2030. Diabetes Res Clin Pract 2010;87:4-14.

4.	 Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the 
year 2000 and projections for 2030. Diabetes Care 2004;27:1047-53.

5.	 Heim N, Snijder MB, Heymans MW, Deeg DJ, Seidell JC, Visser M. Optimal cutoff values 
for high-risk waist circumference in older adults based on related health outcomes. Am J 
Epidemiol 2011;174:479-89.

6.	 Matthaei S, Stumvoll M, Kellerer M, Haring HU. Pathophysiology and pharmacological 
treatment of insulin resistance. Endocr Rev 2000;21:585-618.

7.	 Muoio DM, Newgard CB. Mechanisms of disease: molecular and metabolic mechanisms of 
insulin resistance and beta-cell failure in type 2 diabetes. Nat Rev Mol Cell Biol 2008;9:193-
205.

8.	 Schwartz MW, Woods SC, Seeley RJ, Barsh GS, Baskin DG, Leibel RL. Is the energy homeostasis 
system inherently biased toward weight gain? Diabetes 2003;52:232-8.

9.	 Pierce M, Keen H, Bradley C. Risk of diabetes in offspring of parents with non-insulin-
dependent diabetes. Diabet Med 1995;12:6-13.

10.	 Venables MC, Jeukendrup AE. Physical inactivity and obesity: links with insulin resistance and 
type 2 diabetes mellitus. Diabetes Metab Res Rev 2009;25 Suppl 1:S18-S23.

11.	 White MF. Insulin signaling in health and disease. Science 2003;302:1710-1.

12.	 Defronzo RA, Jacot E, Jequier E, Maeder E, Wahren J, Felber JP. The effect of insulin on the 
disposal of intravenous glucose. Results from indirect calorimetry and hepatic and femoral 
venous catheterization. Diabetes 1981;30:1000-7.

13.	 Nolan CJ, Prentki M. The islet beta-cell: fuel responsive and vulnerable. Trends Endocrinol 
Metab 2008;19:285-91.

14.	 Unger RH, Scherer PE. Gluttony, sloth and the metabolic syndrome: a roadmap to lipotoxicity. 
Trends Endocrinol Metab 2010;21:345-52.

15.	 Schenk S, Saberi M, Olefsky JM. Insulin sensitivity: modulation by nutrients and inflammation. 
J Clin Invest 2008;118:2992-3002.

16.	 Bluher M. Adipose tissue dysfunction in obesity. Exp Clin Endocrinol Diabetes 2009;117:241-
50.

17.	 Schaffer JE. Lipotoxicity: when tissues overeat. Curr Opin Lipidol 2003;14:281-7.

18.	 Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW, Jr. Obesity is 
associated with macrophage accumulation in adipose tissue. J Clin Invest 2003;112:1796-808.

19.	 Heilbronn LK, Campbell LV. Adipose tissue macrophages, low grade inflammation and insulin 
resistance in human obesity. Curr Pharm Des 2008;14:1225-30.



General introduction

23

Ch
ap

te
r 

1

22

Ch
ap

te
r 

1

20.	 Jazet IM, Pijl H, Meinders AE. Adipose tissue as an endocrine organ: impact on insulin 
resistance. Neth J Med 2003;61:194-212.

21.	 Groop LC, Bonadonna RC, DelPrato S et al. Glucose and free fatty acid metabolism in non-
insulin-dependent diabetes mellitus. Evidence for multiple sites of insulin resistance. J Clin 
Invest 1989;84:205-13.

22.	 Weir GC, Bonner-Weir S. Five stages of evolving beta-cell dysfunction during progression to 
diabetes. Diabetes 2004;53 Suppl 3:S16-S21.

23.	 Nauck M, Stockmann F, Ebert R, Creutzfeldt W. Reduced incretin effect in type 2 (non-insulin-
dependent) diabetes. Diabetologia 1986;29:46-52.

