RELATIONSHIP OF APPETITE, OLFACTION AND FOOD REWARD
AFTER ROUX-EN-Y GASTRIC BYPASS SURGERY:
COULD THIS EXPLAIN WEIGHT REGAIN?

THESIS

By
Jennifer Brown, BSc., RD

Submitted to the Faculty of Graduate and Postdoctoral Studies in Partial Fulfillment of
the Requirements for the Degree of Masters of Science

School of Human Kinetics
Faculty of Health Sciences
University of Ottawa

© Jennifer Brown, Ottawa, Canada, 2015



ABSTRACT

Background: Roux-en-y gastric bypass (RYGB) surgery produces significant weight
loss, however a number of patients experience some and/or complete recidivism of
weight years after surgery. Limited research has investigated why patients are
experiencing weight regain after surgical interventions. Our objective was to identify
appetite-related measures associated with weight regain after RYGB surgery.

Methods: Using a cross-sectional design, 29 participants (49.6 £ 9.1 years of age; 29-62
months post-RYGB) were divided into three weight categories; (weight maintainers, n =
9; low weight regainers, n = 10; and high weight regainers, n = 10). Appetite, smell
function, eating behaviours and food reward were measured in response to a standardized
meal.

Results: Weight regain increased significantly in association with time after surgery (rs =
0.768, p = 0.016). High regainers gained on average 8.6 kg/year, compared to low
regainers and maintainers, 3.8 £ 0.9 kg/year and 0.9 + 0.9 kg/year, respectively (p <
0.001). Dietary restraint (using the Three Factor Eating Questionnaire) was significantly
higher in weight maintainers and low regainers compared to high regainers using clinical
subscales (p < 0.05). Weight regain was associated with higher “liking” of high-fat sweet
foods (measured with the Leeds Food Preference Questionnaire) among high weight
regainers.

Conclusion: Weight regain after RYGB may be associated with higher preferences for
high-fat sweet foods, whereas, higher dietary restraint may be associated with lower
wanting of high-fat sweet foods among weight maintainers. Findings provide insight into
why some patients after RYGB regain weight, while others maintain their weight. Future
research is needed to further explore the relationships between appetite-related factors
and weight regain after RYGB employing a longitudinal study design.

Key words: Roux-en-y gastric bypass; weight regain; appetite; olfactory (smell) function;
food reward; eating behaviours.
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CHAPTER 1: INTRODUCTION

Roux-en-Y gastric bypass (RYGB) surgery is considered the gold standard in regards to
surgical options for the management of severe obesity (Adams et al., 2012; Buchwald et
al., 2004; Colquitt, Clegg, Loveman, Royle, & Sidhu, 2005; Picot, Jones, Colquitt,
Loveman, & Clegg, 2012; Sjostrom et al., 2007; Sjostrom et al., 2012; Sugerman, Wolfe,
Sica, & Clore, 2003). It has been reported that patients will lose approximately 20-30%
of their total body weight (TBW) or 50-80% of their excessive body weight within the
first 2 years after surgery (Adams et al., 2012; Buchwald et al., 2004; Christou, Look, &
Maclean, 2006; J. Karlsson, Taft, Ryden, Sjostrom, & Sullivan, 2007; Ortega et al., 2012;
Pories et al., 1995; Sjostrom et al., 2004; Sjostrom et al., 2012; Sugerman et al., 2003;
Wittgrove & Clark, 2000). Excess body weight; also referred to as excess weight loss
(EWL) is defined as (weight loss/excess weight), where excess weight refers to pre-
surgical weight — ideal body weight using a BMI of 24.9 kg/m?. Although a number of
patients have successful weight loss long term (Buchwald et al., 2004; Sjostrom et al.,
2004; Sjostrom et al., 2012), it has been documented that approximately 20-30% of
patients will regain weight (Christou et al., 2006; Faria, de Oliveira Kelly, Lins, & Faria,
2010; Freire, Borges, Alvarez-Leite, & Toulson Davisson Correia, 2012; Magro et al.,
2008; Meguid, Glade, & Middleton, 2008; Melton, Steele, Schweitzer, Lidor, &
Magnuson, 2008; Wittgrove & Clark, 2000). This can have a detrimental effect on the
health care system; with the return of co-morbidities requiring long-term treatment and
management. Not to mention the devastating impact weight regain can have on the

patient; their physical health, mental health and overall quality of life.



There appears to be a gap in the literature as to what drives the positive energy balance in
patients who regain weight following RYGB. Some have found an increase in caloric
intake (Faria et al., 2010; Freire et al., 2012; Kruseman, Leimgruber, Zumbach, & Golay,
2010; Meguid et al., 2008), derived from eating higher sugar and higher fat foods (Freire
et al., 2012; Warde-Kamar, Rogers, Flancbaum, & Laferrere, 2004). Others have
speculated changes to the peripheral hormones that are said to be the driving mechanisms
for satiety after surgery however amongst the abundance of studies that have tested
peripheral hormones up to 4 year post-RYBG (Beckman, Beckman, & Earthman, 2010);
no study, to our knowledge has investigated the peripheral hormones in patients that have
regained weight as it relates to appetite. This study will investigate appetite measures
associated with weight change after RYGB surgery, specifically looking at appetite
sensations, smell function, eating behaviours and food reward. This study will also
measure peripheral hormones ghrelin, PYY, GLP-1 and leptin, however data presented in
this paper will not include the results of peripheral hormone results (results will be
presented in a future paper). A secondary aim of this study will also investigate smell
performance among these groups and compare appetite (desire to eat, hunger, satiety,
prospective food consumption, and food reward) to determine if other factors are

contributing to weight regain.



CHAPTER 2: REVIEW OF LITERATURE

Roux-en-Y Gastric Bypass — Mechanism for Weight Loss

Roux-en-Y gastric bypass (RYGB) is a restrictive and malabsorptive procedure which
results in a 30 mL gastric pouch that is divided from the stomach. The jejunum is
anastomosed to the new pouch allowing a 100 cm Roux limb to bypass the stomach,
duodenum and proximal jejunum resulting in the malabsorptive nature of the surgery.
The remaining biliopancreatic limb (75 cm) is then anastomosed to the proximal jejunum
creating a common channel (figure 1). The mere volume restriction from this procedure
results in a negative energy balance, ultimately contributing to the rapid weight loss
observed after this surgery. Flauchbaum et al. reported a dramatic decline in caloric
intake from 2603+982 kcal preoperatively to 677+204 kcal, 815+196 kcal, 969+241 kcal,
1095+307 kcal, 1259+466 kcal, and 1373+620 kcal at 6 weeks, 3, 6, 12, 18 and 24-
months post-operative, respectively (Flancbaum, Choban, Bradley, & Burge, 1997).
Similar results have been reported (table 1). This
restricted caloric intake and the physical bypassing of
the stomach and duodenum results in suboptimal
vitamin and mineral absorption as food is not directly
exposed to stomach acids or enzymes produced by the

liver, pancreas or duodenum.

Figure 1. Roux-en-y gastric bypass (RYGB) Surgery



Table 1. Caloric intake before and after RYGB surgery

Study n Pre-op 1 month 3 month 6 month 9 month 12 month 18 month 24 month 96 month 120 month
(Bavaresco et al., 2010) 48 2347 £1016 773 + 206 796 + 306 910 £ 245 963 + 242 1034 + 345 - - - -
(Dias et al., 2006) 40 - - 529 + 300 710 £ 301 833 £407 866 + 343 - - - -
gg'g;‘;ba“m etal. 70 2603 + 982 ; 815+196 969 + 241 - 1095+307 1250 +466 1373 + 620 . -
(Kruseman etal., 2010) 141 2355+ 775 - - - - 1442 + 340 - - 1680 + 506
(Sjostrom et al., 2004) ) ) ) ) )

(reported in Shah, 2006) 34 2882F 15007 17007 18007 2519%
(Trostler, Mann,

Zilberbush, Avinoach, 19 5032 + 708 636 + 108 496 +151 1046+189 1171+279 1374+199 1377170 - - -

& Charuzi, 1995)

(Brolin, Robertson, 108 2604 + 1087 - - 890 + 407 - 1116+426 1256+504 1319 + 912 - -

Kenler, & Cody, 1994)

Values are the mean + SEM in kilocalories (kcal), unless specified.  Values are expressed as estimates. n = sample size; - data not available.



Defining Weight Loss after Roux-en-Y Gastric Bypass Surgery

RYGB surgery produces weight loss; however discrepancies within the literature fail to
come to a consensus on standardized weight loss success after surgery. The most
common method in the literature has been to measure percentage of excess weight loss
(%EWL), which has historically been favored by surgeons (Dixon, McPhail, & O'Brien,
2005). Unfortunately, %EWL is dependent on a number of variables that create
inconsistencies in the calculation (Montero, Stefanidis, Norton, Gersin, & Kuwada,
2011). In other words, heavier patients have poor %EWL despite having lost more total
body weight (Montero et al., 2011; A. van de Laar, de Caluwe, & Dillemans, 2011). This
has detrimental impacts on patient expectations and surgical program statistics. There is
push to standardize “successful weight loss” with newer evidence to support the use of
percentage total weight loss (%TWL), which diminishes variations (Courcoulas et al.,
2013; Montero et al., 2011; A. van de Laar, 2012; A. van de Laar et al., 2011; A. W. van
de Laar & Acherman, 2013). For the purpose of defining weight loss produced by
RYGB, this review will highlight both methods to represent the variability seen in the
literature. Multiple studies have characterized successful weight loss as >50% EWL with
approximately 50-80% EWL seen within the first 2 years (Buchwald et al., 2004;
Christou et al., 2006; Ortega et al., 2012; Pories et al., 1995; Schauer et al., 2003;
Schauer, Ikramuddin, Gourash, Ramanathan, & Luketich, 2000; Sjostrom et al., 2012;
Sugerman et al., 2003; Wittgrove & Clark, 2000). Buchwald et al. reported 62% EWL in
a meta-analysis of 22,094 patients (Buchwald et al., 2004), while the Swedish Obesity
Study (SOS), one of the largest multi-centered, prospective, controlled studies, followed

over 2000 bariatric surgical patients over 20 years and found RYGB elicits a 23% TWL



after 2 years with weight loss maintained at 18% TWL at 20 years post-surgery (EWL
data not available) (Sjostrom et al., 2012). Unfortunately, the 20-year data from the SOS
is limited in that the follow-up rate from year 10 to year 20 dropped by 92% leaving only
13 participants of the original cohort. Adams et al. followed 418 RYGB patients for 6
years and reported superior weight loss maintenance with 94% and 76% maintaining at
least 20% TWL at year 2 and 6, respectively (Adams et al., 2012). However, this equates
to an 18% weight change over the 4 years, suggesting weight regain. In fact, further
analysis of this study found that patients in the peak weight loss category (30-45% TWL)
decreased by 10% in year 2 to 6. Interestingly, the shift favored the lower weight loss
category (10-25% TWL) increasing by 7% from year 2 to 6, supporting the literature that
weight regain occurs after 2 years from surgery (Christou, Look, & McLean, 2005; Faria

et al., 2010; Freire et al., 2012; Magro et al., 2008; Meguid et al., 2008).

