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Introduction
Obesity is a chronic, progressive and debilitating disease which 

affects psychological, biological and socials aspects of an individual’s 
life. As obesity is now globally accepted as an epidemic, increasing 
number of surgical operations are being performed due to the high rates 
of failure of the available conventional therapy options. The number 
of operations performed for the treatment of morbid obesity has 
increased steadily during the last two decades to an estimated number 
of nearly 180,000 operations per year in the US.1,2 The majority of 
these procedures consist of various modifications of RNYGBP which 
is accepted as the gold standard procedure for the surgical treatment 
of morbid obesity.3

The RNYGBP procedure results in significant weight loss and 
a dramatic improvement in overall metabolic state of the patients 
suffering obesity by mechanisms that require elucidation.4,5 The 
technical aspects of the surgery may briefly be described as a combined 
restrictive malabsorbtive procedure, aiming to reduce the amount of 
food intake by the creation of a small gastric pouch of 25-50 ml’s, 
a degree of outlet obstruction and diversion of the gastrointestinal 
tract in a Roux en Y configuration, bypassing up to 150 cm’s of the 
proximal gut in order to cause significant malabsorbtion of caloric 
nutrients.6

RYNGBP – restriction of food ingestion
The restrictive component of the operation is achieved by the 

creation of a separated gastric pouch by linear staplers. The pouch is 
usually created in a vertical configuration parallel to the lesser curve 
of the stomach, with an expected volume of 25-50 ml’s depending on 
the technique used by the surgeon. The jejunal limb is then connected 
to the newly formed proximal gastric pouch by the use of either 
an intraluminal stapler of 21-23 mm’s in diameter or 45 mm linear 
staplers or hand suturing over a 1.6 cm diameter tube. In all these 
techniques, the patient is expected to have an early feeling of fullness, 
delayed gastric emptying and to feel discomfort and thus prevent over 
eating by the small volume of the pouch.7–9

The idea of the restrictive component of the operation is similar 
to the commonly performed adjustable gastric banding (AGB) 
procedure. In the AGB, a silicon ring is wrapped around the proximal 

stomach forming a pouch of approximately 25 ml’s over the ring 
which is expected to limit food intake. The size of the opening of 
the ring can be altered at a later stage to optimize the speed of the 
passage of food.10,11 While limiting food intake to induce weight loss 
by a restrictive procedure appears a logical proposition, an increasing 
number of reports highlight the high failure rates in the long term after 
AGB procedures. The papers which indicate successful results report 
an average of 9.3 kg/m2  decrease in BMI in the long term, which 
would be inadequate to solve the problem of obesity in a patient with a 
pre-operative BMI more than 40 kg/m2.12–14 The restrictive component 
of the RNYGBP is expected to be more prone to failures than AGB. 
Firstly, the stoma of the pouch formed in gastric bypass is wider than 
the opening of the proximal gastric pouch in the AGB, which should 
result in faster gastric emptying and shorter duration of fullness after 
meals. Secondly, while the size of the opening in the AGB is kept 
fixed by the power of the rigid silicone band, there is no reinforcement 
to prevent the dilation of the gastrojejunal stoma of the RNYGBP over 
time.15,16

Providing weight loss by restricting food intake, however, will 
likely fail in the long term. Research on mechano-chemical receptors 
of the GI tract have shown that ingestion of food high in volume and 
low in caloric value causes a transient decrease in body fat content. 
Following the initial weight loss, frequent but small sized meals will 
be ingested such that the energy balance remains constant, a situation 
frequently observed after pure restrictive operations. Studies have 
shown that volume detection has no major effect in body weight 
regulation.17,18

RYNGBP – malabsorption of ingested food
The malabsorbtive component of the operation may also contribute 

to the results achieved by the RNYGBP. The efferent end of the jejunum, 
after being transected approximately 50 cm’s distal to the ligament of 
Treitz, is connected to the newly formed proximal pouch by any of 
the techniques described previously. The afferent end is anastomosed 
100 cm’s distally to the gastrojejunostomy, providing the continuum 
of the GI tract in a Roux en Y fashion. The main aim of this new 
rerouting of the GI tract is to decrease the length of the common limb 
where the nutrients are digested and absorbed by 150 cm’s to provide 
significant caloric malabsorbtion.6,7 Although inducing or accelerating 
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Abstract

