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Abstract

Overweight and obesity are major risk factors for development of non-communicable
diseases, such as type-2 diabetes and cardiovascular disease, and increase the risk of early
mortality. Diet and food consumption are among the most important factors in preventing
and reversing overweight, obesity and their comorbidities. Whole grain has been associated
with decreased risk of overweight and obesity in observational studies, but the results from
interventions are inconsistent. This may be because very few interventions have been
adequately designed for evaluation of the effects of whole grain on body weight management
and these effects may differ between different whole grain sources. Rye is the cereal with the
highest fiber content and has been suggested to be superior to wheat in inducing beneficial
physiological effects with health implications, but large randomized controlled trials with
well-characterized intervention foods are lacking. This thesis aimed to investigate the effects
of rye-based cereals, compared with refined wheat-based cereals, on body weight loss and
metabolic risk factors. Furthermore, the potential influence of subjective appetite and gut
microbiota were investigated. High fiber rye-based cereal products were shown to induce
greater reduction in body weight and body fat than corresponding refined wheat products
after 6 and 12 weeks of intervention among overweight and obese men and women. No
consistent effect of rye products on appetite response was found and the changes in body
weight and body fat could not be linked to differences in subjective appetite or food intake.
However, this may be due to methodological issues and warrants further research. Compared
with refined wheat products, high fiber rye-based cereal products were shown to lower C-
reactive protein, a marker of inflammation and a risk factor for cardiovascular disease, in two
different populations. This effect was associated with reduction in abundance of certain
bacteria in the gut that have previously been associated with decreased gut barrier integrity,
suggesting that the effect of rye consumption on inflammation may, at least partly, be
mediated through changes in gut microbiota composition and decreased gut permeability. In
conclusion, the work included in this thesis suggests that replacing wheat-based cereals with
high fiber rye-based cereals can aid the reduction of body weight and body fat, and reduce
low-grade inflammation. These results can support the development of dietary guidelines and
promote the development of healthier food products.

Keywords: rye, wheat, whole grain, cereals, dietary fiber, weight loss, appetite, gut
microbiota, metabolic risk factors, randomized controlled trial.
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1 INTRODUCTION

Overweight and obesity are major risk factors for development of non-communicable
diseases (NCDs), such as type-2 diabetes, cardiovascular diseases and certain cancers, and it
has been estimated that overweight and obesity may account for as many as 4 million deaths
annually [1, 2]. Overweight and obesity can have negative effects on quality of life, as both
conditions increase the risk of living with disease and disability [1], in addition to having huge
costs for society [3]. It is estimated that 2 billion people are overweight worldwide, of whom
more than 600 million are obese [2, 4]. In Sweden, over 50% of the adult population aged 16—
84 years is overweight or obese and the numbers have been increasing over the past decade

[5].

Overweight is defined as body mass index (BMI) > 25 kg/m? and obesity as BMI > 30 kg/m?,
though it has been suggested that the cut-offs in certain Asian-Pacific populations should be
1-2 kg/m? lower [6, 7]. Fundamentally, overweight and obesity are caused by an imbalance
between energy intake and energy expenditure leading to accumulation of energy in the form
of excess body fat [8]. However, the underlying causes of this imbalance are more complex
and influenced by many factors, such as environment, genetics and medical conditions.
Recently, other factors such as gut microbiota have also been suggested to be of importance
[9]. However, diet and food consumption remain among the most important aspects for
preventing and reversing overweight and obesity and their comorbidities [10, 11].

Carbohydrate-rich foods, including cereals, fruits, legumes and starchy vegetables, constitute
the main energy source for the vast majority of populations worldwide and most dietary
guidelines promote consumption of such foods [12, 13]. However, over the past decades, a
decrease in carbohydrate intake has been seen, which may in part be a result of a rise in fad
diets focusing on reducing carbohydrate intake and in some cases giving carbohydrates a bad
reputation [14-16]. Carbohydrates include a wide range of molecules, from easily absorbed
simple sugars to complex fibers resistant to enzymatic digestion and absorption, which have
very different physiological effects and health implications. In line with this, recent research
has shown that carbohydrate quality may be more important than carbohydrate quantity in
determining the effects of carbohydrate consumption on human health [17]. Furthermore,
carbohydrate-rich foods, such as cereals and legumes, have a much lower environmental
impact than animal-based products, which can be considered a reason to encourage
continued and even increased consumption of such foods [18].

Whole grain cereals are rich in dietary fiber and a range of bioactive components, and have
consistently been associated with decreased risk of overweight, obesity and NCDs, making
whole grain cereals a good source of high-quality carbohydrates [19, 20].



While whole grain consumption has consistently been associated with reduced risk of
overweight and obesity in observational studies, there is a lack of data from appropriately
designed intervention studies. Such studies are needed to establish a causal link between
whole grain consumption and body weight management and to increase the understanding
of the underlying mechanisms. Furthermore, causality must be established before specific
health effects of whole grains can be communicated to consumers, for instance through so-
called health claims authorized by the European Commission [21].

Among cereals, rye has the highest content of dietary fiber and has been suggested to induce
beneficial physiological effects with implications for human health, such as enhanced satiety,
decreased insulin response and reductions in blood lipids [22]. Enhanced satiety could in
theory lead to reduced body weight, and satiety-enhancing foods could be a valuable tool in
preventing and reversing overweight and obesity [23]. However, there is a need for studies
testing the causal link between consumption of satiety-enhancing foods and long-term weight
management, to understand how satiety-enhancing products may be used to prevent and
reverse overweight and obesity. Recently, gut microbiota has emerged as a potential
mediator of the health effects proposed to be induced by whole grain, and gut microbiota
composition has in some cases been shown to determine the magnitude of weight loss
induced by cereal fiber consumption [24, 25].

In summary, there is a need for well-designed interventions that can provide causal evidence
for the effect of whole grain on body weight regulation, and prove a link between
consumption of satiety-enhancing foods and body weight loss. Closing these gaps isimportant
for the development of more effective dietary guidelines and for development and marketing
of healthier food products, which can together improve the health of the population.



2 OBIJECTIVES

The overall aim of the thesis was to evaluate the effects of high fiber rye-based foods
compared with commonly consumed refined wheat-based foods on weight loss and
metabolic risk factors, to aid reduction of the prevalence of overweight and obesity and their
comorbidities.

The specific objectives were:

A. To investigate the effects of a high fiber whole grain rye-based diet, compared with a
refined wheat diet, on weight loss (Paper ).

B. To explore the potential mechanistic effect of appetite on weight loss and investigate
factors that may influence appetite response to typical rye-based cereal products
(Papers I and IV).

C. To explore the potential influence of gut microbiota on weight loss in response to a
whole grain rye-based diet (Paper ).

D. To investigate the effects on metabolic risk markers of a diet rich in high fiber rye-
based foods (Papers | and Ill).



3 BACKGROUND

3.1 Cereals and human health

Cereals are major part of the diet in many areas of the world, but the consumption of cereals
varies between different countries as regards both grain species and amounts [26]. Many
countries in northern Europe, especially in Scandinavia, have a relatively high intake of rye-
based cereal products [27, 28], whereas the cereal intake in southern Europe is dominated by
wheat [29]. Oats and barley are consumed in several European countries, but to a lesser
extent than wheat and rye. A large proportion of the rye consumed in northern Europe is in
the form of whole grain, while many wheat products are typically based on refined wheat.
Whole grain food intake is recommended by governmental authorities as part of the official
dietary guidelines in many countries, but the exact recommendations differ somewhat
between countries, ranging from encouragement to “choose whole grains whenever
consuming cereals” to listing specific amounts of whole grain to be consumed on a daily basis
[30].

There is currently no globally accepted definition of whole grains or whole grain products [31].
Attempts have been made to unify the definitions, and the Health Grain Forum, which is a
European association of academic and industrial parties with an interest in cereals, proposed
the following definition of whole grains: “Whole grains shall consist of the intact, ground,
cracked or flaked kernel after the removal of inedible parts such as the hull and husk. The
principal anatomical components — the starchy endosperm, germ and bran — are present in
the same relative proportions as they exist in the intact kernel” [32]. Similar definitions have
been adopted by other major regulatory bodies within the food sector [33, 34]. Though an
official global definition regarding whole grain is lacking, there is a relatively strong consensus
on what constitutes whole grain; the definition of a whole grain product varies more, though
some suggestions for guidelines has been made [35]. Many products consist of a mixture of
whole grain and refined grain and the actual whole grain content in products marked whole
grain may vary substantially [35]. In some countries, attempts have been made to standardize
the definition of a whole grain product, for instance through the use of a whole grain logotype
by a public-private partnership in Denmark [36] and the Nordic “keyhole,” which was
originally developed by the Swedish National Food Agency in the 1980s and later adapted by
the Nordic Council and used in several Nordic countries [37, 38].

Consumption of whole grains has consistently been associated with better health status in
observational studies, whereas refined grains have in some studies been associated with
increased disease risk and have in other studies not been associated with either increased or
decreased risk of disease [39—41]. Whole grain consumption has for example been associated
with decreased risk of developing type-2 diabetes, cardiovascular disease and certain cancers
[39, 42—-45]. Furthermore, whole grain consumption has been inversely associated with BMI
and body weight, and seems to decrease the risk of overweight and obesity [46—49]. These

4



potential health effects have been attributed to many different components of whole grain
cereals, but cereal fiber has been suggested to be one of the main contributors, although it
has been shown to be difficult to separate the independent effects of bioactive compounds
and those of dietary fiber per se [19, 50]. Dietary fiber refers to carbohydrate polymers from
plants which are resistant to enzymatic digestion and absorption in the upper gastrointestinal
(GI) tract and therefore pass undigested into the colon, where they to varying degree undergo
digestion by the gut microbiota [51]. Dietary fiber is well established as an important part of
a healthy diet, but the term covers a wide range of different fiber components from different
sources. Their functionalities vary and thus it is likely that the specific health effects vary
depending on the type and source of fiber [52-54]. The physiological effects of dietary fiber
also range widely, from slowed gastric emptying and digestion of the food matrix in the upper
Gl tract and binding of various components hindering absorption, to acting as a substrate for
the gut microbiota in the colon [52-55]. The gut microbiota has been suggested to be involved
in the potential health effects of whole grain consumption [56]. However, whole grain-based
interventions have shown a limited ability to alter the gut microbiota composition. This may
be due to the fact that many studies have relatively low power and that changing only part of
the diet (e.g., replacing habitual cereals with intervention cereals) may not be sufficient to
induce major changes in the gut microbiota composition, especially in populations with high
habitual intake of fiber-rich cereals [57-59].

Whole grains have a higher content of micronutrients and bioactive components than their
refined counterparts. This is due to the fact that many such components in cereals are located
in the outer bran and germ layers, which are often removed when grain is processed into
refined cereal products [50]. There are also differences between different cereal sources; for
instance, rye has an especially high content of lignans and benzoxazinoids and wheat has a
high content of selenium [55, 60, 61].

3.2 Cereals and body weight management

Body weight management refers to interventions and strategies aiming at reaching and
maintaining optimal body weight. The term optimal body weight often refers to the body
weight and body composition that is optimal for promotion of health and prevention of
disease and disability [62]. Body weight management can involve both weight gain and weight
loss, as well as maintenance of a stable body weight [63], but in this thesis the main focus is
on aspects related to weight loss.

A high intake of whole grain or cereal fiber has consistently been shown to be associated with
lower BMI and lower risk of developing overweight and obesity in observational studies. A
recent meta-analysis of cross-sectional cohort studies found an inverse association between
whole grain consumption and BMI, i.e., study participants who reported a higher intake of
whole grains had a lower BMI [64]. The same meta-analysis found an overall inverse
association between whole grain intake and weight gain in prospective cohorts with a follow-



up time of 5-20 years [64]. Other meta-analyses have confirmed the inverse association
between whole grain or cereal fiber consumption and obesity measures in prospective
cohorts [65]. While observational studies enable studies of dietary patterns and their
associations with health outcomes in large populations over long periods of time, they also
suffer from measurement errors and potential confounding. Consumption of healthy foods,
such as whole grains and cereal fiber, is often associated with a generally healthy diet and
other healthy lifestyle patterns such as increased physical activity [28, 66, 67]. This means
that it may be difficult to completely disentangle the potential health effects of each
individual component of the lifestyle. A way to overcome this challenge and reduce the risk
of confounding is to use randomized controlled intervention studies where participants are
randomly assigned to specific treatment groups, such as one group eating whole grain
products and another eating refined grain products [68].

3.2.1 Evidence from randomized intervention studies

While the results from observational studies show a clear link between whole grain intake or
high cereal fiber intake and lower risk of overweight and obesity, the results from
interventions are inconsistent [69, 70]. A meta-analysis from 2013 concluded that there was
no beneficial effect on body weight on whole grain consumption, but indications of a small
effect on body fat, and an updated meta-analysis from 2020 confirmed the finding of no effect
of whole grains on obesity measures [69, 70]. The reason for the differential results when
comparing observational studies and intervention studies may be related to the fact that very
few of the interventions included in the meta-analyses were designed to investigate the
effects of cereals on body weight. In fact, many were designed for investigation of outcomes
sensitive to changes in weight and measures to prevent weight change were implemented in
some studies. Table 3.1 summarizes randomized controlled cereal interventions, the majority
of which were included in the aforementioned meta-analyses [69, 70]. Out of the 38 studies
included in the table, only five were designed to investigate effects on obesity measures (body
weight, body composition and abdominal fat mass) [71-75]. All the other studies were
designed for other purposes and some even implemented measures to maintain stable
weight throughout, ranging from simply instructing participants to maintain a stable weight
[76—78] to regularly checking participants’ weight and intervening if it changed [79, 80]. These
are not optimal conditions for investigating the effects on body weight and might explain why
most of the studies showed no effect of the intervention on body weight. Some studies that
were not designed to investigate body weight did ask participants to replace their habitual
cereals with intervention products on an ad libitum basis without further dietary restriction.
These studies might add to the understanding of the effect of cereals on body weight
regulation, which could be mediated through increased satiation or satiety and lower food
intake following consumption of certain cereals. Nonetheless, it is still questionable to what
extent most of the studies can be used to accurately address the question of cereal



consumption and weight management. It is unfortunate that this has not been highlighted to
a greater extent in scientific reviews and meta-analyses.

Table 3.1 reveals a strikingly large variation in types and amounts of intervention foods used
across studies. Many studies investigated mixtures of multiple cereal sources, but there were
also many specifically focusing on wheat or oats. Different cereals vary greatly in nutritional
composition. For instance, the fiber content varies from 6% in whole grain rice up to 20% in
whole grain rye [22]. Furthermore, the fiber composition also varies greatly, with oats and
barley having a high amount of soluble, viscous beta-glucans, whereas rye and wheat are
dominated by a mixture of soluble fiber and primarily insoluble arabinoxylans [81]. These
differences in composition could likely influence the physiological effects in the human body
after consumption and there may be a need for greater distinction between different cereals
to get a better understanding of the health effects of cereals. Moreover, processing affects
the physiochemical properties of dietary fiber, which could also influence the physiological
effects [82-84].

Rye has the highest fiber content of all cereals and has been suggested to be superior to other
cereal types as regards health effects [22]. Rye has been suggested to exert unique effects on
postprandial insulin secretion, a phenomenon that has been named the “rye factor,” which
will be discussed in detail later. Furthermore, rye has consistently been shown to increase
subjective satiety and decrease hunger and desire to eat in the postprandial phase, which
could be hypothesized to lead to weight loss and improved weight maintenance in a longer-
term perspective [23].
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3.2.2 Effect of rye consumption on body weight

Due to its high fiber content and proposed satiety-enhancing effects, rye has been suggested
to be superior to other cereals in generating weight loss [22]. One of the aforementioned
meta-analyses included sub-group analyses to estimate the effects of individual cereals
sources on body weight reduction [69]. No effect on body weight was found for rye, but at
that time there were only two published studies reporting the effects of rye consumption on
body weight [78, 89]. Both were cross-over studies with rather short intervention periods,
which may not be optimal for evaluating changes in body weight. Since then, three additional
studies have been published (Table 3.1) [59, 103, 108]. Two were similar to the previous
studies, in the sense that they also followed a cross-over design, although one was of 8 weeks
duration [59], where the others were 4 weeks [78, 89, 103]. Only one study used a parallel
design [108]. This study included both a whole grain rye arm and a whole grain wheat arm, in
addition to a refined wheat control arm, and could thus estimate the effects of whole grain
per se and the effects of different sources of whole grain. This study was not designed to
investigate weight loss. The participants were instructed to replace their habitual cereal
products with intervention products in an ad libitum manner, rather than fixed amounts, and
did not receive any other dietary restrictions. Their weight was not controlled during the
study. Thus, even though the study was not designed for weight loss, it allowed for
fluctuations in weight that might be induced by increased satiety or satiation due to the
intervention products. Despite the relatively short duration of the study (6 weeks), the
participants in the whole grain rye group lost 1.1 kg on average, a finding which differed
significantly from what was seen in the participants in the refined wheat group, who gained
0.2 kg. The participants in the whole grain wheat group lost some weight (0.6 kg), but not as
much as the participants in the whole grain rye group and the change in body weight did not
differ significantly from that of the refined wheat group. This study suggested some degree
of superiority of whole grain rye in inducing weight loss that was not solely explained by the
fact that participants ate whole grain. These results should be interpreted with caution since
the study was not designed to analyze weight loss and was of a relatively short duration and
small size. However, this study did support the hypothesis that rye may have some unique
properties that are beneficial for body weight management.

An effect of rye on body weight could, as mentioned above, be mediated through increased
satiety, decreased hunger and lower subsequent energy intake, which will be discussed in
detail later. It could also be influenced by other factors, such as fecal energy excretion or
increased energy expenditure [107, 111]. Dietary fiber from cereals has been shown to bind
nutrients in the GI tract and prevent absorption, which means that some of the energy
consumed is excreted in the feces [107]. This could contribute to a negative energy balance,
which would lead to body weight reduction.

In recent years, the gut microbiota has emerged as a potential mediator of weight loss
induced by fiber-rich diets and it has been suggested that some of the inter-individual
variations in weight loss in response to a fiber-rich diet may be explained by differences in the
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gut microbiota composition [24, 112—-114]. A post hoc analysis of the previously mentioned
study that found reduction in body weight in response to a whole grain rye diet showed that
the weight loss in response to the whole grain-based diets correlated with abundance of
Prevotella and that participants with high abundance of Prevotella lost more weight than
participants with low abundance [24]. However, the whole grain rye and the whole grain
wheat groups were pooled for the post hoc analysis, so it is unknown if these correlations
differed between the cereal sources. Obesity has been associated with lower abundance of
Bifidobacteria and animal studies have indicated that supplementation with Bifidobacteria
might have anti-obesogenic effects [115-118]. Whole grain consumption has been associated
with increased abundance of Bifidobacteria [119, 120] and a recent study indicated that
whole grain rye is superior to whole grain wheat in its ability to increase the abundance of
Bifidobacteria [59, 121].