24.	 Nauck MA, Vardarli I, Deacon CF, Holst JJ, Meier JJ. Secretion of glucagon-like peptide-1 (GLP-1) 
in type 2 diabetes: what is up, what is down? Diabetologia 2011;54:10-8.

25.	 Schwartz MW, Woods SC, Porte D, Jr., Seeley RJ, Baskin DG. Central nervous system control of 
food intake. Nature 2000;404:661-71.

26.	 Anderson EA, Hoffman RP, Balon TW, Sinkey CA, Mark AL. Hyperinsulinemia produces both 
sympathetic neural activation and vasodilation in normal humans. J Clin Invest 1991;87:2246-
52.

27.	 Bellavere F, Cacciatori V, Moghetti P et al. Acute effect of insulin on autonomic regulation of 
the cardiovascular system: a study by heart rate spectral analysis. Diabet Med 1996;13:709-
14.

28.	 Laitinen T, Vauhkonen IK, Niskanen LK et al. Power spectral analysis of heart rate variability 
during hyperinsulinemia in nondiabetic offspring of type 2 diabetic patients: evidence for 
possible early autonomic dysfunction in insulin-resistant subjects. Diabetes 1999;48:1295-9.

29.	 Bergholm R, Westerbacka J, Vehkavaara S, Seppala-Lindroos A, Goto T, Yki-Jarvinen H. Insulin 
sensitivity regulates autonomic control of heart rate variation independent of body weight in 
normal subjects. J Clin Endocrinol Metab 2001;86:1403-9.

30.	 Seals DR, Bell C. Chronic sympathetic activation: consequence and cause of age-associated 
obesity? Diabetes 2004;53:276-84.

31.	 Reinehr T. Obesity and thyroid function. Mol Cell Endocrinol 2010;316:165-71.

32.	 Oppert JM, Dussault JH, Tremblay A, Despres JP, Theriault G, Bouchard C. Thyroid hormones 
and thyrotropin variations during long term overfeeding in identical twins. J Clin Endocrinol 
Metab 1994;79:547-53.

33.	 Rosenbaum M, Hirsch J, Murphy E, Leibel RL. Effects of changes in body weight on carbohydrate 
metabolism, catecholamine excretion, and thyroid function. Am J Clin Nutr 2000;71:1421-32.

34.	 Kok P, Roelfsema F, Frolich M, Meinders AE, Pijl H. Spontaneous diurnal thyrotropin secretion 
is enhanced in proportion to circulating leptin in obese premenopausal women. J Clin 
Endocrinol Metab 2005;90:6185-91.

35.	 Lam CK, Chari M, Lam TK. CNS regulation of glucose homeostasis. Physiology (Bethesda ) 
2009;24:159-70.

36.	 Banks WA. The blood-brain barrier: connecting the gut and the brain. Regul Pept 2008;149:11-
4.

37.	 Arora S, Anubhuti. Role of neuropeptides in appetite regulation and obesity--a review. 
Neuropeptides 2006;40:375-401.



Chapter 1

25

Ch
ap

te
r 

1

24

Ch
ap

te
r 

1

38.	 Batterham RL, ffytche DH, Rosenthal JM et al. PYY modulation of cortical and hypothalamic 
brain areas predicts feeding behaviour in humans. Nature 2007;450:106-9.

39.	 Matsuda M, Liu Y, Mahankali S et al. Altered hypothalamic function in response to glucose 
ingestion in obese humans. Diabetes 1999;48:1801-6.

40.	 Farooqi IS, Bullmore E, Keogh J, Gillard J, O’Rahilly S, Fletcher PC. Leptin regulates striatal 
regions and human eating behavior. Science 2007;317:1355.

41.	 Green E, Jacobson A, Haase L, Murphy C. Reduced nucleus accumbens and caudate 
nucleus activation to a pleasant taste is associated with obesity in older adults. Brain Res 
2011;1386:109-17.

42.	 Rothemund Y, Preuschhof C, Bohner G et al. Differential activation of the dorsal striatum by 
high-calorie visual food stimuli in obese individuals. Neuroimage 2007;37:410-21.

