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Abstract

Background: The prevalence of overweight and obesity in society is increasing worldwide
and it is one of the biggest public health issues today. Recent studies suggest that different
dietary fatty acids can affect hunger and satiety signaling. The aim of the present study was to
investigate how a test meal with different fat quality, either high in PUFA or SFA, affected
subjective satiety sensation and glucose response in healthy individuals. In addition, measure

the repeatability of a self-reported satiety sensation questionnaire.

Method: 21 healthy, normal weight individuals completed this double blinded postprandial
crossover intervention study; 18 women and 3 men. The participants consumed two different
muffins, either high in SFA or PUFA, at four visits (V1 — V4), and filled out a visual
analogue scale (VAS) fasted, and at seven time points within 180 minutes at each visit. Blood
glucose was measured at the same time intervals as VAS. Wilcoxon sign rank test and Bland

Altman Plot were used to compare effects and repeatability between the meals.

Results: This study show no significant differences in how participants perceived satiety after
intake of SFA compared to PUFA, using VAS. When studying the repeatability of VAS, we
found no significant differences in subjective satiety between the two periods after intake of
SFA. After intake of PUFA, we observed a significant difference in sensations for food
cravings and desire to eat sugary foods. We observed no effect on postprandial glycemic

response after intake of SFA compared to PUFA.

Conclusion: Fat quality in one meal did not affect subjective satiety sensation and glycemic
response in healthy subjects postprandially. However, VAS had an overall good repeatability
in subjective satiety sensations after intake of the same test meal at two different occasions,

indicating that VAS in general could be used as a measure of subjective satiety sensation.
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1.0 Theoretical background

1.1 Overweight and obesity

The prevalence of overweight and obesity is increasing globally and has nearly tripled since
1975. In 2016, 1.9 billion adults over 18 years old where overweight, and of these 650 million
were obese. Overweight and obesity is a major risk factor for developing non-communicable
diseases (NCD’s) (Folkehelseinstituttet, 2017), which currently causes more deaths than all
other causes combined, and by 2030 expected to increase to 52 million worldwide (World
Health Organization, 2014). According to a study by Grover et al., (2014) overweight and
obesity could shorten lifespan with up to 8 years and it is highly associated with risk factors
for developing type 2 diabetes (T2D) and cardiovascular disease (CVD) (Grover et al., 2014).
In Norway, the mean weight has increased over the last 40 — 50 years, and about 20% of the
population is now overweight or obese. Among these, 25% of teenagers, 25% men, 20%
women aged 40 — 45, as well as 15 — 20% of children, are overweight or obese

(Folkehelseinstituttet, 2017).

Body-mass index (BMI kg/m?) is an index used to classify weight, and WHO (World Health
Organization) defines obesity as > 30 kg/m?, and BMI > 25 kg/m? as overweight (World
Health Organization, 2018). The increase in weight correlates with the shift in diet to more
high-energy dense foods rich in sugars and fat, and a lack of vitamins and minerals, in
addition to inactivity and a more sedentary lifestyle (World Health Organization, 2017). High
blood pressure, certain types of cancer, T2D, nonalcoholic fatty liver disease, mental
disorders and musculoskeletal disorders are all disorders linked to overweight, obesity and

NCD’s (Angelantonio et al., 2016).

Obesity is a complex combination of genetic, metabolic and environmental factors, and the
etiology of obesity is still unclear (Moussavi, Gavino & Receveur, 2008). Assessing effects of
foods with various properties can provide information on factors affecting overall appetite
control, more specifically, what is leading to overconsumption (Green, Delargy, Joanes &
Blundell, 1997). Different dietary fatty acids have also been shown to influence satiety
(Kaviani & Cooper, 2017), and the degree of fat saturation, as well as chain length, can
impact hunger and satiety signaling, fat oxidation rate, and possibly energy expenditure
(Kaviani & Cooper, 2017). Of particular interest is looking at subjective sensation after intake

of fat with different quality, and more specifically comparing PUFA and SFA. Following



guidelines towards a healthy diet, helps protect against NCD’s, and this includes that
unsaturated fat (PUFA), should be preferred instead of saturated fat (SFA) (World Health
Organization, 2015).

1.2 Dietary fat

1.2.1 Recommendations for dietary fat

Nutrition recommendations are published by the Nordic Council and form the basis for the
recommendations of the Directorate of Health in Norway. Nordic Nutrition
Recommendations 2012 forms the basis for today's quantitative recommendations on fat
(Nordic Nutrition Recommendations, 2012). In connection with the recommendations from
2012, a systematic review from February 2012 on fat and risk factors, concluded that there is
convincing causal link between replacing SFA with unsaturated fat and a lower risk of
cardiovascular disease (Nordic Nutrition Recommendations, 2012). Recommended intake of
total fat is 25 —40% of energy (E%) intake, and saturated fat should be limited to 10 E%.
According to the National Directorate's publication on the development in Norwegian diet
and food supply statistics, the diet's total fat content decreased between 1970s until the 1990s,
from about 40% to 35%. Since then, the total fat content increased some between 2000 to
2016, from about 34% — 37%. The percentage of saturated fat in the diet has not changed
significantly since 1975. Many people ingest more SFA than recommended, with an average
intake of 15 E% (Helsedirektoratet, 2017). Monounsaturated fatty acids (MUFA) and PUFA
should be at least 2/3 of the total fat intake, with 10 — 20 E% and 5 — 10 E%, respectively
(Helsedirektoratet, 2016). The intake of polyunsaturated fats has declined from 6 E% in 1980,
to 5 E% in 2015, which means that PUFA is in the lower range of recommendations. PUFA is
well known for its health effects, and it would be positive with an increase in PUFA in

replacement of SFA (Helsedirektoratet, 2016).

1.2.2 Fatty acids

Fat is the most energy dense nutrient with nine kilocalories (kcal) (37 kilojoule) per gram.
Dietary fat plays a key role in the body and is an important source of energy, as well as an
important source for essential fatty acids, and a carrier for fat soluble vitamins (Rustan &
Drevon, 2005). In addition, fatty acids act as signaling molecules and stimulates the release of
peptides in the gut inducing satiation and satiety (Rebello, O'Neil & Greenway, 2015). The

energy storage accounts for most of the fat in the body, and this fat serves as a heat insulator



and shock absorber. Depot fat is stored primarily under the skin, abdomen and muscles
(Rustan & Drevon, 2005). Fatty acids are carbon chains with a methyl group at one end of the
molecule, and a carboxyl group at the other end (Figure 1). Fatty acids can be divided into
SFA, mono unsaturated fatty acids (MUFA) and PUFA. Fatty acids with one double bond are
called MUFA, for instance oleic acid (C18:1), while PUFAs have two or more double bonds,
like linoleic acid (C18:2). There are two fatty acids which are produced by plants and
plankton, that are essential to humans; alpha linolenic acid (ALA) (C18:3, omega-3) and
linoleic acid (LA) (C18:2, omega-6). SFA are saturated or filled with hydrogen, hence, are
without any double bonds (Rustan & Drevon, 2005). Examples are lauric acid (C12:0),
myristic acid (C14:0) and palmitic acid (C16:0).

