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General Discussion 

In this thesis, we investigated whether energy balance is affected by two different 

type of surgeries [ileal transposition (IT) and Roux-en-Y gastric bypass (RYGB)] by 

monitoring food intake, weight loss, measuring energy expenditure, gut hormones and 

calculating energy efficiency. In addition, we used different types of diets to investigate 

whether they have any effect on these parameters with or without surgery. 

 

Surgery methods 

 The main difference between IT and RYGB is that in IT the length of the GI tract 

remains as it was before the surgery (chapter 2), while in RYGB the bigger part of the 

stomach, duodenum and upper jejunum are separated from the flow of chyme and are 

only connected back to the lower ileum (chapter 6). From this it follows that  

- in IT the original absorptive surface of the intestine still participates in digestion, while 

in RYGB the cut off GI parts do not have a digestive work load 

- in IT the duodenum is its original position, fully participating both in digestion and in 

secretion of gut hormones (chapter 5), while in RYGB the excluded upper parts do not 

function as absorptive surface and their gut hormone secretion is reduced, but the distal 

ileum increases the hormone output 

- in IT only the transposed ileal segment is overstimulated by the rapidly expedited 

nutrients meanwhile in RYGB the distal jejunum and ileum receive the unusual quality 

and quantity of nutrients presumably leading to post-surgical stress (chapter 6). 

These differences are probably responsible for the observed variations of food intake, 

weight loss, the time course of weight loss, energy efficiency values, gut hormone levels 

and stress levels. 
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Energy intake and weight loss 

 After both IT and RYGB food intake was significantly reduced (chapter 2-6) but 

this reduction was not significant any more after 3 weeks in both studies, which is not in 

agreement with other studies, where IT rats ate significantly less than did controls until 

the 5th week post-operatively, but not later, while RYGB rats continued to have 

significantly reduced food intake until the 8th weeks (Chelikani et al 2010). The 

discrepancy may be due to diet composition, since both in our IT and RYGB studies other 

than standard diets were used, while in the quoted study rats were maintained on standard 

chow. This difference of food intake reduction time line suggests that one of the above-

mentioned differences between the two surgeries could be responsible for this 

phenomenon, namely gastric restriction, the exclusion of duodenum and/or proximal 

jejunum which may have altered gut hormone signaling to the brain in a more prolonged 

fashion than did IT. Gastric restriction does lead to smaller meal size and partial 

compensation by meal frequency in rats (Zheng et al 2009) and in humans (Laurenius et 

al 2011), although the relationship between pouch size and reduced meal pattern is 

controversial (Abdeen et al 2016, Heneghan et al 2012, Topart et al 2011).The exclusion 

of the duodenum and the proximal jejunum (Roux limb) “the foregut hypothesis 

(Scopinaro et al 1996)”which is the location of GIP secreting K cells leads to a reduction 

of GIP in fed state in mice (Zhou et al 2015) and in humans (Santo et al 2016) (probably 

due to lack of stimulation by nutrients) which results in decreased hunger (Farr et al 2016, 

Seino et al 2010). These two distinguished features of RYGB (gastric restriction and 

bypassed Roux loop) may explain why RYGB resulted a longer weight reduction period 

than did IT. Additionally, exactly because of these features of RYGB, the IT model 

allows to parse out the weight loss mechanisms of RYGB leading for the independent 

study of the effects of direct lower gut stimulation on food intake and body weight. The 

over-stimulation of the distal ileum by the rapid transport of nutrients “the hindgut 
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hypothesis (Pok et al 2014)”is probably a major factor in body weight loss after both IT 

and RYGB. Indeed, after these surgeries the levels of anorexic hormones such as GLP-1, 

PYY, and neurotensin increase as it happened in our IT study (chapter 5) and with 

numerous RYGB experiments both in rodents (Borg et al 2006, Mu et al 2017) and in 

humans (Hutch et al 2017, le Roux et al 2007). The anorexic effect of both IT and RYGB 

could be due to several mechanisms, such as gut hormones acting locally and through the 

central nervous system (CNS), altered bile acid secretion (Abdeen et al 2016, Albaugh et 

al 2016) and microbiota (Abdeen et al 2016, Albaugh et al 2016). The present studies 

investigated the altered hormone levels after IT, which were all consistent with the well 

documented observations of others, namely bariatric surgeries result in increased 

secretion of anorectic hormones (Abdeen et al 2016, Batterham et al 2006, Borg et al 