Weight Regain after Roux-en-Y Gastric Bypass Surgery

Despite the long-term success rates associated with weight loss from bariatric surgery,
weight regain remains a growing concern. According to Christou et al. (Christou et al.,
2006), 20-34% of patients that have RYGB will regain weight after 10 years. A 5-year
prospective study on 782 patients found that by 2 years post-operatively, 359 patients
(46%) regained a mean weight of 8.8 kg and by 4 years, this increased to 497 patients
(63.6%) (Magro et al., 2008). Interestingly, a number of studies found that patients who
regained weight were consuming equivalent caloric intake to before surgery or more
(Faria et al., 2010; Freire et al., 2012; Meguid et al., 2008). In the literature, caloric intake

after surgery varies from 820+130 kcal/day (Trostler et al., 1995) to 1634+526 kcal/day



(Kruseman et al., 2010) in successful weight loss patients after surgery (refer to Table 1).
Faria et al. observed patients that had regained weight after RYGB were consuming
1885+412 kcal/day (Faria et al., 2010). While, Kruseman et al. found patients with <50%
EWL compared to >50% EWL at 8 years post-RYGB consumed 1934501 kcal and
1634+526 kcal (p=0.02), respectively (Kruseman et al., 2010). Similarly, Freire et al.
(Freire et al., 2012) concluded that weight regain was associated with excessive caloric
intake from sweets and snacks (p<0.05) and oils and fatty foods (p<0.01) compared to
patients that had no weight regain (Freire et al., 2012). Despite the growing evidence that
excessive caloric intake results in weight regain, there remains questions surrounding
why RYGB patients with poor weight loss are consuming more calories from sweets and
fats. One suggestion may be changes in peripheral hormones initially affected by the
surgical procedure, which returns to pre-surgical levels years following the surgery, or
perhaps food cravings for higher fat and sweet foods are driven by non-homeostatic

factors.

Ghrelin

Ghrelin, an orexigenic hormone or appetite-stimulating hormone, secreted in the distal
stomach, is known as the “hunger” hormone as it increases before a meal and is
suppressed after a meal. Ghrelin is postulated to act as a protective response in relation to
energy deprivation in underweight individuals and be suppressed in overweight
individuals (Pournaras & Le Roux, 2009; Wren & Bloom, 2007). However, in individuals
with obesity, ghrelin is not suppressed with food intake (English, Ghatei, Malik, Bloom,

& Wilding, 2002; le Roux et al., 2005), resulting in a continuous “hunger” sensation. In



2002, Cummings et al (Cummings et al., 2002) found plasma ghrelin levels increased in
diet-induced weight loss participants, while significantly decreased in RYGB patients,
regardless of meal timing or food ingestion. This ground-breaking study led to stronger
designed studies reporting similar results (Christou et al., 2005; Engstrom, Ohrvall,
Sundbom, Lind, & Karlsson, 2007; Korner et al., 2005; le Roux et al., 2006; le Roux et
al., 2007; Lin et al., 2004; Morinigo et al., 2004), in that plasma ghrelin levels decreased
following RYGB surgery and remains low after 1 year following surgery (Christou et al.,
2005; Cummings et al., 2002; le Roux et al., 2006; Tritos et al., 2003), contributing to the
lack of hunger post-surgery. However, contradicting evidence by Morinigo et al.
(Morinigo et al., 2004), reported ghrelin levels increased at 52 weeks post RYGB
compared to levels measures at 6 weeks post-op. Similarly, Peterli et al. (Peterli et al.,
2012) found ghrelin levels returned to preoperative levels after 1 year from surgery,
suggesting changes to this orexigenic hormone may not be permanent. Even more
controversial is the findings by Dirksen et al. (Dirksen et al., 2013) with regards to
reporting higher ghrelin levels in patients that have poor weight loss compared to good
weight loss responders after RYGB. Whether ghrelin levels have an effect on weight
regain or poor weight loss following RYGB remains unclear, however it continues to be

one of the most highly researched and controversial peripheral hormones.

PYY & GLP-1
Peptide YY (PYY) is an anorexigenic hormone secreted in the L-cells of the colon in
response to contact with nutrients. PY'Y secretion slows gastric emptying by reducing the

expression of neuropeptide Y (NPY) from the hypothalamus (Batterham et al., 2002).



The degree of PYY secretion is proportionate to the caloric load and composition of the
meal (le Roux et al., 2006), raising PYY for 1-2 hours postprandially and increasing
satiety levels. A number of studies have looked at PPY in patients with obesity
(Sumithran et al., 2011; Wren & Bloom, 2007), and found lower fasting and postprandial
levels after diet-induced weight loss, suggesting energy deprivation promotes weight
regain as this anorexigenic hormone is unable to sustain satiety after diet-induced weight
loss. However, in RYGB patients, there is a general consensus that postprandial PYY
levels are elevated compared to lean (Korner et al., 2005; le Roux et al., 2006), normal
weight (Morinigo et al., 2008), overweight (Korner et al., 2005; Rodieux, Giusti,
D'Alessio, Suter, & Tappy, 2008) and persons with obesity (Korner et al., 2005; le Roux
et al., 2006; Morinigo et al., 2006). Interestingly, PYY levels appear to increase as early
as 2 days post-surgery, irrelevant to weight loss (le Roux et al., 2007) and remains
elevated up to 3 years post op (Borg et al., 2006; Korner et al., 2005; le Roux et al., 2006;
le Roux et al., 2007; Morinigo et al., 2008; Reinehr et al., 2007; Rodieux et al., 2008).
Korner et al. (Korner et al., 2005) assessed RYGB patients 3 years after surgery and
found weight maintenance was related to early and exaggerated PYY response to
nutrients rather than volume restriction. Similarly, Rodieux et al. concluded the same
results; reporting that elevated PYY was associated with long-term weight maintenance
(Rodieux et al., 2008). Controversially though, animal studies by Meguid et al. (Meguid
et al., 2008) found weight regain in RYGB rats, as a consequence of failure to sustain
elevated PYY concentrations. Le Roux et al. also found lower PYY levels had a
significant correlation (p < 0.05) to increased appetite in “poor weight loss” patients

(characterized by BMI >30) (le Roux et al., 2007). Whereas, a more recent study



comparing “good” weight loss verses “poor” weight loss responders found no significant
difference in PYY levels between these groups, however a number of limitations to this
study warrants repeated investigation to determine the outcome of PYY in patients that

have regained weight compared to those that have maintained weight.

Similar to PYY, glucagon-like-peptide-1 (GLP-1) is secreted from the L-cells of the
ileum and colon in response to food intake (Cummings & Overduin, 2007; Murphy &
Bloom, 2006; Vincent & le Roux, 2008a, 2008b; Wren & Bloom, 2007). After RYGB,
GLP-1 assists with decreasing gastric emptying after meal ingestion (Frezza, Wachtel, &
Chiriva-Internati, 2007; le Roux & Bloom, 2005; Vincent & le Roux, 2008a) and appears
to play a driving role behind increased satiety levels (De Silva et al., 2011; Naslund et al.,
1999). Peterili et al (Peterli et al., 2012) recently published results of a prospective,
randomized 1-year trial looking at the outcomes of peripheral hormones after RYGB;
GLP-1 levels were lower prior to surgery and had markedly increased at 1 week, 3
months and 1 year post-operatively. Interestingly, two studies compared RYGB patients
with good weight loss (characterized by BMI <30; or excess body mass index lost (EBL)
>60%) to those with poor weight loss (BMI >30; EBL <50%) and found higher levels of
GLP-1 in the “good” weight loss group (Dirksen et al., 2013; le Roux et al., 2007).
Additionally, there was a correlation in appetite and lower GLP-1 levels in the poor
weight loss groups (Dirksen et al., 2013; le Roux et al., 2007), suggesting that appetite
returns when GLP-1 levels are inhibited. Unfortunately, there is limited research to
conclude that return of appetite is dependent on GLP-1 after RYGB, rather, it is likely

multifaceted and remains an area of further investigation.
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Leptin

Leptin is a peptide, found primarily in adiposity cells, but also abundant in the
hypothalamus, pituitary, gastric epithelium, and in reproductive organs (Budak et al.,
2006). It is an indicator of fat mass and acts as a homeostatic regulator between energy
expenditure and food intake. During weight loss or food restriction, leptin decreases in
proportion to body fat (Gale, Castracane, & Mantzoros, 2004; Molina et al., 2003),
signaling energy depletion to the brain initiating the need to feed and restore adiposity.
Sumithran et al (Sumithran et al., 2011) found multiple circulating hormones associated
with poor weight maintenance long term in a diet-induced weight loss study. They found
leptin levels proportional to weight loss; as weight decreased in the early diet phase,
leptin levels fell concurrently. After the diet phase (at 1 year follow-up), weight regain
was noted with similar response to rising leptin levels. However, after RYGB, it is
thought that decreased appetite and elevated anorexigenic hormones contribute to weight
loss, yet leptin has not been conclusively found to be lower after RYGB (Laferrere et al.,
2007; Meier & Gressner, 2004; Molina et al., 2003) and appears to be more related to
body fat (Lee et al., 2011; Swarbrick et al., 2008), changes in body weight (Swarbrick et
al., 2008), and body mass index (Korner et al., 2005; Lee et al., 2011; Molina et al.,
2003). Korner et al. (Korner et al., 2005) found leptin to be highly correlated (r=0.68,
p<0.001) to BMI with similar leptin concentrations between lean controls and post-
RYGB patients, despite the fact that the post-RYGB patients had a BMI of 32.8+1.6,
compared to lean controls, 21.6+0.7. Given this difference in BMI between the groups, it
would be expected that leptin levels would be higher in the post-RYGB group compared

to the lean controls as BMI remained in an “obese” classification. However, this was not

11



the case, raising suspicion to other peripheral hormones to have a more essential role. In
animal studies, Meguid et al. used a rat-RYGB model to identify physiological
mechanisms producing weight regain after RYGB (Meguid et al., 2008). They concluded
that RYGB rats unable to sustain weight loss exhibited a lower plasma PY'Y:leptin ratio,
suggesting that elevated PY'Y concentrations are essentials in preserving weight loss after
RYGB. More so, leptin has been found to influence taste (Bohlender, Rauh, Zenk, &
Groschl, 2003), smell (Bohlender et al., 2003; Julliard et al., 2007) and reward pathways
(Fulton, Woodside, & Shizgal, 2000) that support the role of hedonic influences on
appetite. Cameron et al. (J. D. Cameron, Goldfield, & Doucet, 2012) was one of the first
studies to show a link between smell performance and changes in food palatability among
participants in an acute energy deprivation among diet-induced weight loss participants.
However, it remains unclear if patients with or without poor weight loss after RYGB
would display similar results with regards to peripheral hormone levels, appetite and

smell performance.