3.3 Appetite

The concept of appetite is complex and encompasses a range of different factors that directly
or indirectly affect our eating behavior, thus having implications for body weight regulation
[122]. Food intake is controlled by both physiological cues, such as stomach distension and
appetite-regulating hormones, and psychological cues, such as liking specific foods, which
may overrule physiological cues. The physiological concept of appetite has been summarized
in the so-called satiety cascade, which was first described by Blundell in 1987 [123] (Figure
3.1). This distinguishes between satiation, which can be described as the physiological cues
that determine when we stop eating, and satiety, the physiological cues that appear between
meals and determine when we start our next meal. In postprandial appetite studies, appetite
often refers to satiety or fullness, hunger and desire to eat, but can in some cases also cover
aspects such as prospective food intake, satisfaction and preoccupation with food [124]. The
exact wording of questions related to these aspects may vary depending on which language
a study is conducted in. For instance, the words satiety and fullness sometimes appear to be
used interchangeably in English, whereas they can have distinct meanings in other languages.

Satiation is to a large extent dependent on gastric distension, which occurs as we eat and fill
up the stomach [125]. Gastric distension is affected by several factors, such as the volume
and viscosity of the food consumed, as well as the gastric emptying rate [126]. A reduced
gastric emptying rate extends the time of gastric distension as well as the time for digestion
and absorption in the small intestine and can affect the release of gut peptides involved in
appetite regulation [127]. Some of the most important gut peptides related to satiety and
appetite are glucagon-like peptide-1 (GLP-1), cholecystokinin (CCK), peptide YY (PYY) and
ghrelin [126]. CCK is released in response to the presence of fat or protein in the duodenum
and is thereby involved in the early response to food intake, i.e., satiation. GLP-1 is produced
in the small intestine, primarily in response to the presence of fat and carbohydrate, and is
thought to play an important role in the so-called ileal brake, which is involved in the control
of gastric motility and release of satiety-regulating hormones [126]. GLP-1 is a well-
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established pharmaceutical target for treatment of type-2 diabetes due to its ability to
stimulate insulin secretion from pancreatic beta cells, and has in recent years received
attention as a potential anti-obesity drug due to its appetite-suppressing capability [128—
130]. Ghrelin is an orexigenic hormone that decreases immediately after a meal and increases
during the postprandial period [131]. Ghrelin has been shown to correlate with subjective
hunger ratings and is likely involved in the initiation of an eating occasion [132, 133].

While decreased appetite is often considered an immediate postprandial response to a meal,
the effect may extend over several meals, a phenomenon often referred to as the second
meal effect. This phenomenon is believed to be mediated through production of short chain
fatty acids (SCFAs), i.e., acetate, propionate and butyrate, that are produced through colonic
fermentation of dietary fiber [134]. SCFAs have been shown to stimulate secretion of PYY and
GLP-1 in animal and in vitro studies [135, 136]. This has been confirmed, to a certain extent,
in mechanistic studies in humans [137, 138], though the implications of these findings on
appetite regulation and food intake remain to be tested.

Meal quality Energy balance
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Reward/Pleasure Meal Quantity Ad_LEPﬂnﬁ "
Recognition Stretch . iponectin
Associations Osmatic load Nutrient ;tatus "
A CCK Insulin
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Ghrelin Amino acids -\
Sensation + e Body (fat)
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Satiety cascade from Blundell modified by Mela

Figure 3.1: The satiety cascade. Reproduced from Blundell et al. 2010 [139] with permission from John
Wiley and Sons. Abbreviations: PYY, peptide YY; CCK, cholecystokinin; GLP-1, glucagon-like peptide-1.
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3.3.1 Effects of rye consumption on appetite

The satiety-enhancing effects of rye-based products have been well investigated. Acute meal
studies have been conducted where subjective appetite has typically been measured at
regular time intervals following one or several meals. In these studies, subjective satiety has
often been measured by participants rating their sense of fullness, hunger and desire to eat
on a visual analogue scale (VAS) anchored with extreme sensations (e.g., “not hungry at all”
and “extremely hungry”). Some studies complement this with postprandial blood sampling to
measure the concentration of satiety hormones and some studies include an ad libitum meal
to evaluate whether differences in appetite response translate into differences in subsequent

energy intake.

Table 3.2 summarizes randomized cross-over studies investigating subjective appetite
response to various rye-based products. The majority of the studies found an improved
appetite response after intake of rye-based products compared with control products [140—
149]. The rye products included various breads, crisp breads, porridges, kernels and pasta and
the rye ingredients varied from sifted rye flour to intact rye kernels. In most cases, the rye
products were based on whole grain rye, while the control products were often based on
refined wheat. This is likely a reflection of the typical rye and wheat products available to
consumers in the countries where the studies were conducted [150, 151] and attempts to
study replacement effects aligned with the dietary guidelines. However, the comparisons do
give rise to the question of whether the results can be attributed to rye per se or are due to
other factors, such as dietary fiber.

The results regarding energy intake in a subsequent ad libitum meal are inconsistent. Two
studies reported a lower energy intake in participants consuming a rye-based breakfast meal
[142, 146], while three studies found no difference in energy intake [140, 147, 152]. It is worth
noting that two studies that found no effect on energy intake included a standardized lunch
meal (second meal) before the ad libitum meal, meaning that the time between the rye-based
meal and the ad libitum meal was longer than in studies not including a standardized lunch
meal (480 vs. 240-270 min). This could indicate that a rye-based meal can reduce the energy
intake in a subsequent meal, but its effects do not extend to the meal after that.

Results regarding the second meal effect on appetite response are also unclear. Two studies
included in Table 3.2 reported that differences in appetite following a rye-based breakfast
extended beyond the second meal [141, 144], whereas other studies did not find this [145,
152]. Assessment of the second meal effect often uses the so-called “evening design,” where
participants consume a test meal for dinner and a standardized breakfast meal (the second
meal) on the next morning, followed by postprandial appetite assessment. Also with this
study design, results reported in the literature are inconsistent. Sandberg and colleagues
conducted a series of studies, of which two studies showed an improvement in appetite
response in the morning after a rye-based evening meal, compared with after a wheat-based
evening meal [153, 154], though one study using a rye bread with added resistant starch did
not confirm this [155]. Lastly, a study from the University of Copenhagen tested the second
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meal effect following evening meals with refined grain wheat bread, whole grain rye bread or
rye kernels, but found no effect on subjective appetite the following morning [156].

Though the satiety-enhancing effects of rye-based products has been relatively well studied,
no studies have investigated the satiating effects of rye-based products. One study examined
the satiating effect of whole grain wheat pasta compared with refined wheat pasta, by having
participants consume ad libitum meals containing the two types of pasta [157]. The
hypothesis was that the whole grain-based pasta would induce increased satiation during the
meal and lead to the participants consuming less energy. However, no such difference in
energy intake was found in this study [157]. More studies are needed to understand the
potential satiating effect of rye and other cereal-based foods and the link to satiety and
subsequent energy intake.
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3.3.2 The link between appetite regulation and long-term weight management

While a consistent effect of rye-based foods and other whole grain products on subjective
appetite has been demonstrated in acute study settings and a consistent association between
whole grain intake and body weight has been found in observational studies, the mechanistic
link between the acute effect of specific food items on appetite and long-term weight
management remains unproven. As previously mentioned, appetite regulation and food
intake are results of activities in a complex system that involves both physiological and
psychological factors and the ability of a food item to produce increased satiety response in
a controlled setting may not translate into long-term reductions in food intake [161]. Indeed,
the results on subsequent ad libitum food intake following consumption of rye-based
products are inconsistent, despite a rather clear satiety-enhancing effect of rye-based
products (Table 3.2). However, a recent meta-analysis of studies evaluating long-term weight
change (= 8 weeks) following exposure to food items that have been shown to enhance satiety
found evidence for a link between intake of such food items and long-term weight
management, which indicates a link to energy intake [23]. In order to establish a causal link
between satiety-enhancing foods and long-term weight loss, appetite assessment should be
included in large-scale weight loss studies. However, the commonly used methods for
appetite assessment are relatively resource-demanding and there is a need for development
of new approaches to appetite assessment adapted for large-scale studies.

3.4 Rye, metabolic risk factors and NCD risk

In addition to the potential link between rye consumption, appetite regulation and body
weight management, rye has been linked to several other beneficial health effects such as
reduced postprandial insulin [158], reduced cholesterol [59, 162] and reduced levels of low-
grade inflammation [163].

Table 3.1 shows that many studies have investigated the effect of cereal intake, especially
oats, on blood lipids. It is well established that beta-glucans, present in high amounts in oats
and barley, have a lipid-lowering effect at intakes > 3 g per day and the European Commission
has authorized health claims on the matter [164—-167]. The mechanism behind the effect of
beta-glucans on blood lipids is believed to be dependent on binding of cholesterol in the
intestine, reducing the re-uptake of cholesterol through the high viscosity of the beta-glucans
[168]. While rye does not contain large amounts of beta-glucans, it does contain a rather large
amount of soluble arabinoxylans which could be hypothesized to exert a similar effect on
blood lipids [22]. Leinonen et al. found that rye bread reduced both total and low density
lipoprotein (LDL) cholesterol and found indications of a higher intake of rye leading to a larger
decrease in cholesterol levels [78]. On average, the rye breads included in the study by
Leinonen provided 3—4 g of soluble fiber per day, which is similar to the amount of soluble
beta-glucans considered to have a meaningful effect on blood lipids [164]. A recent study
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found indications of a lipid-lowering effect of whole grain rye, but not whole grain wheat, in
males with metabolic syndrome, which may be attributed to the higher amount of soluble
viscous arabinoxylans in rye, whereas the fiber in wheat is to a larger degree insoluble [59].

Rye has been suggested to have unique effects on postprandial insulin, a phenomenon that
has been termed the “rye factor” [22]. The rye factor is characterized by a lowering of the
insulin response, without corresponding lowering of glucose, which could indicate an
improved insulin economy from consuming rye products [22]. However, in a recent review of
the literature on the topic, we concluded that the phenomenon may be attributed to
structural properties typical of, but not limited to, rye breads, rather than rye per se [Iversen
et al., submitted]. This effect is thought to be mediated by several different factors, such as
lower gastric emptying rate and digestion and absorption of glucose, which lead to a slower
influx of glucose in the blood stream and reduced need for insulin [17, 169-171].

Whole grain and — to some extent — cereal fiber have shown an inverse association with risk
markers of type-2 diabetes, such as fasting glucose and HbA1c, as well as with reduced risk of
developing type-2 diabetes [17, 39, 172, 173]. Table 3.1 shows that several studies had risk
markers related to diabetes, such as insulin sensitivity and glucose tolerance, as their primary
outcome [59, 79, 91, 100-103, 110]. However, the results were mixed and the two studies
investigating rye-based products found no major effects on fasting or postprandial insulin or
glucose [59, 103]. More studies are needed to understand the potential effects of rye
consumption on risk markers of type-2 diabetes.
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4 METHODS

4.1 Hypotheses and research strategy

Based on suggestive evidence from previous studies, a central hypothesis in this thesis was
that consumption of rye-based cereal foods, with whole grains or fractions rich in dietary
fiber, could have beneficial effects on body weight and metabolic risk markers. Furthermore,
it was hypothesized that this effect might be mediated by mechanisms related to appetite
regulation and gut microbiota.

To investigate the effects of rye-based cereal foods on weight loss, a 12-week randomized
controlled intervention specifically designed for this purpose was conducted (Paper I). In this
study, assessment of appetite was conducted, and fecal samples were collected to investigate
the potential links to the main outcomes and various metabolic risk markers were measured
(Papers | and Il). However, as metabolic risk markers are influenced by weight loss, a study
designed for weight loss is not optimal for investigating the effect of rye consumption on
metabolic risk markers. Therefore, data were included from a 12-week randomized parallel
intervention study, in which metabolic risk markers in the context of weight stability were
measured (Paper lll). Lastly, a randomized cross-over study investigating the acute appetite
response to rye breads with differing amounts of sourdough was conducted. As sourdough is
a common ingredient in commercially available rye breads, it was relevant to investigate how
this may influence factors believed to be involved in the effect of rye on health (Paper IV).
Furthermore, the methodology used in this study was somewhat different from the
methodology used in the weight loss study and could highlight some challenges and
opportunities in the field of appetite assessment. An overview of the studies, as well as their
links to the specific objectives of the thesis, is presented in Table 4.1.
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Table 4.1: Overview of the studies included in the thesis.

Papers land Il
(the RyeWeight study)

Paper lli
(the RyeClaim study)

Paper IV
(the Sourdough study)

12 week, 2-armed,

Single meal, 6-armed,

Design 12 week, 2-armed,
parallel, randomized, parallel, randomized, cross-over, randomized,
n=242 n=182 n=23
Inclusion Males and females Males and females Males and females
criteria 30-70 years 20-70 years 20-70 years

BMI 27-35 kg/m?

50% with BMI €24 kg/m?
and 50% with BMI>24
kg/m?

BMI 18-25 kg/m?

Intervention

High fiber rye-based
cereal products vs.
refined wheat cereal
products in a hypocaloric
context

High fiber rye-based
cereal products with
fermented rye bran vs.
refined wheat cereal
products in the context
of habitual diet

Breads with varying
amounts of whole grain
rye and sourdough,
compared with refined
wheat bread, as part of a
breakfast meal

Primary
outcome

Body weight and body
fat

Helicobacter pylori
infection

Subjective appetite

Secondary
outcomes

Subjective appetite,
metabolic risk markers,
gut microbiota
composition

Metabolic risk markers

Energy intake

Thesis
objective(s)
and
hypotheses

Objectives: A, B, C, D
It was hypothesized that
high fiber rye would lead
to a larger decrease in
weight loss and fat loss,
as well as improvements
in metabolic risk factors,
and that such effects
could potentially be
associated with appetite
ratings and gut
microbiota.

Objective: D
It was hypothesized that
high fiber rye products
with fermented rye bran
consumption would lead
to improvements in
metabolic risk markers.

Objective: B
It was hypothesized that
increasing the amounts
of sourdough and whole
grain rye would lead to
improved appetite
response and decreased
energy intake.
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4.2 Study designs and study populations

4.2.1 The RyeWeight study

Papers | and Il are based on the RyeWeight study, a parallel, randomized, intervention study
designed to investigate the effects of whole grain rye-based foods on body weight and body
fat reduction, compared with those of refined wheat-based foods. The study began with a 2-
week run-in period where all participants consumed the wheat-based foods, followed by a
12-week parallel phase where participants consumed either rye products or wheat products.
During all 14 weeks, participants received guidance from a dietician to reduce energy intake
and induce weight loss. The participants underwent a clinical examination three times during
the 12-week intervention, at week 0, week 6 and week 12. The primary outcomes of the study
were body weight, measured on a digital scale, and body fat percentage, measured using dual
energy x-ray absorptiometry (DXA). The study was conducted in Uppsala, Sweden.

The participants included in the RyeWeight study were adults aged 30-70 years with
overweight or obesity (BMI 27-35 kg/m?). Participants were excluded if they had thyroid
disorders, type-1 diabetes, history of major Gl surgery or chronic Gl conditions. Furthermore,
people using nicotine products, antidiabetic drugs or anti-obesity drugs were not allowed to
participate in the study. Additionally, participants were required to lose at least 0.5 kg during
the 2-week run-in period to be randomized to the 12-week parallel phase. Figure 4.1 depicts
the flow of participants through the study, with 317 participants starting the run-in phase and
242 of them being randomized to the 12-week parallel phase. During the parallel phase, 14%
of the participants dropped out of the study, with the main reasons for dropout being related
to difficulties consuming the diet and logistical challenges in fitting study activities into
everyday life.
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Screened for eligibility: n=590
|

v

Started run-in period: n=317

Mot meeting criteria: n=235
Declined to participate: n=38

Y
Eligible for randomization: n=242

| Excluded due to insufficient weight loss: n=39

Participant withdrew from the study: n=36

!

‘

Randomized to rye: n=121

Randomized to wheat: n=121

.

|

Completed intervention (included in analysis):
n=108

Discontinued intervention: n=13
(Disliked diet: n=6)

(llness: n=1)

{Logistics: n=6)

(Other reason: n=0)

Completed intervention (included in analysis):
n=99

Discontinued intervention: n=22
(Disliked diet: n=3)

(llness: n=3)

(Logistics: n=8)

(Other reason: n=2)

Figure 4.1: Flowchart of participants in the RyeWeight study (Papers | and ).

4.2.2 The RyeClaim study

Paper Il was based on the RyeClaim study, which was designed to investigate the effects of
whole grain rye products with added fermented rye bran on Helicobacter pylori infection. A
range of metabolic risk markers were measured as secondary outcomes, which were the focus
of this thesis. The RyeClaim study was designed as a 12-week parallel intervention where
participants were randomized to consume either whole grain rye-based products with added
fermented rye bran or refined wheat products for the entire 12-week period. In addition, the
participants were invited to a follow-up examination 12 weeks after completing the
intervention period (week 24). The study was conducted in Shanghai, China, where the
background diet is low in whole grains and particularly low in rye.

As the study was designed to investigate the effect on Helicobacter pylori infection, all
participants were tested for Helicobacter pylori during the screening and a positive test was
a requirement for enrollment. Furthermore, participants with active ulcers were excluded.
Use of antibiotics or treatment for Helicobacter pylori infection were considered concomitant
medications and participants using such during the intervention period were not included in
the data analysis. The participants were 20-70 years of age and 50% were overweight (BMI >
24 kg/m?), while the rest were normal weight (BMI < 24 kg/m?). Smoking or use of medication,
except antihypertensives, were reasons for exclusion. In total, 182 participants were enrolled
and randomized, of which 161 completed the 12-week intervention. Three of those
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participants were excluded from further analysis due to use of concomitant medication during
the study, meaning that 158 participants were included in the analysis (Figure 4.2). The main
reasons for drop-out were related to travel plans interfering with study participation.