A saturated fat
Palmitic acid

(C\¢H3,0,)

A monounsaturated fat
Oleic acid

(C\sH340,)

A polyunsaturated fat
Linoleic acid

(C1sH3,0,)

Figure 1. Schematic structure of fatty acids.

1.2.3 Fat metabolism and health effects

The risk of developing CVD as a result of changes in blood cholesterol levels is well known
to be affected by fat quality. Replacement of SFA with MUFA and PUFA, especially omega-
6 PUFA, decreases the plasma concentration of total and low-density lipoprotein (LDL)-
cholesterol. The mechanism for these effects may be increased uptake of LDL particles from
the circulation by the liver (Rustan & Drevon, 2005). LDL receptors in the liver are regulating
the levels of plasma LDL, determined by the rate of LDL production and clearance.
Lipoproteins are divided according to size and density: chylomicrons are large particles, but
the least dense ones, and their size can vary according to the amount of fat ingested. They are

made in the intestines, and these are large triglyceride rich particles, and involved in



cholesterol and triglyceride transportation to peripheral tissue and the liver. Very low-density
lipoprotein (VLDL) is produced by the liver, and are smaller but denser than chylomicrons,
however their size can vary depending on how much triglycerides there are in the particle.
LDL is even smaller and denser, derived from VLDL and Intermediate density lipoprotein,
and these particles carries most of the cholesterol into the circulation. Finally, High-density
lipoprotein (HDL) is rich in cholesterol and phospholipids, and these are small, but very
dense. HDL are particles important for the reverse cholesterol transport from the peripheral
tissue to the liver, having anti-inflammatory, anti-oxidant, anti-thrombotic as well as anti-
apoptotic properties in the body (Feingold & Grunfeld, 2015). Hypertriglyceridemia, low
HDL levels, obesity, T2D and inflammation are associated with large amounts of small dense
LDL particles, that has lower affinity for LDL receptors, and this can lead to a prolonged time
in the circulation, giving increased risk of CVD (Feingold & Grunfeld, 2015).

SFA is shown to decrease the activity of LDL receptors, as compared to MUFA and PUFA,
thereby contributing to less degradation of LDL cholesterol and to increased LDL cholesterol
levels in the blood, while PUFA have the opposite effect (Fernandez & West, 2005).
According to the Food and Agriculture Organization (FAO) and WHO, there is convincing
evidence that there are three saturated fatty acids that increase LDL cholesterol; Lauric acid
(C12:0), Myristic acid (C14:0) and Palmitic acid (C16:0). In addition to a positive correlation
between fat intake and overweight and adiposity (Lissner & Heitmann, 1995), there is
convincing scientific evidence that SFA may negatively affect several factors related to
cardiovascular diseases and atherosclerosis, whereas PUFA may reduce the risk of CVDs and
exert several beneficial effects on lipid metabolism, insulin sensitivity and satiety regulation

(Helsedirektoratet, 2016).

In addition to the known effects of how different fat quality can impact cholesterol levels and
the development of CVD, some studies also show that fat quality can affect glycemic
regulation (insulin and blood glucose). SFA is seen to increase, and PUFA decreases blood
glucose (Imamura et al., 2016). The underlying mechanisms of how intake of SFA can disrupt
glycemic regulation, and increase the risk of developing T2D, are not fully understood. Diets
rich in SFA are associated with increase adipose tissue inflammation and metabolic diseases,
whereas diets rich in PUFA have been shown to counteract inflammation and promote a lean
and metabolically healthy phenotype (Caesar, Tremaroli, Kovatcheva-Datchary, Cani &
Béckhed, 2015). Blood glucose levels have been shown to improve by replacing



carbohydrates or saturated fats with polyunsaturated fats. Notably, it is not enough to reduce
intake on carbohydrates or saturated fat alone, because it is the addition of PUFA in the diet

that has shown effect on blood glucose control (Imamura et al., 2016).

1.3 Satiety regulations

Dietary fat is shown to have the overall weakest effect on satiety compared to carbohydrates
and protein. It is implicated in the rise of obesity as it is highly palatable and the most energy
dense nutrient. Due to fat being a major contributor to overall energy intake, fat with satiating
properties could possibly influence satiety by reducing overall energy intake (Maher & Clegg,
2018). Satiety is the term we use at the end of a meal, and the feeling of fullness that
continues after eating. Satiety is probably suppressing further eating between meals until
hunger returns. Satiation refers to a feeling of satisfaction after a meal and develops in the
process of eating. Satiation determines the meal size (Amin & Mercer, 2016; Benelam, 2009;
Hall et al., 2012; Green et al., 1997). Anyway, feelings of satiation can be overridden by
sensory and cognitive stimuli that affect food intake, as for instance liking or wanting a food
can overcome the physiologic feelings of feeling full or being hungry. Sensory-specific
satiation affect satiety in a way when people might be able to eat a dessert, after being satiated

from the main course (Hall et al., 2012).

The regulation of long- and short-term energy balance in healthy individuals is controlled
quite well, and the energy intake and expenditure have to be relatively equal to maintain a
stable body weight (Klok et al., 2006). However, for some people there is an imbalance
between energy intake and expenditure (Naslund & Hellstrom, 2007), and internal biological
factors like resting metabolic rate, and external factors like energy density of food consumed,
are influencing energy intake and further the energy balance (Beaulieu, Hopkins, Blundell &
Finlayson, 2017). Excess weight gain is the result of an imbalance in energy intake and
expenditure, where energy intake is much higher than the energy we spend (Klok et al., 2006;
Néslund & Hellstrom, 2007). Because obesity continues to be a growing epidemic, it is
important to understand the mechanisms that regulate energy intake. The brain needs to have
the ability to regulate and detect energy stores in such a way that energy intake and
expenditure correlate (Ahima & Antwi, 2008). Earlier, the focus was on hypothalamic control
for food intake, whereas today there is research recognizing that the pancreas, adrenals and

the gastrointestinal (GI) tract also is involved in short term feeding control. In addition,



adipose tissue has been found to play an important role in long term control of food intake

(Naslund & Hellstrom, 2007).

Behavior modification is a recommended step in obesity prevention, however evidence shows
that weight loss is rarely maintained over the long term, after programs only targeting lifestyle
changes (Teixeira et al., 2015). It is, indeed, therefore important to understand other factors
affecting satiety, when looking into food and behavior change, to reduce the risk of obesity
(Amin & Mercer, 2016). Understanding the mechanistic regulation of hunger and satiety is
crucial and urgent in order to prevent obesity (Heisler & Lam, 2017). Satiation and satiety is
believed to be impacted by food composition, and macronutrients are suggested to differ in
their effect, with protein being more satiating than carbohydrate, and the least satiating
macronutrient being fat (Hall et al., 2012). Studies have demonstrated that high-fat diets give
rise to overconsumption, because fat is less potent than carbohydrate and protein in signaling
satiety (Blundell & Macdiarmid, 1997; Green, Burley & Blundell 1994; Flint, Helt, Raven,
Toubro & Astrup, 2003). On the other hand, research conducted on different foods, nutrients
and their effect on satiety, has shown that energy density is what appears to affect satiety the
most. If energy density is controlled, the macronutrient composition does not seem to matter
that much, but high fat foods tend to have a higher energy density than the other
macronutrients (Benelam, 2009). Since any food or drink can affect satiation and satiety with
varying capacity, it is important to determine what we can do to reduce satiation or satiety, for

a given amount of energy (Benelam, 2009).