Appetite Changes after Weight Loss

Food intake is complex and not solely derived from hypothalamic regulation. Motivation,
reward, learned behaviours, habits, social and environmental influences, availability of
food and external sensory cues such as visual, smell and taste of food all impact the
hedonics of food consumption (Bohlender et al., 2003; Cornier, 2011; Farooqi et al.,
2007; Julliard et al., 2007; Rosenbaum, Sy, Pavlovich, Leibel, & Hirsch, 2008; Thirlby,
Bahiraei, Randall, & Drewnoski, 2006; Watts, 2000). Epstein et al. (Epstein, Leddy,

Temple, & Faith, 2007) reported that food deprivation increases energy intake and

12



motivates people to eat (Epstein, Truesdale, Wojcik, Paluch, & Raynor, 2003; Raynor &
Epstein, 2003), similarly, growing evidence supports perceived rewarding properties of
food after diet-induced weight loss (J. D. Cameron, Goldfield, Cyr, & Doucet, 2008). In
fact, studies have found diet-induced weight loss associated with increased appetite
(Doucet, St-Pierre, Almeras, & Tremblay, 2003; Gilbert, Drapeau, Astrup, & Tremblay,
2009; Sumithran et al., 2011), increased desire to eat (Cornier, Grunwald, Johnson, &
Bessesen, 2004) and higher perspective food consumption (PFC) (Drapeau et al., 2007),
which is the opposite effect reported after RYGB surgery (Ochner, Kwok, et al., 2011;
Schultes, Ernst, Wilms, Thurnheer, & Hallschmid, 2010; Jennifer Ullrich, Ernst, Wilms,
Thurnheer, & Schultes). Schultes et al. (Schultes et al., 2010) found a decreased drive for
food, specifically, lower intake of palatable foods (i.e. chocolate, cake, candy), lower
hunger ratings, and decreased food intake in RYGB patients when compared to non-
surgical patients with obesity. Ochner et al. published data on changes in neural
activation and desire to eat following RYGB and found a decreased preference for
energy-dense foods, decreased energy intake and decreased desire to eat (Ochner,
Gibson, Shanik, Goel, & Geliebter, 2011; Ochner, Kwok, et al., 2011). Interestingly
though, Le Roux (le Roux et al., 2007) and Dirksen (Dirksen et al., 2013) both found
increased appetite and hunger in RYGB patients that had “poor” weight loss compared to
“good” weight loss, suggesting satiety may not be sustainable long-term and increases in
hunger may possibly be changed by peripheral pathways influencing appetite or vise
versa. The premise that diet-induced weight loss influences pathways that regulate

appetite, store and utilize energy and ultimately predispose the dieter to weight regain
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(Reed, Chaput, Tremblay, & Doucet, 2013), is fascinating as this could also occur in

patients after RYGB, especially those with poor weight loss or weight regain.

Eating behaviours

The Eating Inventory (EI) or originally named the Three Factor Eating Questionnaire
(TFEQ) (Stunkard & Messick, 1985) has been widely used in obesity research; both in
behavioural weight loss studies (Bond, Phelan, Leahey, Hill, & Wing, 2009; Clark,
Marcus, Pera, & Niaura, 1994; Foster et al., 1998; F. Karlsson, Modica, & Mooe, 2007; J.
Karlsson et al., 2007; Lowe, Doshi, Katterman, & Feig, 2013; McGuire, Wing, Klem,
Lang, & Hill, 1999; Niemeier, Phelan, Fava, & Wing, 2007) and surgical studies (Adami,
Gandolfo, Dapueto, Jurich, & Scopinaro, 1993; Bond et al., 2009; Livhits et al., 2011;
Sarwer et al., 2008; Turkmen, Andreen, & Cengiz, 2014). The TFEQ includes three
subscales that measure eating behaviours associated with dietary restraint (cognitive
dietary control), disinhibition (susceptibility of loss of control over eating) and hunger
(level of perceived hunger). The disinhibition subscale has been associated with weight
regain after conventional weight loss treatment (i.e. behavioural weight loss programs),
subsequently, higher disinhibition scores have been found as a predictor for future weight
regain (Bond et al., 2009; J. Karlsson et al., 2007; McGuire et al., 1999; Niemeier et al.,
2007). Similar to bariatric surgical treatment, the TFEQ has been associated with changes
to eating behaviours, favouring weight regain (Bond et al., 2009; J. Karlsson et al., 2007;
Livhits et al., 2011; Turkmen et al., 2014) and weight loss (Sarwer et al., 2008). Sarwer et
al. found that higher dietary restraint scores predicted postoperative weight loss. More so,

they found an association between higher dietary restraint scores and lower intake of %
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kcal/d from sweets and fat. Very few studies have investigated the eating behaviours of
post-RYGB patients experiencing weight regain. Odom et al. (2010) found increased
food urges associated with significant weight regain after RYGB (Odom et al., 2010).
More so, other studies have reported weight regain associated with loss of control when
eating (Freire et al., 2012; Kofman, Lent, & Swencionis, 2010; Konttinen, Haukkala,
Sarlio-Lahteenkorva, Silventoinen, & Jousilahti, 2009; Livhits et al., 2011), however no
study to our knowledge has investigated eating behaviours, using the TFEQ, among post-

RYGB patients specifically with weight regain.

Olfaction (Smell) Function

Emerging evidence supports the role of smell and weight regulation with one of the first
studies to link smell performance and energy intake in an energy deprived state (J.
Cameron et al.). Previous work by Cameron et al (J. D. Cameron et al., 2012) found a
relationship between smell performance and changes in palatability, suggesting not only
were participants more likely to rate palatable foods higher in an energy deprived state,
but participants with higher body weight displayed greater smell improvements during
energy deprivation. Others have identified a correlation between elevated BMI and smell
dysfunction (Richardson, Vander Woude, Sudan, Thompson, & Leopold, 2004), finding
differences in smell performance between patients with obesity (BMI >45) and patients
with normal weight to moderate obesity (BMI <45). Interestingly, Richardson et al.
looked at smell dysfunction after RYGB and found no change after 12 months from
surgery, suggesting smell dysfunction may play a role in the development of obesity

rather than by affected by weight loss (Richardson, Vanderwoude, Sudan, Leopold, &
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Thompson, 2012). Similarly, Jurowich et al. found no effect of weight loss on olfactory
perception after RYGB surgery (Jurowich et al., 2014). Unfortunately, no research to our
knowledge has been conducted investigating smell function in patients with weight
regain after RYGB. Findings of this nature may answer questions surrounding smell
function after bariatric surgery, as well as the influence of peripheral hormones on smell

function and the link between smell and appetite.

Conclusion

Roux-en-Y gastric bypass (RYGB) is the gold standard procedure for bariatric surgery.
Chronic disease comorbidities such as diabetes, hypertension and hyperlipidemia are
resolved by 84%, 68%, and 97%, respectively following RYGB (Buchwald et al., 2004).
It has also been concluded that RYGB is more cost-effective than conventional weight
management treatment options (Padwal et al., 2011; Terranova, Busetto, Vestri, & Zappa,

2012), in terms of operational cost-recovery and life expectancy (Peeters et al., 2003).

Despite the positive outcomes associated with weight loss from RYGB, approximately
20-30% of patients will regain some if not all their lost weight (Christou et al., 2006;
Faria et al., 2010; Freire et al., 2012; Magro et al., 2008; Meguid et al., 2008), pressuring
direct and indirect costs to the Canadian health care system. Not to mention, the negative
affects weight regain will have on patient’s quality of life (QoL) and possibly

exacerbating chronic diseases.
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There appears to be multiple reasons for weight regain after surgery and this study will
investigate changes in peripheral hormones associated with appetite. Results found in this
study will help researchers understand factors that may contribute to weight regain and/or
weight maintenance after surgery. These results may provide future insight to prevent

weight regain long-term.
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CHAPTER 3: RESEARCH QUESTION

OBJECTIVES

The purpose of this study was three-fold. The primary aim of this study was to determine
the weight trajectory of RYGB patients after surgery. Specifically comparing results
between weight maintainers, low weight regainers and high weight regainers. The
secondary aim was to investigate appetite measures associated with weight changes,
including satiety quotient (testing desire to eat, hunger, satiety and prospective food
consumption), smell function, and eating behaviours among these patient groups. The
third aim was to determine if there is a relationship between peripheral hormones;
ghrelin, PYY, GLP-1, and leptin in patients who have regained weight compared to
patients that have maintained weight after RYGB. However, data presented in this paper

will not include peripheral hormone results (results will be presented in a future paper).

HYPOTHESES
It is hypothesized that:
1) The weight trajectory of RYGB patients experiencing weight regain will be
higher than those maintaining weight.
2) The length of time from surgery will be higher in regain participants than weight
maintainers.
3) Patients that have regained weight will have higher appetite outcomes compared

to patients that have maintained weight after bariatric surgery.
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4)

5)

6)

Smell function will be higher among weight regainers than participants that have
maintained weight.

Eating behaviours is hypothesized to be different in participants with weight
regain compared to maintainers. Specifically, dietary restraint will be favoured
among weight maintainers compared to regain participants. Disinhibition and
perceived hunger scores will be higher among weight regainers then maintainers.
Measures of food reward for liking and wanting of high fat sweet foods will be

elevated in weight regainers.
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CHAPTER 4: MATERIALS & METHODS

Participants

Twenty-nine participants (3 male; 26 female) aged 49.6 + 9.1 years were included in the
final study after an initial screening process involving a sample of 38 volunteers from
The Ottawa Hospital Weight Management Clinic & Bariatric Centre of Excellence
(WMC) in Ottawa, Canada. The initial screening process excluded those who were less
than 2 years from RYGB surgery, underwent an alternative procedure than the RYGB
surgery or did not undergo their RYGB surgery at The Ottawa Hospital. Additional
exclusion criteria included current use of meal replacements, admitted to hospital for
surgical intervention within 2 months of the testing date, pregnant and/or breastfeeding,
impaired nasal breathing or history of sinus surgery, and inability to read, write or speak
English. Participants were divided into tertiles (33% and 66%) based on their rate of
weight regain, defined as weight regained from nadir to current weight divided by the
number of months from nadir to current weight. For simplicity purposes, weight regained
(kg) per month was converted into weight regained (kg) per year, resulting in three
groups based on tertiles; weight maintainers, low weight regainers and high weight
regainers. Rate of weight regain ranged from 0-1.8 kg/year for weight maintainers, 2.9-
4.7 kglyear for low weight regainers and 5.0-12.2 kg/year for high regainers. This method
was chosen for its clinical relevance as weight regained after RYGB surgery is
anticipated to be greater for participants the further post-op they are. Informed written
consent was obtained prior to the study and ethics approval was granted from the Ottawa

Health Science Research Ethics Board and the University of Ottawa Office of Research
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Ethics and Integrity. All research procedures were compliant with the Declaration of

Helsinki.