Screened for eligibility: n=569

v
Included in the study: n=182
|
!
Randomized t0¢ Randomized to
fermented rye bran: refined wheat: n=90
Drop-outs: ‘ n=92 .| Drop-outs:
lllness: n=1 N i v "| Travels: n=3
Travels: n=2 Completed week O: Completed week 0:
Drop-outs: n=89 n=87 Drop-outs:
Diet-related: n=3 |* 1 ! *| Travels: n=2

Travels: n=1

Completed week 6:

Completed week 6:

Completed week 12: n=81

Hereof 1 who took
antibiotics during
screening

v

Completed week 12: n=80

Hereof 2 who received
antibiotics/H. pylori
treatment during
intervention period

v

Included in analysis: n=80

Included in analysis: n=78

Drop-outs:
Drop-outs: n=85 n=g5 . p | .
+ ravels: n=
Diet-related: n=2 |* >
lllness: n=2 hJ \d lllness: n=2

Diet-related: n=2

Figure 4.2: Flowchart of participants in the RyeClaim study (Paper IlI).

4.2.3 The Sourdough study

Paper IV was based on a randomized, 6-armed, cross-over study designed to investigate the
acute effect of breads with varying amounts of sourdough and rye, compared with refined
wheat bread, on subjective appetite. Sourdough is a common ingredient in rye bread and has
been hypothesized to influence appetite response. Therefore, this study aimed to investigate
the effects of sourdough and rye on appetite response. The participants in the study
consumed six test breads (five sourdough rye breads and one wheat bread) as part of a
breakfast meal on six separate occasions and recorded their subjective appetite for 4 hours
following this meal. The study was conducted in Uppsala, Sweden. The participants were aged
20-70 years, non-smokers with low to moderate physical activity level. In total, 23
participants were included in the study and all of them completed all six test occasions.
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4.2.4 Sample size estimation of studies

The sample size for the RyeWeight study was based on a complete case analysis of the two
primary outcomes: body weight and body fat percentage. Bonferroni adjustment was applied
to account for having two primary outcomes and therefore alpha was set to 2.5%, with a
power of 80%. It was determined that 106 complete cases would be needed in each group to
detect a 1 kg difference in body weight (standard deviation 2.4 kg) and 1% difference in fat
percentage (standard deviation 1.5%). To allow for drop-out rate of up to 18% the inclusion
target was 260 participants. The RyeClaim study had a single primary outcome, for which
reason the power was set to 80% and alpha to 5%. Based on data from an unpublished pilot
study, it was theorized that a 30% decrease in Helicobacter pylori load could be of clinical
relevance. To allow for a 20% drop-out rate, the plan was to include 90 participants in each
group. No formal power calculation was conducted for the Sourdough study; instead, based
on previous experiences [148, 149, 152] and power calculations done by Flint et al. [174], it
was estimated that 20 complete cases would be needed to enable detection of a difference
of 10 % in satiety ratings between treatments.

4.3 Intervention diets

4.3.1 The RyeWeight study

The intervention products in the RyeWeight study consisted of breakfast cereals, crisp bread
and soft bread, in both the rye group and the wheat group (Table 4.2). Breakfast cereals
consisted of extruded rye and wheat puffs, as well as rolled rye flakes and semolina wheat,
packed in 30 g servings. Participants were instructed to consume two packages per day, but
could choose freely if they wanted puffs or flakes/semolina. Participants in the rye group had
four different rye crisp breads to choose from and were instructed to consume 4—6 slices per
day (due to a difference in slice weight between the varieties). The wheat group had only one
type of crisp bread and were instructed to consume 5 slices per day. Crisp bread was packed
in servings to help participants consume correct amounts and make it easier to take products
with them when eating away from home. Frozen soft bread was provided to the participants,
who were instructed to eat one serving per day. Participants were given the choice of
different breakfast cereal and crisp breads in order to provide some variation that might
facilitate compliance and to mimic a real-life setting where people may choose different
products depending on their preference.

Participants were instructed not to consume any other cereals than the ones they received
from the study, although very small amounts of “hidden” cereals (e.g., sauce thickener) were
permitted. The participants filled out a pre-coded compliance journal every day during the
study, where they ticked all products they had consumed. Further, participants were
instructed to also note down any deviations from the intervention diet, changes in habitual
medication, or any illness in the journal. Furthermore, the participants received guidance
from dieticians to reduce energy intake and induce weight loss. The dietary guidance followed
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a modified version of the Step-wise Weight-determined Accumulative Change Plan (SWAP
model) developed by Bertz et al. [175]. The model aims to change each participant’s diet in a
prioritized step-wise approach by implementing one or more of the following steps: 1)
minimizing the intake of sweets, 2) minimizing the intake of fast food, 3) choosing “keyhole”
marked products, 4) increasing intake of vegetables and 5) decreasing serving sizes. The aim
was to reduce participants’ energy intake to an energy deficit of 500 kcal/day, while
maintaining an energy source distribution as recommended in the Nordic Nutrition
Recommendations [176]. Each participant had an individual meeting with the dietician when
initiating the run-in period and was thereafter contacted by the dietician by email or phone
approximately 2—3 weeks after their clinical examination in week 0 (4-5 weeks after initiating
the dietary intervention).
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4.3.2 The RyeClaim study

The intervention products used in the RyeClaim study consisted of whole grain rye crisp bread
and whole grain rye extruded breakfast cereals with added fermented rye bran (25%
weight/weight of dry ingredients). The rye bran was fermented through a patented process
which involves fermentation with Lactobacillus plantarum (DSMZ 13890). Supernatant from
the fermented rye bran has been shown to reduce in vitro adherence and colonization of
Helicobacter pylori and to reduce the bacterial load in a small pilot study in humans
(unpublished data), which was the rationale behind testing the effect of this type of bran
product on Helicobacter pylori infection in humans on a larger scale. The control group
received corresponding crisp breads and extruded breakfast cereals consisting of refined
wheat. Participants were instructed to consume a fixed amount of products per day, but were
allowed to consume their habitual diet without other restrictions (Table 4.3).

Table 4.3: Nutritional composition of the products included in the RyeClaim study (Paper lll). The
amounts listed are what the participants were instructed to consume daily.

Amount Energy Protein Fat Carbohydrate Fiber Water Ash
(g) (kcal)  (g) (8)  (g) (g) (g) (g)

Whole grain rye products with fermented rye bran

Product

Crisp bread 44.8 145.5 4.3 12 239 11.1 3.2 1.2
Puffs 110.0 372.6 11.4 33 612 26.3 5.0 2.8
Sum 154.8 518.1 15.7 4.5 85.1 37.4 8.2 4.0

Refined wheat products

Crisp bread 58.8 210.5 6.8 1.0 41.2 3.6 4.5 1.1
Puffs 84.0 302.7 9.7 1.6 58.1 8.6 4.9 1.4
Sum 142.8 513.2 16.4 2.6 99.3 12.2 94 2.3

4.3.3 The Sourdough study

The five sourdough rye breads included in the Sourdough study varied in the amount of
sourdough (9, 30 or 51% of dough weight) and rye flour (35, 42 or 48% of dough weight) (Table
4.4). The sourdough consisted of 40:60 whole grain rye flour:water and the flours used for
the breads were whole grain rye flour and refined wheat flour. The amount of sourdough was
high in the breads with 51% sourdough, compared to most commercial rye breads [151].

The breads were served as part of a breakfast meal containing 100 g bread, 15 g margarine,
20 g cheese, 100 g orange juice and 150 g coffee, tea, or water. Participants stated their
preference of coffee, tea, or water on the first occasion and were served the same beverage
at all later occasions.
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Table 4.4: Composition, nutritional values, pH and acids of breads used in the Sourdough study
(Paper 1V). Values are grams per serving (100 g of bread) unless otherwise stated.

MS/MR HS/LR HS/HR LS/LR LS/HR Refined wheat bread

z‘f’::,du‘:r"gag‘; t(;/ 30/42  51/35  51/48 9/35 9/48 0/0
Rye (g) 27 23 30 23 30 0

Protein (g) 7.1 7.2 6.9 7.3 6.3 7.5
Fat (g) 2.2 2.2 2.2 2.2 1.9 3.9
Starch (g) 41.2 41.9 39.9 40.4 39.8 41.9
Total fiber?(g) 7.0 6.0 7.2 6.8 8.3 3.6
Soluble fiber (g) 2.3 2.0 2.5 2.1 2.7 1.6
Insoluble fiber (g) 4.7 4.0 4.7 4.7 5.5 3.0
Ash (g) 1.7 1.6 1.7 1.7 1.5 1.4
Water (g) 35.0 35.7 36.1 35.8 35.7 38.0
Energy (kJ)° 959 963 934 946 920 992
pH 4.4 4.2 4.2 5.2 53 5.0
Lactic acid (g) 0.81 0.81 0.89 0.4 0.36 0.27
Acetic acid (g) 0.13 0.14 0.16 0.07 0.04 0.04

2Fiber content as analyzed using the Uppsala method with inclusion of fructans.

®Energy content was calculated using a conversion factor of 37 kl/g for fat, 17 kl/g for proteins and
starch and 8 kl/g for fiber.

Abbreviations: MS/MR, medium sourdough/medium rye; HS/LR, high sourdough/low rye; HS/HR,
high sourdough/high rye; LS/LR, low sourdough/low rye; LS/HR, low sourdough/high rye.

4.3.4 Blinding

Blinding is generally a challenge in dietary interventions, as it is often difficult to conceal from
the participants what they are consuming. This was the case in the studies included in this
thesis. In the RyeWeight and the RyeClaim studies, intervention products were packed in
neutral packaging and marked with neutral codes. However, due to the visual difference
between rye and wheat products, it is likely that the participants were able to guess their
allocation. In the Sourdough study, the rye breads looked relatively similar, and the
participants were not aware that the breads differed in rye and sourdough content. However,
the wheat bread still differed visually from the rye breads.

The research staff conducting physical examinations and collecting samples from the
participants in the RyeWeight and the RyeClaim study were not aware of the participants’
allocation. The participants in the RyeWeight study had their initial consultation with the
dietician before randomization, but it is likely that some participants revealed their allocation
during follow-up consultations.
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4.4 Qutcome assessment

4.4.1 Clinical examinations

In both the RyeWeight and the RyeClaim studies, participants underwent a clinical
examination in week 0, week 6 and week 12 after an overnight fast. In the RyeClaim study,
the examination was repeated in week 24.

In the RyeWeight study, body weight was measured on a digital scale with the participant
wearing light clothing, after which waist and hip circumferences, as well as sagittal abdominal
diameter, were measured. Blood pressure was measured with an automated blood pressure
meter when the participant had been resting in a supine position for 10 minutes, after which
venous blood samples were collected. Participants underwent a full body DXA scan to
determine body composition, and filled out questionnaires regarding physical activity and Gl
symptoms.

In the RyeClaim study, participants had a *3C-urea breath test to determine the bacterial load
of Helicobacter pylori, had their weight and body composition measured on a digital
bioimpedance scale and had venous blood samples drawn. A subgroup of participants
underwent a DXA scan to validate the body fat percentage measured with the bioimpedance
scale.

4.4.2 Appetite assessment
Subjective appetite was measured in both the RyeWeight study and the Sourdough study, but
the methodology differed between the two studies.

In the Sourdough study, a “traditional” clinic-based appetite assessment was used, where
participants arrived at the research facility in the morning after an overnight fast, answered
guestions about their appetite and immediately thereafter consumed a breakfast meal. Then,
the participants answered questions about their appetite every 30 min for 4 hours. After 4
hours, participants were served an ad libitum meal and were asked to eat until comfortably
full. The amount of food eaten was recorded to assess whether the food intake at lunch
differed depending on the breakfast meal. Between breakfast and lunch, participants could
occupy themselves with sedentary activities, such as working on a laptop.

The RyeWeight study had ten times more participants than the Sourdough study, meaning
that it was not practically possible to conduct clinic-based appetite assessments. Instead, we
designed a protocol for a home-based appetite assessment, where participants conducted
the appetite assessment outside the clinical setting. The participants were provided with a
standardized meal plan for all meals of the day, as well as a detailed schedule of when to
consume which meals and when to answer questions. The meal plans included all meals —
breakfast, lunch, dinner, and snacks — with intervention products according to randomization
included in the meals. The amounts of food were adjusted to match each participant’s energy
needs under the hypocaloric conditions which they were generally advised to follow during
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the study. All the food needed for each day was provided to the participants. Participants
answered questions about their appetite every 30 min from right before breakfast (8:00) until
right before lunch (12:00) and then once every hour from 13:00 to 22:00. The participants
had dinner at 18:00 and snacks at 15:00 and 20:00.

The questions used to evaluate appetite were the same in both studies. At each time point,
participants answered three questions in random order: “How hungry are you?”, “How full
are you?”, “How strong is your desire to eat?”. Questions were answered on a 100-point VAS
with the following words anchored at each end: “Not hungry at all/l have never felt more
hungry,” “Not full at all/Extremely full” and “Not strong at all/Extremely strong”. In the
Sourdough study, participants answered the questions on hand-held minicomputers that
automatically notified them when it was time to answer questions. In the RyeWeight study,
an online survey tool was used to send an email with a link to the questionnaire when it was
time to answer questions. In both cases, questionnaires were available on paper, in case of
technical difficulties.

4.4.3 Dietary assessment

Dietary intake was measured in the RyeWeight study before the start of the intervention,
before the week 6 clinical visit and before the end of the intervention. On each occasion,
participants were instructed to complete a 3-day weighed food record. Energy and
macronutrient intakes were calculated by a dietician using the software Dietist Net Pro which
contains a brand-specific database adapted for use in Sweden. Additionally, intake of foods
from different food groups was summarized using the same method as in the national dietary
intake survey conducted by the National Food Agency of Sweden, “Riksmaten” [177].

4.4.4 Clinical chemistry
Laboratory work was not included in the thesis work and is described in detail in the papers;
it will be described only briefly here.

In the RyeWeight study, blood samples were kept on ice during sampling and were
centrifuged and aliquoted immediately after sampling before being stored in a biobank at -80
°C until analysis. Once all participants had completed the study, blood samples were sent to
the Department of Clinical Chemistry at Uppsala University Hospital for analysis. Insulin was
measured in serum, while glucose, C-reactive protein (CRP), triglycerides, total cholesterol,
high-density lipoprotein (HDL) cholesterol and LDL cholesterol were analyzed in sodium
heparin plasma. SCFAs were measured in heparin plasma using a method developed at
Chalmers University of Technology [manuscript in preparation]. Alkylresorcinols (AR) were
measured in EDTA plasma as a supporting measure of compliance at Chalmers Mass
Spectrometry Infrastructure, using a method developed there [178]. The fasting blood
samples collected in the RyeClaim study were sent to the laboratory at the Zhongye Hospital
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in Shanghai immediately after collection and were analyzed for selected metabolic risk
markers. Remaining sample materials were stored in a study biobank at -80 °C and were later
analyzed for AR as a marker of compliance in sample extracts taken to the Swedish University
of Agricultural Sciences for analysis.

In both the RyeWeight and the RyeClaim studies, total AR was calculated as a biomarker of
whole grain intake from rye and wheat sources, while the AR C17:0/ C21:0 homologue ratio
was calculated as marker of the proportion of whole grain from wheat and rye sources. Since
the C17:0 homologue is primarily present in rye, a higher ratio of C17:0/C21:0 indicates that
a larger proportion of the consumed whole grain cereals are from rye, while a low ratio
indicates that the intake is primarily from wheat [179].

4.4.5 Gut microbiota composition

Participants in the RyeWeight study collected fecal samples at week 0, week 6 and week 12.
Participants were provided a feces collection kit and were instructed to store the fecal
samples in a cooling bag with frozen cooling blocks for up to 24 hours before delivering the
sample to the clinic, or alternatively store the fecal sample in their household freezer for up
to 3 days before transporting it to the clinic in the cooling bag. Samples were stored in the
study biobank and after completion of the study, the microbial composition were analyzed
using 16S ribosomal RNA at the Swedish University of Agricultural Sciences, as described in
paper Il.

4.4.6 Data analysis

Statistical data analysis in the RyeClaim study was performed using R Studio, while data from
the RyeWeight study and the Sourdough study were analyzed using SAS statistical software.
In addition, some figures were created using GraphPad Prism.

The RyeWeight and RyeClaim studies were both randomized, parallel studies and analysis
strategy was to compare the two groups at week 6 or week 12, adjusting for baseline (week
0). Analyses of metabolic risk markers were adjusted for change in weight, which is known to
affect such markers. The RyeWeight study was a weight loss study and participants lost
weight, meaning that the results regarding metabolic risk factors were confounded by this. In
addition to adjusting for change in body weight, correlations between changes in metabolic
risk markers and changes in body weight were explored; however, confounding cannot be
ruled out and results should be interpreted with care. The RyeClaim study was not designed
for weight loss and there were no differences between the groups in terms of weight, but
metabolic risk factors were not the primary outcomes of the study and some caution should
be used when interpreting the results.

The Sourdough study was a cross-over study, which means that each individual served as their
own control. An advantage of such design is that it limits the effects of inter-individual
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differences. However, it is not optimal for all studies due to the risk of carry-over effect, where
the effect of one treatment period can affect the outcome of the following treatment period.
Differences in appetite response depending on the breads consumed were analyzed using an
analysis of covariance model with a repeated statement to consider the cross-over design.
The models were adjusted for appetite response recorded right before breakfast (baseline)
as the study was randomized and any differences between the participants’ appetite at
baseline was assumed to be a result of random variation. This is in contrast to the appetite
assessments made in the RyeWeight study, where participants had been consuming the rye
or wheat products in the days leading up to the appetite assessment and any differences in
appetite before breakfast may have been a result of their regular consumption of such
products. It should also be mentioned that the RyeWeight study was not a cross-over study,
which means that there has likely been a larger influence of inter-individual differences on
the results. However, the larger sample size should have been able to account for this.
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5 RESULTS AND DISCUSSION

5.1 Participants, background diet and compliance

Detailed participant characteristics and information regarding diet, compliance and similar
have been published in the papers and will be described briefly here. Table 5.1 shows the
BMI, age and sex of the participants in the three studies. The RyeWeight and the RyeClaim
studies had relatively large sample sizes, compared with many other whole grain
interventions (Table 3.1), which was a strength of these studies.

Table 5.1: Summary of participant characteristics across the three studies reported in Papers I, Il, Ill
and IV.

RyeWeight RyeClaim Sourdough
(Papers I and 1) (Paper lll) (Paper IV)
Rye Wheat Rye Wheat All
n(m/f) 121(50/71) 121 (45/76) 80 (18/62) 78 (14/64) 23 (8/15)
Age 56.5+9.7 56.9+9.5 44.5£12.5 45.4+14.0 32149.8
(years)
BMI
2 29.7+2.4 30.312.4 24.3+3.9 24.1+4.2 22.5+2.7
(kg/m?)