Systems within the brain are sensing and integrating food intake that are influenced by
emotional factors, social cues and learned behavior. Energy stores, recent energy intake and
presence of specific nutrients are all signals interpreted in the brain (Badman & Flier, 2005).
The neurons of the hypothalamus controlling food intake and energy expenditure, are
responding to satiety signals from the circulation. Inflammation and damage on neurons
controlling food intake and energy expenditure has been seen in some studies after intake of
SFA. Inflammation triggered by SFA is shown to negatively impact satiety regulation and

inhibit appetite regulation in the brain (Araujo, Moraes, Cintra & Velloso, 2016).

1.3.1 Fuel oxidation and satiety regulation
Some research suggest that satiety is linked to an increase in fuel oxidation, and that

fluctuation and availability of some substrates, mainly glucose and fatty acids, control eating.



Thus, signals that are generated through post absorptive energy intake, control satiety
(Alfenas & Mattes, 2003; Harrold, Dovey, Blundell & Halford, 2012). In between meals,
satiety is controlled metabolically by the gut peptide hormones Glucagon-Like Peptide-1
(GLP-1), cholecystokinin (CCK) and Peptide YY (PYY), inhibiting food intake as it passes
through the GI tract, also serving roles in meal processing. Hormones like leptin, ghrelin and
adiponectin affect appetite, where ghrelin stimulates hunger, leptin promotes satiety, and
adiponectin can affect the insulin response (Carlson, Turpin, Wiebke, Hunt & Adams, 2009).
Long term satiety is controlled by insulin, amino acid concentration in the blood as well as
glucose and oxidation of nutrients in the liver. Where fat being oxidized might be more
satiating than fat being stored, and PUFA is oxidized faster than SFA and MUFA (Alfenas &
Mattes, 2003). Signals from fuel oxidation are further integrated in the brain controlling

homeostatic and hedonic appetite and satiety (Amin & Mercer, 2016).

1.3.2 Homeostatic appetite control

Homeostatic control of appetite can be explained in three levels of a psychobiological system.
These are psychological and behavioral events, peripheral physiological and metabolic events,
and neurotransmitter and metabolic interactions in the brain. All these events are incorporated
in this system and termed in the satiety cascade including before, during, termination and after
food is consumed (Beaulieu et al., 2017). The biological need to maintain the body's energy
stores, are regulated by the homeostatic appetite control. Motivation to eat is increased as
energy stores are depleted, and negative feedback signals are generated as soon as this need is
met. On the contrary, this system does not work as well when there is excess energy; hence,
the system is more sensitive to a deficit in energy than overconsumption. In other words,
weight gain is allowed easier than weight loss by the system (Harrold et al., 2012).
Homeostatic appetite control interacts with non-homeostatic appetite control, in a complex
relationship affecting overall appetite. Non-homeostatic appetite is such as food hedonics and

behavioral traits (Beaulieu et al., 2017).

Hedonic thoughts about food contributes to meal size and frequency, as it is the sensory
system signaling the appetite for salt, sugar and fat. Weather we want or like a certain type of
food are reflected by food hedonics, and influence food preference and choice (Beaulieu et
al., 2017). Wanting food is thought to be slightly more important for overconsumption of food
in obese individuals, because of attraction towards certain foods. Liking is the sensory

pleasure from certain foods, and this tend to stay the same and is not affected by obesity



(Beaulieu et al., 2017). We can further define appetite as a motivational drive to eat a certain
amount of food, regulated in a complex variety of signals within the body (Heisler & Lam,
2017). The regulation of feeding is monitored in many brain regions, cell types and other

specific projections within the body.

The arcuate nucleus (ARC) is the most important site for integrating both exogenous and
endocrine signals. Appetite is dependent on the feeling of whether energy levels are adequate
in the body and has therefore an important homeostatic component for energy levels. The
drive to eat is low when the interoceptive feeling of energy is adequate, and high when energy
levels are perceived as inadequate by the interoceptive sensations (Heisler & Lam, 2017).
Various peripheral organs send neural and chemical messages regarding the energy status in
the body to the CNS. Several circulating hormones and factors induced by the eating
sensation, like taste, smell and the feeling in the mouth, have access to regions of the CNS
controlling energy homeostasis. Furthermore, from the peripheral system these regions in the
CNS get signals about ingestion and utilization of nutrients, like absorption, metabolism and
energy storage (Harrold et al, 2012). The CNS is integrating all the signaling information to
maintain energy homeostasis (Bauer, Hamr & Duca, 2015; Harold et al., 2012). Examples of
signals are firstly distension and chemoreceptors in the gut, energy status and conversion from
the liver, generated via afferent vagal signals from nucleus of the solitary tract/area postrema
complex in the brain stem. Secondly, receptors sending CNS signals that detect circulating
levels of nutrients and their metabolites in the periphery, and lastly, glucose and
neurotransmitter precursor substances having crossed the blood brain barrier and entering the
brain directly altering CNS neurochemical activity in specific sites for regulation (Harrold et

al., 2012).

1.3.3 Satiety cascade

The satiety cascade outlines the process of behavioral and physiological events following
food intake, and the termination of eating until hunger signals return, illustrated in Figure 2
(Bellisle, 2008; Blundell, 2010). In other words, it explains events that stimulates eating
(preprandial), signals triggered by food ingestion and termination (prandial), and lastly,
processes following eating termination (postprandial) (Harrold et al., 2012). Eating and
drinking occasions during the day are influenced by many factors, and the total number of
meals and how much is consumed during the day, is therefore reflected both by satiation and

satiety (Benelam, 2009). With that in mind, the satiety cascade is showing satiation and



satiety influences over time that includes taste, texture, smell and other associations of the

eating associations that might occur.

After food is ingested, the brain receives signals from post digestive factors, which initially is
caused by the distention of the stomach. Satiation and satiety promoting hormones are further
released from the gut as digestion goes on. Specialized receptors are detecting nutrients at
different sites in the body, as well as the brain (Benelam, 2009), and post digestive signals are
received by the central nervous system (CNS) from the gut, in the prandial phase.
Furthermore, distention of the gut is signaled by mechanoreceptors, in the presence and
amount of food consumed. The presence of nutrients is detected by chemoreceptors giving
information about the ingested food, while the vagus nerve is giving information from signals
in the GI tract. Lastly, when circulating nutrients from the GI tract enters the peripheral
circulation, prandial and postprandial signals are activated. Receptors in the CNS can be
activated by circulating nutrients as they are metabolized in organs or peripheral tissue, or the
nutrients can serve as post absorptive satiety signals if they enter CNS directly via the

circulation (Harrold et al., 2012).
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Figure 2. The Satiety Cascade shows relationship between satiation and satiety, and some mediating

psychological and physiological processes (Blundell, 2010).