Obesity is reaching epidemic proportions and is accepted as the second leading preventable 
cause of death following smoking. As conventional weight loss methods have not been 
effective, bariatric surgery is the current treatment option for morbid obesity. The Roux en 
Y Gastric Bypass (RNYGBP) is accepted as the gold standard bariatric procedure for the 
long term management of morbid obesity. The mechanisms responsible for the cause and 
maintenance of weight loss after the operation have, however, not been clearly identified. 
The mechanical aspects of the operation fail to explain the results reported in the literature. 
Recent articles concentrate on the possible humoral factors as the cause of the success of 
the procedure. This review examines those hormonal changes following RNYGBP which 
are thought to be the main factors responsible for prolonged weight loss after the operation.
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weight loss via decreasing the absorptive surface may seem feasible, 
this approach has been proven to be effective only during the early 
postoperative period. Numerous recently published reports have 
shown that the adaptation mechanisms of the gut are successful in 
preventing malabsorption in a matter of weeks after gastric bypass.19,20 
Both humans and laboratory animals which have been extensively 
investigated for postoperative absorption, exhibited either none or 
minimal signs of lipid, protein or carbohydrate maldigestion in stool 
samples, of which the results were comparable to the non-operated 
population.19–23

Consequently, the mechanical aspects of the operation fail to 
explain the results achieved by RNYGBP. An alternative explanation 
is provided by the possible involvement of altered gut hormones on 
hunger and energy regulation in patients who have undergone bariatric 
surgery.

Ghrelin
Since its relatively recent discovery in 1999, ghrelin has gained 

significant popularity among researchers. Being probably one of 
the most extensively studied hormones, ghrelin is a potent appetite-
stimulating peptide composed of 28 amino acids.24 Many tissues 
such as gonads, pancreas, lungs and jejunum have ghrelin-producing 
capabilities in trace amounts. The gastric fundus is, however, 
considered to be the major source of the circulating ghrelin, having 
> 10 times more ghrelin producing cells than the second most active 
source which is the duodenum.25–29

Ghrelin is, thus far, the only known peptide released from 
the gastrointestinal tract that initiates food intake.30 Exogenous 
administration of ghrelin has been shown to induce voluntary eating 
and an overall increase in daily consumed calories in humans, non 
human primates and rodents.31–35 Normal healthy subjects exhibit 
daily alterations in ghrelin levels, a significant rise prior to a meal 
followed by a decrease after ingestion of food, a short duration cycle 
which is approximately completed in 1 hour.36–39 After the synthesis 
by the X/A-like cells, also called ghrelin cells, of the oxyntic glands 
of the gastric fundus, ghrelin is acylated with octanaoic acid, a process 
required for bioactivation and thought to be required for facilitation 
of passage through the blood brain barrier.40–42 Ghrelin exhibits its 
effect by stimulating specific neurons in the arcuate nucleus of the 
hypothalamus (ARC).43,44 Studies have shown that peripheral infusion 
of ghrelin leads to stimulation of arcuate neurons which stain for 
neuropeptide Y (NPY) and agouti related protein (Agrp). NPY and 
Agrp neurons are known to activate second order neurons that trigger 
feeding via the paraventricular nuclei of the hypothalamus.45–47 
The vagus nerve may also be effective as a mediator/facilitator of 
the central effects of ghrelin. Although the exact mechanism is not 
known, the vagus may either directly stimulate the ARC in response 
to increased levels of peripheral ghrelin or synergistically augment 
the orexigenic effect of ghrelin.48,49 A recent study showed blunted 
orexigenic response to intraperioneal injection of ghrelin in rats after 
vagatomy.50

The effects of ghrelin have been well documented. Animals 
receiving anti-ghrelin antibodies or receptor blockers exhibited a 
decrease in hunger which resulted in body weight reduction.51,52 
Administration of anti-NPY and Agrp antibodies to animals resulted 
in diminished response to peripheral infusion of ghrelin. Similar 
results have been achieved in knockout rats for genes coding NPY 
and Argp.42

Following the initial report by Cummings et al.43 on the reduction 
of ghrelin levels after RNYGBP, ghrelin levels have been studied by 
many researchers. Although the majority report an overall decrease 

or normalization of ghrelin levels after RNYGBP, some controversy 
remains regarding the effects of gastric bypass on this hormone.27,53,54 
The reported inconsistence may be attributed to either differences in 
surgical technique or alterations in handling and laboratory processing 
of the samples in different studies.55,56