5.1.1 The RyeWeight study

Dietary records from the RyeWeight study showed that energy intake did not differ between
the groups before or during the intervention, but in both groups the energy intake was 100-
150 kcal/day lower at week 6 and week 12 compared to the energy intake before the
intervention (Paper I). The dietary fiber intake in the wheat group remained relatively stable
throughout the intervention, whereas the dietary fiber intake increased in the rye group and
was significantly higher than the intake in the wheat group at week 6 and 12 (approximately
20 vs. 38 g/day, Paper ). The protein intake was slightly higher in the wheat group compared
with the rye group in week 12, but otherwise the macronutrient intake did not differ between
the groups. The physical activity level, assessed through questionnaires, was stable
throughout the entire study period (Paper I).

The compliance in the RyeWeight study was good, based on both self-reported product intake
(94-95% of prescribed products were consumed on average) and plasma AR, which was used
as a supporting biomarker of whole grain rye and wheat intake. In Figure 5.1, a clear
separation between week 0 and week 6/12 can be observed in the rye group, while there is
no separation in the wheat group, which is what would be expected in a compliant population.
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Figure 5.1: Total plasma alkylresorcinols and the C17:0/C21:0 ratio for the participants in the refined
wheat group (left) and the high fiber whole grain rye group (right) in the RyeWeight study. The red
points are week 0, green points are week 6 and blue points are week 12. For clarity, two observations
(one from each group) with C17:0/C21:0 > 2 have been omitted from the panels. Notice the different
axis ranges in the panels.

5.1.2 The RyeClaim study

Unfortunately, more limited background information was collected in the RyeClaim study and
there were no data on background diets or physical activity levels. Compliance was measured
through AR and showed an overall poor compliance to the intervention. Figure 5.2 shows that
the total plasma AR does not separate the participants from the two groups as clearly as it
did in the RyeWeight study. Many participants had C17:0, a marker of rye intake, below the
detection limit at baseline, making it difficult to evaluate the change in C17:0/C21:0 ratio over
time. The poor compliance could be related to the fact that the type of products used in the
study are not commonly consumed in China and that rye has a distinct taste that may not be
considered palatable in a Chinese population. However, it should also be noted that there is
limited experience of using AR in Asian populations and the results should be interpreted with
caution. The total AR concentration in the wheat group in the RyeClaim study was markedly
lower than that in the wheat group in the RyeWeight study (2—4 nmol/I vs. 70-80 nmol/l).
This could be related to a relatively lower pre-study exposure to AR, as cereals high in AR are
consumed to a much lesser extent in China than in Sweden, with lower amounts accumulated
in tissue and released into the blood. It has been shown that individuals consuming a gluten-
free diet, and therefore having a very low exposure to whole grain rye and wheat, have a very
low AR concentration in the blood (< 27 nmol/l) [180]. It should also be mentioned that the
samples from the RyeWeight study were analyzed using a liquid chromatography tandem
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mass spectrometry-based method which has been shown to overestimate AR concentration
in higher concentration range (> 150 nmol/I), compared with the gas chromatography mass
spectrometry method that was used to analyze the samples from the RyeClaim study [178].
However, it is highly unlikely that this difference between the methods would explain the 20-
fold difference in concentration. There are very few studies reporting AR in Asian populations,
but one cross-sectional study investigating the correlation between a specific AR metabolite
and type-2 diabetes risk markers found markedly lower plasma concentrations of the specific
metabolite in the Asian population compared with a European population, which is likely
explained by a lower exposure to AR due to very low intake of whole grain wheat and rye
[181]. Nonetheless, the compliance in the rye group overall was low.
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Figure 5.2: Total plasma alkylresorcinols for participants in the RyeClaim study. Red points are
participants randomized to whole grain rye products with fermented rye bran and blue points are
participants randomized to refined wheat products.

5.1.3 The Sourdough study

All participants in the Sourdough study completed all six test meals, except one participant
who missed the ad libitum meal on one occasion. The participants were not subjected to any
interventions or restrictions between the test occasions, so no measures of compliance or
similar were included in this study.

When examining the composition of the sourdough breads, we found that the organic acid
content, which has been hypothesized to be involved in the mechanism behind improved
appetite response following consumption of sourdough bread, was low compared with the
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breads with added acid that have been used in several of the studies underlying the
hypothesis [182-184]. The sourdough content in the breads used in the Sourdough study was
high, up to 51% of dough weight, which produced a relatively sour tasting bread.
Furthermore, the amount of acid is high when comparing with breads available on the
Swedish market [151], and it seems unlikely that sourdough fermentation alone could
produce the amount of acid in some of the studies using added acid to mimic the effect of
sourdough fermentation [183, 184]. In conclusion, even though acid may influence appetite,
it is unlikely that sourdough fermentation alone would produce enough acid to have a
meaningful effect on appetite.

5.2 Effect of rye consumption on body weight and body fat reduction
The RyeWeight study showed that participants in the rye group had a lower body weight than
participants in the wheat group after both 6 and 12 weeks of intervention (Figure 5.3). On
average, the rye group lost 2.9 kg (of which 2.7 kg were fat) during the 12-week intervention,
while the wheat group lost 1.8 kg (of which 1.8 kg were fat). The rye group had a lower body
fat percentage at week 12 compared with the wheat group, though this difference was not
significant after adjustment for multiple endpoints (p = 0.031, significance level: p < 0.025).
Intention-to-treat analyses confirmed the difference between the groups in body weight and
body fat mass, and the difference in body fat percentage was significant in the intention-to-
treat analyses, even after adjustment for multiple endpoints (Paper I).

]

*w

-
1

By I g

Week 6 Week 12

=

A between groups
(wheat compared to rye)

]
—

Body weight (kg) Body fat (kg) Lean mass (kg) Fat %

Figure 5.3: Differences between the rye group and the wheat group in terms of body weight and
body composition in the RyeWeight study after 6 and 12 weeks of intervention. The rye group was set
as the reference when calculating the difference between the groups, so if the bar reaches above the
zero it means that the wheat group was higher than the rye group. * p < 0.050, ** p < 0.001.

In the RyeClaim study, there were no differences between the groups in terms of body weight
and body fat percentage (Paper lll). As this was not a weight loss study, changes in weight
were not expected. In fact, as no dietary restrictions were imposed on the participants in the
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RyeClaim study, aside from them having to consume the intervention products, it is likely that
the products were in some cases added to their habitual diet, rather than replacing other
products.

5.2.1 Potential mechanisms behind the effects of rye on body weight and body fat

5.2.1.1 Appetite

Figure 5.4 shows the appetite responses in the appetite assessments conducted in week 0,
week 6 and week 12 of the RyeWeight study. Surprisingly, there were no differences between
the groups in week 0 and week 12. At week 6, the rye group reported lower desire to eat,
lower hunger and higher sense of fullness during the morning period, compared with the
wheat group. Over the rest of the day, there were no difference between the groups at week
6. The same was evident when comparing the area under the curve (AUC) (Paper 1). There
was a difference between the groups at week 6, when assessing AUC for the morning period
(8:00-12:00), but there were no differences during the afternoon period (12:00-18:00) or the
evening period (18:00-22:00), and no difference when assessing AUC for the whole day. There
were no differences between the groups at week 0 or week 12. Correlations between appetite
response and changes in body weight and body fat did not reveal any consistent correlations;
thus, no indications of a link between subjective appetite response and changes in body
weight and body fat in the RyeWeight study were found (Table 5.2).

Previous studies showing a positive effect of rye on appetite response have been conducted
in a clinical setting, where participants underwent most of the assessments in a research clinic
under controlled conditions (Table 3.2). The RyeWeight study is one of the first studies to
conduct appetite assessments at home, in a completely free-living setting. This means that
participants have likely been exposed to more outside stimuli, such as seeing or smelling
foods not included in the study, talking about food with colleagues and family, and similar
things that participants in clinical settings are isolated from. While this has likely led to more
variation or “noise” in the data, it has also allowed evaluation of the appetite response under
more realistic, real-life conditions [139, 185]. It is important to remember that appetite
response obtained under clinical conditions, where participants are isolated from many
stimuli they would encounter in everyday life, cannot necessarily be directly transferred to
real-life conditions, and extrapolation of results should therefore be done with caution [185].
Studies comparing subjective appetite under free-living conditions and under controlled
settings could aid our understanding of this and help us develop a methodology suited for
measuring appetite under free-living conditions.
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In the Sourdough study, appetite assessments were conducted under more “traditional”
conditions. Here, a difference was seen between the refined wheat bread and some of the
sourdough rye breads, specifically the ones with high rye content, while there seemed to be
no consistent pattern when looking at the sourdough content (Figure 5.5). This was apparent
even though the range in rye content was relatively narrow, while the range in sourdough
content was relatively wide. One could hypothesize that an even wider range in rye content
might have resulted in a stronger effect of rye on appetite. Nonetheless, this study does
support an effect of rye consumption on subjective appetite response. On the other hand,
the findings from the RyeWeight study could indicate that the improvement in appetite
induced by rye products under controlled conditions cannot be transferred to free-living
conditions. However, there are also potential weaknesses in the design of the appetite
measurements of the RyeWeight study, which could have influenced the results.

While there were generally no differences between the groups in the RyeWeight study in
terms of subjective appetite response, there were some indications of differences in
subjective appetite response during the morning period at week 6. The fact that the
difference was evident during the morning, and not later in the day, could be speculated to
be related to the frequency of meals throughout the day. Participants consumed breakfast at
8:00 and lunch at 12:00, leaving 4 hours between meals during the morning. During the
afternoon and evening, the participants consumed prescribed meals every 2—3 hours, which
might be too often to capture the potentially extended satiety induced by rye consumption.
This is in line with observations made while conducting the study, where some participants
stated that they felt that the meals were too frequent during the later parts of the day, leaving
them little time to develop and experience a clear distinction between hunger and fullness.
For future studies, it might be relevant to reconsider the number of meals during the appetite
assessment, to capture a wider range of the postprandial state. Additionally, it was difficult
for some participants to complete the entire appetite assessment, which was scheduled to
finish at 22:00, as it was past their usual bedtime. Therefore, it might be advisable to finalize
the assessment at an earlier time in future studies.

Lastly, it should be mentioned that the participants in the RyeWeight study recorded appetite
by use of an online survey tool. While this was popular among the participants, who found it
very convenient to answer questions on their phones, computers or similar, the specific
system used in this study has not been validated for appetite assessment. Traditionally,
assessment of appetite response has been done on paper, but recently more studies have
been conducted using various electronic systems. Some, but not all of these systems has been
validated against paper questionnaires [186—188]. Based on participant feedback on the use
of electronic questionnaires, such use should be encouraged in future studies. However,
validation against traditional paper questionnaires is needed.
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Figure 5.5: Appetite response in the Sourdough study. Abbreviations: AUC, area under the curve;
HS/HR, high sourdough and high rye content; HS/LR, high sourdough and low rye content; LS/HR, low
sourdough and high rye content; LS/LR, low sourdough and low rye content; MS/MR, medium
sourdough and medium rye content; VAS, visual analogue scale.
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5.2.1.2 Energy intake

The Sourdough study included an ad libitum lunch meal, 4 hours after consumption of the
breakfast meal. This showed that two of the rye breads resulted in lower energy intake.
However, one bread had high rye content and the other low rye content, so this did not
suggest that the amount of rye affected subsequent energy intake (Figure 5.6). It should be
noted that both breads that resulted in lower energy intake were low in sourdough content,
which adds to the notion that a high amount of sourdough does not have a positive effect on
subjective appetite response or subsequent energy intake.

Energy (kilojoule)

Figure 5.6: Voluntary energy intake at the ad libitum lunch meal in the Sourdough study.
Abbreviations: HS/HR, high sourdough and high rye content; HS/LR, high sourdough and low rye
content; LS/HR, low sourdough and high rye content; LS/LR, low sourdough and low rye content;
MS/MR, medium sourdough and medium rye content.

No ad libitum meal test was included in the RyeWeight study, as the participants conducted
the appetite tests outside the clinical setting. However, data from food records showed
positive correlations between change in energy intake and changes in body weight and body
fat, indicating that the weight loss was at least to some extent mediated by energy intake
(Table 5.3). This is to be expected and does not give any indication as to whether the energy
intake was, in turn, mediated by the intervention products. The energy intake did not differ
significantly between the groups at any time during the intervention (Paper 1). Food records
are associated with uncertainties and should be interpreted with caution, but the lack of a
difference in energy intake between the rye group and the wheat group may suggest that the
difference in weight reduction may in part be rooted in other underlying mechanisms, such
as fecal energy excretion and increased energy expenditure [107, 111]. Correlations between
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plasma AR and changes in body weight and body fat did reveal inverse correlations between
total AR, as well as C17:0/C21:0, and changes in body weight and body fat (Table 5.4).
However, this was only evident when correlating data from all participants, irrespective of
diet allocations, and may therefore be confounded by the fact that both changes in body
weight and body fat and plasma AR differed between the groups. Correlation analysis within
the rye and wheat groups did not reveal any significant correlations (Table 5.4).
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Table 5.4: Correlations between change in body weight and body fat and plasma concentration of
alkylresorcinols, a biomarker of rye and wheat intake, in the RyeWeight study.

All (n =207) Rye group (n = 108) Wheat group (n = 99)
Total ARat C17:C21at Total ARat C17:C21at Total ARat C17:C21 at
week 6 week 6 week 6 week 6 week 6 week 6
A Weightueek 0-6 -0.141 -0.139 -0.011 -0.085 0.063 0.163
(kg) (0.044) (0.046) (0.909) (0.379) (0.539) (0.108)
A fat massweek -6 -0.086 -0.138 0.00 -0.117 0.141 0.016
(kg) (0.217) (0.048) (0.994) (0.226) (0.166) (0.878)
A fat %week 0-6 -0.053 -0.134 0.015 -0.089 0.162 -0.089
(%) (0.449) (0.055) (0.875) (0.357) (0.112) (0.386)
Total ARat C17:C21at Total ARat C17:C21at Total ARat C17:C21 at
week 12 week 12 week 12 week 12 week 12 week 12
A Weightyeek 0-12 -0.188 -0.159 -0.083 0.058 -0.032 -0.040
(kg) (0.007) (0.022) (0.393) (0.551) (0.753) (0.699)
A fat massweek 0-12 -0.165 -0.156 -0.069 0.070 0.011 -0.104
(kg) (0.017) (0.025) (0.477) (0.474) (0.912) (0.309)
A fat %week 0-12 -0.145 -0.175 -0.051 -0.001 0.023 -0.148
(%) (0.037) (0.012) (0.599) (0.944) (0.821) (0.146)

Data are correlation coefficients (p-values). Significant (p < 0.05) correlations highlighted in bold.

5.2.1.3 Gut microbiota and SCFAs
In the RyeWeight study, microbiota composition was analyzed and, as reported in Paper II,

the intervention induced certain changes in the microbiota. Most notable was an increase in
the fiber degrading Agathobacter and Prevotella in the rye group, although the latter did not
differ significantly between the groups due to baseline differences. The increase in these
bacteria was likely a response to the high amount of fiber in the rye products, as they are
known to degrade fiber and have previously been associated with high fiber intake [189, 190].
Plasma butyrate concentration was higher in the rye group than in the wheat group after 6
and 12 weeks of intervention (Paper ll). This may be attributed to the increase in
Agathobacter, as Agathobacter is known to produce butyrate [191]. Acetate differed between
the groups after 6 weeks of intervention, but there were no additional effects of the
intervention on plasma SCFA concentration (Paper Il).

Overall, there was no association between changes in gut microbiota composition and
changes in body weight and body fat, aside from an inverse correlation between change in
Holdemania abundance and change in body fat within the rye group (i.e., increasing
abundance of Holdemania was associated with reduction in body fat). However, the
abundance of Holdemania seemed to decrease over the course of the intervention in the rye
group, which is counterintuitive. It appears that relatively little is known about the functions
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of Holdemania in the human gut and its potential implications for human health. Different
species and strains of Holdemania may have different effects in the human gut. The 16S rRNA
methodology used in the RyeWeight study is limited to characterization on a genus level and
a deeper characterization may be needed to understand the link between gut microbiota and
physiological response to the dietary intervention.

Previous studies have consistently found an association between Prevotella abundance at
baseline and weight loss in response to a fiber-rich diet [24, 112, 113]. However, no such
correlation was found in the RyeWeight study. On the other hand, baseline abundance of
Lactococcus was seen to correlate negatively with changes in body weight and body fat in the
rye group, while correlating positively with the same outcomes in the wheat group. It is
important to note that the RyeWeight study included a run-in period and that the baseline
fecal samples were collected towards the end of the run-in period and therefore may not
reflect the participants’ gut microbiota composition before entering the study, since they
were provided refined wheat during the run-in. Gut microbiota composition has been shown
to change within days in response to dietary intervention, although the dietary interventions
used in those studies were rather extreme compared to the intervention used for the
RyeWeight study [192, 193]. Nonetheless, conclusions regarding the influence of the baseline
microbiota on weight loss should be drawn with great caution. The study was not specifically
designed for investigating the effect of gut microbiota on weight loss, but considering recent
advances in the field, collection of a fecal sample before initiation of the run-in period would
have strengthened the design of the study.

5.3 Effect of rye consumption on metabolic risk markers

Both the RyeWeight and the RyeClaim studies revealed some effects of the intervention on
metabolic risk markers. As the RyeWeight study was designed as a weight loss study and
succeeded in inducing a weight loss that differed between the groups, the results on
metabolic risk markers should be interpreted with caution since it cannot be ruled out that
they are to some extent affected by the weight loss.

5.3.1 Inflammation

One of the most interesting findings from the RyeWeight study, beyond the weight loss, was
a rather large decrease in CRP (Figure 5.7). CRP concentration remained stable in the wheat
group, but decreased in the rye group and was almost 30% lower than in the wheat group
after 12 weeks of intervention. The statistical analysis was adjusted for change in body weight
and the change in CRP did not appear to be correlated with change in body weight. Thus, this
reduction in CRP cannot be explained solely by weight loss, especially considering the fact
that this is not the first time rye intake has been associated with reduction in inflammatory
markers [194].
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Figure 5.7: Summary of the difference between the rye group and the wheat group after 6 and 12
weeks of intervention in the RyeWeight study. As the outcome measures were not normally distributed,
the data were transformed to a natural logarithmic scale before analysis and the estimates were then
back-transformed to the original scale for interpretation. The estimates are therefore to be interpreted
as the ratio between the groups and 95% confidence intervals. The rye group was set as the reference
and a bar reaching above 1 means that the concentration in the wheat group was higher than that in
the rye group. *Observations above 10 mg/| has been omitted* p < 0.05, ** p < 0.01.