2006, Chelikani et al 2010, Hao et al 2016, Hutch et al 2017, le Roux et al 2007, Ramzy 

et al 2013, Strader et al 2005, Zhou et al 2015) which act both locally and via the gut-

brain axis at several locations in the CNS, such as the hypothalamic arcuate nucleus 

(ARC). The ARC is closely located to median eminence (Schwartz et al 2000), which is 

not fully protected by a functional blood-brain barrier, thus giving the possibility that 

ARC can sense and orchestrate numerous hormones, including orexigenic Agouti-related 

protein (AGRP) and the anorexigenic pro-opiomelanocortin (POMC), neuropeptides that 

regulate energy metabolism (Waterson et al 2015). These distinct groups of neurons are 

highly sensitive to metabolic status and alter energy intake via the modulation of bimodal 

melanocortin-4 receptor (MC4R) (Hatoum et al 2012, Zechner et al 2012, Waterson et al 

2015). Co-expressed with AGRP is another orexigenic peptide, neuropeptide Y (NPY), 

(Zhan et al 2013, Waterson et al 2015) and these. AGRP/NPY neurons directly project to 

POMC neurons and when stimulated inhibit POMC firing through multiple levels of 

intercellular communication resulting in the regulation of feeding behavior and body 

weight. 
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 The reduced food intake resulted in weight loss, which was the greatest 

immediately after surgery following both surgeries. IT rats reached a lowest body weight 

point and then started gaining weight (chapter 2-5), meanwhile with RYGB rats kept 

losing weight throughout the study (chapter 6), which fact implies that RYGB (probably 

due to the above-mentioned features) exerts a longer weight loss/satiety promotion 

trajectory than IT does. When RYGB and IT rats were compared how much weight was 

lost during an 8-week post-operative period it was found that RYGB rats lost more weight 

and kept a lower body weight than did IT (Chelikani et al 2010). Taken together these 

facts it seems likely that RYGB sustains anorexia meanwhile IT only causes transient 

reduction of food intake. The observed weight loss was entirely due to body fat loss with 

both IT (chapter 3) (Strader et al 2005, Ramzy et al 2013) and with RYGB (Shin et al 

2013, Zheng et al 2009) although results are controversial with humans (de Aquino et al 

2012). These findings give additional evidence for re-programming a lower defended 

body weight paired with abolishing the defense of the original, higher fat mass level 

following RYGB. This is supported by that rodents return to their new, lower body 

weight even after over- or underfed (Hao et al A, B 2016) The underlying mechanisms 

involve central (leptin and melanocortin signaling pathways), (Hatoum et al 2012, Korner 

et al 2013, Zachner et al 2013) and peripheral signals (gut hormones and their neural 

effector pathways). 

  

Energy efficiency, energy budget and energy expenditure 

 Calculations (energy efficiency and energy budget), based on energy intake and 

body weight supported that RYGB leads to a sustained reduction of food intake and 

consequently reduction of body weight probably via activation of partly different 

hormonal and neuronal pathways than does IT. Indeed, both energy efficiency and energy 

budget was significantly decreased following IT (chapter 3) and RYGB (chapter 6), but 
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there was a major difference between the two surgeries. While energy efficiency 

normalized the 2nd week post-operatively of IT, RYGB led to sustained low energy 

efficiency for the 2nd and the 3rd week after surgery. Energy efficiency was significantly 

reduced after surgery, significantly more so in the IT and RYGB groups compared to 

controls, but shortly after surgery IT rats did not have significantly different energy 

efficiency than did controls, meanwhile RYGB rats had their energy efficiency lower than 

that of the controls. Thus, it seems that the anorexic effects of RYGB is long term, 

causing much more reduced body weight than IT, which was reflected in the energy 

efficiency values. 