A decrease in ghrelin levels after gastric bypass may be due 
to several possible mechanisms. Isolation of the fundus and the 
duodenum from nutrients will result in continuous stimulation of 
ghrelin-producing cells leading to a phenomenon known as “override 
inhibition” resulting in suppression of secretion.53 Others report 
that the inevitable severing of gastric fundic nerve fibers during the 
gastric pouch creation, may attribute to the decreased ghrelin levels.57 
Rapid passage of the nutrients in to the distal jejunum has also been 
proposed to decrease ghrelin secretion.38,53,58 While the controversy 
on post-operative ghrelin levels remains among authors, the majority 
of researchers report an overall decrease in plasma ghrelin levels 
following the RNYGBP.

PYY
PYY is a 36 amino acid peptide hormone secreted by the L-type 

endocrine cells of the gastrointestinal mucosa. In contrast to ghrelin,59 
tissue concentrations of PYY remarkably increase distally in the 
gastrointestinal tract. The tissue concentration of PYY is nearly 600 
times higher in the mucosa of the sigmoid colon compared to the 
gastric mucosa.60 PYY is present in circulation in two forms, the PYY 
(1-36) and the cleaved form of the hormone PYY (3-36) which is the 
end product of the truncation of the hormone by the enzyme Dipeptidyl 
Peptidase IV.61 Several studies have shown that nearly equal amounts 
of both forms are present within the mucosa and circulation.62,63

Current research suggests several mechanisms controlling the 
release of PYY into circulation. Animal and human studies have 
shown that the contact of fatty acids, carbohydrates and proteins 
with the distal gastrointestinal mucosa results in significant increases 
of PYY levels in the blood.4,62,63 This may be due to continuous 
monitorization of the luminal contents by L-cells. An increase in PYY 
levels shortly after duodenal contact with dietary nutrients has been 
demonstrated;63,64 this change may be attributed to either gut hormones 
secreted by the duodenum stimulating the L-Cells or via direct vagal 
activation of the PYY secreting glands of the distal gut.4,49 There may 
be other regulatory peptides or cytokines that regulate synthesis and 
secretion but the exact mechanisms are yet to be defined.

PYY in both forms directly crosses the blood brain barrier.65 The 
effects of the hormone are thought to be mediated via the Y type receptors 
in the hypothalamus. While direct intracelebral injection of PYY (1-
36) results in increased appetite in rodents,66 peripheral injection has 
no effect on hunger perhaps due to conversion to PYY (3-36) by DPP-
IV.67 Research on the hormone have shown that the cleaved form, 
PYY (3-36), may be responsible for the appetite suppressing effects 
via Y2 receptors in the hypothalamus.68,69 Peripheral injection of PYY 
(3-36) results in decreased neuronal activity in the arcuate nucleus 
of the hypothalamus and reduced mRNA coding for NPY. Moreover, 
selectively blocking the Y2 receptors resulted in diminished appetite 
effects of PYY (3-36).70–72

Obesity have been shown to be associated with low basal PYY 
levels both in adults, children and in laboratory animals.73,74 The exact 
mechanisms of this phenomenon and whether obesity is a result of 
low levels of PYY synthesis are not known. Also, obese individuals 
exhibit blunted PYY response to meal ingestion.23,74–77 A study 
revealed that obese individuals required 100% more calorie ingestion 
to achieve PYY levels of healthy subjects.76
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Numerous studies have been conducted to investigate the effects 
of RNYGBP on PYY levels. Basal and post-prandial PYY levels 
which are found to be low before the operation, have been shown to 
exhibit significant elevation (basal levels) and exhibit an early peak 
after meals.4,23,49,59 Similar results have been noted in rodents .78,79. 
The exact mechanisms are not known, but may be attributed to earlier 
and more intense subjection of the distal gut mucosa to nutrients or, 
alternatively, be due to a decrease in levels of peptides such as leptin, 
thought to suppress PYY secretion and the hypothalamic response.80–82 
In addition, constant high levels of DPP-IV have been identified after 
weight loss operations,80 a factor probably augmenting the anorexic 
effects of PYY itself.