The RyeClaim study also showed a reduction in CRP (Figure 5.8). As opposed to the RyeWeight
study, where the difference was driven solely by a decrease in the rye group, the change in
CRP in the RyeClaim study was mediated by a combination of an increase in the wheat group
and a decrease in the rye group. This may be a result of the products being unfamiliar to the
participants, so that any negative effect of wheat products would appear in this population,
but not in a population more accustomed to consuming such wheat products, like that in the
RyeWeight study. It should be noted that the RyeClaim study was conducted in a population
with an ongoing infection (Helicobacter pylori) which might affect CRP. However, there was
no indication that the infection was affected by the intervention. Furthermore, the
differences in CRP had attenuated at week 24, once the participants had returned to their
habitual diet, which strengthens the notion that the differences in CRP were caused by the
intervention.

Nonetheless, the reduction in CRP was substantial in both studies and a good indicator of a
positive effect of rye consumption on low-grade inflammation. This is supported by findings
from a cross-over intervention in 17 men with low-grade untreated prostate cancer [194]. In
this study, an intervention with high amounts of rye products for 6 weeks tended to decrease
levels of CRP and other inflammatory markers that have been associated with metabolic
disease risk, compared with refined wheat products [194, 195]. The microbiota analysis from
the RyeWeight study revealed a reduction in the abundance of [Ruminococcus] torques group
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in response to the rye diet (Paper Il). [Ruminococcus] torques group is known to degrade
mucus in the human Gl tract and has been associated with poor gut barrier integrity and it
may be that the reductions in CRP brought on by the rye-based intervention were mediated
through an improved gut barrier function.
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Figure 5.8: C-reactive protein (CRP) concentration in the RyeClaim study. The participants consumed
refined wheat products or high fiber rye products with added rye bran according to randomization
during weeks 0-12 whereafter they returned to their habitual diet. Data are means and standard
errors of mean. *p<0.05.

5.3.2 Cholesterol

After 12 weeks of intervention in the RyeClaim study, LDL cholesterol was 0.2 mmol/Il lower
in the rye group than in the wheat group (Figure 5.9). This was driven by a reduction in LDL
concentration in the rye group that was apparent already at week 6. However, at week 6 the
LDL concentration in the wheat group had also decreased, meaning that there were no
significant differences between the groups at that time. The reduction in LDL cholesterol in
the wheat group had diminished at week 12, returning to baseline levels. Interestingly, a
seemingly opposite pattern was found in the RyeWeight study, where a difference in LDL
concentration between the groups at week 6 was driven by an increase in the wheat group,
which had diminished by week 12 (Figure 5.10). These fluctuations in LDL cholesterol
concentrations over the course of the intervention are difficult to explain. In a recent
intervention comparing whole grain rye and whole grain wheat in an 8-week cross-over study,
a significantly lower LDL concentration was found in the rye group after 4 weeks of
intervention, but had diminished at week 8 [59]. This was not explained by changes in
compliance as measured by plasma AR concentrations. Cereal fiber has been shown to be
associated with lower cholesterol concentration and reduced disease risk, while refined grain
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consumption has been associated with increased risk of cardiovascular disease and it could
be theorized that consumption of high fiber rye-based cereals might reduce cholesterol
concentration in a similar manner as oat-based cereals [65, 196, 197]. However, the
fluctuations repeatedly seen in cholesterol concentration following rye consumption warrant
further research on the topic and highlight the need for studies with a relatively long duration
and frequent sampling to capture this phenomenon.
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Figure 5.9: Total, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol
concentrations in the RyeClaim study. The participants consumed refined wheat products or high
fiber rye products with added rye bran according to randomization during weeks 0-12 whereafter
they returned to their habitual diet. Data are means and standard errors of mean. *p<0.05.
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Figure 5.10: Summary of the mean differences and 95% confidence intervals between the rye group
and the wheat group after 6 and 12 weeks of intervention in the RyeWeight study. The rye group was
set as the reference when calculating the difference between the groups, so if the bar reaches above
the zero it means that the wheat group was higher than the rye group. * p < 0.05, ** p < 0.01.
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6 GENERAL DISCUSSION

The overall aim of this thesis was to investigate the effects of rye-based cereal products on
body weight and metabolic risk markers, and the potential roles of appetite regulation and
gut microbiota. Rye-based products were shown to induce greater weight loss than wheat-
based products, as well as inducing some beneficial effects on metabolic risk markers. In the
following, | will discuss some general methodological issues related to the studies included in
this thesis, as well as summarizing the main findings of the thesis and how they contribute to
further understanding of the health effects of rye.

6.1 Methodological considerations

6.1.1 Choice of intervention products and compliance

All three studies included in this thesis used refined wheat-based products with a relatively
low fiber content as the control treatment, whereas the rye-based products contained whole
grain and in one study, added rye bran, which made them higher in dietary fiber than the
control products. This means that it can be difficult to distinguish the effects of rye per se
from the effects of cereal fiber, associated bioactive compounds and whole grain.

The rationale behind selection of products, especially in the RyeWeight study, was that the
typical rye products on the market are relatively high in whole grain and cereal fiber, whereas
the typical wheat products are based on refined wheat. From a public health perspective, it
is therefore highly relevant to investigate the effect of replacing existing wheat products with
existing rye products rich in whole grains and dietary fiber, in line with the dietary guidelines.
This being said, it is still interesting to compare different sources of whole grain to disentangle
the potential effects of whole grain vs. refined grain and different cereal sources. Two studies
including both a refined wheat arm, a whole grain wheat arm and a whole grain rye arm have
been conducted previously [89, 108]. This design gives the opportunity to investigate the
effect of whole grain vs. refined grain, as well as the potential differences between cereal
sources, but both studies had a relatively low number of participants in each arm and thus
had limited statistical power to detect clinically meaningful differences. Though it could have
been interesting to include another treatment arm in the RyeWeight study, for instance with
whole grain wheat-based products or refined rye products, it would have had some
implications: either the power would have been reduced or there would have been a need to
increase the enrollment, which can be a challenge in practice. Furthermore, one of the
previously mentioned studies indicated that whole grain rye was superior to whole grain
wheat in terms of inducing weight loss [108], which would justify the choice of comparing
whole grain rye with refined wheat at a larger scale.
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Another option could be to exclude the refined wheat arm and only include two different
whole grain groups. A study by Eriksen et al. compared whole grain rye and whole grain
wheat, matched for cereal fiber content by adding wheat bran to the whole grain wheat
products [59]. This gave the opportunity to investigate the effect of the whole grain source,
without the influence of differing amounts of cereal fiber, and indicated that rye was superior
to wheat in terms of lowering LDL cholesterol, independent of fiber content [59]. However, it
is important to remember that different cereals have different amounts of fiber in their native
form [81], so in practice a 100% whole grain rye product will have a higher fiber content than
a 100% whole grain wheat product. Ultimately, choice of control treatment is a challenge in
dietary intervention studies and should be made carefully, to fit the research question [198,
199].

In the context of the RyeClaim study, neither the rye products nor the wheat products were
similar to any products available in the market or habitually consumed in the population
where the study was conducted. However, the aim of this study was to proof a concept of
using a combination of whole grain rye and fermented rye bran to manage Helicobacter pylori
infection, rather than testing a diet with immediate potential for utilization. As rye is generally
not consumed in countries with a high Helicobacter pylori incidence, it was necessary to
conduct the study in a population that was not used to consuming rye-based products and
unfamiliarity with the products was thus difficult to avoid. In retrospect, the poor compliance
indicates that more care could have been taken to ensure that the intervention products were
palatable for the participants. This highlights an important aspect of designing dietary
interventions, that should not be neglected. Good compliance is an important factor for
producing robust evidence [75, 200], so one should take measures to facilitate compliance
and ensure that the intervention is well accepted by the participants. Furthermore, this also
highlights the importance of measuring compliance in intervention studies [201]. Compliance
is often measured by having the participants report their intake of intervention products or
by having participants return unused intervention products [202, 203]. However, these
measures are prone to bias and should ideally be supplemented with more objective
measures, such as dietary biomarkers —which were used in the studies included in this thesis.
Without dietary biomarkers, lack of compliance would not have been detected in the
RyeClaim study.

While rye breads are often made using sourdough, the breads used in the RyeWeight and
RyeClaim studies were made without sourdough, to prevent any potentially confounding
effect of comparing yeast-fermented wheat breads with sourdough-fermented rye breads.
The Sourdough study showed no effect of sourdough fermentation on postprandial appetite.
However, sourdough could have other effects, for instance related to bioavailability and
structural properties of the bread, that may affect health outcomes [204]. Furthermore,
sourdough can be based on a range of different cereal ingredients and yeast cultures and
effects may vary between different types of sourdough [204].
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6.1.2 Appetite assessment

It was hypothesized that weight loss induced by rye consumption could be mediated through
increased satiety. This was not confirmed by the studies included in this thesis, but
methodological issues may have affected the results.

There are currently few studies that have conducted home-based appetite assessments and
therefore little is known about the validity of such measurements, compared with the
traditional clinic-based appetite assessments. One study comparing appetite response to
whole grain-based products in a clinical setting with that in an at-home setting found appetite
response in the two settings to be comparable [205]. However, more studies are needed to
validate the home-based approach. Home-based appetite assessments can probably provide
valuable insight into appetite regulation under free-living conditions and help us understand
how the body of evidence from clinic-based studies translates into real-life settings.
Furthermore, home-based appetite assessment offers practical advantages in terms of
reducing the need for clinical facilities to conduct appetite assessments and participants may
also find it appealing to conduct study activities outside the clinical setting. This feeds into an
ongoing trend within the field of medical research where decentralized and virtual trials are
gaining momentum [206—-208].

6.2 Rye and health — evidentiary status

6.2.1 Body weight management

Studies in this thesis have provided evidence that rye has a beneficial effect when it comes to
reducing body weight and body fat, but the mechanism(s) behind this effect remain unclear
and warrant further research.

Considering the large body of studies showing a satiety-enhancing effect of rye-based
products (Table 3.2), it is worth considering appetite regulation as a potential mechanism,
even though no such mechanistic link was found in the RyeWeight study. As previously
discussed, the methodology used to evaluate satiety in a home setting needs to be optimized
and validated and the link between inducing satiety and inducing weight loss should be
investigated further. In addition, the potential role of satiation is worth considering. No study
to date has investigated the satiating effect of rye-based products, but from a theoretical
point of view, satiation induced by rye-based products could lead to a lower energy intake
within a meal, which could contribute to lower overall energy intake and, consequently,
weight loss [125]. Additional mechanisms, such as fecal energy excretion and energy
expenditure, could also be worth including in future studies. Studies in ileostomy patients
have shown increased energy content in the ileal digesta following consumption of rye
products, compared with wheat products, which indicates that a lower proportion of the
energy in the food is absorbed in the upper Gl tract when rye products are incorporated in
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the diet [209, 210]. No studies have measured fecal energy excretion following a rye-based
diet, but consumption of whole grain and dietary fiber has been shown to increase fecal
energy excretion [211-213]. Thus, it seems plausible that rye products would have the same
effect, but this remains to be tested.

As gut microbiota, especially baseline gut microbiota, has recently emerged as a potential
mediator of weight loss induced by a fiber-rich diet, future studies should consider this [25].
Energy extracted from fermentable dietary fiber in the colon, in the form of SCFAs, has
previously been thought to be a significant source of energy and thus shift the energy balance
upward [214]. However, the fact that intake of dietary fiber has consistently been associated
with lower body weight and that concentrations of certain fiber-degrading bacteria have
recently been correlated with increased weight loss in response to a fiber-rich diet speaks
against that theory [24, 112, 113]. Rather, it may be that SCFAs, especially propionate, are
involved in appetite regulation, through their potential effect on satiety-regulating hormones,
which could explain why a high abundance of SCFA-producing bacteria is associated with
increased weight loss following a diet high in dietary fiber [121, 135, 215, 216]. This could
mean that a person with a higher capacity for colonic fermentation and SCFA production
would respond better to a weight loss diet high in fermentable fiber than a person with lower
capacity for fermentation. Butyrate was the only SCFA for which the concentration differed
consistently between the groups in the RyeWeight study. Butyrate has been suggested to be
involved in the upregulation of the energy expenditure and it could be that the increased
weight loss in the rye group was partially mediated by this, especially considering the fact that
neither reported energy intake or subjective appetite differed between the groups [217]. In
future studies, it could be interesting to include a measure of energy expenditure, though it
is relatively resource-demanding to perform such measurements in a large group of
participants [218].

The lack of a “true” baseline fecal sample in the RyeWeight study hampered investigation of
the potential link between baseline gut microbiota and response to the intervention, since
the 2-week run-in period on refined wheat may have altered the baseline gut microbiota. On
the one hand, some studies have shown that gut microbiota composition changes rapidly in
response to dietary change [192, 193]. However, previous cereal-based interventions similar
to the RyeWeight study have shown limited effects of the intervention on gut microbiota
composition [57-59, 219]. A solution might be to conduct a model intervention of the run-in
period, using the same dietary intervention as was used in the RyeWeight study, to increase
our understanding of how the run-in period may have affected the microbiota composition
and how the data from the RyeWeight study should be interpreted.

The RyeWeight study is the first study designed to investigate the effect of rye consumption
on weight loss and though the results are convincing, the findings should be confirmed in
other studies before firm conclusions are drawn. While the RyeWeight study was of a
relatively long duration compared with other whole grain interventions (Table 3.1), it is
important to consider the more long-term effects of a weight loss intervention. Weight gain
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following weight loss is far from unusual and long-term weight management is the most
important aspect to consider for disease prevention [220-222]. Future studies could have
extended intervention periods, but follow-up periods beyond the intervention period could
also provide valuable information on the long-term effects of weight loss induced by replacing
refined wheat-based cereals with whole grain rye-based cereals.

6.2.2 Metabolic risk factors

A consistent effect of rye consumption on inflammation was found in this thesis and a
potential association with gut microbiota was revealed. This is consistent with findings of
another rye-based intervention, showing that a high intake of rye-based products reduced
levels of several inflammatory markers [194]. It is important to emphasize that none of these
studies was designed for investigating the effect of rye on inflammation and each has some
potentially confounding factors, such as weight loss and ongoing disease. Despite this, the
results are consistent and a potential mechanistic link to gut microbiota has been suggested,
which would justify designing and conducting a study specifically to investigate the effects of
rye-based products on inflammation. In such a study, it would be relevant to include
assessment of other inflammatory markers that may have implications for metabolic and
cardiovascular disease risk, such as interleukin-6 and tumor necrosis factor-o [223].
Furthermore, it could be relevant to include markers of gut barrier integrity, such as zonulin
[224], in order to investigate the potential association between inflammation and the gut
[225]. There is no consensus when it comes to cut-offs for CRP in relation to risk of
cardiovascular disease, but it has been suggested that values of 1-3 mg/l should be
interpreted as intermediate risk and values > 3 mg/I as high risk [226, 227]. Participants in
both the RyeWeight and the RyeClaim studies had a baseline CRP of approximately 1.5 mg/I,
placing them in the intermediate risk group. In both studies, the CRP concentrations in the
rye group at week 12 were close to the lower limit of 1 mg/I, indicating a reduction in disease
risk, although it should be noted that they were in the lower range of the intermediate risk
group already at baseline.

The studies included in this thesis revealed a potential effect of rye consumption on LDL
cholesterol. Although not as clear-cut as other results, this raises interest, as it is not the first
time rye-based products have been associated with favorable effects on blood lipids [59, 78,
228]. Though the participants in the RyeClaim study had an average LDL concentration within
normal range at baseline, the magnitude of the reduction was in line with what has been seen
in studies investigating the cholesterol-lowering effect of beta-glucans, which has been
deemed sufficient to substantiate an authorized health claim from the European Commission
[164, 167]. However, at this stage, the results are not sufficiently consistent to draw any
conclusions regarding the potential effects of rye consumption on blood lipids.
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7 CONCLUSIONS

The work in this thesis showed that:

e Rye-based products with a high fiber content induce a larger weight loss than refined
wheat products, which indicates that replacing refined wheat products with high fiber
rye products is beneficial for weight loss.

e The effects of rye-based products on appetite were not convincing and the appetite
response did not differ between high fiber rye-based products and refined wheat-
based products in an at-home setting. No mechanistic link between increased satiety
and weight loss could be established. However, methodological issues warrant further
research before any conclusions can be drawn.

e No consistent link between weight loss and gut microbiota was found, but use of more
sophisticated analysis methods and a better understanding of how the run-in period
may have affected the baseline gut microbiota could potentially lead to additional
findings.

e Rye was shown to induce a consistent attenuating effect on inflammation, compared
with refined wheat products, though these results should be interpreted with care
due to potential confounding. Rye may affect LDL cholesterol, but the effects were
inconsistent and warrant further research. Changes in gut microbiota induced by rye
consumption may be involved in the reduction of inflammation.
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8 FUTURE PERSPECTIVES

Confirmation of the effect of rye on body weight in other studies is warranted,
especially if one were to pursue a health claim on the effect or in other ways use it in
marketing of rye products.

Long-term weight maintenance is an important aspect of weight management and
follow-up studies, for instance 1-2 years after the end of an intervention, would aid
the understanding of the long-term implications of a weight loss induced by replacing
wheat products with rye products. Studies of longer duration and studies including a
weight maintenance phase, in addition to a weight loss phase, could also provide
valuable information on the potential use of rye for weight maintenance.

Further investigation of the potential role of gut microbiota, potentially through
sequencing of gut microbiota on a deeper level, more advanced statistical analysis
methods and carefully planned sample collection, could likely increase our
understanding of some of the underlying mechanisms of weight loss induced by a
dietary intervention.

Methods suitable for measuring subjective appetite under free-living conditions
should be developed. This could for instance be done by comparing the home- and
clinic-based appetite responses to identical foods in order to improve our
understanding of how we can interpret appetite responses measured in different
settings and identify aspects of the methodology that can be optimized for these
different settings. Furthermore, there is a need to develop and validate new tools for
appetite assessment, such as a smartphone application.

The effects on inflammation warrant further research. A first step could be to utilize
biobank material from the RyeWeight study to measure additional inflammatory
markers, as well as markers of gut permeability. At some point, a study specifically
designed to investigate the effect of rye consumption on inflammation, without the
confounding factor of weight loss, will be needed to establish causality.