 It has been theorized that the success of bariatric surgeries may lay in that they not 

only reduce food intake but also increase energy expenditure creating an even greater 

negative energy balance. In our IT study, we observed that IT resulted in decreased 

energy expenditure (chapter 4) which is in agreement with human RYGB studies, where 

RYGB led to decreased Total Energy Expenditure (TEE) (Rabl et al 2014, Schmidt et al 

2015) and Resting Metabolic Rate (RMR) (Liu et al 2012), although human results are 

conflicting (Faria et al 2012, Schmidt et al 2015). Interestingly RYGB results on energy 

expenditure are highly variable and revealed significant species differences: resting 

energy expenditure is increased in mice (Nestoridi et al 2012) and rats (Stylopoulos et al 

2009) pointing to that caution needs to be exercised when inter-species conclusions are 

drawn. When rats were maintained on a high protein/high fat diet their Ingestion-related 

Energy Expenditure (IEE)  increased (chapter 2) which tendency was also seen when rats 

consumed one of the three diets of HF, HP or HC (chapter 3), Nevertheless, it seems that 

there is a metabolic adaptation after bariatric surgeries: the decreased energy demand is 

greater than expected for the degree of weight loss, suggesting that energy expenditure 

does not play a critical role in establishing negative energy balance. The only exception 

could be the increased IEE, which may support weight loss port surgically. 
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Diet 

 In both studies the highest pre-surgical food intake was observed with HF diet, 

supporting that HF diet (with high sugar content) has been reported to be highly palatable 

both for rats ((Sharma et al 2012) and humans (Johnson et al 2014), leading to weight 

gain as it was observed in our study as well (chapter 3, 6). HF diets were consumed in the 

least amount after surgeries, which is probably due to 1. lipids are strong triggers of the 

ileal brake (Maljaars et al 2012) causing reduction of food intake, 2. HF diets are known 

to cause low grade gastrointestinal inflammation in rats (Denver et al 2018, Gil-Cardoso 

et al 2017) and in humans (Pendyala et al 2012, Ruiz- Núñeza et al 2013) which can 

manifest as gastrointestinal malaise (De Punder et al 2015) which was probably the 

reason behind that HF rats had the longest recovery period in our IT study. Further 

supporting that RYGB probably has different pathways (at least partially) than does IT is 

that HF rats in the IT study did increase their food intake post-operatively so much so that 

they caught up with the other two groups, meanwhile RYGB rats consuming HF diet kept 

their food intake lower than that of controls.  The reasons behind this could be that 1. The 

greatly reduced visceral fat sustained long term in the case of RYGB may have 

compromised the endotoxemia barrier (De Punder et al 2015) leading to avoidance of the 

diet. 2. The well-known fact of altered taste leading to decreased fat and sugar intake 

following RYGB (Abdeen et al 2016, Johnson et al 2014), may have been present in these 

rats. 3. The bile secretion of the bypassed duodenum only gets into contact with the 

chyme at a much more distal location making fat digestion more challenging {Indeed, fat 

malabsorption has been reported in humans (O’Keefe et al 2017) and in rodents (Canales 

et al 2013) following RYGB.}4. The rapid delivery of undigested nutrients to the lower 

ileum probably triggers a strong ileal brake, which is the same in IT but with RYGB the 

much shorter functioning alimentary limb makes the ileal brake’s possible location of 

action much smaller and probably stronger. 5. Fats have been shown to elevate the 
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secretion of anorexic gut hormones, such as PYY (Batterham et al 2006, Essah et al 2007) 

and GLP-1 (Carr et al 2008, van der Klaauw et al 2013) which hormones’ levels are 

increased after both IT (Chelikani et al 2010, Ramzy et al 2013) and RYGB (Borg et al 

2006, Hutch et al 2017). High fat diets have been shown to be less effective in increasing 

Diet Induced Thermogenesis (DIT) (Westerterp 2004) and Total Energy Expenditure 

(TEE) (Jackman et al 2010) than the other macronutrients. The higher Resting Metabolic 

Rate (RMR) found in our HF rats on ad libitum day is in contrast with these findings, 

with the possible explanation of that the HF diet in the IT study contained mostly 

unsaturated fats, which have been shown to increase energy expenditure (Jones et al 

2008, Piers et al 2002). 

 A rather surprising observation was that HF diet with RYGB led to better short-

term coping with intestinal stress following RYGB: HF rats’ body temperatures and 

circadian activity was closely resembling that of controls, while LF rats has lower body 

temperatures and less circadian activity shortly after surgery (chapter 6). Similar stress 

responses were reported after social defeat stress (Buwalda et al 2001, Mondada et al 

2016) or intraperitoneal LPS infusion (Buwalda et al 2001, Queen et al 2016). Thus, it 

seems that high fat diet alleviates the behavioral and physiological stress responses in 

short term. One possible explanation could be that the RYGB HF diet contained saturated 

fatty acids (SFA) rather than polyunsaturated fatty acids (PUFA), and SFA is a significant 

constituent of bacterial cell membrane (as LPS/Lipopolisacharide is) but the cell 

membrane does not contain PUFAs (Boudjemaa et al 2018, Ruiz-Núñez et al 2016). 