GLP 1
Glucagon like peptide 1 (GLP 1) is a cleaved product of the 

proglucagon molecule, secreted by the L cells of the gastrointestinal 
mucosa which also secrete PYY.83,84 As nutrients reach the distal 
bowel, GLP 1 is released into the circulation resulting in stimulation 
of insulin production of the pancreas, delaying of gastric emptying 
and central or peripheral suppression of appetite.85 GLP 1 is rapidly 
inactivated by DPP-IV enzyme which is the activator of PYY.86

The role of neural and other mechanisms are not clear on the 
release of GLP 1. As also seen in PYY response to nutrients, GLP 
1 levels begin to rise shortly after meal ingestion, before nutrients 
reach the distal bowel. Although the duodenum is significantly poor in 
GLP-1 expressing cells compared to the distal bowel, it is know that 
intraluminal glucose stimulates the L cells causing a GLP-1 peak 20 
minutes after ingestion. This effect is due continuous monitoring of 
the luminal contents by the L cells expressing gustducin coupled taste 
receptors.87 Why this early peak in response to intraluminal glucose 
stimuli is blunted in obese patients, is not known.

The exact mechanism by which the GLP causes its anorexic 
effects is also not clear. It is hypothesized that the GLP 1 receptor 
bearing neurons of the hind brain interact with the neural network 
of the hypothalamic nuclei and oxytocin containing neurons, through 
the dorsal vagal complex, result in inhibition of appetite.88,89 Studies 
have shown that obese patients compared to lean controls have lower 
GLP 1 levels in the fasting state, also the meal-induced GLP 1 peak is 
found to be suppressed in the obese population.90,91 The reason for this 
effect is not known, but may be attributed to desensitization of the L 
cells to continuous meal stimuli and hyperinsulinemia acting on the 
cellular and receptor levels.92

Several studies have shown that intracelebral injection of GLP 
1 decreased food consumption of obese rats.30,93 Also, a decrease in 
appetite after peripheral GLP 1 administration in humans and rodents 
has been documented.94–96 The anorexic effect of peripheral infusion 
of GLP 1 was also diminished in rats treated with intracelebral GLP 1 
receptor antagonists.97 Long-term administration of Exendin-4, a GLP 
1 agonist, effectively reduced appetite in obese rats,98 while prandial 
subcutaneous injection of GLP 1 in obese humans have been effective 
in reduction of body weight99 suggesting that increases in levels of 
GLP 1 may play a role in reducing body weight.

GLP 1 levels after RNYGBP has been investigated in many 
studies. While in the fasting state, GLP 1 levels displayed no 
significant difference between obese control groups and post-op 
RNYGBP patients, postprandial GLP 1 responses were, however, 
significantly higher in RNYGBP patients compared to BMI matched 
controls.5,100,101 Similar results have been identified in rodent studies 
supporting the role of RNYGBP on GLP 1 levels.102,103 The data 

presented in the published studies indicate a prominent role played 
by GLP 1 in inducing and maintaining prolonged weight loss after 
the RNYGBP.

Leptin
Leptin, discovered in 1994, is a hormone produced by 

adipocytes104 and levels proportionally reflects the amount of lipid 
stored in the adipose tissue.105 It has been shown to be a mediator 
of the feedback loop between the hypothalamic nuclei and adipose 
tissue.106 Following the increase in body fat storage, the amount of 
circulating leptin rises, the hormone directly passes through the blood 
brain barrier and inhibits NPY release in the hypothalamic nuclei via 
specific leptin receptors promoting an anorexic state.107 This effect of 
the hormone has been well documented in rodents, primates as well as 
humans in many studies.104,107 Besides these central effects, leptin has 
been shown to promote insulin resistance in the adipocytes by altering 
insulin signaling.108 Peripheral administration of leptin to individuals 
with leptin deficiency and healthy controls leads to decreased appetite 
and weight loss in both groups, an effect more predominant in the 
leptin-deficient group.109,110 Studies have also shown that prevention 
of leptin decrease, in animals which are kept in fasting state, results in 
impaired food seeking behavior.111

The amount of weight-loss induced by leptin administration is 
higher than expected by the calorie deficit. Therefore, the effects of 
leptin on energy expenditure have been investigated and increased 
sympathetic discharge has been documented following intracerebral 
injection of leptin in primates, resulting in an increased metabolic 
rate. These findings support the effects of leptin on appetite control 
and metabolic rate.93,112,113