43.	 Stoeckel LE, Kim J, Weller RE, Cox JE, Cook EW, III, Horwitz B. Effective connectivity of a reward 
network in obese women. Brain Res Bull 2009;79:388-95.

44.	 Drucker DJ. Glucagon-like peptides: regulators of cell proliferation, differentiation, and 
apoptosis. Mol Endocrinol 2003;17:161-71.

45.	 Farilla L, Hui H, Bertolotto C et al. Glucagon-like peptide-1 promotes islet cell growth and 
inhibits apoptosis in Zucker diabetic rats. Endocrinology 2002;143:4397-408.

46.	 Willms B, Werner J, Holst JJ, Orskov C, Creutzfeldt W, Nauck MA. Gastric emptying, glucose 
responses, and insulin secretion after a liquid test meal: effects of exogenous glucagon-like 
peptide-1 (GLP-1)- (7-36) amide in type 2 (noninsulin-dependent) diabetic patients. J Clin 
Endocrinol Metab 1996;81:327-32.

47.	 Prigeon RL, Quddusi S, Paty B, D’Alessio DA. Suppression of glucose production by GLP-
1 independent of islet hormones: a novel extrapancreatic effect. Am J Physiol Endocrinol 
Metab 2003;285:E701-E707.

48.	 Batterham RL, Cowley MA, Small CJ et al. Gut hormone PYY (3-36) physiologically inhibits food 
intake. Nature 2002;418:650-4.

49.	 Batterham RL, Heffron H, Kapoor S et al. Critical role for peptide YY in protein-mediated 
satiation and body-weight regulation. Cell Metab 2006;4:223-33.

50.	 Batterham RL, Cohen MA, Ellis SM et al. Inhibition of food intake in obese subjects by peptide 
YY3-36. N Engl J Med 2003;349:941-8.

51.	 Drucker DJ. Glucagon-like peptides: regulators of cell proliferation, differentiation, and 
apoptosis. Mol Endocrinol 2003;17:161-71.

52.	 Kim W, Egan JM. The role of incretins in glucose homeostasis and diabetes treatment. 
Pharmacol Rev 2008;60:470-512.

53.	 Vilsboll T, Krarup T, Deacon CF, Madsbad S, Holst JJ. Reduced postprandial concentrations 
of intact biologically active glucagon-like peptide 1 in type 2 diabetic patients. Diabetes 
2001;50:609-13.

54.	 Holst JJ, Gromada J, Nauck MA. The pathogenesis of NIDDM involves a defective expression of 
the GIP receptor. Diabetologia 1997;40:984-6.

55.	 Lynn FC, Pamir N, Ng EH, McIntosh CH, Kieffer TJ, Pederson RA. Defective glucose-dependent 
insulinotropic polypeptide receptor expression in diabetic fatty Zucker rats. Diabetes 
2001;50:1004-11.



General introduction

25

Ch
ap

te
r 

1

24

Ch
ap

te
r 

1

56.	 Vilsboll T, Krarup T, Madsbad S, Holst JJ. Defective amplification of the late phase insulin 
response to glucose by GIP in obese Type II diabetic patients. Diabetologia 2002;45:1111-9.

57.	 Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS. A preprandial rise in 
plasma ghrelin levels suggests a role in meal initiation in humans. Diabetes 2001;50:1714-9.

58.	 Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin is a growth-hormone-
releasing acylated peptide from stomach. Nature 1999;402:656-60.

59.	 Naleid AM, Grace MK, Cummings DE, Levine AS. Ghrelin induces feeding in the mesolimbic 
reward pathway between the ventral tegmental area and the nucleus accumbens. Peptides 
2005;26:2274-9.

60.	 McLaughlin T, Abbasi F, Lamendola C, Frayo RS, Cummings DE. Plasma ghrelin concentrations 
are decreased in insulin-resistant obese adults relative to equally obese insulin-sensitive 
controls. J Clin Endocrinol Metab 2004;89:1630-5.