Design and Procedure

A cross-sectional design was used with participants in three weight change groups;
weight maintainers, low weight regainers and high weight regainers. All testing occurred
in private research rooms in the Behavioural & Metabolic Research Unit (BMRU) at the
University of Ottawa. Participants arrived at 0700, 0730 or 0800 after a 12-hour fast and
complete a demographic questionnaire followed by having body weight and height
recorded. Participants completed a visual analogue scale (VAS) to measure fasting
appetite levels, followed by a computer task using the LFPQ (Leeds Food Preference
Questionnaire) to measure fasting levels of explicit “liking” and “wanting” for foods.
Venous blood was drawn from the antecubital vein of participant’s non-dominant arm 5
minutes before and 30, 60, 90, 120, 150 and 180 minutes after a meal. Plasma samples
for assay of hormones (ghrelin, PYY, GLP-1 and leptin TBD) were collected in tubes
containing ethylenediamine tetraacetic acid (EDTA). Blood samples were immediately

centrifuged at <1300 rpm at 4°C for 10 minutes, evenly pipetted to 4 aliquot tubes and
stored at -80°C until assayed. All blood samples were stored in the BMRU for future

analysis and are not reported in this paper. Olfaction (smell) performance was completed
90 minutes after the meal, while eating behaviours using the Three Factor Eating
Questionnaire (TFEQ) and Sensitivity to Punishment and Sensitivity to Reward

Questionnaire (SPSRQ) was completed 120 minutes after the meal.
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Standardized breakfast

A 300 kcal breakfast consisting of 4 slices (20g) of melba toast®, 1 Thsp. (15g) natural
peanut butter (Kraft®), 100g Vanilla Greek yogurt (Liberte®), 4 slices (50g) of apples
and 6 almonds (6g) (providing 45% carbohydrates, 20% protein, and 35% fat) was served
to participants approximately 30 minutes after arrival and they had 20 minutes to
consume the breakfast. Previous studies have used a similar macronutrient meal
distribution (Evans et al., 2012; Faria et al., 2010; Pournaras et al., 2010). Participants
completed the VAS for appetite and satiety measures every 60 minutes from completion
of the breakfast, food reward measures using the LFPQ were complete 60 minutes after
the breakfast, while olfactory measures and eating behaviour measures were completed at
90 and 120 minutes, respectively. The testing ended immediately after completing the

180-minute VAS and blood draw.

Measurements

Demographic information including age, sex, ethnicity and education level was obtained
from a written questionnaire. Additional questions related to pre-surgical medical
conditions (including diabetes and binge eating disorders) were collected, along with

questions affecting study results, including tobacco use and menstrual cycle.

Anthropometrics
Height (HR-100 Height Rod; Tanita Corporation of America Inc. Arlington Heights, IL)
and body weight (HR-100; BWB-800AS, Tanita Corporation, Arlington Heights, IL.,

USA) were measured after a 12 hour overnight fast.
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Appetite and Satiety

Appetite and satiety were measured using a semantic differential scale in the form of a
computerized visual analog scale (VAS — 100 mm) adapted from Hill, Magson and
Blundell (Hill, Magson, & Blundell, 1984). Desire to eat, hunger, satiety and prospective
food consumption (PFC) were rated using the following questions: 1) “How strong is
your desire to eat?” (Very week — Very strong); 2) “How hungry do you feel?” (Not
hungry at all — As hungry as I have ever felt); 3) “How full do you feel?” (Not full at all —
Very full), and 4) “How much food do you think you could eat?”” (Nothing at all — A
large amount). Participants completed the VAS at baseline (30 minutes before a meal)
and at 60, 120, and 180 minutes after a meal. Participants could not compare to previous
ratings and could not communicate with others regarding the VAS task. The satiety
efficiency was assessed by the “Satiety Quotient” (SQ) method adapted from Green et al.
(Green, Delargy, Joanes, & Blundell, 1997), which represents changes in hunger ratings

in mm/100 kcal of food consumed.

Food Reward — Leeds Food Preference Questionnaire (LFPQ)

The Leeds Food Preference Questionnaire (LFPQ) measures liking and wanting for food
and has been widely used in other studies (J. D. Cameron, Goldfield, Finlayson, Blundell,
& Doucet, 2014; Finlayson, Arlotti, Dalton, King, & Blundell, 2011; Griffioen-Roose,
Finlayson, Mars, Blundell, & de Graaf, 2010). Participants are asked to assess food
choices and personal ratings of various food items that subjectively measures their
“liking” and “wanting” for photographic food stimuli varying in taste (sweet or savory)

and fat content (high fat or low fat). To measure explicit liking, participants are shown
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images of foods and asked to rate “How pleasant would it be to taste some of this food
now?” while explicit wanting asked “How much do you want some of this food now?”
Data was collected from a 100-mm VAS related to each image and averaged for each
food type (HFSW, high fat sweet; HFSA, high fat savory; LFSW, low fat sweet; LFSA,
low fat savory) while reaction times were measured (in milliseconds) to indicate
participants’ motivation (wanting) for food preferences. Implicit wanting was measured
by asking “which food do you most want to eat now?” using a force-choice method of
two images and paired against each food image over ninety-six trials. This LFPQ is

described in more detail elsewhere (Finlayson et al., 2011).

Three Factor Eating Questionnaire (TFEQ)

The Three Factor Eating Questionnaire (TFEQ) or alternatively called the Eating
Inventory (EI) is a 51 item self-administered questionnaire that determines a subject’s
individual eating habits (Stunkard & Messick, 1985). This instrument measures cognitive
restraint (21 questions) which measures dietary self-regulation; disinhibition (16
questions) which assesses loss of control over eating and susceptibility to hunger (14

questions), which describes subjective feelings of hunger and cravings.

Sensitivity to Punishment and Sensitive to Reward Questionnaire (SPSRQ)

The Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ) is a 48
yes—no response item questionnaire which incorporates two scales: sensitivity to
punishment (24 items) and sensitivity to reward (24 items) (Torrubia, Avila, Molto, &

Caseras, 2001). The scale items reflect both the anticipation of reward (e.g. Does the
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good prospect of obtaining money motivate you strongly to do some things?) and
pleasure experienced from rewarding activities (e.g. Does your attention easily stray from

your work in the presence of an attractive stranger?).

Olfactory Performance

Olfactory (smell) performance was assessed by using Sniffin’ Sticks® (Burghart
Instruments, Wedel, Germany), a 3-test battery of odorized pens (Haehner et al., 2009;
Hummel, Kobal, Gudziol, & Mackay-Sim, 2007; Hummel, Sekinger, Wolf, Pauli, &
Kobal, 1997). Participants were required to complete 3 different odor tests, which
included an odor threshold test, an odor discrimination test and an odor identification test
(Hummel et al., 1997). The olfactory threshold test consisted of a set of 3 capsules, two
contained an odorless solvent (propylene glycol) and the other pen contained a
concentrated level of beta-phenylethyl alcohol in a single-staircase procedure.
Participants were instructed to identify the pen containing the concentrated odor (beta-
phenylethyl alcohol), if correctly identified (twice in a row), the concentration was
increased and decreased if incorrectly identified. As for the odor discrimination test, a set
of 3 capsules were subsequently presented to participants and instructed to discriminate
the different odor between 16 triplets of odors (2 odors being identical and 1 being
different). Lastly, the odor identification test consists of 16 odor pens and a booklet with
multiple-choice answers on each page (one page is associated with one odor capsule).
Participants are required to identify the correct odor released by the capsule, based on the
multiple-choice answers that are provided to them. Examples of some of the odors

presented to the participant were rose, lemon, banana, and fish.
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Statistical Analysis

Data is expressed as mean + standard deviation unless otherwise specified. All
continuous and categorical variables were assessed for distributional assumptions
according to statistical test used and parametric and non-parametric statistical tests were
used when appropriate. Weight change outcomes were based on the rate of weight
regained, as defined by kilograms gained from nadir to current weight divided by the
number of month from nadir to testing date. Data was then categorized into tertiary
percentiles as 33" percentile and 66 percentile to illustrate equal groups and minimize
overlapping weight ranges that could manipulate outcomes. The three categories will be
henceforth referred to as weight maintainers, low weight regainers and high weight
regainers. To examine weight trajectories between the weight change groups; a repeated
measures analysis of variance (ANOVA) was conducted and a Bonferroni post-hoc test
was utilized for significant differences between time points. To evaluate appetite
changes before and after the standardized breakfast, a two-way repeated measures
ANOVA was utilized for time (0, 60, 120, 180 minutes) and groups (maintainers, low
regainers and high regainers). A two-way ANOVA was used to measure the appetite
sensation (AS) using the satiety quotient (Green et al., 1997). Satiety quotient (SQ) was
standardized for equal comparisons on a 0-100% scale to correct for participants unable

to consume the entire test meal. SQ was calculated with this equation:

[SQ] = (fasting AS — mean 60 minute post-meal AS) 100
X

Energy content of test meal (kcal)
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A Kruskal-Wallis ANOVA was conducted to determine differences in olfactory measures
between weight change groups. Correlations using Spearman’s coefficient were utilized
for olfactory measures and weight trajectory outcomes (i.e. TWL, BMI, months post-op,
etc.). Eating behaviour measures (TFEQ and SPSRQ) were analyzed by a two-way
ANOVA and Pearson’s correlation between other parametric variables. All food reward
measures (explicit liking; wanting and implicit wanting) were assessed with a Kruskal-
Wallis ANOVA for food type delta scores while time effects (fasting vs fed) were
evaluated using a Wilcoxon-rank-order test. Spearman correlations were used to assess
the linear relationship of food reward measures to the study’s other measures for the
entire cohort and between groups. A p-value of <0.05 was determined statistically
significant. Data was analyzed using IBM SPSS Statistics for Windows, version 22.0

(Armonk, NY: IBM Corp).
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CHAPTER 5: RESULTS

Participants’ Characteristics

In accordance with the statistical procedure used to divide groups, 9 maintained weight (7

women and 2 men, 49.6 £ 10.9 years of age, 44.1 + 8.2 months from surgery), 10

regained a low amount of weight (10 women, 50.0 + 6.7 years of age, 45.2 = 8.5 months

from surgery) and 10 regained a high amount of weight (9 women and 1 men, 49.1 + 10.2

years of age, 41.5 £ 10.5 months from surgery). Sex distribution did not differ between

the groups (p = 0.295). Eighty-three percent of the participants were Caucasian and

41.4%completed post-secondary education. Descriptive statistics for the participants were

normally distributed and are summarized in Table 2.