Thus, high SFA intake (in the RYGB/HF group) may trigger a similar defense pathway as 

it happens when bacterial LPS activates an immune response leading to protection against 

bacterial overgrowth/imbalance in the gastrointestinal tract,  

 High protein diet has been shown to have the strongest satiety effect among the 

macronutrients in humans (Batterham et al 2006, Dunlop et al 2014) and in rodents 
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(Bensaid et al 2004) thus this could be a reason behind the lowest pre-, and post-surgery 

food intake of the HP diet in the IT study (chapter 3). The other explanation could be that 

according to the protein leverage theory ((Simpson et al 2005) rats would stop eating, 

when they reach the required amount of protein from their diet, which could have been 

accomplished with a smaller amount of diet in the case of HF diet than with HF or HC. 

Consequently, HP diet led to reduced food intake and body weight with substantially less 

body fat than that of the other two diets. Additionally, HP diet may have activated an ileal 

brake (van Avesaat et al 2015) not as strong as the HF diet did but stronger than that of 

HC, also leading to reduced food intake and body weight. Protein content of luminal 

content has been shown to increase the secretion of anorexic gut hormones (Essah et al 

2010, van der Klaauw et al 2013) further strengthening the body weight reductive effect 

of HP diet. Beside these effects HP diet also resulted in the highest IEE (chapter 2, 4) 

which finding corroborates that high protein diet has been shown to increase energy 

expenditure in humans (Flint et al 2003) and in rodents (Petzke et al 2007 Westerterp 

2004). Thus, HP diet acts through several different pathways to reduce food intake and 

body weight, on its own and with bariatric surgery as well. 

 High carbohydrate diet, especially if it is high in simple sugars and void of fibers 

(high glycemic index) leads to increased food intake and weight gain both in rodents 

(Gomez-Smith et al 2016) and in humans (Ledikwe et al 2005), which was observed in 

our study as well (chapter 3, 6). Although HF diet was consumed in higher quantity pre-

surgically than HC diets, the intake of HC diet remained high throughout the post-

operative period both with IT and RYGB leading to quicker body weight gain/shorter 

recovery period with IT or stable body weight with RYGB. Indeed, attempts to reduce 

body weight through low fat, consequently high carbohydrate diets did not prove to be 

superior to other calorie restrictive methods (Soeliman et al 2014, Tobia et al 2015), 

except when they were high glycemic (Kahleova et al 2018, Sylvetsky et al 2017). 
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Additionally, the body fat mass of HC rats was significantly more than that of HP and 

non-significantly less than that of HF in the IT study. Rats on HC/LF diet with RYGB 

had less fat mass (non-significant) than did RYGB/HF rats. Putting together these 

observations suggest that HC diet supports weight gain through increased food intake, 

which may aid quick recovery of surgery but at the expense of weight gain.  

 

 Implications 

 The epidemic proportion of obesity and overweight propelled the research of  

finding the causes of this accelerated increase as well as effective weight loss methods. 

Today the only long term and sustainable weight loss therapy is bariatric surgery, which 

evolved from the purely mechanistic approach in the early 1960s to the present 

multifactorial point of view. Indeed, today research shows that the success of bariatric 

surgeries could stem from: 1) gastric restriction, 2) changes in gut hormone secretion 

caused by the altered gastrointestinal tract (foregut and hindgut hypothesis) leading to 

increased ileal brake and modifications in the gut-brain cross-talk resulting in a prolonged 

anorectic state, 3) changes in energy expenditure, 4) altered bile acid homeostasis, 5) 

greatly altered microbiota. In this thesis, IT and RYGB have been compared (Chelikani et 

al 2010) in rats and RYGB was found to cause greater weight loss via more pronounced 

food intake reduction and with higher levels of PYY. GLP-1 levels have been reported to 

be similarly increased (Pezeshki et al 2014) and glucose control equally improved (Wang 

et al 2008) by both surgeries. Our findings add to this that RYGB causes prolonged 

weight loss compared to IT via continuously decreased energy efficiency (and transient 

post-operative decrease following IT) in rats. But the picture is more complex than this 

statement because IT rats still maintained a lower body weight than controls did hinting to 

a new, lower body fat mass set point thus warranting IT as a beneficial bariatric therapy. 