61.	 Unger RH, Orci L. Glucagon and the A cell: physiology and pathophysiology (first two parts). 
N Engl J Med 1981;304:1518-24.

62.	 Unger RH, Orci L. Glucagon and the A cell: physiology and pathophysiology (second of two 
parts). N Engl J Med 1981;304:1575-80.

63.	 Meier JJ, Deacon CF, Schmidt WE, Holst JJ, Nauck MA. Suppression of glucagon secretion is 
lower after oral glucose administration than during intravenous glucose administration in 
human subjects. Diabetologia 2007;50:806-13.

64.	 Shah P, Vella A, Basu A, Basu R, Schwenk WF, Rizza RA. Lack of suppression of glucagon 
contributes to postprandial hyperglycemia in subjects with type 2 diabetes mellitus. J Clin 
Endocrinol Metab 2000;85:4053-9.

65.	 Knop FK, Aaboe K, Vilsboll T et al. Impaired incretin effect and fasting hyperglucagonaemia 
characterizing type 2 diabetic subjects are early signs of dysmetabolism in obesity. Diabetes 
Obes Metab 2011.

66.	 Dunning BE, Gerich JE. The role of alpha-cell dysregulation in fasting and postprandial 
hyperglycemia in type 2 diabetes and therapeutic implications. Endocr Rev 2007;28:253-83.

67.	 Lam TK, Pocai A, Gutierrez-Juarez R et al. Hypothalamic sensing of circulating fatty acids is 
required for glucose homeostasis. Nat Med 2005;11:320-7.

68.	 Wang PY, Caspi L, Lam CK et al. Upper intestinal lipids trigger a gut-brain-liver axis to regulate 
glucose production. Nature 2008;452:1012-6.

69.	 Delaere F, Magnan C, Mithieux G. Hypothalamic integration of portal glucose signals and 
control of food intake and insulin sensitivity. Diabetes Metab 2010;36:257-62.

70.	 Croset M, Rajas F, Zitoun C, Hurot JM, Montano S, Mithieux G. Rat small intestine is an insulin-
sensitive gluconeogenic organ. Diabetes 2001;50:740-6.

71.	 Mithieux G, Misery P, Magnan C et al. Portal sensing of intestinal gluconeogenesis is a 
mechanistic link in the diminution of food intake induced by diet protein. Cell Metab 
2005;2:321-9.

72.	 Troy S, Soty M, Ribeiro L et al. Intestinal gluconeogenesis is a key factor for early metabolic 
changes after gastric bypass but not after gastric lap-band in mice. Cell Metab 2008;8:201-11.

73.	 Mithieux G. A Synergy between Incretin Effect and Intestinal Gluconeogenesis Accounting 
for the Rapid Metabolic Benefits of Gastric Bypass Surgery. Curr Diab Rep 2012;12:167-71.



Chapter 1

27

Ch
ap

te
r 

1

26

Ch
ap

te
r 

1

74.	 Beenken A, Mohammadi M. The FGF family: biology, pathophysiology and therapy. Nat Rev 
Drug Discov 2009;8:235-53.

75.	 Inagaki T, Choi M, Moschetta A et al. Fibroblast growth factor 15 functions as an enterohepatic 
signal to regulate bile acid homeostasis. Cell Metab 2005;2:217-25.

76.	 Kir S, Beddow SA, Samuel VT et al. FGF19 as a postprandial, insulin-independent activator of 
hepatic protein and glycogen synthesis. Science 2011;331:1621-4.

77.	 Thomas C, Gioiello A, Noriega L et al. TGR5-mediated bile acid sensing controls glucose 
homeostasis. Cell Metab 2009;10:167-77.

78.	 Watanabe M, Houten SM, Mataki C et al. Bile acids induce energy expenditure by promoting 
intracellular thyroid hormone activation. Nature 2006;439:484-9.