Table 2. Participants’ Characteristics

Groups
Total Maint.ained LOV\.I Higt_1
N =29 Weight Regain Regain
n=9 n=10 n=10
Age (y) 496+9.1 496+109 50.0+£6.7 49.1+10.2
Sex (male/female) 3/26 217 0/10 1/9
Post menopause n (%) 10 (34.5) 2 (22.2) 4 (40) 4 (40)
Ethnicity n (%)
African 1(3.5) 0 (0) 1 (10) 0 (0)
Arabian 1(3.5) 0 (0) 1(10) 0(0)
Asian 1(3.5) 0 (0) 0 (0) 1 (10)
Caucasian 24 (82.8) 8 (88.9) 7 (70) 9 (90)
Latino 1(3.5) 1(11.1) 0(0) 0(0)
Multiracial 1(3.5) 0 (0) 1 (10) 0 (0)
Education n (%)
Some High School 1(3.4) 0 (0) 0 (0) 1 (10)
High School Diploma 5(17.2) 1(11.1) 2 (20) 2 (20)
Some Post-Secondary 5(17.2) 2 (22.2) 1 (10) 2 (20)
Completed Post-Secondary 12 (41.4) 3(33.3) 4 (40) 5 (50)
Graduate Studies 6 (20.7) 3(33.3) 3 (30) 0 (0)

Data reported as mean + SD
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Weight Trajectory Outcomes

Participants’ changes in body weight are presented in Table 3. Weight before surgery was
not different for the weight maintenance and low/high regain groups (p = 0.22), as was
the number of month to nadir body weight (21.9 + 15.2, 13.0 + 4.2 and 19.3 + 10.5,
respectively, p = 0.20). There was no significant difference for weight loss at nadir (44.5
+ 11.3 kg vs. 46.5 + 12.5 kg vs. 54.1 £ 12.4 kg; p = 0.21, respectively). As designed,
there was a significant difference in weight gained between the weight maintenance and
low/high regain groups with 2.2 + 2.5 kg, 10.0 £ 3.4 kg and 15.0 + 6.3 kg, respectively (p
< 0.001). High weight regain participants gained on average 8.6 kg/year (p <0.001),
compared to low weight regain participants and weight maintenance participants at 3.8 +
0.9 kgl/year and 0.9 + 0.9 Kkg/year, respectively. The weight maintenance group
maintained 1.8 + 1.8 % Total Weight Loss (TWL) from nadir to current weight (34.7
6.9% to 32.9 = 6.7%, respectively), whereas the low and high regain groups regained 8.6
+ 3.0% and 11.3 + 4.9%, respectively, from nadir to current weight (38.7 £ 7.3% to 30.1
+ 8.1% and 40.3 £ 8.4 % to 29.0 £ 8.9% TWL, respectively, p < 0.001). A strong positive
correlation using Spearman’s rank-order correlation was found between weight regained
after surgery and how long it took to regain the weight in the weight maintenance group,
rs =0.768, p = 0.016. Similar correlations were found in the low regain group, rs = 0.669,
p = 0.035 but not in the high regain group, rs = 0.626, p = 0.053. No correlation was
found between the amount of weight lost and how long it took to lose, r = -0.206, p =
0.284, even when correlations were run within each group. A two-way repeated measures
ANOVA was conducted to determine whether there was a statistically significant

difference in weight change from pre-surgery and current weight (date of testing). There
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were no outliers and data was normally distributed at each time point, as assessed by
boxplot and Shapiro-Wilk test (p <0.05). The assumption of sphericity was violated, as
assessed by Mauchly’s test of spherecity, x?(2) = 29.9, p <0.0001. Weight change was
significantly different over time, F(1.178, 30.616) = 341.72, p <0.001, 1)? = 1.0, with
weight decreasing from pre-surgery (127.2 £ 19.0 kg) to nadir weight (78.9 + 14.0 kg),
then increasing from nadir to current weight (88.0 £ 15.0 kg). Post-hoc analysis with a
Bonferroni adjustment revealed that weight change was statistically significantly
decreased from pre-surgery to nadir weight (M = 48.4 kg, 95% CI [42.6 to 54.1], p
<0.001) and pre-surgery to current weight (M = 39.3 kg, 95% CI [33.1 to 45.5], p <0.001)
and increased significantly from nadir to current weight (M =-9.1 kg, 95% CI [-11.1 to -
7.0], p <0.001) (Figure 2). It should be noted that despite a significant amount of weight
regained from nadir (28.6 = 10.9%), the high regain group remained 39.1 + 13.8 kg (29.0

+ 8.9% TWL) below their pre-surgical weight.

Weight Trajectories After RYGE Fig_ure 2. Participgnts We!ght.change
trajectories for weight maintainers

1407 (n=9), low regainers (n=10) and high

% - E‘é‘*\m‘\E'EEA?NWE'GHT regainers (n=10) from pre-surgical
‘. - =HIGH REGAIN weight to nadir and current weights.
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Table 3. Participant’s change in body weight

Group
Weight Low High
Total Maintenance Regain Regain
n=29 n=9 n=10 n=10
Pre-surgical weight (kg) 127.2+19.0 128.0+£229 119+195 1342+123
Pre-surgical BMI (kg/m?) 469+57 47.1x78 46.3+£6.3 47227
Nadir post-surgical weight (kg) 789+147 835+168 73.0+127 80.2+13.8
TWL at nadir weight (kg) 485+ 124 4454113 465+125 541124
Months to nadir 179+11.0 219+152 13.0%x4.2 19.3+105
Current weight (kg) 88.0+150 857+16.1 83.0+13.6 951+14.0
Current BMI (kg/m?) 324+47 315+54 323+49 33.4+%39
TWL at current weight (kg) 39.2+127 423+117 365+132 39.1+138
Months to current weight 436+89 441+82 452+85 415%105
Rate of weight loss per month (kg) 34+16 2611 38x12 36+22
Weight gained (kg) 93+6.7%* 22+25%  10.0+3.4% 150 +6.3°C
Months from nadir to current weight 257 +115 222+144 322+96 222+8.0
Rate of weight regained (kg/yr) 46+39** 09+09%° 38+0.9¢ 8.6+3.6"¢
Percentage weight regained (%) 19.4+12.9* 54+51*° 23.0+84% 286+10.9°
Percentage TWL at nadir weight (%) 38.0+7.7 34.7+6.9 38773 40.3+84
Percentage TWL at current weight (%) 30.6+7.9 329+6.7 30.1+81 29.0+8.9
Percentage EWL at nadir weight (%) 83.4+180 77.3+19.7 86.6+179 85.7+£17.0
Percentage EWL at current weight (%) 67.1+18.2 729+18.2 67.3+188 61.7+17.9

TWL = Total weight loss; EWL = Excess weight loss. Data reported as mean + SD

*Denotes significance at p<0.05 by post hoc Tukey test
**Denotes significance at p<0.001 by post hoc Games-Howell (non-parametric)
2 Significant difference between weight maintenance and low regain group

b Significant difference between weight maintenance and high regain group

¢ Significant difference between low regain group and high regain group
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Appetite Results

A two-way repeated measured analysis of variance (ANOVA) was conducted to evaluate

appetite (desire to eat, hunger, fullness and prospective food consumption) at 60, 120 and

180 minutes after a meal. The results of the ANOVA indicated a significant time effect,

Wilks” Lambda = 0.26, F(3, 24) = 22.33, p < 0.001, n® = 0.74. However, no group

differences were noted (Figure 3).
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Figure 3. Appetite scores reported as mean (+ SD) for (A) desire to eat, (B) hunger, (C) fullness, and (D)

perceived food consumption in participants with maintained weight (n=10) verses low regain (h=9) and

high regain (n=10).
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Satiety Quotient

The relationships between appetite sensations (satiety quotient) and weight variables
were evaluated for data pooled of weight maintenance, low regain and high regain groups
as well for these groups separately. After correcting for genuinely unusual outliers,
appetite measures were normally distributed, regardless of outliers in the dataset, as
assessed by Shapiro-Wilk test (p >0.05), therefore the outliers remained in the analyses.
Leven’s test for homogeneity of variance confirmed homogeneity for all appetite
measures (p >0.05). Lower hunger levels were observed in the weight maintainers (12.9 +
8.6 mm/100 kcal) compared to low and high regainers (27.3 £ 14.9 and 20.3 + 18.2,
respectively), but the differences between these groups were not statistically significant,
F(2, 26) = 2.285, p = 0.122. No correlations were found between appetite sensation

measures and weight regain in the whole group or within each subgroup.

Smell Function

The results of the threshold, identification, discrimination and TDI scores are presented in
Table 4. A Kruskal-Wallis H test was conducted to determine if there were differences in
olfactory measures between groups that differed in weight change after RYGB surgery.
Threshold scores increased from weight maintainers (Mdn = 8.5) to low regainers (Mdn =
8.9) to high regainers (Mdn = 10.1), but these differences were not statistically
significant, x?(2) = 1.016, p = 0.602. Similar results were found for discrimination and
identification scores. Comparisons between the weight maintainers and regain groups are
summarized in Figure 4. A positive relationship was observed between pre-surgical BMI

and threshold measures, rs = 0.705, p <0.05, as well as pre-surgical BMI and TDI scores,
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rs = 0.693, p <0.05, among the high regain group using Spearman’s rank-order

correlation.

Table 4. Smell Function Tests

Group
Total We_lght Low Regain  High Regain
- Maintenance ~ =
n=29 _ n=10 n=10
n=9
Threshold 95+£3.0 8.6 2.6 9526 10.4+3.8
Discrimination 12.7+1.8 13.2+13 12.2+23 128+1.7
Identification 13.0+1.7 13.3+1.7 13.1+£15 125+1.9
TDI Score 35.3+4.3 3541472 34.8+4.6 35.7+45
Data reported as mean £ SD
A B
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Figure 4. Sniffin’ Stick scores reported as mean (x SD) for (4) threshold, (B) discrimination, (C)
identification, and (D) TDI score for olfactory performance in participants with maintained weight (n=9)

verses low weight regained (n=10) and high weight regain (n=10).
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Three Factor Eating Questionnaire

A two-way ANOVA was conducted to determine if there were differences in eating
behaviours, (using the Three Factor Eating Questionnaire) measured by dietary restraint,
disinhibition (the vulnerability to lose-control when eating) and susceptibility to hunger
between weight change groups after RYGB surgery. There were no outliers, as assessed
by boxplot; data was normally distributed for all variables, except susceptibility to hunger
in the low regain group (p = 0.02). Data was transformed by squaring data points
(moderately positively skewed data) and was found to be normally distributed (p =
0.053). Data is presented as mean = SD (Table 5) Eating behaviours subtests were not
statistically significant between groups for dietary restraint (p = 0.365), disinhibition (p =
0.242) and susceptibility to hunger (p = 0.669). Each weight group (maintainers and
low/high regainers) illustrated clinically significant results in each of the subtests (dietary
restraint, disinhibition and susceptibility to hunger). Statistical significance was found
between the weight maintainers (11.0 + 3.5) and low regainers (12.4 + 4.3) compared to
the clinical comparison cutoffs for dietary restraint (p = 0.032 and p = 0.011,

respectively) (Figure 5).

