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ROUX-en-Y GASTRIC BYPASS
AS TREATMENT FOR MORBID OBESITY

Studies of dietary intake, eating behavior and
meal-related symptoms

Anna Laurenius

Department of Gastrosurgical Research and Education, Institute of Clinical Sciences
Sahlgrenska Academy at University of Gothenburg, Sweden

ABSTRACT

Background and aims: Roux-en-Y gastric bypass (RYGB) is now a common treatment for obesity with
well-documented effects on long-term weight reduction, health-related quality of life, obesity-
related morbidity and mortality. There is a need for a better understanding of changes in dietary
intake and meal-related symptoms after RYGB. The aim of this thesis was to study these phenomena
and to improve current treatment protocols.

Methods: Forty-three adults (31 women, 12 men; mean age 42.6 years, mean BMI 44.5 kg/m?) were
followed in a longitudinal cohort study and examined preoperatively and at six weeks, one and two
years after surgery (Paper | and Il). They completed the Three-Factor Eating Questionnaire (TFEQ-
R21) on attitudes to food, and questionnaires on dietary intake and meal pattern; in addition, a test
meal ad libitum was administered and portion size and eating rate were assessed. A Dumping
Symptom Rating Scale (DSRS) was developed and evaluated for its reliability and construct validity
over two years on 124 respondents of whom 43 adults from Paper | and Il and in addition 81
adolescents (Paper lll). Thirty-one non-obese subjects served as reference group (Paper Il and Ill).
Another eight RYGB patients with hypoglycemia -like symptoms and eight patients with no
hypoglycemia -like symptoms ingested a liquid carbohydrate meal. Insulin, plasma glucose, glucagon-
like peptide 1 (GLP-1) and glucagon were measured intermittently up to 180 minutes after the meal.

Results: The dietary questionnaire showed decreased energy intake, Food weight fell initially but was
not lower two years after surgery resulting in a significantly decreased dietary energy density at two
years after surgery. The meal test showed decreased portion size despite meal duration remaining
constant, resulting in a reduced eating rate. Number of meals increased, with more meals in the
mornings. TFEQ-R21 revealed decreased emotional and uncontrolled eating, whereas there was a
transient increase in cognitive restraint six weeks after surgery. Most subjects reported mild or no
dumping symptoms, although 6-12% had persistent problems — in particular, postprandial fatigue,
need to lie down, nausea, and feeling faint — two years after surgery. The result of the validation
process of DSRS was satisfactory overall. The patients with a history of hypoglycemia-like symptoms
after RYGB demonstrated neither lower plasma glucose nor greater insulin response compared to
asymptomatic patients in response to a liquid carbohydrate meal, but they perceived more
symptoms.



Conclusion: After RYGB, patients displayed major changes in eating behavior and meal pattern,
suggesting that RYGB drives the individual to an eating behavior that promotes weight loss. Despite
lack of association between the reduction in dietary energy density and percentage weight loss,
changes in food choice were overall nutritionally beneficial. Dumping symptoms were rarely evident,
but some patients reported persistent problems up to two years after surgery. DSRS is a reliable
clinical screening instrument to identify patients with pronounced dumping symptoms. The
mechanisms of action behind the origin of hypoglycemia-like symptoms remain obscure and need
further exploration.

Keywords: Roux-en-Y gastric bypass, dietary energy density, food choice, meal size, eating rate, meal
pattern, eating behavior, dumping syndrome, construct validity, hypoglycemia
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SAMMANFATTNING PA SVENSKA

Bakgrund och syfte: Roux-en-Y gastric bypass (RYGB) &r numera en vanlig behandling av fetma med
vildokumenterade effekter pa langsiktig viktminskning och hélsorelaterad livskvalitet, fetma-
relaterad sjuklighet och dodlighet. Det finns ett behov av en battre kunskap av forandringar i
kostintag och maltids-relaterade symtom efter RYGB. Syftet med denna avhandling var att studera
dessa fenomen och férbattra nuvarande behandlings-rutiner.

Metod: Fyrtiotre vuxna (31 kvinnor, 12 man, medelalder 42,6 ar, BMI 44,5 kg / m?) féljdes i en
longitudinell kohortstudie och undersoktes preoperativt och vid sex veckor, ett och tva ar efter
operationen (Artikel | och Il). De besvarade Three-factor Eating Questionnaire (TFEQ-R21) angaende
attityder till mat samt frageformular om kostintag och maltidsmonster och dessutom serverades en
testmaltid ad libitum dar portionsstorlek och &dthastighet uppmaéttes. Dumpning Symptom Rating
Scale (DSRS) utvecklades och utvarderades for sin reliabilitet och konstruktionsvaliditet upp till tva ar
pa 124 respondenter varav 43 vuxna fran papper | och Il och dessutom 81 ungdomar (Artikel IlI).
Trettien normalviktiga patienter, utgjorde en referensgrupp (Artikel Il och Ill). Ytterligare atta RYGB
patienter med hypoglykemi-liknande symptom och atta patienter utan hypoglykemi-liknande
symptom intog en flytande kolhydratrik maltid. Insulin, plasma-glukos, glukagon-liknande peptid 1
(GLP-1) och glukagon mattes intermittent upp till 180 minuter postprandiellt.

Resultat: Estimerat kostintag visade minskat energiintag. Fodoamnesvikten minskade inledningsvis
men var inte lagre tva ar postoperativt vilket resulterade i en minskad energidensitet. Vid
testmaltiden minskade portionsstorleken, medan maltids-durationen var konstant vilket innebar en
signifikant sankt dthastighet. Antal maltider 6kade nagot och fler maltider intogs pa formiddagen.
TFEQ-R21 pavisade att kdnslomassigt och okontrollerat dtande minskade, medan det fanns en
overgaende 6kning av kognitiv aterhallsamhet sex veckor efter operationen. De flesta patienter
rapporterade milda eller inga dumpning-symtom, dven om 6-12% hade bestdaende problem tva ar
efter operationen, i synnerhet trotthet efter maltid, behov av att ligga ner, illamaende och
svimningskansla. Resultatet av valideringsproceduren av DSRS var overlag tillfredsstéllande. Patienter
som efter gastric bypass uppvisat hypoglykemi-liknande symptom visade sig varken ha lagre
plasmaglukos eller stérre insulinsvar jamfért med symptomfria patienter som svar pa en flytande
kolhydratrik maltid, men de rapporterade mer upplevda symtom.

Konklusion:

Efter gastric bypass uppvisar patienter ett patagligt férandrat livsmedelsval och maltidsmonster,
vilket tyder pa att gastric bypass driver individen till ett dtbeteende som framjar viktminskning. Trots
bristen pa samband mellan sankningen av kostens energidensitet och procentuell viktforlust, var
forandringar i livsmedel val évergripande naringsméssigt fordelaktigt. Aven om de flesta patienterna
rapporterade inga eller milda dumpingsymtom hade nagra kvarstaende problem upp till tva ar
postoperativt. DSRS &r ett palitligt klinisk screening-instrument for att identifiera patienter med
uttalade dumpningsymptom. Verkningsmekanismer bakom uppkomsten av de dunkla hypoglykemi-
liknande symptomen kvarstar och behover ytterligare utforskning.
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1 INTRODUCTION

The prevalence of obesity has more than doubled since 1980 and obesity is now considered a
worldwide epidemic. In 2008, more than 1.4 billion adults, aged 20 and older, were overweight (body
mass index (BMI) 25—-30). Of these, over 200 million men and nearly 300 million women were obese
(BMI >30) (1). In a recent Swedish longitudinal study, 18% were overweight and a further 7% were
obese at 20 years of age (2). Obesity is associated with increased incidence of several co-morbidities
and premature death, in addition to social stigma and quality-of-life impairments. The fundamental
cause of overweight and obesity is an energy imbalance between calories consumed and calories
expended.

Conventional obesity treatment requires multi-component interventions that must be delivered over
the long term (3) and drug treatment has so far been insufficiently effective in combating obesity (4).
Based on the difficulty of treating obesity with the conventional methods available to date, the
number of bariatric surgeries has increased dramatically (5).

The increase in bariatric surgery worldwide naturally focuses attention on dietary intake, eating
behavior, and the meal-related symptoms that can occur after these operations. These are important
issues in the assessment and treatment of obesity in general, as well as for the individual undergoing
surgery. However, there are few studies examining what changes people make in dietary intake and
eating behavior after obesity surgery. Furthermore, the specific dietary and behavioral advice given
to patients undergoing bariatric surgery shows a low standard of scientific evidence (6).

The idea for this project is derived from a randomized study in which obese patients were treated
with vertical banded gastroplasty (VBG) or Roux-en-Y gastric bypass (RYGB). During the initial study
(6) it was observed that RYGB patients followed a healthier diet and expressed more satisfaction with
their food intake compared to banded patients (7); thus, the randomized study led to the choice of
RYGB as the preferred obesity surgical treatment. The aim of this project was to learn more
specifically about the patients’ dietary changes in order to improve current treatment protocols and
understand mechanisms of RYGB in action. Moreover, the goal was to study meal-related symptoms
following RYGB.

Meal-related symptoms after RYGB may occur in direct connection to the meal, but they can also
occur one to three hours after the meal. A well-reported consequence of gastric surgery is the
“dumping syndrome” (DS) — a cluster of symptoms occurring shortly after food reaches the small
bowel. However, there are no validated tools to discriminate between different symptoms or their
severity and frequency, rendering the syndrome diffuse and difficult to assess. In addition, late
dumping, or postprandial reactive hypoglycemia, has become more and more common as the
number of RYGB surgery procedures increases. It is unclear whether patients with hypoglycemia-
associated symptoms differ from other RYGB patients in terms of objective parameters such as
glucose, insulin, gastrointestinal (Gl) hormones, heart rate and blood pressure.

The overall aim of this thesis was to examine changes in dietary intake, eating behavior, and meal-
related symptoms following RYGB surgery in order to enhance current knowledge and to improve
treatment protocols. More specifically, the goal was to examine changes in dietary energy density
(DED) and food choice (Paper 1), as well as portion size, meal duration and eating rate, hunger,
satiation, and maintained satiety in relation to voluntary food intake (Paper Il). In addition, changes
in diurnal distribution and number of meals and eating behavior were examined in terms of cognitive
restraint, uncontrolled eating (UE), and emotional eating (EE) (Paper Il). A further aim was to



investigate the severity and frequency of DS by means of validation of a questionnaire (Paper Ill). A
final aim was to examine plasma glucose, serum insulin, GI hormones, pulse and blood pressure as
well as perceived symptoms of reactive hypoglycemia (Paper 1V), after a standardized oral glucose
load in symptomatic (SY) and asymptomatic (ASY) RYGB patients.



2 BACKGROUND

2.1 Surgical treatment

Obesity surgery has evolved since the 1950s from the early jejunoileal bypass procedure (8, 9), a
method that was abandoned because of severe side effects (10) including a risk of liver and kidney
failure (11). Current surgical methods have a better outcome and fewer side effects (12).

RYGB, Figure 1C, was first performed in 1966 by Edward E Mason (13), modeled on a Billroth Il
gastrectomy, as weight loss (WL) was frequently observed after this operation. RYGB is associated
with a risk of side effects such as DS (a cluster of symptoms that occur when food reaches the small
bowel too rapidly), and may cause nutrient deficiencies, for example iron and vitamin Bq, deficiency
(14).

In the early 1970s the gastric restrictive techniques were developed in order to increase surgical
safety with the idea of restricting the intake of food, making a stomach pouch without a band (15),
with a band (16-18), and, finally, with a band that could be adjusted (19), Figure 1A. These surgical
procedures were appealing because they were less invasive, and they are still widely used in Europe,
Australia and the US (5, 20). The disadvantages of the band procedures include lesser WL than with
RYGB (21, 22) and difficulty eating regular food, which may cause vomiting (21, 22); furthermore, it is
easier to consume easily digestible calories such as energy-rich drinks, ice cream and chocolate (7,
23-26), which could lead to weight regain (27, 28)

In the late 1970s and early 1980s, the technique of biliopancreatic diversion (BPD) was developed in
Italy and Canada (29), later including a duodenal switch (30, 31), Figure 1D. The current BPD consists
of a vertical sleeve gastrectomy, a gastrojejunostomy with a 250-cm Roux limb, and anastomosis of
the long biliopancreatic limb to the Roux limb 50-100 cm proximal to the ileocecal valve, creating an
extremely short common limb. Studies have shown that these malabsorptive surgeries achieve good
WL but are associated with numerous side effects such as diarrhea and nutritional deficiencies (32-
34).

A surgical technique that has recently been introduced is the gastric sleeve gastrectomy, in which the
major curve of the stomach is resected, leaving a tube that restricting volume of food intake (35),
Figure 1B. Sleeve gastrectomy is intuitively attractive in many ways because it does not involve any
rearrangement of the bowel and seems to be well tolerated in terms of dietary intake (24, 25, 36,
37). However, the long-term outcomes — in terms of risk of weight regain, the relief or cure of
obesity-related co-morbidities, and side effects — are currently unknown (38).
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Figure 1A. Adjustable gastric banding Figure 1B. Sleeve gastrectomy Figure 1C. Roux-en-Y gastric
bypass Figure 1D. Biliopancreatic diversion with duodenal switch. Reproduced from New England
Journal of Medicine (39) with permission.

The technology of RYGB has evolved over the years and the procedure is nowadays performed
laparoscopically (40, 41). No organs or tissues are removed during a RYGB; instead, the food passage
in the upper gut is altered. A small stomach pouch of approximately 15-25 mL is divided from the
rest of the stomach. Then the small intestine is divided some 50-60 cm from the duodeno-jejunal
junction and the distal part is brought up to and connected to the small pouch. The biliopancreatic
limb (carrying bile, pancreatic fluid and gastric juices) is connected to the Roux limb (which is the first
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100-150 cm of jejunum receiving food from the esophagus). In summary, the food bypasses the

stomach in a bowel loop and the digestive juices (from the remnant stomach and duodenum) enter
the food tract further down.

In 2008 there were 344,221 obesity surgery operations performed worldwide (5) of which 2,894
were carried out in Sweden (42). The number of operations worldwide has now leveled off (20),
while the number of operations has continued to increase in Sweden. According to the Scandinavian
Obesity Surgery Registry (SOReg), there were 8,600 operations performed in 2011 in Sweden (42).
RYGB surgery accounts for about half of all bariatric procedures in the world, but it is used more
frequently in Sweden, where, according to SOReg, this procedure accounted for 97.5% of all bariatric
surgeries in 2011. RYGB has even been performed on adolescents (43-46) but only within the
framework of a national study (44).