1.3.4 Tonic and Episodic signals

After food ingestion, peripheral influenced signals arise, which we classify as either tonic or
episodic factors (Harrold et al., 2012). To reflect amount of body fat, “Tonic” or long-term
adiposity signals like insulin and leptin, is released continuously. In addition, “episodic” or
short-term signals fluctuating depending on food intake (Bauer et al., 2015). Tonic and
episodic signals determine how much is eaten, although they differ in effect and time. A
constant need for energy influenced over the long term is generated by tonic factors, while
episodic signals are those triggered when food is ingested (Harrold et al., 2012). During
digestion, chemicals released by the GI tract act as satiety signals. Some peripheral signals
recognized as having an important role in satiety are CCK, GLP-1, PYY and amylin (Harold
et al., 2012). The hormones secreted from the gut when food has been consumed, act on areas
in the brain either directly or indirectly to promote satiety. Even if episodic signals are
released when episodes of eating happen, and tonic signals reflect the amount of energy
stored in the body, they may overlap some as they both control feeding behavior (Benelam,

2009; Harrold et al., 2012).

1.3.5 The enteric nervous system and the gastrointestinal tract

The enteric nervous system in the GI tract influences exocrine secretion, motility, blood
supply and secretion of gut hormones, and is involved in every aspect of the gut function.
Inside and between submucosal and myenteric plexuses local signaling take place, and
afferent signaling from the gut to the brain happens in vagal and splanchnic nerve pathways
(Badman & Flier, 2005). Peptides in the gut have multiple targets, including exocrine glands,
smooth muscle, afferent nerve terminals and the brain (Badman & Flier, 2005). Short term
control of food intake involves the CNS, however also the adrenals, pancreas and the GI tract

(Naslund & Hellstrom, 2007).

Peptides in enteroendocrine cells of the mucosa of the GI tract and in central areas which
controls and regulates food intake, can be found in the enteric nervous system and vagal
afferent nerves. This could for instance be neurons from the GI submucosal and myenteric
plexuses, and endocrine cells found in the intestinal mucosa and pancreatic islets displaying
orexin, and orexin receptor immunoreactivity (Nédslund & Hellstrom, 2007). Throughout the
GI epithelium, there are at least 15 different types of enteroendocrine cells. Many different
hormones and signaling molecules are produced and released in these cells, and this together

makes the GI tract the largest endocrine organ in the body (Sam et al., 2012). The peripheral
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and vagus nerve systems are sensing both mechanical distention and chemical stimulation by
many nutrients, released as hormones (for example CCK and GLP-1) and affecting sensory
nerves. When nutrients releasing these hormones are delivered to the intestines, CCK and
GLP-1 activates the brain stem through the afferent vagus nerve from their specific receptors

(Naslund & Hellstrom, 2007).

The GI is very important for digestion and absorption of nutrients. Before food even enters
the mouth, endocrine and exocrine secretions, as well as gut motility, are stimulated by visual,
olfactory and gustatory senses. In addition, hormones that control our feeding mechanisms,
are secreted in our GI tract (Ahima & Antwi, 2008). In fact, more than 20 different regulatory
peptides are released by the GI tract, which influences many physiological processes.
Exocrine glands, smooth muscles and the peripheral nervous system are all tissues gut
hormones influences and act on. Not only do they contribute to the short-term satiety feeling,
they do possibly also reduce food intake as they decrease hypothalamic orexigenic signaling,
and increase anorectic signaling. In addition, these gut peptides mediate the feedback
mechanisms inhibiting intestinal passages, which prolong gastric distention and increases
satiety between meals. The mechanisms by the gut peptides CCK, PYY, GLP-1,
oxyntomodulin and the effect of the CNS combined, facilitates the control of food intake and

postprandial passage through the GI tract (Sam, Troke, Tan & Bewick, 2012).

Systems within the brain that sense and integrates signal about energy stores, energy intake
and also specific nutrient classes, are influenced by emotional, social and learned behavioral
factors. The ARC of the hypothalamus, receives inputs from other areas of the brain and is
accessible to circulating factors (Figure 3). Signals related to total energy stored in adipose
tissue, immediate changes in available energy, which includes nutrients in the gut, are
received in the ARC (Badman & Flier, 2005). The long and short-term signals are not very
independent of each other, as long-term insulin and leptin signals can also modulate short

term nutritional input.

1.3.6 Gut peptides regulating satiety

Signals influencing food intake and energy expenditure can be separated into two categories,
long- and short-term signals. Mediators of intestinal satiation such as GI signals are released
as nutrients passes into the stomach and intestines (Rebello et al., 2015; Wren & Bloom,

2007). Enteroendocrine cells located in the GI tract and nutrients are interacting to stimulate
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the release of peptides that influences appetite regulation locally, centrally and peripherally
(Rebello et al., 2015). These peptides can function as short-term satiety signals and very
likely long-term regulators of body weight (Wren & Bloom, 2007). GLP-1, PYY and CCK,
are released from intestinal L-cells in response to ingestion of nutrients and appear to act in
part as satiety signals as well as possibly participating in long term body weight regulation
(Wren & Bloom, 2007). These are known to be anorexigenic, physiologic regulators for

appetite (Ndslund & Hellstrom, 2007).

CCK is a satiety hormone, a strong mediator as a satiety gut peptide, shown to inhibit food
intake (Benelam, 2009; Harrold et al., 2012; Néslund & Hellstrom, 2007; Wren & Bloom,
2007). When nutrients, especially from fat and protein-rich foods, enter the gut, CCK is
rapidly released into the circulation postprandially. In addition to inhibit food intake, CCK is
involved in delaying gastric emptying, stimulating pancreatic enzyme secretion and trigger
the release of gallbladder bile salts which promotes fat and protein digestion in the duodenum.
These actions are optimizing the digestion of fat and protein in the small intestine (Sam et al.,
2012; Wren & Bloom, 2007). SFA, long chain fatty acids, amino acids and small peptides
influences CCK to be released postprandially. The release of CCK in response to long chain
fatty acids, influences PYY release which inhibits the orexigen hormone Ghrelin (Sam et al.,

2012). CCK and PYY will act to inhibit food intake and suppress appetite together.

PYY is released from the GI tract and induces satiety after food intake. It probably has a
longer duration compared to other satiety peptides (Nédslund & Hellstrom, 2007).
Enteroendocrine cells in the stomach can detect low levels of PYY, and alongside the small
and large intestine, these levels increase. Levels of PYY in a fasting state will be low, and
higher postprandially as the PYY release are secreted in proportion with energy consumed
(Sam et al., 2012). The pattern of PY'Y secretion in response to a meal raises the possibility
that it may be a physiological satiety signal, acting to terminate the meal and stimulating

coordinated GI responses to aid digestion and absorption (Wren & Bloom, 2007).

GLP-1 and glucagon-like peptide-2 are released in equal amounts in the blood stream after a
meal (Naslund & Hellstrom, 2007), and is first and foremost involved in the stimulation of GI
motility. It is found in the brain, and shown to inhibit food intake when administered
centrally, but physiologically, it does not influence appetite (Murphy & Bloom, 2006). GLP-1

is located and synthesized by L cells in the distal small intestine, where it is co-released with
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PYY. Several studies show that in appetite regulation, GLP-1, is a hormone that can stimulate
the release of insulin and inhibit glucagon and delays gastric emptying, inhibits food intake
and is important in the metabolism and absorption of macronutrients (Harrold et al., 2012).