Table 5. Three Factor Eating Questionnaire & Sensitivity to Reward and Sensitivity to
Punishment Questionnaire

Group
Weight Low High
TFEQ & SPSRQ Maintenance Regain Regain p-value
Dietary Restraint (> 8) 11.0+£35 124+43 99+37 0.365
Disinhibition (> 6) 6.7+28 6.1+21 84+40 0.242
Susceptibility to Hunger (> 5) 7.0+3.8 56+29 65+36 0.669
Sensitivity to Reward 7.7+3.7 94+29 8739 0.566
Sensitivity to Punishment 13.2+88 123+43 135%49 0.904

Data reported as mean + SD. Weight maintenance (n = 9); Low regainers (n = 10); High regainers (n = 10)
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Figure 5. Eating behavior scores for dietary restraint, disinhibition and susceptibility to hunger between
weight groups and clinical comparison cutoffs. * p <0.05

Sensitivity to Punishment and Sensitivity to Reward

Sensitivity to reward subscale found lower mean scores among weight maintainers (7.7
3.7), compared to low and high regain groups (9.4 + 2.8 and 8.7 + 3.9, respectively),
however the differences between these groups were not statistically significant (p =
0.566). Pearson’s correlation to examine the relationship between the amount of weight
lost since surgery and sensitivity to reward was positive among weight maintainers (r =
0.786, p <0.05) and the high regain group (r = 0.818, p <0.05), suggesting that
participants that lost more weight, had higher sensitivity for reward (Figure 6). There was

no correlation between weight regained from nadir and sensitivity to reward.
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Explicit Liking

Ratings of explicit liking for food were higher for all weight categories (maintainers, low
and high regainers) in the fasting compared to fed state, z = -3.298, p = 0.001 (Figure 7).
There was a statistically significant effect of time between fasting and fed states for low
and high regainers for taste (sweet and savory) and fat content (high fat and low fat)
(Table 6). Using a Wilcoxon rank-order test, a statistically significant time effect was
found between fasting (Mdn = 39.5) and fed (Mdn = 23.9) states for HFSW foods among
high regainers (z = -2.192, p = 0.028). Furthermore, a positive correlation was found
between weight regained and explicit liking for HFSW foods, rs = 0.754, p = 0.012.
Interestingly, participants that lost more weight in the high regain group, showed a

positive correlation with savory tastes, regardless of fat content — high or low (rs = 0.745,
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p = 0.013 and rs = 0.721, p = 0.019, respectively). When compare to other dependent

variables, a positive correlation was found between olfactory subscale, threshold and

explicit liking for HFSW (rs = 0.434, p = 0.019) and LFSA foods (rs

0420, p = 0.023).

More specifically, participants in the weight maintenance group with higher smell

threshold scores positively correlated with higher explicit liking for both types of savory

foods (HFSA, rs = 0.714, p = 0.031 and LFSA, rs = 0.765, p = 0.016), despite elevated

dietary restraint scores (11.0 £ 3.5).
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Figure 7. Explicit liking for food categories (A) HFSW, high fat sweet; (B) HFSA, high fat savory; (C)
LFSW, low fat sweet; (D) LFSA, low fat savory among weight maintainers (n=9), low weight
regainers(n=10) and high weight regainers (n=10).
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Table 6. Explicit Liking (mm) for food categories

Fasting Fed
HFSW HFSA LFSW LFSA HFSW HFSA LFSW LFSA
Weight Maintainers 35.6+22.1 386+21.6 251+132 222+141 17.7+15.8 26.8+ 145 16.3+14.2 21.9+29.0
Low Regainers 244+232 354+138 288195 289+219 11.2+16.3 125+21.4* 11.7+98* 12.4+19.0*
High Regainers 38.6+154 43.1+191 354+165 3721259 25.7+228* 33.3+234 21.6 £ 15.9** 25.1+20.6
Total (n=29) 327+£20.7 39.0+18.0 29.9+136 29.6+215 18.2+19.0* 241+215* 16.6+13.7** 25.1+20.6*

Data reported as mean + SD; Wilcoxon rank-order test, * p < 0.05; ** p < 0.001

HFSW: high-fat sweet; LFSW: low-fat sweet; HFSA: high-fat savory; LFSA: low-fat savory
Weight maintenance (n=9); Low regainers (n=10); High regainers (n=10).
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Explicit Wanting

Explicit wanting for food was greater in a fasting state compared to a fed state for all
weight categories (maintainers, low and high regainers), z = -3.622, p <0.0001 (Table 7).
Among weight maintainers, food reward measures for explicit wanting revealed a
decreasing trend between fasting (Mdn = 42.5) and fed (Mdn = 4.8) states for HFSW
foods, z = -2.371, p = 0.018. Whereas, low and high regainers indicated a lower wanting
for LFSW foods in the fasting state (Mdn = 25.8 and 26.9, respectively) compared to the
fed state (Mdn = 15.4 and 17.8, respectively), with a significance of z = -2.701, p = 0.007
for both low and high regain groups. Furthermore, among high regainers, a strong
interaction between food type and month post-op revealed lower explicit wanting for
savory foods, more so for HFSA, rs = -0.815, p = 0.004 then LFSA, rs = -0.610, p =
0.061. In a fed state, there is a positive relationship between total weight lost since
surgery (TWL) and explicit wanting for HFSA foods among high weight regainers, rs =

0.709, p = 0.022.

Implicit Wanting

There was no effect of time between fasting or fed states for any food type. Among low
regainers, the more weight they lost, the lower their implicit wanting for HFSW foods, rs
=-0.661, p = 0.038. In a fed state, however, participants that regained more weight and
were further post-op in the low regainer group, displayed higher wanting for LFSW
foods, rs = 0.685, p = 0.029 and rs = 0.705, p = 0.023, respectively. Interestingly, the
higher the dietary restraint, as measured by the TFEQ, the lower their implicit motivation
for wanting HFSW foods, rs = -0.405, p = 0.029, which could partly explain those with

lower weight regain.
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Table 7. Explicit Wanting (mm) for food categories

Fasting Fed
HFSW HFSA LFSW LFSA HFSW HFSA LFSW LFSA
Weight Maintainers 34.2+21.7 39.2+245 23.0+121 26.4+16.0 11.7+£135* 20.9+185 106+£105  22.7+29.9
Low Regainers 25.0+248 345+126 29.0%+85 26.1 +21.7 11.0+£15.6* 12.6+20.3* 129+10.6* 11.7+19.3*
High Regainers 36.8+139 439+201 345+165  39.3+27.9 25.6 £ 22.6 28.1+234* 17.3+141* 20.2+19.3
Total (n=29) 31.9+20.6 39.2+19.2 29.0+132 30.8+226 16.2 £18.5** 20.5+21.2** 13.7+11.8** 18.0+22.7*

Data reported as mean + SD; Wilcoxon rank-order test, * p < 0.05; ** p < 0.001

HFSW: high-fat sweet; LFSW: low-fat sweet; HFSA: high-fat savory; LFSA: low-fat savory
Weight maintenance (n=9); Low regainers (n=10); High regainers (n=10).
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CHAPTER 6: DISCUSSION

Roux-en-y gastric bypass (RYGB) surgery results in significant weight loss and
improvements in health conditions, produces significant weight loss and is considered the
gold standard for the management of severe obesity, however a number of patients
experience some and/or complete recidivism of weight years after surgery. Limited
research has investigated why patients are experiencing weight regain after surgical
interventions. In a clinical setting, it is often noted that patients >2 years from RYGB
experiencing weight regain report intense cravings for high fat and sweet foods. Hunger
and increased appetite is also reported by patients, contributing to the challenges of
maintaining weight and ultimately, maintaining health. We therefore aimed to investigate
appetite measures associated with weight change after RYGB surgery, specifically
looking at appetite sensations, smell performance, eating behaviours and food reward.
We demonstrated that weight regain increased significantly in association with time after
surgery and that weight increased significantly from nadir to current weight regardless of
group. We observed a significant time effect for appetite measures (desire to eat, hunger,
fullness and PFC) before and after food ingestion, however we found no evidence to
support higher appetite measures among weight regainers. Our data did not support the
idea that smell performance would be different in weight regainers than maintainers and
we were unable to demonstrate any group differences for eating behaviours, similar to
dietary restraint, disinhibition or susceptibility to hunger. We were able to find statistical
significance for dietary restraint among weight maintainers and low regainers and found

an association between high dietary restraint and low wanting of high-fat sweet foods.
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Finally, weight regain was associated with higher liking of high fat-sweet foods,

particularly in high weight regainers.

Weight Trajectory

Our study revealed that weight trajectories are changed remarkably after RYGB surgery,
with decreasing trends from pre-surgery to nadir weight and increasing from nadir and
current weight. According to the Swedish Obesity Study (SOS), one of the largest
longitudinal studies on bariatric surgical patients, it is expected that patients will regain at
least 10% of total weight lost (TWL) over 10 years from surgery (J. Karlsson et al.,
2007). Our study looked at patients that were 29-62 months (2.4-5.1 years) post-op with a
mean weight regain of 12% (using TWL), which is similar to other studies (J. Karlsson et
al., 2007; Livhits et al., 2011; Odom et al., 2010). However, like the SOS and most other
studies, very little is known about the population of bariatric patients that experience
weight regain. One reason for this is the indecisiveness among the research community as
there is no universal definition for weight regain after bariatric surgery. In fact, over eight
methods have been reported in the literature to define weight regain. Excess weight loss
(EWL) <50% is the most frequently defined method, according to a recent systematic
review by Mann, et al. (2014) (Mann, Jakes, Hayden, & Barth, 2014). Total weight loss
(TWL), percentage weight loss (%WL), excess weight loss (EWL), excess body mass
index loss (EBMIL), BMI>35 kg/m2, kg gained from nadir, adjusted weight loss (AWL),
rate or weight regain and percentage regained, etc. are all definitions reported in the
literature. Given the abundance of definitions, it is often difficult to objectively evaluate a

patients’ post-operative weight outcomes, and even more challenging for researchers to
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conduct studies on weight recidivism or weight trajectories when there is no standardized

definition.