RYGB surgery has well-documented effects on long-term weight reduction, as well as on health-
related quality of life (HRQoL) (47), obesity-related morbidity (21, 48, 49) and mortality (50, 51). WL
is greatest one to two years after surgery, averaging 32—33%, followed by about 7% weight regain

from two to six years after surgery (52) and the same from two to ten years after surgery (21), Figure
2.

Control

]
&
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=30 -
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T T T T | T I
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Contral 2037 1490 1242 1267 556 176
Banding 376 333 284 284 150 50
VEG 1369 1086 987 1007 489 82
GBP 265 208 184 180 37 13

Figure 2. Mean percentage weight change from baseline among patients in the control and the three
surgery groups during 20 years of follow-up in the Swedish Obese Subjects study. Reproduced from
Journal of Internal Medicine (53) with permission.

VBG = vertical banded gastroplasty, GBP = gastric bypass procedure.

Long-lasting weight reduction after obesity surgery has a positive and enduring effect on HRQolL,
with marked improvement in patients who can control and maintain good WL over time (47). The
remission rate for type 2 diabetes in obese patients is 72—80% up to two years after RYGB (21, 48);
yet there is a risk of relapse of diabetes (54). The International Diabetes Federation has stated that
obesity surgery can significantly improve glycemic control in severely obese patients with type 2
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diabetes and that surgery can be considered as eligible treatment for individuals not achieving
recommended treatment targets with medical therapies (55). RYGB is also effective in alleviating or
curing other obesity-related morbidity, namely, sleep apnea (56), high blood pressure (57),
cardiovascular disease (21, 58, 59), reduced knee pain in patients with osteoarthritis (60), and
polycystic ovarian syndrome (61).

Compared with obese controls receiving non-surgical treatment, it seems that health care costs are
initially greater in the surgery group, but drug costs decrease in the long term (62, 63). If quality of
life is taken into account, by calculating quality-adjusted life-year (QALY), the economic benefits are
even greater (64).

Not only can the RYGB procedure relieve or cure other diseases, it has also been shown to have a
preventive effect on the development of diabetes (65) and cancer (66). Mortality rate in the short
term, as a direct result of surgical complications, is 0.02% according to SOReg (67); in the long term,
mortality rates are lower than those of a well-matched control group (50).

2.2 Mechanisms of weight reduction by RYGB

The mechanism of action in RYGB is complex and a number of reports have demonstrated a
multifactor background for the observed changes in dietary intake. A profound increase in dietary
response for several Gl hormones promoting satiety (68-71) and a reduction in post-surgery hedonic
hunger (72, 73), as well as food preference and taste changes (74-78), have been reported. It has
been demonstrated that the motivation to eat after RYGB decreases due to reduced reward (78, 79),
and activation in the brain reward network areas of high-calorie food is reduced after RYGB surgery
(80).

Furthermore, animal studies have shown that weight loss following gastric bypass is not
accompanied by the same reduction in energy expenditure as after conventional weight loss (81). A
long-term study after bariatric surgery demonstrated that patients after RYGB had higher energy
expenditure over 24 h compared to a matched subject group with VBG (82). The main driver for this
difference was a larger meal-induced thermogenesis in RYGB patients.

DS has been suggested as one of the mechanisms for reduced energy intake (El) by RYGB. DS is
regarded as a beneficial feature of the RYGB operation, as the patient learns to avoid energy-dense
foods and to eat less at each meal. Dumping may be seen as a negative feedback mechanism (similar
to negative conditioning) triggered by particular dishes, tastes, and smells that have been associated
with vomiting and nausea (83-88).

Although malabsorption is not the main mechanism of the effect of RYGB, it cannot be ignored (89-
91). Reduced energy absorption after RYGB with a Roux limb length of 150 cm and a biliopancreatic
limb from 40-75 cm beyond the ligament of Treitz was found to be equivalent to excretion of 170
kcal/day or 11% of total El as measured 14 months after surgery, with large individual variations (89).
This compares to 116 kcal or 4.4% in a sample of healthy people (92). Further indications that fat
malabsorption cannot be overlooked is shown in the increased number of reports of kidney stone
formation after RYGB (93-101), a mechanism that is well known from research on inflammatory
bowel diseases (102). The treatment of oxalate stones includes a fat-reduced diet (102), reduced
intake of foods rich in oxalate, increased calcium intake and manipulation of Gl flora by using
probiotics (103).



Gastric pouch sizes do not correspond with weight loss or regain after gastric bypass (104-108),
instead the Roux limb seems to be important for regulating food intake after RYGB surgery (109), as
the thresholds for eliciting distension-induced sensations have been shown to be strongly and
negatively correlated to the preferred meal size. In addition to the physiological mechanisms, genetic
factors strongly influence the effect of RYGB on body weight (110, 111).

2.3 Gastrointestinal symptoms in obesity and after RYGB

Increasing BMI is associated with increased prevalence of upper Gl symptoms, like bloating, and
diarrhea (112, 113). It seems that morbidly obese patients experience more intense Gl symptoms
compared to normal-weight persons, and many of these symptoms can be reversed both in the short
term (114, 115) and long term (116) after RYGB.

2.4 Dietary intake and eating behavior in obesity and after RYGB

2.4.1 Dietary guidelines for gastric bypass

The first guidelines regarding the overall care of patients undergoing bariatric surgery were
developed in 1991 (117) by the American National Institute of Health, giving recommendations
concerning indications and contraindications for patients presenting for surgery; the guidelines
stated that preoperative assessment should be made of a multidisciplinary team and that lifelong
follow-up is needed. In 2004 (updated 2009), the first evidence-based guidelines were developed by
the Betsy Lehman Center Expert Panel on Weight Loss Surgery (118, 119). European interdisciplinary
guidelines were developed in 2007 by the Bariatric Scientific Collaborative Group (120). This was
followed in 2008 by the Allied Health Nutritional Guidelines for the Surgical Weight Loss Patient (14)
and the US guidelines for clinical practice for nutritional, metabolic and non-surgical support of the
bariatric surgery patient (6). In 2010, the Endocrine Society clinical practice guideline Endocrine and
Nutritional Management of the Post-Bariatric Surgery Patient was developed (121).

Nutrition evaluation and treatment should be started before surgery because nutritional deficiencies
are common in obese patients (6, 14, 34, 119). Furthermore preoperative WL is recommended, given
that the high prevalence of liver steatosis makes it difficult to perform surgery with laparoscopic
techniques, and that WL may reduce complication rates (122, 123).

Most surgical WL programs encourage the use of a protocol-derived staged meal progression to
achieve the best possible conditions for weight reduction and to minimize side effects like early
satiety, and DS (6, 14, 120, 121, 124, 125). American guidelines recommend the following dietary
advice: patients should adhere to a plan of multiple small meals each day, chewing their food
thoroughly without drinking beverages at the same time (more than 30 minutes apart). Patients
should be advised to adhere to a balanced meal plan that consists of more than five servings of fruits
and vegetables daily for optimal fiber consumption, colonic function, and phytochemical
consumption. Protein intake should average 60—120 g daily. Candies should be avoided after RYGB to
minimize DS symptoms and to reduce calorie intake. Fluids should be consumed slowly and in
sufficient amounts to maintain adequate hydration (>1.5 L daily) (6).

Other reports provide advice including the total avoidance of high-calorie liquids (126), taking 20
minutes or more to eat a meal (127), and prioritizing protein intake at the meal (124). The scientific
background to existing guidelines (6, 14, 121, 128) covers vitamin and mineral needs more
comprehensively than eating behavior and eating patterns; however, aspects of vitamin and mineral
needs after bariatric surgery lie beyond the scope of this thesis.
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2.4.2 Measuring dietary intake in obese people

It is undoubtedly difficult to verify how and what people eat (129); there are many sources of bias
related to self-reporting of food intake, including a risk of selective under-reporting of socially
undesirable foods (130, 131). The risk of under-reporting may be related to the degree of obesity
(132). Selective under-reporting of certain food types such as foods of low social desirability by obese
individuals has implications for the analysis and interpretation of dietary surveys (133, 134).

Proper dietary survey methodology is essential to get as close to the truth as possible. It has been
shown, for example, that a four-day diet registration leads to an under-reporting of El of
approximately 35% (135) compared to using a dietary questionnaire that captures habitual intake
over time (135). Moreover, it has been demonstrated that under-reporting is related to BMI (132,
136). However, there are ways to verify the accuracy of reported dietary intake; for example, protein
intake can be validated by comparing with nitrogen excretion in urine (135, 137) and El can be
validated using the doubly labeled water technique (138). To overcome the limitations of different
assessment tools, complementary direct measurement of food intake and food selection has been
proposed (139, 140).

2.4.3 Dietary intake and eating behavior in obesity

Short-term experimental studies show that people tend to eat a consistent volume of food (141);
thus, even small changes in DED may have significant effects on El. The higher the energy percentage
of fat in the diet, the higher the prevalence of obesity in a population (142). A meta-analysis has
shown that reduced intake of fat is related to reduced weight (143). A low-fat diet is considered to
contain 25—-30 E% fat, a moderate-fat diet 30—45 E% fat, and a high-fat diet over 45 E% fat (144).

Portion size is an important factor for El. Increased portion sizes of energy-dense foods affect total El,
as shown in a study of US children and adolescents (145). Increased portion size of foods also
increases El in normal-weight and overweight men and women (146-148).

There is controversy about whether the number of meals affects BMI. Epidemiological as well as
experimental studies have shown inconsistent results regarding an association between meal
frequency and BMI (149-151). There seems to be greater correlation between skipping breakfast and
higher BMI (148, 152, 153). Being obese is also associated with a meal pattern shifted to later during
the day (148).

Population studies have demonstrated that eating rate — the time period in which food is consumed
— is positively correlated with BMI (154-156). Experimental studies have shown that reduction in
eating rate is accompanied with reduced caloric intake and increased satiety (157, 158).

Eating behavior is a term that has no precise definition and can thus have several meanings. It may,
for example, be defined as the skipping of breakfast, meal frequency, snacking, irregular eating,
portion size, or eating rate (159), “grazing” or “nibbling”. Grazing behavior is described as repeated
episodes of consumption of smaller quantities of foods over a long period of time with accompanying
feelings of loss of control (160). Nibbling has been defined as eating in an unplanned and repetitious
manner between meals and snacks without an accompanying sense of loss of control (161, 162).

Other types of eating behavior have been identified, such as cognitive restraint (CR), uncontrolled
eating (UE) and emotional eating (EE) (163, 164). The CR scale assesses the tendency to control food



intake in order to influence body weight and body shape. The UE scale assesses the tendency to lose
control over eating when feeling hungry or when exposed to external stimuli. The EE scale measures
the propensity to overeat in relation to negative mood states, e.g., when feeling lonely, anxious, or
depressed. Energy-dense foods are positively associated with UE and emotional eaters had a higher
snacking food intake (165). CR is widespread in affluent societies; CR has been shown to be
negatively associated with BMI (the higher the CR, the lower the BMI) in an obese sample (166, 167).
People who demonstrate more CR experience greater WL after RYGB (168) but research also
suggests that CR plays a paradoxical role in the development of obesity (169, 170). Eating or meal
pattern is defined as type of meals, meal order and meal diurnal distribution. Finally, eating disorders
are well defined and classified, for example, binge eating disorder (see section 2.5.2) and night eating
disorder.

2.4.4 Dietary intake and eating behavior after RYGB

The popularity of RYGB can be attributed to its success in achieving excellent WL together with
improved dietary quality. Patients tend to decrease fat intake and increase their intake of more low-
fat foods and fruit and vegetables after RYGB (7, 24, 26, 68, 140, 171-174). It has been suggested that
this change in food choice after RYGB is due to altered taste (75, 140), aversion to fatty foods (110,
171, 175) and increased risk of DS (see section 2.5.3) (176) which itself has been regarded as a
beneficial feature of RYGB promoting avoidance of high caloric foods.

Studying dietary preferences and eating behavior in rat models is a way to test hypotheses based on
results from human studies. Animal studies have shown that, after RYGB, rats reduced their intake of
sucrose (76, 177) and fat (91, 175, 178); they also decreased portion size (178) and increased meal
frequency (178).

Fewer studies address changes in eating behavior include meal size and number of meals, although
some studies on meal frequency after RYGB indicate that a high meal frequency may be related to
lower WL (179, 180).

Post-bariatric surgery patients seem to view grazing as a healthy eating behavior characterized by
consciously choosing food that is consumed frequently in small amounts throughout the day (181). In
contrast, grazing may also be viewed as an unhealthy eating pattern characterized by unplanned,
mindless, continuous food consumption (181).

2.5 The Nutrition Care Process

The aim of the Nutrition Care Process (NCP), developed by Academy of Nutrition and Dietetics (182),
is to improve the consistency and quality of individualized care for patients or groups through the
four steps in Figure 3:

1. nutrition assessment;

2. nutrition diagnosis;

3. nutrition intervention; and

4. monitoring and evaluation.

The NCP is a systematic problem-solving method enabling dieticians to think critically and make
decisions regarding practice-related problems (183); the methodology includes a standardized
terminology for documentation, the International Dietetics & Nutrition Terminology (IDNT) (184,



185). The goal of applying this model and the standardized language is to clarify the contribution of
the dietician in patient care. The Swedish Association of Clinical Dietitians has been at the forefront
and was the first country in Europe to gain the rights to translate the American terms and definitions
and publish a Swedish version (186).
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Figure 3. The Nutritional Care Process

2.5.1 Nutritional diagnosis related to gastric bypass

An informed patient who is compliant to dietary counseling, including dietary supplements, does not
usually have eating or nutritional problems. In this case the dietician has a key supporting role for the
patient, confirming that their dietary intake and eating behavior is correct. Meanwhile, the dietician
gets a diet history and establishes whether any meal-related symptoms are present, which forms the
basis of the assessment of nutritional problems.