Because GLP-1 slows gastric emptying after a meal, the requirement for insulin is reduced
(Naslund & Hellstrom, 2007).

1.3.7 Gut Brain-Axis and satiety signals

The GI releases the majority of short-term satiety signals. Some key gut peptides like CCK,
GLP-1, gastric inhibitory peptide and PY'Y, communicate important information regarding the
size and composition of a meal to the brain, and the gut-brain axis (GBA) represents a
bidirectional signaling axis that is vital for metabolic regulation (Figure 3). Several studies
have investigated the effect of different nutrients, including fatty acids, on satiety regulation
and gut peptide release (Araujo et al., 2016). GBA is the bidirectional communication
between the enteric nervous system and the CNS, and both cognitive and emotional centers of
the brain is influenced by the GI tract and vice versa (Carabotti, Scirocco, Maselli, & Severi,
2015; Mayer, Tillisch & Gupta, 2015). The GBA is further a modulator in the regulation of
blood glucose levels, adipocyte function and energy expenditure, thus influencing to proper

maintenance of energy homeostasis after food intake (Hussain & Bloom, 2013).
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Figure 3. Gut-brain axis: regulation of food intake. GLP-1, Glucagon-Like Peptide-1; CCK,

cholecystokinin; PYY, Peptide YY; PVN, paraventricular nucleus of hypothalamus (Modified by Sam
et al., 2012).
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Stimulation of gut hormones happens when nutrients after food digestion activates receptors
in enteroendocrine cells. Gut hormones can influence food intake at either the vagus nerve,
brainstem or hypothalamus (Sam et al., 2012). The hypothalamus and the brainstem are
responsible for the regulation of energy homeostasis. They receive peripheral neural and
hormonal signals giving information about short term nutritional state and fat reserves.
Regulation of appetite and energy expenditure are controlled with signals to the brain center
influenced by afferent neurons and hormones from the periphery (Sam et al., 2012). The ARC
is having a key role in the regulation of food intake and energy expenditure and is containing
two populations of neurons acting opposite of each other, supposing important key conduits
for peripheral signals in altering food ingestion. These are orexigenic neurons expressing
neuropeptide Y and Agouti-related protein, and anorexigenic POMC neurons illustrated in
Figure 3 (Sam et al., 2012). A semi permeable blood brain barrier is located alongside the
ARC, allowing hormones from the circulation and other peripheral signals to easily influence
directly on the CNS (Hussain & bloom, 2013; Sam et al., 2012). Gut hormones signal short-
term information after a meal to the ARC, and circulating peptides from adipose tissue, like

insulin and leptin, inform about long term energy stores (Sam et al., 2012).

1.4 External factors impacting food intake

Food intake in humans is complex with a physiological basis, but is also influenced by
emotional, social and learned behavior factors. Signals reflecting overall energy stores, recent
energy intake and other specific nutrients within the brain are influenced by these external
factors (Badman & Flier, 2005; Murray & Vickers, 2009). Body weight, age, gender, diet,
such as liking and wanting food, and the social circumstances are confounding factors to pay
attention to when measuring satiation (Benelam, 2009; Hall et al., 2012). Psychological and
physical factors on an individual basis, like texture of the food, if it is salty or sweet,
temperature, a participant’s mood, and other feelings around the meal is likely affecting
feelings of hunger and fullness (Murray & Vickers, 2009). In a setting with others, social
influences of eating, like social modelling and norms, can affect how much and the way

people eat (Higgs & Thomas, 2016).

Factors caused by the obesogenic environment we live in today influences quite heavily the
choices we do about food consumption. The way hedonics impacts food intake does not
necessarily have to do with the energy need or weight status of an individual (Beaulieu et al.,

2017). The food environment affects the internal signals of hunger and satiety and make it
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more difficult to regulate food intake. Examples of external factors influencing satiety are
food commercials on TV, sight or smell of foods. Norms and traditions are also influencing
both meal initiation and the social setting as food not only is about eating, but also about
interaction among the people sharing the food. For instance, people can be in a social setting
where they accept to eat, even if they just ate, thus overriding the feeling of satiety (Bilman,
Kleef & Triip, 2015). According to Benelam (2009), studies has shown that people eat about
44% more when they are in a social setting with others, then they do when eating alone
(Benelam, 2009). Highly palatable foods are easy accessible, affordable and highly promoted
everywhere, and our appetite control system is challenged, possibly overpowered by habits,
routines and cues in the external environment and act as determinants regulating food intake
(Bilman et al., 2015). Palatability and satiety is shown to act opposite of each other, as satiety
limits consumption and palatability increases appetite and food consumption. The most
palatable foods are in other words the least satiating. Drewnowski (1998), found that high-
energy dense foods are often selected in bigger portions because they are expected to be less

satiating (Brunstrom & Rogers, 2009).

Palatability, which is defined as the “pleasurable experience when consuming food”, being
the individual experience when eating under a specific setting that can affects portion size and
food perception (Benelam, 2009; Kral, 2006; Vartanian et al., 2017). Ways of increasing
palatability could be adding more fat, and this can increase both appetite, portion size,
duration and eating rate of a food or meal. Often, more palatable foods can be less satiating
and more nutrient dense, and the composition of the food or meal is not controlled (Benelam,
2009). Furthermore, both the variety and portion size of a meal will influence how much
people eat in a setting. Many studies have suggested that the more food choices, the more
food is consumed. The same is seen with portion size, where the larger the portion size is, the
more food is consumed. If food consumption only were affected by the internal mechanisms,

people would not eat more when given larger portions (Benelam, 2009).

It is also suggested by some studies, according to Benelam (2009), that eating when watching
television or having distractions, increases food consumption, because people get less
sensitive to internal control systems regulating appetite and satiation. Even so, such
distractions are complex, as it also means being sedentary for more or longer time while

eating, and at the same time having the opportunity to eat more (Benelam, 2009).
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In opposition to a sedentary lifestyle, physical activity is well known to have a positive impact
on such as body composition and increase energy expenditure. It can also help with short term
weight control and maintenance of a healthy weight (Benelam, 2009). However, according to
Beaulieu et al., (2017), both the amount of physical activity, the amount of body fat people
has, and weather the composition of the meal post exercise is high or low in fat, does play a

significant role in the sensitivity to which it affects appetite control (Beaulieu et al., 2017).

1.5 Visual Analogue Scale to measure satiety

Satiety and appetite sensation can be measured both physiological and psychological, and
VAS are one method commonly used to measure psychological sensation. A widely used
scale is either 100 mm or 150 mm horizontal line, where one end is the extreme of subjective
feeling of either “not hungry at all” or opposite “very hungry”, in the case of hunger sensation
assessment. According to how the subjects define the line, they are recording their satiety
experience after a meal, and measurements using VAS is often taken at repeated time
intervals. The measurement quantification is done by measuring the distance from left to
right, and most often VAS is constructed on paper, however it can be done electronically
(Stubbs et al., 2000). VAS can give important information when used appropriately in
research related to food and satiety, even if it can be difficult to quantify, and several external
factors must be accounted for (Livingstone et al., 2016). VAS validity and repeatability has
been vastly studied in other research areas and are considered the “gold standard” in pain
research. VAS is commonly used to measure satiety and are validated by several studies
(Flint, Raben, Blundell & Astrup, 2000; Stubbs et al., 2000). Both repeatability and
reproducibility may be assessed in the same way, because they are measures of reliability
(Watson & Petrie, 2010). VAS is known to have good repeatability between groups, even if it
has some limitations (Kaviani & Cooper, 2017; Lesdéma et al., 2015). In studies with single
meals, appetite scores can be used as they are reproducible (Flint et al., 2000). Repeatability is
the term used when there is identical conditions and measurements are made on the same
subject, using the same instruments and method. On the other hand, the term reproducibility is

the method used when conditions are changing (Barlett & Frost, 2008).