A study designed to investigate the effect of rye consumption on inflammation could
potentially also be utilized to investigate the effect on blood lipids. Ideally, relatively
frequent sampling (e.g., every second week) should be implemented to capture the
fluctuations in LDL cholesterol we have seen on several occasions.

59



9 ACKNOWLEDGEMENTS

| am deeply thankful to everyone who has supported me during my time as a PhD student,
both in Uppsala and in Gothenburg! | would especially like to thank:

My supervisors, Rikard Landberg, Maud Langton and Carl Brunius, for giving me the
opportunity, supporting me, and letting me develop as an independent researcher.

Ann-Sofie Sandberg, Nathalie Scheers and Bo Ekstrand for providing constructive feedback on
my thesis.

VINNOVA, FORMAS and Vetenskapsradet (VR) for supporting the clinical trials and the
subsequent analyses.

Lantmannen and Barilla for supporting the RyeWeight and the RyeClaim studies.

Carina Fredriksson, Siv Tengblad, Janicka Nilsson, Elise Nordin and Frida Carlsson for
tremendous help with the RyeWeight study, Daniel Johansson for great collaboration in the
Sourdough study, and our Chinese collaborators in Shanghai who conducted the RyeClaim
study.

All my co-workers and office mates at SLU, EpiHubben and Chalmers. Special thanks to Souad,
Lillie, Lin and lzabela for many great times in and out of the office. Izabela — thank you for
everything!

Lastly, | want to thank the participants who participated in the studies. Without participants,
none of these studies would have been possible, so past, present, and future study
participants deserve a huge acknowledgement for their contribution to the research.

60



10 REFERENCES

10.

11.

12.

13.

14.

Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, et al (2017) Health
Effects of Overweight and Obesity in 195 Countries over 25 Years. N Engl J Med
377:13-27

World Health Organization (2020) Fact sheet: Obesity and overweight.
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.
Accessed 29 Jan 2021

Revels S, Kumar SAP, Ben-Assuli O (2017) Predicting obesity rate and obesity-related
healthcare costs using data analytics. Heal Policy Technol 6:198—-207

Di Cesare M, Bentham J, Stevens GA, Zhou B, Danaei G, Lu Y, et al (2016) Trends in
adult body-mass index in 200 countries from 1975 to 2014: A pooled analysis of 1698
population-based measurement studies with 19.2 million participants. Lancet
387:1377-1396

Folkhdlsomyndigheten (2021) Statistik om 6vervikt och fetma —
Folkhdlsomyndigheten.
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/tolkad-
rapportering/folkhalsans-utveckling/resultat/halsa/overvikt-och-fetma/. Accessed 29
Jan 2021

World Health Organization (2000) The Asia-Pacific perspective : redefining obesity
and its treatment. Health Communications Australia, Sydney, Sydney

Zhou B-F, Cooperative Meta-Analysis Group of the Working Group on Obesity in
China (2002) Predictive values of body mass index and waist circumference for risk
factors of certain related diseases in Chinese adults--study on optimal cut-off points
of body mass index and waist circumference in Chinese adults. Biomed Environ Sci
15:83-96

Hill JO, Wyatt HR, Peters JC (2012) Energy balance and obesity. Circulation 126:126—
132

Williams EP, Mesidor M, Winters K, Dubbert PM, Wyatt SB (2015) Overweight and
Obesity: Prevalence, Consequences, and Causes of a Growing Public Health Problem.
Curr Obes Rep 4:363—-370

Hill JO, Peters JC, Catenacci VA, Wyatt HR (2008) International strategies to address
obesity. Obes Rev 9:41-47

World Health Organization (2000) WHO Consultation on Obesity (1999: Geneva,
Switzerland) & World Health Organization. (2000) - Obesity : preventing and
managing the global epidemic : report of a WHO consultation.

Montagnese C, Santarpia L, Buonifacio M, Nardelli A, Caldara AR, Silvestri E, et al
(2015) European food-based dietary guidelines: A comparison and update. Nutrition
31:908-915

Montagnese C, Santarpia L, lavarone F, Strangio F, Caldara AR, Silvestri E, et al (2017)
North and South American countries food-based dietary guidelines: A comparison.
Nutrition 42:51-63

Gose M, Krems C, Heuer T, Hoffmann | (2016) Trends in food consumption and
nutrient intake in Germany between 2006 and 2012: Results of the German National
Nutrition Monitoring (NEMONIT). Br J Nutr 115:1498-1507

61



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Johansson |, Nilsson LM, Stegmayr B, Boman K, Hallmans G, Winkvist A (2012)
Associations among 25-year trends in diet, cholesterol and BMI from 140,000
observations in men and women in Northern Sweden. Nutr J.
https://doi.org/10.1186/1475-2891-11-40

Winkvist A, Klingberg S, Nilsson LM, Wennberg M, Renstrom F, Hallmans G, et al
(2017) Longitudinal 10-year changes in dietary intake and associations with cardio-
metabolic risk factors in the Northern Sweden Health and Disease Study. NutrJ 16:1-
12

Reynolds A, Mann J, Cummings J, Winter N, Mete E, Te Morenga L (2019)
Carbohydrate quality and human health: a series of systematic reviews and meta-
analyses. Lancet 393:434-454

Willett W, Rockstrom J, Loken B, Springmann M, Lang T, Vermeulen S, et al (2019)
Food in the Anthropocene: the EAT—Lancet Commission on healthy diets from
sustainable food systems. Lancet 393:447-492

Slavin J (2004) Whole grains and human health. Nutr Res Rev 17:99-110

Slavin J (2003) Why whole grains are protective: biological mechanisms. Proc Nutr Soc
62:129-134

EFSA Panel on Dietetic Products Nutrition and Allergies (2012) Guidance on the
scientific requirements for health claims related to appetite ratings, weight
management, and blood glucose concentrations. EFSA J.
https://doi.org/10.2903/j.efsa.2012.2604

Jonsson K, Andersson R, Bach Knudsen KE, Hallmans G, Hanhineva K, Katina K, et al
(2018) Rye and health - Where do we stand and where do we go? Trends Food Sci
Technol 79:78-87

Hansen TT, Andersen SV, Astrup A, Blundell J, Sjédin A (2019) Is reducing appetite
beneficial for body weight management in the context of overweight and obesity? A
systematic review and meta-analysis from clinical trials assessing body weight
management after exposure to satiety enhancing and/or hunger reducing products.
Obes Rev. https://doi.org/10.1111/0br.12854

Christensen L, Vuholm S, Roager HM, Nielsen DS, Krych L, Kristensen M, et al (2019)
Prevotella Abundance Predicts Weight Loss Success in Healthy, Overweight Adults
Consuming a Whole-Grain Diet Ad Libitum: A Post Hoc Analysis of a 6-Wk
Randomized Controlled Trial. J Nutr. https://doi.org/10.1093/jn/nxz198

Christensen L, Roager HM, Astrup A, Hjorth MF (2018) Microbial enterotypes in
personalized nutrition and obesity management. Am J Clin Nutr 108:645—-651
Poutanen K, Karlund A, Gémez-Callego C, Johansson D, Scheers N, Marklinder |, et al
(2021) Grains —a major source of sustainable protein for health. Nutr. Rev.

Kyrg C, Skeie G, Dragsted LO, Christensen J, Overvad K, Hallmans G, et al (2012)
Intake of whole grain in Scandinavia: Intake, sources and compliance with new
national recommendations. Scand J Public Health 40:76-84

Andersen JLM, Halkjaer J, Rostgaard-Hansen AL, Martinussen N, Lund ASQ, Kyrg C, et
al (2021) Intake of whole grain and associations with lifestyle and demographics: a
cross-sectional study based on the Danish Diet, Cancer and Health—Next Generations
cohort. Eur J Nutr 60:883—895

Lindhauer MG (2015) Grain Production and Consumption: Europe. In: Encycl. Food
Grains Second Ed. Elsevier Inc., pp 383—-390

62



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

WholEUGrain project (2021) Whole grain: definition, evidence base review,
sustainability aspects and considerations for a dietary guideline. Lourengo S (Ed.).
WholEUGrain: Copenhagen

Mathews R, Chu YF (2021) Global review of whole grain definitions and health claims.
Nutr Rev 78:98-106

van der Kamp JW, Poutanen K, Seal CJ, Richardson DP (2014) The HEALTHGRAIN
definition of “whole grain.” Food Nutr Res 58:22100

De Moura FF, Lewis KD, Falk MC (2009) Applying the FDA Definition of Whole Grains
to the Evidence for Cardiovascular Disease Health Claims. J Nutr 139:2220S-2226S
Food Standards Australia & New Zealand (2019) Wholegrain food.
https://www.foodstandards.gov.au/consumer/nutrition/wholegrain/Pages/default.as
px. Accessed 13 Jul 2021

Ross AB, van der Kamp JW, King R, Lé KA, Mejborn H, Seal CJ, et al (2017) Perspective:
A definition for whole-grain food products - Recommendations from the Healthgrain
Forum. Adv Nutr 8:525-531

Lourenco S, Hansen GL, Stzerk B, Frank P, Petersen CT (2019) The Whole Grain
Partnership—How a Public—Private Partnership Helped Increase Whole Grain Intake
in Denmark. Cereal Foods World. https://doi.org/10.1094/cfw-64-3-0027

Mgrk T, Tsalis G, Grunert K (2015) Campaigning for a healthier diet: Evaluating the
case of the Nordic “Keyhole” label 2014T. Eur J Public Health.
https://doi.org/10.1093/eurpub/ckv172.100

Swedish National Food Agency (2021) Nyckelhalet.
https://www.livsmedelsverket.se/livsmedel-och-innehall/text-pa-forpackning-
markning/nyckelhalet#Nyckelhalet_-_en_nordisk_markning. Accessed 12 Jul 2021
Aune D, Norat T, Romundstad PP, Vatten LJ (2013) Whole grain and refined grain
consumption and the risk of type 2 diabetes: a systematic review and dose-response
meta-analysis of cohort studies. Eur J Epidemiol 28:845—-858

Steffen LM, Jacobs DR, Stevens J, Shahar E, Carithers T, Folsom AR (2003) Associations
of whole-grain, refined-grain, and fruit and vegetable consumption with risks of all-
cause mortality and incident coronary artery disease and ischemic stroke: the
Atherosclerosis Risk in Communities (ARIC) Study. Am J Clin Nutr 78:383-390
Williams PG (2012) Evaluation of the evidence between consumption of refined
grains and health outcomes. Nutr Rev 70:80-99

Wei H, Gao Z, Liang R, Li Z, Hao H, Liu X (2016) Whole-grain consumption and the risk
of all-cause, CVD and cancer mortality: a meta-analysis of prospective cohort studies.
BrJ Nutr 116:514-525

Li B, Zhang G, Tan M, Zhao L, Jin L, Tang X, et al (2016) Consumption of whole grains
in relation to mortality from all causes, cardiovascular disease, and diabetes.
Medicine (Baltimore) 95:e4229

Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, et al (2016)
Whole grain consumption and risk of cardiovascular disease, cancer, and all cause and
cause specific mortality: systematic review and dose-response meta-analysis of
prospective studies. BMJ 353:i2716

Chen G-C, Tong X, Xu J-Y, Han S-F, Wan Z-X, Qin J-B, et al (2016) Whole-grain intake
and total, cardiovascular, and cancer mortality: a systematic review and meta-
analysis of prospective studies. Am J Clin Nutr 104:164-172

63



46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Lutsey PL, Jacobs DR, Kori S, Mayer-Davis E, Shea S, Steffen LM, et al (2007) Whole
grain intake and its cross-sectional association with obesity, insulin resistance,
inflammation, diabetes and subclinical CVD: The MESA Study. Br J Nutr 98:397-405
Good CK, Holschuh N, Albertson AM, Eldridge AL (2008) Whole Grain Consumption
and Body Mass Index in Adult Women: An Analysis of NHANES 1999-2000 and the
USDA Pyramid Servings Database. J Am Coll Nutr 27:80-87

O’Neil CE, Zanovec M, Cho SS, Nicklas TA (2010) Whole grain and fiber consumption
are associated with lower body weight measures in US adults: National Health and
Nutrition Examination Survey 1999-2004. Nutr Res 30:815-822

Albertson AM, Reicks M, Joshi N, Gugger CK (2016) Whole grain consumption trends
and associations with body weight measures in the United States: Results from the
cross sectional National Health and Nutrition Examination Survey 2001-2012. Nutr J
15:1-14

Fardet A (2010) New hypotheses for the health-protective mechanisms of whole-
grain cereals: what is beyond fibre? Nutr Res Rev 23:65-134

Codex Alimentarius (2017) GUIDELINES ON NUTRITION LABELLING - CAC/GL 2-1985.
Fuller S, Beck E, Salman H, Tapsell L (2016) New Horizons for the Study of Dietary
Fiber and Health: A Review. Plant Foods Hum Nutr 71:1-12

Anderson JW, Baird P, Davis RH, Ferreri S, Knudtson M, Koraym A, et al (2009) Health
benefits of dietary fiber. Nutr Rev 67:188-205

Lattimer JM, Haub MD (2010) Effects of Dietary Fiber and Its Components on
Metabolic Health. Nutrients 2:1266-1289

Seal CJ, Courtin CM, Venema K, Vries J, de Vries J (2021) Health benefits of whole
grain: effects on dietary carbohydrate quality, the gut microbiome, and consequences
of processing. Compr Rev Food Sci Food Saf 20:2742-2768

Gong L, Cao W, Chi H, Wang J, Zhang H, Liu J, et al (2018) Whole cereal grains and
potential health effects: Involvement of the gut microbiota. Food Res Int 103:84-102
Roager HM, Vogt JK, Kristensen M, Hansen LBS, Ibriigger S, Markedahl RB, et al
(2019) Whole grain-rich diet reduces body weight and systemic low-grade
inflammation without inducing major changes of the gut microbiome: a randomised
cross-over trial. Gut 68:83-93

Vuholm S, Nielsen DS, Iversen KN, Suhr J, Westermann P, Krych L, et al (2017) Whole-
Grain Rye and Wheat Affect Some Markers of Gut Health without Altering the Fecal
Microbiota in Healthy Overweight Adults: A 6-Week Randomized Trial. J Nutr
147:jn250647

Eriksen AK, Brunius C, Mazidi M, Hellstrom PM, Risérus U, Iversen KN, et al (2020)
Effects of whole-grain wheat, rye, and lignan supplementation on cardiometabolic
risk factors in men with metabolic syndrome: a randomized crossover trial. Am J Clin
Nutr 1:846—-876

Rodriguez-Garcia C, Sdnchez-Quesada C, Toledo E, Delgado-Rodriguez M, Gaforio JJ
(2019) Naturally lignan-rich foods: A dietary tool for health promotion? Molecules.
https://doi.org/10.3390/molecules24050917

Carlsen SCK, Kudsk P, Laursen B, Mathiassen SK, Mortensen AG, Fomsgaard IS (2009)
Allelochemicals in rye (Secale cereale L.): Cultivar and tissue differences in the
production of benzoxazinoids and phenolic acids. Nat Prod Commun 4:199-208
Fontana L, Hu FB (2014) Optimal body weight for health and longevity: bridging basic,
clinical, and population research. Aging Cell 13:391-400

64



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Stevens J, Truesdale KP, McClain JE, Cai J (2006) The definition of weight
maintenance. Int J Obes 30:391-399

Maki KC, Palacios OM, Koecher K, Sawicki CM, Livingston KA, Bell M, et al (2019) The
relationship between whole grain intake and body weight: Results of meta-analyses
of observational studies and randomized controlled trials. Nutrients.
https://doi.org/10.3390/nu11061245

Cho SS, Qi L, Fahey GC, Klurfeld DM, Fahey Jr. GC, Klurfeld DM (2013) Consumption of
cereal fiber, mixtures of whole grains and bran, and whole grains and risk reduction in
type 2 diabetes, obesity, and cardiovascular disease. Am J Clin Nutr 98:594—619

Kyrg C, Skeie G, Dragsted LO, Christensen J, Overvad K, Hallmans G, et al (2011)
Intake of whole grains in Scandinavia is associated with healthy lifestyle, socio-
economic and dietary factors. Public Health Nutr 14:1787-1795

Harland JI, Garton LE (2008) Whole-grain intake as a marker of healthy body weight
and adiposity. Public Health Nutr 11:554-563

Evans D (2003) Hierarchy of evidence: a framework for ranking evidence evaluating
healthcare interventions. J Clin Nurs 12:77-84

Pol K, Christensen R, Bartels EM, Raben A, Tetens |, Kristensen M (2013) Whole grain
and body weight changes in apparently healthy adults: a systematic review and meta-
analysis of randomized controlled studies. Am J Clin Nutr 98:872—-884

Sadeghi O, Sadeghian M, Rahmani S, Maleki V, Larijani B, Esmaillzadeh A (2020)
Whole-Grain Consumption Does Not Affect Obesity Measures: An Updated
Systematic Review and Meta-analysis of Randomized Clinical Trials. Adv Nutr 11:280—
292

Katcher HI, Legro RS, Kunselman AR, Gillies PJ, Demers LM, Bagshaw DM, et al (2008)
The effects of a whole grain-enriched hypocaloric diet on cardiovascular disease risk
factors in men and women with metabolic syndrome. Am J Clin Nutr 87:79-90
Kristensen M, Toubro S, Jensen MG, Ross AB, Riboldi G, Petronio M, et al (2012)
Whole Grain Compared with Refined Wheat Decreases the Percentage of Body Fat
Following a 12-Week, Energy-Restricted Dietary Intervention in Postmenopausal
Women. J Nutr 142:710-716

Jackson KH, West SG, Vanden Heuvel JP, Jonnalagadda SS, Ross AB, Hill AM, et al
(2014) Effects of whole and refined grains in a weight-loss diet on markers of
metabolic syndrome in individuals with increased waist circumference: a randomized
controlled-feeding trial. Am J Clin Nutr 100:577-586

Kirwan JP, Malin SK, Scelsi AR, Kullman EL, Navaneethan SD, Pagadala MR, et al (2016)
A whole-grain diet reduces cardiovascular risk factors in overweight and obese adults:
A randomized controlled trial. J Nutr 146:2244-2251

Kristensen M, Pelletier X, Ross AB, Thielecke F (2017) A high rate of non-compliance
confounds the study of whole grains and weight maintenance in a randomised
intervention trial-the case for greater use of dietary biomarkers in nutrition
intervention studies. Nutrients. https://doi.org/10.3390/nu9010055

Van Horn L, Moag-Stahlberg A, Liu K, Ballew C, Ruth K, Hughes R, et al (1991) Effects
on serum lipids of adding instant oats to usual American diets. Am J Public Health
81:183-188