Various nutrition-related problems may occur after surgery. If nutrition assessment (NCP step 1)
reveals a problem, a nutrition diagnosis (NCP step 2) should be made. The nutrition diagnosis is
composed of three distinct components: the problem (P); the etiology (E); and the signs and
symptoms (S). The PES statement is derived from the clustering and synthesis of information
gathered during nutrition assessment. An example of a PES statement is: “Altered Gl function related
to consumption of energy-dense foods and apparent dumping syndrome, as evidenced by fatigue,
need to lie down, nausea and feeling faint”’. Examples of other nutrition diagnoses after RYGB are
shown in Table 1, slightly modified from reference (128), taking into account the results of the
present thesis.
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Table 1. Examples of nutrition diagnosis after gastric bypass.

Problem

Etiology

Examples of common signs and symptoms

Inadequate fluid
intake

Decreased thirst sensation
Difficulty drinking with meals

Reported:

- daily fluid consumption < 1.5 L,
- thirst, diarrhea

- dry skin and poor skin turgor

- urine output < 30 mL/hour

Inadequate protein
intake

Difficulty consuming enough
protein due to early satiety
Inappropriate food choices

Estimated intake of protein insufficient to
meet requirements

Inadequate food /
beverage intake

Taste changes

Food aversion

Food intolerances

Altered Gl function due to RYGB

Reported or observed insufficient intake of
energy, vitamin, minerals, and/or protein
from diet when compared with requirements
Nutrient malabsorption

Inadequate
vitamin/mineral
intake

Economic constrains

Lack of knowledge about food
and nutrition

Inappropriate food choices

Reported failure to take supplements
Vitamin D: lonized calcium <0.98 mmol/L
with elevated PTH

Vitamin By, : Serum concentrations < 180
pmol/L, elevated homocysteine,

Disordered eating
pattern

Use of food to cope with anxiety
and stress

Inability to control eating
Return to binge eating disorder

Sense of lack of control over eating

Binge eating disorder

Estimated larger intake of food in a defined
time period

Irrational thoughts about food’s effect on the
body

Pattern of chronic dieting

Undesirable food
choices

Misunderstanding of
information

Perception that time or financial
constraints prevent desirable
food choices

Not ready for change

Findings consistent with vitamin/mineral
deficiency

Intake inconsistent with recommended
guidelines

Altered Gl function

Impaired Gl tract function
Inability to digest lactose

Rapid emptying of
carbohydrates into the small
bowel, triggering a release of gut
peptides and insulin

Dumping symptoms: e.g. fatigue, needing to
lie down, nausea, feeling faint associated
with the ingestion of fat and/or
carbohydrates

Avoidance of specific foods due to Gl
symptoms

Reactive hypoglycemia: symptoms associated
with the ingestion of simple carbohydrates,
e.g. perspiration, palpitations, hunger,
fatigue, confusion, aggression, tremor and
syncope

Involuntary weight
gain

Undesirable food choices
Cessation of self-monitoring
Decreased motivation

Increased weight
Reported changes in recent food intake
and/or physical inactivity
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Binge eating disorder (BED) is classified under the nutritional diagnosis “disordered eating pattern”;
DS and reactive hypoglycemia are classified under the nutritional diagnosis “altered Gl function”.
Feeling faint has sometimes been referred to as fainting esteem.

2.5.2 Binge eating disorder and RYGB surgery

BED is characterized by the consumption of an unusually large amount of food in a brief period of
time (such as two hours), with the patient reporting subjective loss of control during the overeating
episode. BED patients do not engage in a compensatory behavior, such as vomiting, laxative abuse,
or excessive exercise, after the binge episode, which distinguishes BED from bulimia nervosa.
Approximately 10% to 78% of patients seeking bariatric surgery are thought to suffer from BED
preoperatively (187-191); the variation in prevalence may be due to different examination methods.
BED is not considered as a contraindication for RYGB and some studies have shown that patients
with BED lose the same amount of weight as non-BED patients (84, 192-196), while other studies
have shown worse outcomes in terms of long-term weight reduction and quality of life (160, 162,
194, 197, 198).

2.5.3 Dumping syndrome

DS is a well-known consequence of upper gastrointestinal surgery (199, 200). DS refers to symptoms
occurring shortly after food reaches the small bowel. The arrival of hyperosmolar contents to the
small bowel causes fluid to move from the intravascular component to the intestinal lumen (201)
leading to a decrease in the circulating volume. The fluid shift into the small bowel might also cause
duodenal distention, followed by cramp-like contractions. Another mechanism that contributes to
the pathogenesis of DS is the increased release of several Gl peptide hormones (202). The mode of
action of these hormones might include changes in Gl motility and secretion, as well as
hemodynamic effects; for example, systemic hemoconcentration and hypotension occur as a result
of vasodilatation induced by neurotensin or vasoactive intestinal polypeptide (203).

DS occurs about 10-30 minutes after a meal (87, 88) and comprises both Gl and vasomotor
symptoms. Gl symptoms include abdominal pain, diarrhea, borborygmi, nausea and bloating.
Vasomotor symptoms include fatigue, a need to lie down after meals, facial flushing, palpitations,
perspiration, tachycardia, hypotension, and syncope.

DS has been suggested as a possible cause of WL after RYGB through a negative feedback mechanism
when consuming high-energy dense foods similar to negative feedback responses to particular
dishes’ tastes and smells (taste aversion) that have been associated with vomiting and with nausea.
However, Clinical studies have shown that the amount of WL following RYGB does not correlate with
the severity of DS (86, 168, 204, 205). There are major differences in the reported prevalence of DS,
from 10% of patients after gastric surgery (206) to 75% after RYGB (86).

In 1970, Sigstad proposed a diagnostic index based on the occurrence of different DS symptoms after
gastric resections (207), which has been used to examine the association between dumping and WL
after RYGB (86). This index is designed to be used in a provocation test, with the questions expressed
in the present tense, and therefore it is not suitable for measuring DS retrospectively (for example
during the preceding week). Diagnosis has also been based on clinical information (208, 209) or a
one-item ordinal scale (210). None of these methods can discriminate between different qualities or
symptoms of DS.
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2.5.4 Reactive hypoglycemia

DS is a well-recognized syndrome after gastric surgery, with symptoms occurring shortly after food
ingestion (176). Dumping is often categorized as either “early”, i.e. 10—-30 min after food ingestion, or
“late”, i.e. 1-3 h afterwards (176, 211). As the symptoms and timings are so different (176),
symptoms within 30 minutes after food intake are referred to as “dumping” while symptoms after 30
minutes as “hypoglycemia-like symptoms”. The latter commonly include perspiration, palpitations,
hunger, fatigue, confusion, aggression, tremor, and syncope (176, 211).

Hypoglycemia-like symptoms after RYGB can be disabling if unrecognized and untreated, but the
consensus is that dietary intervention should be the first-line treatment (212-214). Medications can
be added and studies using acarbose to reduce carbohydrate absorption rate (215) and somatostatin
analogues to inhibit excessive hormonal response (216) have demonstrated moderate effects. Partial
or total pancreatectomy are now viewed as too radical because, although beta cell mass decreases
(217-219), symptoms do not always improve, or may reoccur (220).

Postprandial hypoglycemia-like symptoms have been described following gastric surgery for ulcer
disease (221, 222) and RYGB (213, 223, 224). In 2007, Goldfine et al. demonstrated that patients with
hypoglycemia-like symptoms after RYGB had higher incretin and insulin in response to a mixed meal
compared to ASY patients (224). However, other studies have been unable to confirm this, and
instead report no differences between SY and ASY patients in incretin and insulin secretion (225-
227). Furthermore, Halperin et al. studied SY and ASY patients using 72 h continuous blood glucose
monitoring as patients consumed their usual diet but also during a mixed meal tolerance test (228).
The conclusion was that continuous blood glucose monitoring both had a low sensitivity and
specificity for diagnosing post RYGB hypoglycemia.

2.5.5 Psychosocial impact on outcome after RYGB

Recent studies have demonstrated the importance of self-monitoring to achieve a good long-term
result in terms of weight reduction, reduced risk of weight regain and avoidance of negative
symptoms (229-234). Sarwer et al. have shown that baseline cognitive restraint and adherence to the
recommended postoperative diet were associated with greater WL after RYGB surgery (230). Other
factors that predict the development and maintenance of weight include surgeon follow-up visits and
postoperative support groups (232-234), although those who attend appointments may be those
who have lost most weight.

Sarwer’s group claims that it is possible to apply lessons from the National Weight Control Registry
(235-237), even when it comes to bariatric surgery (229). This voluntary registry includes individuals
from throughout the world who have maintained a minimum 13.5 kg WL for one year. By sharing
their experiences of success with researchers, they enabled the identification of behavioral strategies
critical to long-term weight control. Sarwer et al. suggest an increased use of the following strategies
for success: self-monitoring of weight and food intake; continued patient—provider contact; and
physical activity (229).

Profound WL after bariatric surgery was shown to be associated with increased eating self-efficacy
(an individual’s confidence in their ability to execute a behavior in the face of perceived obstacles or
challenging situations) in a population of obese adults seeking medical treatment for obesity (238).
Major factors that influence weight regain are related to poor diet quality, sedentary lifestyle, and
lack of nutritional counseling follow-up (239).
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Dietary counseling (231, 240), individual food preferences and dislikes, food culture, previous
experiences of dieting, emotional state and behavior may all influence Gl function. Moreover,
voluntary psychological mechanisms, such as the awareness of and behavioral response to general
and abdominal discomfort when eating, are equally important (176).

Physical activity and sustained intake of dietary protein may be good strategies for increasing non-
resting and then total energy expenditure, as well as for preventing a decline in muscle mass and
resting energy expenditure (241). In a systematic meta-analysis, 15 of 17 studies showed that
physical activity was associated with a mean of 3.6 kg greater WL after bariatric surgery (242)
compared with a more sedentary lifestyle.
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3 HYPOTHESES AND AIMS OF THE THESIS

The overall aim of this thesis was to examine changes in dietary intake, eating behavior and meal-
related symptoms among RYGB patients in order to enhance current knowledge and to improve
existing treatment protocols. The more specific goals are outlined below.

Paper |

To test the hypothesis that dietary energy density decreases after gastric bypass surgery.
To analyze whether changes in food selection are based on dietary energy density.

To analyze whether changes in dietary energy density are associated with changes in body weight.

Paper Il

To examine changes in portion size, meal duration and eating rate in relation to voluntary food
intake.

To evaluate pre-meal hunger, post-meal satiation and maintained satiety in relation to voluntary
food intake.

To examine the changes in diurnal distribution and number of meals.

To examine changes in general attitude to food as evidenced by cognitive restraint, uncontrolled
eating and emotional eating.

Paper Il

To describe symptom severity and frequency of different qualities of dumping syndrome in adults
and adolescents.

To evaluate the construct validity of the Dumping Symptom Rating Scale (DSRS).

Paper IV

To test the hypothesis that symptomatic patients with a history of hypoglycemia-like symptoms
would have lower plasma glucoses compared to asymptomatic patients 60 — 120 min after a liquid
carbohydrate meal.

To test the hypothesis that symptomatic patients would have greater GLP-1 and higher insulin
responses compared to asymptomatic patients after a liquid carbohydrate meal.

To test the hypothesis that symptomatic patients would have a lower glucagon response compared
to asymptomatic patients after a liquid carbohydrate meal.
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4 PATIENTS AND METHODS

4.1 Study populations

Patients on the waiting list for RYGB were invited to participate in Studies | and Il. The inclusion
criterion was BMI 35-50 kg/m?2. Exclusion criteria were inability to understand instructions and
insulin-treated diabetes mellitus (because gastroparesis, a well-known complication of diabetes, may
influence food choice). Fifty patients were recruited during the period from April 2004 to April 2008.
Altogether, 47 patients (35 women and 12 men) were enrolled, of whom 43 completed the protocol,
Table 2.

In Study lll, the same cohort of adults as in Studies | and Il was used and an additional sample of 94
eligible obese adolescents was offered RYGB treatment (44). Twelve declined surgical treatment and
the remaining 82 were enrolled in the study (53 girls and 29 boys, mean age 16.5 [1.2] years, mean
BMI 45.5 [6.0] kg/m?) between February 2006 and April 2009, Table 2.

Inclusion criteria were completion of a psychological evaluation, puberty status (Tanner score 4-5)
and at least one year with active conservative treatment that had failed. Exclusion criteria were lack
of compliance, specific obesity syndrome, Prader—Willi syndrome, brain injuries that may lead to
obesity and specific genetic defects (MC4R, Leptin deficiency).

Of the 82 enrolled, one refused surgery on the day of the operation; thus, 81 individuals underwent
surgery and were included in the validation of the DSRS. The adolescents were examined before
RYGB surgery and one and two years afterward. Preoperatively, 17% of participants (21 of 124 visits)
did not complete the DSRS, and 14% (36 of 248 visits) failed to complete it postoperatively, due to an
administrative error in which the questionnaire was not distributed to all participants, Figure 4.

Thirty-one non-obese subjects served as a reference group in Studies Il and Ill. The reference group
included healthy volunteers who had expressed interest in being included in studies at the
Sahlgrenska Academy, including students and staff at the University Hospital, as well as people who
had no ties to the hospital.

In Paper IV, two groups of patients following RYGB were identified from Sahlgrenska University
Hospital where during a ten year period more than 1500 patients had a RYGB. Out of this group we
identified eight patients having demonstrated clinically relevant hypoglycemia-like symptoms on
several occasions (symptomatic patients (SY)). They were either referred from primary care or
identified in the outpatient clinic as having severe hypoglycemia-like symptoms as defined by
Whipple's triad (243) which comprises:

1. Symptoms or signs, such as perspiration, palpitations, hunger, fatigue, confusion, aggression,
tremor and syncope;

2. A low plasma glucose concentration; and

3. Resolution of those symptoms or signs after carbohydrate intake.

Eight other RYGB patients matched for sex, age and body mass index (BMI), but with no

hypoglycemia-like symptoms were recruited from the same cohort and labeled asymptomatic
patients (ASY). None of the included patients were diabetic or showed signs of insulin resistance at
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the time of enroliment. A group with non-obese, non-operated healthy volunteers were included as a
reference.

No economical or other compensation was given to the RYGB participants in any of the studies. The
non-obese reference subjects received 50 Euros each for participating in Study Il and III.

The study protocols were approved by the Regional Ethical Review Board in Gothenburg (Dnr: S 674-
03, Dnr: S 584-07 and Dnr: S 060-09) and all participants signed an informed consent form. Parents
gave the informed consent for adolescents who were below 18 years of age.