79.	 Shaham O, Wei R, Wang TJ et al. Metabolic profiling of the human response to a glucose 
challenge reveals distinct axes of insulin sensitivity. Mol Syst Biol 2008;4:214.

80.	 Shaham O, Wei R, Wang TJ et al. Metabolic profiling of the human response to a glucose 
challenge reveals distinct axes of insulin sensitivity. Mol Syst Biol 2008;4:214.

81.	 Fonseca VA, Rosenstock J, Wang AC, Truitt KE, Jones MR. Colesevelam HCl improves glycemic 
control and reduces LDL cholesterol in patients with inadequately controlled type 2 diabetes 
on sulfonylurea-based therapy. Diabetes Care 2008;31:1479-84.

82.	 Badman MK, Pissios P, Kennedy AR, Koukos G, Flier JS, Maratos-Flier E. Hepatic fibroblast 
growth factor 21 is regulated by PPARalpha and is a key mediator of hepatic lipid metabolism 
in ketotic states. Cell Metab 2007;5:426-37.

83.	 Kharitonenkov A, Shiyanova TL, Koester A et al. FGF-21 as a novel metabolic regulator. J Clin 
Invest 2005;115:1627-35.

84.	 Dutchak PA, Katafuchi T, Bookout AL et al. Fibroblast Growth Factor-21 Regulates PPARgamma 
Activity and the Antidiabetic Actions of Thiazolidinediones. Cell 2012;148:556-67.

85.	 Inagaki T, Dutchak P, Zhao G et al. Endocrine regulation of the fasting response by PPARalpha-
mediated induction of fibroblast growth factor 21. Cell Metab 2007;5:415-25.

86.	 Chavez AO, Molina-Carrion M, Abdul-Ghani MA, Folli F, Defronzo RA, Tripathy D. Circulating 
fibroblast growth factor-21 is elevated in impaired glucose tolerance and type 2 diabetes and 
correlates with muscle and hepatic insulin resistance. Diabetes Care 2009;32:1542-6.

87.	 Zhang X, Yeung DC, Karpisek M et al. Serum FGF21 levels are increased in obesity and are 
independently associated with the metabolic syndrome in humans. Diabetes 2008;57:1246-
53.

88.	 Wing RR, Blair EH, Bononi P, Marcus MD, Watanabe R, Bergman RN. Caloric restriction per 
se is a significant factor in improvements in glycemic control and insulin sensitivity during 
weight loss in obese NIDDM patients. Diabetes Care 1994;17:30-6.

89.	 Wadden TA, Volger S, Sarwer DB et al. A two-year randomized trial of obesity treatment in 
primary care practice. N Engl J Med 2011;365:1969-79.

90.	 Delahanty LM, Nathan DM. Implications of the diabetes prevention program and Look AHEAD 
clinical trials for lifestyle interventions. J Am Diet Assoc 2008;108:S66-S72.

91.	 The Diabetes Prevention Program (DPP): description of lifestyle intervention. Diabetes Care 
2002;25:2165-71.



General introduction

27

Ch
ap

te
r 

1

26

Ch
ap

te
r 

1

92.	 Wadden TA, West DS, Delahanty L et al. The Look AHEAD study: a description of the lifestyle 
intervention and the evidence supporting it. Obesity (Silver Spring) 2006;14:737-52.

93.	 Hamman RF, Wing RR, Edelstein SL et al. Effect of weight loss with lifestyle intervention on 
risk of diabetes. Diabetes Care 2006;29:2102-7.

94.	 Jazet IM, Pijl H, Frolich M, Romijn JA, Meinders AE. Two days of a very low calorie diet reduces 
endogenous glucose production in obese type 2 diabetic patients despite the withdrawal of 
blood glucose-lowering therapies including insulin. Metabolism 2005;54:705-12.

95.	 Jazet IM, Schaart G, Gastaldelli A et al. Loss of 50% of excess weight using a very low energy 
diet improves insulin-stimulated glucose disposal and skeletal muscle insulin signalling in 
obese insulin-treated type 2 diabetic patients. Diabetologia 2008;51:309-19.