Van Horn L, Emidy LA, Liu K, Liao Y, Ballew C, King J, et al (1988) Serum lipid response
to a fat-modified, oatmeal-enhanced diet. Prev Med (Baltim) 17:377-386

65



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Leinonen KS, Poutanen KS, Mykkdnen HM, Mykkanen HM (2000) Rye bread decreases
serum total and LDL cholesterol in men with moderately elevated serum cholesterol.
J Nutr 130:164-170

Pereira MA, Jacobs DR, Pins JJ, Raatz SK, Gross MD, Slavin JL, et al (2002) Effect of
whole grains on insulin sensitivity in overweight hyperinsulinemic adults. Am J Clin
Nutr 75:848—-855

Bird AR, Vuaran MS, King RA, Noakes M, Keogh J, Morell MK, et al (2008) Wholegrain
foods made from a novel high-amylose barley variety (Himalaya 292) improve indices
of bowel health in human subjects. BrJ Nutr 99:1032-1040

Frglich W, Aman P, Tetens | (2013) Whole grain foods and health - a Scandinavian
perspective. Food Nutr Res. https://doi.org/10.3402/fnr.v57i0.18503

Henrion M, Francey C, Lé K-A, Lamothe L (2019) Cereal B-Glucans: The Impact of
Processing and How It Affects Physiological Responses. Nutrients 11:1729

Johansson DP, Gutiérrez JLV, Landberg R, Alminger M, Langton M (2018) Impact of
food processing on rye product properties and their in vitro digestion. 57:1651-1666
Sharma P, Kotari SL (2017) Barley: Impact of processing on physicochemical and
thermal properties—A review. Food Rev Int 33:359-381

Johnston L, Reynolds HR, Hunninghake DB, Schultz K, Westereng B (1998)
Cholesterol-lowering benefits of a whole grain oat ready to eat cereal. Nutr Clin Care
1:6-12

HR R, E Q, DB H (2000) Whole grain oat cereal lowers serum lipids. Top Clin Nutr
15:74-83

Saltzman E, Das SK, Lichtenstein AH, Dallal GE, Corrales A, Schaefer EJ, et al (2001) An
oat-containing hypocaloric diet reduces systolic blood pressure and improves lipid
profile beyond effects of weight loss in men and women. J Nutr 131:1465-1470

Li J, Kaneko T, Qin LQ, Wang J, Wang Y (2003) Effects of barley intake on glucose
tolerance, lipid metabolism, and bowel function in women. Nutrition 19:926-929
Mclntosh GH, Noakes M, Royle PJ, Foster PR (2003) Whole-grain rye and wheat foods
and markers of bowel health in overweight middle-aged men. Am J Clin Nutr 77:967—-
974

Karmally W, Montez MG, Palmas W, Martinez W, Branstetter A, Ramakrishnan R, et al
(2005) Cholesterol-lowering benefits of oat-containing cereal in hispanic Americans. J
Am Diet Assoc 105:967-970

Andersson A, Tengblad S, Karlstrom B, Kamal-Eldin A, Landberg R, Basu S, et al (2007)
Whole-grain foods do not affect insulin sensitivity or markers of lipid peroxidation
and inflammation in healthy, moderately overweight subjects. J Nutr 137:1401-1407
Brownlee IA, Moore C, Chatfield M, Richardson DP, Ashby P, Kuznesof SA, et al (2010)
Markers of cardiovascular risk are not changed by increased whole-grain intake: the
WHOLEheart study, a randomised, controlled dietary intervention. BrJ Nutr 104:125—
134

Giacco R, Clemente G, Cipriano D, Luongo D, Viscovo D, Patti L, et al (2010) Effects of
the regular consumption of wholemeal wheat foods on cardiovascular risk factors in
healthy people. Nutr Metab Cardiovasc Dis 20:186—194

66



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Maki KC, Beiseigel JM, Jonnalagadda SS, Gugger CK, Reeves MS, Farmer M V., et al
(2010) Whole-Grain Ready-to-Eat Oat Cereal, as Part of a Dietary Program for Weight
Loss, Reduces Low-Density Lipoprotein Cholesterol in Adults with Overweight and
Obesity More than a Dietary Program Including Low-Fiber Control Foods. J Am Diet
Assoc 110:205-214

Tucker AJ, MacKay KA, Robinson LE, Graham TE, Bakovic M, Duncan AM (2010) The
effect of whole grain wheat sourdough bread consumption on serum lipids in healthy
normoglycemic/normoinsulinemic and hyperglycemic/hyperinsulinemic adults
depends on presence of the APOE E3/E3 genotype: A randomized controlled trial.
Nutr Metab. https://doi.org/10.1186/1743-7075-7-37

Bodinham CL, Hitchen KL, Youngman PJ, Frost GS, Robertson MD (2011) Short-term
effects of whole-grain wheat on appetite and food intake in healthy adults: a pilot
study. BrJ Nutr 106:327-330

de Mello VDF, Schwab U, Kolehmainen M, Koenig W, Siloaho M, Poutanen K, et al
(2011) A diet high in fatty fish, bilberries and wholegrain products improves markers
of endothelial function and inflammation in individuals with impaired glucose
metabolism in a randomised controlled trial: The Sysdimet study. Diabetologia
54:2755-2767

Ross AB, Bruce SJ, Blondel-Lubrano A, Oguey-Araymon S, Beaumont M, Bourgeois A,
et al (2011) A whole-grain cereal-rich diet increases plasma betaine, and tends to
decrease total and LDL-cholesterol compared with a refined-grain diet in healthy
subjects. Br J Nutr 105:1492-1502

Zhang G, Pan A, Zong G, Yu Z, Wu H, Chen X, et al (2011) Substituting white rice with
brown rice for 16 weeks does not substantially affect metabolic risk factors in middle-
aged chinese men and women with diabetes or a high risk for diabetes. J Nutr
141:1685-1690

Giacco R, Lappi J, Costabile G, Kolehmainen M, Schwab U, Landberg R, et al (2013)
Effects of rye and whole wheat versus refined cereal foods on metabolic risk factors:
A randomised controlled two-centre intervention study. Clin Nutr 32:941-949

Wang B, Medapalli R, Xu J, Cai W, Chen X, He JC, et al (2013) Effects of a whole rice
diet on metabolic parameters and inflammatory markers in prediabetes. ESPEN J
8:e15-e20

Giacco R, Costabile G, Della Pepa G, Anniballi G, Griffo E, Mangione A, et al (2014) A
whole-grain cereal-based diet lowers postprandial plasma insulin and triglyceride
levels in individuals with metabolic syndrome. Nutr Metab Cardiovasc Dis 24:837-844
Lappi J, Mykkdnen H, Knudsen KEB, Kirjavainen P, Katina K, Pihlajamaki J, et al (2014)
Postprandial glucose metabolism and SCFA after consuming wholegrain rye bread
and wheat bread enriched with bioprocessed rye bran in individuals with mild
gastrointestinal symptoms. NutrJ 13:104

Vitaglione P, Mennella |, Ferracane R, Rivellese AA, Giacco R, Ercolini D, et al (2015)
Whole-grain wheat consumption reduces inflammation in a randomized controlled
trial on overweight and obese subjects with unhealthy dietary and lifestyle behaviors:
role of polyphenols bound to cereal dietary fiber. Am J Clin Nutr 101:251-261
Ampatzoglou A, Atwal KK, Maidens CM, Williams CL, Ross AB, Thielecke F, et al (2015)
Increased Whole Grain Consumption Does Not Affect Blood Biochemistry, Body
Composition, or Gut Microbiology in Healthy, Low-Habitual Whole Grain Consumers. J
Nutr 145:215-221

67



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Connolly ML, Tzounis X, Tuohy KM, Lovegrove JA (2016) Hypocholesterolemic and
prebiotic effects of a whole-grain oat-based granola breakfast cereal in a cardio-
metabolic “at risk” population. Front Microbiol.
https://doi.org/10.3389/fmich.2016.01675

Philip Karl J, Meydani M, Barnett JB, Vanegas SM, Goldin B, Kane A, et al (2017)
Substituting whole grains for refined grains in a 6-wk randomized trial favorably
affects energy-balance metrics in healthy men and postmenopausal women. Am J Clin
Nutr 105:589-599

Suhr J, Vuholm S, Iversen KN, Landberg R, Kristensen M (2017) Wholegrain rye, but
not wholegrain wheat, lowers body weight and fat mass compared with refined
wheat: a 6-week randomized study. Eur J Clin Nutr 71:959-967

Schutte S, Esser D, Hoevenaars FPM, Hooiveld GJEJ, Priebe MG, Vonk RJ, et al (2018)
A 12-wk whole-grain wheat intervention protects against hepatic fat: The Graandioos
study, a randomized trial in overweight subjects. Am J Clin Nutr 108:1264-1274
Aberg S, Mann J, Neumann S, Ross AB, Reynolds AN (2020) Whole-grain processing
and glycemic control in type 2 diabetes: A randomized crossover trial. Diabetes Care
43:1717-1723

Barr SB, Wright JC (2010) Postprandial energy expenditure in whole-food and
processed-food meals: Implications for daily energy expenditure. Food Nutr Res.
https://doi.org/10.3402/fnr.v54i0.5144

Hjorth MF, Christensen L, Larsen TM, Roager HM, Krych L, Kot W, et al (2020)
Pretreatment Prevotella-To-Bacteroides ratio and salivary amylase gene copy number
as prognostic markers for dietary weight loss. Am J Clin Nutr 111:1079-1086

Hjorth MF, Blaedel T, Bendtsen LQ, Lorenzen JK, Holm JB, Kiilerich P, et al (2019)
Prevotella-to-Bacteroides ratio predicts body weight and fat loss success on 24-week
diets varying in macronutrient composition and dietary fiber: results from a post-hoc
analysis. Int J Obes 43:149-157

Hjorth MF, Roager HM, Larsen TM, Poulsen SK, Licht TR, Bahl Ml, et al (2018) Pre-
treatment microbial Prevotella-to-Bacteroides ratio, determines body fat loss success
during a 6-month randomized controlled diet intervention. Int J Obes 42:580-583

An HM, Park SY, Lee DK, Kim JR, Cha MK, Lee SW, et al (2011) Antiobesity and lipid-
lowering effects of Bifidobacterium spp. in high fat diet-induced obese rats. Lipids
Health Dis 10:116

Million M, Maraninchi M, Henry M, Armougom F, Richet H, Carrieri P, et al (2012)
Obesity-associated gut microbiota is enriched in Lactobacillus reuteri and depleted in
Bifidobacterium animalis and Methanobrevibacter smithii. Int J Obes 36:817-825
Schwiertz A, Taras D, Schafer K, Beijer S, Bos NA, Donus C, et al (2010) Microbiota and
SCFA in Lean and Overweight Healthy Subjects. Obesity 18:190-195

Li Z, Jin H, Oh SY, Ji GE (2016) Anti-obese effects of two Lactobacilli and two
Bifidobacteria on ICR mice fed on a high fat diet. Biochem Biophys Res Commun
480:222-227

Tangestani H, Emamat H, Ghalandari H, Shab-Bidar S (2020) Whole Grains, Dietary
Fibers and the Human Gut Microbiota: A Systematic Review of Existing Literature.
Recent Pat Food Nutr Agric 11:235-248

Jefferson A, Adolphus K (2019) The effects of intact cereal grain fibers, including
wheat bran on the gut microbiota composition of healthy adults: A systematic review.
Front Nutr. https://doi.org/10.3389/fnut.2019.00033

68



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Cooper D, Martin R, Keim N (2015) Does Whole Grain Consumption Alter Gut
Microbiota and Satiety? Healthcare 3:364—-392

Amin T, Mercer JG (2016) Hunger and Satiety Mechanisms and Their Potential
Exploitation in the Regulation of Food Intake. Curr Obes Rep 5:106—112

Blundell J, Rogers P, Hill A (1987) Evaluating the satiating power of foods: implications
for acceptance and consumption. Food Accept Nutr 205-219

Stubbs RJ, Hughes DA, Johnstone AM, Rowley E, Reid C, Elia M, et al (2000) The use of
visual analogue scales to assess motivation to eat in human subjects: A review of their
reliability and validity with an evaluation of new hand-held computerized systems for
temporal tracking of appetite ratings. BrJ Nutr 84:405-415

Benelam B (2009) Satiation, satiety and their effects on eating behaviour. Nutr Bull
34:126-173

De Graaf C, Blom WAM, Smeets PAM, Stafleu A, Hendriks HFJ (2004) Biomarkers of
satiation and satiety. Am J Clin Nutr 79:946-961

Goyal RK, Guo Y, Mashimo H (2019) Advances in the physiology of gastric emptying.
Neurogastroenterol Motil 31:e13546

Crane J, McGowan B (2016) The GLP-1 agonist, liraglutide, as a pharmacotherapy for
obesity. Ther Adv Chronic Dis 7:92—-107

Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay |, et al (2021)
Once-Weekly Semaglutide in Adults with Overweight or Obesity. N Engl J Med
384:989-1002

Hinnen D (2017) Glucagon-like peptide 1 receptor agonists for type 2 diabetes.
Diabetes Spectr 30:202-210

Mihalache L, Gherasim A, Nita O, Ungureanu MC, Padureanu SS, Gavril RS, et al
(2016) Effects of ghrelin in energy balance and body weight homeostasis. Hormones
15:186-196

Cummings DE, Frayo RS, Marmonier C, Aubert R, Chapelot D (2004) Plasma ghrelin
levels and hunger scores in humans initiating meals voluntarily without time- and
food-related cues. Am J Physiol - Endocrinol Metab.
https://doi.org/10.1152/ajpendo.00582.2003

Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS (2001) A
Preprandial Rise in Plasma Ghrelin Levels Suggests a Role in Meal Initiation in
Humans. Diabetes 50:1714-1719

Alexander C, Swanson KS, Fahey GC, Garleb KA (2019) Perspective: Physiologic
Importance of Short-Chain Fatty Acids from Nondigestible Carbohydrate
Fermentation. Adv Nutr 10:576-589

Tolhurst G, Heffron H, Lam YSYS, Parker HE, Habib AM, Diakogiannaki E, et al (2012)
Short-Chain Fatty Acids Stimulate Glucagon-Like Peptide-1 Secretion via the G-
Protein-Coupled Receptor FFAR2. Diabetes 61:364-371

Zhou J, Martin RJ, Tulley RT, Raggio AM, McCutcheon KL, Shen L, et al (2008) Dietary
resistant starch upregulates total GLP-1 and PYY in a sustained day-long manner
through fermentation in rodents. https://doi.org/10.1152/ajpendo.90637.2008
Canfora EE, Van Der Beek CM, Jocken JWE, Goossens GH, Holst JJ, Olde Damink SWM,
et al (2017) Colonic infusions of short-chain fatty acid mixtures promote energy
metabolism in overweight/obese men: A randomized crossover trial. Sci Rep.
https://doi.org/10.1038/s41598-017-02546-x

69



138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Freeland KR, Wolever TMS (2010) Acute effects of intravenous and rectal acetate on
glucagon-like peptide-1, peptide YY, ghrelin, adiponectin and tumour necrosis factor-
o. BrJ Nutr 103:460-466

Blundell J, de Graaf C, Hulshof T, Jebb S, Livingstone B, Lluch A, et al (2010) Appetite
control: methodological aspects of the evaluation of foods. Obes Rev 11:251-270
Isaksson H, Sundberg B, Aman P, Fredriksson H, Olsson J (2008) Whole grain rye
porridge breakfast improves satiety compared to refined wheat bread breakfast.
Food Nutr Res. https://doi.org/10.3402/fnr.v52i0.1809

Isaksson H, Fredriksson H, Andersson R, Olsson J, Aman P (2009) Effect of rye bread
breakfasts on subjective hunger and satiety: a randomized controlled trial. Nutr J 8:39
Rosén LA, Ostman EM, Bjorck IM (2011) Effects of cereal breakfasts on postprandial
glucose, appetite regulation and voluntary energy intake at a subsequent
standardized lunch; focusing on rye products. Nutr J 10:7

Rosén LA, Ostman EM, Shewry PR, Ward JL, Andersson AAM, Piironen V, et al (2011)
Postprandial Glycemia, Insulinemia, and Satiety Responses in Healthy Subjects after
Whole Grain Rye Bread Made from Different Rye Varieties. 1. J Agric Food Chem
59:12139-12148

Isaksson H, Rakha A, Andersson R, Fredriksson H, Olsson J, Aman P (2011) Rye kernel
breakfast increases satiety in the afternoon - an effect of food structure. NutrJ 10:31
Isaksson H, Tillander |, Andersson R, Olsson J, Fredriksson H, Webb D-L, et al (2012)
Whole grain rye breakfast — Sustained satiety during three weeks of regular
consumption. Physiol Behav 105:877-884

Forsberg T, Aman P, Landberg R (2014) Effects of whole grain rye crisp bread for
breakfast on appetite and energy intake in a subsequent meal: two randomised
controlled trails with different amounts of test foods and breakfast energy content.
NutrJ 13:26

Hartvigsen ML, Gregersen S, Laerke HN, Holst JJ, Knudsen KEB, Hermansen K (2014)
Effects of concentrated arabinoxylan and beta-glucan compared with refined wheat
and whole grain rye on glucose and appetite in subjects with the metabolic
syndrome: a randomized study. Eur J Clin Nutr 68:84-90

Johansson DP, Lee |, Risérus U, Langton M, Landberg R (2015) Effects of unfermented
and fermented whole grain rye crisp breads served as part of a standardized
breakfast, on appetite and postprandial glucose and insulin responses: a randomized
cross-over trial. PLoS One 10:e0122241

Zamaratskaia G, Johansson DP, Junqueira MA, Deissler L, Langton M, Hellstrom PM,
et al (2017) Impact of sourdough fermentation on appetite and postprandial
metabolic responses — a randomised cross-over trial with whole grain rye crispbread.
BrJ Nutr 118:686—697

Sandvik P, Kihlberg I, Lindroos AK, Marklinder I, Nydahl M (2014) Bread consumption
patterns in a Swedish national dietary survey focusing particularly on whole-grain and
rye bread. Food Nutr Res. https://doi.org/10.3402/fnr.v58.24024

Sandvik P, Marklinder I, Nydahl M, NAEs T, Kihlberg | (2016) Characterization of
Commercial Rye Bread Based on Sensory Properties, Fluidity Index and Chemical
Acidity. J Sens Stud 31:283—-295