The surgical procedures were all primary bariatric procedures completed laparoscopically by the
same surgeons (Torsten Olbers and Hans Lonroth). The RYGB technique, as described in detail
elsewhere (41), included an antecolic-antegastric Roux-en-Y construction with a 10—-20 mL gastric
pouch and a 100-150 cm Roux limb. Participants were enrolled between April and October 2012 and
all visits were completed in December 2012 (Paper IV), Table 2.
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Design, participants and analysis

Table 2. Design, participants, inclusion year, measurements, statistical and psychometric methods.

Study

v

Design

Prospective longitudinal cohort studies

Cross-sectional
case-control
study

Participants

Gastric bypass adults (N=47)

SY RYGB patients
(N=8) and

ASY RYGB
patients (N=8) for
hypoglycemia-
like symptoms

Gastric bypass
adolescents (N=82)

Non-obese healthy reference group (N=31) Non-obese
healthy reference
group (N=6)

Inclusion year 2004-2008 2004-2009 2009-2012
Measurements | %WL %WL %EBMIL %WL
El Meal size DSRS HbAlc
FW Meal duration GSRS P-glucose
DED Eating rate Cognitive S-insulin
Fat intake VAS pre-meal hunger interviewing GLP-1
Food choice | VAS post-meal satiation Glucagon
PAL Number of meals Blood pressure
RMR Meal distribution Pulse
TEFQ-R21 Sigstad dumping
index
Statistical and | Friedman ANOVA with Bonferroni Mann—Whitney U Mann—Whitney U
psychometric | test with correction (normally test test.
methods post hoc distributed parameters). Standardized Spearman's rank
Wilcoxon Kruskal-Wallis one-way response mean correlation
test. analysis of variance with ANOVA with coefficient
Spearman's | post hoc Mann—Whitney U | Bonferroni
rank test (not normally correction
correlation | distributed parameters). Spearman's rank
coefficient Pearson product-moment | correlation
correlation coefficient. coefficient
Psychometric
tests:

Cronbach’s a
coefficients
Intraclass
correlation
coefficient
ltem-total
correlations
Iltem frequency
distribution
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SY = symptomatic

ASY = asymptomatic

DED = dietary energy density (kcal/g)

El = energy intake

FW = food weight

GLP-1 = glucagon-like peptide 1

GSRS = Gastrointestinal Symptom Rating Scale
PAL = physical activity level

RMR = resting metabolic rate

%WL = percent weight loss

%EBMIL = excessive body mass index loss
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Figure 4. Flow chart showing participant distribution in Studies I, II, lll and IV, as well as excluded

patients, dropouts and patients not receiving questionnaires.
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4.2 Methods

4.2.1 The SOS dietary questionnaire (Paper )

Food intake was calculated from a dietary questionnaire (135), originally designed and validated for
the Swedish Obese Subjects study. The self-administered dietary questionnaire consists of 51
guestions that are answered without verbal instructions. The questions cover habitual dietary intake
over the last three months, with emphasis on portion size and frequency per day or per week.

Respondents estimate portion size by looking at pictures of three different portion sizes in terms of
meat/fish/poultry, potatoes/rice/pasta, and vegetables. Besides the three photographed portion
sizes, it is possible to select additional variations on portion sizes, for example, "half of portion A" or
"double portion C" for each component. For cooked meals, vegetables can be determined separately
but cannot be separated from the rest of the meal in the calculation. For light meals, vegetables are
included, and cannot be determined separately.

Reported food amounts were converted into grams, from which daily intake of energy and nutrients
were calculated. The values for physical activity level (PAL) were calculated for each patient by
dividing reported El by the calculated resting metabolic rate (RMR) using the Mifflin—St Jeor formula
(244, 245) to demonstrate disproportionate PAL values, where 1.35 is recommended as a cut-off
value (246).

4.2.2 Dietary energy density (Paper I)

El and food weight (FW) included energy from food, milk, alcohol and energy-containing drinks (soft
drinks, fruit syrups and juice), coffee and tea, but excluding water, bottled water and diet sodas
(which contain very little or no energy). The DED was calculated by dividing EI by FW, as defined
above.

4.2.3 Ad libitum meal test (Paper Il)

Meal size, water intake, meal duration and eating rate were tested at mean (standard deviation) 28
(3) days before surgery and 52 (3) days (i.e. six weeks), 365 (4) days (i.e. one year) and 744 (8) days
(i.e. two years) after surgery. On the test day, all participants were instructed to eat a standardized
light breakfast at 07:00 (consisting of one small sandwich and 200 mL of milk or fruit juice containing
225 kcal) and arrived thereafter at the laboratory.

4.2.4 Test meal (Paper ll)

Subjects remained in the laboratory until 12:00. At 11:00 they received a 750 g meal (at the
preoperative, one- and two-year visit) or a 375 g meal (at the six-week visit), consisting of a mixture
of meat, potatoes and onions (Swedish beef hash) with an energy density of 1.5 kcal/g, 16 energy
percent (E%) protein, 42 E% carbohydrate and 42 E% fat. Participants were instructed to eat until
they felt comfortably full. Tap water was available ad libitum throughout the whole experiment.

4.2.5 Portion size, meal duration and eating rate (Paper Il)

Food and water intake were measured by weighed differences. Meal duration was measured in
minutes and eating rate was calculated as g/min.
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4.2.6 Visual Analogue Scales for hunger and satiety (Paper Il)

At each experimental meal occasion, patients rated their general perception of hunger before the
meal, satiation after the meal and maintained satiety one hour after the beginning of the meal, using
visual analogue scales (VAS) (247). On the hunger scale, 0 indicated “not at all hungry” and 100
indicated “very, very hungry”. On the satiety scale, 0 indicated “not at all full” and 100 indicated
“very, very full”.

4.2.7 The Meal Pattern Questionnaire (Paper Il)

A simplified and self-administered questionnaire (248) describing habitual daily intake occasions and
distribution over an ordinary 24-hour period was used to examine daily meal patterns. Each food
intake occasion was recorded and allocated to four time periods over the day: morning (6:00-11:59),
afternoon (12:00-17:59), evening (18:00-21:59), and night (22:00—05:59). Beverage only (with or
without caloric content) was not classified as a meal. The questionnaire was analyzed using specially
designed computer programs (249).

4.2.8 The Three-Factor Eating Questionnaire (Paper Il)

The Three-Factor Eating Questionnaire (TFEQ-R21), which has been validated in obese patients, is
comprised of 21 items forming the three eating behavior scales UE, CR and EE (163, 166). Higher
scores indicate more uncontrolled, restrained or emotional eating, respectively.

4.2.9 The Dumping Symptom Rating Scale (Paper lll)

DSRS is a self-assessment questionnaire developed by a multidisciplinary team of experts with many
years of experience of working with patients treated with RYGB. DSRS covers questions regarding 11
common symptoms associated with DS. Nine items concern symptoms that may occur shortly after
meals (about 10-30 minutes), one item concerns symptoms related to drinking fluids during meals,
and one item measures symptoms related to consuming heavily sweetened drinks. The severity of
each symptom during the previous week is graded on a 7-point Likert scale, which ranges from "no
trouble at all" [1] to "very severe problems" [7]. The frequency of nine of the DS symptoms in the
previous two weeks is measured on a 6-point Likert scale, from "no trouble at all" [1] up to "several
times a day" [6]. The severity items are summed to a severity score and the frequency items are
summed to a frequency score. In addition, each severity item is multiplied by the respective
frequency item and summed into a DSRS total index. Finally, the questionnaire includes three
questions concerning any avoidance of foods that may cause the problems associated with meals
and, in that case, which type of food and what kind of problems this food may cause.

4.2.10 The Gastrointestinal Symptom Rating Scale (Paper lll)

The Gastrointestinal Symptom Rating Scale (GSRS) includes questions regarding 16 common Gl
symptoms that are summed into six dimensions: abdominal pain (3 items), reflux (2 items), diarrhea
(3 items), indigestion (4 items), constipation (3 items), and eating dysfunction (1 item). The
magnitude of the symptoms during the past week is graded on a 7-point Likert scale, where the
lowest score [1] denotes no symptoms and the highest score [7] the most pronounced symptoms. A
mean score is calculated for each domain. GSRS was originally developed to measure bowel function
in patients with irritable bowel syndrome (250). GSRS is widely used and the reliability and validity
has been reported to be acceptable in reflux and dyspepsia (251) and excellent in irritable bowel
syndrome (252). However, GSRS has not been validated for RYGB patients.
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4.2.11 Oral carbohydrate provocation test (Paper 1V)

The patients arrived at the laboratory in the morning after an over-night fast with the instruction not
to eat or drink anything after midnight. An antecubital venous cannula was inserted and blood
samples were drawn immediately before a liquid test meal and 1, 15, 30, 60, 90, 120, 150, and 180
minutes after finishing the meal. At each time point also blood pressure, pulse rate and symptom
score were assessed.

The carbohydrate-rich drink contained 443 kilocalories (kcal) and a volume of 300 mL consisting of
113 g Resource® Addera Plus, Nestlé HealthCare Nutrition, 113 g Nutrical, Nutricia Nordica AB, and
98 g cold water, which was weighed on a calibrated scale. The nutritional content was 99.5 g
carbohydrate, 0.1 g fat and 5.7 g protein. Participants were asked to finish the drink as fast as
possible and the time for intake was recorded.

4.2.12 Pulse and blood pressure assessments (Paper 1V)

Pulse (beats/min) and blood pressure (mmHg), systolic and diastolic, were recorded at each test
point.

4.2.13 Blood analysis (Paper IV)

Blood samples were collected in tubes containing EDTA and aprotinin 10 000 kallikrein inhibition
units per mL. The samples were immediately centrifuged at 4°C over 10 minutes at 3100 rpm and
then stored at -70°C until analysis. GLP-1 was analyzed before meal (fasting value) and at 30, 60 and
180 minutes after the meal, whereas insulin, plasma glucose, and glucagon were analyzed at all time
points. Total GLP-1 and glucagon concentrations were measured in duplicate using
radioimmunoassays, as described previously (253) Plasma glucose (mmol/L), insulin (mlU/L),
glucagon-like peptide 1 (GLP-1) pmol/L and glucagon pmol/L. Fasting and postprandial GLP-1 was
analyzed at 30, 60 and 180 minutes, whereas insulin, plasma glucose, and glucagon were also
analyzed at 1, 15, 90, 120 and 150 minutes after the meal.

4.2.14 Perceived symptoms (Paper IV)

Reported symptoms were assessed according to Sigstad’s Dumping Index in an interview at each test
point (207), Appendix 1, Paper IV. More severe symptoms give a higher score and all qualities are
summarized into a total score. A total score of 7 or above is suggestive of DS and the maximum score
is 25. The questionnaire was translated into Swedish by the authors and the meaning of the Swedish
terms was discussed thoroughly in the research group.

4.3 Statistical and psychometric methods

Paper |

Due to limited sample size and skewed distribution, the Friedman test and post hoc Wilcoxon test
were chosen to study the changes between pre- and post-surgery states. Values from the non-obese
reference group are presented without any statistical comparisons to the surgical group. Due to
skewed distribution, Spearman's rank correlation coefficient was used to analyze associations
between changes in DED and %WL.

Paper Il
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Normal distribution was tested with the Kolmogorov-Smirnoff test for both the reference group and
the gastric bypass group at all measurement occasions. A non-significant result suggests that the
variable may be normally distributed, which means that the one-way ANOVA is appropriate as a
significance test. The Bonferroni correction was used to reduce the risk of type | error. Apart from
number of meals, all variables related to the meal test (meal size, water intake, meal duration, eating
rate, pre-meal hunger, post-meal satiation and maintained satiety) as well as the three factors in
TFEQ were normally distributed one and two years after surgery. Therefore, the simplified and self-
administered questionnaire describing habitual daily food intake occasions, for all time points in the
study, was calculated with the non-parametric Kruskal-Wallis test and post hoc Mann—-Whitney U
test to adjust for type | error. Pearson product-moment correlation coefficient was used to examine
associations.

Paper lll

The construct validation process was extensive because using more methods for reliability
measurement makes the instrument more trustworthy. By analyzing adults and adolescents
separately, using cross-validation, it is possible to demonstrate similar psychometric results from two
different samples. This approach strengthens the results of the validation and also indicates that the
instrument is suitable for various subgroups.

Cronbach’s a coefficients were computed as an internal consistency estimate of reliability of the
scale scores. A coefficient of at least 0.70 is considered adequate (254). To further test the reliability
of the DSRS, test-retest was performed in 17 consecutive gastric bypass adult patients who
completed their regular two-year visit during the study. The DSRS was first completed at the hospital
visit and again at home seven days later. The intraclass correlation coefficient, using a two-way
mixed model with absolute agreement, was calculated for each item to assess test-retest reliability.
The reference values for the strength of agreement are according to Altman, who considers < 0.20 as
poor agreement, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as good and 0.81-1.00 as a
very good agreement (255).

Item-total correlations were calculated to test the scaling assumptions. Item—scale convergent
validity is indicated if each item correlates substantially (r = 0.40, corrected for overlap) with its own
scale.

The frequency distribution of the DSRS symptom severity and frequency items was calculated and
floor and ceiling effects (i.e. respondents obtaining minimum and maximum scores, respectively)
were examined. Known-groups validity is a form of construct validation in which the validity is
determined by the degree to which an instrument can demonstrate different scores for groups
known to vary on the variables being measured; this was tested with the Mann—-Whitney U test by
comparing DSRS total index between RYGB patients (adult and adolescents) two years after surgery
and a normal-weight reference group. Effect size of change was calculated from baseline to two
years after surgery using the standardized response mean, which is the mean of the change in scores
(recorded at assessment of the same subject at two different occasions) divided by the SD of these
changes in scores. A standardized response mean of <0.2 is considered “trivial”, 0.2—0.5 “small”, 0.5—
0.8 “moderate” and >0.8 “large”.

Significant differences in the various dimensions of GSRS between preoperative and postoperative
state were calculated using ANOVA with the Bonferroni correction in order to avoid type | errors.
Spearman's rank correlation coefficient was used to test for significant associations between the
DSRS total index and the GSRS domains. Criteria for interpreting the magnitude of correlation were
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taken from Guyatt et al. (256). Spearman’s correlation was also used to investigate the association
between the DSRS total index and percent excessive body mass index loss (% EBMIL) instead of %WL
(which was used in the other papers) because the journal has this as standard.