In a given situation perceived hunger or appetite that triggers feeding will greatly differ from
individuals in different settings. The way we “feel” like eating or not, is determined by
physiological signals, past experiences and other environmental influences, but these are not

easy to measure directly. Blood glucose fluctuations, social occasions and previous food
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poison experiences are examples of sources that are difficult to use as measurements for
perceived hunger or appetite. Subjective hunger is best to track over time, in order to provide
information about the actual feeding events such as diet composition, or physiological
variables affecting the appetite control system (Stubbs et al., 2010). The actual sensation of
hunger can greatly differ quantitatively and between subjects, and it is important to take into
consideration what people mean using the terms hunger, appetite and satiety. People can use
terms like this to describe many sensations they recognize and predict their normal behavior

(Stubbs et al., 2010).

The subject’s emotional, mental and psychological status can affect VAS answers and cause
bias when reporting the sensation of hunger and fullness (Kaviani & Cooper, 2017). It is
important to have in mind, because when evaluating different meals and diets on appetite
sensation, psychological factors can interfere with physiological factors affecting the meal.
Indeed, hunger tolerance can vary from one day to another, and impact answers to be

inaccurate on a test day (Kaviani & Cooper, 2017).

Some studies have found differences in hunger and satiety between meals with varying fatty
acid composition, using VAS in addition to other hormones, whereas other studies have not
found any relations between fatty acids quality and subjective satiety (Kaviani & Cooper,

2017).
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1.6 Aim of the study

The aim of this study is to investigate how a test meal with different fat quality, SFA versus
PUFA, may affect subjective satiety sensation in healthy individuals measured by VAS. In
addition, to measure the effect of a meal with different fat quality on postprandial blood

glucose levels.

Objectives of this master thesis were to:

o study the effect of SFA and PUFA on postprandial subjective satiety sensation in
healthy subjects, using VAS.

o study the repeatability of the self-reporting satiety sensation (VAS), between two
visits with intake of either SFA or PUFA.

o study if SFA and PUFA affect postprandial blood glucose levels differently in healthy

subjects.

In this master thesis VAS is used as a method to further investigate the effect on fatty acid
quality on subjective satiety sensation, as it is a non-invasive, easy and cost beneficial
method. In addition, objective measures for blood glucose was measured to study any
correlation between the subjective and objective measurements of satiety, or differences in

blood glucose levels between a test meal rich in SFA compared to PUFA.
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2.0 Materials and Method

The current study was carried out as a postprandial, double blinded, crossover study design.
The study lasted for a total of 5 weeks, and one week prior to the first study period
participants met for a screening day. Subjects were divided into two groups, and both groups
came in 2 weeks each (V1 — V4), with one week washout in between. Each subject consumed

two test-meals (Monday and Friday morning) each of the two interventions periods.

2.1 Recruitment and Subjects

The recruitment process was carried out from September 2017, until October 2017. The
subjects were recruited from the student population at OsloMet, Kjeller. Information about
recruitment was provided through social media, as well as presentations in classes at
OsloMet. A total of 34 individuals showed interest in participating in the study, and of these
23 were included in the study (Figure 3).

All subjects were screened before included in the study. Screening was done to exclude
subjects that could not participate due to the exclusion criteria set for this study. Exclusion
criteria were self-reported current or previous chronic diseases, like diabetes mellitus (type 1
and 2), CVD and cancer for the last 6 months (Table 1). Any significant metabolic, endocrine
or GI diseases were excluded. Food allergies or intolerances were also excluded, because the
test meals could contain some of the allergens. The subjects could not be pregnant or lactating
(Table 1). It was not permitted to plan a weight reduction or having changed weight during
the last 3 months prior to the study. Subjects could not have given blood during the last two
months before the study, or during the time of the study. Subjects had to be willing to stop
using dietary supplements and stop hormonal treatment (except for contraceptives/birth
control) from one week prior to study start, and throughout the study period. Lastly, they had
to have a low alcohol consumption during the study period. None of the participants used

medications known to affect appetite or weight regulation (Table 1).
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Table 1. Exclusion criteria

Criteria

Chronic metabolic diseases Diabetes type 1 and 2, CVD, cancer last six months.
Intestine diseases Chron'’s disease, ulcerous colitis, celiac disease and IBS.
Food allergies and intolerances Concerns foods as eggs, grains, milk.

Pregnant and nursing women

BMI <18.5 and > 27 kg/m?

Reduction and/or weight change 5% weight change during the last three months.

Given blood During the last two months and the study period.

Stop using dietary supplements From one week before study start and throughout the study period.
High alcohol consumption > 40g per day.

Hormonal treatment Except use of oral contraceptives.

BMI, Body Mass Index; IBS, irritable bowel syndrome; CVD, cardiovascular diseases.

Due to exclusion criteria for BMI, three subjects were excluded, and after the screening and
study start, two participants withdraw their consent due to personal reasons (Figure 3).
Finally, a total of 21 healthy, normal weight men and women between 18 — 65 years of age,
with a body mass index (BMI) between <18.5 and >27 kg/m? were attended the study. Of
these, 18 subjects did both VAS (Appendix A) and blood glucose measurements, and 3
subjects did only VAS. BMI, body weight and height were measured and recorded while
fasting, on two consecutive occasions, after the study start. Total registered interested
participants were 34, but due to various reasons, seven did not participate. Of these, one
participant did not show up on the planned screening day. Two participants were excluded
due to high BMI, and one due to low BMI. Finally, two resigned after startup because of

personal reasons and sickness. A total of 21 subjects participated in the study.
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Figure 4. Flowchart with an overview of the study sample throughout the recruitment and

screening process. V1, Visit 1.

2.2 Study design and implementation

This master thesis was conducted in cooperation with the research group in the study field
Samfunnsernering, at OsloMet. Subjective satiety effects of a high fat standardized breakfast
muffins with either SFA or PUFA were assessed using a VAS questionnaire. The
implementation of the study took place at OsloMet (Kjeller), where all subjects met fasting
for the screening one week prior to the study start (V0), and further at four set occasions
during the study period (V1 — V4) (Figure 4). This gives a total study duration of 5 weeks,
and 5 visits (VO — V4) for each participant. For both periods, they meet at Mondays and
Fridays.