Recently, Belle et al. (2013) recommended standardized reporting for weight loss
outcomes using percent weight loss (%WL) or commonly reported as total weight loss
(TWL). Yanos (2014) used % TWL to measure weight changes in their cohort, defining
weight regain as >20% regained from nadir to current weight (Yanos, Saules, Schuh, &
Sogg, 2014). Similarly, other studies used >15% regained using %WL (Livhits et al.,
2011; Odom et al., 2010) and an analysis of the SOS used %WL to report changes in
body weight (J. Karlsson et al., 2007). Interestingly, Karlsson et al. (2007) separated
surgical patients into categories of higher weight loss participants defined as >10%
(percent change in body weight) and lower weight loss participants or <10% change in
body weight and found over the ten year follow-up, lower weight loss participants
regained a significant amount of weight compared to higher weight loss participants
(2.8% weight loss vs 22.1% weight loss, respectively) (J. Karlsson et al., 2007). The
LABS consortium published weight change trajectories on RYGB patients 3-yrs post-
surgery and also found variability in weight change among participants, identifying 5
weight change trajectory groups, all demonstrating some form of weight regain. The
report found that all 5 groups lost approximately 20-30% total weight (TWL) within the
first 6 months after surgery (Courcoulas et al., 2013). One group began to steadily regain
weight, while the other 4 groups reach nadir weight loss around year 1 or 2 and gradually
increased weight by 2-8% at year three. These studies found discrepancies among

participants losing and gaining weight and therefore used categories to represent weight
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trajectories. Similar to our study, where participants were categorized as weight
maintainers, low regainers or high regainers, weight regain appears to have difference

trajectories within the groups.

Very few studies have taken into account the time (in months or years) it took to regain
the weight, which should be an important factor when determining how much weight is
lost or gained. For example, our study had participants ranging from 29 - 60 months post-
op and 2.6-16.0 kg regained, with a positive correlation between the amount of weight
regained after surgery and the length in time post-op. To compare weight trajectories
within a cohort, the population should be standardized into the rate of regain, taking into
account the time it took to regain the weight. In our study, weight regain was measured in
kilograms regained from nadir to current weight divided by the number of months from
nadir to current weight. For simplicity purposes, weight regained (kg) per month was
converted into weight regained (kg) per year then split into three groups (tertiles). Similar
to previous studies mentioned (Courcoulas et al., 2013; J. Karlsson et al., 2007; Tamboli
et al., 2014), weight regain among RYGB patients appears to have different trajectories
with some patients regaining at a higher rate and others maintaining weight. We feel
confident that these methods have a greater impact on clinical relevance than other
weight loss methods (i.e. %EWL or %EBMIL), given the variability in baseline values,
such as height and chosen ideal body weight method (Belle et al., 2013; Karmali, Birch,

& Sharma, 2009; Mann et al., 2014; Montero et al., 2011; A. van de Laar et al., 2011).
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Appetite changes

In a weight loss state, it has been shown that measures of appetite (desire to eat, hunger
and prospective food consumption) are heightened and measures of satiety (fullness) are
depressed (Cornier, 2011; Cornier et al., 2004; Doucet et al., 2003; Drapeau et al., 2007;
Gilbert et al., 2009). These factors contribute to weight regain, hence the number of
studies that have shown less than 10% of participants are able to maintain weight loss for
more than 5 years in conventional weight loss programs (Anderson, Konz, Frederich, &
Wood, 2001; Byrne, Cooper, & Fairburn, 2004; Cornier, 2011; Phelan, Wing, Loria,
Kim, & Lewis, 2010; Wadden, 1993; Wadden & Frey, 1997). Interestingly, in bariatric
surgical patients, results are inconclusive. Bryant (2013) found decreased desire to eat
and hunger score and increased fullness in a sample of twelve 1-year post-RYGB
participants (Bryant et al., 2013). Conversely, Christou (2005) found no differences in
appetite or satiety among patients with failed vs successful weight loss (Christou et al.,
2005). Similarly, Dirkson et al. (2013) reported that hunger levels did not decrease after
a meal in participants with poor weight loss or a control group compared to good weight
loss responders (p = 0.006) (A. W. van de Laar & Acherman, 2013). Our findings were
consistent with this as we did not observe any statistical significant differences for
appetite (desire to eat, hunger, fullness and prospective food consumption) between the
weight change groups or when comparing the highest tertile (high regainers) to the lowest
tertile (weight maintainers). However, in conventional weight loss methods (i.e. through
diet and/or exercise), increased appetite is associated with body weight loss (Cornier et
al., 2004; Doucet et al., 2000; Drapeau et al., 2007; Schwartz, Woods, Porte, Seeley, &

Baskin, 2000) and changes in leptin (Crujeiras et al., 2010; Doucet et al., 2000; Heini et
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al., 1998; Rosenbaum et al., 2008). In surgical interventions, weight loss is proportional
to leptin levels (Molina et al., 2003; Swarbrick et al., 2008). More so, reduced appetite
after RYGB surgery appears to be related to elevated post-prandial PYY and GLP-1 and
has been associated with sustained weight loss after surgery (Beckman et al., 2010;
Korner et al., 2005; le Roux et al., 2006; Morinigo et al., 2008), however some research
is indicating weight regain or poor weight loss may be associated with lower levels of
PYY and GLP-1, increasing appetite (le Roux et al., 2007) or increases in leptin (Meguid
et al., 2008). Although we did not report any significant findings in our study related to
appetite, plasma samples were collected for future assay peripheral markers of appetite in
our study (not tested at current date). Therefore further research is needed to investigate
the relationship of peripheral hormones and appetite signals in RYGB patients post-

surgery.

Smell Function

To our knowledge, the present study is the first to investigate olfactory function using the
Sniffin” Sticks equipment in patients experiencing weight regain. There were no
statistical significant findings for smell measures between groups, however when
compared to other study measures, higher olfactory threshold scores were associated with
liking of both high fat and low fat savory foods among weight maintainers and preferred
liking for high fat sweet foods among high regainers. Limited research has investigated
smell function in bariatric surgical patients, let alone, participants experiencing weight
regain. Jurowich et al. (2014) concluded weight loss from surgical intervention did not

influence olfactory perception in RYGB patients at 24 months post-op (as measured by
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the Sniffin” Sticks) (Jurowich et al., 2014). Our results are comparable with the exception
that we found higher mean threshold scores in high weight regainers (10.4 + 3.8)
compared to Jurowich et al. (2014) mean threshold score of 7.8 = 1.4 (24 weeks post-
RYGB), which is more comparable to our weight maintainer group (8.6 = 2.6). In a
recent study by Graham, Murty and Bowrey (2014), changes in smell were reported by
44%, 40%, 67%, and 22% of their sample at <12, 12-23, 24-35 and >36 months post-op,
respectively (Graham, Murty, & Bowrey, 2014). Very few studies have looked at smell
after bariatric surgery (Jurowich et al., 2014; Richardson et al., 2012), yet there is
evidence to support that olfactory function is associated with increased palatability
ratings and greater smell improvements in higher body weight participants during energy
deprivation as a result of conventional weight loss (J. D. Cameron et al., 2012; Rolls,
2007). It has also been suggested that odor identification is closely related to memory
(Stevenson, 2010), learned behaviours (Stevenson, 2010) and increased leptin levels
(Morrison, 2009; Trellakis et al., 2011), hence the need to further investigate the effect of
olfactory function and peripheral hormones in patients experiencing weight regain after

RYGB surgery.

Eating Behaviours

Limited research has been conducted on the rationale behind those susceptible to weight
regain while others maintain weight after bariatric surgery, however growing evidence
supports adherence-related behaviours (Bastos, Barbosa, Soriano, dos Santos, &
Vasconcelos, 2013; Karmali et al., 2013), pathological patterns of eating (Sarwer, Dilks,

& West-Smith, 2011; Sarwer et al., 2008) and loss of control over food urges (Colles,

48



Dixon, & O'Brien, 2008; Konttinen et al., 2009; Odom et al., 2010) as possible
explanations for weight regain. It has been well documented that patients prone to weight
regain have lower dietary restraint (Klesges, Isbell, & Klesges, 1992; Persson, Welsh,
Jonides, & Reuter-Lorenz, 2007; Sarwer et al., 2011), higher disinhibition (Bond et al.,
2009; Epstein, Lin, Carr, & Fletcher, 2012; Livhits et al., 2011; McGuire et al., 1999;
Niemeier et al., 2007) and perceived hunger (Marcus, Wing, & Lamparski, 1985; Sarwer
et al.,, 2011), using the Eating Inventory, also known as the Three Factor Eating
Questionnaire (TFEQ) (Belle et al., 2013). Our study was unable to statistically
demonstrate any group differences for eating behaviours, such as dietary restraint,
disinhibition or susceptibility to hunger, however we were able to find clinical statistical
significance for dietary restraint among weight maintainers and low regainers and found
an association between high dietary restraint and food reward measures (lower wanting of

high-fat sweet foods).

Bond et al. (2009) examined eating behaviours (using the EI/TFEQ) in surgical and non-
surgical participants from the National Weight Control Registry (NWCR) and found that
higher levels of disinhibition predicted weight regained in both groups (Bond et al.,
2009). Another study found similar results with higher levels of disinhibition associated
with weight regain after RYGB (Livhits et al., 2011), which is observed in our study with
higher levels of disinhibition among high regainers but no statistical significance was
found between groups. Sarwer et al. (2008) found higher levels of cognitive or dietary
restraint among patients experiencing greater weight loss postoperatively (p = 0.003)

(Sarwer et al., 2008). More so, they found weight regain associated with low dietary
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adherence over time. Interestingly, Sarwer (2008) also found a negative correlation
between preoperative dietary restraint and % kcal/d from sweets (r = -0.30, p = 0.003)
and % kcal/d from fat (r = -0.21, p = 0.01), which would suggest healthier eating
behaviours preoperatively among those with higher dietary restraint. Conversely, our
study found lower dietary restraint among patients experiencing weight regain, and
although not investigated in our study, it could be suggested that weight regainers have
diets higher in sweets and fat, as reported by other authors (Faria et al., 2010; Freire et al.,
2012). Clinically, this has importance as post-operative patients reporting increased
cravings for sweets and fats may have different dietary restraint scores, as seen in our
study, proposing the administration of the EI/TFEQ into clinical practice to help identify

patients at risk for possible weight regain.