Paper IV

The Mann—-Whitney U test was used to compare results between SY and ASY patients. Values from
the non-obese reference group are presented without any statistical comparisons to the surgical
groups. Spearman’s correlation was used to test for significant associations between perceived
symptoms and physiological response. In all papers, data are expressed as mean (SD) for
demographic data and mean (95% confidence interval, Cl) for other variables except for foods
avoided in Paper lll, where the standard deviation (SD) was used and in Figure 1, Paper IV, where
standard error of the mean was used. Results were considered significant with two-tailed p-values
<0.05.

All the statistical analyses were carried out using SPSS, version 18.0 (SPSS Inc. Chicago, lllinois).
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5 RESULTS

5.1 PAPER |- Data on DED and changes in food selection

Body weight change

Body weight decreased from 131.7 kg (SD 19.9) preoperatively to 114.1 kg (16.8; p<0.001) at six
weeks after surgery. After one year, body weight further decreased to 91.2 kg (16.8; p<0.001) and
stabilized at 89.9 kg (18.4; p<0.001) at two years. WL was 13.5% (3.2) at six weeks, 30.7% (6.7) at one
year and 31.8% (9.3) two years after surgery (p<0.001 for all).

Energy intake, food weight and DED

El decreased from 2990 kcal to 1774, 2131 and 2425 kcal after six weeks, one and two years after
surgery, respectively (p<0.001 at all time points). FW changed from 2844 grams/day (g/d) to 1870
g/d at six weeks (p<0.001) and 2416 g/d after one year (p<0.05), but was not significantly different
from baseline after two years, 2602 g/d (p=0.105). DED decreased from 1.07 kcal/g to 0.78 kcal/g at
six weeks (p<0.001), 0.90 kcal/g (p<0.001) and 0.96 kcal/g (p=0.001) after one and two years,
respectively.

Associations between DED and weight change
There was no correlation between changes in DED and %W.L, either one year after surgery, r=-0.215
(p=0.183), or two years after surgery, r=-0.046 (p=0.775).

Fat intake and food choice

Energy percent (E%) from fat decreased substantially — from 37.0 E% to 25.3 E% — at six weeks after
surgery (p<0.001) and was still significantly lower after one year, 34.3 E% (p<0.001), and after two
years, 35.3 E% (p<0.001), compared with pre-surgery levels (Table 2). The largest change in El from
foods with different DED was found six weeks after the gastric bypass, when El from very low DED
foods had increased, with a concomitant reduction in El from high DED foods. The increased
percentage of foods from very low DED food groups was maintained at one year, but not at two
years, after surgery. The decreased E% intake from high DED food sources was not maintained at one
or two years after surgery compared with baseline levels. El from low and medium DED did not
change at any time point after surgery. El from fruit increased significantly, and was maintained one
and two years after surgery.
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Table 3. Mean (95% CI) values of RMR, PAL, and El from different food sources before and after

gastric bypass surgery ***=p<0.001, **=p<0.01, *=p<0.05. Modified from Paper I.

Before surgery | Six weeks after | One year after | Two years after
(N=43) surgery surgery surgery
(N=42) (N=41) (N=42)
Reported El (kcal/d) 2986 1774%** 2131%%** 2425%*
(2619,3354) (1547,2002) (1873,2390) (2103,2591)
Calculated RMR 3312 N.A. 2348 2314
(3160,3464) (2215,2481) (2173,2455)
PAL (EI/RMR) 0.90 N.A. 0.92 1.04
(0.80,1.00) (0,82,1.02) (0.92,1.16)
Kcal/kg body weight 22.7 15.9%** 27.0* 27.1%%*
(20.2,25.2) (13.8,18.0) (24.0,30.0) (23.9,30.4)
FW (g/d) 2844 1870%** 2416* 2602
(2508,3180) (1649,2091) (2141,2690) (2286,2917)
DED from food, non- 1.07 0.78%** 0.90*** 0.96%**
alcoholic drinks, milk, (0.99,1.16) (0.74,0.83) (0.84,0.97) (0.86,1.05)
coffee and tea
Energy % from protein 16.2 15.8 16.7 17.4
(15.4,17.0) (14.6,17.0) (15.8,17.6) (16.1,18.8)
Energy % from fat 37.0 25 3%** 34.3%** 35, 3%**
(34.2,38.8) (22.4,28.6) (32.6,35.9) (32.7,36.3)
Energy % from non- 4.5 6.2 25* 3.8
alcoholic drinks (3.0,6.0) (3.8,8.7) (0.6,4.4) (2.2,5.4)

DED = dietary energy density (kcal/g)
El = energy intake
RMR = resting metabolic rate according to Mifflin St Jeor formula
PAL = physical activity level
FW = food weight

N.A. = not applicable

1° conclusion

Besides substantial reduction in energy intake and large variation in food weight, patients reported
decreased dietary energy density over two years following gastric bypass. Despite a lack of
association between the reduction in dietary energy density and % weight loss, changes in food

choice were overall nutritionally beneficial.

5.2 PAPER Il - Data on eating behavior and meal pattern

Meal size, meal duration and eating rate during ad libitum meal

Meal size was significantly smaller postoperatively compared with preoperative meals (Figure 5a). Six
weeks after surgery, participants consumed on average 42% of the preoperative meal size (p<0.001).
After one and two years, meal size was 57% (p<0.001) and 66% (p<0.001) of preoperative meal size,

respectively.
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The mean meal duration was 12.0 minutes (95% Cl 10.6—13.4) preoperatively, 12.0 minutes
(10.3,13.6) at six weeks, 10.9 minutes (9.6,12.3) after one year and 11.2 minutes (9.8,12.6) after two
years, with no difference at any time point preoperatively and postoperatively, Figure 5b. Mean meal
duration in the non-obese reference group was 13.0 (11.7,14.4) minutes, which did not differ
significantly compared with the RYGB group either preoperatively (p=0.282) or two years after
surgery (p=0.459).

Mean eating rate, measured as amount of food consumed per minute, was 45% six weeks after
surgery compared with the preoperative eating rate, (p<0.001) and then increased after one year to
65% (p<0.001) and at two years to 72% (p<0.001) of the preoperative rate, Figure 5c. Eating rate did
not differ significantly between the RYGB group and the non-obese reference group either before
surgery (p=0.059) or two years after surgery (p=0.657).
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Figure 5. (a) Average meal size (g), (b) meal duration (min), and (c) eating rate (g min™') of RYGB
patients preoperatively (N=43) and six weeks (N=42), one year (N=41) and two years (N=42) after
surgery (light bars) and a reference group (N=31, dark bars), mean and 95% Cl. ***p<0.001.

Number of meals and meal distribution

Number of meals per day increased postoperatively, but only became significantly higher at one year
(p<0.001). Patients had increased their number of meals during the morning hours both at one year
(p<0.001) and two years (p=0.028).

Pre-meal hunger, post-meal satiation and maintained satiety
At no time point was a statistically significant effect of RYGB surgery found on the perception of
hunger before the meal, satiation after the meal or maintained satiety one hour after meal start.

Cognitive and emotional aspects of eating behavior - TFEQ-R21

CR increased in the short term (6 weeks), but in the long term (1 and 2 years) after surgery there
were no significant differences compared with the preoperative state. Patients seemed to experience
fewer problems with UE and EE after surgery. UE decreased 6 weeks post-surgery compared with
pre-surgery (P<0.001). This reduction persisted after 1 year (P<0.001), and 2 years (P=0.003). EE
showed consistency with UE in decreasing at 6 weeks after surgery (P<0.001). The reduction
persisted at 1 year (P<0.001) and at 2 years (P=0.046), Figure 6.
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Figure 6. (a) CR, (b) UE and (c) EE of RYGB patients preoperatively (N=43) and six weeks (N=42), one
year (N=41) and two years (N=42) after surgery (light bars) and a reference group (N=31, dark bars),
mean and 95% Cl. Higher scores indicate more UE, CR or EE. **p=0.01 (CR) or p<0.01 (UE, EE),
***p<0.001. (CR=cognitive restraint, EEzemotional eating, UE=uncontrolled eating.)

2" conclusion

After RYGB surgery, patients’ exhibit reduced ad libitum meal size with maintained meal duration,
resulting in a decreased eating rate, although hunger and satiety scores did not change. Habitual
meal frequency tended to increase after gastric bypass; in addition, larger numbers of meals were
consumed in the mornings. Emotional eating and uncontrolled eating decreased significantly
postoperatively while cognitive restraint only transiently increased six weeks postoperatively. In
conclusion, patients display major changes in eating behavior and meal pattern, suggesting that
gastric bypass drives the individual to an eating behavior that promotes weight loss.

5.3 PAPER Il — Data on the Dumping Syndrome Rating Scale

Validation process

The validation process was carried out by structured interviews regarding the respondents' opinions
about the questionnaire, and by testing reliability through a test-retest process. By analyzing adults
and adolescents separately, using cross-validation, and hence showing consistency between the
groups, the approach strengthens the validation results and also confirms that the instrument is
suitable for various subgroups. Furthermore, reliability tests to determine whether items are
correlated to each other were analyzed using Cronbach’s alpha. Construct validity was tested by
item-total correlations. Validity was also tested against the GSRS, a normal-weight reference group
and finally by effect sizes of change between preoperative state and two years after surgery. The
result of the validation process was overall satisfactory i.e. that the instrument worked as intended.

Severity and frequency of dumping symptoms

The frequency distribution (%) of the severity and frequency items two years after surgery showed
that a high percentage reported “no trouble at all”. Thus, substantial floor effects were noted for
most symptoms in both adults and adolescents, Table 4. The most common symptoms were fatigue
and a need to lie down. Two years after surgery, 11.9% of the adults reported quite severe problems
and 12% of the adolescents reported quite severe, severe or very severe problems with fatigue
shortly after meals. Nine percent of the adolescents indicated quite severe problems or worsening of
nausea and/or vomiting feeling; however, among the adults, no one reported this to be quite severe
or worsened.
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Table 4. Item frequency distribution (%) of the severity and the frequency of early dumping
symptoms in adults and adolescents (N=107) two years after surgery.

DSRS Iltem frequency distribution

a. Severity, % in each category
Severity scale 1 2 3 4 5 6 7
Fatigue 22.0 18.3 23.9 23.9 9.2 1.8 0.9
Palpitations 65.1 14.7 14.7 4.6 0.9
Sweating, flushing 53.7 21.3 13.9 8.3 2.8
Cold sweats, paleness 60.6 14.7 14.7 8.3 0.9 0.9
Need to lie down 36.7 12.8 22.9 22.0 2.8 2.8
Diarrhea 67.9 13.8 7.3 7.3 0.9 1.8 0.9
Nausea and/or vomiting feeling 49.1 18.5 19.4 7.4 2.8 1.9 0.9
Cramp in the stomach 70.4 12.0 11.1 3.7 1.9 0.9
Feeling faint and/or shaky 67.6 11.1 13.0 2.8 4.6 0.9
Pain, vomiting, stop-feeling 67.6 16.7 8.3 6.5 0.9
Sweet drinks causing abdomen 64.5 7.5 8.4 2.8 2.8 0.9
problems, faintness or fatigue
DSRS Iltem frequency distribution

b. Frequency, % in each category
Frequency scale 1 2 3 4 5 6
Fatigue 22.2 19.4 13.0 30.6 9.3 5.6
Palpitations 61.1 18.5 8.3 10.2 0.9 0.9
Sweating, flushing 62.6 18.7 7.5 9.3 0.9 0.9
Cold sweats, paleness 58.9 234 5.6 10.3 0.9 0.9
Need to lie down 315 22.2 17.6 17.6 7.4 3.7
Diarrhea 66.7 14.8 5.6 8.3 1.9 2.8
Nausea and/or vomiting feeling 50.5 27.1 11.2 7.5 2.8 0.9
Cramp in the stomach 68.2 15.0 8.4 7.5 0.9
Feeling faint and/or shaky 70.4 14.8 7.4 4.6 0.9 1.9

a. 1=No trouble at all, 2= Minor inconvenience, 3=Mild trouble, 4=Moderate trouble,
5= Quite severe problems, 6=Severe problems, 7=Very severe problems.

b. 1=No trouble at all, 2=Less than once a week, 3=Once a week,
4=A few times per week, 5=0nce per day, 6=Several times a day.

Correlation between DSRS total index and % EBMIL
No significant associations between symptoms of the DSRS total index and % EBMIL were found two
years after surgery.

Foods avoided

One and two years after surgery, 73.8% (SD 2.2) of adults and adolescents reported avoiding certain
foods to prevent or decrease problems associated with meals. Foods frequently avoided were fatty
foods 54.8% (5.1), sugar-rich products 36.3% (8.4), sweet drinks 33.3% (11.9), and milk and milk
products 32.5% (9.7). Foods less frequently avoided were fiber-rich foods 5.5% (2.1), whole meat
4.8% (3.9), raw vegetables 1.8% (1.0), and fruits 1.5% (2.4).

3" conclusion
Although most patients reported mild or no dumping symptoms one and two years after gastric
bypass surgery, around 12% had persistent symptoms, in particular, postprandial fatigue, and half of
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them were so tired that they needed to lie down. Another 7% had problems with nausea and 6% had
problems with feeling faint. The Dumping symptom rating scale is a reliable clinical screening
instrument that can be used to identify patients with pronounced dumping symptoms after bariatric
surgery.

5.4 PAPER IV - Data on hypoglycemia-associated symptoms

The SY and ASY groups had similar ages, preoperative weight, weight at test, BMI at test, % weight
loss (WL) and BMI units lost (Table 1). However, the SY group had a lower BMI before surgery
compared to the ASY group, 41.5 (3.3) vs. 45.7 (4.2) kg/m’ respectively (p=0.046). All patients
completed the standard meal with no differences in time taken to ingest the liquid meal (SY 6.1 (3.3)
min and ASY in 7.9 (5.2) min, p=0.625). The reference group ingest the liquid meal in 2.8 (2.3)
minutes.

Glycemia

Fasting plasma glucose and maximum glucose following the carbohydrate test meal did not differ
between groups as well as AUC for glucose over 180 min and between 60 to 180 min. Interestingly,
plasma glucose at 120 min was lower in ASY group 2.4 (1.6,3.3) mmol/L compared to the SY group
3.0(3.1,4.6) mmol/L (p=0.05).