Leptin which once was thought to be a long-term mediator of 
appetite, has more recently been shown to be influenced by short 
fasting periods, without a significant reduction in body fat. It has also 
been shown to affect the short-term regulation of food intake. This 
change has been documented during reduction in caloric intake such 
as dieting, and increased leptin levels have been observed shortly 
after refeeding or overfeeding.114,115 This effect has been explained in 
studies documenting the effect of insulin and glucose which both have 
been shown to increase leptin gene expression and secretion.116

Obese individuals have significantly higher leptin levels compared 
to the lean population. This might be due to several reasons. Despite 
the amount of body fat, obese patients are in a hyperphagic state. Some 
studies have hypothesized that there might be a decrease in leptin 
transport through the blood brain barrier or receptor level impairment 
of leptin metabolism.30,93,116,117 The effects of RNYGBP on leptin 
levels have been investigated in humans and rodents early after the 
operation, before any significant weight loss occurred and decreased 
levels of leptin have been documented in these studies.54,100,118 This 
change may be attributed to either decreased food intake resulting in 
decreased glucose and insulin levels causing decreased leptin gene 
expression and synthesis. Some studies suggest that RNYGBY results 
in hormonal changes in hypothalamic center signaling, reprogramming 
the so called “thermostat” improving the response to leptin.4,119

Insulin
Obese patients are known to have high levels of insulin and glucose 

compared to the lean population. Insulin resistance, impaired β cell 
response and hyperglycemia due to a constant inflammatory state in 
obesity have been thought to be responsible.120 The mechanisms for 
insulin resistance in the non-diabetic obese population are, however, 
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not clearly understood. Ghrelin and leptin which are known to be 
elevated in the obese patient, have been shown to promote insulin 
resistance.4,108,119 Insulin known to result in fat deposition, the effects 
of high insulin levels are correlated to increased body fat content.121 
But insulin is considered to be incapable of causing excess adiposity 
as seen in morbid obesity,122 and, in contrast, insulin has anorexic 
effects. Following the rise in blood, insulin transported through the 
blood brain barrier affects the hypothalamic centers and decreases 
NPY release resulting in a decreased appetite.68,123 This effect has been 
proven in studies where insulin is injected intracelebrally in primates 
and rodents which resulted in decreased food intake.124,125

Resolution of insulin resistance following RNYGBP has been 
documented. Some studies have reported amelioration of insulin 
response in a matter of weeks after the operation, prior to any 
significant weight loss.56,126–128 Several studies have investigated fasting 
and postprandial insulin levels following RNYGBP. One month after 
surgery, insulin levels have been found to be significantly lower than 
BMI-matched controls and similar to the lean population.129 Insulin 
response following meals has been shown to be significantly higher in 
the RNYGBP group compared to both obese and lean controls.100,130,131 
An early increase in incretins such as GLP 1 and decreases in leptin 
and ghrelin levels are thought to be contributors to the resolution of 
insulin resistance and normoglycaemia but the exact mechanisms are 
still unknown.119,126

Discussion
More bariatric procedures are being performed as the rate of 

obesity increases in the population. The RNYGBP is considered the 
gold standard resulting in very successful outcomes compared to the 
other commonly performed procedures, vertical banded gastroplasty 
and the adjustable gastric banding.132 The effects resulting from 
the restrictive and malabsorptive components of the operation, 
however, cannot alone explain the weight reduction following the 
operation.14,15,19,22

Ghrelin, PYY, GLP 1, leptin, and insulin are the most commonly 
studied factors which may contribute to post-RNYGBP weight loss. 
Human studies have shown elevations in plasma levels of these 
hormones after operation leading to many assumptions about the 
hormonal effects of the RNYGBP (Figure 1).36,55,80,85,123 In animal and 
human studies, every one of these factors has been shown to decrease 
food intake when administered exogenously. These results support the 
hypotheses on the subject, but most studies examine the effects of 
these peptides separately and omit the fact that very complex, inter-
connected regulatory mechanisms exist in the body. When evaluated 
separately, each and every one of the factors involved in appetite 
regulation may be held responsible for weight reduction after surgery; 
however, looking at the big picture we can conclude that there is much 
more to be uncovered on the interactions of these peptides.