Indeed, IT induced improved glucose control (Patriti et al 2005) and shorter recovery time 
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than bypass surgery (Wang et al 2008) did in non-obese diabetic rats. IT also has a few 

advantages which make this surgery a choice of treatment especially pairing it with other 

procedures such as Laparative Sleeve Gastrectomy combined with IT (LSG-IT or LSG-II) 

{also referred to as ileal interposition (II)}. This treatment resulted to comparable weight 

loss and resolution of associated diseases, especially the metabolic syndrome in morbidly 

obese (DePaula et al 2011) and overweight (DePaula et al 2008) patients. LSG-IT can fill 

a niche, because it is especially effective for diabetes remission in lean patients who have 

not responded to traditional therapies (Ersoz et al 2015, Gagner 2011). Thus, IT has been 

referred as “diabetes surgery” (Karra et al 2010). These findings show that IT is not only 

a good and practical model of lower gut stimulation in investigating the underlying 

mechanisms of bariatric surgery without the confounding factor of other aspects of 

bariatric surgeries (such as gastric restriction or bypassing the duodenum and upper 

jejunum) but also a valid treatment for obesity related comorbidities. 

 It also seems probable that IT is less demanding post-surgically, since low 

mortality rate and very few side effects have been reported in rats (Chelikani et al 2010, 

Wang et al 2008) and in humans (DePaula et al 2011). Indeed, the gastrojejunal 

anastomosis in RYGB is often a concern for anastomotic stenosis (the most frequent 

complication after RYGB) (Fringeli et al 2015), meanwhile there is no such concern with 

IT. RYGB is performed almost exclusively laparoscopically, making it a less invasive 

therapy than IT which is still an open surgery. Thus, elucidating on the underlying 

hormonal and neuronal mechanisms could lead to novel, non-invasive methods, making 

basic research imperative. 

 IT in our study did not lead to increased energy expenditure nor does RYGB 

according to literature (Liu et al 2012, Rabl et al 2014, Schmidt et al 2015), although this 

point still needs more research because results are conflicting both in rodents (Nestoridi et 

al 2012, Stylopoulos et al 2009) and humans (Faria et al 2012, Schmidt et al 2015). 
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Although, it is worth noting that IT (with high protein/high fat diet) led to increased IEE, 

which may support the observed long-term weight/fat loss. Nevertheless, it seems 

probable neither IT nor RYGB creates negative energy balance via increased energy 

expenditure meaning that they reduce the energy-in side of the equation by creating and 

sustaining an anorexic state. But it is worth investigating the underlying mechanism of 

reduced energy expenditure and the lower body fat mass set point, because they can lead 

to new therapies. 

 Diet was an important factor of appetite and weight change with or without either 

IT or RYGB. Our findings further support that HF diet leads to overeating and weight 

gain (see before surgery intakes and body weight gain) but induces significant reduction 

of food intake and body weight after surgery, probably via several above-mentioned 

pathways. An interesting finding is that a HF diet containing saturated fatty acids can 

alleviate post-operative stress, leading to a quicker recovery than does LF diet after 

RYGB. Meanwhile HF diet, which has mostly unsaturated fatty acids, seems to induce a 

very strong anorexic state immediately after surgery, leading to greater weight loss than 

do either HP or HC diet after IT. Later post-operatively HF diet did not have this effect 

furthermore its orexigenic properties were exerted again. Further research is need to 

investigate this phenomenon. In sum, high fat diet with prominent percentage of saturated 

fatty acids can be beneficial after bariatric surgery on two counts: 1. Alleviating stress, 2. 

Causing greater weight loss. HP diet with or without bariatric surgery caused reduced 

food intake and body weight, which was so even more after surgery, leading to reduced 

body fat mass. Thus, high protein diets can be valid options of weight loss not just 

because of their higher satiating effects but also because they may lead to higher IEE. 

Although caution needs to be exercised with the interpretation of rodent studies since it 

seems that rodents have different energy balance controlling system than humans do, 

leading to opposing results. HC diet, especially if containing simple sugars and no fiber 
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can cause body fat gain with or without bariatric surgery, and do not induce anorectic 

state even after surgery. Thus, it seems HC diet is not the choice of post-operative diet. 