Insulin, GLP-1 and Glucagon

There were no differences in fasting, postprandial (30 and 60 minutes) or AUC values for insulin
between SY and ASY. There were also no significant differences between SY and ASY regarding GLP-1
or glucagon responses expressed as delta values or expressed as AUC. However, it was noted that SY
exhibited a higher GLP-1 fasting value, group means 29 (12,46) vs. 11 (-1,23) and also 60-min value
75 (27,122) vs. 36 (13,59) than ASY although these differences did not attain statistical significance
(p=0.056 x 2). Furthermore, the mean change in glucagon concentration from fasting to 120 min
after the meal was -13

(-49.3,23.4) in the SY group vs. 18 (6.4,30.2) in the ASY (p=0.082)
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Figure 7. Plasma glucose levels (mmol/L) on the left y-axis and Insulin levels (mIU/L) on the right y-
axis. Mean and standard error of the mean for the SY, ASY and reference groups.

SY = symptomatic

ASY = asymptomatic

* = Significant difference in glucose levels between the SY and ASY group 120 minutes post-
operatively; no other significant differences were observed. Values from the non-obese reference
group are presented without any statistical comparisons to the SY and ASY groups.

Blood pressure and pulse

Both the SY and ASY group exhibited reduced systolic as well as diastolic blood pressure after the test
meal without any significant difference. However, there was a significant difference in AUC pulse rate
between SY and ASY over 180 min 13009 (11148,14870) vs. 11569 (10837,12300) beats, (p=0.038),
and the period from 60 to 180 minutes 9276 (7901,10650) vs. 8293 (7709,8877) beats, (p=0.050).

Perceived symptoms

Following the liquid meal SY had a higher AUC Sigstad over 180 min, 1116 (-340,1893) vs. 202
(-15,419), (p=0.050) and also between 60 to 180 minutes 970 (-274,1667) vs. 170 (-39,379),
(p=0.028), compared to ASY.

Correlations between perceived symptoms and physiological response
Calculations using Spearman nonparametric correlation coefficient showed that there were no
significant correlations between perceived symptoms and objective parameters except for the ASY
patients where there was a negative correlation between Sigstad AUC and glucose AUC (r’=-0.74
p=0.037).

4™ conclusion

The patients with a history of hypoglycemia-like symptoms after RYGB neither demonstrated lower
plasma glucose nor greater insulin response compared to asymptomatic patients in response to a
liquid carbohydrate meal, but perceived more symptoms. The mechanisms of action behind the
origin of such symptoms remain obscure and need further exploration.
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6 DISCUSSION

This thesis focused on changes in dietary intake, eating behavior and meal-related symptoms in
patients who have undergone RYGB surgery, an area that area which is not sufficiently explored, yet
being critical to the outcome of surgery. The results contribute to the understanding of the
components forming the basis of the negative energy balance facilitated by RYGB. Furthermore, the
experimental longitudinal study design enabled direct measurement of eating behavior and
perceptions of eating during a test meal. The results have also filled gaps in current knowledge about
dumping symptoms, both in terms severity and frequency of the various symptoms. Finally, by
assessing factors assumed to contribute to reactive hypoglycemia-like symptoms we could negate
some current concepts regarding origin of symptoms.

6.1 Methodological considerations

6.1.1 Study design

Three of the four studies (Papers I, Il and Ill) used the same participants, who were followed
longitudinally from the time just before surgery to six weeks, one year and two years after surgery,
Figure 4. This is the design of choice to monitor changes over time, but with repeated measurements
the number of potential participants often decreases. The experimental part also restricted the
number of participants, resulting in a low number of eligible participants answering the various
questionnaires. This applies in particular to the dietary questionnaire, which often requires more
participants due to the difficulty of measuring food intake with precision, posing the risk of specific
reporting errors and random errors.

In Paper Il and IV, healthy participants were used as a non-obese reference group without statistical
comparisons between them and RYGB participants. The importance of having the reference group
may be questioned; however, a general comparison can be of value to get an impression of how
dietary intake and eating behavior are reported and which response is elicited by a glucose
provocation in the normal state. It might have been more interesting to use a matched obese control
group and the ideal would have been a randomized study between surgical and non-surgical
treatment.

6.1.2 Study populations

It took a long time to recruit the adults included in Studies |, Il and Ill. During this time, far more
patients were operated and the number of potential participants was 1,500. The ideal would be to
have a consecutive series but this was not possible for practical reasons, with several ongoing studies
and lack of space at the laboratory. The percentage body %WL found in this study was similar to
what has been reported previously for this surgical technique (5), which could indicate that this was a
representative sample. In contrast, the adolescents in Paper Ill were a consecutive series. Paper IV
also had a small sample size (n=8+8), which increases the risk of type 2 errors. In addition, the
correlation calculations have limitations, as r? is sensitive to outliers, and the material was not
uniform, making it difficult to obtain strong correlations.
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6.1.3 Participation rates

Fifty patients were asked to participate in studies I, Il and lll, of whom three declined. Of the 47
enrolled participants, two women were excluded in the preoperative assessment because they
reported an unreasonably high daily El and did not complete the one- and two-year visits. Another
two women developed breast cancer and chronic obstructive pulmonary disease, respectively, and
were excluded because these diseases can affect appetite.

The level of attendance to follow-up visits was high: only 4 out of 172 visits (2%) could not be
performed. During the postoperative follow-up, one patient could not attend the six-week visit
because she had to present for cholecystectomy surgery. At one year, one patient was pregnant and
another did not show up to the prescheduled visit and could not be reached thereafter; at two years,
one patient was breastfeeding. Otherwise, all patients attended all planned visits in the study (Paper
I and Il). All analyses are based on 43 participants.

In Paper lll, 17% of participants (21 of 124 visits) did not complete the DSRS preoperatively and 14%
(36 of 248 visits) did not complete it postoperatively, due to administrative errors in which the
guestionnaire was not distributed to all participants. However, no dropout analysis was performed.

6.1.4 Self-reported food intake from the SOS dietary questionnaire

In the absence of more sophisticated ways of measuring the accuracy of reported energy balance,
such as doubly labeled water, estimation was made of the reported intake in relation to expected
PAL. Although participants reported higher El compared with many other studies (27, 180, 230, 257,
258), Table 5, the PAL value indicates that there has been under-reporting. The values for PAL were
calculated for each patient by dividing reported El by the calculated RMR using the Mifflin—St Jeor
formula (244, 245) to demonstrate disproportionate PAL values, where 1.35 is recommended as a
cut-off value (246). A cut-off value of 1.35 can be considered low, considering that PAL values are
often set at 1.6—1.8, but this is to compensate for a higher percentage of body fat, which has a lower
energy expenditure than fat free mass (244, 245). By using the cut-off value of 1.35, the sample had a
PAL value of 0.90 preoperatively and 0.92 two years after surgery, suggesting significant under-
reporting, Table 3.

There may be selective under-reporting of intake of high energy density foods, as these are often
seen as socially undesirable (133), even though food frequency questionnaires (FFQ) capture food
intake more accurately than dietary records do (134). The dietary questionnaire used in this study
has been validated on energy and protein intake in groups of normal-weight and obese respondents
and used in severely obese populations in long-term follow-ups after bariatric surgery (135, 259);
however it has not been validated following bariatric surgery.

In addition to the risk of under-reporting of energy-dense foods, dietary questionnaires do not
estimate El with precision because of random errors; measures of dietary intake should thus be
assessed with caution. Apart from specific reporting bias, dietary questionnaires also entail random
errors and measures of dietary intake at the individual level should thus be assessed with caution
(260).

6.1.5 Dietary energy density

DED can be calculated in different ways, which may complicate the interpretation of these data. In
particular, DED is affected by the inclusion of drinks, and there are differences of opinion on whether
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drinks are included or not (261-263). Therefore, the inclusion of drinks should be clearly indicated
when reporting energy density values (264).

In Paper I, drinks were included, with the exception of tap water, bottled water and diet sodas (which
contain very little or no energy). Thus, the calculation of DED was based on El and FW from food,
milk, alcohol, energy-containing drinks (soft drinks, fruit syrups and juice), coffee and tea. The DED
was calculated by dividing El by FW, as defined above.

Non-alcoholic drinks, coffee and tea were included for two reasons: first, because the dietary
questionnaire showed that the percentage intake of these beverages did not increase
postoperatively, Table 3; second, results from the SOS study demonstrated that urine volumes do not
increase after surgery, which is an indication that fluid intake does not increase (57).

There was no correlation between the reduction of DED and %WL, which may be due to several
factors. For example: insufficient number of participants, limitations in dietary assessment method
(134), the large intra-individual variation in post-surgery FW — as much as 1400 g after one year
compared to pre-surgery and 800 g after two years compared to pre-surgery — and intra-individual
variations of physiological response in terms of GI hormones, as well as the importance of the Roux
limb for regulating food intake after RYGB surgery. In view of these factors, we may have to develop
specific sets of dietary intake questionnaires for bariatric surgery patients.

6.1.6 Ad libitum test meal for measuring portion size, meal duration and
eating rate

The test meals were administered in a laboratory setting, which may not reflect the participants’
normal eating habits. However, laboratory measurements of food intake have been shown to have
good reliability in terms of meal size and eating rate (265, 266) in normal weight and obese people.

In addition to the study protocol, patients received standard dietary advice. A careful distinction was
made between the usual dietary advice and the study instructions in order to avoid influencing
patients’ choice of meal size and eating rate in the laboratory. Any comments and discussions about
food and eating behavior arising during the experiments were answered in a neutral manner, and as
soon as possible the topic of conversation was changed to something else to avoid the risk of
affecting the experimental situation. Moreover, no precise guidance on appropriate meal sizes was
given.

The test meal of Swedish beef hash has a high fat content, 42 E% but was chosen because it has
previously been used in meal experiments; it contains a mixture of potatoes and meat, which is
important because protein and carbohydrates provide different degrees of satiation, and it is a
popular dish in Sweden. Nevertheless, it is unclear whether hash is a good test meal after gastric
bypass; given that patients after RYGB often change their food choices to a more low-fat diet, these
participants might have eaten larger portions if served a more low-fat meal. In addition, some
pointed out that the choice of test meal was not ideal, especially six weeks after surgery. It would
have been of great value to investigate whether similar test meals with differing fat content or
energy density resulted in different portion sizes after RYGB, especially considering that people
usually eat a constant volume of food (141).
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6.1.7 Visual analogue scales for hunger and satiety

One of the limitations of using visual analogue scales in single-meal studies is that they have a large
inter-individual variability; however, this may be of less concern in this within-subjects design. Thus,
within-subjects comparisons are more sensitive and accurate than between-subjects comparisons,
which could therefore reduce the number of participants needed for studies with appetite scores
(247).

6.1.8 The Three-Factor Eating Questionnaire

Several studies have used an old version of TFEQ (162, 168, 188, 193, 267-269) measuring cognitive
restraint, hunger and disinhibition (disinhibition refers to a tendency to eat opportunistically, for
example, eating in the company of others who are eating, being responsive to the palatability of food
and eating in response to negative mood). However, when this version was psychometrically tested
using factor analysis, it was found that the internal structure for disinhibition was weak and most
disinhibition and hunger items could be grouped in one global factor labeled uncontrolled eating
(UE). A third cluster containing items on emotional eating (EE) was also identified (163).

6.1.9 Validation process for the Dumping Symptom Rating Scale

The number of participants was considered sufficient and the fact that the DSRS was validated on
two subgroups, both exhibiting similar results, strengthens the applicability of the instrument to
different groups. A construct is not restricted to one set of observable indicators or attributes; it is
instead common to several sets of indicators. Thus, construct validity can be evaluated, as in Paper
lll, by a whole battery of statistical methods that indicate whether a common factor can be shown to
exist. However, construct validity is a continuous process; in addition to employing several statistical
methods, the judgment is also based on the accumulation of correlations from numerous studies
using the instrument, a process that has already begun. Furthermore, DSRS should be useful at the
individual level, but cut-off values for suspected DS must be developed for this purpose. However, it
is not easy to determine when dumping syndrome is present; one suggestion is to use interviews and
another is to rely on clinical judgment.

6.1.10 Oral carbohydrate provocation test

The commonly used carbohydrate provocation tests of 75 grams of carbohydrate/315 kcal, was
shown in pilot studies to be suboptimal and a larger stimulus of carbohydrates (99.5 g carbohydrates
/ 443 kcal) was chosen to enable symptoms to appear. However, the use of non-standardized
provocation drinks makes it more difficult to compare different studies. Furthermore, Sigstad’s
Dumping Index has limitations since many symptoms are closely related, such as "sleepiness,
drowsiness, apathy, falling asleep" as compared to "weakness, exhaustion" and "desire to lie or sit
down".

6.2 Results in perspective

6.2.1 PAPER | - Dietary energy density and food selection
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As shown in Table 5, the participants reported a mean intake of 27 kcal/kg body weight, although the
calculated PAL values suggest an underestimation of El. Nevertheless, it was higher than the reported
El from other studies (27, 82, 135, 172-174, 180, 230, 257, 270, 271), indicating that these data can
be seen as reliable.

Associations between DED and weight change

There was no correlation between the reduction of DED and %WL. Bobbioni-Harsch et al. (270)
evaluated the percentage intake of macronutrients in a multiple regression analysis vs. body WL. In
line with the results presented here, they found no association with fat, carbohydrate or protein and
body WL in kilos.

Changes in food choice

Many studies on changes in food choice after RYGB support the results of this study. Reported
reduction of E% fat ranged from -1% to -3.7% one year or longer after surgery (27, 28, 172, 173, 230,
259, 270-272) compared with -1.7% in this study (Paper ). However, a couple of studies have found
the opposite: an increase of fat intake between 0.9 to 5 E% one year after surgery (174, 270), Table
6.