Anthropometric measures were performed fasting at screening and every visit. Height was
preformed using, Holtain limited stadiometer, and body weight and body composition was
done using, Tanita scale (BC-418 Segmental Body Composition Analyzer). Before
measurement all subjects were asked to remove any metal, socks and shoes, and one kg was
subtracted for clothes. Furthermore, the subjects completed a case report form (CRF,
Appendix B) at each visit. The CRF included questions about diet, physical activity, use of
medication or other supplements, and if they had followed the required restrictions. There was
a one week washout between the two study periods, to avoid bias where participants could

have remembered their VAS ratings.
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Figure 5. View of the study design.

V, Visit; VAS, Visual Analogue Scale; CRF, Case report form; DBS, dried blood spot; SFA, Saturated fatty acids; PUFA,
Polyunsaturated fatty acids.

Restrictions

24 hours prior to each study-day, participants were asked to abstain from alcohol and heavy
physical activity. The evening prior to each visit (V1 — V4) the participants last meal of the
day had to be a restricted supper at home, no later than 20:00. This meal was supposed to be a
low fat, and relatively low fiber meal, including bread (less than 50% wholegrain) with
skimmed dairy products and/or lean meat products as they desired. Any buttery spreads, oil,
nuts and fatty fish had to be avoided this meal (Appendix D). Information and restriction
regarding the supper was described in an informative letter with illustrations of the food that
were allowed and not allowed. This was given to all subjects after the screening, so they had
time to read it and ask questions if they didn’t understand it (Appendix D). Participants had to
fast from 20:00 and until the next morning. The fasting included any liquids, except water.
The participants were told not to change their diet during the study period, except for the

evening meal as explained.

A member in the research group, not involved in the study implementation and analysis, were
randomizing and distributing the meals for the subjects, and the subjects were not informed
weather it was the PUFA or SFA meals they were eating. The standardized breakfast meals
were given in random order and were served between 08:00 — 09:00, and the participants were
asked to consume the entire muffin within 10 minutes. The exact duration of eating time was

written down so all the subjects had their own time interval schedule to follow. VAS ratings

22



and blood glucose were measured throughout the next 180 minutes (eight times) and DBS
was measured 4 times (Table 2). Participants remained in the study location during the three
hours, and were allowed to read, write and similar activities. Participants were not allowed to
consume any other food until the 180 minutes had passed. The first test meal was given at day

one (Monday), and the second meal was given on day two (Friday).

Table 2. Time points for measurements in minutes after intake of HF testmeal

Time (minutes) fasting and after intake of HF testmeal

Measures 0 15 30 60 90 120 150 180
Tanita X

Glucose X X X X X X X X
Biochemical markers! X X X X

VAS X X X X X X X X

! Dried blood spot; VAS, Visual Analogue Scale

2.3 Test meals

The two standardized breakfast test meals consisted of two chocolate muffins, with a weight
of 100 grams. One was high in SFA, and the other high in PUFA. The PUFA muftin
contained 443.8 kcal, whereas the SFA muftin contained 435.8 kcal, respectively.

Calculating the type of fat and amount of fat to be used were carried out using a diet planer,
“Kostholdsplanleggeren.no”. After having tested various types of fats in order to get SFA and
PUFA as equal and standardized as possible, and MUFA as constant as possible, some good
fat alternatives were selected for test baking. An easy standardized recipe with relatively few
ingredients was used for the chocolate muffins (Appendix C). The muffins were prepared in
two batches, and the ingredients were; sugar, egg, baking powder, wheat flour cocoa powder
and fat source (Appendix C). Thus, the same amount, and the same ingredients, were used in
the preparation of each of the two test meals, except for the fat source. Bremykt was used as
the saturated fat source (47% SFA of total fat), and Vita-Hjertego was the polyunsaturated fat
source (42% PUFA of total fat). Total Energy percent (E%) from fat was 61 in the PUFA-test
meal, and 60 in the SFA test meal. After baking, the muffins were stored at -20°C, and

thawed overnight at 4°C before consumption. The test meals were consumed with water.
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Figure 6. The standardized breakfast muffins meal under production. The left picture shows
test baking of two different alternatives, one sweet and one savory muffin. The middle image

shows the finished product, and the third picture shows the labeling and packing of the meal.

Table 3. Distribution of the various fat types in the standardized breakfast muffins meal

PUFA Testmeal SFA Testmeal
Saturated fat % of total fat (SFA) 11 47
Monounsaturated fat % of total fat (MUFA) 40 35
Polyunsaturated fat % of total fat (PUFA) 42 11

SFA, Saturated fatty acid; MUFA, monounsaturated fatty acids, PUFA, Polyunsaturated fatty acids. Calculated using
“Kostholdsplanleggeren”.

Table 4. Nutrient content in the standardized breakfast muffins meal

Nutritional content (E%) Testmeal PUFA Testmeal SFA
Fat 61 60
Proteins 6 6
Carbohydrate 33 34

SFA 7 28
MUFA 25 21
PUFA 25 7

E%, Energy Percent; SFA, Saturated fatty acid; MUFA, monounsaturated fatty acids, PUFA, Polyunsaturated fatty acids.
Calculated using “Kostholdsplanleggeren”.
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2.4 Sampling procedure

2.4.1 VAS measurements and adjustment

VAS, as described by Flint et al., (2000) were used to determine satiety before each test meal
(fasted) and 15, 30, 60, 90, 120, 160 and 180 minutes after intake, as shown in Table 2. The
VAS questionnaire was handed out to the participants at each time interval right after blood
measurements were done (explained below). The subjects answered all the questions and put
the sheet in an envelope, to prevent any looking back at what they had previously answered.

All measurements were performed at day 1 and 2, in both study periods (Figure 4).

The VAS line is a standardized 100 mm (10 cm) horizontal line were the participants
answered all the questions by putting a vertical line mark, depending on sensation of
satiety/hunger. For example, “very hungry” or “not hungry at all”. A vertical mark towards
the left were indicating a low sensation of satiety or hunger, and stronger sensation the further
right they answered. To measure the VAS scores, the same ruler was used throughout the
study, and written down in millimeters. Measurements were done twice to avoid any human

CIrors.

Table 5. Questions used to assess the subjective appetite sensation using VAS

Keywords Keywords Response descriptors left scale Response descriptors

right scale

Hunger (sult) Hvorfor sulten er nd? «Ikke sulten i det hele tatt» «veldig sulteny

Satiety (metthet) Hvor mett foler du deg nd? «lkke mett i det hele tatt» «veldig metty»

Food cravings Hvor lyst har du pd mat nd?  «Ikke lyst pa mat i det hele tatt» «veldig lyst pa mat»
(Lyst pa mat)

Eaten more Kunne du spist mer na? «Kunne ikke spist mer i det hele tatty  «Kunne spist veldig mye
(Spist mer) men»

Sugary food Hvor lyst har du pd mat som  «Ikke lyst pa sot mat i det hele tatt» «Veldig lyst pa set mat»

(Sat/sukkerholdig) er sat/sukkerholdig na?

Savory food Hvor lyst har du pa salt mat  «Ikke lyst pa salt mat i det hele tatt» «Veldig lyst pa salt maty

(Salt) na?