96.	 Jazet IM, de Craen AJ, van Schie EM, Meinders AE. Sustained beneficial metabolic effects 18 
months after a 30-day very low calorie diet in severely obese, insulin-treated patients with 
type 2 diabetes. Diabetes Res Clin Pract 2007;77:70-6.

97.	 Hammer S, Snel M, Lamb HJ et al. Prolonged caloric restriction in obese patients with type 
2 diabetes mellitus decreases myocardial triglyceride content and improves myocardial 
function. J Am Coll Cardiol 2008;52:1006-12.

98.	 Snel M, van Diepen JA, Stijnen T et al. Immediate and long-term effects of addition of exercise 
to a 16-week very low calorie diet on low-grade inflammation in obese, insulin-dependent 
type 2 diabetic patients. Food Chem Toxicol 2011;49:3104-11.

99.	 Snel M, Jonker JT, Hammer S et al. Long-Term Beneficial Effect of a 16-Week Very Low Calorie 
Diet on Pericardial Fat in Obese Type 2 Diabetes Mellitus Patients. Obesity (Silver Spring) 
2012;10.

100.	Foreyt JP, Salas-Salvado J, Caballero B et al. Weight-reducing diets: are there any differences? 
Nutr Rev 2009;67 Suppl 1:S99-101.:S99-101.

101.	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;360:859-73.

102.	Westerterp-Plantenga MS, Nieuwenhuizen A, Tome D, Soenen S, Westerterp KR. Dietary 
protein, weight loss, and weight maintenance. Annu Rev Nutr 2009;29:21-41.

103.	Potier M, Darcel N, Tome D. Protein, amino acids and the control of food intake. Curr Opin 
Clin Nutr Metab Care 2009;12:54-8.

104.	Bray GA. Lifestyle and pharmacological approaches to weight loss: efficacy and safety. J Clin 
Endocrinol Metab 2008;93:S81-S88.

105.	Flum DR, Belle SH, King WC et al. Perioperative safety in the longitudinal assessment of 
bariatric surgery. N Engl J Med 2009;361:445-54.

106.	Sjostrom L, Lindroos AK, Peltonen M et al. Lifestyle, diabetes, and cardiovascular risk factors 
10 years after bariatric surgery. N Engl J Med 2004;351:2683-93.

107.	Sjostrom L, Peltonen M, Jacobson P et al. Bariatric surgery and long-term cardiovascular 
events. JAMA 2012;307:56-65.

108.	Sjostrom L, Narbro K, Sjostrom CD et al. Effects of bariatric surgery on mortality in Swedish 
obese subjects. N Engl J Med 2007;357:741-52.

109.	Rubino F, Schauer PR, Kaplan LM, Cummings DE. Metabolic surgery to treat type 2 diabetes: 
clinical outcomes and mechanisms of action. Annu Rev Med 2010;61:393-411.:393-411.



Chapter 1

29

Ch
ap

te
r 

1

28

Ch
ap

te
r 

1

110.	Dixon AF, le Roux CW, Ghatei MA, Bloom SR, McGee TL, Dixon JB. Pancreatic polypeptide meal 
response may predict gastric band-induced weight loss. Obes Surg 2011;21:1906-13.

111.	Burton PR, Brown WA. The mechanism of weight loss with laparoscopic adjustable gastric 
banding: induction of satiety not restriction. Int J Obes (Lond) 2011;35 Suppl 3:S26-30. doi: 
10.1038/ijo.2011.144.:S26-S30.

112.	Cummings DE, Weigle DS, Frayo RS et al. Plasma ghrelin levels after diet-induced weight loss 
or gastric bypass surgery. N Engl J Med 2002;346:1623-30.

113.	Kashyap SR, Daud S, Kelly KR et al. Acute effects of gastric bypass versus gastric restrictive 
surgery on beta-cell function and insulinotropic hormones in severely obese patients with 
type 2 diabetes. Int J Obes (Lond) 2010;34:462-71.