Food Reward

Conventional weight loss (i.e. diet/exercise-induced weight loss) appears to cause a
reverse effect on appetite opposed to bariatric surgery; as weight loss decreases, hunger
increases. This counter-regulatory reaction has been well documented in weight loss or
energy deprived studies (Berthoud, Lenard, & Shin, 2011; J. D. Cameron et al., 2014;
Sumithran et al., 2011; Sumithran & Proietto, 2013), however growing evidence is
finding RYGB surgery reduces this hunger response (Berthoud, Zheng, & Shin, 2012;
Ernst, Thurnheer, Wilms, & Schultes, 2009), suggesting changes in homeostatic and non-
homeostatic mechanisms. In fact, studies looking at the hedonic value of food or “liking
vs wanting” of food are finding a transfer in food choices after RYGB (Leahey et al.,

2012; Miras & le Roux, 2010; Ochner et al., 2012; J. Ullrich, Ernst, Wilms, Thurnheer, &
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Schultes, 2013) with preferences towards lower calorie foods (Miras & le Roux, 2010;
Ochner et al., 2012; J. Ullrich et al., 2013), specifically lower fat and lower sugar (Miras
& le Roux, 2010; J. Ullrich et al., 2013). This shift towards healthier food choices could
be in response to dietary and behavioural counselling before and after surgery, however,
what is not well known, is what happens to hedonic values of food when RYGB patients
regain weight? Munzberg et al. (2015) recently summarized the role of appetite and
weight regulation after bariatric surgery and also concluded a gap in this area of food
hedonic and weight regain after bariatric surgery (Munzberg, Laque, Yu, Rezai-Zadeh, &
Berthoud, 2015). A number of authors have documented increased calories from high fat
and high sugar foods among RYGB regainers (Bond et al., 2009; Brolin et al., 1994;
Freire et al., 2012), however to our knowledge, our study is the first to investigate food
hedonics using the LFPQ in bariatric surgical patients. We found that higher weight
regainers preferred high-fat sweet foods and had higher explicit liking for taste (sweet
and savory) and fat content (high fat and low fat) compared to weight maintainers. While
dietary restraint was associated with wanting less high-fat sweet foods among weight
maintainers and low regainers. These are interesting findings as it may explain how some
RYGB patients are able to maintain their weight while others overconsume, returning to

higher fat, higher sugar foods and eventually regain weight.

Several limitations are present in this study. The sample size was small and a cross-
sectional design was chosen, therefore, generalization to all RYGB patients is not
possible. This study shows associations between appetite-related measures and weight

outcomes, however these do not pose a causality relationship. As previously mentioned,
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weight regain is not defined in the literature, resulting in various interpretations and
possible inaccurate comparisons. We did not control for psychological diagnoses, such as
depression, anxiety, binge eating disorder or other mental health disorders, although,
questions related binge eating disorder was collected, no clinical diagnostic testing was
administered. Lastly, we did not include a control group, which may have influenced

differences between the post-surgical weight groups and non-surgical controls.

In conclusion, the results of this study suggest that patients experiencing weight regain
after RYGB surgery are exhibiting high liking for high-fat sweet foods, whereas weight
maintainers have depressed wanting for high-fat sweet foods and appears to be associated
with higher dietary restraint. Further investigation is necessary to determine the true
relationship between smell function, appetite and peripheral hormones in patients

experiencing weight regain after RYGB surgery.
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CHAPTER 7: GENERAL DISCUSSION & FUTURE PERSPECTIVES

In reflection, there are a number of recommendations to improve the design and analysis
of this study, however being that this study is quite novel, there are also a humber of
strengths. As mentioned previously, defining weight regain or determining successful
weight trajectories was difficult as there is no standardized method in the literature.
Researchers also fail to reflect on the clinical relevance of reporting weight change after
bariatric surgery as some weight regain is inevitable as a normal biological outcome. In
fact, it has been reported that the population will gain at least 1 kg/year, according to
large population studies (Anderson et al., 2001; Chaput et al., 2009; Fine et al., 1999;
Whitlock et al., 2009) and patients with obesity and/or a history of weight cycling will
regain more weight as a compensation response to large energy imbalances (Fine et al.,
1999; Sorensen, Rissanen, Korkeila, & Kaprio, 2005; Wing & Phelan, 2005). Instead,
researchers should report weight regain at a percentage of weight from their nadir weight
to current and include the number of months or years it took to regain the weight. This is
considered a strength in our study, as weight regained was not categorized solely by a
percentage of weight regained but by considering how long it took to regain the weight.
Further standardized definitions need to be advocated in research and clinical practice,

not just for the clinicians but for patient-expectations as well.

Future studies following similar objectives should include a larger sample size and a
control group. Power calculations conducted prior to our data collection found a sample
of 28 participants would suffice, however our study resulted in a sample of 29

participants, split into three groups. Results and statistical interpretation may be
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inaccurate and would have been ideal if each group included 29 participants (for a total of
87 participants). Our study failed to provide a large enough gap between the weight
maintenance group and weight regain groups, as a result, three groups emerged with
possible overlapping weights. Future research should recruit participants with a much
higher rate of regain and compare only high regainers to maintainers or a control group.
More so, this study failed to include a control group, which would have provided much
needed comparisons between the weight regainers and non-surgical patients with obesity.
As reported in our study, food behaviours favouring higher-fat sweet foods appears to be
higher among weight regainers; a control group would have proved a good comparison

for food reward behaviours and appetite measures.

Additionally, our study applied a cross-sectional design without pre-surgical data except
for body weight and BMI. A prospective study collecting appetite measures before and
after surgery long-term would be recommended for complete overview of weight relapse
after obesity surgery. Nadir weight was self-reported by participants and confirmed by
chart review, however not all participants attended clinical appointments or may not have
attended a clinical appointment during their nadir weight. This study failed to measure
how long participants were able to maintain nadir weight, more so, adherence to follow-
up was not measured and is considered a predictor for weight regain (Freire et al., 2012;
Harper, Madan, Ternovits, & Tichansky, 2007; Magro et al., 2008; McGuire et al., 1999),

hence, future research should consider these limitations.
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Despite the number of limitations and general recommendations, this study does provide
novel insight to appetite-measures among weight changes after RYGB surgery. This
study is the first, to our knowledge, to investigate smell function using the Sniffin’ Sticks
among surgical patients with weight regain. Food reward using the Leeds Food
Preference Questionnaire (LFPQ) is also a novel measurement in post-RYGB patients, as
well as comparing these appetite measures among weight change groups and peripheral
hormones. Although, this study failed to present the data analysis of the peripheral
hormones, blood samples were completed and will be analyzed at a later date. This will
also be a novel contribution of our study, as no study has investigated appetite-related
measures, including peripheral hormones specifically among weight regain participants
after RYGB surgery. Our findings, along with future analysis of hormone levels may
provide substantial evidence for why patients may be experiencing weight regain after a
surgical intervention. Furthermore, future research is needed in this area looking at
longitudinal studies and evidentially knowledge translation for clinical distribution and

counselling.
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PARTICIPANT INFORMED CONSENT FORM

Title of Study: Relationship of Appetite, Olfaction and Gut Hormones after Roux-en-Y
Gastric Bypass Surgery: Could this Explain Weight Regain?

Local Site Principal Investigator (P1):
Dr. Robert Dent (The Ottawa Hospital Weight Management Clinic) 613-798-5555 ext.
19647
Co-investigators: Dr. Eric Doucet (University of Ottawa) 613-562-5800 ext. 4271
Jennifer Brown (The Ottawa Hospital & uOttawa) 613-798-5555 ext.
10532

Participation in this study is voluntary. Please read this Participant Informed Consent
Form carefully before you decide if you would like to participate. Ask the study doctor
and study team as many questions as you like. We encourage you to discuss your options
with family, friends or your healthcare team.

Why am | being given this form?

You are being asked to participate in this research study because you have had Roux-en-
Y gastric bypass (RYGB) surgery within the last two years or you are a patient at The
Ottawa Hospital Weight Management Clinic & Bariatric Centre of Excellence (WMC)
with no previous bariatric surgery (either waiting for surgery or in a medical program at
WMC).

Why is this study being done?

There appears to be a gap in the literature as to what causes some people to regain weight
following RYGB. Weight regain can have a devastating impact on a person’s physical
health, mental health and overall quality of life, but it also negatively affects the body
with the return of diabetes, high blood pressure and obesity — all diseases that require
long-term treatment and management, which cost the health care system millions of
dollars.

There appears to be multiple reasons for weight regain after surgery. Some research has
found an increase in caloric intake from eating higher sugar and higher fat foods. Others
have found changes to the peripheral hormones (Ghrelin, PYY, GLP-1 and leptin). These
hormones are said to be the driving forces for fullness and lack of hunger after surgery.
However, no study, to our knowledge has tested the peripheral hormones in people who
have regained weight compared to those who have maintained weight after RYGB.
Additionally, there is limited research on the impact of smell or appetite after RYGB
surgery. Results found in this study will help researchers understand factors that may
contribute to weight regain and/or weight maintenance after surgery. These results may
provide future insight to prevent weight regain long-term.

78



The purpose of this study is to determine if there are factors that contribute to weight
regain after Roux-en-Y gastric bypass (RYGB). The study will test peripheral hormones;
ghrelin, PYY, GLP-1 and leptin in people who have regained weight compared to those
who have maintained their weight after RYGB. A second purpose of this study is to test
smell performance among these groups and compare appetite to determine if other factors
are contributing to weight regain.

We estimate that 90 participants will be enrolled in the study from The Ottawa Hospital
Weight Management Clinic & Bariatric Centre of Excellence (WMC). All study related
activities will take place at the Behavioural & Metabolic Research Unit (BMRU) located
at 200 Lees Avenue, Block E.

How is the study designed?

This study will be a cross-sectional design, which means a total of 90 participants will be
recruited for 3 groups with 30 participants in each group. Everyone in all 3 groups will
participate in the same tests. The researchers will compare the results between the groups
to understand factors that might contribute to weight regain.

One group will be called (R) for weight regain. Participants in the R-group will be more
than 2 years after RYGB surgery and have regained over 10% of their lowest weight lost
since surgery. Another group will be called (M) for weight maintenance. Participants in
the M-group will be more than 2 years after RYGB surgery and have maintained weight
(0-5% of their lowest weight lost since surgery).

Lastly, the third group will be called (C) for control group. Participants in the C-group
have not had bariatric surgery and are patients of the WMC. All participants in these
groups will need to meet study criteria to take part.

Main outcomes of interest are the relationships between hormones (PYY, GLP-1, ghrelin
and leptin), appetite and smell function. These outcomes will be tested between the
weight regain (R) group, the weight maintenance (M) group and compared to a control
group (C). All three groups will follow the design illustrated in figure 1.

Blood Samples (PYY, GLP-1, Ghrelin, Leptin)