A reduction of ghrelin levels after RNYGBP, reported by some, 
has lead to an assumption that this hormone may be responsible for 
the effects of the operation.53,133–135 Several other researchers, however, 
have reported unchanged or even increased levels.118,136 We believe that 
the role of surgery on ghrelin levels must be clarified by randomized 
trials in which standardized techniques are used. In addition, most of 
the studies report total ghrelin levels. The ratio of acylated ghrelin to 
total ghrelin levels is more appropriate, and results have shown a more 
prominent decrease in the active form of the hormone.4

PYY and GLP 1 levels have been found to be higher with an 
increased response to meals in the post-operative period, and may 

also explain appetite loss and early satiety after the operation.56,101,137 
But numerous questions remain to be answered. GLP 1 is known to 
have inhibitory effects on PYY release, and an increase in plasma 
GLP 1 levels has been shown to decrease PYY release.138 DPP-IV, the 
enzyme required to convert the appetite stimulating form of PYY(1-
36) to the anorexic PYY(3-36) has been found to be elevated following 
surgery.80 This may explain why the patients experience early satiety, 
but DPP-IV is the major enzyme responsible for the rapid degradation 
of GLP 1 to inactive forms. DPP IV deactivates GLP 1 in a matter 
of minutes diminishing its appetite suppressing and insulin secretory 
effects.85 We suggest that PYY and GLP 1 be studied in a large study 
group, the factors affecting the negative feedback loop between GLP 
1 and PYY should be identified, the DPP-IV levels should also be 
studied while how the active forms of these potent anorexic hormones 
manage to co-exist in high amounts should be clarified.

Figure 1 The effects of RNYGBP on the Enteroendocrine System.

Leptin levels are lower in the RNYGPB patients than matched 
BMI control groups. This change has been attributed to increased 
leptin sensitivity and an ameliorated response to the hormone.139,140 
Leptin-GLP 1 interactions, however, are complex. While leptin is 
known to stimulate GLP 1 secretion from the distal bowel,141 GLP 
1 has been shown to have no effect on leptin secretion.142 Leptin has 
also been shown to facilitate the GLP 1 response in the hypothalamic 
centers;143,144 how the decreased levels of leptin affects this hormone 
after the operation has not been studied. The theory of an increased 
sensitivity should be studied by evaluation of NPY release and increase 
in metabolic rate in RNYGBP groups compared to obese controls.

Insulin metabolism in non-diabetic obese patients is known to be 
altered. In the reports which examined the effects of the RNYGBP 
on insulin and glucose metabolism, fasting insulin levels have 
been found to be lower compared to the matched BMI control 
groups.100,130,145 In the RNYGBP groups, a spike of exaggerated insulin 
response have been observed 15 minutes after a meal.100,146 Despite 
the over-secretion observed in the early postprandial period, the total 
insulin response (area under the curve) still remained significantly 
lower than the control groups. Some authors have associated the early 
insulin peak with the hypothalamic effects of insulin causing early 
satiety.100 Although this may be true, it is known that insulin’s effects 
in the CNS requires a longer time frame;111 an early spike followed 
by fast return to normal levels may not be adequate for the proposed 
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satiety effect of insulin. High fat diets and high levels of fatty acids 
in circulation are known to decrease the transport of insulin through 
the blood brain barrier and result in insulin resistance, RNYGBP may 
enhance the transport by decreasing the amount of fat ingested leading 
to low levels of plasma lipids.147,148 Insulin resistance has been known 
to resolve early after the operation.128,131 and transport to the CNS is 
likely to be enhanced, if this is the reason for the early hypothalamic 
response to insulin, more studies are needed to validate this hypothesis 
by administration of insulin after RNYGBP and observing the CNS 
effects.

It is obvious that there is no single simple answer to the question 
“What causes weight loss after RNYGBP”. Our body is built for 
survival and it seems that maintaining energy stores has priority over 
preventing excessive weight gain in our programming. Mechanisms 
of controlling hunger, appetite and fat deposition are complex and 
remain to be precisely defined. The RNYGBP is accepted as a 
combined restrictive-malabsorbtive operation. Numerous studies have 
shown that mechanical components of this procedure are compensated 
soon after the operation, leading to the conclusion there is something 
“more than meets the eye” happening in the body. Although the exact 
mechanisms of enteroendocrine effects of the RNYGBP are not 
known, from the findings that we have we can clearly hypothesize 
that humoral effects are responsible for continued weight loss after 
the operation. Therefore we believe that the RNYGBP should be 
regarded as an endocrine operation of the gastrointestinal system for 
the treatment of obesity.
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