114.	Laferrere B, Heshka S, Wang K et al. Incretin levels and effect are markedly enhanced 1 month 
after Roux-en-Y gastric bypass surgery in obese patients with type 2 diabetes. Diabetes Care 
2007;30:1709-16.

115.	Laferrere B, Teixeira J, McGinty J et al. Effect of weight loss by gastric bypass surgery versus 
hypocaloric diet on glucose and incretin levels in patients with type 2 diabetes. J Clin 
Endocrinol Metab 2008;93:2479-85.

116.	Isbell JM, Tamboli RA, Hansen EN et al. The importance of caloric restriction in the early 
improvements in insulin sensitivity after Roux-en-Y gastric bypass surgery. Diabetes Care 
2010;33:1438-42.

117.	Campos GM, Rabl C, Peeva S et al. Improvement in peripheral glucose uptake after gastric 
bypass surgery is observed only after substantial weight loss has occurred and correlates 
with the magnitude of weight lost. J Gastrointest Surg 2010;14:15-23.

118.	Rubino F, Forgione A, Cummings DE et al. The mechanism of diabetes control after 
gastrointestinal bypass surgery reveals a role of the proximal small intestine in the 
pathophysiology of type 2 diabetes. Ann Surg 2006;244:741-9.

119.	Rubino F, Forgione A, Cummings DE et al. The mechanism of diabetes control after 
gastrointestinal bypass surgery reveals a role of the proximal small intestine in the 
pathophysiology of type 2 diabetes. Ann Surg 2006;244:741-9.

120.	Mithieux G, Misery P, Magnan C et al. Portal sensing of intestinal gluconeogenesis is a 
mechanistic link in the diminution of food intake induced by diet protein. Cell Metab 
2005;2:321-9.

121.	Troy S, Soty M, Ribeiro L et al. Intestinal gluconeogenesis is a key factor for early metabolic 
changes after gastric bypass but not after gastric lap-band in mice. Cell Metab 2008;8:201-11.

122.	Falken Y, Hellstrom PM, Holst JJ, Naslund E. Changes in Glucose Homeostasis after Roux-en-Y 
Gastric Bypass Surgery for Obesity at Day Three, Two Months, and One Year after Surgery: 
Role of Gut Peptides. J Clin Endocrinol Metab 2011.

123.	Laferrere B, Heshka S, Wang K et al. Incretin levels and effect are markedly enhanced 1 month 
after Roux-en-Y gastric bypass surgery in obese patients with type 2 diabetes. Diabetes Care 
2007;30:1709-16.

124.	le Roux CW, Aylwin SJ, Batterham RL et al. Gut hormone profiles following bariatric surgery 
favor an anorectic state, facilitate weight loss, and improve metabolic parameters. Ann Surg 
2006;243:108-14.



General introduction

29

Ch
ap

te
r 

1

28

Ch
ap

te
r 

1

125.	De SA, Salem V, Long CJ et al. The gut hormones PYY 3-36 and GLP-1 7-36 amide reduce food 
intake and modulate brain activity in appetite centers in humans. Cell Metab 2011;14:700-6.

126.	Korner J, Bessler M, Inabnet W, Taveras C, Holst JJ. Exaggerated glucagon-like peptide-1 and 
blunted glucose-dependent insulinotropic peptide secretion are associated with Roux-en-Y 
gastric bypass but not adjustable gastric banding. Surg Obes Relat Dis 2007;3:597-601.

127.	Patti ME, Houten SM, Bianco AC et al. Serum bile acids are higher in humans with prior gastric 
bypass: potential contribution to improved glucose and lipid metabolism. Obesity (Silver 
Spring) 2009;17:1671-7.

128.	Laferrere B, Reilly D, Arias S et al. Differential metabolic impact of gastric bypass surgery 
versus dietary intervention in obese diabetic subjects despite identical weight loss. Sci Transl 
Med 2011;3:80re2.