The reduction of fat intake from fast foods, candies, chocolate and desserts and the increase in fruit
intake has many positive effects on satiety, energy and nutrient intake. Furthermore, changes in
dietary selection may be important for the intestinal microflora and thereby may be involved in
alleviating the systemic inflammation (273) often present in obesity. Studies have shown that
changes in the bacterial microbiota occur after RYGB (274, 275) and may be due to reduced fat
intake (276) and increased intake of fruit and vegetables having a probiotic effect (277).
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Table 5. Body weight, reported El and kcal/kg body weight from 14 follow-up studies of RYGB

Months after surgery

El (kcal)
kcal/kg body weight
Study Method N | Weight |12 months |18 months |24 months |2>30 months
(kg)
Kenler et al. 24 h dietary 51 [95.0 1300 =
1990 (27) recall 14 kcal/kg
Lindroos et al. SOS dietary 34 [78.9 1885 =
1993 (135) questionnaire 24 kcal/kg
Trostler et al. 7 days food 19 |76 M 2000 =
1995 (174) record 26 kcal/kg
W 738 =
10 kcal/kg
Bobbioni-Harsch | 3 days food 50 [80.9 1421 =
et al. 2002 (270) |record 18 kcal/kg
Warde-Kamar et | 24 h dietary 62 |96 1773 =
al. 2004 (257) recall 18 kcal/kg
Olbers et al. SOS dietary 36 |86 1465 =
2006 (82) guestionnaire 17 kcal/kg
Sarwer et al. FFQ 200 | 84 1358 =
2008 (230) 16 kcal/kg
Leite Faria et al. |4 day food 75 |81.9 1475 =
2009 (180) record 18 kcal/kg
Bavaresco et al. |24 h dietary 48 [90.7 1034 =
2010 (173) recall 11 kcal/kg
Kruseman et al. |4 day food 80 [92.1 1680 =
2010 (172) record 18 kcal/kg
Johnson et al. FFQ 72 |95.2 1650 =
2012 (271) 23 kcal/kg
Laurenius et al. |SOS dietary 47 |89.9 2425 =
2013 (Paper 1) guestionnaire 27 kcal/kg

M

=men

W =women
FFQ = Food Frequency Questionnaire
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Table 6. Reported changes in E% fat intake from 10 follow-up studies of RYGB

Months after surgery
Changes in E% fat intake
Study Method N |6 months | 12 months | 18 months | 24 months | 230 months
Kenler et al. 24 h dietary |51 |-4 0 -2 -2
1990 (27) recall
Lindroos et al. SOS dietary |34 -2
1993 (135) guestionnaire
Brolin et al. 24 h dietary -5 -2 -1 -2 -3
1994 (28) recall
Trostler et al. 7 day food 19 |-25 +5
1995 (278) record
Bobbioni-Harsch 3 day food 50 |+2.6 +0.9
et al. 2002 (270) record
Sarwer et al. FFQ 2000 0
2008 (230)
Bavaresco et al. 24 h dietary |48 |-4.2 -3
2010 (173) recall
Kruseman et al. 4 day food 80 0 -2
2010 (172) record
Johnson et al. FFQ 72 -2
2012 (271)
Laurenius et al. SOS dietary |47 -2.7 -1.7
2013 (Paper 1) questionnaire

FFQ = Food Frequency Questionnaire

The largest changes in food choice were seen in the short term after surgery and were differentially
sustained during the first two years after surgery depending on food type. Two years after surgery,
participants reported an increased fruit intake by 2.7 E% and decreased consumption of cooked
meals by 4.5 E%.

6.2.2 PAPER Il - Eating behavior and meal pattern

Meal size, meal duration and eating rate during ad libitum meal
Several reports including guidelines recommend multiple small meals each day (6, 121, 124, 127), but

this guidance originates from the time before it was realized that pouch volume does not correlate
with WL (105, 107).

It is difficult to give general guidance on portion size, as this depends on many factors, such as energy
needs, energy content of the meal, individual post-surgery levels of satiety hormones (69), and the
physiology of the Roux limb (109).

Experimental studies have shown that reduction in eating rate is accompanied by reduced caloric

intake (157, 158, 279) and increased satiety (280), but there appear to be no previous studies
measuring meal duration after RYGB.
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Pre-meal hunger, post-meal satiation and maintained satiety

The biological drive to eat is complex and linked to the satiating efficiency of foods (281). Satiating
efficiency describes the capacity of a food to suppress hunger and to inhibit further eating. The
satiety cascade — classified as sensory, cognitive, postingestive and postabsorptive processes —
operates through the impact of food on physiological and biochemical mechanisms (281). Satiation
can be defined as the process that brings a period of eating to halt. It should be distinguished from
satiety, which is defined as inhibition of hunger and eating that arises as a consequence of food
consumption (281).

This study has shown that appetite ratings were unaltered after RYGB, as the reduced food intake in
grams did not correlate with scoring of pre-meal hunger or post-meal satiation. This may indicate
improved signaling of satiety, reflected by greater satiety per kcal ingested. It has been shown that
the appetite changes after RYGB (as measured by the TFEQ dimensions CR, UE and EE) and that this is
related to the degree of hunger and satiety hormones, which may contribute to the reduced
propensity to overeat and the observed weight loss (282).

Number of meals and meal distribution

The reported number of meals in previous studies was 5.4 at 30 months after surgery (257) and 5.2
two years after surgery (283). This study showed 5.4 meals two years after surgery, which is well in
line with those studies. The number of meals increased slightly following RYGB, but was only
significant at one year, from 4.9 to 5.8 meals per day (Paper Il). In this study, number of meals
showed no association with %WL either at one or two years postoperatively, in contrast to other
studies, which have demonstrated a relationship between frequent eating and poor WL (179, 180).
Furthermore, other studies have shown that frequent eating in the form of grazing is a high-risk
behavior following bariatric surgery (284, 285). Thus, recommending a snack is still controversial.

Cognitive and emotional aspects of eating behavior

Two studies have comparable results after RYGB to the results of Paper Il in all three dimensions (33,
282). It may be important to measure CR in the diet surveys because it is found that patients with
high CR underestimate their intake of candies, desserts and snacks to a greater degree than those
with low CR and thus have a lower DED (134).

6.2.3 PAPER Ill - Data on the Dumping Syndrome Rating Scale

Validation process

In the social sciences and psychometrics, construct validity refers to whether a scale measures or
correlates with the theorized psychological scientific construct that it purports to measure. Put
another way, construct validity answers the question, "Are we actually measuring (is this a valid form
for measuring) the construct we think we are measuring?" A scale (e.g. DSRS) seeks to operationalize
the concept, typically measuring several observable phenomena (the various dumping symptoms)
that supposedly reflect the underlying psychological concept (DS). Construct validity is a means of
assessing how well this has been accomplished. In other words, it is the extent to which what was to
be measured actually was measured.

Severity and frequency of DS symptoms
DS has often been described as a complication of gastric bypass (176, 200, 209, 286). Some
researchers, however, view DS rather as a consequence or even a desirable feature of RYGB (86,
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168). The clinical experience is that most RYGB patients quickly learn the limits for what and how
much they can eat without getting dumping symptoms.

As with other studies (86, 168, 204), this study failed to show a connection between DS and %WL
(Paper Ill). However, such a relationship is difficult to demonstrate, as some people, through
favorable food choice and eating behavior after RYGB, reduce their exposure to dumping and
increase their prospect of a good WL outcome.

Paper Il is the first study that has been able to discriminate in detail between the different qualities
of dumping symptoms and assess how often symptoms occur. The most common symptoms in terms
of both severity and frequency were found to be fatigue, need to lie down, nausea and a feeling of
faintness. Previous studies also cited symptoms of palpitations, perspiration, flushing, diarrhea and
abdominal pain (87, 176, 206), but these were not the dominant symptoms in this study.

In this study, 5-10% of patients maintained problems even long after RYGB surgery, which is in line
with other studies (87, 88, 204, 206). Interestingly, in a qualitative follow-up study of RYGB, patients
did not describe dumping symptoms as negative; on the contrary, the patients appreciated the
strong bodily signal that made them avoid meals containing a high level of carbohydrates or fat
(287). This raises the question of whether DS really is a problem, and whether the patient’s ability to
cope with the symptoms is dependent on how the caregiver presents the DS — as a complication or as
a tool. Furthermore, obesity itself is such a huge stigma that patients may perceive DS after RYGB as
a relatively minor problem that they can cope with, just as they have been shown to cope with other
Gl problems (32, 33).

Foods avoided

Reports have often singled out sugar-rich products as the foods that cause DS (85, 86, 88, 176). This
study shows instead that fatty foods are the most commonly avoided because of their tendency to
cause dumping symptoms which have also been observed after rapid gastric emptying from other
causes than RYGB (288).

The foods that patients claimed to avoid to minimize DS (Paper lll) are well in line with how patients
report their changes in dietary intake after RYGB (Paper 1). This means that taste changes may not be
the only mechanism behind the changes in food choice following RYGB. RYGB may provide such
negative feedback responses to energy-dense food that patients after surgery reject foods that they
have learned will cause DS. Furthermore, it is interesting to see that high-fiber and bulky foods like
fruits and vegetables do not seem to elicit any dumping symptoms, which suggests that mechanical
constraint through gastric volume reduction is not one of the mechanisms after RYGB (104-108).

Correlation between DSRS total index and % EBMIL

Paper Il showed no correlation between the degree of dumping symptoms and WL, which no other
study has been able to demonstrate either (86, 168, 204). DS could still play a role, since it is possible
that those who report severe problems with DS are also those who have problems with their eating
behavior.

Gastrointestinal symptoms

Scores on the GSRS eating dysfunction question (which assesses early satiety, difficulties in eating
normal portions, and postprandial pain) did not deteriorate postoperatively, indicating that changes
in eating conditions after RYGB are well tolerated. However, eating dysfunction had moderate to
strong association with six of the nine symptoms of the DSRS total index. Also, the strong to
moderate relationship between GSRS abdominal pain and several of the dumping symptoms could
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indicate that those who had difficulty limiting their portions were also those who experienced severe
DS.

6.2.4 PAPER IV - Data on hypoglycemia-associated symptoms

Blood analyses and perceived symptoms

An important finding in the present study was that patients with history of hypoglycemia-like
symptoms after RYGB reported significantly more symptoms (Sigstad) during the 3 hours observation
period after a carbohydrate meal, which was associated with a higher pulse rate. However, despite
both the subjective symptoms and the autonomic neural reaction (manifested as an enhanced
tachycardia) the symptomatic patients (SY) did not exhibit lower blood glucose levels when
compared to an asymptomatic group (ASY). Furthermore, the carbohydrate meal-induced changes in
plasma concentrations of insulin, GLP-1 and glucagon were similar. There were, however,
considerable individual variations with marked overlap between symptomatic and asymptomatic
patients.

The definition of biochemical hypoglycemia is a plasma glucose concentration below 3.9 mmol/L (70
mg/dL) (207). Unspecific symptoms of discomfort (see Whipple’s triad as defined in Methods) occur
in the majority of individuals at and below a glucose concentration of approximately 3.0 mmol/L (55
mg/dL) (243). These hypoglycemia-associated symptoms are a warning for neuroglycopenia which, if
persistent, can lead to irrational behaviour and ultimately to unconsciousness. Most of our patients
with RYBG had a marked decrease in blood glucose 1-3 h after an oral carbohydrate load. This
phenomenon is commonly called hyperinsulinemic hypoglycemia (or reactive hypoglycemia ) (289)
and is explained as an ‘overshoot’ in the secretion of insulin following an often refined carbohydrate
load. A possible mechanism is the enhanced incretin effect (i.e. GLP-1) that occurs following RYGB as
ingested nutrients almost instantly are exposed to the small intestine. Intuitively we hypothesized
that RYGB patients with a history of hypoglycemia-like symptoms (the SY patients) also should be the
ones with lowest plasma glucose after the carbohydrate provocation. However, we were unable to
demonstrate any correlation between biochemical hypoglycemia and perceived symptoms in these
patients.

Furthermore, the term hypoglycemia unawareness refers to patients who do not experience typical
warning symptoms despite having plasma glucose levels below 3.0 mmol/L (290). In the present
investigation it was noted that some of the SY as well as the ASY patients did not experience any
symptoms during the test, even with plasma glucose below 2 mmol/L.

Goldfine et al suggested that an exaggerated postprandial insulin response contributed to
hypoglycemia-like symptoms after RYGB (224). In the present study we confirm postprandial
hyperinsulinemia concentrations in the RYGB patients (as compared to the non-operated reference
group; Fig 1) but the insulin responses did not differ between the symptomatic (SY) and
asymptomatic (ASY) study groups. In contrast to the findings of Goldfine et al the present results
support that symptomatic patients do not substantially differ from asymptomatic individuals despite
that both groups present postprandial hyperinsulinemia (225-227). Hence, it is apparent that a
carbohydrate rich meal in RYGB patients results in a marked insulin response. However, the level of
insulin release per se does not predict which individuals will be symptomatic or not.

The present study also confirms an increased release of GLP-1 in RYGB patients after a meal (83,
224). However, we were unable to show a statistical difference between the symptomatic (SY) and
asymptomatic (ASY) groups regarding GLP-1 and glucagon levels. Glucagon has been proposed as a
treatment option for symptomatic hypoglycemia in RYGB patients, but initial experience
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demonstrated limited clinical effect (291). However, we cannot exclude the possibility that an
insufficient glucagon response is involved in hypoglycemia and related symptoms after RYGB, as
there was a trend of higher GLP-1 and lower glucagon responses. This may represent a type 2
statistical error.

The pathophysiological basis for hypoglycemia-like symptoms remains obscure. It may be that the
velocity of plasma glucose reduction may be a factor (243, 292). Another factor could be the inter-
individual differences in glucose uptake and utilization in certain parts of the brain, thereby
promoting central neuroglycopenia. An indirect sign of CNS activation was the observation that the
SY-group demonstrated a higher pulse rate compared to ASY indicating more pronounced induction
of the sympathetic nerve activity to the heart. As the systemic glycemic control did not differ
between the groups it can be speculated that this effect originated from the CNS, possibly at the
hypothalamic level. It is apparent that the greater perception of symptoms in SY group and the link
between the symptoms and causes in patients after RYGB needs further exploration.

6.2.5 Proposed dietary guidelines

The overall aim of this thesis was to enhance knowledge and to improve current treatment protocols
regarding meal pattern, food intake, and meal-related symptoms. Of course, the present four papers
cannot be a sufficient basis for new recommendations, but the new insights they provide can still
lead to improvements to the current clinical dietary guidelines. Dietary advice is based on the
nutrition diagnosis and the treatment goals are to mitigate or relieve symptoms.