70



152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Lee I, Shi L, Webb D-L, Hellstrom PM, Risérus U, Landberg R (2017) Effects of whole-
grain rye porridge with added inulin and wheat gluten on appetite, gut fermentation
and postprandial glucose metabolism: a randomised, cross-over, breakfast study. BrJ
Nutr 116:2139-2149

Sandberg JC, Bjorck IME, Nilsson AC (2016) Rye-Based Evening Meals Favorably
Affected Glucose Regulation and Appetite Variables at the Following Breakfast; A
Randomized Controlled Study in Healthy Subjects. PLoS One 11:e0151985

Sandberg JC, Bjorck IME, Nilsson AC (2017) Effects of whole grain rye, with and
without resistant starch type 2 supplementation, on glucose tolerance, gut
hormones, inflammation and appetite regulation in an 11-14.5 hour perspective; a
randomized controlled study in healthy subjects. NutrJ 16:1-11

Sandberg JC, Bjorck IME, Nilsson AC (2018) Impact of rye-based evening meals on
cognitive functions, mood and cardiometabolic risk factors: a randomized controlled
study in healthy middle-aged subjects. NutrJ 17:102

Ibrugger S, Vigsnaes LK, Blennow A, Skuflic D, Raben A, Lauritzen L, et al (2014)
Second meal effect on appetite and fermentation of wholegrain rye foods. Appetite
80:248-256

Cioffi I, Ibrugger S, Bache J, Thomassen MT, Contaldo F, Pasanisi F, et al (2016) Effects
on satiation, satiety and food intake of wholegrain and refined grain pasta. Appetite
107:152-158

Rosén LA, Silva LOB, Andersson UK, Holm C, Ostman EM, Bjérck IM (2009) Endosperm
and whole grain rye breads are characterized by low post-prandial insulin response
and a beneficial blood glucose profile. Nutr J 8:42

Rosén LA, Ostman EM, Bjorck IM (2011) Postprandial Glycemia, Insulinemia, and
Satiety Responses in Healthy Subjects after Whole Grain Rye Bread Made from
Different Rye Varieties. 2. J Agric Food Chem 59:12149-12154

Hartvigsen ML, Laerke HN, Overgaard A, Holst JJ, Bach Knudsen KE, Hermansen K
(2014) Postprandial effects of test meals including concentrated arabinoxylan and
whole grain rye in subjects with the metabolic syndrome: a randomised study. Eur J
Clin Nutr 68:567-574

Holt GM, Owen LJ, Till S, Cheng Y, Grant VA, Harden CJ, et al (2017) Systematic
literature review shows that appetite rating does not predict energy intake. Crit Rev
Food Sci Nutr 57:3577—-3582

Xue K, Liu Y, Iversen KN, Mazidi M, Qu Z, Dong C, et al (2021) Impact of a Fermented
High-Fiber Rye Diet on Helicobacter pylori and Cardio-Metabolic Risk Factors: A
Randomized Controlled Trial Among Helicobacter pylori-Positive Chinese Adults.
Front Nutr 7:608623

Kallio P, Kolehmainen M, Laaksonen DE, Pulkkinen L, Atalay M, Mykkanen H, et al
(2008) Inflammation markers are modulated by responses to diets differing in
postprandial insulin responses in individuals with the metabolic syndrome. Am J Clin
Nutr 87:1497-1503

Whitehead A, Beck EJ, Tosh S, Wolever TMS (2014) Cholesterol-lowering effects of
oat B-glucan: A meta-analysis of randomized controlled trials1. Am J Clin Nutr
100:1413-1421

71



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.
177.

178.

EFSA Panel on Dietetic Products Nutrition and Allergies (2011) Scientific Opinion on
the substantiation of health claims related to beta-glucans from oats and barley and
maintenance of normal blood LDL-cholesterol concentrations (ID 1236, 1299),
increase in satiety leading to a reduction in energy intake (ID 851, 852. EFSA J 9:2207
EFSA Panel on Dietetic Products Nutrition and Allergies (2009) Scientific Opinion on
the substantiation of health claims related to beta glucans and maintenance of
normal blood cholesterol concentrations (ID 754, 755, 757, 801, 1465, 2934) and
maintenance or achievement of a normal body weight (ID 820, 823) pursuant. EFSA J
7:1254

EFSA Panel on Dietetic Products Nutrition and Allergies (2011) Scientific Opinion on
the substantiation of a health claim related to barley beta-glucans and lowering of
blood cholesterol and reduced risk of (coronary) heart disease pursuant to Article 14
of Regulation (EC) No 1924/2006. EFSA J 9:2470

Joyce SA, Kamil A, Fleige L, Gahan CGM (2019) The Cholesterol-Lowering Effect of
Oats and Oat Beta Glucan: Modes of Action and Potential Role of Bile Acids and the
Microbiome. Front Nutr 6:171

Eelderink C, Noort MWIJ, Sozer N, Koehorst M, Holst JJ, Deacon CF, et al (2015) The
structure of wheat bread influences the postprandial metabolic response in healthy
men. 6:3236—-3248

Eelderink C, Noort MWJ, Sozer N, Koehorst M, Holst JJ, Deacon CF, et al (2017)
Difference in postprandial GLP-1 response despite similar glucose kinetics after
consumption of wheat breads with different particle size in healthy men. Eur J Nutr
56:1063-1076

Ostman JR, Miillner E, Eriksson J, Kristinsson H, Gustafsson J, Witthéft C, et al (2019)
Glucose Appearance Rate Rather than the Blood Glucose Concentrations Explains
Differences in Postprandial Insulin Responses between Wholemeal Rye and Refined
Wheat Breads—Results from A Cross-Over Meal Study. Mol Nutr Food Res
63:1800959

Barrett EM, Batterham MJ, Beck EJ (2020) Whole grain and cereal fibre intake in the
Australian Health Survey: Associations to CVD risk factors. Public Health Nutr
23:1404-1413

Wang Y, Duan Y, Zhu L, Fang Z, He L, Ai D, et al (2019) Whole grain and cereal fiber
intake and the risk of type 2 diabetes: a meta-analysis. Int J Mol Epidemiol Genet
10:38-46

Flint A, Raben A, Blundell JE, Astrup A (2000) Reproducibility, power and validity of
visual analogue scales in assessment of appetite sensations in single test meal
studies. Int J Obes Relat Metab Disord 24:38—48

Bertz F (2012) Diet and/or Exercise Treatment for Weight Loss in Overweight and
Obese Women after Childbirth. University of Gothenburg

Nordic Council of Ministers (2014) Nordic Nutrition Recommendations 2012, 5th ed.
Amcoff E, Edberg A, Barbieri HE, Lindroos AK, Néalsen C, Pearson M, et al (2014)
Livsmedels- och naringsintag bland vuxna i Sverige - metodrapport.

Ross AB, Svelander C, Savolainen Ol, Lind MV, Kirwan JP, Breton |, et al (2016) A high-
throughput method for liquid chromatography—tandem mass spectrometry
determination of plasma alkylresorcinols, biomarkers of whole grain wheat and rye
intake. Anal Biochem 499:1-7

72



179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Landberg R, Kamal-Eldin A, Andersson A, Vessby B, Aman P (2008) Alkylresorcinols as
biomarkers of whole-grain wheat and rye intake: plasma concentration and intake
estimated from dietary records. Am J Clin Nutr 87:832—-838

Lind M V, Madsen ML, Rumessen JJ, Vestergaard H, Ggbel RJ, Hansen T, et al (2016)
Plasma Alkylresorcinols Reflect Gluten Intake and Distinguish between Gluten-Rich
and Gluten-Poor Diets in a Population at Risk of Metabolic Syndrome. J Nutr
146:1991-1998

SunT, Rong Y, Hu X, Zhu Y, Huang H, Chen L, et al (2018) Plasma alkylresorcinol
metabolite, a biomarker of whole- Grain wheat and rye intake, and risk of type 2
diabetes and impaired glucose regulation in a Chinese population. Diabetes Care
41:440-445

Lilieberg H, Bjorck | (1998) Delayed gastric emptying rate may explain improved
glycaemia in healthy subjects to a starchy meal with added vinegar. Eur J Clin Nutr
52:368-371

Ostman E, Granfeldt Y, Persson L, Bjorck I, Ostman E, Granfeldt Y, et al (2005) Vinegar
supplementation lowers glucose and insulin responses and increases satiety after a
bread meal in healthy subjects. Eur J Clin Nutr 59:983-988

Lilieberg HG, Lonner CH, Bjorck IM (1995) Sourdough fermentation or addition of
organic acids or corresponding salts to bread improves nutritional properties of
starch in healthy humans. J Nutr 125:1503-1511

Gibbons C, Finlayson G, Dalton M, Caudwell P, Blundell JE (2014) Metabolic
phenotyping guidelines: Studying eating behaviour in humans. J Endocrinol.
https://doi.org/10.1530/JOE-14-0020

Klingenberg L, Nyby S, Kristensen M, Raben A (2015) Visual analogue scales to assess
appetite sensation — good agreement between 100 mm pen and paper vs tabletbased
scores. Abstr. Eur. Conf. Obes. 2015. Obes. facts 2015 8:

Whybrow S, Stephen JR, Stubbs RJ (2006) The evaluation of an electronic visual
analogue scale system for appetite and mood. Eur J Clin Nutr 60:558-560

Stubbs RJ, Hughes DA, Johnstone AM, Rowley E, Ferris S, Elia M, et al (2001)
Description and evaluation of a Newton-based electronic appetite rating system for
temporal tracking of appetite in human subjects. Physiol Behav 72:615-9

Velikonja A, Lipoglavsek L, Zorec M, Orel R, Avgustin G (2019) Alterations in gut
microbiota composition and metabolic parameters after dietary intervention with
barley beta glucans in patients with high risk for metabolic syndrome development.
Anaerobe 55:67-77

Precup G, Vodnar DC (2019) Gut Prevotella as a possible biomarker of diet and its
eubiotic versus dysbiotic roles: A comprehensive literature review. BrJ Nutr 122:131-
140

Rosero JA, Killer J, Sechovcova H, Mrazek J, Benada O, Fliegerova K, et al (2016)
Reclassification of Eubacterium rectale (Hauduroy et al. 1937) prévot 1938 in a new
genus agathobacter gen. nov. as Agathobacter rectalis comb. nov., and description of
Agathobacter ruminis sp. nov., isolated from the rumen contents of sheep and cows.
Int J Syst Evol Microbiol 66:768—-773

Mardinoglu A, Wu H, Bjornson E, Zhang C, Hakkarainen A, Rdsanen SM, et al (2018)
An Integrated Understanding of the Rapid Metabolic Benefits of a Carbohydrate-
Restricted Diet on Hepatic Steatosis in Humans. Cell Metab 27:559-571.e5

73



193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe BE, et al (2014)
Diet rapidly and reproducibly alters the human gut microbiome. Nature 505:559-563
Zamaratskaia G, Mhd Omar NA, Brunius C, Hallmans G, Johansson J-E, Andersson S-O,
et al (2019) Consumption of whole grain/bran rye instead of refined wheat decrease
concentrations of TNF-R2, e-selectin, and endostatin in an exploratory study in men
with prostate cancer. Clin Nutr. https://doi.org/10.1016/j.clnu.2019.01.007

Landberg R, Andersson S-0O, Zhang J-X, Johansson J-E, Stenman U-H, Adlercreutz H, et
al (2010) Rye Whole Grain and Bran Intake Compared with Refined Wheat Decreases
Urinary C-Peptide, Plasma Insulin, and Prostate Specific Antigen in Men with Prostate
Cancer. J Nutr 140:2180-2186

Swaminathan S, Dehghan M, Raj JM, Thomas T, Rangarajan S, Jenkins D, et al (2021)
Associations of cereal grains intake with cardiovascular disease and mortality across
21 countries in prospective urban and rural epidemiology study: Prospective cohort
study. BMJ. https://doi.org/10.1136/bmj.m4948

Newby PK, Maras J, Bakun P, Muller D, Ferrucci L, Tucker KL (2007) Intake of whole
grains, refined grains, and cereal fiber measured with 7-d diet records and
associations with risk factors for chronic disease. Am J Clin Nutr 86:1745-1753
Byrd-Bredbenner C, Wu FF, Spaccarotella K, Quick V, Martin-Biggers J, Zhang Y (2017)
Systematic review of control groups in nutrition education intervention research. Int J
Behav Nutr Phys Act. https://doi.org/10.1186/s12966-017-0546-3

Staudacher HM, Irving PM, Lomer MCE, Whelan K (2017) The challenges of control
groups, placebos and blinding in clinical trials of dietary interventions. In: Proc. Nutr.
Soc. Cambridge University Press, pp 203-212

Crichton GE, Howe PRC, Buckley JD, Coates AM, Murphy KJ, Bryan J (2012) Long-term
dietary intervention trials: critical issues and challenges. Trials 13:111

Czobor P, Skolnick P (2011) The secrets of a successful clinical trial: Compliance,
compliance, and compliance. Mol Interv 11:107-110

Pullar T, Kumar S, Feely M (1989) Compliance in clinical trials. Ann Rheum Dis 48:871—
875

Davis SA, Feldman SR (2016) Measuring adherence in clinical trials. In: Adherence in
Dermatology. Springer International Publishing, pp 53-59

Fernandez-Peldez J, Paesani C, Gdmez M (2020) Sourdough Technology as a Tool for
the Development of Healthier Grain-Based Products: An Update. Agronomy 10:1962
Pasman WJ, Hendriks HFJ, Minekus MM, de Ligt RAF, Scholtes-Timmerman MJ,
Clabbers NDS, et al (2018) Subjective feelings of appetite of wholegrain breakfasts
evaluated under controlled, laboratory and ‘at home’ conditions. Physiol Behav
194:285-291

Smalley E (2018) Clinical trials go virtual, big pharma dives in. Nat Biotechnol 36:561—
562

Van Norman GA (2021) Decentralized Clinical Trials: The Future of Medical Product
Development?*. JACC Basic to Transl Sci 6:384-387

Ali Z, Zibert JR, Thomsen SF (2020) Virtual Clinical Trials: Perspectives in Dermatology.
Dermatology 236:375-382

Isaksson H, Landberg R, Sundberg B, Lundin E, Hallmans G, Zhang J-X, et al (2013)
High-fiber rye diet increases ileal excretion of energy and macronutrients compared
with low-fiber wheat diet independent of meal frequency in ileostomy subjects. Food
Nutr Res 57:18519

74



210.

211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222,

223.

224,

225.

226.

Lundin EA, Zhang JX, Lairon D, Tidehag P, Aman P, Adlercreutz H, et al (2004) Effects
of meal frequency and high-fibre rye-bread diet on glucose and lipid metabolism and
ileal excretion of energy and sterols in ileostomy subjects. Eur J Clin Nutr 58:1410—
1419

Baer DJ, Rumpler W V., Miles CW, Fahey GC (1997) Dietary fiber decreases the
metabolizable energy content and nutrient digestibility of mixed diets fed to humans.
J Nutr 127:579-586

Miles CW, Kelsay JL, Wong NP (1988) Effect of dietary fiber on the metabolizable
energy of human diets. J Nutr 118:1075-1081

Miles CW (1992) The metabolizable energy of diets differing in dietary fat and fiber
measured in humans. J Nutr 122:306-311

McNeil NI (1984) The contribution of the large intestine to energy supplies in man.
Am J Clin Nutr 39:338-342

Christiansen CB, Gabe MBN, Svendsen B, Dragsted LO, Rosenkilde MM, Holst JJ (2018)
The impact of short-chain fatty acids on glp-1 and pyy secretion from the isolated
perfused rat colon. Am J Physiol - Gastrointest Liver Physiol 315:G53—G65

Psichas A, Sleeth ML, Murphy KG, Brooks L, Bewick GA, Hanyaloglu AC, et al (2015)
The short chain fatty acid propionate stimulates GLP-1 and PYY secretion via free
fatty acid receptor 2 in rodents. Int J Obes 39:424-429

Coppola S, Avagliano C, Calignano A, Berni Canani R (2021) The protective role of
butyrate against obesity and obesity-related diseases. Molecules.
https://doi.org/10.3390/molecules26030682

Hills AP, Mokhtar N, Byrne NM (2014) Assessment of Physical Activity and Energy
Expenditure: An Overview of Objective Measures. Front Nutr.
https://doi.org/10.3389/fnut.2014.00005

van Trijp MPH, Schutte S, Esser D, Wopereis S, Hoevenaars FPM, Hooiveld GJEJ, et al
(2021) Minor Changes in the Composition and Function of the Gut Microbiota During
a 12-Week Whole Grain Wheat or Refined Wheat Intervention Correlate with Liver
Fat in Overweight and Obese Adults. J Nutr 151:491-502

Roéssner S, Hammarstrand M, Hemmingsson E, Neovius M, Johansson K (2008) Long-
term weight loss and weight-loss maintenance strategies. Obes Rev 9:624—630
Elfhag K, Rossner S (2005) Who succeeds in maintaining weight loss? A conceptual
review of factors associated with weight loss maintenance and weight regain. Obes
Rev 6:67—-85

Montesi L, Ghoch M El, Brodosi L, Calugi S, Marchesini G, Grave RD (2016) Long-term
weight loss maintenance for obesity: A multidisciplinary approach. Diabetes, Metab
Syndr Obes Targets Ther 9:37-46

Mathieu P, Lemieux |, Després J-P (2010) Obesity, Inflammation, and Cardiovascular
Risk. Clin Pharmacol Ther 87:407-416

Fasano A (2012) Intestinal Permeability and Its Regulation by Zonulin: Diagnostic and
Therapeutic Implications. Clin Gastroenterol Hepatol 10:1096-1100

Fandriks L (2017) Roles of the gut in the metabolic syndrome: an overview. J Intern
Med 281:319-336

Myers GL, Rifai N, Tracy RP, Roberts WL, Alexander RW, Biasucci LM, et al (2004)
CDC/AHA Workshop on Markers of Inflammation and Cardiovascular Disease:
Application to Clinical and Public Health Practice: report from the laboratory science
discussion group. Circulation. https://doi.org/10.1161/01.CIR.0000148980.87579.5E

75



227.

228.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, Criqui M, et al
(2003) Markers of inflammation and cardiovascular disease application to clinical and
public health practice - A statement for healthcare professionals from the centers for
disease control and prevention and the American Heart Association. Circulation
107:499-511

Magnusdottir OK, Landberg R, Gunnarsdottir |, Cloetens L, Akesson B, Rosqvist F, et al
(2014) Whole Grain Rye Intake, Reflected by a Biomarker, Is Associated with
Favorable Blood Lipid Outcomes in Subjects with the Metabolic Syndrome - A
Randomized Study. PLoS One 9:e110827

76