 

In summary 

The research described in this thesis can be summarized around three points 

 

1. Both IT and RYGB cause weight loss but this weight loss is greater and sustained 

after RYGB due at least partly to prolonged reduction of energy efficiency. 

2. Although high fat diet leads to fat gain, it is effective in further reducing body 

weight after IT and RYGB shortly after surgery probably by inducing a stronger 

ileal brake. 

3. HP diet is the most effective in long term to support weight loss after IT. 

 

This thesis presents two different types of bariatric surgery: IT (non-restrictive, 

non-exclusive) and RYGB (restrictive and exclusive) (chapter 1). In IT only a 10 cm ileal 

segment is overstimulated by nutrients, the intestinal tract with its blood supply and 

innervation remains intact, thus allowing to investigate purely the overstimulation effect 

of the ileum without other confounding factors such as gastric restriction of duodenal 

exclusion (chapter 2). The transient weight reducing effect of IT was due to the transient 

decrease of energy efficiency (chapter 3) and not to increased energy expenditure (chapter 

4). Meanwhile with RYGB the sustained weight loss was due to the prolonger reduction 

of energy efficiency (chapter 6). Different diets exerted their effects on weight changed 

after these surgeries. With IT, HP diet resulted in the most weight loss (chapter 3) 

probably due to its satiety effect and to stimulating the ileal brake. HC diet (high in 

simple sugars) led to significantly less weight loss and the shortest recovery period 

clearly showing that HC diet is obesogenic. HF diet (high in polyunsaturated fats) led to 
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over eating both before and long after surgery, but interestingly had the most weight 

reducing effect shortly after IT, suggesting a strong ileal brake. HF diet (high in saturated 

fat) also resulted in over eating before RYGB (chapter 6) but shortly after the surgery 

induced milder stress responses (body temperature, and circadian motor activity closer to 

that of control) than low fat diet, suggesting an alleviating effect of saturated fats after 

RYGB. In both IT and RYGB HF diet dramatically decreased food intake and body 

weight shortly after surgery, pointing to a strong over stimulation of the ileum and 

increased gut hormone secretion (chapter 5) establishing and anorectic state. Taken 

together it seems probable that both IT and RYGB leads to weight loss via 

overstimulation of the ileum, the locale of certain types of enteroendocrine cells, secreting 

anorectic gut hormones. In addition, ileal overstimulation may trigger a 

supraphysiological ileal brake leading to food reduction. These effects were more 

prolonged in RYGB probably because the additional features of RYGB such as gastric 

restriction and the exclusion of the duodenum, upper jejunum. 

 

Conclusions 

The accelerating obesity epidemic and that the only long-term weigh loss method 

is bariatric surgery makes it imperative to gain knowledge of the underlying mechanisms 

of these states. This thesis investigated a few possible aspects of two kinds of bariatric 

surgery: ileal transposition (IT) and Roux-en-Y gastric bypass (RYGB). The observed 

prolonged reduction in body weight and energy efficiency after RYGB compared to that 

of IT, which was less, suggest that the additional features of RYGB (such as gastric 

volume reduction and duodenal, upper jejunal exclusion) establishes new much lower 

body weight set point than IT does. This weight reduction stems not only from the above-

mentioned features but also from that the lower ileum is placed in a much more proximal 

position allowing the undigested nutrients a stronger overstimulation of the ileum. This 
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overstimulation then leads to a strong ileal brake (slower gastric emptying, longer transit 

time in the gastrointestinal tract) and increased anorexic hormone secretion, all pointing 

to decreased food intake. Investigating the other side of the energy balance equation, we 

found that energy expenditure did not increase, thus not contributing the observed weight 

loss. 

HF diet induced a longer recovery period accompanied by greater weight loss than 

other diets did, but this effect only lasted shortly after surgery and then the original over 

eating inducing feature of HF diet returned, which suggest that HF diet only supports 

weight reduction short-term following surgery, although it can alleviate post-operative 

stress. HC diet especially if it is rich in simple sugars led to weight gain in IT and greater 

stress after RYGB, which is in agreement with the altered food preference of RYGB 

patients who avoid high sugar foods. HP diet seemed to support the weight loss the most 

with or without IT. 
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