Patients often report a reduced fat intake and an increased intake of vegetables and fruits, and the
number of meals per day increases postoperatively, especially during morning hours. For most
patients who have undergone RYGB, DS is not a major problem — rather a tool — but some have
persisting problems. Hypoglycemia-like symptoms are less common but more serious than the DS.
The dietician has an important role, as both the DS and hypoglycemia-like symptoms can be treated
by modification of food intake and eating behavior. However, dieticians and other healthcare
providers have to understand the mechanisms behind weight reduction with RYGB and to realize the
large inter-individual variations in eating capacity and thus El. Thus it is vital that healthcare
providers understand that, although the surgery is standardized, it is experienced very differently
from person to person. The reason for this may depend on different physiological responses to the
release of satiety hormones after surgery, as well as genetic predisposition and of course personality,
including different coping strategies. Thus, some patients may rely more on the physiological signals
after RYGB, while others need to be more active in different self-monitoring behaviors.
Consequently, follow-up and treatment should be adapted to each individual's needs.

The dietician plays a key role before and after surgery in patient education and behavior change and
can lead the follow-up after bariatric surgery (125, 293). Findings support the importance of
comprehensive nutrition education for achieving more effective weight reduction following gastric
bypass (231, 240) and the dietician can facilitate significant changes in several eating behaviors
believed to be important to successful long-term weight maintenance (231). Sarwer et al. have
identified several strategies from the nonsurgical WL literature that might help to optimize long-term
weight maintenance after surgery (229). Dietary counseling may also help minimize the frequency of
troublesome Gl symptoms (121, 231).

General guidelines to help people eat healthily

The Swedish National Food Agency (144) has put together five general guidelines to help people eat
healthily; this advice should not be disregarded since a nutritionally balanced diet is even more
important after RYGB:
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¢ Eat plenty of fruits and vegetables, approximately 500 g per day. This corresponds, for example, to
three pieces of fruit and two large handfuls of vegetables.

¢ Choose primarily whole grains when you eat bread cereals, grains, pasta and rice.

e Choose keyhole-labeled foods. (The keyhole is a Nordic labeling scheme that helps consumers
identify food that contains less fat, salt and sugar and more whole grain and fiber.)

e Eat fish often, preferably three times a week.

¢ Use a liquid margarine or oil in cooking.

Dietary guidelines given for overweight and obesity

The following evidence-based dietary guidelines are given to overweight and obese people and may
also be given after RYGB, although their impact depends on the individual's physiological response to
the surgery (294):

e Eat a low-fat (25—-35 E% fat), reduced-energy diet of good nutritional value.

e Eat at regular intervals, including breakfast.

e Eat reduced portion sizes.

e Limit consumption of space food.

(Space food refers to food and drink that is unnecessary from a nutritional viewpoint, for example,
candy, juice, soft drinks, cakes, ice cream, snacks, French fries, creams and alcohol.)

Specific dietary guidelines after gastric bypass surgery

In addition to general guidelines to help people eat healthily and dietary guidelines given for
overweight and obesity, dieticians should apply the specific advice below after RYGB, based on
previous research and on considerations from this thesis.

1. Encourage a low-fat intake.

A low-fat intake, 25—-35 E% (294) should be encouraged in dietary management after RYGB surgery
for several reasons. Fat provides more than twice as much energy per gram (9 kcal/g) than protein
and carbohydrates (each 4 kcal/g); in addition, fat is the energetic nutrient that is most difficult to
digest and absorb after RYGB surgery (89). Fat malabsorption results in large malodorous stools
entraining fat-soluble vitamins, which increases the risk of deficiencies, especially among those who
are not compliant with the recommendation to take nutritional supplements postoperatively. In
addition, fat malabsorption increases the risk for kidney stone formation. Furthermore, fatty foods
are found to be associated with DS.

2. Encourage the consumption of plenty of fruit and vegetables.

These foods have low energy content, contain essential vitamins, minerals, antioxidants and
phytochemicals (144, 295), have a high level of satiety (141, 296) and are in general well tolerated
after RYGB (24, 26, 68, 82, 171-174, 297). As with all obese patients, the RYGB-operated patient
needs need to be aware of reduced El and nutrient density in the diet to maintain a lower body
weight in the long term and to avoid nutrient deficiencies.

3. Individualize portion size.

Appropriate portion size depends on many factors, such as energy needs, energy density of the meal,
individual post-surgery levels of satiety hormones and the physiology of the Roux limb. Vegetables
are important as they can reduce El if replacing foods with higher ED, and not only added on top of
the regular portion (298).

4. Recommend a reduced eating rate.

A reduced eating rate may decrease the risk of DS and a high El. The latter is also decreased by
increased satiety (158, 299).
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5. Individualize meal frequency.

A general recommendation to increase meal frequency after RYGB surgery is not supported by this
thesis. It is most likely to be appropriate to recommend snacks in the first postoperative phase, when
cognitive restraint is high; subsequently, the dietician must take account of individual variations in
main meal portion size, energy requirements, energy content of the meals, the time between main
meals and periods of physical activity, and response to physiological changes such as satiety
sensations. Eating regularly may be important but it should not be equated with frequent eating.

6. Preventing DS

Paper Ill showed that fatty food was identified as the food that most participants avoided to prevent
or decrease DS problems associated with meals. In practice, it is often the combination of
carbohydrate and fat that causes DS, not only sweet foods, as previously thought. Common foods
that RYGB-operated patients report to cause symptoms are ice cream, mashed potatoes, sausages,
cakes and chocolate. Not only food choice can cause DS, but also eating behavior. Irregular meal
times, portion size, eating rate, and drinks with meals have all been associated with DS. To skip the
main meal or not eat for many hours can lead to overeating at the next meal; some regularity can
reduce the risk of consuming large portions at a fast eating rate. It seems that most RYGB-operated
patients can drink with their meal without getting DS, but it depends most likely on the amount and
content of the drink. Most patients manage some mouthfuls of water without getting symptoms.

7. Preventing reactive hypoglycemia

Since it seems to be more the rule than the exception that simple carbohydrate results in
hypoglycemia-like symptoms, RYGB patients should be informed of the risk preoperatively. A low
carbohydrate diet proposed by some researchers is rarely accepted by RYGB-operated patients
because as the subsequent high fat content often results in DS. Despite the lack of research on how
carbohydrates with different glycemic index affect blood sugar after RYGB, a diet with low glycemic
index can still be recommended because it has a good nutritional content and provides good satiety;
avoiding simple carbohydrates is probably the key to minimizing the risk of hypoglycemia. To what
extent meal distribution, increased protein intake and not drinking with the meal play a role, only
future research will tell. Hypoglycemia-like symptoms do not occur until one to three hours after the
meal, and therefore the patient does not always connect the symptoms with the previous meal.
Patients with DS and reactive hypoglycemia should be monitored according to the four steps of the
nutritional care process.

8. Provide strategies for successful long-term weight maintenance

As mentioned above, there is a risk of weight gain over time, especially in patients with increased
appetite, for whom the satiety hormone responses are attenuated (69) and in patients with poor diet
quality, sedentary lifestyle, and lack of follow-up. The following strategies taken from the National
Weight Control Registry may be useful in patients with inadequate weight loss or weight regain (229,
235-237).

a. Reduction in El, reduced fat intake, eating breakfast every day and maintaining
regular eating habits on weekdays and holidays.

b. Self-monitoring of food and beverage intake and body weight. Self-monitoring of
food and beverage is the cornerstone of behaviorally based WL treatment. A number
of apps for calculating average daily caloric consumption are available on the Internet
and in smartphones. Regular weighing on a scale is recommended at least once a
week. Monitoring changes in weight provides patients with feedback and, as with self-
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monitoring of caloric intake, can allow them to modify their behavior in the future to
reverse small amounts of weight gain.

c. Continued patient-caregiver contact.

These postoperative visits can be used not only to monitor patients” WL, but also to
counsel them on issues related to dietary adherence and eating behavior, which are
often forgotten or neglected after surgery.

d. Physical activity.

In self-report surveys completed by patients postoperatively, 80% reported
participation in some degree of physical activity. A study of RYGB patients found that
150 minutes per week of at least moderate intensity physical activity was associated
with greater WL at six and twelve months postoperatively (300).

6.2.6 Strengths and limitations

Strengths

This thesis has produced several results that are clinically useful, including changes in food intake and
eating behavior, data on severity and frequency of the various dumping symptoms, and a study
showing that objective variables did not differ between SY and ASY patients after an oral
carbohydrate load.

A strength of Paper Il is that the portion size was measured both preoperatively and up to two years
postoperatively. Even more interesting is the meal duration and eating rate, both of which add new
and potentially important clinical insights that are important for future research on mechanisms and
for clinicians in the nutrition care process.

Paper Ill is apparently the first study that has been able to discriminate in detail between the
different qualities of dumping symptoms and to assess how often symptoms occur. This study
showed that fatigue, a need to lie down, and nausea were the most pronounced symptoms. In
contrast, symptoms previously reported to be the most associated with DS, such as palpitations,
sweating, diarrhea, cramp, and pain, were not as pronounced. The study also demonstrated that
fatty foods were more associated with DS than sweet foods.

Limitations

The limitations of this thesis are that it is based on relatively small sample sizes, potentially affecting
the generalizability of the results. On the other hand, three of the studies were longitudinal and two
were experimental, limiting the number of participants. Also, Paper | did not gather data on changes
in physical activity and body composition after RYGB surgery. This information may have increased
our understanding of associations, or lack thereof, among changes in El, FW, DED and WL after
gastric bypass surgery. In addition, this thesis has not discussed intake or recommendation of
protein.

A limitation of Paper Il is that the test meals were administered in a laboratory setting, which may
not reflect the participants’ normal eating habits. Furthermore, Swedish beef hash has a high fat
content, 42 E%. Given that patients often change their food choices after RYGB to a low-fat diet, they
may have eaten larger portions if they had been served a more low-fat meal. In addition, the thesis
has not been able to quantify the effect of the preoperative dietary education that may have had
different effects in different participants on postoperative eating behavior. Since some variables
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tended to return to preoperative values, it would be of great value to extend the studies in Papers |
and Il into the longer term after RYGB.

A limitation of Paper lll is the small sample sizes of participants answering the GSRS. Another
limitation is missing data from adolescents.

Limitations of Paper IV include a small sample size constituting a risk for type 2 errors for the
borderline non-significant group differences in meal induced GLP-1 and glucagon. For the same
reason the correlation analyses have limitations, as r? is sensitive to outliers. The commonly used
carbohydrate provocation tests of 75 grams of carbohydrate/315 kcal, was shown in out pilot studies
to be suboptimal and we opted for a larger stimulus of carbohydrates (99.5 g carbohydrates / 443
kcal) to enable symptoms to appear. However, the use of various provocation drinks makes it more
difficult to compare different studies. Furthermore, Sigstad’s Dumping Index has limitations since
many symptoms are closely related, such as "sleepiness, drowsiness, apathy, falling asleep" as
compared to "weakness, exhaustion" and "desire to lie or sit down".
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7 CONCLUSIONS

¢ Besides substantial reduction in energy intake and large variation in food weight, patients reported
decreased dietary energy density over two years following gastric bypass. Despite a lack of
association between the reduction in dietary energy density and % weight loss, changes in food
choice were overall nutritionally beneficial.

o After gastric bypass surgery, patients’ exhibit reduced ad libitum meal size with maintained meal
duration, resulting in a decreased eating rate, although hunger and satiety scores did not change.
Habitual meal frequency tended to increase after gastric bypass; in addition, larger numbers of meals
were consumed in the mornings. Emotional eating and uncontrolled eating decreased significantly
postoperatively while cognitive restraint only transiently increased six weeks postoperatively. In
conclusion, patients display major changes in eating behavior and meal pattern, suggesting that
gastric bypass drives the individual to an eating behavior that promotes weight loss.

¢ Although most patients reported mild or no dumping symptoms one and two years after gastric
bypass surgery, around 12% had persistent symptoms, in particular, postprandial fatigue, and half of
them were so tired that they needed to lie down. Another 7% had problems with nausea and 6% had
problems with feeling faint. The Dumping symptom rating scale is a reliable clinical screening
instrument that can be used to identify patients with pronounced dumping symptoms after bariatric
surgery.

¢ The patients with a history of hypoglycemia-like symptoms after RYGB neither demonstrated lower
plasma glucose nor greater insulin response compared to asymptomatic patients in response to a
liquid carbohydrate meal, but perceived more symptoms. The mechanisms of action behind the
origin of such symptoms remain obscure and need further exploration.
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8 FUTURE PERSPECTIVES

Several studies have examined dietary intake after RYGB in terms of El, macronutrient intake and
food choice. Given the risk of under-reporting of socially undesirable foods, these studies must be
interpreted with caution. In the future, we need studies that can validate food intake, preferably
validated with the doubly labeled water technique.

Further studies in larger patient groups should examine changes in DED and whether lack of decrease
in DED is a risk factor for weight regain after gastric bypass. We also need studies including analyses
of specific changes in food preference and selection in relation to energy density after gastric bypass.

The data on food choice and other ingestive behaviors have important implications for
understanding the mechanisms of bariatric surgery. Potential mechanisms for postoperative changes
in eating rate and general attitude to food warrant further investigation. For example, changes in
appetite regulatory hormones may lead to less intense hunger, which in turn may reduce eating rate
and EI (69, 301), given that hunger level is positively associated with eating rate and El (302), and
that interactions between eating rate and satiety hormones have been demonstrated in humans
(280). The risk of DS is also likely to play a role in the reduced eating rate.

DSRS needs to be revised to a 4-point scale as the current 7-point scale had a pronounced floor
effect, i.e. a high percentage reported mild or no dumping symptoms. The validation process should
be continued by studying the new 4-point scale in different populations, different types of bariatric
surgery and at different lengths of time after surgery.

It would be worthwhile to proceed with a qualitative study of the 12% of patients with persistent DS
problems. It would be of value to hear their opinion on different aspects of DS. Moreover, it would
be of great importance to examine the relationship between dietary intake, eating behavior and DS
more thoroughly; for example, whether there is any association between DED and DS or eating rate.
Is it the symptoms rather than the Gl hormones and taste changes that make RYGB patients change
their dietary intake and eating behavior, or is all interconnected?

Finally, it would be interesting to examine the effect of various carbohydrates, for example based on
their glycemic index, on the development of reactive hypoglycemia. If hypoglycemia can be avoided
through dietary interventions, then there is a need for more clinical efforts and further research on
how different foods affect glucose and insulin responses after RYGB.

In summary, we need more research to increase the evidence behind dietary and behavioral
treatment after RYGB, in order to optimize treatment outcome.
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