Fatty foods (Fettrik)  Hvor lyst har du fettrik mat ~ «Ikke lyst pa fettrik mat i det hele «Veldig lyst pa fettrik
nd? tatty maty»
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2.4.2 Blood measurements

Finger-prick capillary blood glucose was measured fasting, and at seven time points after
intake of the test meals, as shown in Table 2. The finger-prick capillary blood samples were
collected using a glucose meter Contour XT and Contour Next test stripes following a
standardized procedure. This device was easy to handle and was used in room temperature.
Plastic gloves were used during the procedure, and blood drops were applied to the test strip,
and analyzed within 5 seconds. Blood glucose values are given in mmol/L. In addition, dried
blood spots (DBS) were taken for different biochemical markers (insulin, blood lipids, and

fatty acids), and stored in the freezer for future analysis.

2.5 Data processing and analysis

Data collected from this study were processed using Microsoft® Excel 2016 for Mac (version
16.12) and Windows 10 (version 15.32). The raw data was exported to IBM SPSS Statistics
(version 23), where the statistical analyzes were conducted. Non-parametric statistics were
used throughout the study due to the low number of participants (n=21), assuming the data
was not normally distributed. When the normality is questionable, as it often is with a small
sample sizes, one of the best tests to use is the Wilcoxon signed rank test, compared to the
paired sample t-test (Imam, Mohammed & Abanyam, 2014). The Wilcoxon signed rank test
(matched-pairs test) was used as participants were measured under two occasions, to detect
any significant differences in satiety feeling after intake of the muffins with different fat

quality.

Postprandial response in satiety and blood glucose was calculated as the incremental Area
Under the Curve (1IAUC) 0 — 180 minutes, by the trapezoid rule, using the average values for
the two periods in the study.

Az (Y1+Y2)x(X2-X1)
B 2

1AUC allows the fasting concentration (first observation) to be subtracted from each
measurement. The statistical parameters median, minimum and maximum were used to

present data.

26



Only at one occasion a subject did not answer all the questions (4 — 7) at 60 minutes at V1.
The average of all the VAS values at 120 minutes at V4 was used as a substitute for the
missing value, and in order to be able to include this subject’s answers in our data. The
significance level was set to 5% P < 0.05.

All calculations for the respected data set were done in Microsoft® Excel 2016.

To test repeatability between period 1 (V1/V2) and 2 (V3/V4), the method explained in Bland
& Altmann, (1986) was used. For each subject the iIAUC difference between period 1 and 2
was calculated for SFA and PUFA respectively. In addition, the average iAUC value for
period 1 and 2 was calculated for SFA and PUFA. Bland-Altman plots were created by
plotting the iAUC difference against the mean and adding two horizontals defined by mean +
Coefficient of Reparability (2xStandard Deviation). The difference between the two periods
was thereafter tested towards a total agreement (difference equal to zero) with a one sample t-
test. Lastly, a regression analysis was conducted to see if there was any relation between the
difference in iAUC and mean, as a significant regression could indicate a proportional bias in

the data. The significance level was set to 5% P < 0.05.

2.6 Ethical considerations

This project was approved by The Research Ethics in Norway, Regional Committee of
Medical Ethics (REK 2017/1327REK Ser-@st B). Before study start, all participants included
in the study, signed a written informed consent (Appendix E). This consent included
information about the background and purpose of the study, requirements from the
participants, information about project leaders, what is measured, how data is registered, as

well as processing and information about voluntary participation.

Participants were also informed about their rights to withdraw from the study after signing, if
they had to for any reason. The consent stated that all personal data is unidentified. The data
obtained in the study were non identifiable by providing the test subjects with an individual
(ID) number. Personal information and IDs were kept strictly confidential and secured at the
OsloMet, (Kjeller) both during and after the study. Only authorized persons in the project
have access to personal information and IDs. No person-identifiable information will be

recognized in published results.
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2.7 Power calculation

The number of participants in the current study is based on a recent review by Kaviani and
Cooper (2017), looking at appetite responses to high fat-meals with varying fat quality. The
review included 24 studies, most of them were postprandial studies, investigating the effect
directly after intake of a test meal. The number of participants in the studies were between 10-

20. A recruitment target was set for 20 healthy subjects.
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3.0 Results

3.1 Subjects characteristics

A total of 21 healthy individuals completed this postprandial crossover study; 18 women and
3 men. The participants were healthy, normal weight adults with a median age of 22 years and
BMI of 22.9. Characteristics from screening and blood glucose from the first visit are shown

in Table 6.

Table 6. Screening characteristics for gender, age, BMI, weight (n=21) and fasting blood
glucose at the first visit (n=18)

Gender

Male (n) 3

Female (n) 18
Age (years) 22 (21-27)
BMI (kg/m?) 22.9(21-23.3)
Weight 62.8 (59.7-68.2)
Blood glucose (mmol/L) 4.8 (4.6-5.1)

BMI, Body Mass Index. Values are presented as median and 25 — 75 percentile.

3.2 Subjective appetite sensation after intake of PUFA and SFA

Subjective satiety sensation (VAS) was tested after an overnight fast at day 1, in which
participants were given a standardized breakfast meal containing a chocolate muffin, high in
either PUFA (42% of total fat) or SFA (47% of total fat). The procedure was repeated at day 4
with the opposite muffins. The participants were asked to fill in VAS before consuming the
muffin, and after 15, 30, 60, 90, 120, 150 and 180 minutes respectively. The experiment was

repeated twice, with one week “wash out” in between.

No significant differences were detected for subjective sensation of hunger, satiety and desire
to eat after intake of the test meals high in SFA or PUFA (Figure 5 a, b and c¢). To measure
the subjective response for hunger, satiety and desire to eat throughout the time period
incremental area under the curve (1IAUC) was calculated for each participant in both periods
and the average scores, are presented in Figure 5d, e, and f. No significant differences were

detected between the two test meals.
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Figure 7. Postprandial subjective ratings of (a) hunger, (b) satiety and (c) food craving, measured using VAS (0 — 180

minutes) after consumption of the two breakfast meals. iAUC subjective rating scores for (d) hunger, (e) satiety and (f) food

craving after consumption of the two different breakfast meals either high in SFA or PUFA are shown in the box-plots.

Average value for both periods are presented by the median value of the subjects (n=21).

VAS, Visual Analogue Scale; iAUC, incremental area under the curve; SFA, Saturated fatty acids; PUFA, Polyunsaturated

fatty acids.

No significant differences were observed between intake of test meals high in either SFA or

PUFA on the participants’ desire to eat more food, desire to eat sugary food, savory food or

the desire to eat fatty food (Figure 6a — d). No significant differences were detected between

the two test meals for iAUC response (Figure 6e —h)
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Figure 8. Postprandial subjective ratings of (a) eaten more, (b) sugary food, (c) savory food and (d) fatty food craving
measured using VAS (0 — 180 minutes) after consumption of the two breakfast meals. iAUC subjective rating scores for
1AUC for (a) eaten more, (b) sugary food craving, (c) savory food craving and (d) fatty food craving after consumption of the
two different breakfast meals are shown in the box-plots. Average value for both periods are presented by the median value
of the subjects (n=21). VAS, Visual Analogue Scale; iAUC, incremental area under the curve; SFA, Saturated fatty acids;
PUFA, Polyunsaturated fatty acids.

3.3 Repeatability of VAS between subjective appet